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Abstract 

Using a two-player common pool resource game, we investigated the influence of multiple 

factors on cooperation: (1) probability of future rounds, (2) visibility of other participants, (3) 

biophilia, (4) future discounting, and (5) life history. In each round, participants 

simultaneously and independently (without conferring) decided how much of the common 

pool to consume. Participants (n=116) were informed that the shared resource would be fully 

replenished in the next round — but only if — both players together consumed ≤ 50% of the 

common pool in the current round. Additionally, participants were told the probability (0-

100%) of further rounds of play with the same player (this probability was not real; it was 

purely to manipulate the player’s expectations). To assess the effect of the probability of 

future rounds, we developed a mathematical model to predict the threshold that would permit 

a Nash Equilibrium (NE) of Conditional Cooperation (CC). To manipulate visibility, half the 

pairs were tested in the same room (seen condition) and half in separate rooms (unseen 

condition). To measure biophilia, the "Nature Relatedness" (NR) scale was used. To measure 

future discounting, the "Consideration of Future Consequences" (CFC) scale was used. To 

measure life history, the participant’s UK postcode was obtained (indicating possible 

residence in a deprived neighbourhood). Participants in our study were not paid. In our 

results, there was a significant effect showing more cooperation in the visible than not visible 

condition, but no significant effects of NR, CFC, nor postcodes (but NR was significant in 

interaction with visibility). For predictability of future rounds, we found a number of 

significant effects using different tests. A notable result was that there was significantly more 

CC when the probability of future rounds was ≥69% (congruent with one of our model 

predictions). 

 

Keywords: common-pool resources, laboratory experiments, cooperation, Nash equilibrium, 

future discounting, biophilia.  

 

 

 

 



1.Introduction  

 

When you catch a fish in the sea, it leaves one fewer fish for someone else to catch (Dutta, 

1999; Ostrom, 2006). A patch of open-access water is easy for a fishing boat to enter. Hence, 

it is an example of a “common-pool resource” (CPR) (Gardner et al., 1990; Dutta, 1999; 

Ostrom, 2006, 2010): where it is difficult to exclude appropriators (e.g. fishing boats) from an 

area with a depletable resource (e.g. fish stock). The tragedy of the commons (Hardin, 1968; 

Rankin et al., 2007; Ostrom, 2008) occurs when a group of self-interested appropriators take 

too much, causing the depletion of the resource (case study: Gardner et al., 1990, pp. 347-

349), a depletion which might be permanent (Dutta, 1999). Overconsumption most likely 

occurs when the resource itself is valuable and there are no constraints imposed by an 

external institutional body (Ostrom, 2006). Overfishing is just one example. Other examples 

include: the consumption of fresh air resources (e.g. pollution through vehicle use, transport/ 

travel decisions and energy usage); the generation of waste (e.g. recycling behaviour, use of 

plastics, littering); and consumption and economic decisions (e.g. consumption of 

endangered/ threatened species, destruction of habitat, patronage of environmentally 

damaging organisations). In CPR problems, the appropriator has an incentive to overconsume 

(e.g. to overfish) – creating the conditions of a social dilemma (Dawes, 1980; Kollock, 1998; 

van de Wal et al., 2013): “tension between what is good for the individual and what is good 

for the population” (Rand & Nowak, 2013, p. 413). The crux of the problem (Dawes, 1980) is 

that the instant payoffs of defection (e.g. overconsumption) seems always more attractive 

than the delayed payoffs of cooperation (e.g. limiting one’s consumption). Moreover, the 

consequences of defection may seem too far in the future to be of concern (Kortenkamp & 

Moore, 2006). In dilemma situations, actions are typically distal to the consequences. Think 

of a person who fails to recycle a plastic bottle. That person is likely unaware that more than 

250,000 tonnes of plastic debris are floating in our oceans (Eriksen et al., 2014) and, 

consequently, that microplastics are found in fish consumed by humans (Rochman et al., 

2015). Humans eating plastic is a distal consequence of a human discarding a plastic bottle. 

To most people, that causal link is unseen and anonymous.  

Each appropriator is an individual person. Because of the distal consequences, that 

person might be myopic in their decision making – focused on self, perhaps not 

understanding that they are operating within a social dilemma situation (Dawes, 1980). Even 



if that person does understand, then it is possible that some extent of overconsumption seems 

a justifiable strategy (“I take too much because I need it”). How do you solve the tragedy of 

the commons when appropriators feel so little incentive to refrain from overconsuming? One 

way to investigate real-world CPR problems is “to study a simplified version in an 

experimental laboratory” (Ostrom, 2006, p. 150), a methodology which allows close scrutiny 

of the appropriator’s behaviour. Experiments allow a focus on the core decisions that are 

foundational to real-life CPR problems (Anderies et al., 2011). In one early study (see 

Gardner et al. 1990, pp. 350-354), the participants were given tokens at the beginning of the 

game and given the opportunity to anonymously invest their tokens in an unregulated, 

simulated, marketplace (consisting of 7-8 players).  In the CPR condition, the return on 

investment (“rent”) was dependent on the total number of tokens donated by all players in the 

game. Comparing the results of experienced versus inexperienced players, the former group 

appeared to play more strategically (better understanding the dynamics of the CPR problem) 

than the latter group. In studies like these (and behavioural economics in general), there is 

always individual variation in the way that players play (Ostrom, 2010, pp. 659-661): 

individuals have their own backgrounds, their own norms, and their own way to reacting to 

the context of the game environment. In our study, we focused on personal characteristics in 

a CPR game as a way of exploring the influence of individual background on appropriation 

decisions (cf. Kortenkamp & Moore, 2006). Here, we chose four predictors: (1) life history, 

(2) future discounting, (3) residence in deprived community, and (4) biophilia. We 

conjectured that all four would influence consumption decisions.  

The predictor of “life history” (Martin & Bize, 2022; Wang et al., 2022) has its roots 

in what was originally a zoological framework to allow different species of animal to “be 

classified along a fast–slow continuum, with high reproductive rate and low survival at one 

end versus slow reproductive rate and high survival at the other end” (Martin & Bize, 2022, 

p. 3951). For example, rodents are “fast” species because they reproduce quickly and live a 

short life (Sobral, 2022). In contrast, elephants are a “slow” species because they reproduce 

slowly and live a long life (Andrews, 2022). Life history theory is a way of studying evolution 

(Kavanagh & Kahl, 2022; Stearns, 1992). In this context, a slow life history or a fast life 

history are both definable as a “strategy” (Wang et al., 2022). In our study, we are not 

focused on evolution. Instead, we follow more recent literature which applies the fast-slow 

continuum to human life cycles. For example, Pepper and Nettle (2014, 2017) posited that 

humans with deprived upbringings tend to adopt strategies consistent with a faster life history 



strategy (such as having children at a younger age than people who are not deprived). This is 

because people in a lower socio-economic status (SES) tend to face an uncertain future. In 

this context, it is rational to focus more on the present than the future (“future-discounting,” 

our second predictor). Accordingly, we made the conjecture that participants with deprived 

backgrounds are more likely to overconsume in a CPR game. The tendency of individuals to 

discount the future is considered a contributing factor to various individual and societal 

challenges (van der Wal et al. 2013). To identify those future-discounting participants, we 

used the “Consideration of Future Consequences” (CFC) scale (Strathman et al. 1994), which 

provides a convenient metric to assess the extent to which individuals prefer a lesser 

immediate reward to a delayed greater reward (Benzion et al., 1989). In a study by 

Kortenkamp and Moore (2006), participants with high scores on the CFC scale cooperated 

more than participants with low scores in a resource dilemma game (even in treatments when 

the consequences of defection were described as uncertain and far in the future). In our study, 

we also collected data on the participants’ current or recent UK postcodes (showing the 

location of residence). UK postcodes are a useful index of deprivation (Ministry of housing, 

communities & local government, 2019). Here, we presumed that participants resident in 

deprived areas will adopt faster life history strategies. Next, the predictor of “biophilia” is 

based on the biophilia hypothesis (Wilson, 1984) which suggested that human beings have an 

instinctive need to connect with other living things (Kellert, 1995). Although in modern times 

humans mostly reside in cities, distal from natural environments, it is unlikely that the 

importance of nature embedded in human biology has been erased (Hartig et al., 1996; 

Kaplan, 1995; Nisbet et al., 2009; Van der Wal et al, 2013). In our study, we conjectured that 

higher levels of biophilia should mitigate against overconsumption in a CPR game, based on 

the idea that high-biophilia individuals should have greater awareness of human impacts on 

nature (however distal that nature is), and consequently adopt fairer strategies in a social 

dilemma situation. Here, we used the NR-6 nature relatedness scale (Nisbet et al., 2009).   

 

Beyond the study of personal characteristics, we investigated two additional 

predictors. These predictors were related to the structure of the game itself: (1) probability of 

future rounds, and (2) visibility of other participants. First, for the “probability of future 

rounds”, we deliberately added uncertainty into the game: we created a situation where the 

participant did not know how long the game would last. Uncertainty has been shown in 

previous studies to have a significant impact on cooperation. Duffy and Ochs (2009) found 



that cooperation increased when the probability of another round of play was higher, 

momentarily decreasing uncertainty. Kortenkamp and Moore (2006) found that participants 

cooperated more when the consequences of resource depletion were described as “high 

probability” (more certain) rather than “moderate probability” (less certain). Next, for the 

predictor of visibility, we partitioned our sample into “seen” and “unseen” conditions (where 

participants were either face-to-face with the other player, or in separate rooms not seeing 

each other). Anonymity is a further dimension that can be modelled through economic 

games. As shown in experimental studies (e.g. Milinski et al., 2002), as well as computer 

simulations (Nowak & Sigmund, 2005), anonymity plays a role in the occurrence of 

cooperation towards the use of a CPR (see Anderies et al., 2011), potentially due to the 

reputational consequences of being seen not to cooperate (Griskevicius et al., 2010; Milinski, 

2016; Russell, 2019). Research has shown that when there are opportunities for the formation 

of reputation, the level of cooperation significantly increases (Fehr & Gächter, 2002). 

Reputation can be developed through direct or indirect interactions, thus, collecting 

information about another individual (Alexander, 1987; Russell, 2016, 2019; Russell et al. 

2020). However, some studies have found that cooperation can also occur in circumstances of 

total anonymity, with individuals who have no information regarding others’ actions 

behaving cooperatively in one-shot games (Gintis et al., 2003). Although these are striking 

results, since – theoretically, cooperation is highly irrational (self-defeating) in such 

conditions – it also raises another question: what happens when individuals interact 

repeatedly, hence, having information regarding others’ actions, but never see each other and 

do not know their identity (e.g. name or appearance)? In fact, such circumstances can be 

observed in real life, where people see the results of others’ appropriation behaviours of a 

common good, but have little or no knowledge of the individuals that made those prior 

appropriations.   

