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Abstract 

Sustainable consumption of common resources constitutes a social dilemma, a situation in 

which individual and collective interests are in conflict. Further, the opportunities of group 

members to influence the situation are often distributed asymmetrically among the actors 

involved. Many investigations show that asymmetry reduces cooperation in social dilemmas. 

The present work examines potentials and pitfalls of implementing structural interventions at 

different stages of the decision process to foster sustainable behavior when actors’ opportunities 

are distributed symmetrically or asymmetrically. Economic games are used to assess 

sustainable behavior from a social dilemma perspective. The first investigation (Nockur & 

Pfattheicher, 2020a) is concerned with whether a sustainability competition between groups 

increases sustainable behavior. External incentives are also the subject of the second 

investigation (Nockur et al., 2021a) that examines the effectiveness of centralized and 

decentralized punishment systems to increase cooperation. The third study (Nockur et al., 2020) 

explores whether changing the decision mode from individual to collective choice fosters 

sustainable resource management. The results of these studies show that competition between 

groups, as well as the implementation of punishment, and collective choice foster cooperation 

and therefore sustainable behavior. The effects of the interventions are comparable for 

symmetric and asymmetric groups, although differential effects were observed for advantaged 

versus disadvantaged group members. Besides implementing structural interventions that 

increase cooperation despite asymmetric distribution of opportunities, the fourth investigation 

(Nockur et al., 2021b) examines whether a change of consumption opportunities from an 

asymmetric to a symmetric distribution fosters sustainable behavior. The study shows that 

symmetric opportunities do not automatically lead to an increase in sustainable behavior, but 

do result in less inequality in consumption between (formerly) advantaged and (formerly) 

disadvantaged group members. Regarding satisfaction and fairness ratings, the studies 

conducted show that the implemented interventions overall were rated more favorably 
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compared to a situation without the implemented interventions. The present work advances the 

understanding of the effectiveness and perception of structural interventions when in a social 

dilemma all actors have the same opportunities and when these opportunities are distributed 

asymmetrically.
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Zusammenfassung 

Der nachhaltige Konsum von gemeinsamen Ressourcen stellt ein soziales Dilemma dar, eine 

Situation, in der individuelle und kollektive Interessen in Konflikt stehen. Weiterhin sind oft 

die Möglichkeiten der beteiligten Akteure die Situation zu beeinflussen asymmetrisch verteilt. 

In vielen Untersuchungen konnte gezeigt werden, dass Asymmetrie in sozialen Dilemmas die 

Kooperation verringert. Die vorliegende Arbeit untersucht Potentiale und Probleme der 

Umsetzung struktureller Interventionen an unterschiedlichen Stellen des Entscheidungs-

prozesses, um nachhaltiges Verhalten zu fördern, wenn die Möglichkeiten der Akteure 

symmetrisch oder asymmetrisch verteilt sind. Zur Erfassung nachhaltigen Verhaltens aus einer 

sozialen Dilemma Perspektive werden ökonomische Spiele eingesetzt. Die erste Untersuchung 

(Nockur & Pfattheicher, 2020a) beschäftigt sich dabei mit der Frage, ob ein Nachhaltigkeits-

Wettbewerb zwischen Gruppen zu mehr nachhaltigem Verhalten führt. Externe Anreize sind 

auch Gegenstand der zweiten Untersuchung (Nockur et al., 2021a), in der die Wirksamkeit 

zentraler und dezentraler Bestrafungssysteme auf die Kooperation untersucht wird. Die dritte 

Studie (Nockur et al., 2020) beschäftigt sich mit der Frage, ob eine Umstellung des 

Entscheidungsmodus von individueller zu kollektiver Wahl nachhaltiges Ressourcen-

Management fördert. Die Ergebnisse der Studien zeigen, dass sowohl Wettbewerb zwischen 

Gruppen, also auch die Implementierung von Bestrafung und von kollektiver Wahl zu mehr 

Kooperation und damit nachhaltigerem Verhalten führen. Dabei sind die Effekte der 

Interventionen in symmetrischen und asymmetrischen Gruppen vergleichbar, wenn auch 

differenzielle Effekte für bevorzugte im Vergleich zu benachteiligten Gruppenmitgliedern 

beobachtet wurden. Neben diesen Formen der Implementierung struktureller Interventionen, 

die trotz einer asymmetrischen Verteilung der Aktionsmöglichkeiten zu mehr Kooperation 

führen, wird in der vierten Untersuchung (Nockur et al., 2021b) untersucht, inwiefern eine 

Änderung der Zugriffsmöglichkeiten auf gemeinsame Ressourcen von einer asymmetrischen 

zu einer symmetrischen Verteilung nachhaltiges Verhalten fördert. Die Studie zeigt, dass 
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symmetrische Möglichkeiten nicht automatisch zu einer Zunahme von nachhaltigem Verhalten 

führen, wohl aber zu weniger Ungleichheit im Konsum von (ehemals) bevorzugten und 

(ehemals) benachteiligten Gruppenmitgliedern. In Bezug auf die Zufriedenheits- und 

Fairnessbewertung zeigen die durchgeführten Studien, dass die umgesetzten Interventionen 

insgesamt positiver bewertet wurden im Vergleich zu einer Situation ohne deren 

Implementierung. Die Arbeit trägt somit zum Verständnis der Wirksamkeit und der 

Wahrnehmung struktureller Interventionen bei, wenn in einem sozialen Dilemma alle Akteure 

die gleichen Möglichkeiten haben und wenn diese Möglichkeiten asymmetrisch verteilt sind.
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1. INTRODUCTION 

The consumption of common resources has increased to a level that is far beyond 

sustainable, which means that the amount of resources consumed exceeds the amount of 

resources that can be regenerated (Global Footprint Network, 2020). Consequences of this 

massive overconsumption include loss of biodiversity, pollution of water and air, and climate 

change (Huckelba & Van Lange, 2020; Rockström et al., 2009). An overwhelming majority of 

scientists agree that human activities contribute to climate change (Anderegg et al., 2010; 

Carlton et al., 2015). Thus, a change in human behavior can be a means to mitigate climate 

change. Changing human behavior to achieve sustainable resource management is one of the 

greatest challenges facing humanity today. The present work examines this challenge from a 

social dilemma perspective and discusses potentials and pitfalls of structural interventions to 

foster sustainable behavior.  

The management of common resources constitutes a social dilemma as individual and 

collective interests conflict: Every individual profits from consuming as many resources as 

possible and from not contributing to climate change mitigation, while the collective bears the 

costs of having to deal with decreasing resources (Hardin, 1968; Huckelba & Van Lange, 2020; 

Van Lange et al., 2013). Conversely, cooperation of individuals (i.e., restricting individual 

resource consumption or contributing to climate change protection) provides benefits for the 

collective. Structural interventions, that is, introducing change in situational factors, constitute 

one way to regulate behavior in social dilemma situations (Kollock, 1998; Messick et al., 1983). 

In particular, interventions that involve group processes have the potential to enable the pursuit 

of collective interests and thus foster a more sustainable resource management. As resources 

one individual consumes are no longer available to others, managing common resources 

constitutes a competitive situation which can foster unsustainable behavior. The first empirical 

investigation (Nockur & Pfattheicher, 2020a; Appendix A) examines whether competition can 
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also be used to foster more sustainable behavior by introducing a sustainability competition at 

the group level. 

Prior research on structural solutions to social dilemmas often assumed a situation 

involving actors with equal preconditions regarding opportunities to consume or contribute to 

common goods. In the real world, however, actors involved in social dilemma situations often 

do not have the same preconditions (Jacquet et al., 2013). For example, individuals have 

different (financial) opportunities that allow them to consume resources to a different degree 

but also enable them to contribute to sustainability goals to a different degree (Grabka & 

Goebel, 2018; Piketty & Saez, 2014; Scheffer et al., 2017). There is evidence that asymmetric 

opportunities among actors decrease cooperation in social dilemmas (Anderson et al., 2008; 

Cherry et al., 2005; Croson & Marks, 2001; Hargreaves Heap et al., 2016; Hauser, Hilbe, et al., 

2019; Rapoport & Suleiman, 1993; Zelmer, 2003). 

The second and third empirical investigations examine if and to what extent asymmetric 

opportunities among the actors in a social dilemma not only affect cooperation but also the 

effectiveness of structural interventions. Specifically, the second investigation (Nockur et al., 

2021a; Appendix B) seeks to foster cooperation through external incentives and examines 

which punishment system promotes cooperation when opportunities to contribute are 

distributed asymmetrically (vs. symmetrically) among the actors involved. The third 

investigation (Nockur et al., 2020; Appendix C) examines whether changing the decision 

process determining the level of consumption from common resources from individual choice 

to one of two collective choice systems—median choice or majority voting—fosters sustainable 

resource management when opportunities to consume are distributed asymmetrically (vs. 

symmetrically) among the actors involved.  

Besides implementing structural interventions that increase cooperation in the presence 

of asymmetric preconditions among the actors, the fourth investigation (Nockur et al., 2021b; 

Appendix D) examines whether regulating access to common resources by redistributing 
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consumption opportunities from an asymmetric to a symmetric distribution can foster 

sustainable resource management. Besides assessing the effectiveness of these structural 

interventions in increasing cooperation, it is also examined how the actors involved evaluate 

the interventions. It is not sufficient for an intervention to “work” (i.e., to foster cooperation); 

for the intervention to be implemented and maintained, the actors involved in the situation must 

approve it. 

To sum up, the present dissertation aims to provide new insights into the conditions 

under which structural interventions are able to foster cooperation in social dilemmas. 

Specifically, how asymmetric preconditions affect cooperation and the effectiveness of 

structural interventions are examined. Moreover, how structural interventions are being 

evaluated depending on whether preconditions are distributed symmetrically or 

asymmetrically, and on the role an actor possesses in the presence of asymmetry (advantaged 

vs. disadvantaged), are examined. The present work thus advances the understanding of 

cooperation in social dilemmas resulting from the interplay of asymmetry and structural 

interventions and provides valuable insights for policy makers into how large-scale social 

dilemmas like fostering sustainable resource management could be addressed. 

1.1.  (Un)sustainable Behavior 

Sustainability entails that present activities to cover needs of the current generation 

could be continued indefinitely while not compromising the ability of future generations to 

fulfill their needs (World Commission on Environment and Development, 1987). The ability of 

future generations to meet their needs is compromised when less resources are available then 

than are available now. Thus, to determine sustainability, the total amount of resources 

consumed (e.g., as measured by the ecological footprint; Wackernagel & Rees, 1997) is 

contrasted against the total amount of resources available—that is, the biocapacity of planet 

Earth. The biocapacity is determined by the amount of resources that can be generated by 
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cropland, forests, or fishing grounds and the amount of waste that can be absorbed. Strictly 

speaking, an individual’s behavior can only be labeled “sustainable” if an individual shows 

overall consumption behavior that does not exceed the threshold of resources available per 

capita. However, even small adjustments in resource consumption can have an impact, so that 

simply consuming less resources compared to an alternative behavioral choice (e.g., taking a 

shower instead of a bath) is considered sustainable or ecological behavior. 

Overall, current levels of human consumption exceed by far the biocapacity (Global 

Footprint Network, 2020). However, there is huge variability in the individual consumption 

level (Global Footprint Network, 2020; Kleinhückelkotten et al., 2016). Many people do show 

“green” behaviors that save resources, like reusing plastic bags and buying locally grown food 

(Pisano & Lubell, 2017). In addition, many people report pro-environmental attitudes and 

consider environmental protection an important issue (European Commission, 2017; Milfont & 

Duckitt, 2010). A broad field of research has examined predictors of individual differences in 

environmental attitudes and ecological behavior.  

Pro-environmental attitudes and actions have been associated with values and 

worldviews, personality, knowledge, habits and norms, childhood experiences and place 

attachment, and demographic factors like sex or age (for overviews, see Gifford, 2014; Gifford 

& Nilsson, 2014). Values or attitudes favoring environmental protection do predict to some 

extent how individuals behave regarding environmental issues (de Groot & Steg, 2008; 

Nordlund & Garvill, 2002). However, pro-environmental attitudes often only explain the 

intention to show ecological behavior, but only to a limited extent do they explain actual 

behavior (Moser & Kleinhückelkotten, 2018). One explanation for the current overconsumption 

despite majoritarian pro-environmental attitudes is that the pursuit of sustainability involves a 

conflict between individual and collective interests, a situation that can be described as a social 

dilemma. 
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1.2.  A Social Dilemma Perspective on Sustainable Behavior 

A social dilemma is defined as a situation of mutual interdependence, in which 

individual and collective interests conflict (Dawes, 1980; Kollock, 1998; Van Lange et al., 

2013). While cooperation of all group members creates benefits for the collective, individuals 

profit if they do not cooperate but freeride on others’ efforts. Relevant to this dissertation are 

two distinct types of dilemma situations, one requiring contribution to a public good (i.e., a 

give-some situation) and the other allowing consumption of common goods (i.e., a take-some 

situation; Dawes, 1980). These two situations correspond to two economic games—the public 

goods game and the common resource game—which have been used in the laboratory to 

examine cooperation in social dilemma situations. In these games, groups of individuals interact 

and individuals’ behavior mutually shapes the outcomes for all group members. Individuals 

profit (financially) from non-cooperation (i.e., not contributing to the public good or consuming 

excessively from common resources), whereas the collective benefits (financially) from 

cooperation (i.e., contributing to the public good or restricting resource consumption).  

A give-some situation can be represented by the public goods game in which individuals 

in groups decide on how much to contribute to a public good from which all group members 

benefit (Fehr & Gächter, 2000, 2002). Specifically, all group members receive an endowment 

of monetary units and can decide how much of it to contribute to the public good and how much 

to transfer to their personal account. Contributions transferred to the personal account are 

directly added to the individual’s income. All contributions to the public good are multiplied 

by a factor of 1.6 and distributed equally among all group members, independent of their 

individual contribution. The public good is non-excludable in that it is available to all group 

members and no one can be excluded from enjoying it. The situation is non-rival as 

consumption of the public good by one group member does not affect its availability to other 

group members. 
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One example for a public good from the environmental domain is the air quality in 

cities. Individual inhabitants bear the costs of improving air quality, for instance by installing 

less polluting heating systems, and all inhabitants (that is, the collective) profit from increased 

air quality, independent of their own contributions. Another way of contributing to this public 

good at personal costs is to invest time and effort to walk or bicycle to work instead of taking a 

car. As long as a sufficient number of individuals invest in the public good, others can freeride 

on their effort, enjoying clean air without contributing to its preservation. However, if a large 

number of individuals choose not to invest, then all individuals must deal with polluted air.  

Another public goods dilemma is reflected in investment in technologies for climate 

change mitigation. Individuals, companies, or countries bear the costs of investing in the 

development of new technology (e.g., renewable energy), from which all can ultimately benefit. 

A related issue concerns investment in technologies for climate change adaption. If efforts to 

mitigate climate change are unsuccessful, humanity will need to prepare for changing living 

conditions, including for instance more extreme weather that brings floods and droughts 

(Huckelba & Van Lange, 2020). Building dams provides protection against rising waters for 

all, but the question remains who will contribute to such measures (Gross et al., 2020; Gross & 

De Dreu, 2019). While the development or preservation of environmental public goods thus 

often requires contribution, other environmental issues are characterized by a conflict between 

individual and collective interests regarding consumption of common goods. 

Consumption constitutes a take-some situation that can be represented by the common 

resource game (Gardner et al., 1990). In the common resource game, individuals harvest 

repeatedly from a common resource that is available to all group members. Like the public 

good, the common resource is non-excludable as all group members have access to it and cannot 

be excluded from consumption. Group members benefit from every unit they take from the 

resource, and every unit they take is no longer available to others (i.e., the situation is rival). 

Between rounds, the resource regenerates with a certain factor. If the group consumes more 
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than can be regenerated, the resource decreases and all group members have less from which to 

harvest. 

Garrett Hardin famously described this “tragedy of the commons” with the example of 

herdsmen sharing a common pasture. Every herdsman benefits from increasing his herd, but all 

share the damage to the commons (Hardin, 1968). Another classical example for a common 

resource dilemma is a group of fishers harvesting from a fish stock that decreases if all fishers 

try to maximize their profits by overfishing. However, the common resource situation can also 

be understood in a broader sense to depict the total consumption of resources by individuals 

(e.g., as measured by the ecological footprint; Wackernagel & Rees, 1997) in relation to the 

total amount of resources available (e.g., the biocapacity of the Earth). In that sense, sustainable 

behavior can ultimately be seen as cooperation with humanity (Reese, 2016). 

These examples make apparent that social dilemma situations can be found at all levels, 

from the microlevel (e.g., individuals) to the meso (e.g., households, institutions) to the macro 

level (e.g., states). The social dilemma theory of sustainable behavior allows to examine 

individual behavior given specific geophysical elements (e.g., resource size, regeneration rate) 

and a regulatory context (e.g., costs and benefits, mode of decision making; Gifford, 2014). 

Many environmental issues can be regarded from a contribution perspective and from a 

consumption perspective. Arguably a person using a bike instead of a car to get to work does 

both, investing time and effort (i.e., contributing) and saving resources (i.e., restricting resource 

consumption). In both ways, the individual bears the costs, while the collective profits (e.g., 

less air pollution, sustaining limited resources). As such, both give-some and take-some 

situations have been used in the laboratory to examine sustainable behavior. Still, the 

comparability of the two situations can be questioned. It has been argued that giving from 

personal resources can be seen as a positive, altruistic act, whereas taking from common 

resources might be judged as exploitative (see Fleishman, 1988). This is supported by the 

observation that higher rates of cooperation were shown in common resource games in 
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comparison to equivalent public goods games (i.e., more units are left in a common resource 

than are contributed to a public good; Brewer & Kramer, 1986; Haesevoets et al., 2019).  

In theory, the same motives underly both the pro-social choice (i.e., fairness, altruism, 

trust, and social welfare) and the selfish choice (i.e., greed, fear, and competitiveness) in both 

games (Thielmann et al., 2015). This reasoning is supported by the empirical finding that 

prosocial and proself motives are not differently associated with behavior in the common 

resource game and the public goods game (Haesevoets et al., 2019). In line with this, behavior 

in the common resource game and the public goods game are substantially correlated 

(Haesevoets et al., 2015).  

Research on behavior in social dilemma situations shows that individuals often pursue 

their individual interests and neglect the collective benefits in their decision. However, 

individuals do show cooperation even in situations in which that behavior yields fewer benefits 

for them compared to non-cooperation, contradicting the assumption that human beings are 

purely egoistic actors (Caporael et al., 1989; Fehr et al., 2002). In a sample of individuals living 

in relatively wealthy Tokyo suburbs, only 7% showed behavior consistent with Homo 

economicus, “a human who rationally pursues self-interest without regard for the welfare of 

other people” (Yamagishi et al., 2014, p. 1699). Still, initially high cooperation rates tend to 

decrease over time in repeated interactions (Fehr & Gächter, 2002). Similarly, individuals tend 

to overuse common resources, which leads to a decline in the resources available (Hauser et al., 

2014). In summary, individuals do show cooperation in social dilemma situations, but still often 

fail to reach the most beneficial collective outcome. It is therefore an important question which 

factors explain the variance in cooperative behavior. 

1.3.  Asymmetric Opportunities in Social Dilemmas 

Research on behavior in social dilemma situations often assumed equal preconditions 

among the individuals involved in the situation. However, in real-life social dilemmas, the 
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actors involved in social dilemma situations often have very different preconditions (Jacquet et 

al., 2013). For example, there are huge differences among individuals in (financial) 

opportunities that enable them to consume resources to a different degree (Grabka & Goebel, 

2018; Piketty & Saez, 2014; Scheffer et al., 2017). These differences contribute to the fact that 

the richest 10% of the world population produce 50% of the emissions, whereas the bottom 

50% produce only 10% of the emissions (Oxfam, 2015). On the other hand, different (financial) 

resources also enable individuals to contribute to environmental protection to a different degree. 

While there are other characteristics of the dilemma that could be distributed asymmetrically 

among the actors (e.g., the weight individual contributions have on the public good or the extent 

to which individuals profit from the public good), the present work focuses on asymmetric 

distribution of opportunities to consume and to contribute. 

Asymmetric preconditions among the actors can aggravate the conflict between 

individual and collective interests in a social dilemma situation. Asymmetry can induce 

ambiguity about how to act—should all group members behave the same way, or should 

behavior be relative to the opportunities an individual possesses? For example, should all 

individuals contribute the same absolute amount, or should individuals with larger endowments 

contribute a higher share? If some individuals can access a larger share of the resource, are they 

allowed to consume more? Individuals seem to strive for equal costs and payoffs (Feige et al., 

2018; Hofmeyr et al., 2007; Joireman et al., 1984), however, determining what equal costs and 

payoffs are in asymmetric dilemmas is not trivial.  

For example, group members receiving a high and low return from the public good 

disagreed on how much group members with high or low returns should contribute to the public 

good (Nikiforakis et al., 2012): While group members with a high return favored equal 

contributions by all group members, group members with a low return favored contributions in 

relation to the return. It seems that asymmetric opportunities can promote egocentric 

assessments of fairness depending on the role an actor possesses (Wade-Benzoni et al., 1996). 
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In addition, passive observers also disagreed on the fair contribution norm in heterogeneous 

groups (Reuben & Riedl, 2013). In groups with a symmetric distribution of resources and 

returns from the public good, a majority of observers supported the efficiency norm, which 

entails that all group members should contribute all their resources to the public good (Reuben 

& Riedl, 2013). Importantly, in symmetric groups, adherence to the efficiency norm complies 

with the norm of equal contributions and equal profits. In groups with asymmetric distribution 

of resources or returns from the public good, in contrast, the norms of efficiency, equal 

contributions, and equal profits are not aligned but require different contribution patterns. 

Consequently, there was more disagreement on what constitutes fair contributions in 

asymmetric compared to symmetric groups (Reuben & Riedl, 2013). 

There is evidence that asymmetric (vs. symmetric) distribution of opportunities among 

actors reduces overall cooperation rates and increases the risk of failing to reach a collective 

goal (Anderson et al., 2008; Cherry et al., 2005; Croson & Marks, 2001; Hauser, Hilbe, et al., 

2019; Rapoport, 1988; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 2003). However, other 

research found no difference in the level of cooperation in asymmetric versus symmetric groups 

(Buckley & Croson, 2006; Hofmeyr et al., 2007; Keser et al., 2017; Kingsley, 2016; Reuben & 

Riedl, 2013). Combining different forms of asymmetric opportunities (when the contributions 

of actors with higher resources to contribute are also more valuable for the public good) can 

even foster beneficial outcomes (Hauser et al., 2019).  

Regarding the status an actor possesses within asymmetric groups (advantaged vs. 

disadvantaged), in give-some dilemmas it has been observed that individuals who are 

advantaged often contribute a little more than do disadvantaged individuals, but not so much 

more that it would relate to their advantage. For example, individuals with larger endowments 

(i.e., advantaged) contribute a larger absolute amount but a smaller amount in relation to their 

endowment than individuals with a smaller endowment (i.e., disadvantaged; Hauser, Kraft-

Todd, et al., 2019; Kingsley, 2016; Reuben & Riedl, 2013; Visser & Burns, 2015). However, 
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other studies have found no difference in the contributions of advantaged and disadvantaged 

individuals in relation to their endowment (De Cremer & van Dijk, 2009). Contributions may 

depend on the framing in absolute terms or in relation to the endowment: Individuals with 

smaller endowments contributed a larger share of their endowments than individuals with larger 

endowments when contributions were framed in absolute terms, but not when contributions 

were framed in relative terms (Brekke et al., 2017).  

In take-some dilemmas, individuals with advantaged access to the common resource 

typically take a larger share of the resource than do individuals with disadvantaged access to 

the common resource (Brent et al., 2019; Janssen et al., 2011). Evidence suggests, however, 

that behavior in the role of advantaged or disadvantaged also depends on individual differences. 

For example, the effect that individuals assigned the role of leader in a common resource game 

(who decided over the resource allocation for all group members) allocated a higher share of 

the resource to themselves was moderated by Social Value Orientation (SVO). Individuals with 

a proself SVO allocated more resource to themselves in the role of leader than individuals with 

a prosocial SVO (van Dijk & De Cremer, 2006).  

In light of these heterogeneous findings, it cannot be concluded that asymmetric 

preconditions necessarily decrease cooperation. It should be noted that investigations studying 

the effect of asymmetric preconditions on cooperation have used different experimental 

designs, which leads to the question under what conditions asymmetric opportunities reduce 

cooperation. First, the studies implemented different types of asymmetry (asymmetry in 

endowments, asymmetry in productivity, asymmetry in returns). The different types of 

asymmetry (or their combination) can affect cooperation differently (Hauser, Hilbe, et al., 2019; 

Reuben & Riedl, 2013). Second, the studies used different game structures to examine 

cooperation, which might foster differential effects of asymmetric opportunities on cooperation. 

While participants in an asymmetric give-some dilemma contributed in relation to their 

endowment, in an asymmetric take-some dilemma they consumed in a way that minimized 
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differences in the outcome among the group members (van Dijk & Wilke, 1995). Third, the 

studies also differed in the way the role of advantaged versus disadvantaged was assigned: In 

some it was assigned based on legitimate principles (see, for example, Brent et al., 2019), while 

in others it was assigned randomly (see, for example, Tan, 2008). The legitimacy of the status 

of advantaged or disadvantaged within asymmetric groups could therefore be another potential 

moderating factor of the effect of asymmetry on cooperation (Aksoy & Weesie, 2009; 

Balafoutas et al., 2013; De Cremer & van Dijk, 2005; De Cremer & Van Dijk, 2008).  

1.4.  Solutions to Social Dilemmas 

Research on how to solve social dilemma situations has proposed a variety of factors 

that are associated with cooperative behavior and thus could be used to foster cooperation. 

These can be broadly categorized into individual and structural factors (Ernst, 2008; Kollock, 

1998; Messick et al., 1983). Kollock (1998) proposed three broad categories that summarize 

different approaches to solve a dilemma: strategic, motivational, and structural solutions.  

Strategic solutions assume egoistic actors who act strategically to shape the outcomes, 

and hence the behavior, of the other actors. Strategies are based on the principles of reciprocity 

or selection (Nowak, 2006; Rand & Nowak, 2013). Reciprocity entails that one person’s 

behavior is reciprocally responded to by either the person affected by the first person’s behavior 

(i.e., direct reciprocity) or by other persons observing the first interaction (i.e., indirect 

reciprocity; Dufwenberg et al., 2001; Nowak & Sigmund, 2005; Perugini et al., 2003).  

For example, the strategy Tit-for-Tat (Axelrod & Hamilton, 1981) chooses cooperation 

in the first interaction and then reciprocates what the partner did in the previous interaction. 

This strategy encourages mutual cooperation with many partners under three conditions: (a) 

repeated interaction, (b) partners are able to identify each other, and (c) information on the 

partner’s past behavior is disclosed. It has been shown that individuals cooperate more often 

when there is a high probability of future interaction (Bó & Fréchette, 2011; Dal Bó, 2005; 
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Duffy & Ochs, 2009; Rand & Nowak, 2013) and when behavior can be traced back to 

individuals, which enables a reputation to be built (Jordan et al., 2016; Milinski et al., 2006; 

Semmann et al., 2004). Previous cooperative behavior in turn is often reciprocated with 

cooperation (Milinski et al., 2002; Pfeiffer et al., 2012; Semmann et al., 2005).  

Selection describes the mechanism that individuals choose cooperative partners and 

cooperation thus emerges within subgroups of the collective (Nowak, 2006; Rand & Nowak, 

2013). While cooperation decreased over time when groups remained constant or were mixed 

randomly, giving individuals the opportunity to update their social network based on their 

partners’ previous behavior fostered constantly high levels of cooperation (Rand et al., 2011). 

Motivational approaches identify individual differences that underly cooperative or 

uncooperative behavior. Considering motivational factors as a solution for social dilemmas 

requires the assumption that actors are not purely egoistic but include consequences for others 

in their decisions (Kollock, 1998). It is frequently observed that individuals cooperate in social 

dilemma situations despite incentives to defect. Thus, a vast amount of research has examined 

individual differences underlying cooperation.  

Thielmann et al. theorized that the motives underlying the pro-social choice (i.e., 

cooperation) in social dilemma games include fairness (i.e., striving to minimize the difference 

between own and others’ outcomes), altruism (i.e., striving to maximize others’ outcomes), 

trust, and social welfare (i.e., striving to maximize the sum of own and others’ outcomes) 

(Thielmann et al., 2015, 2020). The motives underlying the selfish choice (i.e., non-

cooperation) in social dilemma games include greed (i.e., striving to maximize own welfare), 

fear (that the others will try to maximize their own outcome or the difference between their and 

others’ outcomes), and competitiveness (i.e., striving to maximize the difference between own 

and others’ outcomes). Empirical investigation of these assumptions supported the prediction 

that prosocial motives are positively associated with cooperation, and proself motives are 

negatively associated with cooperation (Haesevoets et al., 2019). 
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One widely studied predictor of cooperative behavior is the Social Value Orientation 

(SVO). The SVO assesses individual differences in the preferences for distributions of 

resources between oneself and others (Messick & McClintock, 1968; Van Lange, 1999). Meta-

analytic evidence shows that individuals who aim to maximize joint outcomes (i.e., 

characterized as prosocial) or the partner’s outcome without any concern for their own outcome 

(i.e., characterized as altruistic) tend to cooperate more in social dilemma situations compared 

to individuals who aim to maximize their own outcome (i.e., characterized as individualistic) 

or the relative difference in outcomes between themselves and their partner (i.e., characterized 

as competitive; Balliet et al., 2009; Thielmann et al., 2020).  

The Schwartz theory of basic human values distinguishes in more detail between basic 

human values, which are defined as trans-situational goals and serve as guiding principles in 

life (Schwartz, 1992; Schwartz et al., 2012). Of these values, the importance of Universalism 

(including the components of tolerance, societal concern, and protecting nature), as well as 

Benevolence (caring for ingroup members) was associated with higher cooperation levels, 

whereas the importance of Power (including the components of dominance over people, control 

of material resources, and status and prestige) and Achievement (including the components of 

personal success and demonstrating competence) was associated with lower cooperation levels 

(Sagiv et al., 2011). Of relevance for examining sustainable behavior as cooperation with 

humanity, a recent meta-analysis showed that pro-environmentalism is associated with 

cooperation in social dilemmas (Thielmann et al., 2020). 

Research has also investigated the association between cooperation in social dilemmas 

and personality traits from the “Big Five” personality model including Openness, 

Conscientiousness, Extraversion, Agreeableness, and Neuroticism (see, for example, Kagel & 

McGee, 2014; Volk et al., 2011) or the HEXACO (Honesty-Humility, Emotionality, 

Extraversion, Agreeableness, Conscientiousness, Openness) personality model (see, for 

example, Hilbig et al., 2012, 2013). A recent meta-analysis provided evidence that Concern for 
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others and Honesty-Humility are significantly associated with increased cooperation, whereas 

Machiavellianism as well as Competitiveness and Psychopathy (in one shot interactions) are 

associated with reduced cooperation (Thielmann et al., 2020).  

Another motivational factor that fosters cooperation is group identity: Individuals 

cooperate more with their group members when they experience a sense of common identity 

(Brewer & Kramer, 1986; De Cremer & Van Vugt, 1998; Kramer & Brewer, 1984). Higher 

cooperation levels were observed even when group identity was only created in the laboratory, 

based on participants’ preferences for Klee versus Kandinsky paintings (Simpson, 2006), or 

when in a sample of students a common superordinate identity (e.g., students) was made salient 

in comparison to a differentiating subordinate identity (e.g., psychology vs. economics students; 

Kramer & Brewer, 1984). Cooperation with the ingroup can also be fostered by creating 

intergroup competition (Böhm & Rockenbach, 2013; Cárdenas & Mantilla, 2015; 

Gunnthorsdottir & Rapoport, 2006; Puurtinen et al., 2015; Puurtinen & Mappes, 2009; Tan & 

Bolle, 2007). While intergroup competition might foster the motivation to cooperate, the mere 

implementation of competition between groups (i.e., making the comparison possible or salient, 

possibly installing incentives for outperforming the other group) can be regarded as a structural 

intervention. 

Structural solutions identify and modify situational elements that encourage or 

discourage cooperation in social dilemmas. For example, it has been shown that anonymity (vs. 

identifiability; De Cremer & Bakker, 2003; Fox & Guyer, 1978), group size (Hamburger et al., 

1975; Nosenzo et al., 2015), and the payoff structure regarding own profit and others’ profit 

(Haesevoets et al., 2018; Isaac & Walker, 1988; Kelley & Grzelak, 1972; Komorita et al., 1980) 

influence cooperation rates. Another important structural approach to solve social dilemmas is 

the implementation of sanctions, i.e. the possibility to reward cooperative and/or to punish 

uncooperative behavior (Balliet et al., 2011; Shinada & Yamagishi, 2007). Involving the group 

in the decision process by allowing communication has also been shown to promote cooperation 
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(Balliet, 2010).1 The following paragraphs discuss the pros and cons of structural in comparison 

to motivational or strategic approaches and introduces in more detail the structural solutions 

that are at the core of this dissertation.  

2. SOLVING SOCIAL DILEMMAS BY STRUCTURAL INTERVENTIONS 

Social dilemma situations can vary greatly, from students writing a term paper together 

to fishermen sharing common fishing grounds to states negotiating over climate agreements 

that determine global resource consumption levels. Given the diversity of these situations, it 

seems obvious that there is no “one way” to solve a social dilemma. The suitability of different 

motivational, strategic, or structural interventions varies from setting to setting (see Ostrom, 

1990). This dissertation focuses on structural interventions to foster sustainable behavior for 

several reasons. Acting sustainably can be interpreted as cooperating with humanity (Reese, 

2016). Thus, we deal with the largest social dilemma we can think of, including all humans 

currently living on planet Earth as well as future generations. Achieving truly sustainable 

resource management requires behavior change of the collective. Given this situation, I argue 

that strategic and motivational approaches are less effective than structural interventions in 

increasing sustainable behavior. 

While strategic approaches are well suited for social dilemmas in which two persons 

interact repeatedly with each other and are informed about each other’s behavior, reciprocating 

others’ behavior is more difficult in dilemmas involving more than two persons. For example, 

if one person cooperates and the other defects, the third person cannot reciprocate both of these 

behaviors (see Rand & Nowak, 2013). Therefore, cooperation based on reciprocity can be 

undermined by the presence of non-cooperators in n-person dilemmas (Boyd & Richerson, 

1988). In addition, in many dilemma situations it is difficult to directly recognize the partners’ 

 
1 Kollock (1998) described communication as a motivational approach, arguing that communication influences 
how much weight is given to others’ outcomes. Arguably implementing the possibility to communicate represents 
a structural solution and therefore it is listed here under structural solutions. 
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contributions. Admittedly, there are possible scenarios in which contribution to climate 

protection might be salient and thus has the potential to foster cooperation by others (e.g., when 

well-known people invest effort or money in climate protection, such as climate activist Greta 

Thunberg traveling from Europe to the US by sailboat). However, when it comes to resource 

consumption, non-cooperation (i.e., consumption) is often more salient than cooperation (i.e., 

non-consumption). Strategic selection of cooperative partners is a valuable means in small 

subgroups of a larger collective, but seems difficult to implement when dealing with the large-

scale dilemma of sustainable resource management. 

Regarding motivational approaches, there is ample evidence that other regarding 

preferences and personality traits are associated with cooperation. However, it is difficult to 

use individual differences to foster sustainable behavior. First, how pro- or antisocial 

orientations are formed, and thus how prosocial orientations could be fostered, remains a 

question. There is evidence that prosocial orientations are influenced by childhood experiences 

(Cappelen et al., 2016; Kosse et al., 2020). In addition, personality traits tend to be very stable 

over time (Cobb-Clark & Schurer, 2012; McCrae & Costa Jr., 1994). Thus, it might be possible 

to shape prosocial motivations by education, but it proves difficult to intervene later in life. 

Even if interventions targeting the motivation would change the motivations of individuals, the 

interventions might not have an impact on behavior. Individuals tend to cooperate significantly 

more when their partners are also cooperating (i.e., conditional cooperation; Haesevoets et al., 

2015; Keser & Van Winden, 2000). Thus, it might not be enough to change motivations of 

some individuals while others are still showing unsustainable behavior. Instead, it would be 

necessary to change the motivation of a large number of people to foster changes in overall 

cooperation, which is difficult to achieve. The advantage of structural interventions is that they 

immediately reach all individuals involved in the situation and thus has the potential to steer 

behavior of the collective. 
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In line with this is a recent meta-analysis that showed how intervening with motivational 

approaches, by providing information about climate change or about which behaviors save 

resources,  appealing to individuals’ values (humanity, cooperation, and social responsibility), 

or fostering engagement, has only small effects of d = 0.093 on average on household 

consumption behavior (Nisa et al., 2019). Using different estimation methods for the same 

dataset, van der Linden and Goldberg (2020) reported a larger but still rather small effect size 

of around d = 0.20. Motivational approaches that involve group processes (e.g., social 

comparison) proved more effective in changing consumption behaviors (Nisa et al., 2019). 

It is important to note that interventions aimed at changing the motivation seem best 

suited for low-cost behaviors (i.e., that require low effort, time, or money like switching off 

lights), whereas structural interventions are better suited to address high-cost behaviors (i.e., 

that require (one time) investment; Diekmann & Preisendörfer, 2003; Steg & Vlek, 2009). 

Reducing current levels of resource consumption to a level that is sustainable arguably requires 

changes in high-cost behaviors (e.g., changes in transportation mode, insulation of home; Dietz 

et al., 2009). Therefore, structural interventions have the potential to foster behavior change 

with actual impact on the environment. 

