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Abstract

Although cooperation is a fundamental and universal aspect of human social relations, it varies considerably from one individual to another. Environmental adversity, which in humans is related to economic deprivation, instability in the family household and extrinsic mortality, appears to determine some of this variability. Although a relationship between adversity and cooperation has been demonstrated in various studies, its precise nature remains undetermined: in adverse environments, cooperation could be increased or decreased, or even not affected. Furthermore, it is unclear through which channel environmental adversity could possibly affect cooperation. Several explanations have been put forward to answer these questions, which we detail in the first chapter of this thesis.

In chapters two and three, we present an explanatory model inspired by life-history theory, which states that organisms must make trade-offs in how to allocate their limited metabolic resources to competing biological functions. Until now, the mediating role of these trade-offs in the relationship between adversity and cooperation has not been studied. Using structural equation models, we therefore tested in two separate studies the idea that this relationship is mediated by a prioritized allocation of resources to reproduction, at the expense of somatic maintenance. In the first study, we showed a negative association between adverse environments and cooperation -here measured by self-reported questionnaires -which was mediated by a latent trade-off characterized by more reproductive effort and poorer health status. In the second study where cooperation was measured with economic games, this pattern was simply absent.

The ambiguity of these results questions the accuracy of the methods usually used to measure people's prosocial preferences (e.g., social trust). Overall, two main methods are: self-reported questionnaires and economic games. However, the latter are suspected to lack external validity compared to self-reported questionnaires. Why is this the case and what can be done about it? We argue that economic games decisions made in the laboratory are likely to be influenced by the current situation (the current state of the participants), whereas selfreported questionnaires are designed to measure the average behavior of individuals (a trait that is stable over time and contexts). Indeed, it has been shown that decisions made in various economic games show little stability, in contrast to responses to self-reported questionnaires. In a third study presented in chapter four, we want to test the hypothesis that repeated playing of economic games over a longer period of time counteracts the influence of any momentary states. Thus, repeating the economic games over a longer period of time should bring the average responses of participants closer to their average behavior as measured by the self-reported questionnaires. To test this prediction, we aim to conduct a longitudinal study in which 275 respondents will play 10 separate sessions of 16 'Trust games' each, evenly distributed over a 3-week period. A self-reported questionnaire measuring social trust in the first and last session will also be completed.

Finally, in the fifth chapter, we discuss the limitations of our research and point to promising approaches that it may inspire. KEYWORDS -Cooperation, Environmental adversity, Life-history theory, Economic games, External validity, Prosocial preferences

Résumé

Bien que la coopération constitue un aspect fondamental et universel des relations sociales humaines, elle varie considérablement d'un individu à l'autre. L'adversité environnementale, qui chez l'homme est liée à la privation économique, aux instabilités du foyer familial et à la mortalité extrinsèque, semble déterminer une partie de cette variabilité. Si une relation entre adversité et coopération a été mise en évidence dans diverses études, sa nature précise reste encore indéterminée : dans des environnements défavorables, la coopération pourrait tout aussi bien augmentée que diminuée, voir ne pas être affectée. Par ailleurs, on ne sait pas par quel canal l'adversité environnementale pourrait éventuellement affecter la coopération.

Plusieurs explications ont été avancées pour répondre à ces questions, que nous détaillons dans le premier chapitre de cette thèse.

Dans les chapitres deux et trois, nous présentons un modèle explicatif inspiré de la théorie des histoires de vie, qui stipule que les organismes doivent faire des compromis dans la manière d'allouer leurs ressources métaboliques limitées à des fonctions biologiques concurrentes. Jusqu'à présent, le rôle médiateur de ces compromis dans la relation entre adversité et coopération n'a pas été étudié. A l'aide de modèles d'équations structurelles, nous avons donc testé dans deux études distinctes l'idée que cette relation soit médiée par une allocation prioritaire des ressources à la reproduction, au détriment de la maintenance somatique. Dans la première, nous avons montré une association négative entre environnements défavorables et coopération -ici mesurée par des questionnaires d'autoévaluation -qui était médiée par un compromis latent caractérisé par plus d'efforts de reproduction et un statut de santé dégradé. Dans la deuxième étude où la coopération était mesurée par des jeux économiques, ce pattern était tout simplement absent. L'ambiguïté de ces résultats interroge la précision des méthodes habituellement employées pour mesurer les préférences prosociales des gens (par exemple, la confiance sociale). Dans l'ensemble, deux méthodes principales sont utilisées : les questionnaires d'autoévaluation et les jeux économiques. Cependant, ces derniers sont soupçonnés de manquer de validité externe par rapport aux questionnaires d'auto-évaluation. Pourquoi en est-il ainsi et que peut-on faire pour remédier à ce problème ? Nous avançons l'idée que les décisions prises dans les jeux économiques en laboratoire sont susceptibles d'être influencées par la situation actuelle (l'état actuel des participants), tandis que les questionnaires d'auto-évaluation sont conçus pour mesurer le comportement moyen des personnes (un trait stable dans le temps). Il a en effet été démontré que les décisions prises dans divers jeux économiques présentent une faible stabilité, contrairement aux réponses aux questionnaires d'auto-évaluation. Dans une troisième étude présentée au chapitre quatre, nous souhaitons tester l'hypothèse selon laquelle la passation répétée de jeux économiques dans une période de temps plus longue permet de contrecarrer l'influence de tout état momentané. Ainsi, la répétition des jeux économiques sur une période prolongée devrait rapprocher les réponses moyennes des participants de leur comportement moyen mesuré par les questionnaires d'auto-évaluation. Pour tester cette prédiction, nous souhaitons réaliser une étude longitudinale dans laquelle 275 répondants joueront à 10 sessions séparées comprenant chacune 16 'jeux de confiance', et qui seront également réparties sur une période de 3 semaines. Un questionnaire mesurant la confiance sociale lors sera également complété au cours de la première et de la dernière session.

Enfin, dans le cinquième chapitre, nous discutons les limites de nos recherches et évoquons les approches prometteuses que celles-ci pourront éventuellement inspirer.

MOTS CLÉS -Coopération, adversité environnementale, théorie des histoires de vie, jeux économiques, validité externe, préférences prosociales.

Chapter 1

General introduction 1.1 Introduction

Man is by nature a social animal; an individual who is unsocial naturally and not accidentally is either beneath our notice or more than human. Society is something that precedes the individual. Anyone who either cannot lead the common life or is so self-sufficient as not to need to, and therefore does not partake of society, is either a beast or a god.