 

To understand how people make decisions in their behaviours and decisions in 

relation to distally distributed CPR resources, we report here the findings of an empirical 

study using an appropriation game developed by the authors. We assess the influence of five 

factors altogether. The first is to compare the behaviour of participants during an iterated 

version of the appropriation game to the strategies prescribed by an analytic solution to the 

game (see below), proving the existing Nash Equilibrium (NE) (Nash, 1951) strategies that 

rational players could adopt. We assess the degree of convergence/ divergence from 



equilibrium strategies. Studies have shown that indefinitely repeated games can produce more 

reliable results when investigating CPR dilemmas. For example, Dal Bó (2005) conducted an 

experiment aimed at understanding the difference between indefinite and finite games. He 

investigated the effect of the shadow of the future in a controlled environment and gathered 

insights regarding the influence of payoff matrix on players’ behaviour. To do so, Dal Bó 

(2005) used a common PD game (Prisoner’s Dilemma; see Buchholz & Eichenseer, 2019), 

where players choose whether to cooperate or defect in each round. He set up two different 

conditions – one where participants knew exactly how many rounds were going to be played 

(1, 2 or 4) and a second one, where the game became indefinite due to a dice that was rolled 

at the end of each round in order to determine the continuation probability of the game (δ=0, 

δ=1/2 or δ=3/4). Moreover, there were two additional conditions, where the payoffs changed 

slightly (these were called PD1 and PD2) – the main difference was that for probability 

δ=1/2, the equilibria in PD1 were DD, CD, and DC, whereas in PD2 the equilibria were only 

DD and CC. Dal Bó (2005) found that players cooperate more in the indefinitely repeated 

version of the game compared to the finite one. Furthermore, findings support the theoretical 

assumption that a greater shadow of the future results in higher cooperation between 

individuals; indeed, participants cooperated significantly more in δ=1/2 compare to δ=0 and 

when was δ=3/4 compared to δ=1/2. Finally, payoffs matrices seem to have an effect on 

people’s decisions. Dal Bó (2005) found that in PD2, where CC was one of the equilibria, 

there was higher cooperation than in PD1, where CC was not an equilibrium. Analogously to 

Dal Bó (2005), the current study uses an indefinitely repeated game that has a similar 

structure of the PD but with a different payoff matrix. Nevertheless, Dal Bó (2005) uses only 

three different probability conditions to represent the shadow of the future (δ=0, δ=1/2 or 

δ=3/4), while the current paper applies a total randomised system of probability that ranges 

from 0 to 100 per cent in each round (see Methods).  

 

The second factor in our study was visibility (Anderies et al., 2011): to compare the 

behaviour of players between games where the opponent can be seen (sitting in the same 

room) and where the opponent cannot be seen (sitting in different rooms). The remaining 

factors in our study relate to the psychological and life history traits that may influence the 

use of cooperative or self-interested strategies:  participants’ “biophilia” connection to nature 

(third factor), tendency to discount the future in favour of present rewards (fourth factor); and 



calibration to harsh and unpredictable environments (fifth factor). The following predictions 

were made for the above aims: First, participants would conditionally cooperate – 

cooperating when the other player cooperated and defecting by destroying the resource when 

the other player defects – when the probability of another round was sufficiently high. The 

analytic solution showed an NE of conditionally cooperating when the probability of a further 

round was 11/16 (~69%). Second, participants would show more cooperation in the “seen” 

vs. unseen condition (cf. Anderies et al., 2011). Third, those who score high in nature 

relatedness would play sustainable strategies – defined as conditionally cooperative strategies 

that don’t overuse the resource and sustain the game over multiple rounds. Fourth,  

individuals that discount the future less steeply will play more sustainable strategies. Fifth 

individuals who live in more deprived areas will experience greater cues of environmental 

stress and this will influence resource allocation strategies. Behaviourally this will result in 

individuals from stressed/ deprived environments playing less sustainable strategies. Finally, 

we predicted that those who live in stressed environments will also discount the future more 

steeply (Pepper & Nettle, 2014, 2017). Importantly, we also mention that we were not able to 

pay our participants (see Methods).  

In our study, broadly speaking, we found good support for two out of five factors. In 

Table 1 (§2.5), we can see that the first factor was investigated using eight different analyses. 

Participants demonstrated a significant departure from the predicted Nash equilibrium 

proposed by the analytic solution, challenging the assumption of self-interested behaviour. 

Cooperation, represented by the strategy CC, was more prevalent than expected, constituting 

26% of all plays. The study revealed a non-significant effect of probability on players' 

strategies, contrary to predictions that players would exclusively choose defections when the 

probability of another round was below a certain threshold (ρ < .69). The observed frequent 

cooperation suggested a conditional cooperative strategy. Notably, participants adopted a 

strategic approach favouring Pareto Efficient CC when the probability of another round was ρ 

≥ .69, indicating a conscious effort to maximize individual payoff rewards while maintaining 

a sustainable strategy that does not harm the resource base. Despite expectations, Nature 

Relatedness (NR) did not significantly influence consumption or cooperation, with the non-

significant finding attributed to potential ecological validity issues in the lab setting. The 

visibility condition (Seen/Unseen) significantly impacted behaviour, with the Unseen 

condition, featuring anonymity, leading to higher consumption. Cooperation, however, was 

influenced by the Seen condition, highlighting the role of reputation and social cues. 



Moreover, an interaction between Nature Relatedness and the Unseen condition suggested 

that participants with high NR were more cooperative in the absence of social obligation, 

indicating intrinsic motivation. Life history predictors, including Consideration of Future 

Consequences (CFC) and Index of Multiple Deprivation (IMD), did not significantly affect 

consumption or cooperation, failing to support hypotheses regarding the impact of economic 

status and mortality cues on decision-making. In the Discussion, we contextualise the results 

theoretically, and consider explanations for why some of our predictors were not significant. 

 

2. Methods 

2.1 Participants  

All participants were volunteers and students or alumni from Middlesex University, London, 

UK. A total of 116 participants (58 dyads) took part in the experiment and no data were 

excluded following screening. The sex of participants was 37 males and 79 females, age 

range from 18 to 44 (M=21.92, SD=4.79). Participants were aware that they would not 

receive payments commensurate to their earnings in the game (see Read, 2006, on the topic 

of participant payment; cf. Dawes, 1980, pp. 183-185; Anderies et al., 2011, p. 1577). 

Instead, only a subset of our participants received an actual reward at the end. Those 

participants who were first-year psychology students (n = 33) received course credit for their 

participation. All the others (n = 73) were offered an incentive, where their details were 

entered into a prize draw for the opportunity to win a £5 Amazon voucher (independent of  

their actual performance during the experiment). Note that we were unable to conduct 

analyses comparing participants who had received course credit to those had not because our 

datafile did not link this information to their case number. 

 

2.2 Materials  

 

We used a two-player economic game framed around the appropriation of a CPR. In the 

game, participants made simultaneous decisions (without conferring) about the proportion of 

a generalised resource they would like to consume (e.g. they could choose 20% of the 

resource). Points were gained from consumption decisions, with a participants’ score being 



the sum of their consumption. Overconsumption could reduce the resource following rules set 

out prior to playing the game. Games started with total resource value (𝑉𝑉) from which 

participants made consumption decisions 𝛼𝛼 and 𝛽𝛽 (for player 1 and 2 respectively). The 

resource 𝑉𝑉 was communicated to participants as units of a generalised resource with 𝑉𝑉 set at 

100 units at the start of the game, for ease of comprehension. Each player could choose to 

take any non-zero amount from the units available (e.g. if 𝑉𝑉 is 100, one can make an 

appropriation decision of integer values ranging from 1 to 100).  

 

After players’ decisions in a round, the resource value refreshed to the starting value of  𝑉𝑉 

units only if the sum of consumption was less than 50% of 𝑉𝑉. As shown in equation (1) 

below, if the total consumption exceeded 50% of the units available at the beginning of a 

round but not the total value (𝑉𝑉), the resource did not refresh, and the consumption was 

subtracted from the available units. Thus, each player cannot take more than 25% of the units 

available in order for the resource to refresh. In all proceeding rounds the resource could only 

refresh to the total units available at the start of that round. So, once depleted it could not 

refresh back to the max value at the start of the game (𝑉𝑉 = 100 units). A game ended when 

the consumption equalled or exceeded the available resource.  

 

     𝑉𝑉𝑡𝑡+1 =

⎩
⎪
⎨

⎪
⎧

  

𝑉𝑉𝑡𝑡       𝑖𝑖𝑖𝑖     𝛼𝛼 +  𝛽𝛽 ≤  
1
2
𝑉𝑉𝑡𝑡

𝑉𝑉𝑡𝑡  −  𝛼𝛼 −  𝛽𝛽       𝑖𝑖𝑖𝑖       
1
2
𝑉𝑉𝑡𝑡  <  𝛼𝛼 +  𝛽𝛽 <  𝑉𝑉𝑡𝑡

0       𝑖𝑖𝑖𝑖       𝛼𝛼 +  𝛽𝛽 >  𝑉𝑉𝑡𝑡

 

Where α and β are consumption proportions of  𝑉𝑉 at time 𝑡𝑡. 

 

To allow analysis of strategies in a categorical way, following the above rules, we 

defined play where a participant took ≤ 25% of the resource in a given round as a strategy of 

‘Cooperation’. If a participant took > 25% of the resource available, in a given round, we 

defined this as a strategy of ‘Defection’.  

 



Games were iterated and in each round the experimenter used a random number 

generator (https://www.random.org) to generate a probability of another round - the 

randomness used by the generator comes from atmospheric noise, which is regarded to be 

more suitable than pseudo-random numbers typically generated by computer programs 

(Narum et al., 2008). Random.org uses a discrete uniform distribution, meaning that the 

probability of each draw being a 0 or a 1 is approximately equal. The probability of 

continuation was communicated verbally as a percentage to players before they made their 

consumption decisions in the current round. This served the purpose of manipulating the 

shadow of the future for participants, to assess whether strategies changed across rounds and 

aligned with the probability for conditional cooperation when the likelihood of a further 

round was 11/16 (~69%) or greater. Further, it conveyed the impression that the number of 

rounds a game could last varied to prevent backwards induction strategies from the 

expectation of a fixed number of rounds.  It is important to acknowledge that this probability 

was not used to terminate the game but was presented to manipulate participants' 

expectations. Participants were unaware of such manipulation and were led to believe that 

with a low continuation probability (e.g., 5%) the game could end during the occurring 

round., In truth, there was no system that actually decided whether the game would continue, 

or terminate, based on the percentage conveyed to them. The game's actual termination rules 

were based on the consumption of resources. In other words, the game would end when the 

consumption equalled or exceeded the available resource. This approach allowed the 

researchers to observe participants' behaviour in strategic situations without being influenced 

by the actual termination of the game based on the randomly generated probabilities.  

In cases where both participants decide to consume the entire resource, they were 

credited with the number of units they individually chose to consume. This procedure ensured 

a fair representation of participants' choices, particularly in the context of responses to the 

probability of a next round. While such instances were expected to be rare, this approach 

aimed to accurately capture participants' behaviour during the experiment.  

Players’ appropriation decisions were recorded on paper datasheets that contained their 

player number and a grid consisting of two columns. One column showed the round of the 

game, the second was blank to allow players to record their decision for each round (See 

Appendix B).   