As there is not “one way” to solve a social dilemma, in this dissertation, I examine 

several structural interventions that impact behavior at different stages of the decision process. 

These include regulation of individual behavior by installing incentives for cooperative 

behavior (i.e., by implementing a sustainability competition at the group level, or by installing 

different punishment systems), as well as changing the mode of decision making from 

individual to collective choice systems. While the impact of structural interventions often has 

been examined in social dilemma situations in which all actors possess the same opportunities, 

the present work includes studies that examine how structural interventions impact behavior in 

social dilemmas with asymmetric distribution of opportunities. Besides implementing external 

incentives and collective choice systems, I examine one other potential means to foster 
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sustainable behavior in asymmetric dilemmas: by redistributing extraction opportunities from 

an asymmetric to a symmetric distribution. In the following, I outline the rationale behind each 

of these interventions. 

2.1.  Regulating Behavior by Collective Action 

The social identity model of pro-environmental action (SIMPEA; Fritsche et al., 2018) 

proposes that large-scale crises like climate change call for collective action. Per se, a social 

dilemma situation involves the two motives of cooperating (i.e., in the interest of the collective) 

and competing (i.e., in the interest of the individual). Finite resources in common resource 

dilemmas make individuals compete for the resources. Outperforming the other actors is only 

possible by claiming a larger share of the resource than others do. For example, fishermen 

obtain larger profits if they take more fish from the sea than others. Without any additional 

incentives, individuals often strive to maximize their own outcome rather than striving to 

maximize benefits for the collective (Dietz et al., 2003; Hardin, 1968; Hauser et al., 2014; 

Margreiter et al., 2005). One way to overcome competition within the group is to create 

competition between groups. 

Research on behavior in intergroup dilemma games showed that competition between 

groups can increase cooperation within the ingroup (Böhm & Rockenbach, 2013; Cárdenas & 

Mantilla, 2015; Gunnthorsdottir & Rapoport, 2006; Puurtinen et al., 2015; Puurtinen & Mappes, 

2009; Tan & Bolle, 2007). Introducing a sustainability competition at the group level can create 

a collective motivation to behave sustainably as individuals switch from competing within the 

group (which fosters increased consumption) to competing against other groups (which fosters 

decreased consumption). Competition has also been part of applied interventions programs to 

foster sustainable behavior in the field, i.e., by implementing a competition to save energy 

among dorms in the United States (Petersen et al., 2007; Senbel et al., 2014; Sintov et al., 2016). 



30     SOLVING SOCIAL DILEMMAS BY STRUCTURAL INTERVENTIONS 

 
Installing a sustainability competition between groups gives individuals with a focus on 

their personal profits (i.e., individualistic or competitive individuals) a way to gain benefits for 

themselves (i.e., winning a prize, pride, enjoyment of competition) while their behavior aligns 

with sustainability goals (van Horen et al., 2018). Using competition to foster sustainable 

behavior is a valuable approach because it can foster sustainable behavior even with little to no 

financial cost, as individuals also react to competition cues in the absence of material incentives 

(Burton-Chellew & West, 2012). One disadvantage lies in the fact that behavior is only 

evaluated at the group level, so individuals could still try to freeride on the efforts of others. 

Installing incentives with reference to individual behavior is therefore another way to foster 

sustainable behavior; this is discussed in the next section.  

2.2.  Regulating Individual Behavior: External Incentives 

A prominent means to steer individual behavior is the use of external incentives like 

punishment or reward. Implementing punishment is one structural intervention to increase 

cooperation in social dilemmas that has elicited a vast amount of research. In symmetric 

dilemmas, the effect that the presence of a punishment system (vs. a situation without a 

punishment possibility) increases cooperation is well established (Balliet et al., 2011; Fehr & 

Gächter, 2002; Gächter et al., 2008). Punishment is mostly assigned to uncooperative 

individuals (Fehr & Gächter, 2002), that is individuals who contribute less than the punishing 

individual (Herrmann et al., 2008; Pfattheicher et al., 2014). Reward, on the other hand, is 

assigned primarily to individuals who showed prosocial behavior (Nockur & Pfattheicher, 

2020b). The expectation or the experience that uncooperative behavior is being punished or 

cooperative behavior is being rewarded leads to increased cooperation (Nockur & Pfattheicher, 

2020c; Pfattheicher et al., 2018).  

Individuals prefer systems in which punishment is possible compared to systems 

without a punishment option (Ertan et al., 2009; Gürerk et al., 2006). Punishing usually imposes 
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costs on the punishing individual which makes punishing others a second-order dilemma (the 

individual bears the cost of punishing while the collective profits from increased cooperation). 

Still, individuals frequently engage in costly punishment (Fehr & Fischbacher, 2003; Fehr & 

Gächter, 2002). In a recent investigation, we showed that individuals even invest own resources 

to reward someone who has shown prosocial behavior toward a third person (i.e., third-party 

reward), and that rewarding of prosocial individuals occurs in particular when decisions are 

made intuitively (Nockur & Pfattheicher, 2020b). 

Punishment can be organized in decentralized or centralized structures. Peer 

punishment constitutes a decentralized form of punishment in which all group members can 

punish each other (Fehr & Gächter, 2002). Peer punishment has been found to increase 

cooperation, however, two problems have emerged: First, under peer punishment the costs of 

assigning punishment are not always outweighed by increased contributions (Dreber et al., 

2008; Egas & Riedl, 2008), at least on a short time scale (cf. Gächter et al., 2008). Second, 

punishment is not only assigned to punish uncooperative individuals but it is also observed that 

cooperative individuals are being punished (i.e., “antisocial punishment”; Herrmann et al., 

2008; Pfattheicher et al., 2014; Sylwester et al., 2013). Under democratic punishment, 

punishment is only implemented if a majority of group members approves of it (Ambrus & 

Greiner, 2019; Kesberg & Pfattheicher, 2019; Pfattheicher et al., 2018). Under democratic 

punishment, less punishment, and antisocial punishment in particular, is executed compared to 

peer punishment, while contributions are still increased compared to a system without 

punishment (Pfattheicher et al., 2018). Under central punishment, punishment is determined by 

a central monitoring authority (Baldassarri & Grossman, 2011; Carpenter et al., 2012; Nosenzo 

& Sefton, 2014) or a predefined rule (Markussen et al., 2014; Putterman et al., 2011). Central 

punishment increases cooperation compared to a system without punishment but to a lesser 

extent than peer punishment (Balliet et al., 2011; Carpenter et al., 2012; Nosenzo & Sefton, 

2014).  
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Implementing a punishment system still allows the individual to choose freely how to 

behave (although there might be consequences of that behavior, i.e., punishment). In the next 

section, I introduce a structural intervention that intervenes earlier by changing how behavior 

in the dilemma situation is determined. 

2.3.  Regulating Decision Mode: From Individual to Collective Choice 

The default in social dilemmas is that individuals decide independently and 

simultaneously how much they want to consume or contribute. Deciding individually often 

results in overconsumption or low contributions with negative consequences for the collective 

like decline or exhaustion of common resources and failure to provide the public good (Hauser 

et al., 2014; Milinski et al., 2011). Involving the group in the decision could increase the weight 

that is given to collective interests in the decision. Changing the decision mode from individual 

to collective choice therefore has the potential to foster more sustainable resource management. 

Voting is a commonly used mechanism to reach a collective decision as a function of 

individual interests. Voting on a common contribution or extraction level can increase 

cooperation and the sustainable use of common resources (BenDor et al., 2009; Bernard et al., 

2013; Feige et al., 2018; Gallier et al., 2017; Hauser et al., 2014; Walker et al., 2000). Critically, 

cooperation depends on whether the actors reach an agreement (Feige et al., 2018; Gallier et 

al., 2017) and whether the voting is binding (i.e., the common decision is implemented), or, in 

case the collective votes on a common extraction level but the individual can still make a 

decision, transgressions can be punished (Kroll et al., 2007). 

There are different possibilities for implementing collective choice, two of which are 

relevant to the present dissertation: median choice and majority voting. Under median choice, 

every group member proposes an extraction level, and the median of these proposals is 

extracted for all group members (see Hauser et al., 2014). As a consequence, all group members 

extract the same share of the resource. Under majority voting, every group member proposes 
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an individual extraction level for all group members, including themselves. Extraction levels 

under majority voting can differ among the group members. In a second step, the group 

members vote on these proposals. If one proposal is elected by a majority, it is implemented. If 

no proposal is elected, group members decide individually on their extraction in that period (see 

Margreiter et al., 2005). 

Median choice and majority voting both have the potential to increase sustainable 

resource management, which can be explained by two mechanisms. First, a majority of 

cooperative group members can overrule a minority of uncooperative group members. Research 

on the Social Value Orientation shows that a majority of individuals can be described as 

prosocial, which means that they consider their own and the others’ interests in their decisions 

and fewer individuals prioritize their own outcomes over that of others (Murphy et al., 2011). 

However, even a minority of uncooperative individuals acting unsustainably can lead to a 

decline of common resources under individual choice (Hauser et al., 2014). Under collective 

choice, minority proposals are not likely to be selected. Second, collective choice addresses the 

issue that many individuals would cooperate if they knew the other group members would 

cooperate as well (i.e., conditional cooperation; Keser & Van Winden, 2000). Under collective 

choice, these actors do not have to fear that their cooperative behavior will be exploited by 

others and therefore might show more cooperative behavior. 

2.4.  Structural Interventions in Asymmetric Social Dilemmas 

An important contribution of this dissertation is to examine how structural interventions 

affect behavior when the actors involved do not have the same preconditions (i.e., asymmetric 

social dilemmas). Interventions that involve group processes might work differently depending 

on whether all group members have the same preconditions (and thus are equally affected by 

the intervention) compared to when the group members have different preconditions (and thus 

might be differently affected by the intervention). The following paragraphs outline how 
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structural solutions to social dilemmas regulating (a) individual behavior, (b) the decision mode, 

or (c) the distribution of extraction opportunities among the actors could foster cooperation in 

groups with asymmetric preconditions. 

As asymmetric preconditions can aggravate the conflict between individual and 

collective interests in a social dilemma situation, it is an intriguing question if structural 

interventions can foster cooperation in the presence of asymmetric opportunities. The transfer 

of structural interventions that have proven effective in symmetric dilemmas to a situation in 

which opportunities to contribute or consume are distributed asymmetrically is not trivial. 

While in dilemma situations with a symmetric distribution of opportunities all actors are equally 

affected by structural changes, the implications of structural interventions may differ greatly 

for actors with different preconditions. This can dramatically change (a) the effectiveness of 

structural interventions to foster cooperation, and (b) the acceptance of the actors involved 

regarding the implementing of these structural changes (depending on the actor’s status). 

 Importantly, I do not want to suggest that structural interventions are necessarily less 

effective or less likely to be accepted in the presence of asymmetric opportunities. On the 

contrary, one could argue that it is in the presence of asymmetric opportunities in particular that 

structural changes improve the management of social dilemma situations. It is often observed 

that cooperation is reduced in the presence of an asymmetric distribution of opportunities, 

which highlights the need for intervention. Implementing structural changes could be a means 

to reconcile conflicting interests of different status groups. One could also imagine, however, 

that introducing structural changes that affect individuals differently depending on their status 

could exacerbate differentiation between status groups. Thus, which structural interventions are 

suited to foster cooperation in the presence of an asymmetric distribution of opportunities 

remains an important question while monitoring acceptance of these measures among the actors 

involved. 
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Structural interventions can regulate behavior in the presence of an asymmetric 

distribution of opportunities in two ways. On one hand, we can implement structural 

interventions that foster cooperation despite or especially in the presence of asymmetric 

opportunities. On the other hand, we can change something about the preconditions. In the 

following I outline how regulating individual behavior through the implementation of 

punishment systems and regulating the decision by collective choice could affect behavior in 

groups in which opportunities to consume or to contribute are distributed asymmetrically 

among the actors. Then I introduce the possibility to foster cooperation through equalizing 

preconditions among the actors involved. The rationale behind each of these approaches is 

outlined in the following paragraphs. 

2.4.1. Punishment in Asymmetric Dilemmas 

Research examining symmetric dilemmas has shown that punishment is mostly imposed 

on uncooperative individuals (Fehr & Gächter, 2002). In a symmetric dilemma, 

“uncooperative” can be defined as one individual contributing less than others (Herrmann et 

al., 2008; Pfattheicher et al., 2014). In asymmetric dilemmas, however, it is more difficult to 

define what constitutes “uncooperative” behavior. Is behavior evaluated in absolute terms or in 

relation to the opportunities an individual possesses? It was shown that individuals with smaller 

endowments were punished for their low absolute contributions when their status was unknown, 

whereas when the status was known, individuals with larger endowments were punished for 

their low relative contributions (Hauser, Kraft-Todd, et al., 2019). This provides evidence that 

it is rather the relative contribution that is considered in the evaluation of contributions. 

However, perceptions about what constitutes fair contributions in the presence of asymmetric 

distribution of opportunities can differ between individuals. Asymmetry fosters egocentric 

assessments of fairness (Wade-Benzoni et al., 1996). That results in disagreement among actors 

about how much individuals with different opportunities within the dilemma situation should 
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contribute (Nikiforakis et al., 2012). In addition, even passive observers disagree on what 

constitutes fair behavior in heterogeneous groups (Reuben & Riedl, 2013). Besides the 

difficulty of defining what is cooperative and uncooperative behavior in asymmetric dilemmas, 

a second problem concerns the imbalance of punishing power and impact. Specifically, the 

impact of receiving punishment is more severe for group members with lower resources than 

for individuals with larger resources. Relative to their resources, it is also more costly to assign 

punishment for disadvantaged group members. 

The reasoning above suggests that punishment might overall be less effective in 

asymmetric compared to symmetric groups. In line with this, Kingsley (2016) showed that 

punishment increased contributions in groups in which all group members had the same 

endowment to contribute to the public good, whereas it did not increase contributions in groups 

in which group members had different endowments to contribute. Other studies show, however, 

that the possibility of punishment increases contributions in symmetric and asymmetric groups 

(Reuben & Riedl, 2013; Visser & Burns, 2015). Within asymmetric groups, findings differ 

regarding the effect of punishment on advantaged and disadvantaged group members: Whereas 

punishment increased contributions by advantaged group members in particular in one study 

(Reuben & Riedl, 2013), in another it increased contributions by disadvantaged in particular 

(Visser & Burns, 2015). This dissertation therefore includes a further investigation of the effect 

of punishment in asymmetric (vs. symmetric) groups and on advantaged (vs. disadvantaged) 

group members. In addition, it is proposed and experimentally examined in Nockur et al. 

(2021a; Appendix B) that the effectiveness of punishment in asymmetric dilemmas might also 

depend on the specific punishment system that is implemented. 

2.4.2. Collective Choice in Asymmetric Dilemmas 

The question examined is which collective choice system can foster sustainable resource 

management in the presence of asymmetric opportunities to consume (Nockur et al., 2020). As 
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governing common resources is more difficult for groups in which the actors have different 

opportunities to consume under individual choice, reaching a decision at the group level could 

reconcile the different individual interests and foster sustainable resource management in 

particular in the presence of asymmetric opportunities. Under median choice, the decision is 

made as a result of the individual proposals, thus it guarantees that a common decision is 

reached. Median choice is, however, restrictive in that it stipulates the same extraction level for 

all group members and ignores outlier suggestions regarding the extraction. In contrast to 

median choice, majority voting allows for differences in the extraction levels of the group 

members. Thus, it is possible that individuals prefer the latter as the less restrictive systems. 

This might be the case in asymmetric groups in particular to allow different extraction levels of 

advantaged and disadvantaged group members. Under majority voting, however, a common 

decision is only executed if a majority votes for the same proposal; thus, it might be more 

difficult for asymmetric groups to reach a common decision if actors from different status 

groups disagree on how extraction levels should be distributed among the group members. In 

line with this, Margreiter et al. (2005) observed that groups of heterogeneous actors regarding 

the costs of consuming proposed more distinct consumption levels from common resources and 

were less likely to reach a majority for one proposal than groups of homogeneous actors. 

Therefore, homogeneous groups were more efficient in their resource management than were 

heterogeneous groups (Margreiter et al., 2005). The question therefore remains which system 

can foster sustainable behavior in asymmetric (vs. symmetric) groups and how the collective 

choice systems are being evaluated depending on asymmetry and the status of advantaged. 

2.4.3. Changing Extraction Opportunities from Asymmetry to Symmetry 

Based on the observation that asymmetric groups showed more unsustainable behavior 

than symmetric groups (Nockur et al., 2020), another way to foster sustainable resource 

management could be to redistribute opportunities to consume from an asymmetric to a 



38     SOLVING SOCIAL DILEMMAS BY STRUCTURAL INTERVENTIONS 

 
symmetric distribution. Consumption opportunities determine the individual’s access to 

common resources. Thus, the structural intervention would be to restrict access to common 

resources. The idea is that granting all individuals the same access to the common resource 

fosters more sustainable resource management compared to a situation in which individuals 

have different access to common resources. Besides examining whether such an intervention 

would increase sustainable resource management, the investigation also examines the important 

question about whether the actors involved would approve such a change in consumption 

opportunities (see Nockur et al., 2021b). Individuals who had been advantaged in their access 

to common resources might not support such an intervention that restricts their consumption 

opportunities. This could be the case especially when the actors feel they deserve their 

advantaged privileges because they earned it by prior effort (see Aksoy & Weesie, 2009; 

Balafoutas et al., 2013). 

2.5.  Acceptance of Structural Interventions 

While one advantage of structural interventions to solve social dilemmas lies in the fact 

that they affect all individuals involved in the situation, it is this aspect that also could be seen 

as a disadvantage, because individuals may feel forced to behave in a particular way. 

Motivational or strategic solutions to social dilemmas inherently involve the individual in the 

decision process as the individuals choose to pursue a specific strategy or to behave in 

accordance with their individual motivations. Structural interventions, on the other hand, can 

be implemented by external authorities (i.e., governments impose regulations). If the 

individuals do not support the intervention, this can lead to rebellion and thus not result in the 

intended positive effect, for example, if farmers protested a planned ban on pesticides to protect 

insects because they did not feel included in the discussion. The success of structural 

interventions depends on whether the actors involved approve regulations and enforcement of 

regulation (see Dietz et al., 2003; Walker et al., 2009). 
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There is evidence that individuals in social dilemma situations support structural 

interventions like installing a punishment system or a leader who determines resource 

consumption (Ertan et al., 2009; Gürerk et al., 2006; Messick et al., 1983). The multiattribute 

evaluation model proposes that at least four dimensions influence evaluation of structural 

change in resource dilemmas: efficiency, fairness, freedom, and self-interest (Samuelson, 

1993). Thus, the perception of the ability of the structural intervention to provide sufficient 

resources for individuals without depleting the resource (efficiency), of the fairness of resulting 

distributions, of the degree to which autonomous decision are still possible (freedom), and of 

the personal outcome (self-interest) as well as the weight given to these dimensions affects 

acceptance of structural change (Samuelson, 1993).  

In line with the efficiency dimension, support for structural interventions is particularly 

strong when cooperation rates are decreasing and resource management is unsustainable 

(Messick et al., 1983; Samuelson et al., 1984; Samuelson & Messick, 1986). The implemented 

structural interventions are all hypothesized to increase cooperation and thus sustainable 

resource management. It is examined whether they also increase profits (relevant for the 

dimension of self-interest). The interventions implemented in the present studies differ 

regarding the degree of freedom in behavior after implementing a structural change. Under the 

sustainability competition, individuals can freely make decisions about their consumption 

behavior, and even if they overuse the common resource they might still be able to win the 

sustainability competition based on the efforts of their group members. Implementing a 

punishment system likewise allows individuals to freely choose their behavior, albeit knowing 

there might be negative consequences (i.e., punishment) for uncooperative behavior. Changing 

the decision mode from individual to collective choice is a larger intrusion into individual 

behavior. Although individuals can still participate in the decision process, their actual 

consumption is not determined only by them but by the group. Changing the access to common 

resources constitutes a major intervention in this regard, as individuals are restricted in their 



40     SOLVING SOCIAL DILEMMAS BY STRUCTURAL INTERVENTIONS 

 
choices concerning resource consumption. To assess the dimension of fairness, the studies 

included in the dissertation assess fairness perceptions regarding the implemented 

interventions.  

One could imagine that acceptance of structural interventions (regarding satisfaction 

and fairness ratings) also depends on whether actors have symmetric or asymmetric 

preconditions and on the role an actor possesses. Actors with different preconditions might be 

differently affected by structural changes. Therefore, similar to the question regarding the 

efficiency of structural interventions in asymmetric groups, evaluation of the impact of 

structural interventions on personal freedom and profits, as well as perceptions of fairness and 

therefore acceptance of change, might critically depend on the status an actors possesses as 

discussed above. 

Besides these outcome-oriented criteria, it has been shown that the process leading to a 

decision can greatly impact evaluation of the decision and subsequent behavior. Individuals are 

more likely to accept outcomes, even unfavorable ones, when the process leading to these 

outcomes was just (Thibaut & Walker, 1975). Procedural fairness seems crucial, in particular 

when severe sanctions are imposed (Verboon & van Dijke, 2011). 

Procedural justice can be achieved by giving individuals the opportunity to participate 

in the procedure (Lind et al., 1990). Research has shown that participation in the decision 

process leads to higher acceptance of the outcome (Baldassarri & Grossman, 2011; Hilbe et al., 

2014; Tyran & Feld, 2006). Importantly, implementing structural interventions does not 

necessarily imply that an external authority regulates behavior. Rather, it can be the individuals 

involved in the situation who develop themselves the regulations for the use of common 

resources (see Ostrom, 1990). The question whether changes in the opportunities to consume 

lead to more beneficial outcomes when the change is framed as a group decision compared to 

when no explanation is provided is also examined in the fourth investigation (Nockur et al., 

2021b). In the other studies, individuals do not have the opportunity to decide about the 
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implementation of a structural intervention, but critically determine its execution (e.g., by 

assigning punishment or by contributing to the collective decision on consumption).  

While some studies stress the importance of procedural fairness, others have found that 

outcome favorability is more important than procedural fairness regarding acceptance of 

political decisions (Leung et al., 2007; Niesiobędzka & Kołodziej, 2020). Thus, implementing 

structural interventions should ideally satisfy both improving outcomes while offering 

procedural justice. In the following, I present four investigations examining the impact of 

structural interventions that impose different limits on freedom in individual behavior on 

cooperation, profits, as well as satisfaction and fairness perceptions in symmetric and 

asymmetric social dilemmas. 

3. EMPIRICAL WORK 

This chapter provides a brief summary of all four scientific papers included in this 

dissertation. The full-length articles are attached (Appendix A to D). The first paper (Nockur & 

Pfattheicher, 2020a; Appendix A) implements a competition at the group level to foster 

sustainable behavior. The following papers examine structural interventions to foster 

cooperation in consideration of asymmetric preconditions among the actors involved. The 

second paper (Nockur et al., 2021a; Appendix B) examines the possibility to shape individual 

behavior through incentives by investigating the effect of different punishment systems in 

fostering cooperation in asymmetric and symmetric groups. The third paper (Nockur et al., 

2020; Appendix C) examines the possibility to steer behavior by altering the mode of decision-

making from individual choice to collective choice. The fourth paper (Nockur et al., 2021b; 

Appendix D) examines the possibility to shape behavior by changing the preconditions from an 

asymmetric distribution of opportunities to a symmetric distribution. 
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3.1.  Fostering Sustainable Behavior through Group Competition (Nockur & Pfattheicher, 

2020a; Appendix A) 

The idea examined in Nockur and Pfattheicher (2020a; Appendix A) is that a 

sustainability competition between groups can be used to foster sustainable resource 

management. The social identity model of pro-environmental action (SIMPEA; Fritsche et al., 

2018) proposes that large-scale crises like climate change call for collective action. Collective 

action occurs when a group member “is acting as a representative of the group and the action 

is directed at improving the conditions of the entire group” (Wright et al., 1990, p. 995). As 

competition between groups creates a common motivation to sustain the resource, we expect 

group competition to foster sustainable behavior. 

Competition has been used by applied intervention programs to foster sustainable 

behavior in the field (e.g., Petersen et al., 2007; Senbel et al., 2014; Sintov et al., 2016). 

Laboratory research on behavior in intergroup dilemma games showed that competition 

between groups can increase cooperation with the ingroup (Böhm & Rockenbach, 2013; 

Cárdenas & Mantilla, 2015; Cárdenas et al., 2019; Gunnthorsdottir & Rapoport, 2006; Tan & 

Bolle, 2007). The studies reported in Nockur and Pfattheicher (2020a) combine these insights 

by implementing a competition between an undisclosed number of groups (as in the field 

studies) in a controlled experimental setting. In addition, we examined boundary conditions of 

the effect that group competition fosters sustainable behavior in that it was examined for whom 

(i.e., individuals high in dispositional competitiveness) and under what conditions (i.e., 

(un)sustainable behavior of the other group members) a sustainability competition would elicit 

the greatest effects. 

A social dilemma situation constitutes a competitive situation in itself. Within a common 

resource dilemma, competitiveness usually leads to unsustainable consumption. As common 

resources are limited and consumption is rival, individuals compete for the resource. In fact, 

outperforming the other group members (i.e., earning a larger profit) is only possible by taking 
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a larger share of the resource than others take. Individuals high in dispositional competitiveness 

in particular are sensitive to the competitive cues of a situation (Houston et al., 2000). We 

therefore expected that without group competition, individuals who score high on dispositional 

competitiveness would overharvest from common resources. As individuals high in 

dispositional competitiveness should react strongly to the competitive cues of the common 

resource dilemma (which fosters unsustainable behavior) and to the group competition (which 

fosters sustainable behavior), we expected that the effect of group competition would be 

stronger for individuals high (vs. low) in dispositional competitiveness. 

To examine the impact of group competition and dispositional competitiveness on 

sustainable behavior, we conducted two pre-registered studies. Participants were recruited over 

the crowdsourcing platform Amazon Mechanical Turk (Study 1: N = 842, 47% male, Mage = 

33.64, SD = 10.72; Study 2: N = 1104, 45% male, Mage = 34.50, SD = 11.17). We first measured 

dispositional competitiveness by the general competitiveness subscale of the competitiveness 

orientation measure (Newby & Klein, 2014; α = .97, M = 4.77, SD = 1.50 on a scale from 1 = 

strongly disagree to 7 = strongly agree). A sample item reads “I enjoy competing against 

others”. Participants then took part in a common resource game. We used the microworld FISH 

(Gifford, 2018), in which participants take the role of fishers, in groups of four, who harvest 

from an ocean of fish as the common resource. The other three group members were computer 

controlled. In Study 1, the other group members were preprogrammed to overharvest from the 

common resource (see Sussman et al., 2016). In Study 2, about half of the participants were 

confronted with group members who overharvest from the common resource, while the others 

were confronted with group members who used the resource sustainably. In that, we 

additionally examined whether the effects of dispositional competitiveness and group 

competition depended on whether the other group members behaved sustainably or 

unsustainably. 
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Before entering the FISH microworld, participants were randomly assigned to one of 

two conditions. Participants in the competition condition were invited to participate in a 

competition to be the most sustainable group. They were told that they would be informed about 

the rank of their group in terms of sustainability (determined by the number of fish that are left 

after all seasons are finished). The three most sustainable groups received a small monetary 

reward of up to US$0.30. Participants in the control condition received no such invitation. The 

simulation ended after six seasons or if participants completely exhausted the resource before 

that. Our measure of sustainable behavior was the average percentage of the resource available 

that was taken across all seasons played.  

In both studies, it was observed that group competition significantly reduced the average 

percentage taken. There was no evidence that the effect of group competition was affected by 

the level of dispositional competitiveness or by the other group members’ behavior (varied only 

in Study 2). Dispositional competitiveness was positively associated with the average 

percentage taken, but only when the other group members were preprogrammed to overharvest 

from the resource. In Study 2, we additionally tested the idea that group competition leads to 

higher in-group identification, which in turn explains sustainable behavior. However, our data 

did not provide evidence for the idea that in-group identification mediates the association 

between group competition and sustainable behavior. 

Several results were obtained from the investigation reported in Nockur and Pfattheicher 

(2020a). First, group competition can serve as a means to increase sustainable behavior. We 

assumed that without the group competition, participants perceived themselves as individual 

actors in the common resource game, but inducing a common motivation to behave sustainably 

would create a sense of common identity with the other group members. However, it should be 

noted that it is not necessary for competition to change the basic motivation of competitive 

individuals (i.e., to win, to be better than others), as the group competition satisfies these 

motives while fostering sustainable behavior. In that sense, group competition can align the 
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motives of pro-self and pro-socials (see van Horen et al., 2018). Second, in line with the finding 

that a competitive Social Value Orientation is associated with reduced cooperation (Balliet et 

al., 2009), dispositional competitiveness was associated with unsustainable behavior in the 

common resource game. Manipulating the behavior of the other group members (sustainable 

vs. unsustainable) revealed that this association was only present if the other group members 

overharvest from the common resource. Third, dispositional competitiveness did not moderate 

the effect of group competition on sustainable behavior. It is discussed whether this can be 

explained by the measure used (i.e., enjoyment of competition rather than preference for 

competitive outcomes) and the setup of the competition. It is hypothesized that a competition 

during which the experience of competing was more pronounced (e.g., through continuous 

feedback on performance) might have had a larger effect on competitive individuals. The effect 

of group competition on sustainable behavior did further not depend on the behavior of the 

other group members. This could be explained by opposing forces being present: On the one 

hand, sustainable behavior of the other group members could motivate others to join the 

competition. On the other hand, efforts by the other group members to sustain the resource 

could also invite freeriding and thus unsustainable behavior.  

To sum up, the investigation by Nockur and Pfattheicher (2020a) shows that 

competition is a double-edged sword: Whereas dispositional competitiveness is associated with 

unsustainable behavior if the other group members overharvest from the common resource, a 

competition between groups fostered sustainable behavior—even in individuals high in 

dispositional competitiveness. 

3.2. Different Punishment Systems in a Public Goods Game with Asymmetric 

Endowments (Nockur et al., 2021a; Appendix B) 

The investigation by Nockur et al. (2021a; Appendix B) examines the possibility of 

regulating individual behavior by external incentives in the form of punishment. The effect of 
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implementing punishment systems was examined in symmetric and asymmetric dilemma 

situations. Punishment has been shown to be an effective means to foster cooperation in 

symmetric social dilemmas (Balliet et al., 2011; Chaudhuri, 2011; Fehr & Gächter, 2002; Guala, 

2012; Sefton et al., 2007). Furthermore, individuals prefer a system in which punishment is 

possible to a system without punishment (Ertan et al., 2009; Gürerk et al., 2006). The aim of 

the investigation reported in Nockur et al. (2021a) was to investigate which punishment system 

(peer punishment, democratic punishment, or central punishment)  can be used as a means to 

increase cooperation when opportunities to contribute are distributed asymmetrically (vs. 

symmetrically) among the actors involved. 

Peer punishment means that every group member can punish the other group members 

at personal costs (see Fehr & Gächter, 2002). While peer punishment increases cooperation, it 

has also been observed that not only uncooperative but also cooperative group members are 

punished (Herrmann et al., 2008; Pfattheicher et al., 2014; Sylwester et al., 2013). In addition, 

the costs for punishment are not always outweighed by the increase in cooperation (Dreber et 

al., 2008; Egas & Riedl, 2008). To counteract these problems, democratic punishment has been 

proposed. Democratic punishment means that group members can propose punishment, but it 

is only executed if a majority of group members approve of it (Kesberg & Pfattheicher, 2019; 

Pfattheicher et al., 2018). Under central punishment, the individual group members cannot 

assign punishment, but punishment is executed or based on a predefined rule (Markussen et al., 

2014; Putterman et al., 2011).  

While punishment has been shown to increase cooperation in symmetric dilemmas, 

regulating punishment in asymmetric dilemmas poses several difficulties. First, it is more 

difficult to determine what behavior should be punished. In symmetric dilemmas, 

uncooperative behavior can be defined as any group members contributing less than the 

punishing group members (e.g., Herrmann et al., 2008; Pfattheicher et al., 2014). In asymmetric 

dilemmas, there is more ambiguity about the fair contribution norms—should all group 



EMPIRICAL WORK     47 

 
members contribute an equal amount in absolute terms, or does the relative contribution count 

(Nikiforakis et al., 2012; Reuben & Riedl, 2013)? Based on this reasoning, it is proposed that 

punishment (vs. no punishment) overall could be less effective in asymmetric (vs. symmetric) 

groups in fostering cooperation. The three punishment systems implemented in the present 

investigation counteract this problem to different degrees. While under peer punishment, all 

group members decide in isolation; under democratic punishment, they can determine as a 

group which behavior they want to punish and thus create a common contribution norm. Central 

punishment based on a predefined rule eliminates completely any ambiguity about fair 

contributions as desired behavior (which is not punished by the rule) and undesired behavior 

(which is punished by the rule) are clearly indicated. Examining differences between the 

punishment systems, it is therefore proposed that peer punishment could be less effective in 

asymmetric compared to symmetric groups. Democratic punishment, on the other hand, should 

be equally effective in both symmetric and asymmetric groups, and central punishment could 

be even more effective in asymmetric compared to symmetric groups. 

To examine which punishment system can foster cooperation in asymmetric (vs. 

symmetric) groups, participants in groups of four played a total of 24 periods of a public goods 

in groups of four. All group members received a certain endowment of monetary units (MUs) 

at the beginning of each period and could decide how much of it to contribute to the public 

good and how much to transfer directly to their personal account. Monetary units transferred to 

the public good were multiplied by 1.6 and divided equally among all group members, 

independent of their contribution (see Fehr & Gächter, 2000, 2002). Importantly, actors had 

differential opportunities to contribute to the public good depending on the asymmetry 

condition: Whereas in symmetric groups all group members received the same endowment of 

30 MUs, in asymmetric groups two advantaged group members received larger endowments at 

the beginning of each period (40 MUs) than two disadvantaged group members received (20 

MUs).  
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Participants played six periods of the public goods game without the possibility to 

punish and six periods under each of the three punishment systems in random order. In periods 

with punishment, participants were informed about the contributions and incomes of all group 

members. Under peer punishment, every group member could then assign punishment to all 

other group members. Under democratic punishment every group member could propose a 

punishment for every other group member, but punishment was only implemented if a majority 

of group members approved of it. Under central punishment, a punishment of 0.6 MUs for every 

unit not contributed to the public good was executed with 75% probability based on a 

predefined rule. We assessed the average relative contribution over the six periods, punishment 

behavior, and satisfaction and fairness ratings under each punishment system. 

We first examined whether cooperation rates differed between asymmetric and 

symmetric groups. The data did not provide evidence that relative contributions differed overall 

between asymmetric and symmetric groups. Within asymmetric groups, advantaged group 

members contributed less in relation to their endowment, but this difference did not reach 

conventional levels of statistical significance overall (only under democratic and peer 

punishment). All three punishment systems increased contributions substantially compared to 

the system without a punishment option. There was only limited evidence that the effect of 

punishment (vs. no punishment) or differences between the punishment systems were 

moderated by asymmetry or the status of advantaged. In addition to increasing cooperation 

rates, the punishment systems were also rated more favorably regarding satisfaction and 

fairness ratings. This effect was also largely independent of asymmetry or the status of 

advantaged. Within asymmetric groups, there was more punishment assigned to advantaged 

group members. In sum, the investigation advanced our understanding of how different 

implementation of punishment interacts with asymmetric preconditions to foster cooperation. 

Overall, punishment proved an effective means to increase cooperation in symmetric as well as 

asymmetric groups. 
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3.3. Collective Choice Fosters Sustainable Resource Management in the Presence of 

Asymmetric Opportunities (Nockur et al., 2020; Appendix C) 

In the investigation by Nockur et al. (2020; Appendix C), we examined how different 

decision modes concerning the consumption of common resources affect sustainable behavior. 

The idea put forward in this manuscript is that collective choice rather than individual choice 

can foster sustainable behavior in an asymmetric common resource dilemma. Individuals 

usually decide simultaneously and in isolation over their resource consumption, which often 

results in overexploitation of common resources (Hauser et al., 2014; Ostrom, 2010). Forcing 

individuals to decide at the group level might facilitate pursuing interests of the collective 

(Hauser et al., 2014; Margreiter et al., 2005). We implemented two collective choice systems, 

median choice and majority voting, that both involve the group in the decision process 

regarding individual extractions from a common resource. Behavior under median choice and 

majority voting was contrasted against behavior under individual choice.  

The question examined in the present investigation is whether collective choice can 

foster sustainable behavior in the presence of asymmetric consumption opportunities. On one 

hand, we argued that in asymmetric groups in particular, a decision process at the group level 

might prohibit that the interests of subgroups determine resource consumption. More 

specifically, we hoped to reduce resource consumption by advantaged group members, who 

tend to overuse common resources under individual choice (Brent et al., 2019; Janssen et al., 

2011). On the other hand, however, asymmetry could also make it more difficult to reach a 

common decision, which could limit the effect on cooperation (Margreiter et al., 2005). Besides 

examining the effect of collective choice on sustainable behavior, we also study how the 

different choice systems are being evaluated depending on asymmetry and the status an actor 

possesses. 

To examine which collective choice system, median choice or majority voting, fostered 

sustainable behavior in asymmetric and symmetric groups, participants (N = 248, Mage = 21.34, 
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SD = 3.25) played six periods of a common resource game under each choice system (individual 

choice, median choice, majority voting) in groups of four. Depending on the asymmetry 

condition, all group members could extract up to one fourth of the resource available 

(symmetry), or two advantaged group members could extract up to one third of the resource 

while two disadvantaged group members could extract up to one sixth of the resource available 

(asymmetry). The decision mode with which the extraction from the common resource was 

determined varied. Under median choice group members proposed an extraction level and the 

median of these proposals was implemented for all group members (see Hauser et al., 2014). 