-Aristotle, Politics One way to lead the common life mentioned by Aristotle is to trust others to do the right thing, to cooperate with others to our mutual benefit and to take part in collective actions to overcome complex problems. But we also have the tendency to be selfish. In this thesis, the focus lies primarily on cooperation. Under what conditions we are more likely to cooperate or be selfish is still largely unknown. To answer this question it is also of vital importance to be able to accurately measure people's prosocial preferences. Specifically, recent evidence suggests that environmental adversity has an effect on cooperation. Although, whether cooperation is decreased, increased or not affected in adverse environments remains an open question. Another open question is the channel through which environmental adversity might affect cooperation. Furthermore, recent evidence suggests that economic games that measure prosocial preferences lack external validity. This raises the interesting question of why this is the case and what can be done to improve this. In this thesis, I hope to provide a contribution to these questions.

Cooperation is defined as "a behavior that provides a benefit to another individual (recipient), and the evolution of which has been dependent on its beneficial effect for the recipient" (West et al., 2007(West et al., , 2011)). Cooperation consists of two categories: altruistic and mutually beneficial behaviors. Altruistic behaviors incur a cost to the agent and a benefit to the recipient. Mutually beneficial behaviors incur an immediate cost to the agent and a benefit to the recipient, but subsequently the agent gains a delayed benefit. For example, imagine you have two people: John and Emma. John has the option to be selfish, which benefits him in the short term. He also has the option to invest in Emma, which is an immediate cost to him but a benefit to Emma, which is in principle an altruistic act. Emma can then reciprocate, which in the long term benefits John, making it mutually beneficial cooperation. Throughout this thesis, whenever we mention cooperation, we are referring specifically to mutually beneficial cooperation. Examples of real-world cooperation are food sharing, helping, volunteering, taking part in political action, gift giving and donating to charities.

Cooperation obviously has many positive effects for individual humans as well as society as a whole. For example, social trust, which is highly related to cooperation, is increasingly seen as an important determinant of overall well-being, making for instance people more resilient to adversity and reducing well-being inequalities [START_REF] Helliwell | New Evidence on Trust and Well-being (No. w22450)[END_REF]. Furthermore, there is converging evidence in the economic literature that an increase in social trust can boost a country's economic growth [START_REF] Bjørnskov | Social Trust and Economic Growth[END_REF]. [START_REF] Wright | Nonzero: The Logic of Human Destiny[END_REF] even claims that non-zero sum interactions (i.e., situations where what one individual gains is not necessarily what another individual loses, and where voluntary exchanges benefit all parties), which happen when people cooperate, is one of the defining factors for the major transitions of humankind. Considering the fact that cooperation is so important, knowing under what conditions cooperation is increased is an interesting question.

Relationship between environmental adversity and cooperation

Cooperation is thought to be an evolutionary puzzle. Natural selection opposes the evolution of cooperation because it is more advantageous to be selfish: why would a person increase the fitness of another person at a cost to themselves? Thus, the logical thing to do is to be selfish.

However, when we look at the world around us, we see humans cooperating all the time.

Cooperation is a universal phenomenon and it constitutes a fundamental aspect of social relationships. So, how did cooperation evolve? Rand and Nowak (2013) propose that there are five mechanisms for the evolution of cooperation: direct reciprocity, indirect reciprocity, spatial selection, multilevel selection and kin selection. In this thesis, we rely mostly on direct reciprocity and indirect reciprocity. For example, in direct reciprocity, person A delivers a benefit (e.g., food) to person B, where there is an implicit social contract that specifies a reciprocal obligation. Another example, in indirect reciprocity, person A delivers a benefit (e.g., food) to person B, and person A benefits because other parties learn about this exchange (either directly or via third parties), and in the future are more likely to benefit person A. In both cases, person A incurs an immediate cost, but benefits in the future.

As mentioned above, repeated interactions (i.e., direct reciprocity) and the possibility of being observed (i.e., indirect reciprocity) can cause an increase in cooperation. In fact, variability in human cooperative levels can come from numerous factors, for example in response to short-term changes in their environment: they cooperate less if they feel stressed (Riis-Vestergaard et al., 2018), they cooperate less when they are sleep deprived [START_REF] Anderson | Bargaining and trust: The effects of 36-h total sleep deprivation on socially interactive decisions[END_REF][START_REF] Barnes | Lack of sleep and unethical conduct[END_REF], they cooperate more if they are induced in a futureoriented state (Sjåstad, 2019) and they cooperate more if they feel observed [START_REF] Charness | What's in a name? Anonymity and social distance in psychosemantics of free riding: Dissecting the architecture of a moral concept[END_REF][START_REF] Franzen | Anonymity in the dictator game revisited[END_REF][START_REF] Winking | Natural-field dictator game shows no altruistic giving[END_REF]. For instance, [START_REF] Haley | Nobody's watching?: Subtle cues affect generosity in an anonymous economic game[END_REF] performed an interesting study where they found that participants who were exposed to stylized eyespots during several economic games cooperated more. Furthermore, the social norms that people have acquired over the long term also affect cooperative levels [START_REF] Henrich | Economic man" in cross-cultural perspective: Behavioral experiments in 15 small-scale societies[END_REF]. Finally, environmental adversity (experienced in childhood or in adulthood) also seems to be associated with cooperative levels in humans.

Environmental adversity consists of two categories: harshness (i.e., externally caused levels of morbidity-mortality that an individual cannot control) and unpredictability (i.e., spatial-temporal variation in harshness) (Ellis et al., 2009). In this thesis, we assess environmental adversity as a single emergent variable reflecting both the harshness and unpredictability dimension. The dimensions are aggregated because adverse events can be seen as risk factors that are not necessarily correlated with one another (Brumbach et al., 2009) but that all contribute to the cumulative probability of developing a particular outcome.

In humans, environmental adversity is closely linked to economic deprivation and resource scarcity (Adler et al., 1993;[START_REF] Chen | Socioeconomic differences in children's health: How and why do these relationships change with age?[END_REF][START_REF] Chetty | The association between income and life expectancy in the United States, 2001-2014[END_REF]. A good indicator of environmental adversity in adulthood is therefore current income level. Examples of childhood environmental harshness are the socioeconomic status of the parents and the death of a parent. Examples of childhood environmental unpredictability are whether the parents got divorced and the number of times the family moved.