A mathematical proof was developed for the game which showed the existence of two 

Nash equilibria (NE). Only pure and symmetric Nash Equilibria were considered since the 

scenario and questions about individual behaviour under examination are relatively simple. In 

other scenarios, where sophisticated players (who had studied the game etc.) are considered, 

the Bayesian might have been more appropriate. The first NE showed that if the probability 

of another round is ~69% (11/16) or greater, then individuals should adopt a conditionally 

cooperative (CC) strategy. Such a strategy follows a simple concept: start by cooperating and 

continue to cooperate if the second player cooperated in the previous round; or defect, by 

taking all the available resource units, if the second player did not behave in a cooperative 

manner. Conversely, if the probability of there being another round is less than ~69% (< 

11/16) then players should always defect (by taking all of the resource units). The second NE 

showed that it was always rational to defect (DNE), regardless of the probability of a further 

round and prior knowledge of behaviour of the other player. A copy of the proof is shown in 

the Appendix C.  We acknowledge the existence of alternative stable strategies and the 

potential applicability of the folk theorem for repeated games (Friedman, 1971). We have 

focused on the above two NE, and the conditionally cooperative strategy where a participant 

took ≤ 25% of the resource when the probability of another round was sufficiently high 

(~69% or 11/16), as this was the sustainable NE for the game in Appendix C and the Pareto 

efficient equilibrium whereby participants obtained their highest payoff whilst still playing a 

sustainable strategy that did not reduce or destroy the resource.  

Participants also completed a 21-item paper-and-pencil questionnaire assessing how 

connected they feel to nature, the NR-6 nature relatedness scale (Nisbet et al., 2009). This 

scale uses a 5-point Likert scale that ranges from 1 (disagree strongly) to 5 (agree strongly) 

and includes statements such as “I enjoy being outdoors, even in unpleasant weather” or “My 

feelings about nature do not affect how I live my life”. The Consideration of Future 

Consequences (CFC) scale (Strathman et al., 1994) was used to assess the degree to which 

participants discount future rewards. This is a 12-item paper-and-pencil questionnaire, using 

a 5-point Likert scale that ranges from 1 (extremely uncharacteristic) to 5 (extremely 

characteristic). Statements such as “My convenience is a big factor in the decisions I make or 

the actions I take” and “I only act to satisfy immediate concerns, figuring the future will take 

care of itself” are presented. Participants were also asked to provide their current, and 

previous postcode (if applicable), with at least five year of residency. Postcode data (the UK 

equivalent of a zip code for mail) was used to obtain data on Indices of Multiple Deprivation 



(IMD) at the Lower Super Output Area (LSOA) level (Ministry of Housing, Communities & 

Local Government, 2019). This is neighbourhood level data with each LSOA providing a 

deprivation index for localities consisting of about 850 residences. A participants’ postcode 

was used as an indirect correlate of life history cues in their home neighbourhood. The IMD 

data was a discrete scale variable ranking all LSOA’s in England on a scale from 1 (most 

deprived area) to 32,844 (least deprived area). 

 

2.3 Design 

A between-subjects manipulation of two game conditions was used: In the first, participants 

played in the same room, face to face with the other player (Seen). In the second, participants 

played the game in separate rooms, never encountering the other player face to face (Unseen). 

Psychological scales, life history proxy and game conditions were used as independent 

variables. The dependent variables were players consumption decisions within rounds and the 

total number of cooperation decisions within games.  

 

2.4 Procedure.  

Pairs of participants were alternately assigned to the different conditions of the game: (1) 

“Seen” (N=60), and (2) “Unseen” (N=56). After reading an information sheet about the study 

and giving informed consent, participants provided information on age, sex, postcode and 

then completed the questionnaires described. They were then provided with information 

explaining the rules of the appropriation game in the form of written instructions (see 

Appendix A) and a verbal explanation by the experimenter. In the Seen condition, the 

researcher was in the same room with participants, from the start to the end of the game. In 

the Unseen condition the researcher communicated with players through walkie-talkies.  

At the start of each round, the researcher verbally announced the units available and 

the probability of a further round. Participants wrote their decision - number of units they 

wanted to consume - on the datasheet and a piece of paper. The paper was collected by the 

experimenter to record consumption decisions. After each round the researcher calculated the 

sum of the units taken by both participants. If the sum was 50% or lower than the available 

units, the available resource was refreshed for the next round, whereas if is the sum exceeded 

50%, only the difference (available units minus consumption) was left for the next round. In 

both cases, this information was communicated to participants. The game continued until the 



resource was destroyed, meaning that the available units reached zero. An example of the 

data collection pack used by participants is provided in the Appendix B. 

2.5 Statistical Analysis 

2.5.1 Investigation of the analytical solution 

The first analyses investigated how participants’ behaviour differed from the analytical 

solution of the game (See Appendix C). Strategies played in each round were coded into a 

binary variable (0 for defection and 1 for cooperation). A second binary variable was also 

coded to analyse whether cooperation decisions were NE (i.e. cooperate only when the other 

player cooperated in the previous round) – 0 for Non-CC play and 1 for CC. This second 

variable also accounted for whether defections were NE, which occurred only when 

participants defected by taking the entire resource -thus CC-, ending the game (any other 

defection was not NE – Non-CC). Finally, Probability was also coded into a binary variable – 

0 for 𝜌𝜌 < .69 and 1 for 𝜌𝜌 ≥ .69. Hereafter, Strategy (Cooperate; Defect), Probability (𝜌𝜌 < .69; 

𝜌𝜌 ≥ .69), and Conditional Cooperation (Non-CC; CC) are used to refer to the variables used 

in the models. A further binary variable was also added for a follow-up analysis investigating 

differences in the frequency of Defect and Cooperate NE. This variable applied a tighter 

criterion to cooperate NE by restricting cooperative plays, assessed as NE, to only Pareto 

Efficient choices. These are choices where a player took exactly 25% of the resource when 

the probability of a further round was 69% or greater.  A set of cross-tabulations and binary 

logistic generalized estimating equation (GEE) models were used to analyse the data.  

To examine participants' behaviour against the analytical solution over the various rounds 

played throughout the 58 games, the three variables (Strategy; Probability; Conditional 

Cooperation) were added to the models, depending on the analysis. Four main steps were 

undertaken: 

 

(1) Investigation of the extent Strategy played in each round (cooperation; defection) was 

affected by Probability (𝜌𝜌 < .69; 𝜌𝜌 ≥ .69).  

 

(2) Examination of the effect of Probability and Strategy on the occurrence of NE plays. 

(i.e. do people play more CC when 𝜌𝜌 ≥ .69 compared to 𝜌𝜌 < .69? Or, do people play 

more CC when they cooperate compared to when they defect?).  



 

(3) As there were two possible NE when 𝜌𝜌 was 69% or higher (contrary to 𝜌𝜌 < .69), 

investigation of the effect of Strategy on Conditional Cooperation when 𝜌𝜌 ≥ .69 (i.e. 

when 𝜌𝜌 ≥ .69, did people play CC more when they cooperated or when they defect?).  

 

(4) Comparison of the relative payoffs (mean consumption) of the strategies and their 

respective NE, to identify and assess any systematic behaviour that might explain 

convergence to, or divergence from, optimal play given by the analytic solution.   

 

2.5.2 Explanatory and Predictive modelling of influential factors 

Four predictors were included in the analysis: NR, CFC, IMD, and Condition (binary nominal 

variable, coded 0 for the Seen and 1 for the Unseen condition.  

Two different approaches were undertaken – explanatory and predictive. For the 

explanatory approach, the influence of the four predictors was investigated using 

consumption decisions as the dependent variable. Consumption was a continuous variable, 

which included every consumption decision made by participants in each round (N=588). A 

One-Sample Kolmogorov-Smirnov Test and examination of residuals, indicated the data 

were not normally distributed. For the predictive approach, number of cooperations was used 

as the dependent variable. This was a count variable that involved the sum of all the 

cooperations played during a game by each participant (this included cooperation that were 

not CC and, thus, non-NE).  

To investigate the effect of the predictors on Consumption, a Gamma GEE model 

with log link was employed to account for the non-normal distribution of the data as well as 

the non-independence of data points. The four predictors were adjusted to allow a within-

subject analysis.  

For the predictive approach - using number of cooperations as the response variable - 

data were analysed using a series of generalized linear models. Due to observed 

overdispersion in the count data point (𝜒𝜒2/df = 2.640), a Negative Binomial (NB) model with 

a log link function was used. The NB accounted for overdispersion by loosening the 

restrictive assumption of the Poisson model that the data variance needs to be equal to the 

mean (Hilbe, 2011). Table 1 summarises the different analyses conducted to address the main 

research questions.  



Table 1. Analyses conducted to address the research questions and hypotheses (asterisks in 

Predictor column denote significant results).  

Analysis Predictor(s) Response Variable Model 

Comparing behaviour against strategies prescribed by the analytical solution 

Effect of Probability 

on Strategy 

Probability (𝜌𝜌<.69; 

𝜌𝜌 ≥.69) † 

Strategy (Defect; 

Cooperate) 

Binary logistic 

GEE 

Effect of Probability 

& Strategy on 

Conditional 

Cooperation 

Probability (𝜌𝜌<.69; 

𝜌𝜌 ≥.69); Strategy (Defect; 

Cooperate)** 

Conditional 

Cooperation (CC; 

Non-CC) 

Binary logistic 

GEE 

Effect of Strategy on 

Conditional 

Cooperation when 

𝝆𝝆 ≥.69 

Strategy (Defect; 

Cooperate);  

Probability (𝜌𝜌 ≥.69 

only)** 

Conditional 

Cooperation (CC; 

Non-CC) 

Binary logistic 

GEE 

Differences between 

Strategy in terms of 

frequency of NE play 

Strategy (Defect; 

Cooperate) †  

 

Conditional 

Cooperation (Pareto 

CC; Non-CC) 

  Binary logistic GEE 

Differences between 

Strategy in terms of 

frequency of NE play 

Strategy (Defect; 

Cooperate); 

Probability (𝜌𝜌 ≥.69 only) 

** 

Conditional 

Cooperation (Pareto 

CC; Non-CC) 

 Binary logistic GEE 

Differences in 

consumption payoff 

for Strategy 

Strategy (Defect; 

Cooperate)* 

Mean Consumption Mann-Whitney U-

test 

Differences in 

consumption payoff 

between Conditional 

Cooperation 

strategies 

Cooperation (CC; Non-

CC)** 

Mean Consumption Mann-Whitney U-

test 

Differences in 

consumption payoff 

between Conditional 

Cooperation (Pareto CC; 

Non-CC)** 

Mean Consumption Mann-Whitney U-

test 



Cooperation 

strategies (only Pareto 

NE) 

Psychological and life history predictors of Cooperation and Consumption 

Effect of 

psychological, life 

history and 

experimental factors 

on consumption 

decisions 

NR†, CFC†, IMD† 

andCondition (Seen/ 

Unseen)** 

Mean Consumption GEE Gamma 

model with log 

link 

Effect of 

psychological, life 

history and 

experimental factors 

on number of 

cooperation played 

NR*‡, CFC†, IMD† and 

Condition(Seen; 

Unseen)* 

Number of times 

cooperation played 

Negative Binomial 

Generalized Linear 

model with log 

link 

* p < .05; ** p < .001; † not significant; ‡ only significant in interaction with Condition. 

 

 

3. Results 

The descriptive statistics for the number of rounds throughout the games indicate that, on 

average, participants played approximately 5.06 rounds per game. The range of rounds 

played varied from a minimum of 1 round to a maximum of 15. 