Under majority voting all group members proposed extraction levels for all four group members 

and then voted on which proposal should be implemented. If one proposal was elected by a 

majority, it was implemented; otherwise, group members decided individually in that period 

(see Margreiter et al., 2005). These two collective choice systems were compared to periods 

under individual choice, in which group members decided simultaneously and in isolation over 

their resource consumption. We assessed the average percentage taken over the six periods, 

resulting profits, as well as satisfaction and fairness ratings under each choice system. 

Participants in asymmetric groups took on average a significantly larger percentage of 

the common resource than did participants in symmetric groups. Within asymmetric groups, 

advantaged group members took a significantly larger share than disadvantaged group members 

took. Independent of asymmetry, both collective choice systems, median choice and majority 

voting, reduced the average percentage taken compared to individual choice. Within 

asymmetric groups, collective choice decreased the consumption of advantaged (vs. 

disadvantaged) group members in particular. Furthermore, both collective choice systems 

increased satisfaction and fairness ratings in both symmetric and asymmetric groups. 

Disadvantaged group members in particular rated the collective choice systems more favorably 

compared to individual choice. Although participants took lower percentages of the resource in 

each period under collective choice, median choice and majority voting fostered higher profits 
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over the six periods. Thus, implementing a collective decision regarding consumption from 

common resources fostered sustainable behavior in symmetric and asymmetric groups. Within 

asymmetric groups, collective choice decreased overconsumption by advantaged group 

members. 

The investigation replicates the effect that asymmetric preconditions in a social dilemma 

foster unsustainable management of common resources when actors decide individually over 

their consumption. Importantly, asymmetric groups, as symmetric groups, achieved better 

resource management under collective choice. Again, the structural intervention, collective 

choice, affected behavior and outcomes for advantaged and disadvantaged group members in 

different ways, which highlights the importance of considering asymmetric opportunities within 

groups. 

3.4.  From Asymmetric to Symmetric Consumption Opportunities: Extractions from 

Common Resources by Privileged and Underprivileged Group Members (Nockur et 

al., 2021b; Appendix D) 

Besides implementing structural interventions to foster cooperative behavior in social 

dilemma situations despite asymmetric preconditions among the actors involved, it is another 

approach to change the preconditions itself. The question examined in this investigation 

(Nockur et al., 2021b) is whether changing consumption opportunities from an asymmetric to 

a symmetric distribution per se can foster sustainable behavior. It is further examined how the 

actors involved would evaluate such a change. It was hypothesized that the legitimacy of the 

status of advantaged or disadvantaged in the asymmetric system would affect support for a 

change toward a symmetric distribution of extraction opportunities as well as behavior under a 

symmetric system. Furthermore, we examined whether changing the distribution of extraction 

opportunities receives stronger support and yields more sustainable behavior when the actors 

are involved in the decision process (Baldassarri & Grossman, 2011; Hilbe et al., 2014; Tyran 

& Feld, 2006). 



52     EMPIRICAL WORK 

 
To examine if and under what conditions a change to a symmetric distribution of 

extraction opportunities fosters sustainable behavior, a total of 184 participants—of which n = 

112 German residents, Mage = 26.29, SD = 8.24, and n = 72 UK residents recruited over the 

crowdsourcing platform Prolific, Mage = 34.36, SD = 13.82—took part in a common resource 

game in groups of four. The first six periods were played under an asymmetric distribution of 

extraction opportunities; that is, two advantaged group members could extract up to one third 

of the resource available while two disadvantaged group members could extract up to one sixth. 

We manipulated the legitimacy of the status assigned. In the legitimate assignment condition, 

participants were told that the status was assigned based on their performance in a preceding 

mental arithmetic task, while in the random assignment condition they were told that it was 

assigned randomly. At the end of the six periods, participants were asked if they preferred an 

asymmetric or a symmetric distribution of extraction opportunities for the next periods. Under 

the asymmetric distribution, advantaged group members would still be able to extract up to one 

third, while disadvantaged group members would be able to extract up to one sixth of the 

resource; under a symmetric distribution, all group members would be able to extract up to one 

fourth of the resource available. Independent of their vote, all groups then played another six 

periods under a symmetric distribution of extraction opportunities. We manipulated how the 

change to a symmetric distribution of extraction opportunities was introduced. Depending on 

the framing condition, participants were told that a majority in their group voted for a symmetric 

distribution of extraction opportunities and therefore it would be implemented (group decision 

condition), or they received no further explanation (no explanation condition). We assessed 

extraction behavior as the average percentage taken over the six periods, how positive 

participants perceived the change to a symmetric distribution of extraction opportunities, and 

satisfaction and fairness ratings under the asymmetric and symmetric system. 

In the asymmetric game, advantaged group members extracted a much larger share of 

the common resource than did disadvantaged group members. This effect was, however, not 
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stronger when the status was assigned legitimately compare to when it was assigned randomly. 

Under a symmetric distribution of extraction opportunities, the average percentage taken overall 

did not differ from the average percentage taken under the asymmetric distribution. However, 

formerly advantaged group members decreased their consumption, while formerly 

disadvantaged group members’ consumption increased under the symmetric distribution of 

extraction opportunities. Formerly advantaged group members still extracted on average more 

in the symmetric game than did formerly disadvantaged group members. There was no evidence 

that extraction behavior in the symmetric game differed depending on whether the change was 

framed as a group decision or no explanation was provided. 

Overall, a high proportion of participants (76.1%) voted for a symmetric distribution of 

extraction opportunities for the subsequent periods. Independent of the legitimacy of the status, 

a lower proportion of advantaged (vs. disadvantaged) group members voted for a symmetric 

distribution of extraction opportunities. In line with this, the change was overall perceived as 

rather positive (M = 5.75, SD = 1.57, on a scale from 1 = very negative to 7 = very positive), 

but more so by disadvantaged compared to advantaged group members. Advantaged group 

members perceived the change as less positive when it was framed as a group decision. 

Independent of status, its legitimacy, or framing of the change as a group decision, satisfaction 

and fairness ratings were higher in the symmetric compared to the asymmetric game. Thus, 

whereas redistributing extraction opportunities from an asymmetric to a symmetric distribution 

per se did not foster more sustainable resource management, the periods under a symmetric 

distribution of extraction opportunities elicited more favorable evaluations regarding 

satisfaction and fairness ratings.  

The investigation advances the understanding of the effect asymmetric opportunities 

have on cooperation. While previous research found that there are differences between 

asymmetric and symmetric groups, the investigation examined how behavior changes within a 
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group when the distribution of opportunities changes: Changing from an asymmetric to a 

symmetric distribution did not elicit different cooperation levels overall. 

4. GENERAL DISCUSSION 

The aim of the present dissertation was to examine how structural interventions can be 

used to foster sustainable behavior when individual and collective interests are at odds (i.e., a 

social dilemma). Cooperation and the effect of structural interventions were examined in 

dilemmas in which all actors had the same preconditions (i.e., a symmetric dilemma) and in 

situations in which the actors had differential preconditions that enabled them to contribute or 

consume to a different degree (i.e., an asymmetric dilemma). The structural interventions 

examined included regulation of individual behavior by installing incentives at the group level 

(i.e., group competition) or at the individual level (i.e., punishment), as well as changing the 

decision mode from individual to collective choice. In asymmetric groups, it was additionally 

examined whether redistributing opportunities to consume from common resources from an 

asymmetric to a symmetric distribution fostered sustainable behavior. In the following, I discuss 

the results with reference to (a) the effect of structural interventions, (b) the effect of asymmetric 

opportunities on cooperation, and (c) the effect of structural interventions in asymmetric 

dilemmas before discussing potentials and pitfalls of structural interventions to foster 

sustainable behavior more broadly. 

4.1.  Implementing Structural Interventions 

It was shown that individuals demonstrated more cooperative behavior when (a) a 

sustainability competition at the group level was introduced (Nockur & Pfattheicher, 2020a), 

(b) different punishment systems were installed (Nockur et al., 2021a), or (c) the decision mode 

was changed from individual to collective choice (Nockur et al., 2020). Thus, our studies 

replicate the finding that installing external incentives increases cooperation (Balliet et al., 

2011; Fehr & Gächter, 2002; Rand et al., 2009). Importantly, incentivizing behavior does not 
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imply the installation of direct (material) benefits; for instance, the potential gain from winning 

the group competition was very small compared to the potential gain from taking a larger share 

of the resource (Nockur & Pfattheicher, 2020a). 

There has been debate about whether punishment or reward is better suited as an 

incentive for cooperation (e.g., Rand et al., 2009). Punishment and reward have been found to 

be equally effective in increasing cooperation in social dilemma situations involving repeated 

interactions (Balliet et al., 2011; Rand et al., 2009). However, punishment reduces the payoff 

of punished individuals, while reward increases the payoff of rewarded individuals. Therefore, 

it is frequently observed that the increase in cooperation under punishment (vs. no punishment) 

does not lead to higher payoffs for the collective (Dreber et al., 2008; Egas & Riedl, 2008), 

although this applies mainly to a short time-scale and punishment does generate higher payoffs 

in the long run (Gächter et al., 2008; Nikiforakis & Normann, 2008). Still, reward by nature 

generates higher payoffs compared to punishment (Rand et al., 2009). Arguably, both 

approaches have merit, depending on the situation. Reward may be preferable in situations in 

which individuals interact repeatedly and their actions are revealed because in these situations 

punishment can lead to downward-spiral of punishment and counter-punishment, which 

ultimately reduces payoffs for all (Nikiforakis, 2008). However, in one-shot situations, 

punishment proved effective in increasing cooperation, while reward did not (Balliet et al., 

2011). Therefore, the specific implementation of external incentives should be tailored to the 

situation depending, for instance, on group size or anonymity, which determines the kind of 

incentives implemented, including the possibility to implement non-monetary rewards or 

punishments (Lefebvre & Stenger, 2020; Masclet et al., 2003). 

Besides installing incentives for cooperative behavior, we found that including the 

group in the decision process regarding behavior in a common resource game fosters more 

cooperative behavior to begin with (Nockur et al., 2020). While median choice by design 

always generated a collective decision, the implementation of majority voting yielded room for 
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a failure to reach a collective decision. We examined the possibility that exchanging proposals 

regarding consumption from the common resource alone would foster more sustainable 

behavior (see Margreiter et al., 2005). However, further analysis of behavior after successful 

and unsuccessful voting decisions revealed that collective decisions fostered sustainable 

behavior, whereas behavior after unsuccessful voting decisions was even slightly less 

sustainable compared to behavior under individual choice without the majority voting system 

(Nockur et al., 2020). Thus, it seems critical that collective choice systems lead to a common 

decision to foster sustainable behavior.  

4.2.  Asymmetric Opportunities and Cooperation 

The implemented studies yielded mixed results regarding the effect of asymmetric 

opportunities on cooperation. Differences in the opportunities to contribute yielded higher 

absolute contributions by advantaged than disadvantaged group members but marginally lower 

relative contributions of advantaged compared to disadvantaged group members to the public 

good in Nockur et al. (2021a); overall, no difference in contributions between groups with a 

symmetric and an asymmetric distribution of opportunities was observed.  

Differences in opportunities to consume led to larger extractions of advantaged group 

members compared to disadvantaged group members (Nockur et al., 2020, 2021b), but it should 

be noted that advantaged group members consumed a similar or even smaller share in relation 

to their opportunities than did disadvantaged group members. In line with other evidence (e.g., 

Anderson et al., 2008; Cherry et al., 2005; Croson & Marks, 2001; Hauser, Hilbe, et al., 2019; 

Rapoport, 1988; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 2003), we observed a higher 

consumption level in asymmetric compared to symmetric groups when asymmetry was 

manipulated between groups (Nockur et al., 2020). No difference in sustainable behavior under 

an asymmetric compared to the symmetric distribution was found when the transition from an 

asymmetric to a symmetric distribution of opportunities within groups was examined (Nockur 
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et al., 2021b). Even when advantaged opportunities to consume were randomly assigned, 

overconsumption by formerly advantaged individuals persisted beyond redistribution of 

extraction opportunities, while formerly disadvantaged increased their consumption. In contrast 

to previous investigations (Aksoy & Weesie, 2009; Balafoutas et al., 2013), we found no 

evidence that the effect of asymmetry depended on whether the status of advantaged or 

disadvantaged was assigned legitimately or randomly, which supports the assumption that 

having advantaged opportunities alone fosters unsustainable behavior. 

In summary, the investigations included in this dissertation cannot resolve the diverging 

findings regarding the effect of asymmetry on cooperation, but provide support for the notion 

that asymmetry can, but does not necessarily, decrease cooperation. One question arising from 

the present findings is whether effect depends on the situation (give-some vs. take-some). 

Beyond the mere effect of asymmetric opportunities on cooperation, the next paragraph 

discusses the evidence on the interaction between structural interventions and asymmetric 

opportunities.   

4.3.  Structural Interventions in Asymmetric Groups  

In line with other findings (Reuben & Riedl, 2013; Visser & Burns, 2015), the structural 

interventions implemented (i.e., punishment and collective choice) overall had similar effects 

in asymmetric and symmetric groups regarding the increase in cooperation. Still, within 

asymmetric groups, the interventions had differential effects on group members depending on 

the status of advantaged versus disadvantaged. When implementing a punishment system, more 

punishment was assigned to advantaged compared to disadvantaged group members (Nockur 

et al., 2021a). Within asymmetric groups, the effect that collective choice fostered sustainable 

resource management was driven by a large reduction in consumption by advantaged group 

members, while consumption levels of disadvantaged group members remained constant under 

majority voting and even increased under median choice (Nockur et al., 2020). 
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The implications of these findings are twofold: On one hand, the findings support the 

assumption that structural interventions that have been found to foster cooperation in symmetric 

social dilemma situations can be transferred to social dilemma situations in which the actors 

have differential opportunities (limits of this finding are discussed in the section 4.5.1. 

Specificities of the Experimental Methods). One the other hand, we also find support for the 

assumption that actors within asymmetric dilemmas are differently affected by structural 

interventions depending on the status they hold. Therefore, it seems crucially important to 

consider the existence of asymmetric opportunities when planning to implement structural 

interventions in social dilemma situations. 

Perhaps surprisingly, support for the implementation of structural changes was quite 

high in symmetric and asymmetric groups and among disadvantaged as well as advantaged 

group members. Overall, both collective choice systems, median choice and majority voting, 

as well as two of the three punishment systems, peer punishment and democratic punishment, 

were rated more favorably regarding satisfaction and fairness perceptions than individual 

choice and a system without punishment, respectively. There was, however, evidence that 

disadvantaged individuals in particular rated the interventions favorably. In the interpretation 

of these results, it is important to note that the interventions were rated only after they had been 

implemented; thus, the favorable evaluation could at least in part be explained by the fact that 

both collective choice and punishment increased cooperation. 

Besides implementing structural interventions that foster cooperation in the presence of 

asymmetric opportunities among the group members, we also explored whether cooperation 

can be fostered by changing the preconditions from an asymmetric distribution of extraction 

opportunities to a symmetric distribution. While implementing structural interventions 

increased cooperation, changing the preconditions from an asymmetric to a symmetric 

distribution of consumption opportunities did not foster more sustainable behavior. We further 

found no evidence that behavior depended on whether the status was assigned legitimately (i.e., 
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based on prior effort) or randomly and whether the change to a symmetric distribution of 

extraction opportunities was framed as a group decision compared to giving no explanation.  

It has been shown that advantaged group members’ overuse of common resources is 

explained by feelings of entitlement (De Cremer & Van Dijk, 2005, 2008). Even individuals 

who randomly received the status of advantaged heavily overused common resources and 

continued to extract larger shares than formerly disadvantaged group members when all groups 

members had the same extraction opportunities (i.e., in the symmetric game). Restricting access 

to common resources represents a massive interference with freedom of choice that large parts 

of advantaged individuals did not support. Therefore, it seems more feasible to implement 

structural interventions that also foster cooperation in the presence of asymmetric opportunities. 

In the following, the potentials and pitfalls of implementing structural interventions in social 

dilemma situations are discussed more broadly.  

4.4.  Potentials and Pitfalls of Structural Interventions 

When Hardin described the management of common resources as a “tragedy” (Hardin, 

1968), many concluded that individuals are “trapped” in the dilemma and the only solution was 

that a central authority regulated behavior or privatized the commons (see Ostrom, 1990). While 

this generalized assessment might not be adequate, it has often been shown that groups indeed 

fail to cooperate and fail to manage common resources in a sustainable fashion, which leads to 

exhaustion of resources in the long run (e.g., Hauser et al., 2014) and highlights the need for 

intervention. In addition, it has been observed that including the fact that actors in many social 

dilemma situations do not have the same preconditions (i.e., asymmetric social dilemmas) can 

aggravate the situation (e.g., Anderson et al., 2008; Cherry et al., 2005; Croson & Marks, 2001; 

Hauser, Hilbe, et al., 2019; Rapoport, 1988; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 

2003). This is reflected in large variability in consumption levels between individuals and states 

while consumption overall is far beyond sustainable (Global Footprint Network, 2020). As 
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shown in the present dissertation, the implementation of structural interventions (e.g., installing 

a punishment system or collective choice systems) can increase cooperation and foster 

sustainable resource management in both symmetric and asymmetric groups. Before discussing 

the advantages and disadvantages of implementing structural interventions, I want to 

acknowledge that a prerequisite persists in that there needs to be the possibility to alter 

situational factors. Depending on the intervention, this might require the possibility to monitor 

behavior (i.e., to assign punishment to uncooperative individuals) or the opportunity to 

communicate (i.e., enabling collective choice). 

Given that it is possible to implement structural changes, to explain the effectiveness of 

structural interventions I build on the notion that individual behavior is a result of the interplay 

of individual and situational factors (Mischel, 1977): When the situation does not demand a 

specific behavior (i.e., a weak situation), behavior is largely determined by individual 

differences. When the situation on the other hand does demand a specific behavior (i.e., desired 

behavior is rewarded and undesired behavior is punished, comprising a strong situation), 

individual differences will play only a minor role in determining behavior. In line with this idea, 

we showed in another investigation that when there was the possibility of being rewarded 

individuals showed more prosocial behavior independent of Honesty-Humility (i.e., a prosocial 

disposition). Without the possibility of being rewarded, in contrast, it was individuals low in 

Honesty-Humility in particular who showed less prosocial behavior when deciding intuitively 

(Nockur & Pfattheicher, 2020c).  One advantage of structural interventions certainly is that they 

simultaneously affect all individuals involved in the situation and have the potential to steer 

behavior even in the presence of unfavorable dispositions at the individual level regarding the 

behavior in question. 

One frequently mentioned disadvantage of structural interventions is that it is unclear if 

they provide long-term behavior change. For example, it is sometimes observed that behavior 

assimilates to the baseline level once external incentives are removed, which has been 
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interpreted as a need for intrinsic motivation to reach long-term behavior change (van der 

Linden, 2015). Indeed, the type of intervention should be chosen with reference to the target 

behavior. If the aim is to change behavior that is often repeated over a long span of time (e.g., 

recycling of waste), then motivational approaches seem appropriate. These behaviors are often 

low cost (i.e., require little effort, time, or money). Structural interventions, on the other hand, 

are better suited to address changes in behavior that require (one-time) effort and investment 

(high-cost behaviors, e.g., investment in renewable energy or change in transportation mode; 

Steg & Vlek, 2009). It has been shown that motivational factors (i.e., environmental attitudes) 

explain variance in low-cost behaviors or intentions, but explain less variance in high-cost 

behaviors (Diekmann & Preisendörfer, 2003; Farjam et al., 2019; Moser & Kleinhückelkotten, 

2018). Importantly, high-cost behaviors have a greater impact on the environment than do low-

cost behaviors and thus should be the target of interventions to foster sustainability  (Wynes & 

Nicholas, 2017). Thus, it might be sufficient to address few high-impact behaviors (i.e., “key 

points of sustainable consumption”; see Bilharz, 2008) by structural interventions to reach a 

significant reduction in overall resource consumption. 

The rationale outlined above should not be misconceived to imply that individual factors 

do not play a role in answering the question regarding how to foster sustainable behavior. On 

the contrary, I argue that the effectiveness of structural interventions critically depends on 

individual factors. Specifically, I want to stress that the actors involved in the situation need to 

accept the regulations imposed as structural interventions to reach the desired effect. The 

multiattribute evaluation model suggests that individuals’ support for structural change depends 

on perceived benefits regarding efficiency, self-interests, fairness, and freedom as well as the 

weight that is given to these dimensions (Samuelson, 1993). For example, if installing road 

charges is perceived as unfair and freedom restricting, it is less likely to be accepted (Jakobsson 

et al., 2000). We implemented structural interventions with a varying degree of freedom 

regarding individual behavior that all increased efficiency (i.e., sustainable resource 
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management or cooperation) and were rated favorably regarding the evaluation of fairness. 

Regarding self-interest, the implemented interventions either did result in higher profits 

(collective choice) or at least had the potential to foster higher profits in the long run compared 

to the situation without their implementation (punishment systems, group competition). 

With reference to the environmental context, a recent examination showed that the most 

important predictors of public climate policy support are worry about global warming, risk 

perceptions, certainty that global warming is happening, belief that global warming is human-

caused, and affect toward global warming (Goldberg et al., 2020). An investigation on climate 

change awareness and risk perception regarding climate change revealed that the percentage of 

the population that is aware of climate change varies substantially around the globe: While the 

data from 2007 and 2008 showed that over 90% of respondents from Europe, North America, 

or Japan were aware of climate change, in the Middle East and Asia a majority of respondents 

remained unaware of climate change (Lee et al., 2015). The investigation further revealed that 

education is an important predictor of climate change awareness and risk perceptions (Lee et 

al., 2015). Thus, it seems important to address perceptions of climate change (e.g., by providing 

information about the existence and consequences of climate change and how an intervention 

is supposed to address these) when implementing regulations to mitigate climate change. In that 

way, it could be a combination of motivational and structural interventions that promises the 

best success in fostering sustainable behavior. 

Another way to increase acceptance of regulations is to enable individuals to participate 

in the decision process (Baldassarri & Grossman, 2011; Hilbe et al., 2014; Tyran & Feld, 2006). 

For example, more cooperation was observed when a leader was elected as centralized 

sanctioning authority compared to when someone was chosen randomly (Grossman & 

Baldassarri, 2012). Regarding this argument, it is important to note that implementing structural 

interventions does not necessarily imply that an external authority regulates behavior. Rather, 

in many situations, it should be the actors involved who develop regulations to manage common 
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resources (see Ostrom, 1990). The individuals involved in the situation know the situational 

affordances and difficulties the best, which enables them to develop suitable solutions (Stern, 

2020). 

If I suggest the implementation of structural interventions, I merely regard this as the 

initial step that is taken to foster more sustainable behavior. The studies included in this 

dissertation show that introducing group competition, installing punishment systems, and 

implementing collective choice all increase cooperation in social dilemma situations. The 

studies remain silent, however, regarding the processes that lead to higher cooperation levels. 

It is an important question for future research to examine how structural interventions foster 

cooperation in (a)symmetric groups. For example, implementing collective choice can provide 

information, increase trust, communicate norms, and foster ingroup identity. Consequently, the 

fear of getting exploited by free riders might be reduced under collective choice systems, which 

could make a conditional cooperator choose cooperation over defection (Hauser et al., 2014). 

Implementing group competition could lead to a higher identification with the group, which in 

turn increases cooperation. Implementing punishment systems can lead to the development of 

group norms (i.e., which behavior is desired and thus not punished and which behavior is 

undesired and thus punished). In a similar vein, implementing structural interventions can give 

rise to strategic approaches. For example, through the possibility to assign punishment or 

reward, it is possible to reciprocate individual behavior also in n-person dilemmas (see Rand & 

Nowak, 2013). In that, implementing structural interventions can provide conditions that give 

rise to motivational and strategic solutions to foster cooperation. Of course, structural 

interventions might also simply restrict the possibility to pursue egoistic behavior or reduce its 

attractiveness. Structural interventions thus might enable cooperation through various 

processes. Determination of the nature of these processes in more detail would prove an 

interesting platform for future research. 
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4.5.  Methodological Considerations 

In the next sections, I discuss the results of the studies included in this dissertation in 

light of the specific methods used to obtain them. This includes the acknowledgement of 

specificities of the implemented structural interventions and asymmetry conditions, a critical 

reflection on the use of deception, and a discussion of the use of economic games to assess 

sustainable behavior. 

4.5.1. Specificities of the Experimental Conditions 

Regarding the manipulation of actors’ opportunities within the dilemma, we 

implemented a specific form of asymmetry in that the actors had asymmetric opportunities to 

consume or to contribute. This represents the prevalent case that individuals are differently 

equipped with (financial) resources that enable them on one hand to consume resources but also 

to contribute to sustainability to a different degree. Given this manipulation, the studies do not 

warrant conclusions regarding the effects of other types of asymmetry, for example, asymmetry 

pertaining to the consequences of (non-)cooperation (e.g., overuse of common resources and 

subsequent changes in climate may impact individuals differently depending on where they 

live). 

In our studies, we did not only implement a specific type but also a specific degree of 

asymmetry among the actors. Compared to real world differences in income or wealth, these 

differences seem rather small. Larger differences in opportunities (i.e., matching the real 

income distribution in the United States like, for example, in Hauser, Kraft-Todd, et al., 2019) 

might have elicited even larger differences in relative contributions between advantaged and 

disadvantaged group members. Finally, the existence of asymmetric opportunities was common 

knowledge, which can critically influence evaluations of contributions: When the distribution 

of asymmetric opportunities was unknown, disadvantaged group members were punished for 

their low absolute contributions, whereas when the asymmetric distribution of opportunities 
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was known, advantaged were punished for their low relative contributions (Hauser, Kraft-Todd, 

et al., 2019). 

Whereas the examination of asymmetry in the present studies is restricted to differences 

regarding opportunities within the dilemma situation, it neglects other differences among the 

actors involved regarding social preferences, experience, or education. This allows examination 

of the effect of asymmetric distribution of opportunities on behavior in social dilemmas 

independent of other factors. It should be noted, however, that asymmetry in real world settings 

may often be associated with other factors. Individuals with advantaged opportunities to 

consume or contribute likely exhibit different attributes than do individuals with disadvantaged 

opportunities to consume or contribute regarding, for instance, nationality or education 

including knowledge on climate change. Therefore, it could also be a valuable approach to 

examine asymmetric opportunities in interaction with other individual differences. 

Similar to the asymmetry conditions, we implemented specific operationalizations of 

punishment, group competition, and collective choice. The effect of punishment was examined 

in the context of a public goods game. Participants were informed about the contributions of 

their group members but also about the resulting total income when making their punishment 

decisions. Therefore, it is unclear whether participants based their punishment decisions on the 

contributions of the other group members or the resulting income, which consisted of the part 

of the endowment not contributed plus the earnings from the public good. In the common 

resource game, there was no discrepancy between consumption and income. Therefore, it is a 

question for future research to examine whether punishment systems also promote cooperation 

in common resource games. It should further be considered that the structural interventions 

were tested in a specific situation in which there was the same number of advantaged and 

disadvantaged individuals. For the majority voting system, for instance, it could be critical if a 

majority of one status group was able to overrule a minority of the others. It is a question for 

future research to examine whether implementing collective choice fosters sustainable resource 



66     GENERAL DISCUSSION 

 
management in groups with varying compositions of advantaged and disadvantaged group 

members. These examples highlight the limited capacity of one study implementing a specific 

variant of structural interventions to infer generalized information about this intervention. 

Besides the specific operationalization of factors in a study, specificities also include the 

experimental methods in a broader sense as discussed in the next sections.  

4.5.2.  Use of Deception 

At this point, I acknowledge that some elements of the studies included in this 

dissertation involved deceiving participants, in that they received information that were not 

true. While the manuscripts on punishment (Nockur et al., 2021a) and on collective choice 

(Nockur et al., 2020) involved no deception, in the manuscript on competition to foster 

sustainable behavior (Nockur & Pfattheicher, 2020a), participants did not interact with real 

other participants (as they were made believe), as the other group members were computer 

controlled. In the study on changing opportunities to consume from an asymmetric to a 

symmetric distribution of resources (Nockur et al., 2021b), participants in the legitimate 

assignment condition were told that they received their status based on their performance in a 

mental arithmetic task while in reality, all participants received their status randomly, and 

participants in the group decision condition were told that a majority of their group members 

voted for the implementation of symmetric opportunities to consume independent of the actual 

votes.  

Deception was used in these instances for the following reasons. Using simulated group 

members in the study on group competition allowed us to expose all participants to the same 

group behavior and to examine the effect of experimentally varying group members’ behavior 

(sustainable vs. unsustainable). Comments by participants indicated overall high involvement 

in the simulation and only very few indicated suspicion that the other group members were 

computer controlled. Giving false feedback on the status assignment as based on participants’ 
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performance in a previous task and the voting behavior of the other group members allowed  

investigation of the effect of the legitimacy of the status and the effect of changes being a result 

of a group decision without compromising the comparability of treatments regarding mental 

abilities and prosocial preferences. We argue that these elements of deception “did not harm 

subjects beyond what is typical for an economic experiment, that the study would be difficult 

to conduct without deception, that subjects were adequately debriefed about the presence of 

deception, and the value of the study was sufficiently high to merit potential costs associated 

with the use of deception” (see Cooper, 2014, p. 113). 

There exists ongoing debate about whether the use of deception in experiments should 

be allowed or banned. Whereas deception is practically banned in the field of economics and 

judged as problematic, it is often used and judged as less problematic in the field of psychology 

(Krasnow et al., 2020). A recent review pointed out that even though the guidelines of the 

American Psychological Association approve the use of deception only as a “last resort”, many 

psychological studies involve deception, often without explicit justification and often even if 

there are feasible (albeit more expensive or difficult to implement) alternatives to deceiving 

participants (Hilbig et al., in press). 

The main argument for prohibiting the use of deception, besides judging it as morally 

wrong, is the concern that experience of deception alters behavior in subsequent experiments 

and therefore impairs their validity. This could occur if a person was deceived in one experiment 

and changes behavior in a subsequent experiment (direct exposure), or if there is a general belief 

about deception in social sciences that changes behavior without the immediate personal 

experience of being deceived (indirect exposure). Furthermore, this belief could spill over to 

other fields and lead to the belief that all experiments are untrustworthy (see Barrera & 

Simpson, 2012). However, there is only limited evidence to support this assumption (Hertwig 

& Ortmann, 2008; Jamison et al., 2008; Johnson & Mislin, 2011), while neither the use of 

deception in one experiment nor information on the use of deception in social sciences affected 
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behavior in a follow-up experiment (Barrera & Simpson, 2012). Similarly, prior experience of 

deception did not predict current suspicion of deception in subjects from a psychology subject 

pool, an economics subject pool, or Amazon MTurk, and suspicion of deception was not 

associated with behavior in a number of economic games (Krasnow et al., 2020). Given the 

lack of convincing evidence suggesting that using deception does affect behavior in subsequent 

experiments, I feel that the limited use of deception in the presented studies can be judged as 

inoffensive. 

4.5.3. Economic Games as Model for Sustainable Behavior 

In the studies included in this dissertation, sustainable behavior has been assessed as 

cooperation in common resource or public goods games. An alternative would have been to 

assess ecological behavior in real-life situations. Research has used a variety of methods to 

assess ecological behavior and the impact of interventions. Some studies simply assess 

participants’ intentions to behave sustainably (e.g., “How often do you try to conserve energy?”; 

Göckeritz et al., 2010). Arguably, interventions ultimately aim at fostering sustainable 

behavior, not just the intention to perform such behavior. The assumption when assessing 

intentions as a proxy for ecological behavior therefore needs to be that intentions predict actual 

behavior. Indeed, it is observed that intentions do predict actual behavior, but only to a limited 

extent (Kollmuss & Agyeman, 2002; Sheeran & Webb, 2016; Webb & Sheeran, 2006). Many 

investigations assess ecological behavior by asking participants about the frequency with which 

they perform a selection of environmentally relevant behaviors like commuting by car or eating 

meat (e.g., Kaiser & Wilson, 2004). Often, it is not differentiated which specific behavior is 

performed; rather, the total frequency of different behaviors is used as measure of ecological 

behavior. A review revealed that different self-report measures lack consistency in assessing 

ecological behavior (Markle, 2013). In addition, self-report measures often do not distinguish 

between behaviors with high and low environmental impact. Few investigations have adopted 
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measures of environmental impact (i.e., weighting self-reported environmentally relevant 

behaviors with their environmental impact, e.g., Kleinhückelkotten et al., 2016). In general, the 

validity of self-report to assess actual behavior has been questioned. For example, a meta-

analysis found only a correlation of medium size between self-reported and actual behavior, 

which is concerning if the two are supposed to measure the same construct (Kormos & Gifford, 

2014).  

One possibility to directly assess actual behavior is to meter water or energy 

consumption. However, this method does not allow inference of individual behavior and the 

specific behaviors that determine the consumption level. Another possibility is to observe the 

execution of specific behaviors either directly (e.g., if the paper used during the study is 

recycled; van Horen et al., 2018) or by asking participants to keep a diary (e.g., regarding their 

meat consumption; Loy et al., 2016). Usually, these approaches are also restricted to specific 

behaviors (e.g., only recycling behavior is observed).  

Still, these approaches allow for examination of specific behaviors that occur in real 

life. However, it is the specificity that can also be problematic. Arguably, specific behaviors 

are influenced by a number of factors that can be related to the construct in question (e.g., 

environmental attitudes), but can also be arbitrary (e.g., how far away one lives from the 

workplace). The execution of ecological behavior is thus not only determined by ecological 

intentions, but limited by psychological barriers (e.g., not knowing what behaviors are eco-

friendly; uncertainty about individual impact; Gifford, 2011) and structural barriers (e.g., 

availability of public transport systems; number of household members; Steg & Vlek, 2009). 

To exclude the influence of such barriers, methods have been developed to assess ecological 

behavior in a controlled setting. For example, in the pro-environmental behavior task (Lange et 

al., 2018), participants can save time by choosing an unsustainable mode of transportation in a 

simulation, but this comes at the cost of actual environmental impact as a series of lights is 

illuminated, or they can save energy at the cost of having to spend more time on the task.  
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Similarly, using economic games to measure how individuals manage a common 

resource in the lab allows for testing the impact of structural interventions in a controlled 

setting. The advantage of assessing ecological behavior in a laboratory setting is that other 

factors influencing ecological behavior in real life (i.e., structural barriers) can be controlled. In 

addition, it is possible to observe actual, individual behavior that has real consequences for the 

acting individual and the other group members. Economic games avoid the requirement to 

choose a limited selection of behaviors by which to assess sustainable behavior because the 

degree of sustainability of the behavior for the common resource can be clearly assessed.  

In line with this rationale, economic games have been used widely to study prosocial or 

cooperative behavior. This includes studies on sustainable management of common resources 

and climate change mitigation (e.g., Hauser et al., 2014; Milinski et al., 2008; Sussman et al., 

2016). Economic games are often described as models for “real world” situations in that the 

research interest obviously does not primarily lie in examining how individuals play games, but 

instead to address real world problems. It remains an important question whether, and to what 

extent, effects realized in laboratory settings can be generalized to “real world” situations. 

Levitt and List (2007) identified five problems with laboratory experiments that may impair the 

external validity: (1) Participants act under scrutiny; they know that they are being observed 

which may change their behavior; (2) participants in laboratory experiments might differ from 

the general population; (3) the context in which the economic game is placed matters—framing 

a public goods game as a “Wall Street Game” versus a “Community Game,” for instance, elicits 

different cooperation levels (Columbus et al., 2020; Liberman et al., 2004); (4) stakes in 

laboratory and real-life settings differ; and (5) participants are restricted in their behavior by an 

artificial set of choices.  

In line with these concerns, the literature reveals mixed findings regarding the 

association between behavior in economic games and various real-life behaviors. Overall, the 

predictive power of behavior in economic games for specific real-life behaviors is  limited 
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(Galizzi & Navarro-Martinez, 2019). In regards to sustainable behavior, it has been shown that 

cooperation in economic games is associated with pro-environmental attitudes (Thielmann et 

al., 2020), but not with self-reported ecological behavior (Vesely et al., 2020). One explanation 

could be that ecological behavior is not only determined by pro-environmental intentions, but 

also by structural and psychological barriers (Gifford, 2011; Lorenzoni et al., 2007; Steg & 

Vlek, 2009). Aggregating measures over multiple game trials and measures of prosocial 

behaviors increases the strength of the association between behavior in economic games (i.e., 

the prisoner’s dilemma and the public goods game) and prosocial behavior (Haesevoets et al., 

2020). 

Still, one conclusion from the evidence described above is that effects found in 

laboratory settings cannot be transferred directly to the real world. Specifically, we should not 

assume an intervention examined in a laboratory setting elicits the same effect when directly 

transferring it to the real world (see Ostrom, 1990). It should not be expected that effects from 

the laboratory generalize quantitatively in other situations. Laboratory experiments differ from 

real world settings in that, among others, uncertainty regarding available resources and 

regeneration of resources is (mostly) removed, there is feedback on own and other’s impact, 

and the stakes are solely monetary. Importantly, however, effects from the laboratory should 

inform qualitatively about associations in the real world (Kessler & Vesterlund, 2015). That 

means that results from laboratory experiments should inform and refine a theory on the 

mechanisms influencing cooperation in social dilemmas. From this theory, in turn, practical 

implementations can be deduced. Social dilemmas occur at different levels from individuals 

over smaller collectives like institutions or companies to states negotiating climate agreements. 