Environmental adversity is associated with a range of detrimental behaviors and biological outcomes: lower birth weight, lower age at parenthood (e.g., teen pregnancies), detrimental health behaviors (e.g., poorer diet, smoking more, drinking more, higher drug abuse and exercising less), more depression, reduced lifespan, suboptimal financial decisions (e.g., more debt and saving less) and lower education (Bajekal, 2005;Haushofer & Fehr, 2014;Pepper & Nettle, 2014, 2017). Even early life adversity (such as poverty, abuse and neglect) is associated with negative health related outcomes in adulthood (Brumbach et al., 2009;Hughes et al., 2017;Simpson et al., 2012). Furthermore, environmental adversity is also associated with substantial variability in several social behaviors: social preferences, social learning biases, social trust and cooperation (Griskevicius et al., 2011;[START_REF] Hörl | Early-life circumstances predict measures of trust among adults: Evidence from hunger episodes in post-war Germany[END_REF]Jacquet et al., 2018Jacquet et al., , 2019;;Petersen & Aarøe, 2015;Safra et al., 2017). In this thesis, we will mostly focus on the relationship between environmental adversity and cooperation.

The relationship between environmental adversity and cooperation has been highlighted in various studies, and it is still debated what effect environmental adversity has.

In theory, in adverse environments, cooperation could be increased, decreased or not be affected. Cooperation could be increased in order to mitigate direct survival threats, such as pooling material resources to reduce the impact of external events like famine (Aktipis et al., 2011;Smaldino et al., 2013). Cooperation could also be decreased because people prioritize self-interest over the welfare of others because people are so preoccupied with getting by that cooperating with others is a luxury that they cannot afford (Nettle, 2015).

The empirical results show that whether cooperation is decreased or increased in adverse environments depends on the way cooperation is measured. When cooperation is measured via self-reported questionnaires and field experiments, then usually cooperation is decreased. For example, Korndörfer et al. (2015) and Schmukle et al. (2019) found a negative correlation between lower social class and cooperative behaviors (e.g., donating, volunteering, helping) using questionnaire data from large and representative international samples (average N over 9 studies = 20.243). Furthermore, Nettle et al. (2011) performed a field experiment where they studied two similar neighborhoods in the same city. The neighborhoods were similar with regards to many characteristics, for example: population size, median age and immigration levels. But they differed on socioeconomic levels. What they found was that people from the more deprived neighborhood displayed fewer cooperative behaviors (i.e., returned fewer lost letters).

On the other hand, when cooperation is measured via behavioral experiments and particularly economic games, the results are mixed. For example, in adverse environments cooperation could be decreased (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019), could be increased (Amir et al., 2018;Lim & DeSteno, 2016;Piff et al., 2010) or could not be affected (Stamos et al., 2020;Wu et al., 2017). For example, McCullough et al. (2013) found that childhood environmental adversity is associated with decreased cooperative behavior in adult life. Specifically, they found that for men, childhood exposure to adverse environments (i.e., family neglect, conflict, violence, crime) was positively correlated to exploitation of a cooperative partner and retaliation to a defective partner in an iterated Prisoner's Dilemma. Another example in the opposite direction, Piff et al. (2010) found that people with a lower socioeconomic status were more generous and trusting in a Dictator game and Trust game than people with a higher socioeconomic status.

To conclude, cooperation is a universal phenomenon and it constitutes a fundamental aspect of social relationships. There is, however, substantial variability in human cooperative levels. Environmental adversity seems to have an effect on cooperation. Although, whether cooperation is decreased, increased or not affected in adverse environments remains an open question.

Mechanism between environmental adversity and cooperation

Another open question is the channel through which environmental adversity might affect cooperation. Several explanations have most commonly been put forward in the literature: life-history perspective, sensitization perspective and uncertainty management perspective (see Table 1, adjusted from Amir et al. (2018) and Wu et al. (2020), please note that risk preferences are also included in this table, but will not be discussed in this thesis). Two additional explanations are less widespread, specifically capital restrictions and waiting costs, but also deserve mentioning. Each of these explanations will be discussed next. 1. A summary of predictions across the three competing theoretical perspectives

Life-history perspective

The life-history perspective is based on life-history theory (Stearns, 1992), which in simple terms states that organisms have an evolved ability to respond adaptively to environmental conditions (e.g., environmental adversity) (Belsky et al., 2012;Del Giudice et al., 2011;Ellis et al., 2009;[START_REF] Frankenhuis | Cognition in harsh and unpredictable environments[END_REF]. The coordination of the multiple adaptive responses of the phenotype to environmental states defines what is called a life-history strategy. Lifehistory strategies can therefore encompass clusters of morphological, physiological, and psychological traits that are conveniently viewed as distributed along a fast-slow continuum (Del Giudice et al., 2015;[START_REF] Griskevicius | When the economy falters, do people spend or save? Responses to resource scarcity depend on childhood environments[END_REF]. The general pattern is that more adverse environments are associated with faster life-history strategies (Mell et al., 2018;Promislow & Harvey, 1990). Specifically, individuals with faster strategies tend to reproduce earlier, have more children and provide lower parental investment (Del Giudice et al., 2015;Nettle, 2010), while individuals with slower strategies display the opposite pattern. Life-history theory was initially used to explain differences between species. For example, flies are on the fast end of the continuum and elephants are on the slow end of the continuum. Life-history theory can also be applied to understand differences within species. A good example of this is the Trinidadian guppy. Research has shown that in environments where there are more predators of these fish, and they thus live in a more adverse environment, they display more behaviors representative of a faster life-history strategy. For example, they begin reproducing earlier and have more offspring (Reznick & Endler, 1982). In humans, it has been proposed that impulsivity and short-term optimism are two psychological traits that would fit with a fast strategy of life. On the other hand, sense of control and long-term optimism would rather fit with a slow strategy of life [START_REF] Griskevicius | When the economy falters, do people spend or save? Responses to resource scarcity depend on childhood environments[END_REF]. This makes sense from an evolutionary perspective; the younger you are likely to die, the more it pays off to focus on the present and reproduce earlier. If people with faster strategies value immediate benefits over long-term benefits, this might indicate that they would also prefer immediate benefits by being selfish compared to long-term benefits by cooperating [START_REF] Gilbert | The evolution of prosocial and antisocial competitive behavior and the emergence of prosocial and antisocial leadership styles[END_REF]. In sum, the lifehistory perspective predicts that environmental adversity is associated with a presentorientation and decreased cooperation.