In only one instance, during the first round of one game, one participant consumed 100 units, 

while the second participant consumed 59 units, resulting in a total consumption surpassing 

the initial resource. Given the singularity of this situation, both participants were credited 

with the number of units they individually chose to consume. This decision was made to 

accurately track participants' behaviour, particularly in relation to their responses to the 

probability of a next round.  Across all other games, the depletion of the total resource 

occurred gradually over successive rounds. On occasion, in the final round, there were 

instances where a few units collectively consumed by both players exceeded available 



resource. However, since the number of units were always considerably small (e.g. between 1 

and 5 units), we maintain the belief that these minimally impact the overall findings and 

interpretations of the study. 

 

3.1 Comparing behaviour against strategies prescribed by the analytical solution  

3.1.1 The effect of Probability of another round on Strategy played: 

A series of GEE analyses were conducted to assess the extent to which strategies played in 

rounds were affected by probability of another round. A binary logistic GEE with Strategy 

(Cooperate; Defect) as response variable and Probability (𝜌𝜌 < .69; 𝜌𝜌 ≥ .69) as a categorical 

predictor variable showed a non-significant result, Wald χ2(1) =2.058, p=.151. Indicating 

there was no significant difference between the frequency with which Cooperate and Defect 

were played, relative to the predicted switch-point for cooperation to be an optimal decision, 

when the probability of another round was 𝜌𝜌 ≥ .69.   

3.1.2 CC play as a function of Probability and Strategy:   

A GEE model was fitted with Conditional Cooperation as the dependent variable and 

Strategy (Cooperate; Defect) and Probability (𝜌𝜌 < .69; 𝜌𝜌 ≥ .69) as predictors. This 

investigated the influence of Probability and Strategy on the probability of playing a CC in 

each round.  The results showed a main effect of Probability on CC, Wald χ2(1) =91.667, 

p<.001. Specifically, showing that the odds of playing a CC when 𝜌𝜌 ≥ .69 are estimated to be 

exp (3.032) =20.732 times the corresponding odds of when 𝜌𝜌 < .69. In other words, when 𝜌𝜌 ≥ 

.69 there was a 95% probability of playing a CC, whereas, when 𝜌𝜌 < .69, the probability of 

playing a CC was only 32%. Further, a significant main effect of Strategy on Conditional 

Cooperation was found, Wald χ2(1) =45.289, p<.001. When participants cooperated the odds 

of playing a CC were estimated to be exp (1.767) =5.854 times higher than when people 

defect. Indicating that when individuals played a cooperating strategy there was an 85% 

probability of being a CC, compared to a 15% probability when they defected.  

To specifically investigate the effect of Strategy on CC when 𝜌𝜌 ≥ .69, a further GEE analysis 

was conducted holding 𝜌𝜌 ≥ .69 constant and adding CC as the dependent variable and 

Strategy as the predictor. The findings showed a significant main effect of Strategy, Wald 

χ2(1)=92.883, p<.001. When p is 69% or higher, the estimated odds of playing a CC when 

participants cooperate were exp(3.257)=25.954 higher than when they defected.  This means 



that, when 𝜌𝜌 ≥ .69, there is a 96% chance that individuals who cooperated played a CC, 

whereas, if they defect there was only a 3% chance they played a CC. 

These results were not unexpected as the CC for defection was a single point-estimate (take 

all available resource units), whereas the CC for cooperation included any value in a range up 

to 25% of the available resource. To further investigate if there was an actual difference 

between strategies in terms of CC play, an analysis was conducted comparing Defection NE 

(DNE) with the stricter Pareto efficient CC for cooperation (a player takes exactly 25% of the 

available resource). This permitted a more valid comparison of two point-estimates, one for 

each strategy. A binary logistic GEE model, with CC (Pareto CC; Non-CC) as the response 

variable and Strategy (Cooperate; Defect) as the predictor variable, showed no significant 

difference between strategies in the number of CC played, Wald χ2(1) =1.217, p=.27. 

However, a further GEE model using the same response and predictor variables but analysing 

only play when probability of a further round was 𝜌𝜌 ≥ .69 showed a significant main effect of 

strategy, Wald χ2(1) =11.130, p<.001. Specifically, when probability of a further round was 

greater than 69%, those who defected played significantly fewer CC than those who 

cooperated. The odds of not playing a CC when defecting was exp (1.010) =2.745 times the 

odds of not playing an CC when cooperating, reflecting a 73% probability of not playing a 

CC when defecting compared to a 27% probability when cooperating. 

Assessing if the above differences between strategies in CC play reflected a difference in 

consumption payoffs for the strategies being used was conducted by examining the mean 

consumption (payoff) for each strategy across various conditions. Analysis of the full range 

of probabilities of a further round, showed that consumption was higher for Defect (Mean: 

18.89, SD: 18.70) than for Cooperate (Mean: 13.41, SD: 8.98). A Mann Whitney U test 

confirmed that this was a statistically significant difference in consumption, U=38484.50, 

p=.022. A similar analysis just examining mean consumption payoff for plays that were CC 

showed the reverse pattern of means. The mean consumption for Defect (Mean: 5.65, SD: 

16.41) being lower than that for Cooperate (Mean: 15.78, SD: 8.13). This was also confirmed 

as a statistically significant difference, U=4092, p<.001. The same comparison with 

Cooperate constrained to only Pareto efficient CC also showed a statistically significant 

higher mean consumption for Cooperate (Mean: 18.40, SD: 9.77) compared to Defect (Mean: 

5.95, SD: 17.04), U=1403.50, p<.001. These results indicate that when playing Cooperate 

CC or Pareto efficient Cooperate CC participants gained more resource units than when they 

used a DNE strategy. Our interpretation of this was that use of DNE as a strategy was largely 



used by players when the resource pool had been depleted considerably. This was confirmed 

by examination of descriptive statistics for DNE which showed that, despite a wide range 

(Range: 1, 100) of consumption, the median value for DNE was 1 unit. Indicating that in 

many cases participants only grabbed the whole pot when it had been almost completely 

exhausted and playing a sustainable strategy was no longer realistic.  

3.1.3Analysis of Strategy employed, within rounds, by each player relative to other player’s 

behaviour: 

A crosstab investigation was conducted to analyse the number of cooperations and defections 

that occurred as a result of conditional play, independently from the NE. Results showed that 

82% of all cooperations were conditional to the other player’s behaviour, whereas, 62% of all 

defections followed a defective behaviour initiated by the other player.    

 

3.2 Psychological and life history predictors of Cooperation and Consumption 

Table 2 shows descriptive statistics for CFC, NR and IMD by Conditions (Seen; Unseen).  

 

Table 2. Descriptive statistics for NR, CFC and IMD 

 Total  

M (SD) 

Seen condition 

M (SD) 

Unseen condition 

M (SD) 

 

NR 

 

3.33 (.580) 

 

3.32 (.582) 

 

3.34 (.583) 

CFC 3.59 (.524) 3.53 (.520) 3.65 (.521) 

IMD 12673.2 (7000.7) 13197.4 (7304.5) 12112.2 (6679.9) 

 

3.2.1 Consumption as the response variable:  

A GEE Gamma model with log link was performed to assess the effect of psychological, life 

history and experimental factors on consumption decisions made by participants in each 

round. NR, CFC, IMD and Condition were added to the model as main effects, Consumption 

was the response variable. The results display a non-significant effect of NR, Wald χ2(1) 

=2.225, p=.136; a non-significant effect of CFC, Wald χ2(1) =.539, p=.463; and a non-



significant effect of IMD, Wald χ2(1) =.022, p=.882. However, a significant effect of 

Condition was found, Wald χ2(1) =5.882, p=.015. When participants were in the Unseen 

condition, their consumption decisions were exp (.190) = 1.209 times (21%) higher than 

those in the Seen condition. 

3.2.2 Cooperation as the response variable: 

A series of Generalized Linear Models (N=45 models), using a Negative Binomial model 

with log link and a parameter set at .5 to address overdispersion, were developed to 

investigate the main effects and interactions between the four independent variables - NR, 

CFC, IMD and Condition - and an outcome variable Number of Cooperations. A sequential 

approach was taken where predictor variables and interactions were added to the models one 

at a time. The first criterion used for model selection was the associated Akaike Information 

Criterion (AIC) value. The AIC is a measure of the goodness of fit, normally implemented 

using a lower is better approach (Zeileis, Kleiber & Jackman, 2008). An initial selection of 

ten models with lowest AIC values was made (details of all models are outlined in the 

supplementary material: S3). Moreover, as shown by the Omnibus test (likelihood-ratio chi-

square test), only three of the 45 models were significantly better than an intercept only 

model. These were part of the initial ten selected models (model 8, 9 and 10 – see 

supplementary material: S3) and were the ones that yielded the lowest AIC values.  

Final model selection was based on significance of the variables included as well as the 

overall simplicity of the model. Model 8 contained NR and Condition as main effects as well 

as an interaction between Condition and NR. From the main effects, NR was not significant 

(p=.151), while Condition as well as the interaction between Condition and NR were 

significant at p=.01 and p=.02 respectively. Model 9 included three main effects – Condition, 

IMD and NR – and the interaction between Condition and NR. Condition and the interaction 

between Condition and NR were significant; IMD (p=.089) and NR (p=.222) were not 

significant. Model 10 included all four main effects as well as an interaction between 

Condition and NR. However, the model contained three non-significant main effects: IMD 

(p=.075), CFC (p=.284) and NR (p=.315). Similar to Model 8 and 9, Condition and the 

interaction between Condition and NR were significant. This suggested that the more 

complex models, adding three or four main effects, were no better at accounting for 

information in the data than the simpler model. Model 8 was retained as the best fitting 

model.  



NR was found to make a non-significant contribution to the model. Including NR in 

the model did not significantly increase its fit. Therefore, NR, as a main effect, was 

subsequently excluded from the final model (model 8a), which contained Condition and the 

interaction between Condition and NR – this yielded almost the same AIC value and lower 

standard errors (Table 3). 

  

Table 3. Final Model. Model 8a, including Condition as main effect and interaction between 

Condition and NR. 

Model 95% Wald CI Std. 

Error 

    P Deviance Df Omnibus                                   

Test(Sig.) 

  AIC 

8a    127.36     

112 

.039 478.36 

Condition 

 Seen 

Unseen 

 

[.2300, 2.1369] 

. 

 

.4864 

. 

 

.015 

. 

    

Condition:NR 

Unseen:NR 

Seen:NR 

 

[-.2270, .1077] 

[.0317, .4581] 

 

.0854 

.1087 

 

.024 

.485 

    

 

In the final model (Model 8a), condition showed a significant main effect, Wald χ2(1) 

=5.919, p=.015. Specifically, when the condition is Seen, the number of cooperations played 

by participants are expected to be exp (1.184) =3.266 times (227% increase) higher than the 

Unseen condition.  

Condition became significant as a main effect only after the interaction with NR was 

added to the model. The interaction showed a non-significant negative relationship between 

the Seen condition and NR, Wald χ2(1) =.488, p=.485. A significant relationship was found 

between the Unseen condition and NR, Wald χ2(1) =5.070, p=.024. Differences between the 

two levels, and their interaction with NR, were investigated graphically by plotting Number 

of Cooperations against NR in two graphs divided by Condition (Figure 1). A positive 

correlation was apparent between Number of Cooperations and NR when the condition was 

Unseen. 



 

 

 

Figure 1. NR means plotted against Number of Cooperations. Plots shown for Unseen and 

Seen condition with fitted regression lines.  

 

In summary, when the condition is Unseen individuals tend to cooperate significantly 

less compared to the Seen condition. However, Figure 1 shows that, when the condition is 

Unseen, players who score higher on the NR scale are also likely to play a more cooperative 

strategy compared to those who scored lower.   