Field experiments are a way to examine which structural interventions affect cooperative 

behavior in a natural setting given specific circumstances (cf. Rustagi et al., 2010; Stoop, 2014; 

Velez et al., 2012). Examining the effect of structural interventions in real-life settings in which 

actors have differential preconditions is therefore an important mission for future research. In 
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the following, I describe additional future directions for the field of environmental psychology 

and beyond. 

4.6.  Future Directions 

4.6.1.  Fostering Truly Sustainable Behavior 

Sustainability entails consuming resources in a way that does not impede future 

generations to consume in a similar way (World Commission on Environment and 

Development, 1987). As sustainable behavior was assessed in the present studies by behavior 

in common resource games, sustainable behavior was clearly defined: The resource was 

sustained at its original size as long as the group did not consume more than what could be 

regenerated within rounds. Because we analyzed the impact of implementing structural 

interventions in interaction with asymmetry at the level of individual behavior, we report the 

result with reference to the average percentage that was taken from the resource (as a continuous 

measure). Using this measure, we observed significantly more sustainable behavior when 

implementing structural interventions (i.e., group competition, punishment, or collective 

choice) compared to a situation without intervention. If we look at sustainability as a criterion, 

however, we see that the average consumption of many groups still lies above the threshold that 

defines sustainable behavior.  

It is alarming that even in an relatively favorable setting in which the resource size and 

regeneration rate, and thus the exact amount that can be taken from the resource while 

sustaining it, are common knowledge and that the consequences of overusing the resource are 

directly visible (through feedback on the resource size in each round), the vast majority of 

groups was unable to govern the commons in a sustainable way. As noted, quantitative findings 

from the laboratory should not be directly generalized to real world settings. It could be argued 

that the artificial context of the laboratory experiment itself fosters less sustainable behavior 

because it neglects the non-monetary value people attach to resources. For example, it has been 

found that individuals show increased cooperation when exhaustion of common resources 
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implied the immediate death of live crickets (Bastian et al., 2019). In addition, resource 

management in the real world is more complex and offers more leeway in decision making 

other than deciding how much to consume. One idea for future research is to examine how 

much individuals are willing to invest in rebuilding the resource when they see that it is 

decreasing. Another is to examine when individuals are migrating to new resources given a 

decrease of the current resource. 

Still, the observation that groups are largely unable to sustain common resources 

suggests implications for future research that are twofold: First, as there is broad variability 

among individuals and groups concerning sustainable behavior and there are also individuals 

and group who consume at a level that sustains the resource, future research should further 

explore what factors explain this variance. Second, interventions should be evaluated regarding 

the extent to which intervening elicits a measurable impact on resource consumption and fosters 

truly sustainable behavior.  

4.6.2. Beyond the Environmental Framework 

The present dissertation examined the pursuit of sustainability as a social dilemma and 

structural interventions in interaction with asymmetric preconditions among the actors as a 

means to foster sustainable behavior. I briefly discuss here to what extent the results obtained 

in the present studies can be generalized to other types of social dilemma situations. In fact, the 

mechanisms underlying sustainable behavior from a social dilemma perspective are similar to 

those of other situations in which a conflict between individual and collective interests prevails 

(e.g., cleaning up commonly used areas in a shared apartment). Not all included studies even 

had an obvious connection to sustainable behavior in the way the experiment was conducted. 

While the FISH simulation in Nockur and Pfattheicher (2020a) closely resembles the real world 

environmental problem of overfishing, in the other studies the public good and common 

resource were only described as containing monetary units without an environmental 
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framework. That said, the results obtained from these studies showing that structural 

interventions foster cooperation can be generalized to other contexts.  

Conversely, I argue that in the large-scale social dilemma of fostering sustainable 

behavior, it is structural interventions in particular that have the potential to induce behavior 

change. In other social dilemma situations that facilitate reciprocity (e.g., including fewer 

people or providing more accurate information on individual levels of cooperation), other 

approaches (i.e., motivational or strategic) might prove more effective. Concerning the 

inclusion of asymmetric preconditions of the actors involved regarding opportunities to 

consume or to contribute, I argue that this is as well an important aspect that needs to be 

considered in the pursuit of sustainability. Huge differences in financial resources allow 

different individuals and larger entities like states to consume common resources to a very 

different degree, which complicates the emergence of cooperation. However, asymmetry—

even asymmetry regarding financial resources—is also critical regarding other dilemma 

situations like paying taxes to provide for public goods. In summary, the findings obtained in 

the present study were gathered to provide new insights about how to foster sustainable 

behavior, but this does not preclude these insights from inspiring implications for other areas 

in which social dilemmas prevail. 

4.7.  Conclusion 

The sustainable management of common resources is one of the greatest social 

dilemmas facing humankind today. The current level of resource consumption is far beyond 

sustainable, so a drastic change in consumption behavior is required. Sustainability ultimately 

requires cooperation of all actors involved. Asymmetric distribution of opportunities can 

aggravate the conflict between individual and collective interests. In addition, actors with 

asymmetric opportunities might be differently affected by structural interventions which could 

impact effectiveness and evaluation of structural change. The present work shows, however, 



GENERAL DISCUSSION     75 

 
that structural interventions have the potential to foster cooperation and are positively 

evaluated, both when opportunities are distributed symmetrically and when they are distributed 

asymmetrically, and should therefore be an important part of policies to steer humanity towards 

sustainability. 
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A B S T R A C T   

The challenge of handling the Earth’s shared, limited resources calls for strategies that promote sustainable 
behavior. We examine whether competition between groups can foster sustainable behavior and whether 
dispositional competitiveness moderates this effect. In two well-powered, pre-registered studies (total N = 1946), 
participants took part in a common resource microworld, in which they shared a simulated fishery with three 
computer-controlled fishers whom they believed were real people and who either behaved sustainably or 
unsustainably. Participants were assigned to one of two conditions: In the competition condition, they were 
invited to compete to be named the most sustainable group, while participants in the control condition received 
no such invitation. Additionally, we assessed participants’ dispositional competitiveness. Our results show that 
(1) group competition increased sustainable resource management, both when the other group members behaved 
sustainably and when the other group members behaved unsustainably, and (2) dispositional competitiveness 
was negatively associated with sustainable behavior when the other group members overused the common 
resource. There was, however, no significant evidence for an interaction effect between group competition and 
dispositional competitiveness. The present study therefore introduces competition between groups as a valuable 
means to fostering sustainable behavior.   

1. Introduction 

Resource consumption has increased constantly over the last decades 
to a level far beyond sustainability (Global Footprint Network, 2019). 
This has an enormous impact on the environment (e.g., climate change, 
loss of biodiversity, and pollution of water and air, Rockström, 2009). 
The demand for a sustainable resource management has gained more 
and more public attention (e.g., Fridays for Future movement; Bandura 
& Cherry, 2019). Across different US American and Canadian samples, 
people generally report positive environmental attitudes (Dunlap et al., 
2000; Lavergne & Pelletier, 2015), but this does not necessarily lead to 
ecological behavior (Kollmuss & Agyeman, 2002; Moser & Kleinhück-
elkotten, 2018). 

In the present investigation, we examine whether competition be-
tween groups can increase sustainable behavior. Although one could 
expect that competition for shared resources between individuals is 
associated with unsustainable behavior, we use competitive motives 
between groups to foster sustainable behavior. Specifically, we aim at 
shifting the focus from consuming resources to conserving resources. As 
such, the central research question is whether competition at the group 

level can be used to increase sustainable behavior. In addition, we 
explore whether this approach works best for individuals high in 
dispositional competitiveness—individuals whom we assume are rather 
not motivated to show sustainable behavior. 

2. Theoretical background 

2.1. Competitiveness and sustainability 

In the present investigation, we look at sustainability as a social 
dilemma, a situation in which (immediate) self-interests and (long-term) 
collective interests conflict (Kollock, 1998; Van Lange et al., 2013). We 
assume that sustainable behavior is reflected in adequate consumption 
of common resources. Behaving sustainably (i.e., not exploiting a com-
mon resource) constitutes a social dilemma, as the individual bears the 
costs of reducing resource consumption (e.g., a fisherman fishing only a 
small number of fish) while the whole group benefits (e.g., fishing 
grounds are not exhausted and fish is available for all long-term). In such 
a situation, every individual has the incentive to overuse the common 
resource, which promotes the depletion of the resource (Hauser et al., 
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2014). 
When the common resource is restricted (e.g., a limited amount of 

fish is available), individuals compete for the resource. In fact, out-
performing the other group members (that is, earning a larger profit 
than others) is only possible by taking a larger share of the resource. 
Competitive individuals are especially sensitive to the competitive cues 
of a social dilemma situation (Houston et al., 2000). Accordingly, a 
competitive social value orientation (SVO) is associated with reduced 
cooperation in social dilemmas (Balliet et al., 2009). In line with this, 
competitive markets fostered the decline of a common fish stock in a 
simulated common resource game (BenDor et al., 2009). Also in the real 
world, the competition for the highest profits often leads to the use of 
cheap, unsustainable resources (Bennet et al., 2013). Competitive in-
dividuals compare their gains with those of the other individuals within 
their group and try to enhance their relative position, which is only 
possible through increased harvesting from the resource. Therefore, we 
predict that dispositional competitiveness is associated with unsustain-
able use of common resources. Conversely, we argue that competition 
between groups promotes sustainable use of a common resource, as 
outlined in the following section. 

2.2. Collective action through competition 

Although dispositional competitiveness of individuals within a social 
dilemma situation can foster uncooperative behavior, it has recently 
been shown that including the concept of competition in sustainability 
campaigns (i.e., calling it a “competition” instead of an “initiative”) can 
also promote ecological intentions and behavior in individuals (Van 
Horen et al., 2018). Competition has also been part of applied inter-
vention programs that aim to foster sustainable behavior in the field (e. 
g., Petersen et al., 2007; Senbel et al., 2014; Sintov, Dux, Tran, & Orosz, 
2015). We build on this idea by introducing an actual competition at the 
group level to foster sustainable behavior. 

The social identity model of pro-environmental action (SIMPEA; 
Fritsche et al., 2018) proposes that large-scale crises like climate change 
call for collective action. Collective action occurs when a group member 
“is acting as a representative of the group and the action is directed at 
improving the conditions of the entire group” (Wright et al., 1990, p. 
995). Introducing a competition between groups creates a collective 
motivation to behave sustainably by framing the conservation of the 
resource as a group task. A group member restricting his or her har-
vesting behavior therefore acts in the interest of the whole group. In line 
with this reasoning, research on behavior in intergroup dilemma games 
showed that competition between groups can increase cooperation within 
the ingroup (Böhm & Rockenbach, 2013; Cárdenas & Mantilla, 2015; 
Gunnthorsdottir & Rapoport, 2006; Puurtinen et al., 2015; Puurtinen & 
Mappes, 2008; Tan & Bolle, 2007). We therefore expect competition 
between groups to foster a more sustainable use of common resources 
within the group. 

To sum up, we argue that competition in a social dilemma situation is 
a double-edged sword. On one hand, competitive individuals are sen-
sitive to cues that trigger competitive behavior (Houston et al., 2000). As 
group members in a common resource dilemma compete for the com-
mon resource, we expect dispositional competitiveness to be associated 
with unsustainable resource use. On the other hand, however, we argue 
that competition can also increase sustainable behavior if the object of 
competitive comparison shifts from one behavior (consuming more re-
sources than others) to another (conserving more resources than others). 
As competitive individuals should react strongly to the competitive cues 
of the social dilemma, and also to group competition, we examine 
whether the effect of group competition depends on dispositional 
competitiveness. 

3. Current investigation 

With the current investigation we seek to answer whether (a) group 

competition can foster collective action aimed at conserving resources, 
(b) dispositional competitiveness is associated with unsustainable 
behavior, and (c) individual characteristics (i.e., dispositional competi-
tiveness) moderate the effect of group competition. 

With this agenda, we contribute to the literature in several ways. 
First, we examine competition between groups as a means to promote 
sustainable behavior, bridging the gap between laboratory research on 
intergroup-dilemma situations (e.g., Böhm & Rockenbach, 2013; 
Cárdenas & Mantilla, 2015; Gunnthorsdottir & Rapoport, 2006; Puur-
tinen & Mappes, 2008; Puurtinen et al., 2015; Tan & Bolle, 2007), and 
applied intervention programs that use competition in the field (e.g., 
Petersen, et al., 2007; Senbel et al., 2014; Sintov et al., 2015). The 
former line of research shows that competition between groups can in-
crease cooperation within the group when the results of one group are 
compared to the results of another. In the present study, participants 
compete with an undisclosed number of groups. In this sense our 
competition resembles applied intervention programs in which 
numerous entities compete with each other (e.g., Petersen, et al., 2007; 
Senbel et al., 2014; Sintov et al., 2015), but we use a parsimonious and 
controlled laboratory setting to examine the effect of competition on 
sustainable behavior. Importantly, in the present study, incentives for 
unsustainable (i.e., egoistic) use of resources were rather large compared 
to incentives for winning the competition. In that way, we make an 
important contribution in examining the mere effect of competition in 
motivating sustainable behavior. As such, our study provides valuable 
insights for practitioners who aim to increase sustainable behavior. 

Second, we include dispositional competitiveness as a potential 
moderator of this effect in our study. A competitive social value orien-
tation negatively predicts cooperation (Balliet et al., 2009). In line with 
this finding, we expect dispositional competitiveness to be associated 
with unsustainable behavior. In addition, we examine whether in-
dividuals high in dispositional competitiveness react more strongly to 
the group competition than do individuals low in dispositional 
competitiveness, and we examine whether dispositional competitive-
ness can thus enhance the effect of group competition to increase sus-
tainable behavior. In this way, we contribute to the literature by 
examining boundary conditions of group competition in fostering sus-
tainable behavior. We test the idea that sustainable behavior is the 
product of situational motivators (e.g., group competition) and dispo-
sitional factors (e.g., dispositional competitiveness), as well as their 
interaction. 

To examine the interplay of group competition and dispositional 
competitiveness on (un-)sustainable behavior, participants took part in a 
common resource game. We used the microworld FISH (Gifford, 2018) 
to simulate fish in an ocean as the common resource, from which the 
participants and three simulated fishers could harvest. Before entering 
the simulation, participants were randomly assigned to one of two 
conditions: In the competition condition participants were invited to 
take part in a competition to be named one of the most sustainable 
groups, whereas participants in the control condition received no such 
invitation. We also measured individuals’ dispositional competitiveness. 
While in Study 1 all participants were confronted with group members 
who overused the common resource, in Study 2 we varied whether the 
other group members behaved sustainably or unsustainably. Sustainable 
behavior was assessed by the average percentage of the resources 
available that participants claimed. 

Based on the evidence outlined above, we derived the following 
hypotheses: First, we expected dispositional competitiveness to be 
positively associated with the average percentage taken of the common 
resource. Second, we expected individuals in the competition condition 
to take a lower percentage of the common resource than individuals in 
the control condition. Third, since individuals high in dispositional 
competitiveness should be more sensitive to the competitive cues of the 
common resource game and the competition intervention, we expected a 
larger effect of the competition intervention for individuals high in 
competitiveness and a smaller effect for individuals low in 
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competitiveness. In Study 2, we also examined whether these effects 
depend on the behavior of the other group members (sustainable vs. 
unsustainable). 

To meet current standards of transparency (Van’t Veer & 
Giner-Sorolla, 2016), we preregistered our hypotheses, variables, sam-
ple size, exclusion criteria, and planned analyses (Study 1: https://asp 
redicted.org/mj7nj.pdf, Study 2: https://aspredicted.org/i9s3n.pdf). 
Both studies were conducted in full accordance with the Ethical 
Guidelines of the German Association of Psychologists (DGPs) and the 
American Psychological Association (APA). Data was collected online 
via the crowdsourcing platform Amazon Mechanical Turk (MTurk; 
Buhrmester et al., 2011). All data and syntax files can be found on the 
Open Science Framework (OSF; https://osf.io/gbwsh/). To ensure high 
data quality, we included one instructed response item in each survey to 
screen for careless responding (Maniaci & Rogge, 2014, “This is an 
attention check. Please answer with ‘strongly disagree’.”) As an addi-
tional attention check, participants were asked to describe in two to 
three sentences what they did for a living. Participants were informed 
that the survey contained attention check items. We excluded partici-
pants who fulfilled one or more of the following criteria: (a) failed to 
finish the survey; (b) failed to correctly answer the instructed response 
item; (c) did not participate in the fishing simulation or data could not be 
matched; (d) indicated that English was not their native language and 
they had studied or spoken it for under 10 years; (e) failed to provide a 
meaningful response to the instruction to describe what they do for a 
living; (f) expressed suspicion that the other fishers were computer 
controlled. 

4. Study 1 

4.1. Method 

4.1.1. Participants 
We recruited 1000 individuals through MTurk to take part in a short 

survey and fishing simulation. A total of 1089 agreed to take part in the 
survey before the quota was fulfilled. We excluded 122 individuals 
because they failed to respond correctly to the instructed response item. 
Another 77 individuals did not participate in the fishing simulation, or 
their data from the simulation could not be matched to their survey data. 
Another 11 indicated that English was not their native language and that 
they had studied or spoken it for under 10 years, while 28 did not 
provide a meaningful response to the question regarding occupation. 
Finally, nine participants expressed suspicion about the other three 
fishers being computer controlled. Participants who failed to correctly 
answer the instructed response item were directly excluded from 
continuing the survey and therefore did not provide demographic data. 
The 125 participants who were excluded for the other reasons listed 
above were, on average, older (t (964) = −2.10, p = .036) but not 
significantly more often male (χ2 (1) = 2.14, p = .144) or more 
competitive (t (187) = 0.33, p = .742) than included participants. In all 
842 individuals (393 male, 435 female, 14 n/a) were included for 
further analysis (Mage = 33.64, SD = 10.72). With this sample size, we 
achieved a power of .95 to detect even small effects of f2 

= 0.02 at an 
alpha level of .05. 

4.1.2. Procedure 
After giving informed consent, participants first completed the gen-

eral competitiveness subscale of the competitiveness orientation mea-
sure developed by Newby and Klein (2014). The scale consists of 14 
items, and a sample item reads, “I enjoy competing against others” 

(Cronbach’s α = .97, M = 4.77, SD = 1.50). Participants responded on a 
7-point scale ranging from 1 = I strongly disagree to 7 = I strongly agree. 
To prevent carry-over effects of the scale on the behavior, we included a 
short scale on sleeping habits before participants read the instructions 
for the common resource game (e.g., “When do you usually go to bed on 
weekdays?”) 

Participants then read the instructions for the fishing simulation 
(described in more detail below) and had to answer two questions 
regarding comprehension of the instructions. If they failed to answer 
both correctly, they were asked to read the instructions again and then 
asked the same questions a second time. Before entering the simulation, 
participants were assigned randomly to one of two conditions: In the 
competition condition (n = 428) they were invited to participate in a 
competition to be the most sustainable group. Participants did not know 
how many groups would participate in the study. Participants were told 
that they would be informed about the rank of their group in terms of 
sustainability (determined by the number of fish that are left after all 
seasons are finished) and that the first three groups would receive an 
additional bonus payment between $0.10 and $0.30. Participants were 
informed about the rank of their group when receiving their bonus 
payment after the data collection was finished. Participants in the con-
trol condition (n = 414) received no additional information. Participants 
then entered the microworld FISH and completed up to six seasons. After 
the simulation, participants were asked to write down what they would 
like to tell the other fishers if they met them in person. Last, we assessed 
demographic information, debriefed the participants, and gave them the 
opportunity to provide feedback on the study. 

4.1.3. FISH microworld 
We used a computer microworld (FISH 5.0, Gifford, 2018) to 

examine behavior in a common resource dilemma. Participants were 
asked to take the role of fishers that harvest from a common resource 
(fish stock that the ocean contains) to make money. In each season, all 
fishers could catch as many fish as they liked and received a small 
monetary reward for every fish they caught. Participants saw how many 
fish were left in the ocean and how many each fisher caught, as well as 
their cumulative harvest across all seasons thus far. At the end of each 
season, the remaining number of fish doubled for the next season. 
Therefore, if a group caught exactly half of the fish available, the ocean 
would contain the original number of fish in the next season. If they 
caught more than half of the fish, the fish stock would decrease, whereas 
if they took less than half of the fish, the fish stock would increase. 
However, participants were told that the ocean could never support 
more than the original number of fish. 

Participants were told that they would share the ocean with three 
other fishers. Unknown to participants, these three fishers were virtual 
and preprogrammed to over-harvest the resource; thus, participants 
could not rely on the other group members to cooperate but had to hold 
back in order to sustain the resource. The three other fishers on average 
took a percentage of the resource available of 12.5%, 15%, and 16.25% 
respectively, the rate varied randomly by plus or minus 3% to make it 
seem more realistic (cf. Sussman et al., 2016). Participants were told that 
the simulation would have an undisclosed number of seasons and that 
the number of fish remaining in the ocean after their group completed 
the simulation would be the number of fish with which the next group 
would start the simulation. In reality, every participant started with a 
fish stock of 80 fish. The simulation ended after six seasons or if par-
ticipants depleted the resource completely. Depending on the number of 
fish they caught, a bonus payment was paid to participants ($0.10 for 
every twenty fish caught, M ≈ $0.30). The three most sustainable par-
ticipants in the competition condition additionally received the bonus of 
$0.10, $0.20, and $0.30 for winning the competition. To that end, de-
cisions in the experiment had real monetary consequences for 
participants. 

To compute our central dependent variable (i.e., sustainable 
behavior), we calculated the percentage taken of the resource available 
in each season to take into consideration the changing number of fish 
available. Taking zero fish equals a percentage of 0%, whereas taking all 
fish available (however many that may be) equals a percentage of 100%. 
12.5% indicates the fair share that all fishers could harvest while sus-
taining the resource. The measure we included in our analyses is the 
average percentage taken over all seasons that were completed. 
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4.2. Results and discussion 

The majority of participants sustained the resource over the six 
seasons; however, 33% completely depleted the resource within the six 
seasons (11.20% in season 1). Over all seasons in which they partici-
pated, participants took on average 24.17% (SD = 17.88, Range =
0–84%) of the fish available, which was significantly above the sus-
tainable rate of 12.5% (t (841) = 18.94, p < .001). 

Being in the competition condition increased sustainable behavior 
(see Table 1, Model 1): Participants in the competition condition on 
average took a significantly lower percentage of the resource available 
(M = 20.32, SD = 16.07) than participants in the control condition (M =
28.16, SD = 18.78; Cohen’s d = 0.45). Dispositional competitiveness 
predicted a higher average percentage taken (see Table 1, Model 2). 
Including dispositional competitiveness, experimental condition and 
their interaction in the analysis, yielded no significant interaction (see 
Table 1, Model 3 and Fig. 1). The direction or significance of effects did 
not change when age or sex was included in the analyses; see supple-
mentary material on OSF for detailed analyses: https://osf.io/gbwsh/). 

Exploratory analyses were conducted to examine the interaction of 
group competition and dispositional competitiveness in predicting 
whether individuals (a) completely depleted the resource within the six 
seasons, or (b) completely depleted the resource in season 1. Results of 
the logistic regression analyses to predict whether individuals depleted 
the resource revealed a pattern similar to the results including the 
average percentage taken as dependent variable: Individuals in the 
competition condition were significantly less likely to deplete the 
resource in any season (b = −0.93, p < .001, Odds Ratio (OR) = 0.40) 
and in season 1 (b = −0.72, p = .003, OR = 0.49). Competitive in-
dividuals were significantly more likely to deplete the resource in any 
season (b = 0.16, p = .018, OR = 1.18) and to deplete the resource in 
season 1 (b = 0.34, p = .002, OR = 1.41). No interaction between group 
competition and competitiveness emerged for predicting depletion of 
the resource in any season (b =−0.01, p = .915, OR = 0.99) or depletion 
of the resource in season 1 (b = −0.05, p = .799, OR = 0.96). 

Although group competition increased sustainable behavior, 
extraction rates in the group competition condition were still above the 
sustainable rate with which the resource could regenerate to its original 
size. One explanation could be that the other group members’ unsus-
tainable behavior signaled a descriptive norm of overfishing that 
undermined the competition goal of fishing sustainably (cf. Smith et al., 
2012). Accordingly, if the other group members’ behavior was in line 
with the competition goal (fishing sustainably), the effect of group 
competition could be enhanced. In line with these ideas, we conducted a 
second study to examine the potential influence of the other group 
members’ sustainable versus unsustainable behavior on the competition 
effect. 

5. Study 2 

The aim of Study 2 was to replicate the effects of Study 1, supple-
mented with an extended study design that includes a second experi-
mental condition varying the behavior of the other group members 

(unsustainable vs. sustainable). Since the competition takes place at the 
group level, it could be relevant if the other group members contribute 
to the common goal of winning the competition. Sustainable behavior by 
the other group members could therefore reinforce the effect of 
competition by motivating participants to pursue the common goal. On 
the other hand, participants could also freeride on the efforts of the other 
group members, in which case sustainable behavior of the other group 
members would weaken the effect of competition. Study 2 was designed 
to test these competing ideas. In addition, to explore the idea that 
competition between groups increases involvement with the group, 
which in turn promotes pursuing the group’s goal—that is, sustainable 
behavior—we included a measure of involvement with the group as a 
potential mediator of the competition effect. 

5.1. Method 

5.1.1. Participants 
A priori power analysis indicated that 1099 participants were needed 

to achieve a power of .95 to show a small effect of f2 
= 0.02 at an alpha 

level of .05 for the model including both experimental conditions, 
dispositional competitiveness, as well as the interactions between them. 
To reach that number, we recruited 1380 participants through MTurk to 
take part in a short survey and fishing simulation. A total of 1525 agreed 
to take part before the quota was fulfilled. Applying the same exclusion 
criteria as in Study 1, we excluded 143 individuals, who failed to 
correctly answer the instructed response item. Another 186 did not 
participate in the FISH microworld or their data could not be matched. 
Seven indicated that English was not their native language or that they 
had studied or spoken English for fewer than 10 years. We excluded 62 

Table 1 
Results of the regression analyses to predict average percentage taken (N = 842).  

Model Predictors B 95% CI SE β p 
Model 1 (R2 

= .05) Intercept 28.16 26.47, 29.84 0.86  <.001 
Group competition −7.84 −10.20, −5.48 1.20 -.22 <.001 

Model 2 (R2 
= .02) Intercept 24.17 22.97, 25.37 0.61  <.001 

Competitiveness 1.59 0.79, 2.39 0.41 .13 <.001 
Model 3 (R2 

= .06) Intercept 28.18 26.52, 29.86 0.85  <.001 
Competitiveness 1.89 0.77, 3.00 0.57 .16 <.001 
Group competition −7.89 −10.23, −5.55 1.19 -.22 <.001 
Interaction −0.53 −2.09, 1.04 0.80 -.03 .508 

Note. Group competition is dummy coded with 0 = control and 1 = competition condition; competitiveness is mean centered. 

Fig. 1. Predicted average percentage taken depending on group competition 
and dispositional competitiveness in Study 1; shaded areas represent 95% 
confidence intervals. 
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individuals who did not provide a meaningful response to the question 
regarding occupation and 23 who expressed suspicion that the other 
fishers were computer controlled or who reported technical issues with 
the fishing simulation. Therefore, we included a total of 1104 partici-
pants (591 female, 480 male, 6 diverse, 27 n/a) in the analyses (Mage =
34.50, SD = 11.17). Participants who failed to correctly answer the 
instructed response item were directly excluded from continuing the 
survey and therefore did not provide demographic data. The 278 par-
ticipants who were excluded for the other reasons listed above were 
more often male (χ2 (1) = 14.26, p < .001) but not significantly older (t 
(1378) = −0.48, p = .634) or less competitive (t (562) = 1.93, p = .054) 
than included participants. 

5.1.2. Procedure 
We implemented the same study protocol as in Study 1. Competi-

tiveness was again measured by the general competitiveness subscale of 
the competitiveness orientation measure developed by Newby and Klein 
(2014; Cronbach’s α = .97, M = 4.77, SD = 1.46; participants responded 
on a scale ranging from 1 = strongly disagree to 7 = strongly agree). After 
reading the instructions for the fishing simulation and answering two 
questions regarding comprehension of the instructions, participants 
finished a maximum of six seasons of the common resource game 
described above. Before entering the fishing simulation, participants 
randomly assigned to the competition condition (n = 543) were invited 
to take part in a competition to be the most sustainable group. The three 
most sustainable groups received a bonus payment of $0.10 to $0.30. 
Participants in the control condition (n = 561) received no such invi-
tation. Expanding the study design of Study 1, we added a second 
experimental condition by varying the behavior of the three other 
(simulated) group members. Participants in the sustainable condition (n 
= 553, of which n = 271 in the competition and n = 282 in the control 
condition) were faced with three group members who extracted fish at a 
sustainable rate, while participants in the unsustainable condition (n =
551, of which n = 272 in the competition and n = 279 in the control 
condition) were faced with three groups members who overused the 
common resource. While the three fishers in the unsustainable condition 
as in Study 1 extracted on average 12.5%, 15%, and 16.25% of the 
resource available, the three fishers in the sustainable condition 
extracted on average 11.25%, 12%, and 12.75% of the resource avail-
able. The rates varied by plus minus 3% to make it seem more realistic 
(cf., Sussman et al., 2016). After the simulation ended, we measured the 
degree of involvement with the group during the fishing simulation with 
the solidarity subscale of the in-group identification scale (Leach et al., 
2008; three items: “I felt a bond with my group.”; “I felt committed to my 
group.”; “I felt solidarity with my group.”; Cronbach’s α = .86, M = 3.31, 
SD = 1.69). 

5.2. Results and discussion 

Participants took on average 24.05% of the resource available, which 
was significantly above the sustainable rate of 12.5% that each group 
member could take while sustaining the resource, t (1103) = 20.38, p <
.001. The majority of participants (72.1%) sustained the resource over 

the six seasons, while the rest depleted the resource within the six sea-
sons (12.1% already in season 1). In the following, we first outline the 
findings replicating the effects from Study 1 (association of group 
competition and dispositional competitiveness with sustainable 
behavior when the other group members behave unsustainably), and 
then include the effects of varying the other group members’ behavior. 
The direction or significance of effects did not change when age or sex 
was included in the analyses; see supplementary material on the OSF for 
detailed analyses: https://osf.io/gbwsh/). 

5.2.1. Dispositional competitiveness and group competition 
Table 2 summarizes the association of group competition and 

dispositional competitiveness with sustainable behavior when the other 
group members behave unsustainably. Replicating the effects of Study 1, 
participants in the competition condition on average took significantly 
less of the resource available (M = 21.70, SD = 17.99) than participants 
in the control condition (M = 26.73, SD = 19.18; Cohen’s d = 0.27; see 
Table 2, Model 1). Dispositional competitiveness was positively associ-
ated with the average percentage taken (see Table 2, Model 2). Dispo-
sitional competitiveness did not significantly moderate the effect of 
group competition on sustainable behavior (see Table 2, Model 3). 

5.2.2. Behavior of the other group members 
The analyses including the experimental condition of varying the 

behavior of the other group members revealed a main effect of group 
competition (see Table 3, Model 1). Dispositional competitiveness was 
overall (i.e., across conditions) only weakly correlated with the average 
percentage taken (see Table 3, Model 2). There was no interaction be-
tween dispositional competitiveness and group competition (see 
Table 3, Model 3). Whether the other group members behaved sus-
tainably or unsustainably overall did not affect sustainable behavior (see 
Table 3, Model 4). The effect of group competition did not depend on the 
other group members’ sustainable or unsustainable behavior (see 
Table 3, Model 5) or on the other group members’ behavior in interac-
tion with dispositional competitiveness (see Table 3, Model 7, and 
Fig. 2). There was an interaction effect of dispositional competitiveness 
with the other group members’ behavior (unsustainable vs. sustainable) 
in that the association between dispositional competitiveness and 
average percentage taken was stronger when the other group members 
behaved unsustainably (see Table 3, Model 6). 

5.2.3. Mediation by in-group identification 
The assumption that group competition would increase in-group 

identification and that this would mediate the effect on sustainable 
behavior was not supported by the data. Group competition did not 
significantly increase in-group identification (β = .02, t = 0.66, p =
.507). Across experimental conditions, in-group identification was 
significantly associated with the average percentage taken, in that 
higher identification was associated with taking a lower percentage of 
the common resource (β = −.20, t = −6.68, p < .001). 

5.2.4. Summary 
To sum up, the second study replicated the effect that group 

Table 2 
Predicting the average percentage taken by group competition and dispositional competitiveness when group members behave unsustainably in Study 2 (n = 551).  

Model Predictors B 95% CI SE β p 
Model 1 (R2 

= .02) Intercept 26.73 24.54, 28.91 1.11  <.001 
Group competition −5.02 −8.14, −1.91 1.59 -.13 .002 

Model 2 (R2 
= .01) Intercept 24.24 22.68, 25.79 0.79  <.001 

Competitiveness 1.66 0.58, 2.73 0.55 .13 .003 
Model 3 (R2 

= .03) Intercept 26.72 24.54, 28.89 1.11  <.001 
Group competition −5.03 −8.12, −1.93 1.57 -.13 .001 
Competitiveness 1.61 0.10, 3.12 0.77 .12 .037 
Interaction 0.10 −2.03, 2.24 1.09 .01 .925 

Note. Group competition is dummy coded with 0 = control and 1 = competition condition; competitiveness is mean centered. 
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competition increases sustainable behavior. This effect did not signifi-
cantly depend on dispositional competitiveness or whether the other 
group members behaved sustainably or unsustainably. Dispositional 
competitiveness, on the other hand, was associated with less sustainable 
behavior, but only when the other group members overused the com-
mon resource. We discuss these findings in the following. 

6. General discussion 

In the present investigation, we examined the interplay of group 
competition and dispositional competitiveness in predicting sustainable 
behavior. In Study 2, we additionally examined whether the effects of 
dispositional competitiveness and group competition depend on the 
sustainable or unsustainable behavior of the other group members. In-
dividuals who were invited to take part in a competition to be one of the 
most sustainable groups took a lower percentage of the resource than 
individuals who did not receive such an invitation. Dispositional 
competitiveness was positively associated with the average percentage 
taken of a common resource, especially when the other group members 
overused the common resource. We did not find supportive evidence 
that the competition intervention had differential effects depending on 
individuals’ dispositional competitiveness or depending on the other 
group members’ behavior. These results have numerous implications for 
research on competition in resource dilemmas and its role in fostering 
collective action to increase sustainable behavior. We discuss these 
implications in the following sections. 

6.1. Group competition and sustainable behavior 

Our results show that intergroup competition can be used as a means 
to increase sustainable behavior. The presented research constitutes an 
important contribution to the literature as we bridge the gap between 
laboratory research on intergroup-dilemma situations (e.g., Böhm & 
Rockenbach, 2013; Cárdenas & Mantilla, 2015; Gunnthorsdottir & 
Rapoport, 2006; Puurtinen et al., 2015; Puurtinen & Mappes, 2008; Tan 
& Bolle, 2007) and applied intervention programs that use competition 
in the field (e.g., Petersen et al., 2007; Senbel et al., 2014; (Sintov et al., 

2015)). In a parsimonious design, we show the effectiveness of group 
competition as a means to foster sustainable behavior. Van Horen et al. 
(2018) presented the first evidence that including the concept of 
competition in sustainability campaigns leads to more ecological in-
tentions and behavior. We built on this idea to use competition to in-
crease sustainable behavior; however, our study differed in several 
aspects. First, participants in our study took part in an actual competition 
instead of reflecting on the concept. Second, non-sustainable behavior 
was incentivized as participants were rewarded based on the number of 
units they extracted from a common resource. Taking part in the 
competition, that is, to sustain the resource, therefore implied a reduc-
tion in material rewards. This aspect represents the shift in target 
behavior from competing for resources to competing for sustainability. 
Third, competition in our study took part at the group level. This aspect 
highlights the role of collective action in the pursuit of sustainability, for 
example, when households or larger entities like cities or states pursue 
collective environmental goals (e.g., national energy transition to 
renewable energy sources). 

We assume that the group competition in the present study caused a 
shift from intragroup (i.e., individual group members compare them-
selves to the other members of their group) to intergroup comparison (i. 
e., individual group members compare their group to other groups). As 
success in the competition depended on the group performance, it 
should have induced a common motivation to behave sustainably. Even 
minimal groups can create a sense of common identity (Tajfel et al., 
1971), which is one of the processes that leads to collective action (e.g., 
Fritsche et al., 2018). We assume that participants perceive themselves 
as individual actors in the common resource game, but introducing a 
competition at the group level can create a sense of common identity 
with the other group members. To test this idea, we asked participants in 
Study 2 to report their level of in-group identification during the fishing 
simulation. We did not find support that group competition increased 
in-group identification. It should be noted, however, that the measure 
was assessed after the simulation ended (and not during the simulation), 
so the measure of in-group identification might also be influenced by the 
final result of the simulation itself as well as the other group members’ 

behavior, which might have diminished the effect of competition on 

Table 3 
Predicting the average percentage taken by group competition, dispositional competitiveness, and other group members’ behavior in Study 2 (N = 1104).  

