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ABSTRACT 

RECIPROCITY CREATES FITNESS INTERDEPENDENCE 

Aleta Pleasant 

University of Guelph, 2021 

Advisor: 

Pat Barclay 

 

Reciprocal relationships may deepen over time into ones characterized by stake. These 

relationships are inherently valuable, providing an incentive to help beyond direct exchange. We 

tested this in an online experiment, where partners could engage in reciprocity preceding an 

anonymous opportunity to help (N = 478). People anonymously helped cooperative partners 

when help increased the probability of future interactions with the partner (i.e., when help 

increased a partner’s “survivability”), compared to when help increased the partner’s earnings 

(OR = 5.09). Additionally, when help increased survivability it was more often provided to 

cooperative partners relative to uncooperative ones (OR = 4.50). In experiment 2 we replicated 

these findings (N = 594): participants anonymously helped cooperative partners when it 

increased their survivability relative to when it increased final earnings (OR = 5.56), and when 

help increased survivability it was more often provided to cooperative partners relative to 

uncooperative ones (OR = 4.46).  These results provide empirical support that reciprocity creates 

stake in a partner.
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Introduction 

 Cooperation is so deeply engrained in the human experience that we often fail to 

appreciate just how unusual it is. Cooperation can be understood as behavior that is beneficial to 

another individual; these behaviors may be mutually beneficial to both parties or may be costly 

to the actor and beneficial to the recipient (Melis & Semmann, 2010). Costly cooperation that is 

not offset by some benefit is detrimental to the actor, thus engaging in these cooperative acts 

requires considerations of these trade-offs. This is because an indiscriminate cooperator will 

have fewer resources than a discriminate cooperator, such that the former leave fewer offspring. 

For cooperation to be an evolutionarily adaptive strategy, it must confer benefits to the 

cooperative actor.  

The ubiquity of cooperation in humans can be understood through the lens of various 

theories: such asfitness interdependence, reciprocity, mutualisms, kin-selection and costly 

signalling (Fischbacher & Gächter, 2002; Rand & Nowak, 2013; Hamilton, 1964; Barclay & Van 

Vugt, 2015; Roberts, 2005). These theories are not mutually exclusive and understanding how 

they interact is of importance. This is because these concepts are applicable to a variety of 

settings where fostering cooperation is crucial: such as businesses, schools, communities, and the 

government. Therefore, understanding how these factors interact to influence behavior is 

necessary for the effective application of the theory.  

Fitness interdependence is a concept that can help provide a more unified understanding 

of cooperation relative to the current state of the field. When organisms are fitness 

interdependent, or when they have a stake in each other, it means a relationship exists between 

the inclusive fitness of both individuals (Aktipis et al., 2018; Brown & Brown, 2006). In an 

interdependent relationship, partners have a vested stake in the wellbeing of one another. This is 

because an increase in their partner’s fitness means an increase in their own fitness, thus 
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providing a clear incentive to cooperate. Please note we will use ‘interdependence’ and ‘stake’ 

interchangeably to refer to this relationship between the fitness of two individuals. Pair bonds are 

an example of a highly interdependent relationship: increased wellbeing for one partner is 

directly beneficial to the wellbeing and reproductive potential of the other partner. Vested stake 

need not always be as pronounced as it is in mating pair-bonds, interdependence also underlies a 

myriad of interactions that are more simplistic. For example: If the behavior of individual X 

happens to be beneficial to individual Y, then Y has a vested interest in the wellbeing of X to 

continue receiving that benefit. These two can be considered interdependent because an increase 

in the fitness of X means an increase in fitness for Y. We use fitness here to refer to an 

individual’s ability to survive and reproduce in its environment.  

Direct reciprocity, or a reciprocal relationship, is the exchange of cooperative acts 

between two individuals. Reciprocal relationships may deepen over time into one where the 

partners have a vested stake in each other because of the benefits they receive from having that 

person around. This is not a new idea, Mesterton-Gibbons & Dugatkin (1997) described 

reciprocal helping and interdependencies as parts of the continuum of cooperation. These 

interdependencies can help explain cooperation that evades understanding through traditional 

theories, such as reciprocity or kin selection (Roberts, 2005; Aktipis et al., 2018). Most recently, 

Barclay (2020) mathematically modelled how reciprocity and stake are intrinsically linked; 

highlighting the importance of teasing apart their individual contributions to cooperative 

behavior to better understand the process through which reciprocity creates stake.  

Selfish Altruism 

 A behavior is evolutionarily unstable if its costs are not offset by its benefits to the actor. 

An unstable behavior is one that reduces an individual’s chance of replicating its genes relative 
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to other behavioral strategies present in a population. This disadvantage means fewer of these 

genes will make it into each subsequent generation, effectively erasing this strategy over time. 

Cooperation can be costly, and if this cost is not offset by benefits, then selfish individuals will 

thrive at the expense of the less selfish. However, selfishness is not synonymous with 

uncooperativeness; sometimes cooperation is so beneficial that even a perfectly selfish actor 

would choose to cooperate. If the fitness of two individuals, or a group of individuals, is 

positively related than a rational selfish actor stands to benefit from cooperation with that 

network. This is exemplified in selfish herds as described by Hamilton (1971), whereby 

individuals acting selfishly can reduce their risk of predation by grouping with others when 

threatened by a predator. This is a net benefit to the fitness of the actor and the group. This type 

of mutualistic behavior is evident in observational studies of various species: such as fiddler 

crabs, sheep and baboons (Viscido & Wethey, 2002; King et al. 2012; Dostie et al. 2016); it has 

also been demonstrated mathematically (Askitas, 2018).   

 Fitness interdependence can account for passive cooperation as described in the selfish 

herd, where acting in your immediate best interest is beneficial to others. It can also foster active 

helping, dependent on how related fitness outcomes are for the individuals in question. If fitness 

increases with group size, then it pays to help group members to ensure a larger group; this is 

termed group augmentation (Kokko et al., 2001; Taborsky et al. 2016; Kingma et al. 2014). 

Benefits here may come from a reduced risk of predation, territory defense, access to mates, and 

support rearing children. Under these conditions, the costs of helping a groupmate is offset by 

the benefits of having that additional member.  

A clear example of cooperation through group augmentation is seen in Suricata suricata 

(meerkat). These cooperative breeders help to rear unrelated pups and feed them at the same rate 
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as kin because they benefit secondarily from these actions (Cutton-Brock, 2001; Brotherton, 

2001). Female helpers will preferentially feed female pups, the non-dispersing sex, as their 

vested stake is highest in these group members (Brotherton, 2001). Similar patterns of sex related 

differences in helping are seen in Hyaena brunnea (brown hyena); females preferentially feed 

female young, the non-dispersing sex, and will do so when the degree of relation is low, whereas 

males will only feed closely related young (Owens & Owens, 1984). Cooperation through group 

augmentation is not limited to mammals: Neolamprologus pulcher (cichlid), a cooperative 

breeding fish engages in similar behavior (Taborsky et al. 2005). For these fish, group size is of 

vital importance to group survival; group size has more impact on group success than the 

fighting ability of group members or their body size (Taborsky et al. 2005). Therefore, the 

success of the group (and all individuals within) is linked to increasing group size and help 

within the group.  

These concepts can be understood broadly using math: helping behavior is favored if the 

product of the benefit to the recipient and the vested stake in that individual is greater than the 

cost of the action (b*s > c) (Roberts, 2005). In this equation the benefit to the actor is multiplied 

by a factor, stake, that is representative of the degree to which the recipient’s wellbeing impacts 

the fitness of the actor. Thus, cooperation that is driven by stake is relatively stable. This is 

because when the costs of helping are low, and the benefits from increased group size are enough 

to produce stake, then cheating is not a worthwhile strategy (Clutton-Brock, 2002). 

Interdependence in Humans 

 Relationships are grounded in interdependence in many unrecognized ways. In pair 

bonds, each partner has a deep and obvious vested stake in the well-being of the other. This is 

because mates provide reciprocal help and support to one another: caring for children, sharing 
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resources, and providing emotional support. Therefore, the more they each continue to invest, the 

greater the vested stake each has in their partner. Conversely, if a partner stops providing support 

to the partner and their child, then this stake is reduced or eliminated; stake relies on mutual 

investment in the child and one another. A comparable pattern can be found amongst soldiers in 

the military: the more they invest in the wellbeing of their fellow service members, the lower 

their risk of misfortune. Support and vigilance are reciprocally provided by members of the 

group; this increases the vested stake the group members have in one another. However, even in 

the absence of direct reciprocity stake may still be present in a relationship, for instance: if 

separate platoons share a common enemy, and thus a common goal of defeating them, they have 

stake in one another’s wellbeing despite a lack of direct reciprocity. Unsurprisingly, under these 

conditions it is common to use kin-terms for group members, for example: “brothers in arms”; as 

some of these soldiers report feeling more bonded to their co-combatants than to their own 

families (Whitehouse et al. 2014). Kin relationships are the deepest example of interdependence, 

the success of kin increases the indirect reproductive success of one another. Thus this use of kin 

terms denotes the high degree of underlying fitness interdependence (Cronk et al. 2019).  