Sensitization perspective

The sensitization perspective is similar to the life-history perspective. The only difference is that from the sensitization perspective, the behaviors and psychological traits associated with life-history strategies are only prevalent in situations where people experience stress (e.g., cues of mortality, resource scarcity) [START_REF] Ellis | Beyond risk and protective factors: An adaptation-based approach to resilience[END_REF]Griskevicius et al., 2011[START_REF] Griskevicius | When the economy falters, do people spend or save? Responses to resource scarcity depend on childhood environments[END_REF]. In situations where individuals do not experience stress, the behaviors and psychological traits associated with life-history strategies are not present. Thus, the life-history responses from the sensitization perspective are contingent on current stress levels. For example, Griskevicius et al. (2011) showed that people who grew up in more adverse environments were more presentoriented in response to mortality cues (e.g., news articles stating that in the local area there is an increase in violence). [START_REF] Li | Altruistic or selfish? Responses when safety is threatened depend on childhood socioeconomic status[END_REF] showed that people who grew up in adverse conditions behaved more altruistically when they were in a safe condition. However, several studies did not found the expected interaction between environmental adversity and current stress levels in predicting social preferences (Amir et al., 2018;Wu et al., 2017). In sum, the sensitization perspective predicts that environmental adversity is associated with a presentorientation and decreased cooperation, but only under current stressful conditions.

Uncertainty management perspective

The uncertainty management perspective was recently proposed by Amir and colleagues [START_REF] Amir | The behavioral constellation of deprivation may be best understood as risk management[END_REF]Amir et al., 2018). They argue that people behave in such a way to minimize uncertainty in response to environmental adversity. This includes focusing on the present because the future is uncertain and to increase cooperation, which would facilitate risk pooling. Thus, in contrast to the two previous perspectives, the uncertainty management perspective predicts increased cooperation. For example, Amir et al. (2018) have shown that environmental adversity is associated with increased cooperation measured with economic games. This is in line with previous work by Aktipis et al. (2011) and Smaldino et al. (2013) who used agent-based models to show that cooperation could be increased in order to mitigate direct survival threats, such as pooling material resources to reduce the impact of external events like famine. In sum, the uncertainty management perspective predicts that environmental adversity is associated with a present-orientation and increased cooperation.

Capital restrictions perspective

As mentioned above, two additional explanations for the relationship between environmental adversity and cooperation are less widespread, specifically capital restrictions and waiting costs, but also deserve mentioning. We will first describe capital restrictions. Nettle (2015) proposed that people who live "close to the edge" (e.g., extreme poverty and starvation) might prefer smaller, immediate but certain benefits and therefore would cooperate less. Having fewer resources makes cooperation more risky because people cannot afford to lose resources and therefore cannot take the risk of being cheated. Thus, this is similar to the life-history perspective but uses capital restrictions as the explanation. This difference might be due to the different levels of explanations used, specifically the difference between proximate causes and ultimate causes. Where social scientists provide proximate causes, in which human behavior is explained by immediate individual and environmental factors. And where evolutionary psychologists provide ultimate causes, in which human behavior is explained by evolutionary forces. Thus, although the predictions from the life-history perspective and capital restrictions perspective are the same, the explanations are based on different sets of factors incorporating evolutionary versus individual and environmental factors. In sum, the capital restrictions perspective predicts that environmental adversity is associated with a present-orientation and decreased cooperation.

Waiting cost perspective

Another explanation based on a theoretical model proposed by Mell et al. (2021) is waiting costs. These are costs paid by an individual even when the benefits are guaranteed. When an individual has to decide between an immediate smaller resource and a larger delayed resource, that individual has to take into account the benefits that the immediate smaller resource can generate during the delay. By immediately accepting the smaller resource, one can invest that resource to generate additional benefits, for example by using or investing it. This will increase the value of choosing the immediate smaller resource. If one chooses the larger delayed resource, these additional benefits (e.g., by using or investing it) are forgone.

These forgone benefits are independent of mortality or other collection risk associated with the life-history perspective, the sensitization perspective and the capital restrictions perspective. They are paid even if the individual is certain to obtain the delayed resource eventually. They constitute the waiting cost per se. People living in adverse environments, should be relatively impatient because the additional benefits that can be generated with the smaller immediate resource makes a large difference to them. Therefore, these people are more likely to display decreased cooperation, and favor immediate smaller rewards. In sum, the waiting costs perspective predicts that environmental adversity is associated with a present-orientation and decreased cooperation.

Conclusion of the five perspectives

Thus, there is still a debate surrounding the proper theoretical framework for understanding the relationship between environmental adversity and cooperation; while multiple accounts have been put forward, no consensus currently exists. Taken together, the five perspectives described above are all plausible explanations for the link between environmental adversity and cooperation. In this thesis, we focus on the life-history perspective. There are several reasons for this. First, there is overwhelming evidence linking environmental adversity to lifehistory strategies (Brumbach et al. 2009;Ellis et al., 2009;Mell et al., 2018). The life-history perspective is probably the only framework that allows taking the seemingly isolated and disparate effects of environmental adversity on behaviors and psychological traits into a coherent and predictable pattern of covariation. Second, although both the life-history perspective and the sensitization perspective stem their predictions from life-history theory, and therefore give similar predictions (i.e., present-orientation and decreased cooperation), the evidence for sensitization perspective is sparser. Third, although the capital restrictions perspective gives similar predictions as both previous perspectives, it cannot account for the seemingly isolated and disparate effects of environmental adversity on behaviors and psychological traits. Fourth, the waiting costs perspective also gives similar predictions but its origin is very recent and so far it is only based on a theoretical model, therefore no empirical proof exists. Fifth, contrary to the four previous perspectives, the uncertainty management perspective gives different predictions (i.e., present-orientation and increased cooperation). Thus, even in the uncertainty management perspective proposed by Amir et al. (2018), adverse environments are associated with a present-orientation. However, this perspective predicts that in adverse environments cooperation is increased. Although we agree with the uncertainty management perspective that adverse environments are associated with a present-orientation, we do not agree that it is associated with increased cooperation. It might be true that in adverse environments, people may want to reduce uncertainty but we are not convinced that the best way to do this at the individual level is by increasing one's personal level of cooperation. One possibility is that this might be the case in specific contexts, for example, where population size is low and where the likelihood of interacting with a third party outside the kinship community is small. However, this pattern might be inverted in populations with larger sizes, where the chance of interacting with non-kin is larger, because the chance of being cheated also increases as a result (Boyd & Richerson, 1988;Nowak & Sigmund, 1998;Suzuki & Akiyama, 2005), and this risk might further increase in adverse conditions. Under these conditions, cooperating and trusting less can be seen as a means to reduce uncertainty, a view which is in contradiction with Amir et al. (2018)'s findings, but which fits a large set of work in the social sciences (Guiso et al., 2006;Inglehart, 1999;Ortiz-Ospina & Roser, 2019).