Model Predictors B 95% CI SE β p 
Model 1 (R2 

= .02) Intercept 26.95 25.41, 28.49 0.79  <.001 
Group competition −5.89 −8.09, −3.69 1.12 -.16 <.001 

Model 2 (R2 
< .01) Intercept 24.03 22.92, 25.14 0.57  <.001 

Competitiveness 0.81 0.05, 1.57 0.39 .06 .037 
Model 3 (R2 

= .03) Intercept 26.90 25.36, 28.44 0.79  <.001 
Group competition −5.83 −8.03, −3.63- 1.12 -.15 <.001 
Competitiveness 0.69 0.38, 1.75 0.54 .05 .207 
Interaction 0.13 −1.37, 1.64 0.77 .01 .864 

Model 4 (R2 
< .01) Intercept 23.86 22.29, 25.43 0.80  <.001 

Group behavior 0.39 −1.84, 2.61 1.13 .01 .732 
Model 5 (R2 

= .03) Intercept 27.17 24.99, 29.34 1.11  <.001 
Group competition −6.75 −9.86, −3.64 1.58 -.18 <.001 
Group behavior −0.44 −3.53, 2.64 1.57 -.01 .779 
Interaction 1.73 −2.67, 6.13 2.24 .04 .441 

Model 6 (R2 
= .01) Intercept 23.86 22.29, 25.43 0.80  <.001 

Competitiveness −0.01 −1.08, 1.06 0.54 -.001 .982 
Group behavior 0.38 −1.84, 2.60 1.13 .01 .740 
Interaction 1.67 0.15, 3.19 0.78 .09 .031 

Model 7 (R2 
= .03) Intercept 27.20 25.02, 29.38 1.11  <.001 

A: Group competition −6.78 −9.89, −3.68 1.58 -.18 <.001 
B: Competitiveness −0.22 −1.72, 1.28 0.76 -.02 .771 
C: Group behavior −0.48 −3.57, 2.60 1.57 -.01 .760 
A x B 0.16 −1.96, 2.27 1.08 .01 .884 
A x C 1.76 −2.64, 6.15 2.24 .04 .433 
B x C 1.83 −0.30, 3.97 1.09 .10 .093 
A x B x C −0.05 −3.07, 2.96 1.53 -.002 .972 

Note. Group competition is dummy coded with 0 = control and 1 = competition condition; group behavior is dummy coded with 0 = sustainable behavior and 1 =
unsustainable behavior; competitiveness is mean centered. 
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in-group identification. Still, it is an interesting question for future 
studies to examine what specific processes explain the association be-
tween group competition and sustainable behavior. 

The group competition may have triggered motivations that are 
relevant for cooperation in social dilemmas like a pro-social orientation 
towards the in-group (Balliet et al., 2009) or future-oriented processing 
of the situation (Kortenkamp & Moore, 2006). However, we argue that it 
is not necessary for competition to change the basic motivation to a more 
pro-social or pro-environmental orientation, as the competition provides 
a way to satisfy egoistic motives (i.e., to win, to be better than others) 
that align with sustainable resource use. As the financial reward of 
winning the competition was relatively small, we expect the effect to be 
driven by the intrinsic motivation to compete. Competition can motivate 
behavior, as the process itself can offer fun and pleasure, and it can 
increase self-esteem (Cornelly et al., 2014; Lim, 2010). Competition does 
not, therefore, necessarily need to result in material benefits, as in-
dividuals react to competition cues also in the absence of material in-
centives (Burton-Chellew & West, 2012). 

6.2. Dispositional competitiveness and sustainable behavior 

Individuals high in dispositional competitiveness are especially 
sensitive to competitive cues of the situation (Houston et al., 2000). In 
the common resource game, individuals within one group compete for a 
common resource. In fact, outperforming the other group members is 
only possible by taking a higher percentage of the resource than the 
others take. In line with this reasoning, we observed a positive associ-
ation between dispositional competitiveness and the average percentage 
taken of a shared resource, especially when the other group members 
overused the common resource. This finding complements other 
research examining the association between a competitive social value 
orientation (SVO) and (reduced) cooperation in social dilemmas (Balliet 
et al., 2009). The correlation between dispositional competitiveness and 
resource consumption in the present study was rather small (without 
group competition r = .12 and r = 0.16). It is possible that some 
competitive individuals tried to maximize their reward by sustaining the 
resource over time instead of maximizing their immediate reward. On 
the other hand, it should be noted that the measure of dispositional 
competitiveness applied in the current study focuses on enjoyment of the 
competition rather than the actual difference in outcomes. This might 
have caused a lower association between dispositional competitiveness 
and behavior in the fishing simulation as an outcome-oriented measure 
compared to the association between cooperation and a competitive 
SVO, as the latter is assessed by the preferred distribution of outcomes (i. 
e., the decomposed game measure, Balliet et al., 2009). 

The assessment of dispositional competitiveness as enjoyment of 
competition rather than a preference for competitive outcomes could 
also explain why we did not find a significant interaction between 
dispositional competitiveness and group competition. We expected a 
larger effect of the competition intervention for individuals high in 
dispositional competitiveness because on the one hand we expected 
them to perceive the common resource game itself as a competitive 
situation, in which they would try to outperform their group members 
by taking a larger share of the resource. On the other hand, competitive 
individuals should also respond strongly to the competition interven-
tion, and thus would try to enhance the relative position of their group 
through sustainable behavior. However, we did not find supportive 
evidence that the intervention had differential effects for individuals 
high and low in competitiveness. The group competition may not have 
triggered the needs of individuals high on enjoyment of competition as 
feedback on group performance was given only after the competition 
ended. A larger effect of competition may have occurred if the experi-
ence of competing was more pronounced (e.g., through continuous 
feedback on performance during the competition or spatial closeness to 
the competitors). 

Another possible explanation for the missing interaction could be 
that even though the intervention may have led to similar outcomes for 
individuals high and low in competitiveness, the processes leading to 
this outcome could have differed. While for individuals high in 
competitiveness the aspect of competing against others could have 
driven behavior, individuals low in competitiveness might have reacted 
to the request to behave sustainably in the intervention. In this sense, 
including the concept of competition in sustainability campaigns can 
align the motives of pro-selves and pro-socials (cf. Van Horen et al., 
2018). 

6.3. Behavior of other group members 

We did not find evidence for a main effect of the other group 
members’ sustainable or unsustainable behavior on the average per-
centage taken; still, unsustainable behavior of the other group members 
triggered more unsustainable behavior in individuals high in disposi-
tional competitiveness, whereas competitiveness was unrelated to sus-
tainable behavior when the other group members behaved sustainably. 
We did not find supportive evidence that the effect of group competition 
depended on the other group members’ behavior. This could be due to 
opposing effects being present: On the one hand, group members’ sus-
tainable behavior could motivate contribution to the common goal of 
winning the competition. On the other hand, sustainable behavior by the 
other group members could also invite freeriding on the efforts of others. 

Fig. 2. Predicted average percentage taken depending on group competition, dispositional competitiveness, and other group members’ behavior in Study 2; shaded 
areas represent 95% confidence intervals. 

L. Nockur and S. Pfattheicher                                                                                                                                                                                                                



Journal of Environmental Psychology 71 (2020) 101493

8

It would have been interesting to examine time trends in behavior across 
the six seasons to see whether participants adapted their behavior ac-
cording to the feedback on the number of fish taken by them and the 
other group members over the course of the six seasons. However, a 
significant percentage (around 30%) of individuals finished in under six 
seasons because they depleted the resource; due to this systematic and 
substantial drop-out, observations in early and late seasons are not 
comparable. 

6.4. Limitations and future research 

In the following, we want to acknowledge limitations of the present 
work and point to potential future research. First, we collected data 
online, which limits control over what participants are doing. However, 
we employed several methods to screen for careless responding. 
Recruiting participants through MTurk allowed us to include samples 
with variability on sociodemographic and psychological variables. The 
fishing simulation received overall positive evaluations in the open 
feedback question, and participants’ responses to the question about 
what they would like to tell the other fishers in their group indicated 
overall high involvement in the interaction. Only a few participants 
expressed suspicion that the other three fishers were computer 
controlled; still, the distance between participants due to the anonymous 
online sampling could have prevented a deeper sense of common 
ingroup identity (in-group identification reported in Study 2 was overall 
rather low) and even stronger competitiveness between groups. From 
this perspective, it seems a valuable approach to replicate the results 
using natural groups. 

The second point refers to the relevance of our observed effect for 
sustainable behavior in the real world. We showed that competition 
between groups leads to more sustainable behavior compared to the 
control condition. However, it should be noted that also participants in 
the intervention group exceeded the fair share of 12.5% that every group 
member could take while sustaining the resource. Apparently, stronger 
incentives are needed to foster truly sustainable behavior. In addition, 
competitiveness and competition explained only a small portion of the 
variance in sustainable behavior. That means that likely other system-
atic influences like environmental or prosocial values, but also poten-
tially unsystematic influences like participants trying out the simulation 
to see how the fish stock changes in response to their behavior or to see 
how many fish they can actually take within one session contributed to 
the behavior in the fishing simulation. Future research should therefore 
explore additional factors explaining the variability in behavior in the 
common resource game (e.g., other dispositional characteristics or 
characteristics of the group). Another interesting aspect would be to 
examine whether harvesting behavior would increase after the compe-
tition ended, or whether formerly competitive individuals would 
continuously extract lower percentages. While an increase in harvesting 
behavior in the absence of competition seems possible (cf., Schultz, 
2014), we argue that competition can increase sustainable behavior and 
that this behavior might be sustained if individuals realize that their 
more sustainable resource management grants them higher profits in the 
long run. Beyond that, it is an important task for future studies to 
examine whether the competition effect holds with regard to other 
environmentally relevant behaviors. 

Over the six periods implemented in the present studies, the indi-
vidual reward of participants in the competition condition was on 
average lower than the reward of participants in the control condition. 
However, participants in the competition condition depleted the 
resource less often and had more fish left in the ocean at the end of 
season 6, therefore they should have profited from their efforts in the 
long run. Even within the six seasons, the group reward was on average 
higher in the competition condition, highlighting the collective benefit 
of individuals’ restraint (motivated by competition) in a social dilemma 
situation. 

7. Conclusion 

To conclude, the present investigation shows that group competition 
can promote sustainable behavior. Whereas individual group members 
compete for common resources leading to unsustainable behavior, 
introducing a competition at the group level leads to more sustainable 
resource management. We did not find supportive evidence that the 
competition intervention had differential effects depending on in-
dividuals’ dispositional competitiveness or the other group members’ 

sustainable or unsustainable behavior. Our study highlights the impor-
tance of collective action in solving large-scale social dilemmas by 
introducing group competition as a means to fostering the sustainable 
handling of common resources. 
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A B S T R A C T   

Punishment has been shown to increase cooperation in public goods dilemmas when resources to contribute are 
distributed symmetrically. The present investigation examines which punishment system (peer punishment, 
democratic punishment, and central punishment) in comparison to a system without punishment fosters coop-
eration in a social dilemma when resources to contribute are distributed asymmetrically among the actors 
involved. Participants (N = 212) took part in a public goods game under each of four punishment conditions: 
peer punishment, democratic punishment, central punishment, and no punishment. Whereas in symmetric 
groups all group members received the same endowment that they could contribute to the public good, in 
asymmetric groups two advantaged group members received larger endowments compared to two disadvantaged 
group members. The availability of punishment increased substantially the average relative contribution, as well 
as satisfaction and fairness ratings across punishment systems, in both asymmetric and symmetric groups. There 
was only limited evidence that the punishment systems had differential effects in asymmetric versus symmetric 
groups or depending on the status of advantaged versus disadvantaged. Implications for the use of punishment to 
foster cooperation in social dilemmas when resources to contribute are distributed asymmetrically are discussed.   

1. Introduction 

The provision of public goods represents a social dilemma—a situ-
ation in which individual and collective interests are in conflict (Kollock, 
1998; Van Lange, Joireman, Parks, & Van Dijk, 2013). For example, 
while the collective profits from public goods like streets and parks 
funded by tax money, each individual benefits of not paying taxes while 
still enjoying these public goods. Asymmetric preconditions among ac-
tors, such as differential endowments with resources, can aggravate the 
situation and often result in low overall cooperation rates or failure to 
reach a collective goal (Anderson, Mellor, & Milyo, 2008; Cherry, Kroll, 
& Shogren, 2005; Croson & Marks, 2001; Hargreaves Heap, Ram-
alingam, & Stoddard, 2016; Hauser, Hilbe, Chatterjee, & Nowak, 2019; 
Milinski, Sommerfeld, Krambeck, Reed, & Marotzke, 2008; Rapoport, 
1988; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 2003). Imple-
menting a punishment system has been shown to be an effective means 
to increase cooperation in symmetric dilemmas (i.e., when all actors 
have the same resources to contribute to the public good; Balliet, 
Mulder, & Van Lange, 2011; Chaudhuri, 2011; Fehr & Gächter, 2002; 
Guala, 2012; Sefton, Shupp, & Walker, 2007). The present investigation 

integrates research on (a)symmetry in resources to contribute and 
punishment systems in public goods dilemmas. Specifically, we exam-
ined whether the implementation of central or decentral punishment 
systems increase cooperation compared to a situation where no pun-
ishment option is available when resources to contribute are distributed 
asymmetrically (vs. symmetrically) among the actors involved. 

1.1. Asymmetry in social dilemmas 

People often are equipped with very different (financial) resources 
that enable them to contribute to public goods to varying degrees 
(Grabka & Goebel, 2018; Jacquet, Frank, & Schlottmann, 2013; Mil-
inski, Röhl, & Marotzke, 2011; Piketty & Saez, 2014; Scheffer, Van 
Bavel, Van De Leemput, & Van Nes, 2017; Wang, Fu, & Wang, 2010). In 
the tax example, the required contribution often depends on the income, 
in that individuals contribute a percentage of their income. In a public 
goods game without any regulation, however, individuals with larger 
endowments contribute a lower percentage of their endowment than do 
individuals with smaller endowments, while contributing more in ab-
solute terms (Hauser, Kraft-Todd, Rand, Nowak, & Norton, 2019). 
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Asymmetry in the distribution of resources induces ambiguity about the 
fair contribution—that is, whether every individual should contribute 
an equal amount in absolute terms, or whether the contribution should 
be relative to his/her resources (Cappelen, Hole, Sørensen, & Tung-
odden, 2007; Kingsley, 2016; Reuben & Riedl, 2013; Tavoni, Dannen-
berg, Kallis, & Löschel, 2011). In fact, asymmetry promotes egocentric 
interpretations of fairness (Wade-Benzoni, Tenbrunsel, & Bazerman, 
1996), which can result in disagreement about fair contributions 
depending on the status an actor holds. For example, group members 
with different returns from a public good disagreed on how much 
members with high and low returns should contribute (Nikiforakis, 
Noussair, & Wilkening, 2012). In addition, even passive observers 
disagree on what constitutes fair contributions in asymmetric groups 
(Reuben & Riedl, 2013). 

Research on the influence of asymmetry (vs. symmetry) among ac-
tors on cooperation in social dilemmas using economic games yielded 
somewhat inconsistent results. Most studies found that asymmetry re-
duces cooperation rates and increases the risk of failing to reach a col-
lective goal (Anderson et al., 2008; Cherry et al., 2005; Croson & Marks, 
2001; Hargreaves Heap et al., 2016; Hauser, Hilbe, et al., 2019; Milinski 
et al., 2008; Rapoport, 1988; Rapoport & Suleiman, 1993; Tan, 2008; 
Zelmer, 2003). However, other studies found no effect of asymmetry on 
cooperation (Buckley & Croson, 2006; Hofmeyr, Burns, & Visser, 2007; 
Keser, Markstädter, & Schmidt, 2017; Kingsley, 2016; Reuben & Riedl, 
2013) and some forms of asymmetry (when contributions from actors 
with higher endowments weigh more than contributions from actors 
with lower endowments) even foster beneficial outcomes (Hauser, 
Hilbe, et al., 2019). 

Our investigation explores whether the prevailing effect of asym-
metric distribution of resources on cooperation (as measured by relative 
contributions) can be replicated. H1 reads: Relative contributions are 
lower in asymmetric compared to symmetric groups. Regarding the 
status of advantaged (i.e., individuals with larger resources to 
contribute) compared to disadvantaged (i.e., individuals with smaller 
resources to contribute) within asymmetric groups, we expect lower 
cooperation of advantaged (vs. disadvantaged) group members. H2 
reads: Within asymmetric groups, relative contributions of advantaged 
group members are lower than that of disadvantaged group members. 

1.2. Punishment in social dilemmas 

External incentives like punishment have been shown to increase 
cooperation in social dilemmas (Balliet et al., 2011; Chaudhuri, 2011; 
Fehr & Gächter, 2002; Guala, 2012; Sefton et al., 2007). In addition, 
participants prefer social dilemma situations in which a punishment 
option is available compared to situations in which no punishment op-
tion is available (Ertan, Page, & Putterman, 2009; Gürerk, Irlenbusch, & 
Rockenbach, 2006). Punishment changes the incentive structure of the 
situation and makes non-cooperation less attractive. Notably, punish-
ment can be organized in decentralized or centralized structures. 

In decentralized punishment systems, all members of one group can 
punish each other (i.e., peer punishment). Punishment is costly in that 
group members invest their own resources to assign punishment. In this 
sense, punishing others constitutes a second-order dilemma, as the in-
dividual bears the cost, whereas the collective benefits if punishment 
deters freeriding (Fehr & Gächter, 2002). Despite personal costs, in-
dividuals often engage in costly punishment (Fehr & Fischbacher, 2003; 
Fehr & Gächter, 2002). Peer punishment increases cooperation rates 
(Fehr & Gächter, 2002; Sefton et al., 2007) and is rated more favorably 
in terms of fairness and satisfaction with the system compared to a sit-
uation without a punishment option (Pfattheicher, Böhm, & Kesberg, 
2018). On the group level, however, peer punishment often results in a 
reduction of profits compared to a system without punishment (Dreber, 
Rand, Fudenberg, & Nowak, 2008; Egas & Riedl, 2008); that is, the in-
crease in cooperation does not always outweigh the costs of punishment. 
In addition, because assigning punishment is not restricted to only 

uncooperative individuals, it is also observed that cooperative individuals 
are punished (reflecting “antisocial punishment”; Herrmann, Thöni, & 
Gächter, 2008; Pfattheicher, Landhäußer, & Keller, 2014; Sylwester, 
Herrmann, & Bryson, 2013). 

To counteract these problems, democratic punishment has been pro-
posed (Ambrus & Greiner, 2019; Kesberg & Pfattheicher, 2019; Pfat-
theicher et al., 2018). In democratic punishment systems, punishment is 
only executed if most of the group members approve of it. For example, 
individuals were only punished by a fixed amount if three out of four 
group members voted for execution of the punishment (see Ambrus & 
Greiner, 2019). In the democratic punishment system proposed by 
Pfattheicher et al. (2018), every group member individually proposed a 
punishment for each of the other group members. The total amount of 
proposed punishment was only executed if a majority of group members 
voted for its implementation. Voting on the execution of punishment 
leads to a reduction in overall punishment and especially in antisocial 
punishment (Pfattheicher et al., 2018). As such, democratic punishment 
systems promote cooperation while overall generating less cost for 
punishment compared to peer punishment and therefore higher total 
payoffs (Ambrus & Greiner, 2019; Kesberg & Pfattheicher, 2019). Not 
surprisingly, democratic punishment has been rated even more favor-
ably than peer punishment (Pfattheicher et al., 2018). 

Central punishment implies that not (all) individuals involved in the 
situation determine punishment; instead, punishment is executed by a 
central monitoring entity (Baldassarri & Grossman, 2011; Carpenter, 
Kariv, & Schotter, 2012; Nosenzo & Sefton, 2014) or a predefined rule 
(Markussen, Putterman, & Tyran, 2014; Putterman, Tyran, & Kamei, 
2011). Central punishment increases cooperation compared to situa-
tions without a punishment option (Baldassarri & Grossman, 2011). 
However, cooperation levels tend to be lower under central punishment 
systems compared to peer punishment (Balliet et al., 2011; Carpenter 
et al., 2012; Nosenzo & Sefton, 2014). 

Our study includes a conceptual replication of the effect of different 
punishment systems on cooperation levels, including (i) a centralized 
form of punishment implemented by a punishing rule; (ii) the well- 
established decentralized form of peer punishment; and (iii) the less 
studied system of democratic punishment. We expect that all three 
punishment systems increase cooperation. H3 reads: Relative contribu-
tions are increased under all three punishment systems (peer punish-
ment, democratic punishment, and central punishment) compared to 
the system without punishment. 

1.3. Asymmetry under different punishment systems 

As asymmetry has been shown to decrease cooperation, an intriguing 
question is whether or not punishment is a means to foster cooperation 
in the presence of asymmetry. In most cases, peer punishment is 
assigned to punish uncooperative group members (Fehr & Gächter, 
2002). In symmetric dilemmas, “uncooperative” can be defined as 
contributing less than the punishing individual (e.g., Herrmann et al., 
2008; Pfattheicher et al., 2014). The first difficulty for punishment 
systems in asymmetric dilemmas is that there is more ambiguity about 
what qualifies as uncooperative behavior (Reuben & Riedl, 2013). Does 
the absolute contribution count or the contribution relative to the 
endowment? These conflicting perceptions can lead to disagreement 
among group members about what constitutes fair behavior (Nikiforakis 
et al., 2012). 

In a study by Hauser, Kraft-Todd, et al. (2019), advantaged group 
members were often punished when they contributed little in relation to 
their endowment, which provides evidence that uncooperative behavior 
was defined in relation to the actors’ resources (i.e., the relative 
contribution). However, it is the advantaged group members who also 
have more power to punish as the costs of punishment are smaller in 
relation to their resources. Moreover, received punishment does not 
weigh as heavily for advantaged compared to disadvantaged in-
dividuals. Thus, a second difficulty for punishment systems in 
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asymmetric dilemmas arises from the fact that punishment imposes 
costs on the punishing individual. Based on these considerations, two 
important questions remain: (1) Who (i.e., advantaged versus disad-
vantaged group members) will be regulating behavior by investing in 
punishment and (2) who receives punishment when each group member 
can decide individually (i.e., peer punishment) compared to when 
punishment is executed based on a predefined rule (i.e., central 
punishment)? 

Besides replicating the effects of asymmetry and punishment on 
cooperation, the central aim of this investigation is to examine which 
punishment system increases cooperation under an asymmetric distri-
bution of resources. Overall, we expect that the punishment systems 
interact with the asymmetry conditions. As asymmetry poses several 
problems to regulating behavior by punishment (i.e., ambiguity about 
fair contributions, imbalance of punishing power and impact), we expect 
that punishment will be more effective in fostering cooperation in 
symmetric (vs. asymmetric) groups. H4 reads: Punishment increases 
contributions in symmetric groups to a larger extent than in asymmetric 
groups. 

We implement different punishment systems that address the issue of 
ambiguity or disagreement about fair contributions in the presence of 
asymmetric resources to a different degree. Thus, we propose that the 
different punishment systems are differently effective in asymmetric (vs. 
symmetric) groups, as outlined in the following. 

Peer punishment and asymmetry. We propose that peer punishment is 
less effective in asymmetric (vs. symmetric) groups. As there is more 
ambiguity about what constitutes uncooperative behavior in the pres-
ence of asymmetric resources, individuals might perceive received 
punishment as unfair, which could hinder high levels of cooperation. In 
line with this idea, empirical evidence suggests that peer punishment 
increases contributions in groups with a homogeneous distribution of 
resources (i.e., endowments) but not in groups with a heterogeneous 
distribution of resources (Kingsley, 2016). Other evidence suggests, 
however, that peer punishment increases contributions in homogeneous 
and in heterogeneous groups (Reuben & Riedl, 2013; Visser & Burns, 
2015). 

Democratic punishment and asymmetry. We propose that democratic 
punishment is effective in increasing cooperation in symmetric and 
asymmetric groups. Whereas under peer punishment individuals make 
punishment decisions in isolation, it is the group who determines pun-
ishment under democratic punishment. We propose that democratic (vs. 
peer) punishment is better suited to increase cooperation in asymmetric 
groups, because the group can more easily develop a common under-
standing about which behavior is disapproved (and thus is punished by a 
majority). As such, asymmetric groups might benefit from the advan-
tages of democratic (vs. peer) punishment even more so than symmetric 
groups. H5 reads: Punishment system (democratic vs. peer punishment) 
interacts with asymmetry: The increase in relative contributions under 
democratic punishment compared to peer punishment is larger in 
asymmetric compared to symmetric groups. 

Central punishment and asymmetry. We further propose that central 
punishment is effective in asymmetric groups but relatively ineffective 
in symmetric groups. Central punishment implemented as a predefined 
rule addresses the issue of ambiguity about fair contributions in asym-
metric groups, since undesired behavior (which is punished by the rule) 
and desired behavior (which is not punished by the rule) is clearly 
defined. As such, for asymmetric groups, we propose higher cooperation 
under central punishment compared to peer punishment. In contrast, for 
symmetric groups it has been shown that central punishment fosters 
lower cooperation levels compared to peer punishment (Balliet et al., 
2011; Carpenter et al., 2012; Nosenzo & Sefton, 2014). H6 reads: Pun-
ishment system (central vs. peer punishment) interacts with asymmetry: 
Relative contributions are higher under central (vs. peer) punishment in 
asymmetric groups, but higher under peer (vs. central) punishment in 
symmetric groups. 

Punishment and status as advantaged. Regarding the status within 

asymmetric groups, we expect that without punishment the relative 
contributions of advantaged individuals are lower than that of disad-
vantaged individuals (see Hauser, Kraft-Todd, et al., 2019); therefore, 
the implementation of a punishment system (and democratic punish-
ment in particular) specifically increases cooperation by advantaged (vs. 
disadvantaged) individuals. H7 reads: The effect of punishment on 
increasing relative contributions is larger for advantaged (vs. disad-
vantaged) individuals. H8 reads: The effect of democratic (vs. peer) 
punishment in increasing relative contributions is larger for advantaged 
(vs. disadvantaged) individuals. 

Punishing behavior, profits, and psychological consequences. Besides 
contributions, we also examine (i) punishing behavior as well as (ii) 
profits under each of the punishment systems in interaction with 
asymmetry to test whether the expected increase in cooperation can 
outweigh the costs of punishment. We also seek to (iii) explore the 
psychological consequences as reflected in participants’ subjective 
evaluations of punishment systems (see Kesberg & Pfattheicher, 2019). 
It is insufficient for a punishment system to “work” (i.e., to increase 
cooperation); it is also important that the actors involved appreciate the 
system, as this determines whether it is implemented and maintained. 
We therefore include measures of satisfaction and fairness perceptions 
regarding the different punishment systems to examine the psycholog-
ical consequences in interaction with asymmetry. It has been shown that 
both peer punishment and democratic punishment increase satisfaction 
and fairness ratings, with higher ratings under democratic punishment 
compared to peer punishment (Pfattheicher et al., 2018). We expect to 
replicate these effects under a symmetric distribution of resources and 
explore whether or not they also hold under an asymmetric distribution 
of resources and whether they differ between advantaged and disad-
vantaged group members. 

2. Method 

To examine which punishment system increases cooperation in a 
social dilemma when resources to contribute are distributed asymmet-
rically, participants took part in a public goods game (PGG) in groups of 
four. The study was conducted in full accordance with the guidelines 
provided by the American Psychological Association (APA). There was 
no deception of participants. Participants gave informed consent before 
starting the study protocol. Following current standards of transparency 
(van Veer & Giner-Sorolla, 2016), the study was preregistered via aspred 
icted.com (https://aspredicted.org/r7vp5.pdf). We report how we 
determined our sample size, all data exclusions, all manipulations, and 
all measures in the study. 

2.1. Public goods game 

Basic structure of the PGG. Participants played a total of 24 periods of 
a public goods game in groups of four. At the beginning of each period, 
all group members received an endowment of monetary units (MUs) and 
could decide how much of it they wanted to contribute to the public 
good and how much they wanted to transfer to their personal account. 
MUs transferred to the personal account were directly added to the 
respective group member’s income. MUs invested in the public good 
were multiplied by 1.6 and then divided equally among all group 
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members, independent of their contributions (see Fehr & Gächter, 
2002). At the end of the experiment, the total amount of MUs earned was 
converted into real money (100 MUs equaled 0.50€). 

All interactions were computer-mediated using z-Tree (Fischbacher, 
2007). Participants remained in the same group of four throughout the 
experiment. However, the number assigned to each group member was 
randomly shuffled after each period, so that participants could not infer 
behavior of a specific person across periods.1 This procedure kept 
behavior in previous periods from influencing punishment in later 
periods.2 

Asymmetry conditions. Participants were randomly assigned to one of 
two asymmetry conditions: In symmetric groups (n = 104), all four 
group members received equal endowments of 30 MUs at the beginning 
of each period. In asymmetric groups (n = 108), two members received 
an endowment of 40 MUs (advantaged) and two received an endowment 
of 20 MUs (disadvantaged) at the beginning of each period (see Reuben 
& Riedl, 2013). The assignment to a symmetric or asymmetric group and 
the status of advantaged or disadvantaged remained constant 
throughout the experiment. 

Punishment systems. Participants played six periods under each of the 
four punishment systems. In all periods, participants first decided how 
much of their endowment they wanted to contribute to the public good. 
They were then informed about how many MUs each group member 
contributed and how much each group member earned in the respective 
period. In periods without punishment, there was no further interaction. 

In periods with peer punishment, participants were informed about 
the contributions and income of each group member and could invest a 
total of nine MUs to assign punishment to other group members.3 Pun-
ishment was costly, in that MUs invested in punishment were subtracted 
from the punishing group members’ total income. For every MU a group 
member invested to punish another group member, two MUs were 
subtracted from the punished group member’s total income. We chose a 
cost-to-fine ratio of 1:2 to make punishment costly but to avoid detri-
mental effects of harsh punishment (with a higher rate, the maximum 
amount of punishment would exceed the basic endowment of disad-
vantaged group members). Under all punishment systems (peer pun-
ishment, democratic punishment, and central punishment), after the 
punishment decisions were made, participants were informed about the 
total amount of punishment each group member received and each 
group member’s total income. 

In periods with democratic punishment, participants could invest a 
total of nine MUs to assign punishment as in the periods with peer 
punishment. In a second step, participants were informed about the total 
amount of punishment proposed for each of the three other group 
members and were asked to vote whether or not they wanted to 
implement the suggested punishment (see Pfattheicher et al., 2018). If at 
least two of three group members voted to implement the punishment, 
the respective group member was punished with the sum of punishment 
proposed by the three other group members. The costs of punishment 

were borne by the group member(s) who proposed the punishment. If 
fewer than two group members voted for the punishment, the respective 
group member received no punishment. 

In periods with central punishment, participants were automatically 
punished with 0.6 MUs for every MU of their endowment that they did 
not contribute to the public good (see Markussen et al., 2014). Costs for 
the central punishment were shared by the other group members. As in 
the other punishment systems, the financial burden of punishment for 
the punished group member was twice as high as the burden for the 
punishing group member. For example, if under central punishment six 
MUs were subtracted from one group member’s income as a punish-
ment, each of the other three group members’ income was reduced by 
one MU. 

A punishment of 0.6 MU was chosen to make the total amount of 
possible punishment comparable between punishment systems. In all 
three punishment systems, the maximum amount of punishment that 
could be executed within one period was 72 MUs (under peer and 
democratic punishment, each group member could invest nine MUs; for 
each MU invested in punishment, two MUs were subtracted from the 
punished group member’s income: 4 [group members] × 9 [maximum 
amount invested in punishment] × 2 = 72; the maximum amount of 
punishment under central punishment was executed if none of the group 
members contributed anything to the public good: 120 [sum of en-
dowments] × 0.6 [punishment for each MU not contributed] = 72). As 
punishment under peer and democratic punishment was only executed if 
the group members decided to punish, the punishment in the central 
punishment system was only executed with a probability of 75%.4 

2.2. Participants and procedure 

Participants. We conducted an a priori power analysis for the inter-
action among punishment system and status of advantaged versus 
disadvantaged using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007), 
as the contrast between advantaged and disadvantaged group members 
involved the smallest sample size (including only participants within 
asymmetric groups). The power analysis indicated a required sample 
size of N = 98 to be able to find an effect of at least f = 0.15 at α = .05 
(two-tailed), assuming a correlation among repeated measures of .50 
with high statistical power of .95.5 Adding an equal number of partici-
pants in symmetric groups, we therefore planned on including between 
200 and 220 participants in the study. Sample size was determined (and 
preregistered) before any data analysis was conducted. Within time and 
budget restrictions, we were able to recruit a total of 216 participants on 
the campus of a German university. We excluded one group for which 
the punishment, due to a programming error, was not calculated and 
executed correctly; thus, a total of 212 participants (98 male, 112 fe-
male, 2 n/a) were included in the analyses (Mage = 21.34, SD = 3.72). 

Given this sample size, we conducted sensitivity power analyses to 
determine the minimum effect size required to be detected with 80% 
power at alpha = .05 for each of the hypotheses. Regarding the differ-
ence in contributions between symmetric and asymmetric groups (H1), 
the minimum effect size required to be detected was d = 0.34. The 

1 The participant who appeared as “group member 1” in period 1 could be 
“group member 3” in period 2. Additionally, to prevent order effects in the 
assignment of punishment to the three other group members, the numbers were 
shifted for each group member, so that participant 1 would see the decision of 
participant 2 as “group member 1,” the decisions of participant 3 as “group 
member 2,” and the decisions of participant 4 as “group member 3.” For 
participant 2, the decisions of participant 3 were displayed as “group member 
1,” the decisions of participant 4 as “group member 2,” and the decisions of 
participant 1 as “group member 3.”  

2 It should be noted that the advantaged group members could infer behavior 
of the other advantaged group member if s/he contributed more than the 
endowment of disadvantaged group members.  

3 There was no separate endowment for punishment. Instead, MUs invested in 
punishment were subtracted from participants’ total income. It was always 
possible to assign punishment, even if the total income was negative in that 
period. 

4 If an actor merely strived for personal monetary profit, central punishment 
would not deter non-cooperation since the expected returns from the private 
account (1 [MU transferred to personal account] – 0.6 [punishment] × 0.75 
[probability of punishment execution] = 0.55) exceeded the returns from the 
public good (1 [MU contributed] × 1.6 [multiplication factor] / 4 [group 
members] = 0.4). Still, incentives for non-cooperation were substantially 
reduced under central punishment compared to no punishment.  

5 Power calculations for nested data structure require estimates of the fixed 
and random effects, which were unavailable. We therefore did not incorporate 
group-level interdependence in our power calculations. To account for the 
nested structure in our analyses, we included random effects for person and 
group (see Variables and statistical analysis). 
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minimum effect size required for the difference in contributions between 
advantaged and disadvantaged group members (H2) was d = 0.48. The 
minimum effect size required for the differences between punishment 
systems (H3) was f = 0.08. Regarding the interaction among asymmetry 
and punishment system (H4-H6), assuming a correlation of .50 among 
repeated measures, the minimum effect size required was f = 0.10. The 
minimum effect size required for the within-between interaction among 
status and punishment system (H7 and H8), assuming a correlation of 
.50 among repeated measures, was f = 0.14. 

Procedure. Participants entered the lab in groups of four to twelve. 
After giving informed consent, they were randomly assigned to their 
group. Participants sat in cubicles to ensure privacy and anonymity. 
Participants first read the instructions for the public goods game, 
including information on the basic structure, the punishment systems, 
and the number of periods per punishment system. Participants were 
then informed whether their group was assigned to the symmetric or 
asymmetric condition and the amount of their endowment in each 
period. Participants played six periods under each of the four punish-
ment systems. The order of punishment systems was randomized across 
groups—that is, one of the 24 possible orders of the four punishment 
systems was randomly chosen for each group. 

After each punishment system, we assessed participants’ outcome 
satisfaction (e.g., “I am satisfied with the last six periods”) and their 
perception of fairness (e.g., “I consider the system of the last six periods 
as fair”) by three items (see Pfattheicher et al., 2018). Participants 
responded on a scale ranging from 1 = I strongly disagree to 7 = I strongly 
agree. We assessed demographic information (age, sex, native language) 
before informing participants about their final income, which they then 
received. The experiment lasted around 30 minutes and the average 
income was M = 4.50€ ~ US$5.00, SD = 0.78€. 

2.3. Variables and statistical analysis 

The first dependent variable was cooperation measured by the 
contribution of MUs to the public good in relation to the endowment. 
For the main analyses, we averaged the contribution over all periods 
within one punishment system. The second outcome was the evaluation 
of each punishment system reflecting outcome satisfaction and fairness 
perception. Both scales were highly reliable in every punishment system 
(Cronbach’s α Satisfaction: .93–.95; Fairness: .84–.91). We further 
examined the average amount invested in punishment and the average 
punishment received as well as profits. 

Punishment systems were dummy coded to examine the effect of 
each punishment system in comparison to the system without punish-
ment. We also examined differences between the punishment systems by 
comparing both democratic punishment and central punishment to peer 
punishment. To examine the moderating role of asymmetry, we contrast 
coded the conditions in order to compare symmetric versus asymmetric 
groups and (within asymmetric groups) advantaged versus disadvan-
taged group members. 

To account for the nested structure of the data, we applied multilevel 
mixed regressions using the R package nlme (Pinheiro, Bates, DebRoy, & 
Sarkar, 2018). For contribution rates, the intra class correlation (ICC) 
indicated that only a small proportion of variance was explained by the 
participants (ICC = .01), but a substantial percentage was additionally 
explained by the groups (ICC = .32). For satisfaction and fairness rat-
ings, there was noticeable variance attributable to differences between 
participants (ICCSat = .16; ICCFair = .14) and groups (ICCSat = .12; 
ICCFair = .10). We therefore included random effects for participants and 
groups in the regression analyses. For the main hypotheses, we report 
the fixed effects of the multivariate multilevel models including asym-
metry conditions (contrast coded; H1 and H2) and punishment systems 
(dummy coded; H3), as well as their interactions (H4-H8), while esti-
mating the random variance of the intercept and the differences between 
punishment systems for participants and groups (see Lischetzke, Reis, & 
Arndt, 2015). 