 Reciprocal actions can create interdependencies amongst individuals, providing an 

incentive to help. Imagine a situation where two individuals choose to forage together rather than 

separately. The extra set of eyes means each individual can devote less time to vigilance and 

more time to foraging. This has been demonstrated experimentally using an eye-tracker, showing 

that people will allocate less time to vigilance and more to foraging when another person is 

present (Gomes & Semin, 2020). People are adept at coordinating these efforts and can do so 

without verbal communication (Kuroda & Kameda, 2019). In this example each person has a 

vested stake in keeping the partner around because of the passive benefit they receive (i.e., 
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greater yield from foraging efforts); demonstrating that two individuals can develop an 

interdependent relationship from simply acting in their own interest by reciprocating vigilant 

efforts. In this relationship the incentive to cheat is low. If a partner cheats by allocating no time 

to vigilance, they leave themselves and their partner vulnerable to predation. They pay the 

ultimate price if this costs them their life; but even if their partner perishes instead, it is still 

costly, now they will have no partner to forage with on subsequent outings reducing future 

yields.  

A common goal or enemy is an external motivator that can create interdependencies. If a 

neighbouring tribe has begun encroaching on your territory, you rely on your group for defence 

of that land to preserve your access to its resources. Therefore, you have a deep vested stake in 

ensuring the wellbeing of those around you so they can provide coalition support if needed. A 

rational actor in this situation can advance their own interests by investing in the well-being of 

others facing common threat (Mesterton-Gibbons & Dugatkin, 1992). Cheating in this situation, 

even anonymously, could have dire consequences. Under sufficient threat, cheating may result in 

a boomerang effect; cheating your partners leaves your group in such a vulnerable state that your 

fitness suffers directly as a result (Mesterton-Gibbons & Dugatkin, 1992; 1997). Therefore, when 

the cost of cooperation is relatively low, and individuals share a common fate, cooperation can 

be favored. This has been demonstrated in a laboratory study; Zhang (2019) manipulated risk in 

an experimental economic game played in groups, risk was either common to the group or 

individualized, when risk was common amongst group members they cooperated more than 

when risk was specific to the individual.  

Risk Management  
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There are many factors that can influence what is an optimal cooperative strategy, or 

when stake will tend to be highest amongst group members. In volatile environments, survival 

often necessitates a reliance on others. The example of foraging can help to exemplify this. In 

times of great abundance and low risk of predation, whether a person forages alone or with a 

partner may have a negligible effect on their overall fitness. Their stake in that partner will be 

relatively low. If instead foraging returns are uncertain and risk from predators is high, the effect 

of having a partner compared to not having one is great. In this scenario, the vested stake in a 

partner would be high. Volatile environments can foster high levels of cooperation and group 

cohesion because of this heightened interdependence.  

Risk-pooling is an effective strategy to spread out risk amongst a group of people; by 

diluting risk amongst all members, everyone’s individual risk is reduced. If resources are 

uncertain, various forms of resource pooling and need-based transfers tend to be commonplace 

(Howe et al. 2016; Gerkey, 2016; Gurven et al. 2000). Communities that have norms of sharing 

and obligations to help have a buffer against misfortunes that may befall individuals. For 

example: In East-Africa the Maasai use the Osotua system: if a cattle herder suffers an 

unfortunate loss, they can rely on their Osotua partner to transfer them cattle (Aktipis et al. 

2016). These types of need-based transfers operate based on a simple rule: ask for help only if 

you need it and provide help if you can give it (Aktipis et al. 2016). It is a simple concept but a 

powerful way to mitigate risk, and more effective at reducing individual risk than systems that 

are rooted in debt (Cronk et al. 2019).  

Resource pooling is a specific way of engaging in risk pooling. If yields from foraging or 

hunting are variable, you can protect yourself against starvation by sharing with others when you 

have an abundance and taking from others when in need. This bears a lot of similarity to systems 
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of direct reciprocity. In highly interdependent groups, tit-for-tat reciprocity is important, but is 

not a perfect model for the networks of sharing that emerge. This is because needs present 

themselves unpredictably, therefore maintaining a system of direct reciprocity would be arduous 

and unstable. Norms of unconditional giving can emerge when the costs of sharing are low and 

your stake in those within your group is non-zero (Schnegg, 2015). This vested stake fosters 

cooperation beyond the confines of direct reciprocity, such that people are willing to help 

without expectation of repayment, and even when their actions are anonymous. This eliminates 

the need for record keeping and remembering past deeds, and it can effectively reduce individual 

risk within the group.  

Proximate Causes  

 Deciding to help someone is a quick process. It does not often require a complicated 

cost/benefit analysis. Despite the apparent ease of decision making there are complex underlying 

processes that influence your ultimate decision. Having a vested stake in someone’s wellbeing 

can increase your willingness to help. This is because you benefit secondarily from those helpful 

actions. It does not involve active computing of the specific stake you have in someone, rather it 

is driven by emotions and social bonds. Emotions are powerful motivators to help, and high 

levels of interdependence can create deep bonds characterized by strong emotions (Brown & 

Brown, 2006). They allow for quick assessment of the social valuation of an individual, and thus 

encourage appropriate behavior (Sznycer & Lukaszewski, 2019). As demonstrated by co-

combatants reporting bonds that feel stronger than family, experiencing these intense emotional 

bonds is necessary to drive the costly cooperative actions required in those conditions 

(Whitehouse et al. 2014). However, interdependence does not require complexity or extreme 

conditions to produce positive emotive responses. Relationships characterized by repeated 
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interactions and exchange can produce warm emotional responses, these positive feelings of 

emotion towards the group are key to maintaining cooperation (Lawler & Yoon, 1998; Lawler et 

al. 2000). This development of emotional responses through reciprocity is evidence of the 

creation of stake in the relationship, which functions to motivate appropriate cooperative 

behavior.  

 Culture is an important developmental factor through which interdependence is realised. 

Norms of sharing and cooperation motivate helping behavior in highly interdependent 

communities. As discussed, in volatile environments, norms of unconditional food and resource 

sharing are essential to group survivability (Howe et al. 2016; Gerkey, 2016; Gurven et al. 2000; 

Aktipis et al. 2016). This unconditional helping can be fostered by both group norms as well as 

more formal institutions, for example: religious communities, military units, and profit sharing in 

companies (Aktipis et al. 2018). These cultures can stabilize cooperation by highlighting the 

shared fate of those involved. These feelings of a shared fate can increase group members 

willingness to help one another. 

 Humans are flexible in their cooperative strategies and quick to adapt to changing 

conditions. These strategies are fallible but tend to produce beneficial results on average. In 

perfect conditions it can be advantageous to engage in direct reciprocity. This can maximize 

returns on cooperative investments. However, in less favorable conditions, tracking debt and 

withholding help can be detrimental to your own well being. Here, acting according to need-

based cooperative strategies can be beneficial, and when people are aware of these strategies, 

they willingly employ them (Cronk et al. 2019). This allows them to outperform groups that 

employ debt-based strategies. Additionally, in lab, when interdependencies are manipulated 

through payment structures people attend to this information and cooperate accordingly (Guth et 
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al. 2010). Thus, vested stake is not a static feature of a relationship, it changes based on 

situational factors: for example, if good partners are abundant and easily replaced, stake in a 

current relationship is reduced, conversely if good partners are rare then stake in an established 

relationship is greater.   

Stake vs. Reciprocity  

 Reciprocity. Direct reciprocity is at the core of understanding how cooperation can be 

maintained within a population, specifically cooperation amongst non-kin (Fehr & Fischbacher, 

2003; Rand & Nowak, 2013). When cooperation is contingent on repayment, both parties can 

benefit from the relationship in a predictable way. The underlying logic here is that the help 

person X provides person Y today must be repaid by Y in the near future. This requires memory 

of past deeds, the ability to repay debt, and punishment should someone defect. This can be a 

stable strategy, depending on the condition of the partners. However, conditions are rarely 

perfect, and relationships only concerned with reciprocal benefits can destabilize quickly. For 

example, partners may not be able to reciprocate equally or repay debts in a timely manner in 

unpredictable environments because resource acquisition is variable. Thus, trying to operate 

according to direct reciprocity is often unrealistic as it would be largely inefficient. 

 Stake. When fitness outcomes for individuals are positively related, they have a vested 

stake in keeping that person around (Roberts, 2005; Aktipis et al., 2018; Brown & Brown, 2006). 

This is because the benefits they receive from that relationship offset costs incurred in 

cooperating with that partner. These benefits inherent in the relationship mean that the partner 

need not even know that help has been provided. This knowledge is essentially irrelevant 

because helping is worthwhile even if they never pay it back. This is the defining difference 

between help provided under expectations of reciprocity, and help rooted in stake. For help to be 
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reciprocated, the partner must know what has been done. Whereas, if you have a vested stake in 

someone, knowledge of individual instances of helping is less relevant. This is because that 

person is valuable beyond the confines of direct exchange. 

 The discussed examples, such as pair bonds, Osotua partners, and friendship have 

highlighted how reciprocity can create stake in relationships. These reciprocal relationships are 

inherently valuable, and each partner has a stake in one another’s wellbeing to ensure the 

relationship continues. Previous work has discussed the importance of interdependence in the 

maintenance of cooperation (Roberts, 2005; Eshel & Shaked, 2001; Aktipis et al. 2018). 

Additionally, simulations and experiments have investigated the importance of stake-based 

relationships in risk management (Aktipis et al. 2016; Cronk et al. 2019) and the willingness to 

cooperate (Guth et al. 2010). However, these have not been able to draw conclusions regarding 

the interaction between reciprocity and stake, and whether one creates the other. Barclay (2020) 

used a mathematical model to provide evidence that reciprocity can create stake in a partner, but 

this has yet to be confirmed experimentally.   