 

 

 

4. Discussion 

 



Our aim was to investigate the predictors of cooperation, pertinent to real-life common-pool 

resource problems. We acknowledge the artificiality of our lab-based study (Anderies et al., 

2011). For example, our replenishment rule (≥0.5 it all comes back, <0.5 none comes back) is 

likely not realistic for real resources, but we chose the rule for clarity (both in terms of the 

understanding of the participants, and for conceptual reasoning/ calculations). Despite the 

artificiality, the results of our study show patterns of behaviour which are likely to operate in 

the real word in response to analogous cues. Our main significant results pertained to our 

model predictions and the visibility manipulation. The results relating to the individual 

characteristics of the players (CFC, NR, IMD, postcode) were mostly nonsignificant. All of 

these are discussed in detail below.  

 

4.1 Comparing behaviour against strategies prescribed by the analytic solution  

Behaviour deviated significantly from the NE suggested by the analytic solution. Results 

showed that 26% of all the plays were CC. The non-significant effect of Probability on 

strategy played suggested that when 𝜌𝜌 < .69, players did not play only defections, as 

predicted, but cooperated almost as equally as they defected. Additional analyses 

investigating this divergence from the analytical solution showed a significant difference 

between 𝜌𝜌 ≥ .69 and 𝜌𝜌 <.69 in the number of CC played (52% of the plays were CC when 𝜌𝜌 ≥ 

.69, only 6% were CC when 𝜌𝜌 <.69). While 𝜌𝜌 ≥ .69 included two possible NE (cooperate 

(CC) or defection (DNE), 𝜌𝜌 <.69 allowed only defection as NE. To be considered a NE, 

defection had a narrower requirement (taking the entire resource) compared to cooperation 

(taking any amount within ¼ of the available resource). Further analysis confirmed a 

significant effect of Strategy - participants were more likely to play a CC when they 

cooperated compared to when they defected.  This finding could be attributed to the narrowed 

characteristic required to play an “optimal” defection. A DNE involved the selection of a 

single specific value (the present quantity of the resource available) whereas a cooperation 

NE afforded the choice from a range of values (up to ¼ of the resource presently available in 

the round).  

Further analysis, making a more valid comparison of two-point estimates (DNE or Pareto 

Cooperate CC), showed that the number of CC did not differ significantly across the whole 

range of probabilities for a further round but Pareto Cooperate CC was significantly more 

frequently played when the probability of a further round was 𝜌𝜌 ≥ .69. This reflected a 



strategic approach to play where players seem to be maximising their individual payoff 

reward in a round whilst playing a sustainable strategy that does not degrade the resource 

base. When players used NE strategies (either Defect, Cooperate or Pareto Cooperate) the 

cooperative strategies resulted in them being better off in the long-run and obtaining a higher 

mean payoff. This may to some extent be attributable to the gradual accumulation of points 

over games that lasted more rounds because they had not been prematurely ended by one 

individual playing a DNE. However, in this case, the difference seems to be explained by 

players in many cases only using DNE as a last resort strategy by grabbing the remains of an 

almost completely exhausted resource, with the median value for DNE being only 1 unit.   

  

Behaviour tends to differ from predicted NE when this assumes that players care only about 

self-interest, thus trying to always maximise their outcome (Wolff, 2015). In truth, “people 

pursue a wider range of aims than just profit maximization” (Anderies et al., p. 1577). 

Defection NE in our current study, requires that individuals maximise their consumption 

regardless of the negative consequences that such behaviour may cause to the other player 

(i.e. future unavailability of the resource due to its destruction). Evidence in various studies 

suggests individuals tend to behave cooperatively even in situations where the only NE is 

defection (Dreber et al., 2008, 2013; Becker et al., 2005). Previous studies have found that 

participants care about fairness while playing the games (Henrich et al., 2005). That is not to 

say individuals cooperate unconditionally even when it is not reciprocated. In fact, punishment 

for defective behaviour has been commonly observed. This study showed equal numbers of 

cooperation and defections played overall - 80% of all cooperations were played as a response 

to the opponent’s cooperative behaviour and 64% of all defections followed a previous 

defection played by the opponent. These insights denote behavioural variation because of 

continuous adaptation to the other player’s actions.  

The current results contrast with previous findings. For instance, Dal Bó (2005) found that 

cooperation significantly increases along with the probability of future encounters. The 

disparity between Dal Bò’s (2005) results and the present findings could be attributed to 

differences in methodology. The probability of continuation communicated to the participants 

in the current study utilised a continuous, randomised, approach. Whereas, Dal Bó (2005) 

adopted a categorical approach, although still randomised, which presented only three 

treatments - δ=0, δ=1/2 or δ=3/4. It can be argued that this simplification may have favoured 



the understanding of the shadow of the future and, consequently, promote more rational and 

strategic decisions during the game. As suggested by Hope and Kelly (1983), probability 

plays an important role in every society, however, probabilistic reasoning can be hard to 

master. Earlier, Slovic et al. (1982) found that even after specific instructions, individuals 

have significant difficulties in developing a good intuition about central ideas of probability. 

Consequently, they tend to fail in tasks that involve probable events. More recent studies 

have tested the understanding of probabilistic weather forecasts (e.g. “30% chance of rain”) 

and found that probabilities are interpreted by individuals in multiple, mutually contradictory 

ways (Gigerenzer et al., 2005). This may confirm the assumption that participants’ decision-

making during the game was influenced by a difficulty in understanding the probability of 

another round communicated to them, thus, unable to fully comprehend its implications on 

the continuation of the game. On the other hand, Dal Bò’s (2005) approach simplified such a 

process, limiting individuals’ cognitive workload and leaving more room for strategic 

thinking.  

 We also acknowledge that our use of deception may seem slightly controversial. As 

mentioned earlier (§2.2), participants were led to believe that the game terminates according 

to the probability stated by the experimenter. This falsehood was not revealed until the 

participants had finished. We aver that, if participants had known the real termination rules, it 

would have confounded our results. Therefore, we believe that our mild deception was 

necessary. Although deception is relatively rare in experimental economics, there is mixed 

opinion about whether it is justifiable (Charness et al., 2022): it depends on the cost-benefit; 

if deception provides more experimental control, the question is whether the benefits of 

deception outweigh any negative impacts on the participants. Negative impacts on 

participants might include negative emotions and discomfort, suspicion regarding the 

information provided by the experimenter, and potential differences in behaviour as a result 

of that suspicion (Ortmann & Hertwig, 2002). In conducting the study, we observed no 

indication of negative impacts.  

 

4.2 Psychological and life history predictors of cooperation and mean consumption 

 To investigate psychological and life history factors that influenced participant behaviour 

while playing the game, analyses were undertaken using two approaches: explanatory and 

predictive. For the explanatory approach, a GEE with Gamma log link model was used to 



account for the non-normality and non-independence of the data. Only the IV of Condition 

had a significant effect on the amount of consumption during the game. Specifically, when 

players were in the Unseen conditions (two different rooms), their consumption was 21% 

higher compared to in the Seen condition. These findings support the results of previous 

studies that have looked at the effect of anonymity in strategic interactions (Haley & Fessler, 

2005; Charness & Gneezy, 2008). These results add insight by showing that cooperation is 

harmed by anonymity, regardless of the occurrence of repeated encounters between two 

individuals. Although other studies (Milinski et al., 2002; Nowak & Sigmund, 2005) have 

shown cooperation through formation of reputation: in certain strategic situations two 

individuals may interact in complete anonymity without detriment to their reputations. The 

increase of defective behaviour in such situations must be taken into consideration when 

dealing with the administration of a common resource.  

   A non-significant effect of NR, CFC and IMD on participants’ consumption within 

rounds was found. Life history theory suggests that individuals living in a stressed 

environment, which can have different forms of mortality cues, tend to favour short-term 

reward due to future uncertainty (Worthman & Kuzara, 2005). The present research used the 

IMD as an indicator of participants’ economic status as well as mortality cue since it takes 

into consideration some crucial factors of a given neighbourhood - income, employment, 

health, crime etc. (Payne & Abel, 2012).  The lower the IMD linked to one’s neighbourhood, 

the higher the number of mortality cues assumed to be present (Wilson & Daly,1997). IMD 

and CFC were taken as likely highly correlated, following Griskevicius et al. (2011). It was 

assumed that IMD would impact players’ time preference - their consideration of future 

consequences. However, a non-significant effect of both IMD on CFC was observed.  

Although several studies have looked at the effect of low socioeconomic status (SES) 

and its negative consequences (e.g. Pepper & Nettle, 2014, 2017; Figueredo et al., 2005; 

Gladden et al., 2009), this is the first attempt to link it to strategic thinking. Griskevicius et al. 

(2011) attempted to understand how an individual’s SES is influenced by the impact of 

mortality cues and, as consequence, the tendency to take risks as well as time preference. For 

the experiments used in the Griskevicius et al. (2011) study, participants were asked to report 

their current and childhood SES through responses– to discrete options on a Likert scale and 

then mortality cues were presented by exposure to stimuli. Their results showed individuals 

who reported higher childhood SES were less influenced by mortality cues, took less risk, 

and preferred greater future rewards. Moreover, contrary to childhood SES, current SES had 



little or no effect on people’s decision-making (Griskevicius et al. 2011). The important 

influence of childhood SES (Griskevicius et al., 2011) suggests individuals may 

unconsciously calibrate their life history strategy towards daily occurrences during a ‘critical 

period’ in childhood. The current study did not take into consideration participants’ 

childhood SES, but only current SES which seems to have no impact on how people are 

affected by mortality cues.  As stated, IMD was taken as an indicator of SES as well as an 

indirect indicator of mortality cues occurring in participants’ lives. However, since the 

experiment was conducted in a lab environment, it is likely that without exposure to specific 

stimuli mortality cues were not salient in a controlled setting. IMD may therefore not be a 

good indicator of an individual’s economic status since it involves an average of different 

aspects found within a neighbourhood. One could hold a low SES but live in an area with a 

moderate/high IMD (or vice versa). This may be especially true for those who relocate for 

educational and working purposes and the present study considered only participants’ past 

five years of residency.  

In our present experiment, we were interested in understanding whether players had a 

preconditioned level of CFC, as a result of their environment, and how this would impact 

their strategic decisions. It could be argued that the lack of a significant effect of CFC is due 

to the difference in methodology when compared to Griskevicius’s et al. (2011), who actively 

manipulated the exposure to mortality cues during the experiment. The use of CFC, instead of 

any other time preference indicators, was motivated by the hypothesised measuring of a 

stable construct (Strathman et al., 1994). In fact, according to Strathman et al. (1994), the 

various measures developed during the years to analyse time preference (e.g. Future Time 

Perspective, Stewart Personality Inventory, Time Perspective Inventory, etc.) typically test a 

general preoccupation with the future or worry towards future events. Whereas, the CFC 

indicates the extent to which people reflect on probable distant outcomes, caused by their 

current behaviours, and the degree to which they are impacted by these potential outcomes. It 

embodies an internal struggle between present behaviour and its connection to immediate and 

future outcomes - one’s decision to favour present or future is hypothesised to be a stable 

feature. Thus, participants should be influenced in their decision independent of experimental 

stimuli (Lindsay & Strathman, 1997; Joireman et al., 2001, 2004). A certain situation could 

involve different levels of decision-making processes that shadow the influence of other 

individual differences such as temporal discounting and temporal preference. As argued by 

Wischniewski et al. (2009), the contextual situation plays a crucial role in how people behave 



and make decisions. In other words, there are scenarios when almost anyone would 

cooperate, and others when most individuals would defect, regardless of general tendencies 

(Rand & Nowak, 2013). As previously mentioned, most consumption decisions followed a 

reciprocity approach (conditional cooperation). Such behavioural strategies have been well 

studied and shown to be crucial to avoid the proliferation of “free-riders” within a social 

group (Hammerstein & Leimar, 2006; Fehr & Fischbacher, 2004; Trivers, 1971). As a result, 

the possibility exists that the players’ level of CFC was shadowed by the presence of strategic 

aspects that were at the core of every round of the game.  