Data availability 
All data files as well as items of the satisfaction and fairness measures 

are available on the Open Science Framework (OSF, see https://osf. 
io/3p7gw/). 

Code availability 
The corresponding SPSS and R code is also available on the OSF: htt 

ps://osf.io/3p7gw/. 

3. Results 

In the following, we first report the behavioral consequences of 
employing different punishment systems for symmetric versus asym-
metric groups and for advantaged versus disadvantaged individuals 
within asymmetric groups. These include cooperation as measured by 
relative contribution, assigned and received punishment, and resulting 
profits. Then, we examine the psychological consequences of the pun-
ishment systems in interaction with asymmetry conditions concerning 
satisfaction and fairness ratings. 

3.1. Cooperation 

Participants contributed on average 74.59% (SD = 27.27) of their 
endowment. We expected to find overall lower relative contributions in 
asymmetric (vs. symmetric) groups (H1), however, contributions in 
asymmetric groups overall did not differ from contributions in sym-
metric groups (b = −1.08, t(51) = −0.23, p = .822; b here and in the 
following represent the difference in means between the groups of 
comparison; for group mean values and standard deviations, see 
Table S1 in the Supplementary Material). We further expected that 
across punishment systems the relative contributions of advantaged was 
lower than that of disadvantaged group members (H2). As expected, 
advantaged individuals contributed overall less than disadvantaged in-
dividuals, but this difference did not reach conventional levels of sta-
tistical significance (b = −4.27, t(158) = −1.84, p = .068, Cohen’s d =
−0.16). While under peer punishment and democratic punishment, the 
relative contributions of advantaged group members were significantly 
lower compared to contributions by disadvantaged group members 
(peer punishment: b = −5.38, t(158) = −2.27, p = .024; democratic 
punishment: b = −6.59, t(158) = −2.72, p = .007), the difference was 
not statistically significant under no punishment (b = −2.79, t(158) =
−0.77, p = .441) and central punishment (b = −2.32, t(158) = −0.81, p 
= .418). Further analyses including which system participants experi-
enced first as a moderator revealed that advantaged group members 
contributed less than disadvantaged group members did particularly in 
the first system they experienced (for details on the analysis, see Sup-
plementary Material). The order of punishment systems did not affect 
the significance or direction of any other effects reported. 

We further examined whether all three punishment systems 
increased contributions (H3). Without punishment, participants 
contributed on average 52.80% (SD = 31.16) of their endowment. This 
was significantly increased by peer punishment (b = 30.43, t(633) =
9.21, p < .001, dRepeated Measures = 1.10;), democratic punishment (b =
33.09, t(633) = 10.50, p < .001, dRepeated Measures = 1.30), and central 
punishment (b = 23.65, t(633) = 8.79, p < .001; dRepeated Measures = 1.00). 

Looking at contribution levels over the periods reveals that while 
contribution levels decreased over the six periods when no punishment 
option was present, contributions remained at a high level in periods 
with a punishment option (see Fig. 1). Thus, the difference in contri-
butions when no punishment option was available compared to when a 
punishment option was available increased over the periods (e.g., the 
difference in contributions under peer punishment and no punishment 
was 16.60 percent points in period 1 and 44.25 percent points in period 
6; ps < .001 for the interaction term of period with all three punishment 
systems). 

Next, we examined whether asymmetry interacts with the punish-
ment systems (H4-H6). In symmetric groups, contributions were not 

L. Nockur et al.                                                                                                                                                                                                                                  

https://osf.io/3p7gw/
https://osf.io/3p7gw/
https://osf.io/3p7gw/
https://osf.io/3p7gw/


Journal of Experimental Social Psychology 93 (2021) 104096

6

higher under democratic compared to peer punishment (p = .805), but 
they were significantly lower under central punishment compared to 
peer punishment (b = −7.90, t(206) = −2.38, p = .018; dRepeated Measures 
= −0.40). In asymmetric groups, contributions were higher under 
democratic compared to peer punishment (b = 4.66, t(418) = 1.84, p =
.050; dRepeated Measures = 0.15) and slightly but not significantly lower 
under central compared to peer punishment (b =−5.69, t(418) =−1.75, 
p = .081; dRepeated Measures = −0.18). Our data did not provide evidence 
that the effects of punishment (H4) or differences between peer pun-
ishment and democratic (H5) or central punishment (H6) differed 
significantly for asymmetric versus symmetric groups (see Fig. 2, panel 
a). Furthermore, the effect of punishment in increasing contributions did 
not statistically differ for advantaged versus disadvantaged group 
members (H7 and H8; see Fig. 2, panel b). 

3.2. Punishment 

Overall, participants invested on average 2.08 MUs (SD = 2.35) in 

periods with a punishment system to punish. The amount spent on 
punishment was higher in periods with peer punishment (M = 2.94, SD 
= 2.91) compared to democratic punishment (b = −1.22, t(422) =
−5.69, p < .001, dRepeated Measures = −0.48) and central punishment (b =
−1.31, t(422) =−4.96, p < .001, dRepeated Measures =−0.36) as depicted in 
Fig. 3. The amount invested in punishment did not differ between 
symmetric and asymmetric groups or between advantaged and disad-
vantaged individuals (for exact mean values and standard deviations, 
see Table S2 in the Supplementary Material). However, there was a 
difference in received punishment in that advantaged individuals were 
punished with higher amounts than disadvantaged individuals (b =
2.58, t(158) = 4.54, p < .001, Cohen’s d = 0.47). 

3.3. Profit 

Although contributions were increased under all three punishment 
systems, the total profit in periods with peer punishment was lower than 
in periods without a punishment option (b =−3.38, t(633) =−3.69, p <

Fig. 1. Average relative contribution as a function of period, punishment system, and asymmetry. Error bars represent 95% confidence intervals.  

Fig. 2. Average relative contribution as a function of punishment system, asymmetry versus symmetry (panel a), and status within asymmetric groups (advantaged 
versus disadvantaged; panel b). Error bars represent 95% confidence intervals. 
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.001, dRepeated Measures = −0.37), whereas periods with democratic pun-
ishment (b = 0.76, t(633) = 0.92, p = .359) or central punishment (b =
−1.49, t(633) = −1.34, p = .181) did not differ from periods without a 
punishment option concerning the average profit (see Fig. 4). 

Symmetric and asymmetric groups overall did not differ significantly 
in their average profit per period, nor did the effect of punishment 
systems on profit depend on asymmetry. However, within asymmetric 
groups, advantaged individuals overall earned significantly more than 
disadvantaged individuals did (b = 4.70, t(158) = 7.78, p < .001, 
Cohen’s d = 0.51). All three punishment systems reduced inequality in 
profits by decreasing profits particularly of advantaged compared to 
disadvantaged individuals (peer: b = −7.63, t(627) = −6.03, p < .001; 
democratic: b = −8.02, t(627) = −6.75, p < .001; central: b = −7.03, t 
(627) = −7.44, p < .001) who nevertheless earned more across systems 
than disadvantaged individuals did. 

3.4. Satisfaction and fairness ratings 

Participants in asymmetric and symmetric groups did not differ in 
their satisfaction ratings across punishment systems (b = 0.10, t(51) =
0.44, p = .665). Overall, advantaged group members reported higher 
satisfaction levels compared to disadvantaged group members (b = 0.46, 
t(158) = 2.40, p = .017, Cohen’s d = 0.28). Satisfaction ratings varied as 
a function of the punishment system. Satisfaction was higher in periods 
with peer punishment (b = 0.33, t(633) = 1.93, p = .055, dRepeated Measures 
= 0.15) and democratic punishment (b = 0.93, t(635) = 4.47, p < .001, 
dRepeated Measures = 0.41) compared to periods without a punishment 
option, whereas satisfaction overall did not increase in periods with 
central punishment (b = 0.13, t(633) = 1.04, p = .297). Democratic 
punishment increased satisfaction ratings compared to peer punishment 
(b = 0.59, t(422) = 3.79, p < .001, dRepeated Measures = 0.33), whereas 
satisfaction did not differ between central and peer punishment (b =
−0.20, t(422) = −1.25, p = .212). Differences in satisfaction ratings 

Fig. 3. Received punishment in money units as a function of punishment system, asymmetry versus symmetry (panel a), and status within asymmetric groups 
(advantaged versus disadvantaged; panel b). Error bars represent 95% confidence intervals. 

Fig. 4. Average profit in money units per period as a function of punishment system, asymmetry versus symmetry (panel a), and status within asymmetric groups 
(advantaged versus disadvantaged; panel b). Error bars represent 95% confidence intervals. 
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between the punishment systems did not depend on asymmetry at the 
group level. However, within asymmetric groups, central punishment 
increased satisfaction only for disadvantaged group members (b = 0.55, 
t(627) = 2.60, p = .010), while there was no effect for advantaged group 
members (b = −0.22, t(627) = −1.07, p = .286), who also reported 
higher satisfaction levels in periods without a punishment option (see 
Fig. 5, panel b). 

Regarding the evaluation of fairness, neither asymmetric versus 
symmetric groups nor advantaged versus disadvantaged group members 
within asymmetric groups differed in their overall ratings (see Fig. 6). 
The availability of a punishment system increased fairness ratings (peer: 
b = 0.68, t(633) = 3.58, p < .001, dRepeated Measures = 0.34; democratic: b 
= 1.36, t(633) = 6.32, p < .001, dRepeated Measures = 0.65; central: b = 0.63, 
t(632) = 4.65, p < .001, dRepeated Measures = 0.37) compared to periods 
without a punishment option. Democratic punishment increased fair-
ness ratings beyond peer punishment (b = 0.68, t(422) = 3.94, p < .001, 
dRepeated Measures = 0.35), whereas central punishment and peer punish-
ment were not rated differently with regard to fairness. Additionally, we 
did not find evidence that asymmetry or the status of advantaged 
influenced the effect of the punishment systems on fairness ratings. 

4. Discussion 

The present research documents that punishment is an effective 
means to increase cooperation in social dilemma situations in both 
symmetric and asymmetric groups and for advantaged as well as 
disadvantaged individuals. Periods with peer punishment or democratic 
punishment were also rated more favorably concerning satisfaction and 
fairness perceptions compared to periods without a punishment option. 
To follow, we discuss the implications of our findings along with limi-
tations and ideas for future research. 

Prior research on the influence of asymmetry (compared to sym-
metry) among actors on cooperation in social dilemmas yielded incon-
clusive results. There is evidence indicating that asymmetry reduces 
overall cooperation rates and increases the risk of failing to reach a 
collective goal, as well as evidence questioning a reliable debilitating 
effect of asymmetry on cooperation. In our study, we found that asym-
metric and symmetric groups did not reliably differ in contribution 
levels. Within asymmetric groups, we observed a trend that advantaged 
individuals contributed a smaller percentage of their endowment than 
disadvantaged individuals did. This difference was only significant 

under peer punishment and democratic punishment, however, on a 
descriptive level, relative contributions of advantaged compared to 
disadvantaged individuals were lower in all punishment conditions. This 
finding can be interpreted from two different perspectives: On one hand, 
it can be noted that advantaged individuals contributed more money 
units of “their” endowment to the public good in absolute terms. On the 
other hand, they still retained more money units in their private ac-
counts. If advantaged and disadvantaged individuals contributed the 
same percentage of their endowment, the advantaged would always 
keep twice as much money in their private account than did disadvan-
taged individuals, resulting in higher total payoffs for advantaged. In the 
present study, advantaged individuals were punished more often than 
disadvantaged individuals, which may indicate that the value of con-
tributions was evaluated in relation to the available endowment and not 
in absolute terms (cf. Reuben & Riedl, 2013). This is in line with prior 
research showing that when individuals’ status of advantaged or 
disadvantaged was visible, punishment was assigned according to their 
relative contributions, whereas when the status was not visible, disad-
vantaged individuals were punished for their lower absolute contribu-
tions and advantaged individuals were rewarded for their higher 
absolute contributions (Hauser, Kraft-Todd, et al., 2019). 

We replicated the effect that all three punishment systems (peer 
punishment, democratic punishment, and central punishment) increase 
cooperation compared to a system without punishment. In symmetric 
groups, contributions did not reliably differ under peer punishment and 
democratic punishment, whereas in asymmetric groups contributions 
were higher under democratic compared to peer punishment, although 
the interaction term did not reach significance. Under central punish-
ment, contributions were lower compared to peer punishment in both 
symmetric and asymmetric groups. Thus, contrary to our hypotheses, 
the increase in contributions under the punishment systems (compared 
to the system without punishment) as well as differences between the 
punishment systems were largely independent of asymmetry and the 
status of (dis-)advantaged. This indicates that punishment is a means to 
increase cooperation in both symmetric and asymmetric social 
dilemmas. 

Besides increased contributions, the punishment systems also eli-
cited more favorable evaluations: Independent of asymmetry or the 
status of (dis-)advantaged, fairness ratings were higher under all three 
punishment systems compared to the system without punishment. 
Satisfaction also increased under peer and democratic punishment, 

Fig. 5. Satisfaction ratings as a function of punishment system, asymmetry versus symmetry (panel a), and status within asymmetric groups (advantaged versus 
disadvantaged; panel b). Error bars represent 95% confidence intervals. 
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while central punishment resulted in higher satisfaction ratings only for 
disadvantaged individuals, as advantaged individuals were also satisfied 
with the system without punishment. Democratic punishment was rated 
most favorably in symmetric and asymmetric groups. As satisfaction and 
fairness ratings predict the willingness to continue under the present 
system (Kesberg & Pfattheicher, 2019), there is good reason to assume 
that the implementation of punishment systems to regulate behavior in a 
social dilemma situation with asymmetric distribution of resources will 
find support among the involved actors. 

Although contributions were substantially increased under all three 
punishment systems, profits did not increase, and in fact even decreased 
under peer punishment; therefore, over the six periods played, the 
benefit of increased contributions did not outweigh the costs of pun-
ishment. This could be due to specificities of our study design: There is 
evidence suggesting that a higher cost-to-fine ratio makes punishment 
more efficient (Nikiforakis & Normann, 2008), although a meta-analysis 
did not find a moderating effect of the cost-to-fine ratio on cooperation 
(Balliet et al., 2011). On the other hand, it has been shown that the 
effectiveness of punishment increases with the length of the game 
(Gächter, Renner, & Sefton, 2008; Nikiforakis & Normann, 2008). In the 
present study, contributions decreased over time in periods without a 
punishment option but remained constant in periods with peer or 
democratic punishment and decreased much less in periods with central 
punishment. In the long run, therefore, punishment has the potential to 
elicit higher profits on the collective level compared to systems without 
punishment (Gächter et al., 2008; Nikiforakis & Normann, 2008). 
Interestingly, advantaged group members obtained substantially higher 
profits than did disadvantaged group members in the system without 
punishment. The difference in profits was reduced under all three 
punishment systems, which reflected a decrease in profits for advan-
taged group members. In this regard, punishment decreased inequality 
but did not increase collective welfare. 

In the interpretation of the results, some specificities and limitations 
of our study should be noted. First, the status of advantaged or disad-
vantaged was randomly assigned, and participants knew about that. One 
question for future research to answer is how contribution and punish-
ment decisions might differ when differential endowments were earned 
by prior efforts. Second, larger differences in contributions might 
emerge if the endowments were distributed even more asymmetrically. 
For example, the asymmetry in endowments could reflect the actual 
distribution of incomes (see Hauser, Kraft-Todd, et al., 2019). Third, we 

examined the specific case in which resources to contribute are 
distributed asymmetrically but productivity and return from the public 
good are equal, which represents the structure of many real-life di-
lemmas. Hauser, Kraft-Todd, et al. (2019) showed that the way in which 
different types of asymmetry are combined influences the out-
come—and that specific combinations (e.g., asymmetry in endowments 
plus asymmetry in productivity) can also be beneficial. Lastly, we 
acknowledge that our results are based on a sample of undergraduates 
from a Western university, which limits the generalizability of the re-
ported results (Henrich, Heine, & Norenzayan, 2010). 

To conclude, we find only limited evidence for an influence of 
asymmetric distribution of resources among the actors involved on 
relative contributions in a public goods game. Different punishment 
systems (peer punishment, democratic punishment, and central pun-
ishment) proved effective in increasing contributions as well as satis-
faction and fairness ratings in both symmetric and asymmetric groups 
and can therefore be considered as means to foster cooperation even in 
social dilemmas when resources to contribute are distributed 
asymmetrically. 
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Herrmann, B., Thöni, C., & Gächter, S. (2008). Antisocial punishment across societies. 
Science, 319(5868), 1362–1367. https://doi.org/10.1126/science.1153808. 

Hofmeyr, A., Burns, J., & Visser, M. (2007). Inequality and public good provision: An 
experimental analysis. South African Journal of Economics, 75(3), 508–520. https:// 
doi.org/10.1016/j.socec.2006.12.073. 

Jacquet, J., Frank, D., & Schlottmann, C. (2013). Asymmetrical contributions to the 
tragedy of the commons and some implications for conservation. Sustainability, 5, 
1036–1048. https://doi.org/10.3390/su5031036. 

Kesberg, R., & Pfattheicher, S. (2019). Democracy matters: A psychological perspective 
on the beneficial impact of democratic punishment systems in social dilemmas. 
Palgrave Communications, 5(1), 1–13. https://doi.org/10.1057/s41599-019-0249-2. 
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collective choice fosters 
sustainable resource management 
in the presence of asymmetric 
opportunities
Laila nockur1*, Laetitia Arndt1, Johannes Keller1 & Stefan pfattheicher2

Asymmetric distribution of opportunities among actors can reinforce the conflict between individual 
and collective interests in social dilemma situations. the present study investigates the interplay 

of asymmetric distribution of opportunities to consume resources and three choice systems: 

individual choice, median choice, and majority voting. participants (N = 248) took part in a common 
resource game in groups of four under each of the three choice systems. We examined the average 

percentage taken of the resource as well as satisfaction and fairness ratings depending on the choice 
system in interaction with (a) whether the distribution of opportunities among group members was 
symmetric versus asymmetric, and (b) the status of an actor (advantaged versus disadvantaged) 
within asymmetric groups. Both implemented collective choice systems (median choice and 
majority voting) increased sustainable resource management, especially in asymmetric groups, by 
restricting overconsumption of advantaged individuals, as well as satisfaction and fairness ratings. 
Collective choice increased collective welfare by increasing profits of disadvantaged individuals and 
members of symmetric groups. the results indicate that in the presence of asymmetric distribution of 

opportunities, collective choice is a means to reconcile the conflict between individual and collective 
interests in social dilemmas and to foster sustainable resource management.

The consumption of limited, shared resources represents a social dilemma, a situation where individual and 
collective interests conflict. Often the groups of actors, be that of individuals or collectives like states, are charac-
terised by asymmetric distribution of opportunities (e.g., financial), such that some actors have privileged access 
to common resources while others are  disadvantaged1–3, which can make such dilemma situations even more 
intricate. Prior work revealed that asymmetric distribution of opportunities within groups is associated with 
lower levels of  cooperation4–10 and increases the risk of failing to reach a collective goal, such as jointly raising a 
target sum of money to avoid losing the money  altogether6,7,11.

As asymmetry between actors can be a challenge for cooperation, a serious question emerges about how to 
establish cooperation in the presence of asymmetric distribution of opportunities. We propose implementing a 
decision process at the collective level to foster sustainable resource management in the presence of asymmetric 
opportunities. Specifically, the current investigation examines the effectiveness of two collective choice systems 
in fostering sustainable management of common resources in a common resource game, when involved actors’ 
opportunities to harvest from the resource are distributed symmetrically versus asymmetrically. Additionally, 
we examine how satisfied the actors are with each choice system in interaction with (a) whether actors within 
groups have symmetric versus asymmetric opportunities to harvest from the resource, and (b) the status of an 
actor (advantaged or disadvantaged) within asymmetric groups.

The consumption of shared resources constitutes a social dilemma, because sustaining the resource (so that 
many can profit from it) requires individual  restraint12,13. Although groups of cooperative individuals, who 
restrict their consumption behaviour to benefit the collective, profit more than groups of defectors, individuals 
can earn most if they do not cooperate but instead exploit the common  resource14. Usually, the consumption of 
resources is determined by individual choice, that is, individuals decide simultaneously and in isolation. However, 
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individual choice fosters overexploitation of common  resources14,15 and failure to reach a collective  goal6,7,11. 
Evidently, the question is whether collective (rather than individual) choice may facilitate pursuing interests of 
the collective by forcing individuals to reach a decision at the group level. Indeed, voting on an extraction level 
has been documented as one feasible way to increase sustainable resource  use14,16,17.

So far, most studies on social dilemma situations involved groups of individuals with symmetric opportuni-
ties. However, actors in the real world in many cases do not have the same  preconditions18–20 with considerable 
consequences for cooperation. An asymmetric distribution of opportunities in social dilemma situations can 
induce ambiguity on how to act—should all group members behave in the same way or should the asymmetry 
be reflected in their behaviour? Although individuals seem to strive for equal costs and  payoffs21–23, asym-
metry induces uncertainty about the fair  solution24–27. In fact, asymmetric opportunities promote egocentric 
assessments of  fairness28. Overall, cooperation levels are typically lower in groups characterised by asymmetric 
distribution of opportunities among  actors4–10,29. Voting on a binding common extraction level could overcome 
the negative effects of asymmetry as outlined in what follows.

Voting is a commonly used mechanism to reach a collective decision as a function of individual interests. 
Empirical evidence suggests that voting on a common contribution or extraction level can increase cooperation 
and the sustainable use of common  resources14,16,17,21,30,31. The specific voting system influences the likelihood 
of reaching a decision and its outcomes. For example, agreement is more often reached when determined by a 
majority rule compared to an unanimity  rule17,31. In general, cooperation depends on whether the actors reach 
an  agreement21,31 and whether the voting is binding or transgressions can be  punished32.

In the present study, we examine two specific forms of collective choice, the implementation of a median 
choice  system14,30 and the implementation of a majority voting  system32,33. In the implemented median choice 
system, each group member suggests an extraction level, and the median of these suggestions is implemented 
for all group members. The system leads to sustainable resource use when there is a majority of cooperators who 
can overrule a minority of non-cooperators14. In the implemented majority voting system, each group member 
proposes an individual extraction level for each group member, including themselves. All group members then 
vote on these proposals. If a majority votes for the same proposal, it is implemented. If no proposal reaches a 
majority, each group member can decide individually how much to extract in that period.

Extraction decisions should take into account two factors: (a) development of the resource, and (b) distri-
bution of extraction levels across group members. Long-term interest should always be to sustain the resource 
preserving enduring extraction possibilities. Therefore, the group should not exceed the sustainable rate of 
consumption that allows the resource to regenerate. The question remains about how extractions from the 
resource should be distributed among group members. The fairness principle of equality suggests equal rates 
for every group member; however, it is the interest of every group member to maximise his or her own share. 
Therefore, individuals could win the most if they voted on a solution that granted them the maximum while 
excluding other group members from consumption (e.g., by sharing the total extraction between a subgroup of 
group members). The majority voting system implemented in the present study in principle allows for differ-
ences in group members’ extraction levels, but as individuals usually strive for equal  payoffs21, suggesting equal 
extraction levels is probably more likely to reach a majority in contrast to suggestions that favour individual 
group members. Independent of the extraction level, the implemented median voting system guarantees equal 
payoffs for all group members, rendering irrelevant the factor of distribution among group members. When there 
is a majority of cooperators, both systems should lead to more sustainable resource management compared to 
individual choice. However, asymmetric opportunities could make it more difficult to reach a common decision 
in the majority voting system, so the median choice system could be most efficient in promoting sustainable 
resource use. Regarding the evaluation, on the other hand, the majority voting system with the two-step process 
of proposing extraction levels for every group member and then voting on these proposals offers more participa-
tion in the decision process and might therefore be perceived more positively than the median choice system.

The present investigation advances the understanding of behaviour in social dilemmas by highlighting the 
importance of considering asymmetric opportunities of actors in interaction with situational constraints. In the 
real world, there are huge differences in (e.g., financial) opportunities between individuals or other parties like 
states or communities that influence resource  consumption1–3,18–20. We examine how asymmetric opportunities 
interact with collective choice systems regarding sustainable behaviour in a common resource game. Asym-
metry likely influences the effectiveness of structural solutions to dilemmas (i.e., voting systems): Symmetric 
actors profit equally from a collective decision; in asymmetric groups, however, different group members might 
be advantaged by different choice systems, which could make it more difficult to reach a common decision in 
asymmetric groups. On the other hand, we propose that in the presence of asymmetric opportunities in par-
ticular, collective choice can be a means of improving resource management by preventing over-consumption 
by advantaged group members. We examine sustainable resource management within three specific choice sys-
tems—individual choice, median choice, and majority voting—across groups with symmetric versus asymmetric 
opportunities. We argue that the median choice system is effective if there are enough cooperative individuals 
within the group. However, the median choice system is restrictive simply by excluding the extremes, and it does 
not allow for any variations among individuals’ profit. The majority voting system, on the other hand, seems to 
be a more realistic alternative, allowing more participation in the decision process and variation in individuals’ 
profit. However, whereas a common decision in the median choice system is guaranteed, the majority voting 
system leaves room for failure to reach a common decision. Therefore, we seek to answer the question regarding 
which of the implemented collective choice system is best suited to foster sustainable resource management in 
the presence of asymmetric opportunities.

From an applied perspective, we want to emphasise that it is not sufficient to demonstrate that a system is 
effective in promoting sustainable resource management for it to be implemented; it is also necessary that the 
actors involved support the system. We therefore include in our analyses an evaluation of each system regarding 
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satisfaction with the outcome and fairness perceptions as a second dependent variable. It remains an open ques-
tion how collective choice systems that promote a common decision on how to behave in a dilemma are being 
evaluated and how these evaluations are influenced by symmetric versus asymmetric opportunities within the 
group, on one hand, and by the status of the actor (advantaged versus disadvantaged) on the other.

To examine the interplay of asymmetric opportunities within groups and different choice systems on sustain-
able resource management, participants took part in a common resource game in groups of four (see “Methods” 
section). Participants played six periods of each choice system, namely individual choice, median choice, and 
majority voting (within-subjects factor). Between subjects, we varied whether group members had symmetric 
or asymmetric opportunities to harvest from the common resource. Whereas individuals in symmetric groups 
could extract up to one fourth of the resource available, in asymmetric groups, two advantaged group members 
could extract more units in each period (up to one third of the resource available) than two disadvantaged group 
members (up to one sixth). Based on prior evidence, we derived the following hypotheses:

(a) Asymmetry within groups fosters unsustainable resource use.
(b) Both collective choice systems, median choice and majority voting, foster more sustainable resource use 

compared to individual choice.

We further propose that the collective choice systems can overcome negative effects of asymmetry and there-
fore can prove especially effective in asymmetric groups. Both collective choice systems diminish the influence of 
the extreme—in the median choice system the two extreme proposals are discarded, and in the majority voting 
system proposals that favour individual group members are not likely to receive a majority. Therefore, both col-
lective choice systems should be especially effective in altering behaviour of advantaged group members within 
asymmetric groups, for which more extreme extraction behaviour should be observed under individual choice. 
Regarding the interaction of asymmetry and choice system, we therefore expected the following:

(c) The collective choice systems have a greater effect in fostering sustainable resource use in asymmetric 
compared to symmetric groups.

(d) Collective choice should in particular restrict the resource consumption of advantaged group members 
compared to disadvantaged group members.

Additionally, we explored how each choice system is being evaluated by assessing ratings on outcome sat-
isfaction and fairness perception after each choice system. One could expect differential effects of asymmetric 
opportunities on satisfaction and fairness ratings depending on choice system. As asymmetry fosters egocentric 
assessment of  fairness28, advantaged group members might evaluate the individual choice system more favour-
ably, while disadvantaged group members might prefer the collective choice systems. On the other hand, indi-
viduals seem to strive for equal costs and  payoffs21–23, so all group members could evaluate the collective choice 
systems more favourably than individual choice if these systems promote more equal profits. Overall, we expected 
higher satisfaction and fairness ratings in the collective choice systems compared to individual choice, as these 
systems foster sustainable resource management and therefore higher profits in the long run.

Results
extraction behaviour. As the resource doubled in size between periods, all group members could extract 
a rate of 12.5% in each period while sustaining the resource (see Methods section for more details). In all three 
choice systems, the average percentage taken significantly exceeded this threshold, which led to an overall 
decrease of the resource over the six periods (see Fig. 1a). Extraction rates were higher in early and late periods 
(see Fig. 1b and Supplementary Information for analyses on time trends in extraction over the six periods). 
Participants knew that they would play six periods under each choice system. Only few groups exhausted the 
resource in earlier periods (two under individual choice, one under median choice, five under majority vot-
ing). Many groups exhausted the resource completely in period six (five under individual choice, twelve under 
median choice, and 15 under majority voting). As the last period depicts a different situation where sustaining 
the resource is no longer required, the following results regarding the average percentage taken and profits as 
well as analyses of the voting proposals are all based on periods one to five.

Extraction behaviour differed depending on whether group members had asymmetric or symmetric oppor-
tunities to extract from the resource. Participants in the symmetric condition took across choice systems on 
average 13.20% of the resource available (SD = 2.69); this was increased significantly to 14.24% in the asymmetric 
condition (SD = 4.36, Cohen’s d = 0.28). Advantaged group members across choice systems took a significantly 
higher percentage of the resource available (M = 15.58%, SD = 5.16) than did disadvantaged group members 
(M = 12.90%, SD = 2.81, Cohen’s d = 0.65, see Table 1).

As we predicted, extraction behaviour also differed across choice systems. Participants took on average 14.46% 
of the resource (SD = 5.20) in the individual choice system, and they took significantly less in the median choice 
system (M = 13.32%, SD = 1.49, Cohen’s d = 0.22) and in the majority voting system (M = 13.62%, SD = 3.62, 
Cohen’s d = 0.21; see Table 1). The results were robust when applying a non-parametric test. A Wilcoxon signed 
rank test indicated that the median of differences in the average percentage taken between individual choice and 
median choice (Z = − 2.47, p = 0.013), as well as individual choice and majority voting (Z = − 3.03, p = 0.002) was 
different from zero in the expected direction. Whereas the average percentage taken decreased under median 
choice and majority voting for the majority of participants, we also observed cases where the average percent-
age taken did not change or even increased, which is reflected in the random effects for person (see Table 1). 
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The effects of the choice systems on average percentage taken did not depend on the order of systems (see Sup-
plementary Information).

The analysis examining the interplay of asymmetric opportunities and collective choice on extraction behav-
iour revealed no evidence that the collective choice systems had differential effects on symmetric versus asym-
metric groups (see Table 1 and Fig. 2a). However, there was an interaction between both collective choice 
systems and the contrast between advantaged and disadvantaged group members, indicating differential effects 
of collective choice for advantaged and disadvantaged group members (see Table 1 and Fig. 2b). In the median 
choice system, this was characterised by a large decrease in the average percentage taken by advantaged group 
members (b = − 4.10, t(490) =  − 7.08, p < 0.001), and a small increase for disadvantaged group members (b = 0.96, 
t(490) = 1.66, p = 0.097; the conditional effects describe the difference in means between two conditions under 
a certain condition: here, difference between average percentage taken in the median choice system and the 
individual choice system by disadvantaged group members). In the majority voting system, advantaged group 

Figure 1.  Resource size (a) and average percentage taken (b) depending on period, choice system, and 
asymmetry; error bars represent 95% confidence intervals.

Table 1.  General and differential effects of choice systems and asymmetry on average percentage taken 
with random effects for person (N = 248). Median and MVoting are dummy coded with individual choice 
as reference; Asymmetry is contrast coded to compare symmetric versus asymmetric groups; Advantaged is 
contrast coded to compare advantaged versus disadvantaged group members; all tests are two-sided. MVoting 
Majority voting, Asym Asymmetry, Adv Advantaged.

Fixed effects Random effects

B 95% CI SE df t p SD

Intercept 13.89 13.57, 14.21 0.16 496 85.53 < 0.001 1.73

Asymmetry 1.04 0.40, 1.68 0.32 245 3.20 0.002

Advantaged 2.68 1.85, 3.51 0.42 245 6.38 < 0.001

Intercept 14.46 13.81, 15.11 0.33 494 43.78 < 0.001 5.20

Median − 1.14 − 1.80, − 0.48 0.34 494 − 3.39 < 0.001 5.29

MVoting − 0.85 − 1.38, − 0.32 0.27 494 − 3.14 0.002 4.25

Intercept 14.59 13.98, 15.20 0.31 490 47.19 < 0.001 4.80

Median − 1.23 − 1.85, − 0.60 0.32 490 − 3.87 < 0.001 4.92

MVoting − 0.87 − 1.40, − 0.34 0.27 490 − 3.21 0.001 4.19

Asymmetry 1.45 0.24, 2.67 0.62 245 2.36 0.019

Advantaged 5.06 3.49, 6.64 0.80 245 6.33 < 0.001

Median × Asym − 1.03 − 2.27, 0.21 0.63 490 − 1.62 0.105

Median × Adv − 5.06 − 6.67, − 3.45 0.82 490 − 6.18 < 0.001

MVoting × Asym − 0.22 − 1.27, 0.84 0.54 490 − 0.40 0.688

MVoting × Adv − 2.09 − 3.46, − 0.72 0.70 490 − 2.99 0.003
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members’ extraction level decreased (b = − 1.98, t(490) =  − 4.02, p < 0.001), whereas the average percentage taken 
did not change for disadvantaged group members (b = 0.11, t(490) = 0.22, p = 0.828). Therefore, collective choice 
mainly reduced over-consumption by advantaged group members, which fostered the overall lower percentage 
taken. The median choice by its nature eliminated the difference in extraction levels between advantaged and 
disadvantaged group members, yet advantaged group members still extracted significantly more than disadvan-
taged group members in the majority voting system (b = 2.97, t(245) = 5.25, p < 0.001). In sum, median choice, as 
well as majority voting, fostered sustainable resource management in comparison to individual choice in both 
symmetric and asymmetric groups.

Characteristics of the majority voting system. Analysing the voting proposals over periods one to five revealed 
that in symmetric groups elected proposals were on average below the fair and sustainable rate of 12.5% 
(M = 11.99, SD = 1.80) and stipulated mostly equal extraction rates for all group members (with an average vari-
ation between group members of M = 0.10, SD = 0.45). Elected proposals in asymmetric groups were equally 
sustainable (M = 11.76, SD = 4.46), but varied significantly more between group members (M = 0.69, SD = 1.73). 
In symmetric and asymmetric groups, proposals that were not elected were on average also close to the sustain-
able rate (symmetric: M = 12.73, SD = 4.44; asymmetric: M = 12.51, SD = 3.74), but proposed extraction rates dif-
fered substantially between group members (symmetric: M = 1.33, SD = 2.47; asymmetric: M = 2.49, SD = 2.91; 
t(210) = -2.98, p = 0.003). In asymmetric groups, the variation in proposed extraction levels between group mem-
bers was reflected in higher proposed extraction levels for advantaged and lower proposed extraction levels for 
disadvantaged group members (see Figure S1 in the Supplementary Information). Overall, a proposal was less 
likely elected the higher the average extraction rate (b = −  0.10, z = −  2.82, p = 0.005; odds ratio (OR) = 0.90), 
the more the average extraction rate deviated from the sustainable rate of 12.50 in either direction (b = − 0.44, 
z = − 10.79, p < 0.001; OR = 0.64), and the higher the variation among group members (b = − 0.75, z = − 7.70, 
p < 0.001; OR = 0.47).

To further explore the effect of the majority voting system on sustainable resource use, we examined the 
impact of successful voting decisions which ranged over periods one to five from 0 (participants extracted indi-
vidually in all five periods) to 5 (participants reached a common decision in all five periods) with a mean of 2.69 
(SD = 1.68). In periods with a successful voting decision, the average percentage taken was 11.86% (SD = 2.84) 
compared to 15.42% (SD = 5.81, Cohen’s d = 0.73) after unsuccessful voting (i.e., individual choice) decisions. 
After a successful voting decision, the average percentage taken was thus decreased compared to extraction 
under individual choice (b = − 2.58, t(470) = − 6.67, p < 0.001), whereas the average percentage taken was even 
slightly increased compared to extractions under individual choice when no proposal was elected (b = 0.87, 
t(434) = 2.51, p = 0.012; for more details see Supplementary Information). After successful voting decisions, there 
were no differences in the average percentage taken between symmetric and asymmetric groups (b = − 0.23, 
t(245) =  − 0.47, p = 0.638) or between advantaged and disadvantaged group members (b = 0.61, t(246) = 0.91, 
p = 0.364). If no proposal was elected, the average percentage taken differed between symmetric and asymmetric 
groups (b = 1.66, t(245) = 2.16, p = 0.032) and between advantaged and disadvantaged group members (b = 5.36, 
t(142) = 5.58, p < 0.001).

Figure 2.  Average percentage taken across first five periods depending on choice system and (a) symmetric 
versus asymmetric groups, and (b) advantaged versus disadvantaged group members within asymmetric groups; 
error bars represent 95% confidence intervals.
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Satisfaction and fairness ratings. Individuals in groups with an asymmetric distribution of opportuni-
ties across all choice systems rated satisfaction and fairness significantly lower (M = 4.48, SD = 1.22; possible range 
1–7) than individuals in groups with a symmetric distribution of opportunities (M = 4.91, SD = 1.33, Cohen’s 
d = 0.34; see Table 2). Within asymmetric groups, advantaged group members reported overall higher satisfac-
tion and fairness levels (M = 4.61, SD = 1.13) compared to disadvantaged group members (M = 4.34, SD = 1.28, 
Cohen’s d = 0.22). Satisfaction and fairness ratings were significantly increased in both collective choice systems 
(median choice: M = 5.03, SD = 1.13, Cohen’s d = 0.67; majority voting: M = 4.82, SD = 1.33, Cohen’s d = 0.49) 
compared to individual choice (M = 4.12, SD = 1.19; see Table 2). The results were robust when applying a non-
parametric test. A Wilcoxon signed rank test indicated that the median of differences in satisfaction and fair-
ness ratings between individual choice and median choice (Z = 9.12, p < 0.001), as well as individual choice and 
majority voting (Z = 6.89, p < 0.001) was different from zero in the expected direction.