Hypotheses  

 Main Predictions. If reciprocity creates stake, people will be willing to anonymously 

help a cooperative partner if their help improves the probability of that partner surviving (e.g., 

staying around for more rounds of the game). This is relative to providing help that has no 

bearing on the partner’s survival. Ideally, partners would prefer their help be visible, to allow for 

reputational gains and repayment. However if this is not possible helping is still worthwhile. This 

is because a reciprocal relationship is inherently valuable, meaning both partners have a vested 

stake in keeping the other around. Therefore, they will help a partner even if their partner never 

knows and cannot repay the favor.  
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 We predict that a willingness to help is driven by certain factors. For example, partners 

that report greater perceptions of interdependence should be more willing to help. Individuals 

that are more cooperative overall should also be the most willing to provide help to a partner. 

The effect that help has on the recipient should predict whether help is given; if help benefits the 

recipient but does not increase the probability of keeping that partner around, then partners will 

be less likely to help. Individuals will be most willing to help when it directly impacts the 

recipient’s ability to provide benefits by increasing the probability of future interactions.  

 Secondary Prediction. Greater perceptions of interdependence with a partner should 

increase cooperation. Thus, we predict a correlation between perceptions of interdependence and 

the behavioral measure of cooperation.  

Experiment 1: Methods 

The Game. Participants were paired up to play a 7 round Prisoner’s Dilemma Game 

(PDG) online, hosted online on Amazon Mechanical Turk (MTurk) (see Appendix A for the 

game instructions) (Chen et al. 2016). Participants begin the game with an endowment of 10¢. In 

each round of the game partners independently chose to either cooperate or defect, with 

corresponding payouts based on their decision and their partner’s decision. If they choose to 

mutually cooperate, they both receive 4¢. If one partner chooses to cooperate and the other 

defects, the cooperator loses 2¢ and the defector gains 8¢. If defection is mutual, no money is 

earned. With this payment structure cooperation is the costly decision relative to defection, but 

mutual cooperation pays betters than mutual defection. 

Experimental Conditions. Following the 5th round of the game, one of the participants 

in the dyad will be given an anonymous opportunity to help. The specifics of this opportunity 

vary by condition. Control Condition: “Would you like to pay 3¢ to increase your partner’s final 
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earnings by 7¢?” Interdependence Condition: “Your partner only has a 10% chance of surviving 

into the next round. If your partner survives, you will both continue to the next round. If your 

partner does not survive, then there will be no more rounds because you will have no one to 

interact with. Would you like to pay 3¢ to increase your partner’s chance of survival from 10% 

to 90%?” We chose these ratios (3¢ to 7¢ and 3¢ to an 80% increase in survival) to be roughly 

equivalent in terms of their effects on one’s partner. Because cooperative partners earn 4¢/round, 

an 80% increased chance of survival is worth an expected 3.2¢/round, which across two rounds 

equals 6.4¢ to one’s partner. 

Post Experimental Survey. At the conclusion of the game participants responded to a 

researcher generated exit survey (see Appendix C for exit survey). The exit survey included a 

comprehension check, demographic questions (age, sex), and four Likert scale measures of 

perceived interdependence (-3 to +3; example: “What was good for my partner was good for 

me”). The partner that did not get an opportunity to help during the game responded to a 

hypothetical opportunity to help. Control Condition: “Imagine you had the opportunity to pay 3¢ 

to increase your partners final earnings by 7¢, would you?”. Interdependence Condition: 

“Imagine you were still playing the game and your partner only had a 10% chance of surviving 

into the next round, but you could pay 3 cents to give them a 90% chance of surviving. If they 

survived, you would both continue to the next round. If they did not survive, then there would be 

no more rounds because you would have no one to interact with. Would you have been willing to 

pay 3 cents to increase their probability of survival from 10% to 90%” 

Sample. We recruited 171 females, 301 males and 6 participants who chose not to 

disclose their sex from MTurk (478 participants); the age of participants ranged from 18-70 

(mean 36.79 ± S.D. 11.03). They were compensated a base pay of $1USD for participation. They 
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earned additional money throughout the game based on their decisions and the decisions of their 

partners; earnings ranged from $1USD-$1.62USD (mean $1.26USD ± S.D. $.15USD). Based on 

our power analysis conducted with G*Power, we ran a total of 238 participants who made a 

consequential helping decision (119 helpers per condition) (Erdfelder et al., 1996). We required a 

minimum of 41 cooperative dyads in each condition to achieve a power of .95 to detect an effect 

at alpha .05.  

Experiment 1: Results 

 Overview. The data were analyzed using R, version 3.6.1 (R Core Team, 2019), 

packages reghelper (Hughes, 2020), and car (Fox & Weisberg, 2019). We used Fisher’s exact 

tests and logistic regressions to test our predictions (see specific predictions for each analyses). 

We excluded 214 participants who failed our comprehension check from analyses, leaving 478. 

Additionally, our main analyses only analyzed decisions to help that had consequences (i.e., that 

conferred money or probability of survival); hypothetical decisions were used for robustness 

checks. Our Fisher’s exact test analyzed help by type of dyad. Dyad classification is based on 

mutually cooperative rounds: cooperative dyads are defined as those who have mutually 

cooperated in 3 or more rounds preceding the opportunity to help, uncooperative dyads have 

defected in 3 or more rounds. 

Main Analyses 

Are reciprocal relationships enough to establish interdependence? If reciprocity 

creates stake, partners will be more willing to pay a personal cost to anonymously increase their 

partner’s chance of survival. This will be greater relative to when help only increases their 

partner’s final payout. As predicted, partners in cooperative dyads were more willing to help a 
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partner in the Interdependence Condition (83%) relative to the Control Condition (49%); see 

Table 1 for a summary of the Fisher’s exact analyses (p = .0002, OR = 5.09, 95% CI of the OR 

[2.02, 13.90]). We demonstrated the robustness of this effect by including hypothetical decisions 

in the analysis (86% helped in the Interdependence Condition vs. 51% in the Control): p < .001, 

OR = 6.02, 95% CI of the OR [3.07, 12.44]. For a summary of results including hypothetical 

decisions, see Appendix H. By contrast, if a relationship lacks reciprocity, the vested stake one 

has in that relationship should be low or non-existent. The Fisher’s exact test on helping behavior 

in uncooperative dyads exemplifies this: help did not differ between the Interdependence 

Condition (52% helped) and the Control (41% helped), p = .27, OR = 1.57, 95% CI of the OR 

[.72, 3.45]. When we included hypothetical responses in the analysis, we found that helping 

behavior was more likely in the Interdependence Condition (61%) relative to the Control 

Condition (40%): p < .01, OR = 2.33, 95% CI of the OR [1.35, 4.04], albeit weaker than for 

cooperative dyads. The relationship between help and condition in cooperative dyads, and the 

lack of this relationship in uncooperative dyads, illustrates that reciprocity creates stake between 

partners. This relationship means that participants are willing to anonymously provide help; 

specifically, when this help increases the surety of future interactions.  

The possibility remains that the content of the question posed to either condition, paying 

to save a partner compared to increasing their final earnings, could be driving the difference in 

the willingness to help. If paying to save a partner is seen as more valuable regardless of whether 

there is any stake in the relationship, then we would expect more help in the Interdependence 

Condition regardless of reciprocity. Conversely, if stake is driving helping behavior then rates of 

helping should be the same in both the Control and Interdependence Condition when stake is 

non-existent (i.e., when partners don’t cooperate and therefore aren’t worth saving). The results 
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support the latter: uncooperative dyads did not differ across conditions in their helping behavior, 

33% helped in the Control Condition and 39% helped in the Interdependence Condition, see 

Table 2 for a summary of the Fisher’s exact tests (p = .78, OR = 1.29, 95% CI of the OR [.38, 

4.52]). Whereas dyads who mutually cooperated in all 5 rounds (i.e., partners who never 

defected on one another) were more likely to help their partners in the Interdependence 

Condition (82%) relative to the Control Condition (53%): p = .01, OR = 3.97, 95% CI of the OR 

[1.22, 14.55]. Thus, these results suggest that it is one’s stake in a partner that drives helping, not 

just the nature of the question. Additionally, to ensure that the manipulation did not affect the 

level of perceived interdependence in either condition, we ran a t-test: perceptions of 

interdependence did not differ by condition (t(236) = .49, p = .62, 95% CI [-1.16, 1.94]). These 

results bolster our finding that reciprocity is driving the difference in the willingness to help 

rather than the question asked in either condition.  

Table 1 

Proportion of Help Provided in Cooperative and Uncooperative Dyads  

 Control Condition Interdependence  

Dyad Type Proportion Help Proportion Help OR 

Cooperative  31/63  
(49%) 

45/54  
(83%) 

5.09***  
[2.02, 13.90] 

Uncooperative  23/56 
 (41%) 

34/65  
(52%) 

1.57  
[.72, 3.45] 

OR (Coop vs. 
Uncoop) 

1.39  
[.63, 3.06] 

4.50***  
[1.80, 12.24] 

 

Note. The odds ratio (OR) represents the odds of helping behavior in a particular condition 

relative to another, the test of significance determines whether the odds of an outcome is 

significantly greater than 1.  ***p < .001. 
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Table 2 

Proportion of Help Provided in Completely Cooperative and Defective Dyads  

 Control Condition Interdependence  

Dyad Type Proportion Help Proportion Help OR 

Complete 
Cooperation  

20/38  
(53%) 

27/33  
(82%) 

3.97* 
[1.22, 
14.55] 

Complete 
Defection 

9/27  
(33%) 

11/28  
(39%) 

1.29  
[.38, 4.52] 

OR (Coop vs. 
Uncoop) 

2.19  
[.72, 7.08] 

6.70**  
[1.91, 26.83] 

 

Note. The odds ratio (OR) represents the odds of helping behavior in a particular condition 

relative to another, the test of significance determines whether the odds of an outcome is 

significantly greater than 1. *p < .05, ** p < .01. 

Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s survivability? If the perception of interdependence 

and reciprocity is driving helping behavior, participants who choose to help will report greater 

perceptions of interdependence and cooperate more frequently. We used logistic regressions to 

test this in the Interdependence Condition when help increased the surety of future interactions. 

We ran additional logistic regressions on the Control Condition, detailed in Appendix G. Mutual 

cooperation and perceived interdependence were tested individually to assess their relationship 

with helping behavior. Mutual cooperation significantly predicted whether help was provided, z 

= 3.68, p < .001, OR = 8.67, 95% CI of the OR [2.89, 29.34]; see Figure 1 for the proportion of 

help provided for each round of mutual cooperation. Perceived interdependence was also found 
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to significantly predict helping behavior when assessed in isolation, z = 2.83, p < .01, OR = 1.10, 

95% CI of the OR [1.03, 1.18].  

 To test the partial effects of mutual cooperation and perceived interdependence on help, 

both were tested in a regression model. Mutual cooperation significantly predicted helping 

behavior while holding the effect of perceived interdependence constant, z = 2.63, p = .01, OR = 

7.44, 95% CI of the OR [1.73, 35.11]. By contrast, perceived interdependence no longer 

significantly predicted helping behavior while the effect of mutual cooperation was held 

constant, z = .31, p = .75, OR = 1.01, 95% CI of the OR [.93, 1.11]. The confidence interval 

crosses 1, suggesting that the effect of perceived interdependence on help is non-significant 

when mutual cooperation is held constant.   

Figure 1 

Helping Behavior at Each Level of Total Mutually Cooperative Rounds  

 

Secondary Analysis 

 Does the perception of interdependence increase cooperation? The greater the 

perceived interdependence between partners, the more willing they should be to cooperate. 
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Likewise, the more partners cooperate, the greater the stake they should have in one another. As 

predicted, there was a strong correlation between perceptions of interdependence and the number 

of mutually cooperative rounds, r(476) = .57, p < .001. 

Experiment 2 

 Overview. Experiment 2 serves as a replication of our findings from Experiment 1, with 

the addition of a novel control group. We need to determine whether the increased helping 

behavior in the Interdependence Condition is not only due to a difference in the opportunity to 

help, where help either increases survivability or a partner’s final earnings. This control group 

will provide a baseline measure of how willing participants are to save one another in the 

absence of reciprocity.  Participants in this group will get an opportunity to save a player, just as 

participants do in the Interdependence Condition, however they will have no opportunity to 

reciprocate with the player.  

Experiment 2: Methods 

 The Game. Participants were paired up to play either a PDG as described in Experiment 

1 (see Appendix A for game instructions), or an independent task for 7 rounds (see Appendix B 

for game instructions). Task assignment depended on the experimental condition: Control 

Condition 1 and the Interdependence Condition played the PDG, Control Condition 2 played a 

gambling task. The gambling task functioned as follows: participants picked option ‘A’ or ‘B’ 

each round, with corresponding payouts based on their decision and the random selection of ‘A’ 

or ‘B’ by the computer. If the participant selected ‘A’ and the computer selected ‘A’, the 

participant earns 10¢. If the participant selected ‘A’ and the computer selects ‘B’, the participants 

lose 2¢. If the participant selected ‘B’ they earn 4¢ regardless of whether the computer selected 
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‘A’ or ‘B’. We have chosen this payoff structure to ensure the average value per round is equal 

to the value per round in a mutually cooperative dyad in the interactive conditions (i.e., 

4¢/round). This allowed us to standardize the value of helping a participant; thus, any difference 

we find cannot be attributed to a difference in the effect it has on one’s partner. 

Experimental Conditions. Participants were assigned to either Control Condition 1 

(PDG), Control Condition 2 (gambling task), or the Interdependence Condition. In all conditions 

following the 5th round of the game, one of the participants in the dyad were given an 

anonymous opportunity to help. The specifics of this opportunity vary by condition. Control 

Condition 1: “Would you like to pay 5¢ to increase your partner’s final earnings by 7¢?”. 

Interdependence and Control Condition 2: “Player 1 is playing the same task as you and they 

only have a 10% chance of surviving into the next round. If Player 1 survives they will continue 

to the next round. If Player 1 does not survive, then they will not play any more rounds of the 

game. Would you like to pay 5¢ to increase Player 1’s chance of survival from 10% to 90%?”. 

We chose these ratios (5¢ to 7¢ and 3¢ to an 80% increase in survival) to be roughly equivalent 

in terms of their effects on one’s partner. Because cooperative partners earn 4¢/round in Control 

Condition 1 and 4¢/round playing strategy ‘B’ in Control Condition 2, an 80% increased chance 

of survival is worth an expected 3.2¢/round, across two rounds this equals 6.4¢ to one’s partner. 

Additionally, we increased the cost of help from 3¢ in Experiment 1 to 5¢ in Experiment 2 to 

mitigate ceiling effects in rates of helping.  

Post Experimental Survey. At the conclusion of the game participants responded to an 

exit survey (see Appendix D for exit survey). The exit survey included a comprehension check, 

manipulation check, demographic questions (age, sex), and 7-point Likert scale measures of 

perceived interdependence (1 to 7; Sznycer et al., 2020). Player 1, the partner that did not get an 
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opportunity to help during the game, responded to a hypothetical opportunity to help. Control 

Condition 1: “Imagine you had the opportunity to pay 3¢ to increase your partners final earnings 

by 7¢, would you?”. Interdependence and Control Condition 2: “Imagine you were still playing 

the game and you were informed that another player who was playing the same task partner only 

had a 10% chance of surviving into the next round, but you could pay 3 cents to give them a 90% 

chance of surviving. Would you have been willing to pay 3 cents to increase their probability of 

survival from 10% to 90%?”.  

Sample. We recruited 238 females, 349 males and 7 participants who chose not to 

disclose their sex from Prolific Academic (594 participants); the age of participants ranged from 

18-69 (mean 25.71 ± S.D. 8.34). They were compensated a base pay of $1.09USD for 

participation. They earned additional money throughout the game based on their decisions and 

the decisions of their partners; earnings ranged from $1.09USD-$1.86USD (mean $1.44USD ± 

S.D. $.24USD). We used the proportions of help from Experiment 1 to conduct our power 

analysis in G*Power. (Erdfelder et al., 1996). We required a minimum of 53 cooperative dyads 

in each of the Control Condition 1 and the Interdependence Condition, and 53 dyads in Control 

Condition 2 to achieve a power of .95 to detect an odds ratio of 4.50 at alpha .05.  

Experiment 2: Results  

Overview. The data were analyzed using R, version 3.6.1 (R Core Team, 2019), 

packages reghelper (Hughes, 2020), and car (Fox & Weisberg, 2019). We used Fisher’s exact 

tests and logistic regressions to test our predictions (see specific predictions for each analyses). 

We ran a total of 743 participants and excluded 149 of them who failed our comprehension or 

manipulation check from analyses, leaving us with 594 participants. Additionally, our main 

analyses only included decisions to help that had consequences (i.e., that conferred money or 
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probability of survival), so hypothetical decisions to help were used to check robustness of the 

effects. Our Fisher’s exact test analyzed help by type of dyad. Dyad classification in Control 

Condition 1 and the Interdependence Condition is based on mutually cooperative rounds: 

cooperative dyads are defined as those who have mutually cooperated in 3 or more of the 5 

rounds preceding the opportunity to help, uncooperative dyads have defected in 3 or more 

rounds. Dyads in Control Condition 2 are unclassified because they had no opportunity to 

interact.  

Main Analyses 

 Are reciprocal relationships enough to establish interdependence? In Experiment 1 

we established that reciprocity creates interdependence, evidenced by more helping behavior 

when it increased a partner’s chance of survival relative to when it increased a partner’s final 

pay. These findings were replicated in Experiment 2: participants in cooperative dyads helped 

their partners more frequently in the Interdependence Condition (91%) relative to Control 

Condition 1 (63%) (p = .001, OR = 5.56, 95% CI of the OR [1.79, 20.85]). This effect is more 

pronounced when we include hypothetical decisions to help (p < .001, OR = 7.64, 95% CI of the 

OR [3.51, 18.20]); see Table 3 for a summary of the Fisher’s exact analyses. In contrast to the 

findings from Experiment 1, in Experiment 2 partners in uncooperative dyads helped more 

frequently in the Interdependence Condition (68%) relative to the Control Condition (49%) (p = 

.04, OR = 2.20, 95% CI of the OR [1.01, 4.86]), though again this effect is smaller than for 

cooperative dyads. We observe similar results when we include hypothetical decisions to help (p 

< .001, OR = 3.49, 95% CI of the OR [2.0, 6.19]).  

 In Experiment 2 we included a novel control group that allowed us to compare helping 

behavior in the Interdependence Condition to helping behavior in the absence of reciprocity. 
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Partners in Control Condition 2 (gambling task) did not engage in any reciprocity, and thus can 

be considered a baseline measure of helping behavior. As predicted, participants were more 

likely to pay to increase the survivability of a good partner they had reciprocated with (91% 

helped) relative to a partner they had no opportunity to reciprocate with (69% helped): p = .01, 

OR = 4.35, 95% CI of the OR [1.38, 16.51]. This remains true when we include hypothetical 

decisions, 91% helped in the Interdependence Condition and 75% helped in Control Condition 2 

(p = .001, OR = 3.40, 95% CI of the OR [1.50, 8.31]). Partners that had the opportunity to 

reciprocate but did so infrequently, or not at all, should have less stake in the survivability of 

their partner; partners that had no opportunity to reciprocate should have comparably low stake 

in the survivability of their partner. This was confirmed in our Fisher’s exact test: uncooperative 

dyads in the Interdependence Condition (68%) and dyads in Control Condition 2 (69%) did not 

differ in their helping behavior when it was consequential (p = 1, OR = .98, 95% CI of the OR 

[.43, 2.23]), or when it included hypothetical decision (75% helped in both conditions, p = 1, OR 

= .96, 95% CI of the OR [.52, 1.77]). See Table 3 for a summary of the Fisher’s exact analysis 

and Appendix H for a summary of results including hypothetical decisions. 