Furthermore, some studies have provided results that would seem to contradict the 

presumption that lower SES individuals would donate less than higher SES individuals. For 

example, Piff et al. (2010) investigated the relationship and SES and prosocial behaviour, 

using a variety of different dependent and independent variables across four studies (i.e. 

different ways to measure SES and different ways to measure generosity).  Their results 

showed that lower SES individuals were indeed more generous, seemingly because “lower 

class individuals experience less personal control and depend on others to achieve desired 

outcomes” (Piff et al., p. 772) and hence they “are motivated to behave in ways that increase 

social engagement and connection with others” (Piff et al., p. 772). If this is what was 

happening in our sample, then it might be that – even if those with lower CFC scores are less 

generous (Kortenkamp & Moore, 2006) – that some kind of inherent prosociality (as 

described by Piff et al., 2010) among the lower classes were cancelling out our CFC effect in 

our study. However, it is difficult to interpret a null result, and therefore future research will 

need to disentangle these effects.  

           The non-significant effect of NR could be attributed to an ecological validity issue, 

due to the lab setting used for the experiment. Nature relatedness is believed to define an 

individual’s cognitive and affective connection with nature, so high levels of NR should 

predict sustainable approaches and behaviours. These beliefs follow the assumptions of 

Wilson’s (1984) biophilia hypothesis, which argues that humans have an innate connection 

with the wildness of nature (e.g. plants, animals etc.). Exposing oneself to nature fulfils this 

innate need and fosters well-being (Kellert, 1997). Although the resource used during the 

game had the same properties as a CPR, it was a generalised resource consumed in ‘units’ 

(instead of a specific common resource – e.g. water, oil, fish etc.). While such design is 

beneficial for avoiding confounding effects caused by subjective perceptions towards a 

specific resource, it can be argued that NR specifically predicts pro-environmental behaviour, 



whereas the resource used in the game lacked the features necessary to be perceived as an 

environmental resource.  

 For the predictive analyses, a series of GLMs using a negative binomial model were 

employed to assess the factors that predict cooperation in strategic situations. Results showed 

that visibility Conditions – Seen and Unseen – as well as their interaction with NR score were 

significant predictors of the number of cooperations played. Indeed, there was a significant 

effect of Condition, indicating that when individuals are in a Seen condition, they play more 

cooperations compared to an Unseen condition. Additionally, the significant interaction 

observed between Condition and NR showed that when a participant is in an Unseen 

condition, although individuals are expected to cooperate less compared to the Seen 

condition, the number of cooperations increased when participants scored high on NR.  The 

interaction between the Seen condition and NR was non-significant, showing no significant 

difference in the number of cooperations between those who score high and those who score 

low in NR when the condition is Seen.  

The findings of the predictive analyses support the result of the initial explanatory 

approach. Condition was showed to be a good predictor of cooperation in both approaches. 

This agrees with previous research that suggests reputation plays an important role in 

strategic situations. If an individual is considered to be ‘trustworthy’ others tend to be more 

cooperative with them (Barclay, 2004; Leimar & Hammerstein, 2001; Nowak & Sigmund, 

1998; Alexander, 1987; Russell et al., 2020). Moreover, as found by Haley and Fessler 

(2005) and Charness and Gneezy (2008), having some information – visual, auditory or just 

representative (i.e. simply knowing the other player’s name) - about the other player 

significantly increases the chances of cooperation even when the only rational behaviour 

should be defecting (e.g. dictator game) (Charness & Gneezy,2008). Thus, compared to a 

scenario where anonymity is present (Unseen Condition), the mere presence of another 

individual (Seen Condition) benefiting from the same resource encourages cooperative 

behaviour, even if there is no communication between the agents. Interestingly, a significant 

interaction between Condition and NR appeared as a predictive factor. Similar to the 

explanatory model, there was no significant effect of NR as a main effect, however, its 

interaction with the Unseen Condition may suggests that, in the absence of the social 

obligation, cooperation might be attributable to the participants intrinsic motivation. Hence, it 

is predicted that when an individual anonymously consumes a CPR, they tend to be more 

cooperative if they score highly on NR. Although a predictive design cannot be taken as 



ultimate evidence, it still is an important outcome that confirms the need for further 

investigations into NR and its potential consequences on behaviour.  

 

5. Conclusions  

 

Play diverged from the analytic solution, but not in a systematic way that has been seen in 

other behavioural Game Theory studies such as the dictator game (Haley & Fessler, 2005; 

Charness & Gneezy, 2008; Dreber et al., 2013). Players frequently cooperated when the 

probability of another round was below the threshold value 𝜌𝜌 =.69. In line with the first 

prediction, players did seem to play a conditionally cooperative strategy, tracking the 

behaviour of the other player, however, they did this regardless of whether the probability of 

a further round was high or not. Investigations of the life history and psychological factors 

influencing appropriation decisions showed a non-significant effect of nature relatedness 

(NR), consideration of future consequences (CFC) and index of multiple deprivation (IMD). 

Players’ tendency to play sustainable and cooperative strategies was best predicted by 

whether they exploited the resource face-to-face with another player rather than 

anonymously.  

 
Declarations 
  
Ethical Approval  
 
The research was approved by the Research Ethics Committee in the Psychology Department at Middlesex 
University (application no.  8122). The REC follows BPS guidelines. 
 
Competing interests  
 
No competing interests 
  
Authors' contributions  
 
Mario Bonfrisco conducted the experiment, computed the statistical analyses and wrote the first draft of the 
manuscript. Rob Spencer is the principal investigator. He has supervised the research process made a 
substantial contribution to writing the manuscript. Mark Broom computed the mathematical proof and Yvan 
I. Russell made a substantial contribution to writing the manuscript and co-supervised the research project. 
All authors reviewed and co-wrote the final manuscript. 
  
 
Funding  
 
No funding 
  



Availability of data and materials  
 
The data collected for the experiment is available on the Open Science Foundation website - accessible 

with the following link: osf.io/65p94Spencer, R. (2023, December 7). Decision Making in Common 

Pool Resource Games.  

 

 

 

 

 

 

 

 

 

 

References 

Alexander, R. D. (1987). The Biology of Moral Systems. London: Aldine de Gruyter. 

Anderies, J. M., Janssen, M. A., Bousquet, F., Cárdenas, J.-C., Castillo, D., López, M.-C., 

Tobias, R., Vollan, B., & Wutich, A. (2011). The challenge of understanding 

decisions in experimental studies of common pool resource governance.  

Ecological Economics, 70, 1571-1579. 

https://doi.org/10.1016/j.ecolecon.2011.01.011. 

Andrews, M. (2022). Elephant Life History. In: Vonk, J., Shackelford, T.K. (eds) 

Encyclopedia of Animal Cognition and Behavior (pp. 2255-2260). Cham: Springer. 

https://doi.org/10.1007/978-3-319-47829-6_1328-1. 

Barclay, P. (2004). Trustworthiness and competitive altruism can also solve the “tragedy of 

the commons”. Evolution and Human Behavior, 25(4), 209-220. 

https://doi.org/10.1016/j.evolhumbehav.2004.04.002. 

Becker, T., Carter, M., & Naeve, J. (2005). Experts playing the traveler's dilemma. 

Discussion paper 252, Institute of Economics, University of Hohenheim.  

http://osf.io/65p94


Benzion, U., Rapoport, A., & Yagil, J. (1989). Discount rates inferred from decisions: An 

experimental study. Management Science, 35(3), 270-284. 

https://doi.org/10.1287/mnsc.35.3.270. 

Buchholz, W., & Eichenseer, M. (2019). Prisoner’s Dilemma. In A. Marciano, & G. B. 

Ramello (Eds.) Encyclopedia of Law and Economics (pp. 1637-1641). New York: 

Springer. https://doi.org/10.1007/978-1-4614-7753-2_557. 

Charness, G., & Gneezy, U. (2008). What's in a name? Anonymity and social distance in 

dictator and ultimatum games. Journal of Economic Behavior & Organization, 68(1), 

29-35. https://doi.org/10.1016/j.jebo.2008.03.001. 

Charness, G., Samek, A. & van de Ven, J. What is considered deception in experimental 

economics? (2022). Experimental Economics, 25, 385–412. 

https://doi.org/10.1007/s10683-021-09726-7. 

Dal Bó, P. (2005). Cooperation under the shadow of the future: Experimental evidence from 

infinitely repeated games. American Economic Review, 95(5), 1591-1604. 

https://doi.org/10.1257/000282805775014434 

Dawes, R. M. (1980). Social dilemmas. Annual Review of Psychology, 31, 169-193. 

https://doi.org/10.1146/annurev.ps.31.020180.001125. 

Dreber, A., Ellingsen, T., Johannesson, M., & Rand, D. G. (2013). Do people care about 

social context? Framing effects in dictator games. Experimental Economics, 16(3), 

349-371. https://doi.org/10.1007/s10683-012-9341-9. 

Dreber, A., Rand, D. G., Fudenberg, D., & Nowak, M. A. (2008). Winners don’t 

punish. Nature, 452(7185), 348-351. https://doi.org/10.1038/nature06723. 

Duffy, J., & Ochs, J. (2009). Cooperative behavior and the frequency of social 

interaction. Games and Economic Behavior, 66(2), 785-812. 

https://doi.org/10.1016/j.geb.2008.07.003. 

Dutta, P.K. (1999). Strategies & Games, Cambridge, MA., MIT Press.  

Eriksen, M., Lebreton, L. C. M., Carson, H. S., Thiel, M., Moore, C. J., et al. (2014) Plastic 

pollution in the world’s oceans: more than 5 trillion plastic pieces weighing over 

250,000 tons afloat at sea. PLoS ONE, 9, e111913. 

https://doi.org/10.1371/journal.pone.0111913. 

Fehr, E., & Fischbacher, U. (2004). Social norms and human cooperation. Trends in 

Cognitive Sciences, 8(4), 185-190. https://doi.org/10.1016/j.tics.2004.02.007. 



Fehr, E., & Gächter, S. (2002). Altruistic punishment in humans. Nature, 415(6868), 137-

140. https://doi.org/10.1038/415137a. 

Figueredo, A. J., Vásquez, G., Brumbach, B. H., Sefcek, J. A., Kirsner, B. R., & Jacobs, W. J. 

(2005). The K-factor: Individual differences in life history strategy. Personality and 

Individual Differences, 39(8), 1349-1360. https://doi.org/10.1016/j.paid.2005.06.009. 

Friedman, J. W. (1971). A non-cooperative equilibrium for supergames. The Review of 

Economic Studies, 38(1), 1-12. 