The distinction between proximate causes and ultimate causes has already been briefly mentioned, but it might be worthwhile to discuss the difference a bit more at length. The reason for this is that a large part of this thesis revolves around life-history theory, which is an evolutionary framework. Evolutionary and social scientist have for the most part worked independently to understand human behavior. Social scientists try to understand human behavior from what biologists refer to as proximate causation, in which human behavior is explained by immediate individual (e.g., hormonal, neurological, cognitive) and environmental factors (e.g., social and cultural). Evolutionary scientists try to understand human behavior from what biologists refer to as ultimate causation, in which human behavior is explained by evolutionary forces (generally forces of natural selection) that have resulted in a particular behavior, in response to proximate influences. Ultimate causes and the resulting behavior are assumed to be adaptive, meaning that it would increase fitness (i.e., lifetime reproductive success). An example might be informative, specifically regarding human's desire for sugar and fat. The proximate cause might involve the psychological tendency to desire and enjoy foods with high sugar and fat content. The ultimate cause involves the high caloric content of both sweet and fatty foods, which in our evolutionary past promoted survival in our typical resource-scarce environments. A specific ultimate cause can generate several competing or complementary proximate explanations [START_REF] Barkow | The Adapted Mind: Evolutionary Psychology and the Generation of Culture[END_REF]. Thus, evolutionary and social scientists generate their hypotheses concerning proximate causes from different perspectives. The generation of ultimate explanations of human behavior based on evolutionary theory is the basis for the field of evolutionary psychology [START_REF] Tooby | The past explains the present: Emotional adaptations and the structure of ancestral environments[END_REF]. This field assumes that natural selection over our evolutionary history is responsible for the learned psychological predispositions that we currently possess. This does not mean that human behavior is fixed or genetically determined. Contrary, behavior should be understood as unfolding during a lifetime as a continuing interaction between the individual, its genotype and the environment [START_REF] Bateson | The innate and the acquired: Useful clusters or a residual distinction from folk biology?[END_REF][START_REF] Mameli | Innateness and the Sciences[END_REF]. This complex interplay allows for adaptive and behavioral flexibility. In this thesis, the effect of environmental adversity on cooperation is explained by life-history theory as an ultimate cause.

To conclude, cooperation is a universal phenomenon and it constitutes a fundamental aspect of social relationships. There is, however, substantial variability in human cooperative levels. Environmental adversity seems to have an effect on cooperation. Although, whether cooperation is decreased, increased or not affected in adverse environments remains an open question. Another open question is the channel through which environmental adversity might affect cooperation. In this thesis, we utilize a life-history perspective as a possible mediator, which to date has not been directly tested.

Lack of external validity of economic games

Another open central question is what the best way is to accurately measure people's prosocial preferences (e.g., cooperation). Prosocial preferences are usually measured via three methods: self-reported questionnaires, economic games in the lab and field studies by observing real behavior. Each of these methods has its pros and cons and they can complement each other. In this thesis, we will focus on self-reported questionnaires and economic games. Specifically, we will focus on the lack of external validity of economic games compared to self-reported questionnaires.

Self-reported questionnaires allow for conveniently collecting a lot of information from a large (and representative) sample of a (cross-cultural) population. Examples of selfreported questionnaires that measure prosocial preferences are the Self-Report Altruism scale [START_REF] Rushton | The altruistic personality and the self-report altruism scale[END_REF] and the Social Value Orientation Slider Measure [START_REF] Murphy | Measuring Social Value Orientation[END_REF].

The main disadvantage of using self-reported questionnaires is the potential imprecision of the obtained data because of several issues. First, they can be biased by social desirability, especially in the context of prosocial behavior (Krumpal, 2013). Social desirability is the desire to present oneself in a positive light, which results in exaggerating one's positive characteristics (e.g., cooperative behavior) and understating one's negative characteristics (e.g., selfish behavior). Second, it has been demonstrated that people have surprisingly limited insight on their mental and emotional states, preferences, motives and behavior (Kolar et al., 1996). Thus, even when people try to accurately predict their own behavior, they might not be able to do so. Third, even if people accurately describe their own attitudes, this might not be correlated with their real behavior because other factors might affect behavioral decisions [START_REF] Ajzen | Attitudes, Personality, and Behavior[END_REF].

Economic games are usually performed in laboratory settings and offer a convenient approach for the study of prosocial behavior (e.g., cooperation). In the lab, special care is taken to strip the games from contextual features and real monetary incentives are provided that are aligned with the payoffs of the games. Thus, the use of economic games has many advantages, for example: 1) measuring actual behavior, 2) modeling real-life conflicts (i.e., invest in immediate benefits versus long-term cooperation), 3) providing real monetary incentives that are aligned with the payoffs of the game, 4) the possibility to control and manipulate the environment, isolating the effects of social preferences from other confounding effects (e.g., repeated interactions and social reputation) and 5) precisely investigating inter-individual differences.

Economic games are well-established tools across different scientific disciplines such as economics and the social sciences (Camerer & Fehr, 2004;Gintis, 2007) and they are a pillar of experimental research with literally thousands of studies using them (Galizzi & Navarro-Martinez, 2019). Economic games have been a central source of data in judgment and decision research for decades (Kahneman & Tversky, 1979) and are grounded in game theory [START_REF] Von Neumann | Theory of games and economic behavior[END_REF], which was developed by mathematicians and economists to predict rational choices when two or more individuals interact and the choices they make influence the payoffs for the other players. Players are thought to make the best choice when no player can do better by choosing to play differently, which is called the Nash equilibrium [START_REF] Nash | Equilibrium points in n-person games[END_REF]. The evolutionary equivalent of a Nash equilibrium is called an Evolutionary Stable Strategy (Maynard Smith, 1982).