Table 3 

Proportion of Help Provided in Cooperative and Uncooperative Dyads  

 Interdependenc
e 

Control Condition 1 Control Condition 2 

Dyad Type Proportion  
Help 

Proportio
n Help 

OR vs. 
Interdependenc

e 

Proportio
n Help 

OR vs. 
Interdependenc

e 
Cooperative 48/53  

(91%) 
34/54 
(63%) 

5.56**  
[1.79, 20.85] 

 
37/54 
(69%) 

4.35**  
[1.38, 16.51] 

Uncooperativ
e 

49/72  
(68%) 

27/55 
(49%) 

2.20*  
[1.01, 4.86] 

.98  
[.43, 2.23] 
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OR (Coop vs. 
Uncoop) 

4.46**  
[1.49, 16.25] 

1.75  
[.77, 
4.07] 

   

Note. Dyads in Control Condition 2 cannot be classified as either Cooperative or Uncooperative 

because there is no interaction. The odds ratio (OR) represents the odds of helping behavior in a 

particular condition relative to another, the test of significance determines whether the odds of an 

outcome is significantly greater than 1. *p < .05, **p < .01. 

Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s survivability? Logistic regressions were used to 

replicate the findings from Experiment 1, here we explore the findings from the Interdependence 

Condition, for additional analyses on the Control Conditions please see Appendix G. In the 

Interdependence Condition, mutual cooperation significantly predicted whether help was 

provided (z = 3.50, p < .001, OR = 1.63, 95% CI [1.26, 2.20]); see Figure 2 for the proportion of 

help provided for each round of mutual cooperation. Perceived interdependence was also found 

to significantly predict helping behavior when assessed in isolation, z = 3.19, p = .001, OR = 

1.87, 95% CI [1.29, 2.80].  

 To test the partial effects of mutual cooperation and perceived interdependence on help, 

both were tested in a regression model. Mutual cooperation significantly predicted helping 

behavior while holding the effect of perceived interdependence constant, z = 2.42, p = .02, OR = 

1.46, 95% CI [1.09, 2.04]. By contrast, perceived interdependence no longer significantly 

predicted helping behavior while the effect of mutual cooperation was held constant, z = 1.37, p 

= .17, OR = 1.37, 95% CI [.88, 2.17]. The confidence interval on the odds ratio crosses 1, 

meaning the effect of perceived interdependence on help is non-significant when mutual 

cooperation is held constant.   

Figure 2 
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Helping Behavior at Each Level of Total Mutually Cooperative Rounds  

 

Secondary Analysis 

 Does the perception of interdependence increase cooperation? The findings from 

Experiment 1 were replicated in Experiment 2: there was a strong positive correlation between 

perceptions of interdependence and the number of mutually cooperative rounds, r(478) = .56, p < 

.001. Highlighting the relationship between engaging in reciprocity and increased feelings of 

interdependence with a partner.  

Discussion 

 Barclay (2020) mathematically modelled how reciprocity creates stake in a partnership; 

this stake means that there is an incentive to help even when anonymous. Our results provide 

empirical support for this model: when partners engage in reciprocity, they anonymously help 

one another when it increases the surety of future interactions; this is relative to partners that 

engage in minimal reciprocity (Experiment 1 OR = 4.50; Experiment 2 OR = 4.46) or no 

reciprocity at all (Experiment 2 OR = 4.35). Further, help is given more frequently to a good 

partner when it translates to a partner’s survivability relative to when it increases their final 
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earnings (Experiment 1 OR = 5.09; Experiment 2 OR = 5.56). This effect was established in a 

sample from MTurk and replicated on Prolific, and thus cannot be explained by the 

characteristics of a single population.  

 Past research has established that interdependence is important to the maintenance of 

cooperation (Roberts, 2005; Eshel & Shaked, 2001; Aktipis et al., 2018; Guth et al., 2010). This 

was evidenced by the correlation we observed between perceptions of interdependence and the 

rate of mutual cooperation between partners (r = .57; r = .56). However, this correlation alone 

cannot disentangle the relationship between reciprocity and stake, and whether one creates the 

other. Helping behavior, specifically when anonymous, serves as a superior proxy for stake in a 

relationship. This is because when fitness outcomes for partners are related, there is an incentive 

to keep that individual around, even at a cost to oneself (Roberts, 2005; Aktipis et al., 2018; 

Brown & Brown, 2006). Thus, even though the partner does not know help has been provided, 

and cannot repay the favor, helping is worth it if it keeps that partner in good enough condition 

to continue reciprocating. Our results are consistent with this logic: individuals anonymously 

helped a good partner when it increased their survivability, and by extension their ability to 

continue reciprocating.  

What factors will impact the vested stake one has in a relationship? The degree of vested 

stake one has in a partner should depend on certain factors, such as the ease of replacing a 

partner. If a partner is easily replaced, stake in the current relationship should be reduced, and 

consequently people will be less likely to help a partner. However, if replacement partners are 

known to be uncooperative, then partners should be more willing to provide help to a good 

partner. We are in the process of testing how stake in a relationship is impacted by the presence 

of alternative partners. These alternative partners will vary in their quality: they will be classified 
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as cooperative or uncooperative based on their behavior in a previous round of the PDG. This 

experiment could replicate our finding that reciprocity creates stake, it could also demonstrate 

the malleability of stake in a relationship and how it is impacted by situational factors.  

We have demonstrated that stake can be created in a neutral situation where two players 

are randomly paired to interact. A logical extension of our findings could be an intervention that 

creates interdependence in a relationship that has negative interdependence. Negative 

interdependence means fitness outcomes are inversely related for the individuals in question; this 

type of relationship can be easily identified in the political sphere. Political polarization has been 

on the rise, particularly in the United States (Bottcher & Gersbach, 2020); in this two-party 

system one party’s gain is perceived as their opponent’s loss (Davidai & Ongis, 2019). These 

sentiments are echoed at the level of the individual, with Republicans and Democrats openly 

disliking and distrusting one another (Iyengar, Sood & Lelkes, 2012). If reciprocity creates 

interdependence, engaging in reciprocity will increase perceptions of interdependence and 

helping behavior even amongst individuals with opposing political ideologies. This intervention 

could demonstrate the power of reciprocation in the creation of stake, providing support for our 

hypothesis, and highlighting a potential application of this work.  

In Experiment 2 we introduced a new control condition, this provided a baseline measure 

of helping behavior in the absence of any opportunity for reciprocity. Interestingly, in this 

baseline condition, helping behavior was non-zero: approximately 69% of partners paid to 

increase the survival of the other player in the game. To explore this, we conducted additional 

analyses on the reported perceived interdependence of these helpers, outlined in Appendix E. We 

found that the participants who chose to help reported greater perceptions of interdependence 

with the other player in the session, this was relative to those who did not help. These results 
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suggest that there may be individual differences in perceptions of interdependence, absent any 

effect of reciprocity. Further support for this idea is addressed in Appendix F, we find that first 

round cooperators in the interactive conditions (i.e., Control Condition 1, Interdependence 

Condition) report significantly greater perceptions of interdependence relative to first round 

defectors. This research cannot draw any conclusions about this hypothesis, as the experience 

throughout the rest of the game may be affecting these self-report measures. Future research 

could explore this premise by assessing how individual variation in baseline interdependence 

interacts with the experience of reciprocating with a partner.  

  A limitation of this research is that we used an online economic game to approximate 

real-world behavior. These methods have been criticized for their lack of external validity 

(Hagen & Hammerstein, 2006; Baumard & Sperber, 2010). These criticisms are valid; however, 

these methods are common for measuring social behavior precisely because they allow us to 

control external factors (Pisor et al., 2020). In our experiment participants could choose whether 

to help under complete anonymity, this anonymity was required to assess a participant’s stake in 

their partner. In the real-world, decisions are rarely anonymous; there may be cues that affect 

reputational concern or fear of retaliation if defection is discovered. Our research design 

manufactured a situation that allowed us to establish our effect with minimal noise. It will be 

important for future research to replicate these effects in ecologically valid contexts. Another 

limitation of this research is the sample characteristics. We recruited participants from MTurk 

and Prolific. Participants on these platforms are known to differ from the general population on 

various dimensions: for example, workers tend to be younger, more educated, and lean more 

liberal than the general population (Paolacci & Chandler, 2014). Sampling from two populations 
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of online workers helped to mitigate this problem, and we would not predict any of the listed 

systematic differences to affect the outcome of our research question.  

In sum, this research formalized the process through which reciprocity creates a vested 

stake in keeping a good partner around. When partners reciprocate it gives them a stake in the 

welfare of one another, this stake functions to stabilize cooperation and motivate helping 

behavior. Stake in a relationship means that cooperation is worthwhile even if the partner will 

never know, this is because the cooperator indirectly benefits from having that individual around 

for future reciprocation. This work has outlined how reciprocity and stake are not distinct 

processes, they are intimately linked; specifically, one creates the other. Underpinning the strong 

emotional bonds that are characteristic of friendship and providing rationale for why friends are 

willing to make sacrifices for one another (Brown & Brown, 2006). This is an important 

contribution to our understanding of not only friendship, but cooperation more generally.   