The analysis including the interaction of the choice systems and the asymmetry contrasts revealed no interac-
tion of asymmetry with median choice (see Table 2 and Fig. 3a). However, asymmetry moderated the effect of 
majority voting on satisfaction and fairness indicating that satisfaction and fairness ratings increased significantly 
in symmetric groups (b = 1.05, t(486) = 7.46, p < 0.001) but only to a lesser extent in asymmetric groups (b = 0.46, 
t(486) = 3.88, p < 0.001). In an attempt to further explore this pattern, we tested whether asymmetric opportuni-
ties lead to fewer successful voting decisions, and whether this in turn predicts satisfaction and fairness ratings. 
We indeed found that for the majority voting system the number of successful voting decisions (how often a 
proposal was elected ranging from 0 to 5) partially mediated the effect of asymmetry on satisfaction and fairness 
ratings (indirect effect = − 0.43 [− 0.62, − 0.26]). Asymmetry led to fewer successful voting decisions (b = − 1.15, 
t = − 5.56, p < 0.001), whereas the number of successful voting decisions predicted satisfaction and fairness ratings 
(b = 0.38, t = 8.14, p < 0.001). The order in which participants completed the choice systems had an impact on sat-
isfaction and fairness ratings. Specifically, symmetric groups rated individual choice more favourably when it was 
the first system they experienced compared to when they first experienced one of the collective choice systems. 
Therefore, the increase in satisfaction and fairness ratings was larger in symmetric groups when they started 
with collective choice. For asymmetric groups, the increase in satisfaction and fairness ratings in the majority 
voting system was larger when they started with individual choice (see Supplementary Information for details).

The increase in satisfaction and fairness ratings in the median choice system depended on group members’ 
status as advantaged or disadvantaged, indicating a smaller increase for advantaged (b = 0.60, t(486) = 3.77, 
p < 0.001) than for disadvantaged (b = 1.11, t(486) = 7.02, p < 0.001) group members (see Fig. 3b). The increase in 
satisfaction in the majority voting system compared to individual choice was also smaller and non-significant for 
advantaged (b = 0.26, t(486) = 1.58, p = 0.114) compared to disadvantaged group members (b = 0.65, t(486) = 3.90, 
p < 0.001), although the interaction term did not reach significance (p = 0.051).

Profits. Although in both collective choice systems participants took on average a lower percentage of the 
resource, both median choice and majority voting led to overall higher profits compared to individual choice 
(see Table 3 and Fig. 4). That is, individuals took a lower percentage in each period and therefore sustained a 
larger resource to harvest from in the next periods. Across systems, asymmetric groups earned significantly less 

Table 2.  General and differential effects of choice systems and asymmetry on satisfaction and fairness 
ratings with random effects for person and group (N = 244). Median and MVoting are dummy coded with 
individual choice as reference; Asymmetry is contrast coded to compare symmetric versus asymmetric groups; 
Advantaged is contrast coded to compare advantaged versus disadvantaged group members; all tests are 
two-sided; due to a technical error the evaluation of the majority voting system was missing for one group: 
Estimates are therefore based on N = 244. MVoting Majority voting, Asym Asymmetry, Adv Advantaged.

Predictors

Fixed effects Random effects

B 95% CI SE df t p SD Person SD Group

Intercept 4.62 4.47, 4.77 0.08 492 60.66 < 0.001 0.46 0.44

Asymmetry − 0.43 − 0.73, − 0.12 0.15 60 − 2.81 0.006

Advantaged 0.28 0.02, 0.54 0.13 185 2.14 0.033

Intercept 4.12 3.91, 4.33 0.11 490 38.52 < 0.001 0.97 0.69

Median 0.91 0.71, 1.12 0.10 490 8.78 < 0.001 1.25 0.53

MVoting 0.70 0.44, 0.95 0.13 490 5.40 < 0.001 1.20 0.82

Intercept 4.11 3.89, 4.32 0.11 486 37.72 < 0.001 0.94 0.70

Median 0.90 0.69, 1.11 0.11 486 8.48 < 0.001 1.23 0.55

MVoting 0.65 0.41, 0.90 0.13 486 5.17 < 0.001 1.19 0.78

Asymmetry − 0.19 − 0.63, 0.24 0.22 60 − 0.88 0.384

Advantaged 0.58 0.27, 0.89 0.16 185 3.69 < 0.001

Median × Asym − 0.14 − 0.56, 0.28 0.21 486 − 0.66 0.507

Median × Adv − 0.51 − 0.92, 0.11 0.21 486 − 2.50 0.013

MVoting × Asym − 0.59 − 1.09, − 0.09 0.25 486 − 2.33 0.020

MVoting × Adv − 0.39 − 0.77, 0.002 0.20 486 − 1.95 0.051



7

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:10724  | https://doi.org/10.1038/s41598-020-67757-1

www.nature.com/scientificreports/

than symmetric groups, and advantaged group members overall earned more than disadvantaged group mem-
bers. The effect of majority voting in increasing profits was larger for symmetric groups (b = 10.13, t(490) = 3.87, 
p < 0.001) and not significant for asymmetric groups (b = 3.43, t(490) = 1.54, p = 0.124), whereas the effect of 
median choice did not differ between symmetric and asymmetric groups (see Table 3 and Fig. 4a). The increase 
in profits depended on the order of the choice systems, in that symmetric groups earned significantly more in 
the collective choice systems compared to individual choice when they started with one of the collective choice 
systems, whereas asymmetric groups earned significantly more in the collective choice systems in comparison 
to individual choice when they started with individual choice (see Supplementary Information). The effects of 
median choice and majority voting differed for advantaged versus disadvantaged group members, indicating 
no effect for the former (median choice: b = − 2.24, t(490) =  − 0.68, p = 0.494; majority voting: b = -0.96, t(490) =  
− 0.30, p = 0.761) but a large increase in profit for the latter (median choice: b = 20.25, t(490) = 6.19, p < 0.001; 

Figure 3.  Satisfaction and fairness ratings depending on choice system and (a) symmetric versus asymmetric 
groups, and (b) advantaged versus disadvantaged group members within asymmetric groups; error bars 
represent 95% confidence intervals.

Table 3.  General and differential effects of choice systems and asymmetry on profits with random effects for 
person (N = 248). Median and MVoting are dummy coded with individual choice as reference; Asymmetry is 
contrast coded to compare symmetric versus asymmetric groups; Advantaged is contrast coded to compare 
advantaged versus disadvantaged group members; all tests are two-sided. MVoting Majority voting, Asym 
Asymmetry, Adv Advantaged.

Fixed effects Random effects

B 95% CI SE df t p SD

Intercept 86.81 84.87, 88.76 0.99 496 87.73 < 0.001 10.61

Asymmetry − 10.10 − 13.99, − 6.21 1.98 245 − 5.11 < 0.001

Advantaged 12.06 7.03, 17.10 2.56 245 4.72 < 0.001

Intercept 82.67 79.07, 86.26 1.83 494 45.20 < 0.001 2.88

Median 8.80 5.19, 12.41 1.84 494 4.79 < 0.001 2.89

MVoting 6.24 2.87, 9.62 1.72 494 3.64 < 0.001 2.70

Intercept 81.97 78.52, 85.43 1.76 490 46.56 < 0.001 2.73

Median 8.84 5.33, 12.36 1.79 490 4.95 < 0.001 2.77

MVoting 5.67 2.28, 9.05 1.72 490 3.29 0.001 2.67

Asymmetry − 8.03 − 14.95, − 1.11 3.51 245 − 2.28 0.023

Advantaged 22.49 13.52, 31.45 4.55 245 4.94 < 0.001

Median × Asym 0.49 − 6.53, 7.50 3.57 490 0.14 0.891

Median × Adv − 22.49 − 31.57, − 13.40 4.62 490 − 4.86 < 0.001

MVoting × Asym − 6.70 − 13.46, 0.05 3.44 490 − 1.95 0.052

MVoting × Adv − 8.78 − 17.53, − 0.02 4.46 490 − 1.97 0.049
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majority voting: b = 7.82, t(490) = 2.48, p = 0.013; see Fig. 4b). Both collective choice systems therefore increased 
the payoff for symmetric groups and disadvantaged group members, whereas there was no effect for advantaged 
group members who profited equally from all three systems. 

Discussion
In the present investigation, we examined whether collective choice can foster sustainable resource manage-
ment in the presence of asymmetric opportunities among actors involved in the decision. We found that an 
asymmetric distribution of opportunities was associated with more unsustainable resource management. Both 
of our implementations of collective choice, median choice and majority voting, increased sustainable resource 
management in comparison to individual choice. Although we did not find evidence that the decrease in the 
average percentage taken in the collective choice systems was statistically different for symmetric and asymmetric 
groups, the effect was larger for asymmetric groups on a descriptive level. The collective choice systems were 
effective in promoting sustainable behaviour in asymmetric groups as they restricted the extraction behaviour of 
advantaged group members who tended to overuse the common resource under individual choice. Symmetric 
groups, on the other hand, were already close to a sustainable extraction level in the individual choice condition, 
which could explain the weaker effect of collective choice in these groups.

Our findings highlight the importance of taking into consideration asymmetric distributions of opportuni-
ties among actors in social dilemma situations. In line with other  findings4–10, we show that asymmetry impedes 
cooperation and fosters unsustainable resource management. This was driven by advantaged group members 
exploiting their privileged position to overuse common resources. Over-consumption by advantaged group 
members was reduced in the collective choice conditions, which supports the notion that collective choice 
can foster sustainable resource management in the presence of an asymmetric distribution of opportunities. 
The implemented median choice system completely eliminates differences in extraction behaviour and profit 
between advantaged and disadvantaged group members, whereas the implemented majority voting system allows 
for differences in extraction behaviour; this resulted in the preservation of higher extraction rates and profits 
of advantaged compared to disadvantaged group members. Overall, both collective choice systems improved 
resource management and collective welfare in symmetric as well as asymmetric groups and should therefore 
be considered as solutions to common resource dilemmas involving asymmetric distribution of opportunities 
among actors. Although the average percentage taken differed only by a few percentage points between choice 
systems and asymmetry conditions, this has an enormous impact on resource development. For example, with 
the average percentage taken under individual choice (14.46%) the resource would decrease to contain only 60 
units after period six, whereas with the average percentage taken under median choice (13.32%) the resource 
would still contain 109 units. If every group member extracted as advantaged group members did under indi-
vidual choice (17.44%), the resource would decrease to only 9 units within six periods, whereas if every group 
member extracted as disadvantaged group members did under individual choice (12.92%), it would still contain 
130 units, which is fourteen times the amount.

Relevant to our second outcome, satisfaction and fairness ratings, both collective choice systems were evalu-
ated more favourably compared to individual choice. However, satisfaction and fairness ratings in the majority 
voting system compared to individual choice increased only in symmetric groups, which might be explained by 
a lower rate of successful voting decisions in asymmetric groups. The increase in satisfaction and fairness ratings 

Figure 4.  Profit in money units across first five periods depending on choice system and (a) symmetric versus 
asymmetric groups, and (b) advantaged versus disadvantaged group members within asymmetric groups; error 
bars represent 95% confidence intervals.



9

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:10724  | https://doi.org/10.1038/s41598-020-67757-1

www.nature.com/scientificreports/

in the collective choice systems did not depend on whether group members were advantaged or disadvantaged. 
Although advantaged individuals extracted more under individual choice, they did not rate this system more 
favourably than the collective choice systems. These findings suggest that many individuals involved in resource 
dilemmas support a shift from individual to collective choice, even if that might restrict their own extraction 
behaviour as advantaged group members. It would have been an interesting additional dependent variable to ask 
participants directly which system they prefer for another round of play. With regard to different punishment 
systems, it has been shown that outcome satisfaction and fairness perception predicted the willingness to con-
tinue under the present  system34. Accordingly, there is good reason to assume that implementation of collective 
choice systems will find support among the involved actors.

Overall, profits were increased in both collective choice systems compared to individual choice. This was 
characterised by disadvantaged individuals and symmetric groups gaining significantly under the collective 
choice systems, while advantaged individuals profited equally from all three systems. Thus, collective choice 
fosters sustainable resource management and improves the welfare of the collective. Notably, however, in both 
collective choice systems profit as well as satisfaction and fairness ratings were still significantly lower in asym-
metric compared to symmetric groups. This implies that research should not focus just on (collective) choice 
systems to foster sustainable resource management, but also search for solutions to reduce asymmetry between 
actors. In the following section, we outline additional ideas for future research along with limitations of our study.

In the majority voting system, a voting decision was only reached in half of the trials, which is comparable to 
rates observed in other  studies17,21. In this study, we aimed to examine whether installing a majority voting system 
increases sustainable resource use without the requirement of reaching a successful voting decision. Previous 
research suggests that the process of deciding as a group can increase cooperation even after unsuccessful voting 
 decisions17. However, extraction behaviour depended on whether or not groups reached an  agreement21,35, that 
is, extraction levels after successful voting decisions were substantially decreased compared to individual choice 
while extraction levels after unsuccessful voting decisions were even slightly increased compared to extractions 
under individual choice. Although the majority voting system overall improved sustainable resource manage-
ment, it still resulted in differences in extraction level and profit between advantaged and disadvantaged group 
members. In fact, the variation in proposed extraction levels between group members in asymmetric groups 
reflected overall higher proposed extraction levels for advantaged and lower proposed extraction levels for 
disadvantaged group members, whereas there were on average no differences in proposed extraction levels for 
group members of symmetric groups. Voting proposals that were supported by a majority in symmetric and 
asymmetric groups mainly suggested equal extraction rates for all group members and were on average sustain-
able (M = 11.86%; the average extraction after a successful voting decision was even below the sustainable rate of 
12.5%, allowing the resource to (re)grow). In asymmetric groups the variation in elected voting proposals was 
increased compared to symmetric groups, but still small compared to proposals that were not elected. Therefore, 
the differences in extraction levels among group members originated mainly from unsuccessful voting decisions 
followed by individual extraction.

Whether or not a common decision was reached in the majority system also affected satisfaction and fairness 
ratings. Asymmetric groups often failed to find agreement in the majority voting system, which in turn predicted 
lower satisfaction and fairness ratings. It is important to interpret these results with caution, as the differences 
between extraction after successful and unsuccessful voting decisions could be due to the decision process via 
majority voting but could also (at least partially) be explained by the fact that more cooperative groups more 
often reached a common decision. Of note, groups contributed unequal numbers of observations regarding the 
extraction after successful and unsuccessful voting decisions (some groups always reached a common decision 
and some never did). Therefore, it is an interesting topic for future research to explore how to increase the rate 
of successful voting decisions, for instance by allowing more than one preference or voting round to answer 
the question about whether reaching a common decision via majority voting per se can increase sustainable 
behaviour.

Regarding the generalisability of the results, some specificities of the implemented experimental conditions 
should be considered. The first concerns the manipulation of asymmetry: In the present study, we tested the 
effect of artificially and randomly created differences in opportunity to access a common resource. Even in this 
setting, we find that advantaged group members overuse the common resource. This effect could be even stronger 
when differences in opportunities are established based on prior  efforts25, 36. It remains an open question to 
what extent the findings with this manipulation of asymmetry can be generalised to contexts where inequality 
reflects meritocratic or other social rules. It is possible that advantaged group members who feel they earned 
their status would evaluate collective choice systems that restrict their extraction behaviour more negatively than 
advantaged group members who were randomly assigned to this role. Another characteristic of our manipulation 
of asymmetry are the equal rates of advantaged and disadvantaged group members within asymmetric groups. 
This precludes that members of one group determine which proposal is elected in the majority voting system. It 
remains possible that proposals with more variation in extraction levels among group members would be elected 
if one group (advantaged or disadvantaged) constituted a majority. Varying the group composition regarding 
advantaged and disadvantaged group members is therefore yet another important entry on the agenda for future 
research in this field.

A similar rationale applies to the collective choice systems, as we implemented two specific forms of median 
choice and majority voting. It may prove useful for future research to vary single aspects of the choice systems 
to provide information on what specific aspects of the choice systems foster sustainable resource management 
(e.g., voting on a proposal versus proposing extraction levels for each group member). Also, the study design 
included a fixed number of six periods under each choice system. Our data suggests that knowing the common 
resource game would end after six periods influenced behaviour, particularly in the sixth and therefore last 
period, in which many participants exploited the resource completely. It poses an interesting question whether 
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the definite ending after six periods also influenced behaviour in the periods before and participants would have 
extracted more sustainably if the number of periods was undisclosed. Also, there may be individual differences 
in how the resource game was construed (as finitely or indefinitely repeated). However, as the resource size 
directly determined the maximum extraction possibilities, we suppose that differences in how the resource game 
was construed (if such differences were actually given) would play out primarily in the sixth period. Another 
interesting topic for future research would be to examine the variability in extraction levels and the effects of the 
collective choice systems between individuals (random effects) including potentially underlying characteristics 
(e.g., inequality aversion). It should also be noted that we used a student sample (mostly other than psychology 
students), recruited from a western university, and thus should be cautious with generalisations to populations 
with more diverse  backgrounds37. It is possible that these participants considered the level of incentives to be 
rather low, however there is evidence from other economic games showing that behaviour under high and low 
stakes is  comparable38,39.

To conclude, the present investigation demonstrates that asymmetric opportunities within groups foster 
unsustainable resource management. Both implemented collective choice systems, median choice and majority 
voting, increase sustainable resource management in the presence of asymmetry, as they restrict the over-con-
sumption behaviour of advantaged group members. This leads to overall higher profits as reflected in an increase 
for disadvantaged group members, whereas advantaged group members profit equally from all three systems. 
In addition, both collective choice systems are evaluated more favourably than individual choice independent 
of asymmetry. Thus, we identified collective choice as an effective means to overcome a social dilemma and to 
foster sustainable resource management in the presence of asymmetric opportunities.

Method
It is our understanding that only approbated psychologists conducting clinical studies are legally obligated to 
obtain ethical oversight (according to the Declaration of Helsinki). For psychological studies without any clinical 
measures, the American Psychological Association (APA) and the German Association of Psychologists (DGPs) 
provide guidelines for the responsible treatment of participants. We conducted our study in full accordance 
with these guidelines. The implementation of economic games to study behaviour in social dilemma situations 
was approved by the University of Ulm’s Central University Research Ethics Committee (application number 
297/16). The implementation of follow-up studies applying methods that have been approved before does not, 
at our institute, require completion of an entire approval process. There was no deception of participants. Par-
ticipants gave informed consent before starting the study protocol, and the study was conducted in accordance 
with relevant guidelines and regulations.

common resource game. Basic structure of the resource game. Participants played a total of 18 periods 
of a common resource game in groups of four. In the first period of each choice system the resource contained 
160 units. After the group members made their extraction decision, the remaining units were doubled for the 
next period. Thus, if groups took exactly half of the units available, the resource would remain the same. If they 
took more than half of the units, the resource would decrease. If they took less than half of the units, the resource 
would increase. The resource could, however, never exceed the original number of 160 units. Participants were 
always informed about how many units the resource contained and the extraction limit before making their 
decision. All interactions were computer-mediated using z-Tree40. Decisions in the resource game were incen-
tivised, as participants’ extracted units were transformed into real money at the end of the experiment (for every 
unit extracted they received 0.01€). Earnings from the common resource game ranged between 1.24€ and 5.30€. 
When informed about their final income at the end of the experiment, participants were told that they would 
receive a minimum of 3€ even if their earnings fell below that.

Choice systems. In the individual choice system, participants decided how many units to extract from the 
resource individually and simultaneously. After they made their decision, they were informed how many units 
the group extracted in total and how many units were left for the next period. In the median choice system, 
each group member indicated how many units he or she wanted to extract. The median of those proposals was 
extracted for each group  member14. For instance, if the four group members wanted to extract 10, 12, 12, and 16 
units, the median of 12 units would be automatically extracted for each group member. If they wanted to extract 
10, 12, 14 and 16 units, the mean of the two middle proposals would be computed. The median was automatically 
extracted for all group members, independent of their status as advantaged or disadvantaged. Thus, the extrac-
tion in the median system could exceed the extraction limit for disadvantaged group members (this occurred in 
only 3.5% of trials). After making their decision, participants were informed about the proposals of each group 
member, the median, and how many units were left for the next period. In the majority voting system, partici-
pants were asked to propose how many units each group member (including themselves) should extract. They 
were then presented the four proposals and asked to vote on which one should be implemented. Each participant 
was granted a single vote and no one could not abstain from voting. Votes for identical proposals were combined. 
If one proposal received a majority (at least three of four votes), it was implemented. If no proposal received a 
majority, each group member would decide individually how much to extract in that period. After voting, par-
ticipants were informed if a proposal received a majority, and if so, how many units each group member received 
and how many units the resource contained for the next period. If no proposal received a majority, participants 
were informed that they could extract individually in that period, about the extraction decision of all group 
members, and how many units the resource contained for the next period.
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Asymmetry conditions. Participants were randomly assigned to one of two asymmetry conditions. In 
symmetric groups, all group members could extract up to one fourth (25%) of the resource in each period. In 
asymmetric groups, two advantaged group members could extract up to one third (33%) of the resource, while 
two disadvantaged group members could only extract up to one sixth (17%) of the resource. The asymmetry 
condition and the role assignment as advantaged (n = 72) or disadvantaged (n = 72) within asymmetric groups 
was constant over the three choice systems.

participants and procedure. A priori power analyses in multi-level settings require detailed information 
(e.g., parameter estimates for fixed and random effects from a pilot study) that was not available. We therefore 
planned on including at least 220 participants in the study. Within time and budget restrictions, we were able 
to recruit a total of 248 participants on campus of a German university (Mage = 21.34, SD = 3.25; these statistics 
are based on N = 244 since due to a technical error data concerning demographic information was not saved for 
one group). After giving informed consent, participants read the instructions for the common resource game 
including information on the basic structure, the choice systems, and the asymmetry conditions. The order of 
the systems was randomised across groups. Participants were then informed if their group was assigned to the 
symmetric (n = 104) or asymmetric condition (n = 144) and what percentage of the resource they could extract 
in each period.

For exploratory purposes, we first measured participants’ social value orientation (SVO) using the slider 
 measure41, as SVO is a strong predictor of  cooperation42. Participants were asked to allocate resources between 
themselves and another person on a predefined continuum of joint payoffs. Decision making was incentivised 
as one of the allocation decisions was randomly selected and paid out to the participants. SVO angles (for cal-
culation details  see41) ranged between − 16.26 and 61.39 with a mean of 27.15 (SD = 15.49). Therefore, the vast 
majority of participants (N = 164) was characterised as prosocial, whereas 79 could be described as individualistic, 
3 as altruistic, and 2 as competitive. Due to power issues, however, this measure was not included in any of the 
analyses for the present contribution.

Participants sat in cubicles to ensure privacy and anonymity. The number assigned to each group member 
was randomly shuffled after each period: The participant who appeared as “group member 1” in period 1 could 
be “group member 3” in period 2. Therefore, participants could not deduce behaviour of a specific person across 
periods to prevent that previous behaviour of specific group members influenced later decisions (i.e., the voting 
proposals). Note that despite this procedure, advantaged group members could infer something of the behaviour 
of other advantaged group members in cases where the other extracted more than one sixth of the resource. 
Additionally, to prevent order effects, the numbers were shifted for each group member, so that participant 1 
would see the decision of participant 2 as “group member 1,” the decisions of participant 3 as “group member 
2,” and the decisions of participant 4 as “group member 3.” For participant 2, the decisions of participant 3 were 
displayed as “group member 1,” the decisions of participant 4 as “group member 2,” and the decisions of partici-
pant 1 as “group member 3.”

After each system, we assessed participants’ outcome satisfaction and their perception of fairness by three 
 items34 (outcome satisfaction: “In the last six periods I was satisfied with my experiences.”; “In the last six peri-
ods I was satisfied with my income.”; “In the last six periods I was satisfied with the decision over the number 
of units I extracted.”; fairness perception: “In the last six periods I had the opportunity to influence the group 
result.”; “In the last 6 periods, the process deciding over the extraction of each group member was fair.”; “In the 
last six periods personal motives of other group members (e.g., greed) influenced my income.”) Participants 
responded on a scale ranging from 1 = I strongly disagree to 7 = I strongly agree. After all 18 periods were finished, 
we assessed demographic information (age, sex, native language) before informing participants about their final 
income. Participants received a minimum of 3€ (≈ $3.40) plus the amount they earned beyond that in the com-
mon resource game and the SVO measure (M = 4.00€ ≈ $4.50, SD = 0.43).

Variables and statistical analysis. The first dependent variable was extraction behaviour. To account for 
the changing number of units available, we calculated the percentage taken by each individual relative to the size 
of the resource available. For the regression analyses, we averaged the percentage taken over all periods within 
one system. As participants behaved differently in the sixth period (as it was the last period, they took signifi-
cantly more than in the first five periods and many groups depleted the resource completely), we calculated the 
average percentage taken across periods one to five as the central dependent variable. The second outcome was 
the evaluation reflecting outcome satisfaction and fairness perception. Principal axis factor analyses revealed 
that both scales were represented by a common factor; we therefore combined all six items into one measure of 
satisfaction and fairness (Cronbach’s α between 0.71 and 0.82; similar results occurred when examining the two 
constructs separately: see Supplementary Information for more details). To compare the choice systems, we used 
dummy variables for median choice and majority voting with individual choice as reference group. To examine 
the moderating role of asymmetry, we contrast coded the conditions to compare symmetric versus asymmetric 
groups on the one hand and (within asymmetric groups) advantaged versus disadvantaged group members on 
the other.

To account for the nested structure of the data, we applied multilevel mixed regressions using the R package 
 nlme43. For the average percentage taken, the intra class correlation (ICC) indicated that a substantial propor-
tion of variance was explained by the participants as level-2 units (ICC = 0.25), and only a small percentage was 
additionally explained by the groups as level-3 units (ICC = 0.05). For satisfaction and fairness ratings, there was 
substantial variance due to participants (ICC = 0.14) and groups (ICC = 0.14). We therefore included random 
effects for participants for the average percentage taken and random effects for participants and groups for 
satisfaction and fairness ratings in the regression analyses. The fixed effects describe the average effect of choice 
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systems across participants, whereas the random slopes indicate the variation in intercept and slope between 
participants.

Data availability
All data files, instructions for the common resource game, and satisfaction and fairness measures are available 
on the Open Science Framework (OSF, see https ://osf.io/hu85y /).

code availability
The corresponding SPSS and R code is also available on the OSF: https ://osf.io/hu85y /.

Received: 6 December 2019; Accepted: 10 June 2020

References
 1. Grabka, M. M. & Goebel, J. Income distribution in Germany: real income on the rise since 1991 but more people with low incomes. 

DIW Wkly. Rep. 8(21), 181–190 (2018).
 2. Scheffer, M., Van Bavel, B., Van De Leemput, I. A. & Van Nes, E. H. Inequality in nature and society. Proc. Natl. Acad. Sci. USA 

114, 13154–13157 (2017).
 3. Piketty, T. & Saez, E. Income inequality in the long run. Science 344, 838–843 (2014).
 4. Hauser, O. P., Hilbe, C., Chatterjee, K. & Nowak, M. A. Social dilemmas among unequals. Nature 572, 524–527 (2019).
 5. Anderson, L. R., Mellor, J. M. & Milyo, J. Inequality and public good provision: an experimental analysis. J. Soc. Econ. 37, 1010–1028 

(2008).
 6. Rapoport, A. & Suleiman, R. Incremental contribution in step-level public goods games with asymmetric players. Organ. Behav. 

Hum. Decis. Process. 55, 171–194 (1993).
 7. Croson, R. & Marks, M. The effect of recommended contributions in the voluntary provision of public goods. Econ. Inq. 39, 238–249 

(2001).
 8. Tan, F. Punishment in a linear public good game with productivity heterogeneity. Economist 156, 269–293 (2008).
 9. Zelmer, J. Linear public goods experiments: a meta-analysis. Exp. Econ. 6, 299–310 (2003).
 10. Hargreaves Heap, S. P., Ramalingam, A. & Stoddard, B. V. Endowment inequality in public goods games: a re-examination. Econ. 

Lett. 146, 4–7 (2016).
 11. Milinski, M., Sommerfeld, R. D., Krambeck, H.-J., Reed, F. A. & Marotzke, J. The collective-risk social dilemma and the prevention 

of simulated dangerous climate change. Proc. Natl. Acad. Sci. USA 105, 766–768 (2008).
 12. Kollock, P. Social dilemmas: the anatomy of cooperation. Annu. Rev. Soc. 24, 183–214 (1998).
 13. Van Lange, P. A. M., Joireman, J., Parks, C. D. & Van Dijk, E. The psychology of social dilemmas: a review. Organ. Behav. Hum. 

Decis. Process. 120, 125–141 (2013).
 14. Hauser, O. P., Rand, D. G., Peysakhovich, A. & Nowak, M. A. Cooperating with the future. Nature 511, 220–223 (2014).
 15. Ostrom, E. Polycentric systems for coping with collective action and global environmental change. Glob. Environ. Chang. 20, 

550–557 (2010).
 16. BenDor, T., Scheffran, J. & Hannon, B. Ecological and economic sustainability in fishery management: a multi-agent model for 

understanding competition and cooperation. Ecol. Econ. 68, 1061–1073 (2009).
 17. Walker, J. M., Gardner, R., Hear, A. & Ostrom, E. Collective choice in the commons: experimental results on proposed allocation 

rules and votes. Econ. J. 110, 212–234 (2000).
 18. Milinski, M., Röhl, T. & Marotzke, J. Cooperative interaction of rich and poor can be catalyzed by intermediate climate targets. 

Clim. Change 109, 807–814 (2011).
 19. Wang, J., Fu, F. & Wang, L. Effects of heterogeneous wealth distribution on public cooperation with collective risk. Phys. Rev. E 82, 

1–13 (2010).
 20. Jacquet, J. et al. Intra- and intergenerational discounting in the climate game. Nat. Clim. Chang. 3, 1025–1028 (2013).
 21. Feige, C., Ehrhart, K. M. & Krämer, J. Climate negotiations in the lab: a threshold public goods game with heterogeneous contribu-

tions costs and non-binding voting. Environ. Resour. Econ. 70, 343–362 (2018).
 22. Joireman, J., Kuhlmann, D. M. & Okuda, H. Fairness judgements in an asymmetric public goods dilemma. In Social Dilemmas 

and Cooperation (eds Schulz, U. et al.) 99–116 (Springer, New York, 1984).
 23. Hofmeyr, A., Burns, J. & Visser, M. Inequality and public good provision: an experimental analysis. S. Afr. J. Econ. 75, 508–520 

(2007).
 24. Tavoni, A., Dannenberg, A., Kallis, G. & Löschel, A. Inequality, communication, and the avoidance of disastrous climate change 

in a public goods game. Proc. Natl. Acad. Sci. USA 108, 11825–11829 (2011).
 25. Cappelen, A. W., Hole, A. D., Sørensen, E. & Tungodden, B. The pluralism of fairness ideals: an experimental approach. Am. Econ. 

Rev. 97, 818–827 (2007).
 26. Kingsley, D. C. Endowment heterogeneity and peer punishment in a public good experiment: cooperation and normative conflict. 

J. Behav. Exp. Econ. 60, 49–61 (2016).
 27. Reuben, E. & Riedl, A. Enforcement of contribution norms in public good games with heterogeneous populations. Games Econ. 

Behav. 77, 122–137 (2013).
 28. Wade-Benzoni, K. A., Tenbrunsel, A. E. & Bazerman, M. H. Egocentric interpretations of fairness in asymmetric, environmental 

social dilemmas: Explaining harvesting behavior and the role of communication. Organ. Behav. Hum. Decis. Process. 67, 111–126 
(1996).

 29. Cherry, T. L., Kroll, S. & Shogren, J. F. The impact of endowment heterogeneity and origin on public good contributions: evidence 
from the lab. J. Econ. Behav. Organ. 57, 357–365 (2005).

 30. Bernard, M., Dreber, A., Strimling, P. & Eriksson, K. The subgroup problem: When can binding voting on extractions from a 
common pool resource overcome the tragedy of the commons?. J. Econ. Behav. Organ. 91, 122–130 (2013).

 31. Gallier, C., Kesternich, M. & Sturm, B. Voting for burden sharing rules in public goods games. Environ. Resour. Econ. 67, 535–557 
(2017).

 32. Kroll, S., Cherry, T. L. & Shogren, J. F. Voting, punishment, and public goods. Econ. Inq. 45, 557–570 (2007).
 33. Margreiter, M., Sutter, M. & Dittrich, D. Individual and collective choice and voting in common pool resource problem with 

heterogeneous actors. Environ. Resour. Econ. 32, 241–271 (2005).
 34. Kesberg, R. & Pfattheicher, S. Democracy matters: a psychological perspective on the beneficial impact of democratic punishment 

systems in social dilemmas. Palgrave Commun. 5, 1–13 (2019).
 35. Cherry, T. L. & McEvoy, D. M. Enforcing compliance with environmental agreements in the absence of strong institutions: an 

experimental analysis. Environ. Resour. Econ. 54, 63–77 (2013).

https://osf.io/hu85y/
https://osf.io/hu85y/


13

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:10724  | https://doi.org/10.1038/s41598-020-67757-1

www.nature.com/scientificreports/

 36. Balafoutas, L., Kocher, M. G., Putterman, L. & Sutter, M. Equality, equity and incentives: an experiment. Eur. Econ. Rev. 60, 32–51 
(2013).

 37. Henrich, J., Heine, S. J. & Norenzayan, A. The weirdest people in the world?. Behav. Brain Sci. 33, 61–83 (2010).
 38. Amir, O., Rand, D. G. & Gal, Y. K. Economic games on the internet: the effect of $1 stakes. PLoS ONE 7, 1–4 (2012).
 39. Carpenter, J., Verhoogen, E. & Burks, S. The effect of stakes in distribution experiments. Econ. Lett. 86, 393–398 (2005).
 40. Fischbacher, U. Z-Tree: Zurich toolbox for ready-made economic experiments. Exp. Econ. 10, 171–178 (2007).
 41. Murphy, R. O., Ackermann, K. A. & Handgraaf, M. J. J. Measuring social value orientation. Judgm. Decis. Mak. 6, 771–781 (2011).
 42. Balliet, D., Parks, C. & Joireman, J. Social value orientation and cooperation in social dilemmas: a meta-analysis. Gr. Process. Intergr. 

Relat. 12, 533–547 (2009).
 43. Pinheiro, T., Bates, D., DebRoy, S. & Sarkar, D. nlme: linear and nonlinear mixed effects models. https ://CRAN.R-proje ct.org/

packa ge=nlme. (2018).

Acknowledgements
This research was supported by a grant from the Baden-Württemberg Stiftung to the fourth author.

Author contributions
L.N. developed the study design together with L.A., L.A. conducted the data collection, L.N. conducted the data 
analysis and wrote the manuscript, J.K. and S.P. supervised the conceptual development of the study and the 
manuscript, as well as interpretation of the data. All authors reviewed the manuscript.

competing interests 
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https ://doi.org/10.1038/s4159 8-020-67757 -1.

Correspondence and requests for materials should be addressed to L.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this license, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://doi.org/10.1038/s41598-020-67757-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/


 APPENDIX      139 

 

Appendix D 

 

Nockur, L., Pfattheicher, S., & Keller, J. (2021). From asymmetric to symmetric consumption 

opportunities: Extractions from common resources by privileged and underprivileged group 

members [Unpublished manuscript]. Department of Social Psychology, Ulm University. 

 

Copyright-Notice 

© The authors 2021. 

 



 

 

 

 

 

 

 

From asymmetric to symmetric consumption opportunities: Extractions from common 

resources by privileged and underprivileged group members 

 

 

 Laila Nockura,b, Stefan Pfattheicherb, & Johannes Kellera 

a Ulm University, Albert-Einstein-Allee 47, 89069 Ulm, Germany; b Aarhus University, 

Bartholins Allé 11, 8000 Aarhus C, Denmark 

 

 

 

 

 

Corresponding author: 

Laila Nockur 

laila.nockur@psy.au.dk 

 

Word count: 6865 

Acknowledgements: This research did not receive any specific grant from funding agencies 

in the public, commercial, or not-for-profit sectors. 

 

Declarations of interest: none. 

 

 

Unpublished manuscript 

 

 

mailto:laila.nockur@psy.au.dk


2 

 

 

Abstract 

Asymmetric opportunities among actors can aggravate the conflict between individual and 

collective interests in social dilemma situations and foster unsustainable resource 

consumption. The present investigation examines if and under what conditions a structural 

change in extraction opportunities (from asymmetric to symmetric distribution) fosters 

sustainable resource consumption and how the actors involved evaluate such an intervention. 