The game theory approach has been used to analyze prosocial preferences using economic games. The most popular economic games require several individuals to make decisions about the division of resources, and therefore there is a cooperative (or social) dilemma. In a cooperative (or social) dilemma, there is tension between what is good for the individual and what is good for the population. The population does best if individuals cooperate, but for each individual there is a temptation to be selfish. Thus, in a standard economic game, the Nash equilibrium is usually for all players to be selfish. So, it seems that economic games cannot account for the cooperative behavior that we witness all the time in real-life. However, we know that people do cooperate a lot in real-life and in economic games. For example, we know from Public Goods games performed in the lab that around 50% of people are conditional cooperators (i.e., they cooperate if they think others will do likewise) and only around 30% are free-riders [START_REF] Fischbacher | Are people conditionally cooperative? Evidence from a public goods experiment[END_REF][START_REF] Rustagi | Conditional cooperation and costly monitoring explain success in forest commons management[END_REF]. Just as described above, possible solutions to this conundrum is for two people to meet repeatedly (i.e., direct reciprocity) or to be witnessed by other people (i.e., indirect reciprocity) during a single encounter. During our evolutionary history we lived in small groups, where both of these solutions would have happened quite frequently [START_REF] Kelly | The Lifeways of Hunter-Gatherers: The Foraging Spectrum[END_REF].

This might have given rise to cooperative evolutionary stable strategies, such as the Tit-for-Tat strategy: where there are repeated interactions, one starts with cooperation, and then copies the partner's last decision (Axelrod & Hamilton, 1981). Thus, pure selfishness is rarer than expected and suggests the existence of a kind of sense of fairness [START_REF] Henrich | Economic man" in cross-cultural perspective: Behavioral experiments in 15 small-scale societies[END_REF]. This sense of fairness probably originated from our evolutionary history, when we were very interdependent. Therefore, sharing food and cooperative hunting and gathering, are probably some of the earliest forms of cooperation in humans. This might also be the origin of the Golden Rule (i.e., treat others as you would like others to treat you), probably the most universal ethical imperative that we have [START_REF] Binmore | Natural Justice[END_REF]. Some of the most commonly used economic games are the Dictator game, the Trust game and the Public Goods game. The standard economic game that is used to measure altruism is the Dictator game. In the Dictator game two players are involved. Participants are usually assigned the role of the dictator, who receives an initial endowment, while the other player receives nothing. The dictator then has to decide how much he or she wants to give to the other player, who cannot do anything but accept the amount given. Participants typically give a mean amount between 20% and 30% of their initial endowment (Engel, 2011).

The standard economic game that is used to measure trust is the Trust game. In the Trust game two players are involved. Participants are usually assigned the role of the trustor.

Both players initially receive an equal endowment. The trustor then has to decide how much he or she wants to give to the other player. That amount is then multiplied by a constant. The other player then has the option to offer some amount back which he or she received.

Participants typically give a mean amount of about 50% (Johnson & Mislin, 2011).

The standard economic game that is used to measure cooperation is the Public Goods game. In the Public Goods game typically four players are involved. The Public Goods game is implemented by giving each of the players an equal endowment and then having them choose how much to invest in a common pot and how much to keep for themselves. The content of the common pot is then multiplied by a constant, and then redistributed equally between the players. Participants typically contribute a mean amount between 40% and 60%, although there is a wide variance, with most contributing either everything or nothing (Zelmer, 2003).

Although economic game decisions in various games made by the same participants do seem to correlate [START_REF] Brokaw | Analyzing behavior across four simple economic games[END_REF]McAullife et al., 2019;Peysakhovich et al., 2014), recent findings indicate that economic games decisions in the lab do not generalize well to the real world (Galizzi & Navarro-Martinez, 2019), and therefore lack external validity. In contrast, it seems that self-reported questionnaires have higher external validity (Frey et al., 2017). A possible explanation for this finding is that economic games decisions in the lab are more likely to be influenced by the current situation (i.e., participants' current state), while questionnaires are specifically designed to measure people's average behavior across a long period of time (i.e., a stable trait) (Palminteri & Chevallier, 2018). There is indeed evidence that economic game decisions in various Dictator and Prisoner's Dilemma games show low stability (Brosig et al., 2007).

To conclude, prosocial preferences are predominantly measured via self-reported questionnaires and economic games. Interestingly, recent evidence suggests that economic games lack external validity. This raises the interesting question of why this is the case and what can be done to improve it. In this thesis, we propose that this might be due to the influence of the current situation where the participant is in while playing these games. And whether by repeating economic games over time the influence of any momentary states can be counteracted and therefore the external validity can be improved.

Present thesis

My thesis has been guided by the highest standards of scientific transparency. The hypotheses, predictions and research methodologies have been systematically pre-registered before proceeding with data acquisition or data analysis. I have also placed a particular emphasis on the generalizability of the results, either by attempting to replicate them in independent samples, or by applying methods that quantify the predictive accuracy of statistical models on out-of-sample data.

In the present thesis, we aim to test whether (1) environmental adversity is associated with decreased cooperation, and whether this effect is mediated by variations in individuals' life-history strategies, and propose that (2) the external validity of economic games can be improved by repeating economic games over time.

In the second chapter we address the first point described above. There is ample evidence that environmental adversity is associated with decreased cooperation, particularly when cooperation is measured via self-reported questionnaires. Furthermore, we expect that this effect is mediated by variations in individuals' life-history strategies, which to date has not been directly tested. Hence, we report a study where the relationship between environmental adversity, life-history strategy and cooperation is tested via two large-scale existing datasets (i.e., the European Values Study and the World Values Survey) that are based on self-reports. Our main goal was to test if environmental adversity is indeed associated with decreased cooperation, and if this effect is mediated by variations in individuals' life-history strategies.

In the third chapter we again address the first point. Specifically, we tried to replicate the findings from the first study. The major difference between these two studies is that cooperation is now measured with three economic games: the Dictator game, the Trust game and the Public Goods game. Furthermore, we conducted the study ourselves on a large and representative sample of the French population. Consequently, this study includes a significantly more detailed description of participants' environmental adversity and lifehistory strategies. Our main goal was again to test if environmental adversity is associated with decreased cooperation, and if this effect is mediated by variations in individuals' lifehistory strategies.

In the fourth chapter we address the point that the external validity of economic games can be improved by repeating economic games over time. Recent evidence suggests that economic games lack external validity. This raises the interesting question of why this is the case and what can be done to improve the external validity. A possible explanation for this finding is that economic games decisions in the lab are more likely to be influenced by the current situation (i.e., participants' current state), while questionnaires are specifically designed to measure people's average behavior across a long period of time (i.e., a stable trait) (Palminteri & Chevallier, 2018). There is indeed evidence that economic game decisions in various Dictator and Prisoner's Dilemma games show low stability (Brosig et al., 2007).