 

 

 

 

  



30 
 

References 

Askitas, N. (2018). Selfish altruism, fierce cooperation and the predator. Journal of Biological  

Dynamics, 12(1), 471–485. https://doi.org/10.1080/17513758.2018.1473645 

Aktipis, A., Aguiar, R., Flaherty, A., Iyer, P., Sonkoi, D., & Cronk, L. (2016). Cooperation in an  

Uncertain World: For the Maasai of East Africa, Need-Based Transfers Outperform 

Account-Keeping in Volatile Environments. Human Ecology, 44(3), 353–364. 

https://doi.org/10.1007/s10745-016-9823-z 

Aktipis, A., Cronk, L., Alcock, J., Ayers, J. D., Baciu, C., Balliet, D., Boddy, A. M., Curry, O.  

S., Krems, J. A., Munoz, A., Sullivan, D., Szyncer, D., Wilkinson, G. S., Winfrey, P. 

(2018). Understanding cooperation through fitness interdependence. Nature Human 

Behaviour, 2, 429-43. https://doi.org/10.1038/s41562-018-0378-4 

Barclay, P. (2020). Reciprocity creates a stake in one's partner, or why you should cooperate  

even when anonymous. Proceedings of the Royal Society B, 287(1929), 20200819. 

Barclay, P., & Van Vugt, M. (2015). “The evolutionary psychology of human prosociality:  

adaptations, byproducts, and mistakes,” in The Oxford Handbook of Prosocial Behavior, 

eds D. A. Schroeder and W. G. Graziano (Oxford: Oxford University Press), 37–60. 

Baumard, N., & Sperber, D. (2010). Weird people, yes, but also weird experiments. The  

Behavioral and Brain Sciences, 33(2-3), 84–85. 

https://doi.org/10.1017/S0140525X10000038 

Bottcher, L., & Gersbach, H. (2020). The great divide: drivers of polarization in the US  

public. EPJ Data Science, 9(1), 32–32. https://doi.org/10.1140/epjds/s13688-020-00249-

4 

Brotherton, P. N. M., Clutton-Brock, T. H., O’Riain, M. J., Gaynor, D., Sharpe, L., Kansky, R.,  

https://doi.org/10.1080/17513758.2018.1473645
https://doi.org/10.1007/s10745-016-9823-z
https://doi.org/10.1038/s41562-018-0378-4
https://doi.org/10.1140/epjds/s13688-020-


31 
 

& McIlrath, G. M. (2001). Offspring food allocation by parents and helpers in a 

cooperative mammal. Behavioral Ecology, 12(5), 590–599. 

http://resolver.scholarsportal.info/resolve/10452249/v12i0005/590_ofabpahiacm.xml 

Brown, S. L., & Brown, R. M. (2006). Selective investment theory:  

recasting the functional significance of close relationships. Psychological Inquiry, 17(1), 

1–29. https://doi.org/10.1207/s15327965pli1701_01 

Chen, D., Schonger, M., & Wickens, C. (2016). oTree—An open-source platform for laboratory,  

online, and field experiments. Journal of Behavioral and Experimental Finance, 9(C), 

88–97. https://doi.org/10.1016/j.jbef.2015.12.001 

Clutton-Brock, T. (2002). Breeding together: Kin selection and mutualism in cooperative  

vertebrates. Science (Washington), 296(5565), 69–72. 

https://doi.org/10.1126/science.296.5565.69 

Clutton-Brock, T. H., Russell, A. F., Sharpe, L. L., Brotherton, P. N. M., McIlrath, G. M., White,  

S., & Cameron, E. Z. (2001). Effects of helpers on juvenile development and survival in 

meerkats. Science, 293(5539), 2446–2449. 

http://resolver.scholarsportal.info/resolve/00368075/v293i5539/2446_eohojdasim.xml 

Cronk, L., Aktipis, A., Gazzillo, S., White, D., Wutich, A., Sopher, B., & Cronk, L. (2019).  

Common knowledge promotes risk pooling in an experimental economic game. PloS 

One, 14(8), e0220682–e0220682. https://doi.org/10.1371/journal.pone.0220682 

Cronk, L., Steklis, D., Steklis, N., van Den Akker, O., & Aktipis, A. (2019). Kin terms and  

fitness interdependence. Evolution and Human Behavior, 40(3), 281–291. 

https://doi.org/10.1016/j.evolhumbehav.2018.12.004 

Davidai, S., & Ongis, M. (2019). The politics of zero-sum thinking: The relationship between  

http://resolver.scholarsportal.info/resolve/10452249/v12i0005/590_ofabpahiacm.xml
http://resolver.scholarsportal.info/resolve/00368075/v293i5539/2446_eohojdasim.xml
https://doi.org/10.1016/j.evolhumbehav.2018.12.004


32 
 

political ideology and the belief that life is a zero-sum game. Science Advances, 5(12). 

https://doi.org/10.1126/sciadv.aay3761 

Dostie, M. J., Lusseau, D., Bonnell, T., Clarke, P. M. R., Chaplin, G., Kienzle, S., Barrett, L., &  

Henzi, S. P. (2016). Proof of principle: the adaptive geometry of social foragers. Animal  

Behaviour, 119(Complete), 173–178. https://doi.org/10.1016/j.anbehav.2016.07.011 

Erdfelder, E., Faul, F., & Buchner, A. (1996). GPOWER: A general power analysis program.  

Behavior Research Methods, Instruments & Computers, 28(1), 1–11. 

https://doi.org/10.3758/BF03203630 

Eshel, I., & Shaked, A. (2001). Partnership. Journal of Theoretical Biology, 208(4), 457–474.  

https://doi.org/10.1006/jtbi.2000.2232 

Fehr, E., Fischbacher, U. (2003). The nature of human altruism. Nature, 425 (6960), 785-791.  

https://doi.org/10.1038/nature02043 

Fehr, E., Fischbacher, U., & Gächter, S. (2002). Strong reciprocity, human cooperation, and the  

enforcement of social norms. Human Nature, 13(1), 1–25. 

https://doi.org/10.1007/s12110-002-1012-7 

Gerkey, D. (2016). The Emergence of Institutions in a Post-Soviet Commons: Salmon Fishing  

and Reindeer Herding in Kamchatka, Russia. Human Organization, 75(4), 336–345. 

https://doi.org/10.17730/1938-3525-75.4.336 

Gomes, N., & Semin, G. R. (2020). Mapping human vigilance: The influence of  

conspecifics. Evolution and Human Behavior, 41(1), 69–75. 

https://doi.org/10.1016/j.evolhumbehav.2019.10.002 

Gurven, M., Allen-Arave, W., Hill, K., & Hurtado, M. (2000). “It’s a Wonderful Life”: signaling  

https://doi.org/10.1016/j.anbehav.2016.07.011
https://doi.org/10.1038/nature02043
https://doi.org/10.1016/j.evolhumbehav.2019.10.002


33 
 

generosity among the Ache of Paraguay. Evolution And Human Behavior, 21(4), 263–

282. 

Güth, W., Levati, M. V., & von Wangenheim, G. (2010). Mutual interdependence versus  

repeated interaction: An experiment studying voluntary social exchange. Rationality and 

Society, 22(2), 131–158. https://doi.org/10.1177/1043463110366230 

Hagen, E., & Hammerstein, P. (2006). Game theory and human evolution: A critique of some  

recent interpretations of experimental games. Theoretical Population Biology, 69(3), 

339–348. https://doi.org/10.1016/j.tpb.2005.09.005 

Hamilton, W. (1964). The genetical evolution of social behaviour. I. Journal of Theoretical  

Biology, 7(1), 1–16. https://doi.org/10.1016/0022-5193(64)90038-4 

Hamilton, W. (1971). Geometry for the selfish herd. Journal of Theoretical Biology, 31(2), 295– 

311. https://doi.org/10.1016/0022-5193(71)90189-5 

Henrich, J., & Henrich, N. (2006). Culture, evolution and the puzzle of human  

cooperation. Cognitive Systems Research, 7(2), 220–245. 

https://doi.org/10.1016/j.cogsys.2005.11.010 

Howe, E., Murphy, J., Gerkey, D., & West, C. (2016). Indirect reciprocity, resource sharing,  

and environmental risk: Evidence from field experiments in siberia. PLoS One, 11(7), 

e0158940. https://doi.org/10.1371/journal.pone.0158940 

Hughes, J. (2020). reghelper: Helper Functions for Regression Analysis. R package version  

0.3.6. https://CRAN.R-project.org/package=reghelper 

Iyengar, S., Sood, G., Lelkes, Y. (2012). Affect, not ideology: A social identity perspective on  

polarization. Public Opinion Quarterly, 76(3), 405–431. 