Gardner, R., Ostrom, E., & Walker, J. M. (1990). The nature of common-pool resource 

problems. Rationality and Society, 2(3), 335-358. 

https://doi.org/10.1177/1043463190002003005. 

Gigerenzer, G., Hertwig, R., Van Den Broek, E., Fasolo, B., & Katsikopoulos, K. V. (2005). 

“A 30% chance of rain tomorrow”: How does the public understand probabilistic 

weather forecasts?. Risk Analysis: An International Journal, 25(3), 623-629. 

https://doi.org/10.1111/j.1539-6924.2005.00608.x. 

Gintis, H., Bowles, S., Boyd, R., & Fehr, E. (2003). Explaining altruistic behavior in 

humans. Evolution and human Behavior, 24(3), 153-172. 

https://doi.org/10.1016/S1090-5138(02)00157-5. 

Gladden, P. R., Figueredo, A. J., & Jacobs, W. J. (2009). Life history strategy, psychopathic 

attitudes, personality, and general intelligence. Personality and Individual 

Differences, 46(3), 270-275. https://doi.org/10.1016/j.paid.2008.10.010. 

Griskevicius, V., Tybur, J. M., & Van den Bergh, B. (2010). Going green to be seen: Status, 

reputation, and conspicuous conservation. Journal of Personality and Social 

Psychology, 98(3), 392-404. https://doi.org/10.1037/a0017346. 

Griskevicius, V., Tybur, J. M., Delton, A. W., & Robertson, T. E. (2011). The influence of 

mortality and socioeconomic status on risk and delayed rewards: A life history theory 

approach. Journal of Personality and Social Psychology, 100(6), 1015-1026. 

https://doi.org/10.1037/a0022403. 

Haley, K. J., & Fessler, D. M. (2005). Nobody's watching?: Subtle cues affect generosity in 

an anonymous economic game. Evolution and Human Behavior, 26(3), 245-256. 

https://doi.org/10.1016/j.evolhumbehav.2005.01.002. 

Hammerstein, P., & Leimar, O. (2006). Cooperating for direct fitness benefits. Journal of 

Evolutionary Biology, 19(5), 1400-1402. https://doi.org/10.1098/rstb.2010.0116. 

Hardin, G. (1968). The tragedy of the commons. Science, 162(3859), 1243-1248. 

https://doi.org/10.1126/science.162.3859.1243. 

https://doi.org/10.1016/j.paid.2005.06.009
https://doi.org/10.1098/rstb.2010.0116


Hartig, T., Böök, A., Garvill, J., Olsson, T., & Gärling, T. (1996). Environmental influences 

on psychological restoration. Scandinavian Journal of Psychology, 37(4), 378-393.           

https://doi.org/10.1111/j.1467-9450.1996.tb00670.x. 

Henrich, J., Boyd, R., Bowles, S., Camerer, C., Fehr, E., Gintis, H., ... & Henrich, N. S. 

(2005). “Economic man” in cross-cultural perspective: Behavioral experiments in 15 

small-scale societies. Behavioral and Brain Sciences, 28(6), 795-815. 

https://doi.org/10.1017/S0140525X05000142.  

Hilbe, J. M. (2011). Negative binomial regression. Cambridge University Press. 

Hope, J. A., & Kelly, I. W. (1983). Common difficulties with probabilistic reasoning. The 

Mathematics Teacher, 76(8), 565-570. https://doi.org/10.5951/MT.76.8.0565. 

Joireman, J. A., Lasane, T. P., Bennett, J., Richards, D., & Solaimani, S. (2001). Integrating 

social value orientation and the consideration of future consequences within the 

extended norm activation model of proenvironmental behaviour. British Journal of 

Social Psychology, 40(1), 133-155. https://doi.org/10.1348/014466601164731. 

Joireman, J. A., Van Lange, P. A. M., & Van Vugt, M. (2004). Who cares about the 

environmental impact of cars? Those with an eye toward the future. Environment and 

Behavior, 36(2), 187-206. https://doi.org/10.1177/0013916503251476. 

Kaplan, S. (1995). The restorative benefits of nature: Toward an integrative 

framework. Journal of Environmental Psychology, 15(3), 169-182. 

Kavanagh, P. S., Kahl, B. L. (2021). Life History Theory. In: Shackelford, T.K., Weekes-

Shackelford, V.A. (eds) Encyclopedia of Evolutionary Psychological Science (pp. 

4569-4580). Cham: Springer. https://doi.org/10.1007/978-3-319-19650-3_1914. 

Kellert, S. R. (1995). The biophilia hypothesis. Washington, DC:  Island Press. 

Kellert, S. R. (1997). The value of life: Biological diversity and human society. Washington, 

DC:  Island Press. 

Kollock, P. (1998). Social dilemmas: The anatomy of cooperation. Annual Review of 

Sociology, 24(1), 183-214. https://doi.org/10.1146/annurev.soc.24.1.183. 

Kortenkamp, K. V., & Moore, C. F. (2006). Time, uncertainty, and individual differences in 

decisions to cooperate in resource dilemmas. Personality and Social Psychology 

Bulletin, 32, 603-615. https://doi.org/10.1177/0146167205284006. 

Leimar, O., & Hammerstein, P. (2001). Evolution of cooperation through indirect 

reciprocity. Proceedings of the Royal Society of London. Series B: Biological 

Sciences, 268(1468), 745-753. https://doi.org/10.1098/rspb.2000.1573. 



Lindsay, J. J., & Strathman, A. (1997). Predictors of recycling behavior: An application of a 

modified health belief model. Journal of Applied Social Psychology, 27(20), 1799-

1823. https://doi.org/10.1111/j.1559-1816.1997.tb01626.x 

Martin, J. G. A., Bize, P. (2018). Life History. In: Vonk, J., Shackelford, T. (eds) 

Encyclopedia of Animal Cognition and Behavior (pp. 3951-3957). Cham: Springer. 

https://doi.org/10.1007/978-3-319-47829-6_1599-1. 

Milinski, M. (2016). Reputation, a universal currency for human social interactions. 

Proceedings of the Royal Society B: Biological Sciences, 371(1687), 20150100. 

https://doi.org/10.1098/rstb.2015.0100. 

Milinski, M., Semmann, D., & Krambeck, H. J. (2002). Reputation helps solve the ‘tragedy 

of the commons’. Nature, 415(6870), 424-426. https://doi.org/10.1038/415424a. 

Ministry of Housing, Communities & Local Government. (2019). English Indices of 

Deprivation, 2019. [Data Collection].  

https://www.gov.uk/government/statistics/english-indices-of-deprivation-2019. 

Narum, S. R., Banks, M., Beacham, T. D., Bellinger, M. R., Campbell, M. R., Dekoning, J., 

... & Garza, J. C. (2008). Differentiating salmon populations at broad and fine 

geographical scales with microsatellites and single nucleotide 

polymorphisms. Molecular Ecology, 17(15), 3464-3477. 

https://doi.org/10.1111/j.1365-294X.2008.03851.x. 

Nash, J. (1951). Non-cooperative games. Annals of Mathematics, 54(2), 286-295. 

https://doi.org/10.2307/1969529. 

Nisbet, E. K., Zelenski, J. M., & Murphy, S. A. (2009). The nature relatedness scale: Linking 

individuals' connection with nature to environmental concern and 

behavior. Environment and Behavior, 41(5), 715-740. 

https://doi.org/10.1177/0013916508318748. 

Nowak, M. A., & Sigmund, K. (1998). Evolution of indirect reciprocity by image 

scoring. Nature, 393(6685), 573-577. https://doi.org/10.1038/31225. 

Nowak, M. A., & Sigmund, K. (2005). Evolution of indirect reciprocity. Nature, 437, 1291–

1298. https://doi.org/10.1038/nature04131. 

Ortmann, A., & Hertwig, R. (2002). The costs of deception: Evidence from psychology. 

Experimental Economics, 5, 111-131. https://doi.org/10.1023/A:1020365204768. 



Ostrom, E. (2006). The value-added of laboratory experiments for the study of institutions 

and common-pool resources. Journal of Economic Behavior & Organisation, 61, 149-

163. https://doi.org/10.1016/j.jebo.2005.02.008. 

Ostrom, E. (2008). Tragedy of the Commons. In S. N. Durlauf & L. E. Blume (Eds.). The 

New Palgrave Dictionary of Economics (second edition). London: Palgrave 

Macmillan. https://dx.doi.org/10.1057/9780230226203.1729. 

Ostrom, E. (2010). Beyond markets and states: polycentric governance of complex 

economics. American Economic Review, 100, 641-672. 

https://doi.org/10.1257/aer.100.3.641. 

Payne, R. A., & Abel, G. A. (2012). UK indices of multiple deprivation—a way to make 

comparisons across constituent countries easier. Health Statistics Quarterly, 53, 1-16. 

http://www.ons.gov.uk/ons/rel/hsq/health-statistics-quarterly/no--53--spring-2012/uk-

indices-of-multiple-deprivation.html. 

Pepper, G. V., & Nettle, D. (2014). Socioeconomic disparities in health behaviour: An 

evolutionary perspective. In M. A. Gibson & D. W. Lawson (Eds.). Applied 

evolutionary anthropology: Darwinian approaches to contemporary world issues (pp. 

225-243). Springer, New York, NY. http://dx.doi.org/10.1007/978-1-4939-0280-

4_10. 

Pepper, G., & Nettle, D. (2017). The behavioural constellation of deprivation: Causes and 

consequences. Behavioral and Brain Sciences, 40, e314. 

https://doi.org/10.1017/S0140525X1600234X. 

Piff, P. K., Kraus, M. W., Côté, S., & Cheng, B. H. (2010). Having less, giving more: The 

influence of social class on prosocial behavior. Interpersonal Relations and Group 

Processes, 99, 771-784. https://doi.org/10.1037/a0020092. 

Random.org. (n.d.). True random number service. https://www.random.org/  

Rand, D., & Nowak, M. (2013). Human cooperation. Trends in Cognitive Sciences, 17, 413-

425. https://doi.org/10.1016/j.tics.2013.06.003. 

Rankin, D. J., Bargum, K., & Kokko, H. (2007). The tragedy of the commons in evolutionary 

biology. Trends in Ecology and Evolution, 22, 643-651. 

https://doi.org/10.1016/j.tree.2007.07.009. 

Read, D. (2005). Monetary incentives, what are they good for? Journal of Economic 

Methodology, 12, 265-276. https://doi.org/10.1080/13501780500086180. 

https://www.random.org/


Rochman, C., Tahir, A., Williams, S. et al. (2015). Anthropogenic debris in seafood: Plastic 

debris and fibers from textiles in fish and bivalves sold for human 

consumption. Scientific Reports, 5, 14340. https://doi.org/10.1038/srep14340. 

Russell, Y. I. (2016). Reciprocity and reputation: a review of direct and indirect social 

information gathering. Journal of Mind and Behavior, 37, 247-270. 

https://doi.org/10.6084/m9.figshare.24517339. 

Russell, Y. I. (2019). Reputation. In J. Vonk & T. Shackelforth (Eds.). Encyclopedia of Animal 

Cognition and Behavior.(pp. 5977-5984). Cham: Springer. https://doi.org/10.1007/978-3-

319-47829-6_1884-2. 