We aim to test this by performing a longitudinal study where participants repeatedly play economic games over an extended period of time. We expect that by repeating economic games over time, the influence of any momentary states can be counteracted. Our main goal was to test if repeating economic games over an extended period of time brings participants' answers closer to the average behavior that questionnaires capture.

Chapter 2

Environmental adversity is associated with lower investment in collective actions

Objectives and summary

Cooperation is a universal phenomenon and it constitutes a fundamental aspect of social relationships. There is, however, substantial variability in human cooperative levels.

Environmental adversity seems to have an effect on cooperation. Whether cooperation is decreased, increased or not affected in adverse environments remains an open question.

Although, there is an overall pattern that cooperation is decreased in adverse environments when cooperation is measured via self-reported questionnaires. Another open question is the channel through which environmental adversity might affect cooperation. A possible mediator is variations in individuals' life-history strategies, which to date has not been directly tested.

Therefore, we predict that environmental adversity is associated with decreased cooperation, and that this effect is mediated by variations in individuals' life-history strategies.

In this chapter, we report the results from two pre-registered studies applying structural equation models on large-scale datasets (i.e., the European Values Study and the World Values Survey) that are based on self-reports in order to test the relationship between environmental adversity, life-history strategy and cooperation. Both the effect of environmental adversity in childhood and adulthood were analyzed because they both have been shown to correlate with adult prosocial preferences (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019). Furthermore, we operationalise life-history strategy as a hypothetical trade-off between reproductive and somatic maintenance traits instead of the fast-slow continuum described in the general introduction. The reason for this is that there is a recent debate around the theoretical justification and empirical support to characterize individuals within a single species on a unitary fast-slow continuum (Balidni, 2015;[START_REF] Royauté | Paceless life? A meta-analysis of the pace-of-life syndrome hypothesis[END_REF]. At the heart of life-history theory lies they idea that organisms must make trade-offs in how they allocate limited resources to different functions. Examples of trade-offs are the reproduction-somatic maintenance trade-off, quality-quantity of off-spring trade-off and mating-parenting trade-off.

The most fundamental trade-off is between reproducing now versus in the future. In the latter case the immediate focus then lies on the soma. Thus, the most important trade-off an organism can make is between reproduction and somatic maintenance. Therefore, we chose to analyze the reproduction-somatic maintenance trade-off. Finally, we used collective action as a proxy for cooperation, because the variables present in the datasets that we used are more representative of collective action behaviors than cooperative behaviors. Collective action can be defined as "multiple individuals pay the cost of contributing to a group project and share in the resulting benefit" [START_REF] Delton | The psychosemantics of free riding: dissecting the architecture of a moral concept[END_REF]Price et al., 2002). In both cooperation and collective actions, the actors immediately pay a cost and receive a possible delayed benefit. Thus, collective action is the n-person equivalent of cooperation. Therefore, we think that collective action is a good proxy for cooperation.

Overall, the present study indeed finds a relationship between adverse environments in childhood and adulthood with decreased investment in adult cooperation, and finds that this association is indeed mediated by variations in individuals' reproduction-maintenance tradeoff. Furthermore, it adds to the consistent pattern of results (i.e., a relationship between adverse environments and decreased cooperation) found by existing studies that use selfreported questionnaires to measure cooperation.

The remainder of this chapter corresponds to a paper that has been published in the journal PLOS ONE.

Introduction

Environmental adversity is often conceptualized as the product of two different dimensions: harshness (i.e., externally caused levels of morbidity-mortality that an individual cannot control) and unpredictability (i.e., spatial-temporal variation in harshness) (Ellis et al., 2009).

In humans, adversity is closely aligned with economic deprivation and resource scarcity (Adler et al., 1993;[START_REF] Chen | Socioeconomic differences in children's health: How and why do these relationships change with age?[END_REF][START_REF] Chetty | The association between income and life expectancy in the United States, 2001-2014[END_REF] and is commonly associated with a wide range of detrimental biological outcomes and behaviors, ranging from reduced lifespan (Bajekal, 2005), detrimental health behaviors [START_REF] Harrell | Smoking initiation in youth: The roles of gender, race, socioeconomics, and developmental status[END_REF][START_REF] Mokdad | Actual causes of death in the United States, 2000[END_REF]Pepper & Nettle, 2014;[START_REF] Pridemore | A case control analysis of socio-economic and marital status differentials in alcohol-and nonalcohol-related mortality among working-age Russian males[END_REF][START_REF] Stringhini | Association of socioeconomic position with health behaviors and mortality[END_REF], suboptimal financial decisions or lower education [START_REF] Blanden | Family income and educational attainment: A review of approaches and evidence for Britain[END_REF][START_REF] Chowdry | The role of attitudes and behaviours in explaining socio-economic differences in attainment at age 16[END_REF]Haushofer & Fehr, 2014;[START_REF] Lea | The economic psychology of consumer debt[END_REF][START_REF] Livingstone | Predicting personal debt and debt repayment: Psychological, social and economic determinants[END_REF][START_REF] Sirin | Socioeconomic status and academic achievement: A meta-analytic review of research[END_REF][START_REF] White | The relation between socioeconomic status and academic achievement[END_REF]. Adversity has also been targeted as a potential candidate causing variability in a number of social behaviors seemingly unrelated to those mentioned above, such as social preferences [START_REF] Laustsen | Does a competent leader make a good friend? Conflict, ideology and the psychologies of friendship and followership[END_REF][START_REF] Little | The perception of attractiveness and trustworthiness in male faces affects hypothetical voting decisions differently in wartime and peacetime scenarios[END_REF]Re et al., 2013;Safra et al., 2017), social learning biases (Jacquet et al., 2019(Jacquet et al., , 2018;;[START_REF] Murray | Pathogens and politics: Further evidence that parasite prevalence predicts authoritarianism[END_REF][START_REF] Nettle | State-dependent cognition and its relevance to cultural evolution[END_REF][START_REF] Wu | The social impact of pathogen threat: How disease salience influences conformity[END_REF], social trust [START_REF] Hörl | Early-Life Circumstances Predict Measures of Trust Among Adults: Evidence from Hunger Episodes in Post-War Germany[END_REF][START_REF] Nettle | Being there: A brief visit to a neighbourhood induces the social attitudes of that neighbourhood[END_REF]Petersen & Aarøe, 2015) and cooperation (Nettle, 2015).

However, whether cooperation is decreased or increased in adverse environments is still debated.