King, A. J., Wilson, A. M., Wilshin, S. D., Lowe, J., Haddadi, H., Hailes, S., & Morton, A. J.  

https://doi.org/10.1016/0022-5193(64)90038-4
https://doi.org/10.1016/0022-5193(71)90189-5
https://doi.org/10.1371/journal.pone.0158940


34 
 

(2012). Selfish-herd behaviour of sheep under threat. Current Biology, 22(14), R561–

R562. https://doi.org/10.1016/j.cub.2012.05.008 

Kingma, S. A., Santema, P., Taborsky, M., & Komdeur, J. (2014). Group augmentation and the  

evolution of cooperation. Trends in Ecology & Evolution, 29(8), 476–484. 

https://doi.org/10.1016/j.tree.2014.05.013 

Kokko, H., Johnstone, R. A., & Clutton-Brock, T. H. (2001). The evolution of cooperative  

breeding through group augmentation. Proceedings: Biological Sciences, 268(1463), 

187–196. 

http://resolver.scholarsportal.info/resolve/09628452/v268i1463/187_teocbtga.xml 

Kuroda, K., & Kameda, T. (2019). You watch my back, I’ll watch yours: Emergence of  

collective risk monitoring through tacit coordination in human social foraging. Evolution 

and Human Behavior, 40(5), 427–435. 

https://doi.org/10.1016/j.evolhumbehav.2019.05.004 

Lawler, E. J., Thye, S. R., & Yoon, J. (2000). Emotion and group cohesion in productive  

exchange. The American Journal of Sociology, 106(3), 616–657. 

https://doi.org/10.2307/3081491 

Lawler, E. J., & Yoon, J. (1998). Network structure and emotion in exchange relations. American  

Sociological Review, 63(6), 871–894. 

http://resolver.scholarsportal.info/resolve/00031224/v63i0006/871_nsaeier.xml 

Melis, A. P., & Semmann, D. (2010). How is human cooperation different? Philosophical  

Transactions of the Royal Society B: Biological Sciences, 365(1553), 2663-2674. 

Mesterton-Gibbons, M., & Dugatkin, L. A. (1992). Cooperation among unrelated individuals:  

https://doi.org/10.1016/j.cub.2012.05.008
http://resolver.scholarsportal.info/resolve/09628452/v268i1463/187_teocbtga.xml
https://doi.org/10.1016/j.evolhumbehav.2019.05.004
http://resolver.scholarsportal.info/resolve/00031224/v63i0006/871_nsaeier.xml


35 
 

evolutionary factors. The Quarterly Review of Biology, 67(3), 267–281. 

http://resolver.scholarsportal.info/resolve/00335770/v67i0003/267_cauief.xml 

Mesterton-Gibbons, M., & Dugatkin, L. (1997). Cooperation and the Prisoner’s Dilemma:  

towards testable models of mutualism versus reciprocity. Animal Behaviour, 54, 551–

557. 

Owens, D. D., & Owens, M. J. (1984). Helping behaviour in brown hyenas. Nature, 308(5962),  

843–845. https://doi.org/10.1038/308843a0 

Paolacci, G., Chandler, J. (2014). Inside the Turk: Understanding Mechanical Turk as a  

Participant Pool. Current Directions in Psychological Science: A Journal of the American 

Psychological Society, 23(3), 184–188. https://doi.org/10.1177/0963721414531598 

Pisor, A., Gervais, M., Purzycki, B., & Ross, C. (2020). Preferences and constraints: the value of  

economic games for studying human behaviour. Royal Society Open Science, 7(6), 

192090–192090. https://doi.org/10.1098/rsos.192090 

R Core Team (2019). R: A language and environment for statistical computing. R Foundation for  

Statistical Computing, Vienna, Austria. URL https://www.R-project.org/. 

Roberts, G. (2005). Cooperation through interdependence. Animal Behaviour, 70(4), 901–908.  

https://doi.org/10.1016/j.anbehav.2005.02.006 

Sznycer, D., Ayers, J. D., Sullivan, D., Beltran, D. G., van den Akker, O. R., Munoz, A.,  

Hruschka, D. J., Cronk, L., Aktipis, A. (2020, May 3). A new measure of perceived 

fitness interdependence: Factor structure and validity. 

https://doi.org/10.31234/osf.io/7yzhd 

Sznycer, D., & Lukaszewski, A. (2019). The emotion–valuation constellation: Multiple emotions  

http://resolver.scholarsportal.info/resolve/00335770/v67i0003/267_cauief.xml
https://doi.org/10.1038/308843a0
https://doi.org/10.1016/j.anbehav.2005.02.006


36 
 

are governed by a common grammar of social valuation. Evolution and Human 

Behavior, 40(4), 395–404. https://doi.org/10.1016/j.evolhumbehav.2019.05.002 

Schnegg, M. (2015). Reciprocity on demand. Human Nature, 26(3), 313–330.  

https://doi.org/10.1007/s12110-015-9236-5 

Taborsky, M., Brouwer, L., Heg, D., & Bachar, Z. (2005). Large group size yields group stability  

in the cooperatively breeding cichlid Neolamprologus pulcher. Behaviour, 142(11–12), 

1615–1641. https://doi.org/10.1163/156853905774831891 

Taborsky, M., Frommen, J. G., Riehl, C. (2016). Correlated pay-offs are key to cooperation.   

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences, 

371(1687), 20150084–20150084. https://doi.org/10.1098/rstb.2015.0084 

Thomas, M. G., Bårdsen, B., & Næss, M. W. (2018). The narrow gap between norms and  

cooperative behaviour in a reindeer herding community. Royal Society Open 

Science, 5(2). https://doi.org/10.1098/rsos.171221 

Viscido, S. V., & Wethey, D. S. (2002). Quantitative analysis of fiddler crab flock movement:  

evidence for ‘selfish herd’ behaviour. Animal Behaviour, 63(4), 735–741. 

https://doi.org/10.1006/anbe.2001.1935 

Whitehouse, H., McQuinn, B., Buhrmester, M., & Swann, W. B. (2014). Brothers in arms:  

Libyan revolutionaries bond like family. Proceedings of the National Academy of 

Sciences of the United States of America, 111(50), 17783–17785. 

http://resolver.scholarsportal.info/resolve/00278424/v111i0050/17783_bialrblf.xml 

Whitlock, M. C. (2005). Combining probability from independent tests: the weighted Z‐method  

is superior to Fisher’s approach. Journal of Evolutionary Biology, 18(5), 1368–1373. 

https://doi.org/10.1111/j.1420-9101.2005.00917.x 

https://doi.org/10.1098/rstb.2015.0084
https://doi.org/10.1006/anbe.2001.1935
http://resolver.scholarsportal.info/resolve/00278424/v111i0050/17783_bialrblf.xml
https://doi.org/10.1111/j.1420-9101.2005.00917.x


37 
 

Zhang, H. (2019). Common fate motivates cooperation: The influence of risks on contributions  

to public goods. Journal of Economic Psychology, 70(Complete), 12–21. 

https://doi.org/10.1016/j.joep.2018.10.012 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.joep.2018.10.012


38 
 

Appendix A 

Instructions  

In this study, you will be randomly and anonymously paired with another participant. Each of 

you simultaneously and privately chooses whether you want to cooperate or defect. Your payoffs 

will be determined by the choices of both as below: 

If you cooperate and your partner cooperates you both gain 4 points 

If you cooperate and your partner defects you lose 2 points and your partner gains 8 points 

If you defect and your partner cooperates you gain 8 points and your partner loses 2 points 

If you defect and your partner defects 0 points are earned 

1 point is equal to 1 cent. 

You will begin the game with a 10-point endowment. 
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Appendix B 

In this study, you will be randomly and anonymously paired to play the same session as another 

participant. However, the gambling task you play with be independent of one another. Each 

round you must select option ‘A’ or option ‘B’, and the computer will simultaneously randomly 

select ‘A’ or ‘B’. Your payoffs will be determined by the choices of both you and the computer 

as below: 

If you select ‘A’ and the computer randomly generates option ‘A’ you receive 10¢ 

If you select option ‘A’ and the computer randomly generates option ‘B’ you lose 2¢ 

If you select option ‘B’ and the computer randomly generates option ‘A’ you gain 4¢ 

If you select option ‘B’ and the computer randomly generates option ‘B’ you gain 4¢ 
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Appendix C 

Study 1: Exit Survey 

What was good for my partner was good for me: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

What was good for my partner was bad for me: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

I depend on my partner: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

I benefit from having a partner 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

Sex: 

- Male  
- Female 
- Other 

Age: 
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In a given round if both you and your partner choose to cooperate how many points do you 
earn?: 

In a given round if you choose to defect and your partner chooses to cooperate how many points 
do you earn?: 

In a given round if both you and your partner choose to cooperate how many points do you 
earn?: 

Hypothetical Help (Only included for participants who did not get an opportunity to help in 
game) 

Control Condition: 

Imagine you had the opportunity to pay 3¢ to increase your partners final earnings by 7¢, would 
you? 

Interdependence Condition:  

Imagine you were still playing the game and your partner only had a 10% chance of surviving 
into the next round, but you could pay 3¢ to give them a 90% chance of surviving. If they 
survived, you would both continue to the next round. If they did not survive, then there would be 
no more rounds because you'd have no one to interact with. Would you have been willing to pay 
3 cents to increase their probability of survival from 10% to 90%? 
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Appendix D 

Study 2: Exit Survey 

What is good for my partner is good for me: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

I feel that my partner’s gain is my gain: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

Honestly, I do not care whether my partner thrives or not: 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

When my partner does well at something, I feel good. 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

When my partner does poorly at something, I feel bad.  

- Strongly Agree 
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- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

My partner and I rise together. 

- Strongly Agree 
- Agree 
- Somewhat Agree 
- Neutral 
- Somewhat Disagree 
- Disagree 
- Strongly Disagree 

If in a given round both you and your partner choose to cooperate how many points do you 
earn?: 

If in a given round you choose to defect and your partner chooses to cooperate how many points 
do you earn?: 

If in a given round both you and your partner choose to defect how many points do you earn?: 

Age: 

Sex: 

• Male 
• Female 
• Intersex 
• Prefer not to respond 
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Appendix E 

 Do individuals who decide to help a partner report greater perceived 

interdependence? To address this question, we ran t-tests exploring group differences in 

perceived interdependence, comparing those that chose to help to those who did not. In 

Experiment 1, the participants who paid to help their partner reported greater perceived 

interdependence, this was true in the Control Condition t(117) = 4.42, p < .001, d = .81, 95% CI 

of d [.44, 1.19] and the Interdependence Condition t(117) = 3.01, p < .01, d = .58, 95% CI of d 

[.19, .97] (See Figure 3). We found the same pattern of results in Experiment 2: partners who 

paid to help reported greater interdependence in Control Condition 1 (t(107) = 2.78, p < .01, d = . 