Russell, Y. I., Stoilova, Y., & Dosoftei, A.-A. (2020). Cooperation through image scoring: a 

replication. Games, 11, 58. https://doi.org/10.3390/g11040058. 

Slovic, P., Fischhoff, B., & Lichtenstein, S. (1982). Why study risk perception?. Risk 

Analysis, 2(2), 83-93. https://doi.org/10.1111/j.1539-6924.1982.tb01369.x. 

Sobral, G. (2022). Rodentia Life History. In: Vonk, J., Shackelford, T.K. (eds) Encyclopedia 

of Animal Cognition and Behavior (pp. 6073-6082). Cham: Springer. 

https://doi.org/10.1007/978-3-319-55065-7_805. 

Stearns, S. C. (1992). The evolution of life histories. Oxford: Oxford University Press.  

Strathman, A., Gleicher, F., Boninger, D. S., & Edwards, C. S. (1994). The consideration of 

future consequences: weighing immediate and distant outcomes of behavior. Journal 

of Personality and Social Psychology, 66(4), 742. https://doi.org/10.1037/0022-

3514.66.4.742. 

Trivers, R. L. (1971). The evolution of reciprocal altruism. The Quarterly Review of 

Biology, 46(1), 35-57. https://doi.org/10.1086/406755. 

Van der Wal, A. J., Schade, H. M., Krabbendam, L., & Van Vugt, M. (2013). Do natural 

landscapes reduce future discounting in humans?. Proceedings of the Royal Society B: 

Biological Sciences, 280(1773), 20132295. https://doi.org/10.1098/rspb.2013.2295. 

Wang, I. M., Michalak, N. M., & Ackermann, J. M. (2021). Life History Strategies. In: T. K. 

Shackelford, V. A. Weekes-Shackelford (Eds.) Encyclopedia of Evolutionary 

Psychological Science (pp. 4560-4569). Cham: Springer. https://doi.org/10.1007/978-

3-319-19650-3_1926. 

Wilson, E. O. (1984) Biophilia. Cambridge, MA: Harvard University Press. 



Wilson, M., & Daly, M. (1997). Life expectancy, economic inequality, homicide, and 

reproductive timing in Chicago neighbourhoods. BMJ, 314(7089), 1271-1274. 

https://doi.org/10.1136/bmj.314.7089.1271. 

Wischniewski, J., Windmann, S., Juckel, G., & Brüne, M. (2009). Rules of social exchange: 

Game theory, individual differences and psychopathology. Neuroscience & 

Biobehavioral Reviews, 33(3), 305-313. 

https://doi.org/10.1016/j.neubiorev.2008.09.008. 

Wolff, I. (2015). When best-replies are not in equilibrium: Understanding cooperative 

behaviour. TWI Research Paper Series, University of Konstanz, 97, 1-37. 

https://www.twi-kreuzlingen.ch/wp-content/uploads/2017/12/twi-rps-097-

wolff.pdf.  

Worthman, C. M., & Kuzara, J. (2005). Life history and the early origins of health 

differentials. American Journal of Human Biology, 17(1), 95-112. 

https://doi.org/10.1002/ajhb.20096. 

Zeileis, A., Kleiber, C. & Jackman, S. (2008). Regression models for count data in R. Journal 

of Statistical Software, 27 (8), 1-25.  https://doi.org/10.18637/jss.v027.i08. 

  



Appendix A 

 

Instructions for players: 

In this game you have access to a resource. The total amount of this resource that exists is 100 
units.  

You accumulate points by consuming units from this resource and your aim is to accumulate 
as many points as possible in the game. The game lasts for a number of rounds, you will not be 
told how many rounds the game is going to last but, in each round prior to making your 
consumption decision, you will be told the actually probability of there being another round 
after the current round.  

You are playing the game against one other player, they have access to the same resource you 
are consuming, so the resource is shared and anything you consume is not available for them 
to consume.  

In each round of the game you have to choose how much of the resource you would like to 
consume. The minimum you can take is 1 unit in a round and the maximum is the total resource 
available (100 units).  

When making your choice about how much to consume in a given round you should be aware 
of the following rules of the game. 

Once all players have made their consumption choices in a round, the experimenter will add 
up the consumption choices of all players:  

• If that total consumption is less than or equal to 50% of the total resource available then 
the resource will refresh back to the starting value for the next round.  

• If that total is greater than 50% of the total resource available but less than all of the 
resource, the resource will be reduced by the amount extracted by all players and the 
value of the resource in the next round will be this reduced value (e.g. if the value of 
the resource in round one is 100 units and the total consumed by all players was 80 
units then the resource available in the next round would be 20 units). The experimenter 
will state the actual reduced value of the resource at the start of the next round. If players 
then use less than 50% of this reduced resource in the next round then the resource will 
refresh to the reduced value. (e.g. If the resource is reduced to 40 units and the total 
consumption of all players in the next round is 20 units or less, then the resource will 
refresh to 40 units in the following round but not back to the original starting value of 
100 units).  

• If the total consumption for all players is equal to or greater than the total amount of 
the resource available then the game ends and the points accumulated by a player are 
totalled up to give their final score for the game.  

• Prior to making their consumption decisions in a round players will be told the exact 
probability that there will be another round after the one being currently played.   

 
Your task during the game is to complete the participant datasheet by recording how much of 
the resource you would like to consume in that round in row 1 under the column consumption 
decision. You will then write your consumption decision on a separate piece of paper and 
discreetly pass it to the experimenter without communicating that information to the other 



player in the game. You make your decision without conferring or knowing what choice the 
other player will make.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix B   

 

Example of participant datasheet used during the experiment  

 

 

Date: Location: 
 

Player URN:  Game: 

Round: Consumption Decision: 

1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
11  
12  
13  
14  
15  
16  
17  
18  
19  
20  
21  
22  
23  
24  
25  
26  
27  
28  
29  
30  



 

Appendix C  

 

Common Pool Resource Appropriation Game: 2 player known reward value 

 

The reward starts at value 𝑉𝑉. If the first player takes proportion 𝛼𝛼, and the second player 

takes proportion 𝛽𝛽, then the reward maintains its value if 𝛼𝛼 + 𝛽𝛽 ≤ 1
2� , goes to 𝑉𝑉(1 − 𝛼𝛼 − 𝛽𝛽) 

if 1 2� < 𝛼𝛼 + 𝛽𝛽 < 1 and becomes 0 if 1 ≤ 𝛼𝛼 + 𝛽𝛽. In the latter case the players attempt to take 

(α+β)V but this is greater than V, so it is divided in proportion to the attempted seizure, with 

the first player receiving 𝛼𝛼𝑉𝑉/(𝛼𝛼 + 𝛽𝛽) and the second player receiving 𝛽𝛽𝑉𝑉/(𝛼𝛼 + 𝛽𝛽). 

Picking the same 𝛼𝛼,𝛽𝛽 in every round, with the probability of another round occurring being 

ρ, gives the following expected payoffs for playing 𝛼𝛼 against 𝛽𝛽: 

𝑅𝑅[𝛼𝛼,𝛽𝛽] = 𝛼𝛼𝑉𝑉(1 + 𝜌𝜌 + 𝜌𝜌2 + ⋯ ) = 𝛼𝛼𝛼𝛼
1−𝜌𝜌

                                               𝛼𝛼 + 𝛽𝛽 ≤ 1
2�    

               = 𝛼𝛼𝑉𝑉(1 + (1 − 𝛼𝛼 − 𝛽𝛽)𝜌𝜌 + ⋯ ) = 𝛼𝛼𝛼𝛼
1−(1−𝛼𝛼−𝛽𝛽)𝜌𝜌

                    1 2� < 𝛼𝛼 + 𝛽𝛽 < 1   

               = 𝛼𝛼𝛼𝛼
𝛼𝛼+𝛽𝛽

                                                                                              1 < 𝛼𝛼 + 𝛽𝛽 

 

For given 𝛽𝛽, what is the best 𝛼𝛼? Allowable 𝛽𝛽 values are 0 ≤ 𝛽𝛽 ≤ 1.  

For 𝛽𝛽 > 1
2� ,𝛼𝛼 = 1 gains 𝛼𝛼

1+𝛽𝛽
, and is clearly better than any other 𝛼𝛼 ≥ 1 − 𝛽𝛽.  

The payoff for 𝛼𝛼 < 1 −  𝛽𝛽 is 𝛼𝛼𝛼𝛼
1−(1−𝛼𝛼−𝛽𝛽)𝜌𝜌

.  

This is worse than choosing 𝛼𝛼 = 1 if  𝛼𝛼𝛼𝛼
1−(1−𝛼𝛼−𝛽𝛽)𝜌𝜌

< 𝛼𝛼
1+𝛽𝛽

⇒ 𝛼𝛼(1 + 𝛽𝛽) < 1 − (1 − 𝛼𝛼 − 𝛽𝛽)𝜌𝜌 

⇒ (1 − 𝛼𝛼 − 𝛽𝛽)𝜌𝜌 < 1 − 𝛼𝛼 − 𝛼𝛼𝛽𝛽 which is true for 𝜌𝜌 ≤ 1.  

Thus, the best reply to 𝛽𝛽 > 1
2�  is 𝛼𝛼 = 1.  

For 𝛽𝛽 ≤ 1
2� ,𝛼𝛼 = 1 gains 𝛼𝛼

1+𝛽𝛽
 and this is better than for any other 𝛼𝛼 > 1 − 𝛽𝛽,  

𝛼𝛼 = 1
2� − 𝛽𝛽 gains �

1
2� −𝛽𝛽�𝛼𝛼
1−𝜌𝜌

 and this is better than for any other 𝛼𝛼 < 1
2� − 𝛽𝛽,  



1
2� − 𝛽𝛽 < 𝛼𝛼 < 1 − 𝛽𝛽 gains 𝛼𝛼𝛼𝛼

1−(1−𝛼𝛼−𝛽𝛽)𝜌𝜌
 and this is less than 𝛼𝛼

1+𝛽𝛽
 as before.  

Thus, the best response to 𝛽𝛽 ≤ 1
2�  is 𝛼𝛼 = 1 if 𝛼𝛼

1+𝛽𝛽
> �1 2� −𝛽𝛽�𝛼𝛼

1−𝜌𝜌
 and is 1 2� − 𝛽𝛽 otherwise.  

 

A Nash Equilibrium is a strategy that is a best response to itself. Playing 1 is thus a Nash 

Equilibrium and no other strategy for 1 2� < 𝛽𝛽 ≤ 1 is.  

For 𝛽𝛽 ≤ 1
2�  we require for 1 2� − 𝛽𝛽 = 𝛽𝛽 ⇒ 𝛽𝛽 = 1

4�  for a Nash Equilibrium. In addition, we 

need 

�1 2� −1 4� �𝛼𝛼
1−𝜌𝜌

≥ 𝛼𝛼
1+1 4�

⇒ 1
4(1−𝜌𝜌) ≥

4
5� ⇒ 1 − 𝜌𝜌 ≤ 5

16� ⇒ 𝜌𝜌 ≥ 11
16� .  

 

In summary we have 𝜷𝜷 = 𝟏𝟏 is always a Nash Equilibrium, 𝜷𝜷 = 𝟏𝟏
𝟒𝟒�  is a Nash 

Equilibrium if 𝝆𝝆 ≥ 𝟏𝟏𝟏𝟏
𝟏𝟏𝟏𝟏�  and there are no other Nash Equilibria. 

∎  

 

 

 