Participants (N = 184) took part in a common resource game in groups of four, first under 

asymmetric distribution of extraction opportunities (i.e., two advantaged group members 

could extract more than two disadvantaged group members) and then under a symmetric 

distribution (i.e., all group members could extract the same amount). We manipulated whether 

(a) the status as advantaged or disadvantaged was assigned legitimately or randomly and (b) 

the change to a symmetric distribution of extraction opportunities was framed as a group 

decision or no explanation was provided. Independent of legitimacy of the status, advantaged 

(vs. disadvantaged) group members took a larger share of the resource in the asymmetric 

game, and a higher percentage of advantaged group members voted for the maintenance of the 

asymmetric system. In the symmetric game, resource consumption overall was not more 

sustainable compared to the asymmetric game, however, we observed (1) lower disparity in 

extractions between formerly advantaged and disadvantaged group members, and (2) higher 

satisfaction and fairness ratings. Behavior in the symmetric game did not depend on the 

framing of the change (group decision vs. no explanation). Implications for structural changes 

in extraction opportunities as a solution to common resource dilemmas are discussed. 

Word count: 253 

Keywords: asymmetry; common resource dilemma; legitimacy; collective decision; 

sustainable consumption 
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1. Introduction 

Sustainable resource consumption constitutes a social dilemma, a situation in which 

individual and collective interests are in conflict because sustaining the resource (so that many 

can profit from it) requires individual restraint (Hardin, 1968; Kollock, 1998; Van Lange et 

al., 2013). Currently, humanity is consuming resources at a level that is far beyond sustainable 

(Global Footprint Network, 2020) while incurring considerable consequences for the 

environment (e.g., loss of biodiversity, air and water pollution; cf. Rockström et al., 2009). 

Besides not being sustainable overall, resource consumption exhibits remarkable differences 

among individuals (Global Footprint Network, 2020; Lutzenhiser & Bender, 2008; Moser & 

Kleinhückelkotten, 2018).  

Through differences in financial resources or geographic conditions, individuals are 

endowed with asymmetric opportunities to consume resources; moreover, there is evidence 

that such asymmetry in opportunities among the actors involved can aggravate the conflict 

between individual and collective interests in social dilemma situations (Anderson et al., 

2008; Croson & Marks, 2001; Hargreaves Heap et al., 2016; Hauser et al., 2019; Milinski et 

al., 2008; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 2003). It follows that a symmetric 

distribution of extraction opportunities could foster sustainable resource consumption. The 

present investigation examines whether this assumption holds in the context of a common 

resource dilemma in that it is investigated whether consumption of resources is more 

sustainable when the distribution of opportunities to consume from the common resource 

change from an asymmetric to a symmetric structure.  

Although the structural approach to distribute opportunities symmetrically has a strong 

potential to foster sustainability, it is a completely different question whether the actors 

involved approve such a change in the distribution of extraction opportunities. In particular, 

formerly advantaged individuals might not accept such an intervention, so we also investigate 

if and under what conditions the actors involved support a change from an asymmetric 
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distribution of opportunities to consume common resources to a symmetric distribution. We 

propose that support for a symmetric distribution of extraction opportunities depends on 

whether the status as privileged (vs. underprivileged) actor was perceived as legitimate (i.e., 

ostensibly based on performance) or remained unexplained (i.e., was assigned randomly; cf. 

Balafoutas et al., 2013). Second, we propose that an intervention modifying the distribution of 

consumption opportunities receives stronger support if the actors were involved in the 

decision process (Baldassarri & Grossman, 2011; Hilbe et al., 2014; Tyran & Feld, 2006). A 

classic phenomenon reflecting this notion is the fair process effect (Lind et al., 1990).  

Overall, we examine the following ideas. First, we test whether advantaged group 

members consume a larger share of common resources than disadvantaged group members 

and whether this effect depends on the legitimacy of the status. Second, we examine whether 

a smaller proportion of advantaged compared to disadvantaged group members vote for a 

symmetric distribution of extraction opportunities and whether this depends on the legitimacy 

of the status assignment. Third, we examine whether distributing extraction opportunities 

symmetrically vs. asymmetrically fosters sustainable resource consumption. Fourth, we 

investigate whether framing the change as a group decision (vs. giving no explanation) fosters 

more sustainable behavior and more positive evaluations of the symmetric system. The 

following paragraphs give an overview of the empirical evidence supporting our assumptions.  

1.1. Sustainable resource consumption as a social dilemma 

The consumption of shared resources constitutes a social dilemma because sustaining 

the resource (so that many can profit from it) requires individual restraint (Hardin, 1968; 

Kollock, 1998; Van Lange et al., 2013). Sustainable behavior can be modeled by common 

resource games in which a group of individuals can repeatedly harvest from a common 

resource that is replenished after each period. Individuals profit from every unit they extract, 

however, the resource is only sustained over time if the group restricts consumption to a 

sustainable level. Although groups of cooperative individuals, who restrict their consumption 
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behavior to benefit the collective, profit more than groups of defectors, individuals can earn 

the most when they do not cooperate but rather exploit the common resource (Hauser et al., 

2014). This dilemma typically results in unsustainable behavior and the exhaustion of the 

common resource over time (Brent et al., 2019; Hauser et al., 2014; Nockur et al., 2020). 

1.2. Asymmetry in consumption opportunities 

So far, most studies on social dilemma situations involved groups of individuals with 

symmetric opportunities, that is, every individual involved in the dilemma has the same 

opportunity to contribute to or profit from the common good. However, actors in the real 

world in many cases do not have the same preconditions (Jacquet et al., 2013; Milinski et al., 

2011; Wang et al., 2010) with considerable consequences for cooperation. Through 

differences in financial resources or geographic conditions, individuals have different access 

to common resources; as a result, some consume considerably more resources than others do 

(Global Footprint Network, 2020; Lutzenhiser & Bender, 2008; Moser & Kleinhückelkotten, 

2018). Although individuals seem to strive for equal costs and payoffs (Feige et al., 2018; 

Hofmeyr et al., 2007; Joireman et al., 1984), asymmetry induces ambiguity about what 

constitutes a fair solution (Cappelen et al., 2007; Kingsley, 2016; Reuben & Riedl, 2013; 

Tavoni et al., 2011): Should all group members behave in the same way or should the 

asymmetry be reflected in their behavior? Are advantaged individuals allowed to consume 

more resources than others? In fact, asymmetric opportunities promote egocentric assessments 

of fairness (Wade-Benzoni et al., 1996). In line with this, empirical findings suggest that 

group members who have privileged extraction opportunities tend to overuse common 

resources (Brent et al., 2019; Nockur et al., 2020). 

While even randomly assigned privileges can lead to overuse of common resources, 

we suppose that this effect of privileged status is even stronger when this status was earned 

based on prior efforts or achievements (Balafoutas et al., 2013). It has been shown that 

especially when the assignment was legitimately based on (false) feedback on high leadership 
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skills, participants assigned to the role of leader took a larger share of common resources than 

did participants in the role of followers (De Cremer, 2003; De Cremer & van Dijk, 2005). The 

effect that leaders took a larger share of common resources was mediated by self-reported 

feelings of entitlement (De Cremer & van Dijk, 2005; De Cremer & Van Dijk, 2008). 

Accordingly, we expect group members with advantaged extraction opportunities to feel 

entitled to take a larger share of the common resource, especially when the status was earned 

by prior effort. 

1.3. Change in consumption opportunities 

If an asymmetric distribution of extraction opportunities aggravates sustainable 

resource consumption, it seems a valuable solution to reduce asymmetries between the actors 

involved to foster sustainable resource consumption. On one hand, it is a question of whether 

simply redistributing extraction opportunities can foster sustainable behavior. To be 

successful, however, the actors involved must approve such a systematic change. It is an open 

question if—and under what circumstances—formerly privileged individuals in particular 

might approve a change in extraction opportunities; in fact, members of advantaged groups 

show a physiological stress response when they fear a potential loss of status (Scheepers et al., 

2009). On the other hand, previous research has shown that advantaged group members do 

not refuse a system in which extraction is determined by median choice, and thus every group 

member always extracts the same number of units (Nockur et al., 2020).  

It has been shown that measures reach broader acceptance when the actors are 

involved in the decision process (Baldassarri & Grossman, 2011; Hilbe et al., 2014; Tyran & 

Feld, 2006). We propose that a change in extraction opportunities is more likely to be 

accepted and to foster sustainable behavior if the actors involved have the opportunity to 

participate in, and to influence, the decision process. More specifically, we investigate 

whether a change from an asymmetric to a symmetric distribution of extraction opportunities 



7 

 

 

that is framed as a group decision (vs. not) will lead to more sustainable behavior and more 

positive evaluations of the symmetric system. 

1.4. Aims and objectives 

 The current investigation advances the literature on structural solutions to social 

dilemmas in several ways. First, we explore whether distributing opportunities to harvest from 

common resources symmetrically (vs. asymmetrically) per se can foster sustainable resource 

consumption. This seems a valuable approach given that current levels of resource 

consumption vary substantially among individuals (Global Footprint Network, 2020; 

Lutzenhiser & Bender, 2008; Moser & Kleinhückelkotten, 2018) and an asymmetric 

distribution of opportunities typically lowers cooperation in social dilemma situations 

(Anderson et al., 2008; Croson & Marks, 2001; Hargreaves Heap et al., 2016; Hauser et al., 

2019; Milinski et al., 2008; Rapoport & Suleiman, 1993; Tan, 2008; Zelmer, 2003). As such, 

testing whether symmetric vs. asymmetric extraction opportunities promote sustainable 

consumption will address a significant gap in research that is relevant both from a perspective 

of basic research as well as from a more applied perspective.  

Second, our study design allows to replicate the effect that advantaged group members 

consume a larger share of common resources compared to disadvantaged group members 

(Brent et al., 2019; Nockur et al., 2020). Here we examine a potential moderating factor 

(legitimacy of status positions; cf. Balafoutas et al., 2013; De Cremer & Van Dijk, 2005) that 

has been widely neglected in the literature. 

Third, besides behavioral outcomes, our study provides insights concerning whether—

and under what conditions—advantaged and disadvantaged group members support a 

symmetric (re)distribution of extraction opportunities by measuring participants’ preference 

regarding the distribution and evaluations of the asymmetric and symmetric system. 

Moreover, we explore one additional factor: participation in the decision process. 
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In sum, the present investigation seeks to answer the question whether and under what 

conditions distributing opportunities to harvest from common resources symmetrically (vs. 

asymmetrically) can foster sustainable resource management, and whether the actors involved 

will approve such an intervention. 

2. Current investigation 

Participants took part in a common resource game, divided into groups of four. In the 

first six periods of the game, two advantaged group members could extract a larger share of 

the common resource than two disadvantaged group members. The different extraction 

opportunities were either based on prior effort or randomly assigned. Participants then played 

another six periods under a symmetric distribution of extraction opportunities. The change 

from an asymmetric to a symmetric distribution of extraction opportunities was either framed 

as a group decision or not explained in any way. We assessed participants’ extraction 

behavior, their preference regarding the distribution of extraction opportunities for the next 

periods (symmetric or asymmetric), their evaluation of the change, and their general 

satisfaction and fairness perceptions. 

2.1. Hypotheses 

Based on the considerations above, we derived the following hypotheses regarding 

extraction behavior: In the asymmetric game, advantaged group members take a higher 

percentage of the resource than disadvantaged group members take. We expect that this effect 

is stronger when the status is assigned legitimately vs. randomly. Advantaged group members 

in particular, who are told they earned their status, take a higher percentage than do 

advantaged group members, who are told they received their status randomly. 

Next, we examine how a change from an asymmetric to a symmetric distribution of 

extraction opportunities influences extraction behavior: To examine whether a symmetric 

distribution of extraction opportunities per se can foster sustainable consumption, we compare 

the average percentage taken under symmetric distribution of opportunities to that observable 
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under asymmetric distribution. We further examine whether extraction behavior in the 

symmetric game is lower when the change is framed as a group decision compared to when 

no explanation is provided. 

We also examine whether group members support a change in extraction 

opportunities. We expect that a lower proportion of advantaged group members vote for a 

symmetric distribution of extraction opportunities than in the case of disadvantaged group 

members. Moreover, we assume that this effect is stronger when the status is assigned 

legitimately vs. randomly, in that advantaged group members in particular, who were told that 

they earned their privileged status, reject a symmetric distribution of extraction opportunities 

at a higher rate than do advantaged group members, who received their status randomly. 

In addition, we examine how the change to a symmetric distribution of extraction 

opportunities is evaluated. As exploratory analyses, we compare satisfaction and fairness 

ratings in the asymmetric and symmetric games and examine whether they are a function of 

status, legitimacy of status, framing of the change from asymmetric to symmetric, or their 

interactions. 

3. Methods 

3.1. Ethics statement 

The present investigation was conducted in full accordance with the ethical guidelines 

of the American Psychological Association (APA). The study protocol was approved by the 

university’s central Research Ethics Committee (application number 173/20). All participants 

gave informed consent before starting the study protocol and were fully debriefed about the 

experimental manipulations at the end of the experiment. All data and syntax files are 

available on the Open Science Framework 

(https://osf.io/fmeku/?view_only=3f9d29c4f26040e4a6c0f50fb62c4206) 

3.2. Experimental design 
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3.2.1. Structure of the common resource game. Participants played a total of twelve 

periods of a common resource game (CRG), the first six with an asymmetric distribution 

followed by six periods with a symmetric distribution of extraction opportunities. In the first 

period of each game, the resource contained 160 units. In each period, participants within one 

group simultaneously decided how many units they wanted to extract from the resource. In 

the symmetric game, all group members could extract up to one fourth (25%) of the resource 

available. In the asymmetric game, two group members could extract up to one third (33%, 

advantaged) while the other two could extract up to one sixth (17%, disadvantaged). After the 

group members made their decision, the remaining units in the resource were doubled for the 

next period. Thus, if groups took exactly half of the units available, the resource would 

remain the same. If they took more than half of the units, the resource decreased. If they took 

less than half of the units, the resource increased. The resource could, however, never exceed 

the initial number of 160 units. Before making their decision, participants were always 

informed about the number of units the resource contained and about the extraction limit.  

All interactions were computer-mediated using oTree (Chen et al., 2016). Participants 

answered several questions regarding comprehension of the instructions for the common 

resource game. If they failed to correctly answer any question, they had to re-read the 

respective part of the instructions. Decisions in the resource game were incentivized, as 

participants’ extracted units were converted into real money at the end of the experiment. 

Because it was difficult to recruit a sufficiently large student sample due to the COVID-19 

pandemic, our data consist of two samples, one student sample and another one recruited over 

the crowdsourcing platform Prolific (see section 3.3. Participants). In the student sample, 100 

monetary units in the game equaled 10 €, and ten participants were randomly chosen to 

receive their earnings after the data collection was finished (M = 19.50 €). In the Prolific 
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sample, all participants received a fixed show-up fee of £ 2.10 and their earnings from the 

CRG (M = 0.84), in which 100 monetary units equaled £ 0.50.1 

3.2.2. Legitimacy of the status. To manipulate the legitimacy of the status as 

advantaged or disadvantaged in the asymmetric game, we used false feedback on participants’ 

performance in a task preceding the common resource game (cf., Balafoutas et al., 2013; 

Brent et al., 2019; De Cremer & Van Dijk, 2005). Specifically, we asked participants to solve 

as many mental arithmetic tasks as possible within sixty seconds; the tasks varied in difficulty 

so that participants were able to correctly solve some but not all of them. Participants did not 

get feedback on how many tasks they solved. Participants solved on average 7.2 out of 16 

tasks (0-13, SD = 2.38).2 Participants in the random assignment condition (n = 92) were told 

that they would do this as a kind of “warm up” before the game. Later, they were told that 

they were randomly assigned the status as advantaged or disadvantaged. Participants in the 

legitimate assignment condition (n = 92) were told that their performance in the mental 

arithmetic task would decide which status category, advantaged or disadvantaged, they would 

be assigned. Two group members received the feedback that they solved more tasks or were 

faster than two of the other group members, therefore earning assignment to an advantaged 

status; two other group members received the feedback that they solved fewer tasks or were 

slower than two of the other group members so they were assigned to a disadvantaged status. 

Factually, the assignment was random in all groups. 

3.2.3. Framing of the change from asymmetric to symmetric. After the asymmetric 

game, participants were asked to indicate their preference regarding the distribution of 

extraction opportunities for the next periods (symmetric or asymmetric). Next, all participants 

 

1 Note that our analyses of extraction behavior are based on proportion taken from the available units in the 

resource. Accordingly, this dependent variable is comparable across periods and for the two samples, even 

though the type of currency and the amount of money involved in each period and in the two samples were not 

identical. 
2 Five participants did not solve any task. These were (by chance) all assigned to a low status. 
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were told that they would play the next periods under a symmetric distribution of 

opportunities. In the group decision condition (n = 96; 40 in the random assignment and 56 in 

the legitimate assignment condition), independent of the actual vote, participants were told 

that a majority of their group voted for a symmetric distribution of extraction opportunities 

and therefore it would be implemented. In the no explanation condition (n = 88; 52 in the 

random assignment and 36 in the legitimate assignment condition), participants received no 

further information on why the next periods would be played under a symmetric distribution 

of extraction opportunities.  

3.2.4. Measures. As a manipulation check, we asked participants which role 

(advantaged or disadvantaged) they possessed in the previous six periods (i.e., the asymmetric 

game). Almost all participants (97%) responded correctly. We further asked if participants 

were assigned randomly to their status (which was indicated by 84% of participants in the 

random assignment condition) or if their assignment was based on performance (which was 

indicated by 86% of participants in the legitimate assignment condition). We also asked: 

“How legitimate do you think it is that you were able to extract a different amount than 

others?” ranging from 1 = not at all to 7 = very legitimate. Participants in the legitimate 

assignment condition evaluated the differences in extraction opportunities independent of 

their status as more legitimate (M = 4.64, SD = 1.95) than participants in the random 

assignment condition (M = 3.50, SD = 1.86; t(182) = -4.07, p < .001, Cohen’s d = 0.60). After 

each of the games, we asked participants if they preferred a symmetric (all group members 

would be able to extract up to one fourth of the resource available) or an asymmetric 

distribution of extraction opportunities for the next periods. An asymmetric distribution 

implied that participants who were previously assigned to an advantaged status would be able 

to extract up to one third, whereas participants who were previously assigned to a 

disadvantaged status would be able to extract only up to one sixth of the resource available. 

After participants were told that they would play the next periods under a symmetric 
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distribution of extraction opportunities, we asked participants how they evaluated this change: 

“I perceive the change in extraction opportunities as…” with a response scale ranging from 1 

= very negative to 7 = very positive. After each of the games, we assessed participants’ 

satisfaction (e.g., “I am very satisfied with the course of the last 6 periods”) and fairness 

perceptions (e.g., “I experienced the last six periods as just”), each with three items (cf. 

Kesberg & Pfattheicher, 2019; Nockur et al., 2020). Both measures showed adequate 

reliability (Cronbach’s α > .82). 

3.3. Participants 

To detect at least medium-sized effects of f2 ≥ .06 for single regression coefficients in 

a multiple linear regression with a power of .90 at an alpha level of .05, an a priori power 

analysis indicated that 178 participants should be included in the study. We initially aimed to 

recruit participants through university mailing lists and via social media. As this procedure 

proved difficult due to the COVID-19 pandemic (data collection took place in June 2020, 

when universities were shut down), we were only able to recruit 112 valid observations—that 

is, 28 groups in which no group member dropped out during the common resource game. We 

therefore recruited another sample of n = 72 valid observations through the crowdsourcing 

platform Prolific. The first sample consisted of n = 112 German residents (mostly students; 45 

male, 64 female, 2 diverse, 1 n/a) with a mean age of 26.29 (SD = 8.24). The second sample 

consisted of n = 72 UK residents (21 male, 48 female, 3 n/a) with a mean age of 34.36 (SD = 

13.82). As participants in both samples did not differ significantly in their extraction behavior, 

their voting on the distribution of extraction opportunities, or their evaluation of the change 

from asymmetric to symmetric, we collapsed the samples regarding the analysis of these 

variables. The sample recruited over Prolific indicated overall higher satisfaction and fairness 

levels than the student sample, yet despite this overall difference, the effects of game version, 

status, framing, legitimacy, and their interactions were largely identical in the two samples. 

Every differential effect of the independent variables in the two samples is reported. 
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3.4. Variables and statistical procedure 

To account for the changing number of units available in the resource, extraction 

behavior was measured as the average percentage taken over all periods played. To account 

for the repeated measures of extraction behavior and evaluations within participants, we 

applied multilevel modeling (Lischetzke et al., 2015). 

4. Results 

4.1. Extraction behavior 

4.1.1. Effect of status and its legitimacy in the asymmetric game. Participants in the 

asymmetric game extracted on average 14.82% of the resource available (SD = 7.47). We 

hypothesized that the average percentage taken would be larger for advantaged compared to 

disadvantaged group members. As expected, the average percentage taken in the asymmetric 

game differed substantially between advantaged (M = 19.18, SD = 7.58) and disadvantaged 

group members (M = 10.47, SD = 4.04; b = 8.71 [6.96; 10.47], t(183) = 9.73, p <.001; 

Cohen’s d = 1.43). Contrary to our second hypothesis, this effect was not significantly 

stronger when the status was assigned legitimately (b = 9.01, t(180) = 7.09, p < .001) 

compared to when it was assigned randomly (b = 8.42, t(180) = 6.63, p < .001). That is, in the 

asymmetric game, irrespective of the manipulated legitimacy of the status, advantaged group 

members took a larger share of the resource than did disadvantaged group members. 

4.1.2. Extractions in the symmetric game. Next, we examined whether the average 

percentage taken differed between the symmetric game and the asymmetric game. In the 

symmetric game, participants took on average 14.92% (SD = 5.43) of the resource available, 

which was not different from the average percentage taken in the asymmetric game (M = 

14.82%, SD = 7.47; b = 0.10 [-0.91; 1.10], t(183) = -0.19, p = .849). A Bayes factor analysis 

for related samples indicates that the data is about 16 times more likely under the null 

hypothesis than under the alternative hypothesis (BF01= 16.79). 
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Importantly, however, we observed that formerly advantaged group members took a 

smaller share of the resource in the symmetric game compared to the asymmetric game 

(average reduction of b = -3.23, t(182) = -5.13, p < .001), while formerly disadvantaged group 

members took a larger share in the symmetric game compared to the asymmetric game 

(average increase of b = 3.43, t(182) = 5.44, p < .001). Formerly advantaged group members 

still extracted on average more in the symmetric game (M = 15.95, SD = 5.18) than did 

formerly disadvantaged group members (M = 13.89, SD = 5.51; b = 2.06 [0.51; 3.60], 

t(183)=2.61, p = .010; Cohen’s d = 0.39).3 Thus, while extraction rates in the symmetric game 

were overall not more sustainable than extraction rates in the asymmetric game, the difference 

between formerly advantaged and disadvantaged group members was smaller, albeit still 

significant.  

4.1.3. Effect of framing. We hypothesized that extraction behavior in the symmetric 

game depends on the framing used to introduce the change (no explanation vs. group 

decision). The data, however, provided no evidence that framing of the change affected the 

average percentage taken in the symmetric game (b = 0.67 [-0.90; 2.25], t(182) = 0.84, p = 

.401). A Bayes factor analysis for independent samples indicates that the data is about 6 times 

more likely under the null hypothesis than the alternative hypothesis (BF01 = 6.16). 

4.2. Evaluation of the change 

4.2.1. Voting on distribution of extraction opportunities. After the asymmetric game, 

participants indicated whether they preferred a symmetric or asymmetric distribution of 

extraction opportunities for the next periods. Overall, the majority of participants (76.1%) 

voted for a symmetric distribution of extraction opportunities. We hypothesized that a smaller 

percentage of advantaged (vs. disadvantaged) group members would vote for a symmetric 

 

3 In the Prolific sample, the average percentage taken of disadvantaged group members was larger than in the 

student sample, and thus the difference between advantaged and disadvantaged group members in their 

extraction behavior was smaller. 
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distribution. In line with this idea, a lower proportion of advantaged group members voted for 

a symmetric distribution of extraction opportunities (M = 64.13%, SD = 48.22) than in the 

case of disadvantaged group members (M = 88.04%, SD = 32.62; b = -1.42 [-2.21;-0.68], z = -

3.65, p < .001; Odds Ratio = 0.24).4 We expected this effect to be especially strong when the 

status was assigned legitimately (vs. randomly). On a descriptive level (see Figure 1), the 

difference between advantaged and disadvantaged group members’ voting behavior was 

larger when the status was assigned legitimately (b = -1.63, t(180) = -3.09, p = .002) 

compared to when it was assigned randomly (b = -1.17, t(180) = -2.04, p = .042). There was, 

however, no evidence that the effect was statistically different depending on the legitimacy of 

the status (p = .555). Essentially the same pattern occurred when participants were asked after 

the symmetric game which distribution of extraction opportunities they preferred for the next 

periods (see Figure 1). That is, independent of the legitimacy of their status, a lower 

proportion of advantaged group members voted for a symmetric distribution of extraction 

opportunities than was the case among disadvantaged group members. 

 

 

4 The effect was smaller and non-significant in the Prolific sample, which was due to a smaller percentage of 

disadvantaged group members voting for a symmetric distribution. 
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Figure 1. Proportion of group members voting for a symmetric distribution of extraction 

opportunities after the asymmetric (left panel) and symmetric game (right panel) depending 

on status as advantaged or disadvantaged in the asymmetric game and legitimacy of the status. 

Error bars represent 95% confidence intervals. 

 

4.2.2. Evaluation of change to symmetry. After participants were informed that the 

next periods would be played under a symmetric distribution of extraction opportunities, they 

rated how positively they perceived this change. Overall, changing to a symmetric distribution 

of extraction possibilities was evaluated as rather positive (M = 5.75, SD = 1.57, on a scale 

from 1 to 7). Disadvantaged group members evaluated the change as more positive (M = 6.22, 

SD = 1.01) than did advantaged group members (M = 5.28, SD = 1.87; b = 0.93 [0.50; 1.37]; 

t(140.50) = 4.22, p < .001; Cohen’s d = 0.63). This effect did not depend on legitimacy.  
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Figure 2. Evaluation of the change from an asymmetric to a symmetric distribution of 

extraction opportunities depending on status as advantaged or disadvantaged in the 

asymmetric game, legitimacy of the status, and framing of the change (no explanation vs. 

group decision). Error bars represent 95% confidence intervals. 

 

There was, however, an interaction of status with framing (b = -1.01, t(183) = -2.30, p 

= .023): Disadvantaged group members perceived the change as (non-significantly) more 

positive when it was framed as a group decision (b = 0.37, t(180) = 1.20, p = .231), whereas 

advantaged group members perceived the change as less positive when it was framed as a 

group decision (b = -0.63, t(180) = -2.04, p = .042; see Figure 2). This seemed especially 

strong when the status was assigned legitimately (see Figure 2), however, the three-way 

interaction among status, framing, and legitimacy did not reach significance (p = .209). 

4.2.3. Satisfaction and fairness perceptions. Satisfaction ratings were significantly 

higher in the symmetric (M = 4.15, SD = 1.67) compared to the asymmetric game (M = 3.46, 

SD = 1.70; b = 0.68 [0.43; 0.94], t(183) = 5.31, p < .001; Cohen’s d = 0.41). Status, framing, 

or their interaction did not significantly affect satisfaction levels in either game. Satisfaction 

ratings in both games were higher in the legitimate (vs. random) assignment condition, but 

this effect held only in the student sample. 
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Similarly, fairness ratings were higher in the symmetric game (M = 5.03, SD = 1.49) 

compared to the asymmetric game (M = 3.95, SD = 1.59; b = 1.08 [0.82; 1.34], t(183) = 8.17, 

p < .001; Cohen’s d = 0.70). Status, framing, or their interaction did not significantly affect 

fairness levels in either game. Fairness perceptions in both games were higher in the 

legitimate (vs. random) assignment condition, but this effect held only in the student sample. 

4.3. Additional analyses 

4.3.1. Interplay of status, legitimacy, and framing. As an exploratory analysis, we 

examined whether the change in extraction behavior (i.e., the difference in extraction behavior 

when playing under the symmetric compared to the asymmetric distribution of opportunities) 

depends on the interplay of all three factors (status, legitimacy of the status, and framing of 

the change). On a descriptive level, the change in extraction behavior in advantaged (whose 

extractions decreased) and disadvantaged group members (whose extractions increased) was 

largest when the status was assigned randomly and the change to a symmetric distribution was 

framed as a group decision. Specifically, when the status was assigned randomly, there was a 

larger difference in the change in extraction between advantaged and disadvantaged group 

members under the group decision framing (b = -10.35, t(88) = -5.39, p < .001) compared to 

no explanation framing (b = -5.28, t(88) = -3.13, p = .002; interaction: b = -5.07 [-10.08; -

0.07], t = -1.99, p = .050). When the status was assigned legitimately, the difference in change 

in extraction behavior between advantaged and disadvantaged group members under the 

group decision framing (b = -6.63, t(88) = -4.20, p < 001) and no explanation framing (b = -

4.59, t(88) = -2.33, p = .022) was smaller. The three-way interaction among status, legitimacy, 

and framing did not, however, reach statistical significance (p = .399; see Figure 3).  

We also examined whether behavior in the symmetric game depended on whether 

participants voted for a symmetric or an asymmetric distribution of extraction opportunities. 

Indeed, participants who voted for a symmetric distribution took less (M = 14.43, SD = 5.17) 
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compared to individuals who voted for an asymmetric distribution (M = 16.48, SD = 5.98; b = 

-2.04 [-3.86; -0.22], t(182) = -2.20, p = .029; Cohen’s d = -0.37).5 

 

 

Figure 3. Change in the average percentage taken in the symmetric compared to the 

asymmetric game depending on status in the asymmetric game (advantaged vs. 

disadvantaged), legitimacy of the status (random vs. legitimate), and framing of the change 

(no explanation vs. group decision). Positive values indicate a higher percentage taken in the 

symmetric game compared to the asymmetric game; negative values indicate a higher 

percentage taken in the asymmetric compared to the symmetric game; error bars represent 

95% confidence intervals. 

4.3.2. Profit. Overall, participants profited more from the symmetric game (M = 93.83, 

SD = 38.92) compared to the asymmetric game (M = 84.47, SD = 40.54; t(183) = -3.23, p = 

.001; Cohen’s d = 0.24). This was primarily driven by an increase in the profit of 

disadvantaged group members in the symmetric compared to the asymmetric game (b = 

26.00, t(182) = 7.00, p < .001), while advantaged group members earned slightly less in the 

symmetric compared to the asymmetric game (b = -7.28, t (182) = -1.96, p = .051). 

Advantaged group members, however, earned more than disadvantaged group members in 

 

5 Whether participants voted for a symmetric or asymmetric distribution of extraction opportunities did not 

moderate the effects of status, legitimacy, or framing on extraction behavior in the symmetric game. 
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both games (asymmetric: b = 45.83, t(182) = 9.28, p < .001; symmetric: b = 12.55, t(182) = 

2.21, p = .028). 

5. Discussion 

The current investigation shows that group members with advantaged extraction 

opportunities overuse common resources and take a much larger share than group members 

with disadvantaged extraction opportunities take. We did not find evidence that this effect 

was strengthened when the status was assigned legitimately (vs. randomly). When asked to 

vote on the distribution of extraction opportunities (symmetric or asymmetric), the proportion 

of disadvantaged group members voting for a symmetric distribution was higher than in the 

case of advantaged group members. Again, the legitimacy of the status assignment did not 

qualify this effect. In the symmetric game, formerly advantaged group members reduced their 

resource consumption, while formerly disadvantaged group members increased their resource 

consumption. Advantaged group members, however, still took a larger share than did 

disadvantaged group members. Whether the change was introduced as a group decision or no 

explanation was provided did not affect behavior in the symmetric game. Both status groups 

rated the symmetric game as more satisfying and fair. These findings have important 

implications for interventions aiming to foster more sustainable resource management, as we 

outline in the following. 

 

5.1. Implications 

When extraction opportunities were distributed asymmetrically, advantaged group 

members exploited this privilege and overused the common resource. In fact, if all group 

members consumed like advantaged group members did in the asymmetric game, the resource 

would be practically exhausted after six periods (with only two units left), whereas with the 

average percentage taken by disadvantaged group members, the resource would be fully 

sustained. This effect occurred when the status was assigned based on prior effort (i.e., 
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legitimately), but it also occurred when the status was explicitly assigned randomly. It seems 

that being assigned to an advantaged status alone fostered feelings of entitlement to take a 

larger share of common resources than others take (cf. Balafoutas et al., 2013; De Cremer & 

Van Dijk, 2005). In light of these findings, it is an interesting question whether in real world 

settings individuals perceive their (dis)advantaged position regarding resource consumption as 

legitimate (e.g., because it is construed as the consequence of educational and/or occupational 

efforts or performance) or rather as a matter of chance or fate (e.g., being born in a specific 

state or family) and how these perceptions are related to (un)sustainable resource 

consumption. The findings of the present study do not provide evidence in support of a 

critical role attributable to the legitimacy of the status position in a CRG. Rather, the status of 

privileged access to opportunities was associated with unsustainable behavior, irrespective of 

status legitimacy. However, we are hesitant to make an overly assertive statement in this 

respect, particularly in view of the aspects related to the legitimacy manipulation as 

mentioned in the limitations section below. 

Overall, a majority of participants indicated that they preferred a symmetric over an 

asymmetric distribution of extraction opportunities for the second game. As expected, a larger 

proportion of advantaged as compared to disadvantaged group members voted for a 

symmetric distribution of extraction opportunities, although it should be noted that a majority 

of both groups voted for the symmetric distribution of extraction opportunities and most 

perceived it as positive when it was implemented. This is remarkable as it has been shown 

that when advantaged group members hold zero-sum beliefs (i.e., the belief that any gains by 

the disadvantaged necessarily come at the expense of their own advantaged group), this 

fosters system-maintaining actions and inhibits actions in support of a system change 

(Stefaniak et al., 2020). Although in our study the maximum extraction opportunities were 

redistributed from the advantaged to the disadvantaged group members (zero-sum), a 
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potentially more sustainable resource management under symmetric distribution of extraction 

opportunities could foster collective welfare (positive-sum). 

Changing to a symmetric distribution of extraction opportunities per se did not 

increase sustainable resource management. In this regard, our study complements other 

research showing that an asymmetric distribution of opportunities does not necessarily affect 

behavior in a social dilemma situation overall (Buckley & Croson, 2006; Hofmeyr et al., 

2007; Keser et al., 2017; Kingsley, 2016; Reuben & Riedl, 2013). In the symmetric game, we 

did, however, observe (a) lower disparity in the average percentage taken between formerly 

advantaged and disadvantaged group members, (b) higher satisfaction and fairness ratings 

across both status groups, and (c) higher profits overall. In this sense, changing to a 

symmetric distribution of extraction opportunities had beneficial consequences, although it 

did not directly foster sustainable resource management. To achieve the latter, one option is to 

implement extraction limits at the sustainable rate, which implies a substantial reduction in 

opportunities, but could guarantee sustainable resource management. 

We hypothesized that involving the group members in the decision process would 

elicit more acceptance of the change to a symmetric distribution of extraction opportunities 

(Baldassarri & Grossman, 2011; Hilbe et al., 2014; Tyran & Feld, 2006). Contrary to our 

hypothesis, behavior in the symmetric game did not depend on whether the change was 

introduced as a group decision (vs. no explanation). More so, framing the change as a group 

decision elicited less positive evaluations by advantaged group members. This effect was 

possibly driven by advantaged group members who voted against a symmetric distribution 

and were (supposedly) overruled by a majority of their group members. Instead of the mere 

framing of the decision as a result of the group’s voting behavior, the approach might be more 

promising if it highlighted the opportunity to participate and determine the structure of future 

interactions during the voting decision. 

5.2. Limitations 



24 

 

 

In the interpretation of our results, some specificities of our study design should be 

acknowledged. First, due to the COVID-19 pandemic, it was difficult to recruit a sufficient 

student sample and we therefore had to recruit additional participants via the crowdsourcing 

platform Prolific. For practical reasons, the payment structure for these two samples differed. 

This did not, however, affect overall extraction rates or preference for either distribution of 

extraction opportunities. The second point refers to the manipulation of legitimacy of the 

status. Legitimacy did not affect extraction behavior or the voting for a symmetric distribution 

of extraction opportunities. We suppose this may reflect that the mere assignment to an 

advantaged status (even if it is random) can foster feelings of entitlement, resulting in a 

tendency to take a larger share of common resources than others take (cf. Balafoutas et al., 

2013; De Cremer & Van Dijk, 2005). Participants in the legitimate assignment condition on 

average rated it as more legitimate that they could take a different share than others compared 

to participants in the random assignment condition. However, a certain percentage of 

participants (around 15%) indicated that they received the status based on prior effort in the 

random assignment condition or that they received it by chance in the legitimate assignment 

condition. We acknowledge that random assignment could, in a way, also be construed as 

legitimate, as every group member had the same chance to end up in the advantaged status 

position. On the other hand, the legitimate assignment could also be interpreted as arbitrary as 

it (supposedly) depended on the relative performance of four persons on a relatively brief 

math task. One idea for future research could be to vary the difficulty of the task, so that 

participants assigned to an advantaged status would actually perform well in the task while 

participants assigned to a disadvantaged status would not perform well and thus “deserve” the 

lower status position. 

5.3. Conclusion 

The present investigation expands our knowledge on the behavioral and evaluative 

changes in the distribution of extraction opportunities from common resources. Independent 
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of whether they earned their status or received it randomly, advantaged group members 

exploited their privileged position and over-used common resources. A symmetric 

redistribution of extraction opportunities did not foster sustainable resource management, but 

reduced inequality and elicited favorable evaluations. The present study thus provides 

evidence complementing the empirical basis for future research designed to explore if, and 

under what circumstances, the elimination of asymmetric distribution of consumption 

opportunities can foster sustainable resource management.
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