54, 95% CI of d [.15, .92]), Control Condition 2 (t(52) = 3.71, p < .001, d = 1.09, 95 CI of d [.47, 

1.69]), and the Interdependence Condition (t(123) = 3.48, p < .001, d = .75, 95% CI of d [.32, 

1.18]. See Figure 4 for details.  

Figure 3 

Experiment 1: Between Group Differences in Perceived Interdependence  
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Note. Mean differences in perceived interdependence for participants who chose to help and 

those who refused to provide help, subdivided by condition. Error bars represent the 95% 

confidence intervals.  

Figure 4 

Experiment 2: Between Group Differences in Perceived Interdependence  

 
Note. Mean differences in perceived interdependence for participants who chose to help and 

those who refused to provide help, subdivided by condition: Control Condition 1 (CC1), Control 

Condition 2 (CC2), and the Interdependence Condition (IC). Error bars represent the 95% 

confidence intervals.  
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Appendix F 

 Do first round cooperators differ from first round defectors in their perceived 

interdependence? To assess whether first round behavior to either cooperate or defect affects 

perceived interdependence we ran t-tests. In Experiment 1, participants who cooperated in the 

first round (M = 3.85, SD = 5.91) reported greater perceptions of interdependence relative to 

those who defected (M = -0.61, SD = 5.33), t(476) =   6.88, p < .001, d = .77, 95% CI of d [.55, 

1]. We observe the same pattern of results in Experiment 2, with first round cooperators (M = 

4.99, SD = 1.27) reporting greater perceptions of interdependence relative to first round defectors 

(M = 3.90, SD = 1.33), t(476) = 6.87, p < .001, d = .85, 95% CI of d [.60, 1.10]. It is important to 

note that because we only assessed interdependence at the conclusion of the study, we cannot 

infer causality from these results. Participants with greater baseline perceptions of 

interdependence may have been more likely to cooperate in the first round, it is also possible that 

those who cooperated in the first round were more likely to experience mutual cooperation, 

increasing perceptions of interdependence. 
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Appendix G 

Experiment 1: Logistic Regressions 

Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s survivability? In the Interdependence Condition, 

mutual cooperation and perceived interdependence were tested in isolation to assess their 

relationship with helping behavior. Mutual cooperation significantly predicted whether help was 

provided, z = 3.68, p < .001, OR = 8.67, 95% CI of the OR [2.89, 29.34]. Perceived 

interdependence was also found to significantly predict helping behavior when assessed in 

isolation, z = 2.83, p < .01, OR = 1.10, 95% CI of the OR [1.03, 1.18].  

 To test the partial effects of mutual cooperation and perceived interdependence on help, 

both were tested in a regression model. Mutual cooperation significantly predicted helping 

behavior while holding the effect of perceived interdependence constant, z = 2.63, p = .01, OR = 

7.44, 95% CI of the OR [1.73, 35.11]. However, perceived interdependence no longer predicted 

helping behavior while the effect of mutual cooperation was held constant, z = .31, p = .75, OR = 

1.01, 95% CI of the OR [.93, 1.11].  

Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s final earnings? In the Control Condition, mutual 

cooperation did not predict whether help was provided (z = 1.65, p = .10, OR = 2.19, 95% CI of 

the OR [.87, 5.63]), indicating that reciprocity did not increase the likelihood of paying to 

increase a partner’s final earnings. Conversely, perceived interdependence was found to 

significantly predict helping behavior when assessed in isolation, z = 3.86, p < .001, OR = 1.16, 

95% CI of the OR [1.08, 1.26]. This provides evidence that the proximate experience of 

interdependence with another individual increases the likelihood of helping behavior.  
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 Does mutual cooperation differentially predict helping behavior in the 

Interdependence and Control Conditions? The strong predictive relationship between mutual 

cooperation and help in the Interdependence Condition (OR = 8.67) and the lack of this 

relationship in the Control Condition (OR = 2.19) led us to conduct additional analyses. To 

explore the relationship between mutual cooperation and helping behavior, we tested for an 

interaction between condition (Interdependence vs. Control) and the outcome of help. The 

interaction approaches significance, z = 1.83, p = .07, providing evidence that a relationship my 

exist, however we can not statistically make the conclusion.   

Experiment 2: Logistic Regressions 

Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s survivability? In the Interdependence Condition 

both mutual cooperation and perceived interdependence were tested individually to assess their 

relationship with helping behavior. Mutual cooperation significantly predicted whether help was 

provided (z = 3.50, p < .001, OR = 1.63, 95% CI [1.26, 2.20]). Perceived interdependence was 

also found to significantly predict helping behavior when assessed in isolation, z = 3.19, p = 

.001, OR = 1.87, 95% CI [1.29, 2.80].  

 To test the partial effects of mutual cooperation and perceived interdependence on help, 

both were tested in a regression model. Mutual cooperation significantly predicted helping 

behavior while holding the effect of perceived interdependence constant, z = 2.42, p = .02, OR = 

1.46, 95% CI [1.09, 2.04]. By contrast, perceived interdependence did not predict helping 

behavior while the effect of mutual cooperation was held constant, z = 1.37, p = .17, OR = 1.37, 

95% CI [.88, 2.17].  
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Does the perception of interdependence and amount of reciprocity predict helping 

behavior when help increases a partner’s final earnings? In the Control Condition, mutual 

cooperation significantly predicted whether help was provided (z = 2.16, p = .03, OR = 1.23, 

95% CI of the OR [1.02, 1.50]). Perceived interdependence was also found to significantly 

predict helping behavior when assessed in isolation, z = 2.62, p = .01, OR = 1.45, 95% CI of the 

OR [1.11, 1.93]. To test the partial effect of each predictor we ran both in a regression model, 

neither mutual cooperation nor perceived interdependence significantly predicted help while 

controlling for the other variable.  

Does mutual cooperation differentially predict helping behavior in the 

Interdependence and Control Conditions? To test whether the effect of mutual cooperation 

differs based on the opportunity to help, we tested for an interaction between condition and 

mutual cooperation. Similar to our findings in Experiment 1, we did not find a significant 

interaction: z = 1.63, p = .10 

Does the perception of interdependence predict helping behavior when help 

increases another player’s survivability? Although participants in Control Condition 2 did not 

interact or reciprocate with one another, the possibility remains that they could still perceive 

interdependence with the other player in the session. We would predict that perceptions of 

interdependence should be related to helping behavior. This was confirmed when we tested the 

predictive relationship between interdependence and help: z = 3.01, p < .01, OR = 2.75, 95% CI 

of the OR [1.52, 5.77]. Thus, even though participants did not interact with one another, self 

reported feelings of interdependence predicted whether participants paid to help that individual. 

Meta-Analysis 
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 Does mutual cooperation differentially predict helping behavior in the 

Interdependence and Control Conditions? In Experiment 1 and Experiment 2 the interaction 

between mutual cooperation and helping behavior approached significance. This led us to test for 

this effect by aggregating the z-scores across the two studies using Stouffer’s method, 

unweighted (Whitlock, 2005). Here we find a significant interaction between mutual cooperation 

and helping behavior in either condition: p = .007. This provides support for our hypothesis that 

engaging in reciprocity has a greater impact on helping behavior when help increases the 

probability of future interactions.  
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Appendix H 

Table 4 

Experiment 1: Proportion of Help Provided in Cooperative and Uncooperative Dyads 

(Inclusive of Hypothetical Decisions)  

 Control Condition Interdependence  

Dyad Type Proportion Help Proportion Help OR 

Cooperative  64/126 (51%) 94/109 (86%) 6.02***  
[3.07, 12.44] 

Uncooperative  45/112 (40%) 80/131 (61%) 2.33**  
[1.35, 4.04] 

OR (Coop vs. 
Uncoop) 

1.53  
[.89, 2.66] 

3.97***  
[2.02, 8.21] 

 

Note. The odds ratio (OR) represents the odds of helping behavior in a particular condition 

relative to another, the test of significance determines whether the odds of an outcome is 

significantly greater than 1. ** p < .01, ***p < .001. 

Table 5 

Experiment 2: Proportion of Help Provided in Cooperative and Uncooperative Dyads 

(Inclusive of Hypothetical Decisions) 

 Interdependence Control 1 Control 2 

Dyad Type Proportion  
Help 

Proportion 
Help 

OR vs. 
Interdependence 

Proportion 
Help 

OR vs. 
Interdependence 

Cooperative 105/115 (91%) 64/111 
(58%) 

7.64*** 
[3.51, 18.20] 

 
86/114 
(75%) 

3.40** 
[1.50, 8.31] 

Uncooperative 103/138 (75%) 52/114 
(46%) 

3.49*** 
[2.00, 6.19] 

.96 
[.52, 1.77] 

OR (Coop 
vs. Uncoop) 

3.55*** 
[1.62, 8.48] 

1.62 
[.93, 
2.85] 
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Note. Dyads in Control Condition 2 cannot be classified as either Cooperative or Uncooperative 

because there is no interaction. The odds ratio (OR) represents the odds of helping behavior in a 

particular condition relative to another, the test of significance determines whether the odds of an 

outcome is significantly greater than 1.  **p < .01, ***p < .001. 

 

 