In theory, the relationship between environmental adversity and cooperation could go either way (Nettle, 2015). On the one hand, adverse environments might be associated with increased cooperation as a means to mitigate direct survival threats, such as pooling material resources to reduce the impact of external events like famine (Aktipis et al., 2011;Smaldino et al., 2013). On the other hand, adverse environments might be associated with decreased cooperation because adversity constrains people to focus on trying to meet their individual needs (Nettle, 2015).

Whether adverse environments are associated with decreased or increased cooperation seems particularly influenced by the way cooperation is measured. The main distinction is between self-reported questionnaires and field experiments on the one hand and behavioral experiments (i.e., economic games) on the other hand. Self-reported measures of cooperation and economic games differ in several important ways: (1) self-reports are more influenced by social desirability bias, (2) they are based on people's limited insight on their own behavior and (3) self-reports are based on attitudes while economic games are based on actual behavior. It is important to note that some of the studies cited as support for the association between adverse environments and increased cooperation (Aktipis et al., 2011;Smaldino et al., 2013) use agent-based models, which are distinct from self-reported measures, field experiments and behavioral experiments.

The existing empirical evidence is currently inconclusive. When cooperation is measured via self-reported questionnaires or in field experiments, studies usually report an association between adverse environments and decreased cooperation. Notably, Korndörfer et al. (2015) and Schmukle et al. (2019) found a negative correlation between lower social class and cooperative behaviors (e.g., donating, volunteering, helping) using questionnaire data from large and representative international samples (average N over 9 studies = 20.243).

Using field experiments, Andreoni et al. (2017) and Nettle et al. (2011) also found that lower social class correlates with decreased cooperation.

When cooperation is measured using behavioral experiments (i.e., economic games and actual behavior in various settings under scrutiny of the experimenter), the results are much more mixed. Some studies report an association between adverse environments and decreased cooperation (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019), but other studies find the opposite pattern (Amir et al., 2018;Lim & DeSteno, 2016;Piff et al., 2010) or no effect at all (Stamos et al., 2020;Wu et al., 2017).

The reason why these behavioral experiments give mixed results is unclear, but several explanations have been put forward. First, some of these studies have small sample sizes, which may explain, for example, why Piff et al. (2010), who found a positive relation between environmental adversity and cooperation, was not replicated in a high-powered preregistered study (Stamos et al., 2020). Second, these studies usually only use one economic game, which may lower their generalizability (Camerer, 2011). In accordance with this idea, McAuliffe et al. (2019) found that single economic games do not correlate with real-life cooperation, but a general factor based on several economic games does. Finally, there is increasing evidence that economic games lack ecological validity (Galizzi & Navarro-Martinez, 2019).

Beyond establishing the correlation between adversity and cooperation, the channel through which this relationship arises also remains unclear. In a large review paper, Pepper and Nettle (2017) put forward the idea that there might be a common origin to the constellation of behaviors observed in adverse environments, which is that they reflect a contextually appropriate need to favor immediate over long-term benefits. Recent studies indeed reveal that people living in adverse conditions prefer immediate rewards over delayed rewards, discount future rewards more, are more pessimistic about their future, and are more impulsive than those living in more affluent conditions [START_REF] Adams | Time perspective in socioeconomic inequalities in smoking and body mass index[END_REF]Bulley & Pepper, 2017;[START_REF] De Wit | IQ and nonplanning impulsivity are independently associated with delay discounting in middle-aged adults[END_REF]Griskevicius et al., 2011;[START_REF] Lawrance | Poverty and the rate of time preference: Evidence from panel data[END_REF][START_REF] Robb | Socioeconomic disparities in optimism and pessimism[END_REF]. In sum, people's living environment appears to affect the present-future trade-off, with adverse conditions promoting present-oriented behaviors, and affluent conditions promoting future-oriented behaviors.

Evolutionary models [START_REF] Leimar | Evolution of cooperation through indirect reciprocity[END_REF][START_REF] Nowak | Tit for tat in heterogeneous populations[END_REF] and empirical evidence [START_REF] Curry | Patience is a virtue: Cooperative people have lower discount rates[END_REF][START_REF] Harris | Delay discounting and performance on the prisoner's dilemma game[END_REF][START_REF] Joireman | Integrating social value orientation and the consideration of future consequences within the extended norm activation model of proenvironmental behaviour[END_REF]Sjåstad, 2019;[START_REF] Wolf | Reducing intergroup conflict through the consideration of future consequences[END_REF] suggest that variations in cooperation might also depend on variations in the present-future trade-off, and ultimately on the environmental factors that shape it. Cooperation is defined as "a behavior that provides a benefit to another individual (recipient), and the evolution of which has been dependent on its beneficial effect for the recipient" (West et al., 2007(West et al., , 2011)). Cooperation has two subcategories: altruistic and mutually beneficial behaviors (West et al., 2011). We are particularly interested in mutually beneficial cooperative behaviors, where the actor incurs immediate costs and the benefits are delayed. In this framework, cooperation is a future-oriented strategy (Axelrod & Hamilton, 1981;Trivers, 1971): in the short term, it is more advantageous to reap immediate, smaller, but more certain benefits by cooperating less but in the long term, it is more advantageous to invest in large-scale cooperation so as to reap longer-term benefits such as increased social reputation.

The way the present-future trade-off is instantiated at the psychological level might partly result from how it is embodied at the biological level (Ellis & Del Giudice, 2019;Pepper & Nettle, 2017), notably through the way organisms optimally allocate their limited stock of energy between reproductive goals and maintenance goals (Ellis & Del Giudice, 2019;Ellis et al., 2009;Jasienska et al., 2017;Nettle, 2010;Promislow & Harvey, 1990).

Similarly to the present-future trade-off observed at the psychological level, the shape of the reproduction-maintenance trade-off is partly conditioned by the environment, and therefore subjected to plasticity during an individual's life. In line with this phenotypic plasticity perspective, correlational research in humans living in industrial and post-industrial societies suggests that experiencing adversity during childhood accelerates reproduction while decreasing investment in health (Brumbach et al., 2009;Mell et al., 2018;Nettle, 2011). By contrast, safe childhood conditions are associated with delayed reproduction [START_REF] Bribiescas | How hormones mediate trade-offs in human health and disease[END_REF]Del Giudice et al., 2015;Ellis et al., 2009;Jasienska et al., 2017;[START_REF] Ryan | Reproduction predicts shorter telomeres and epigenetic age acceleration among young adult women[END_REF][START_REF] Ziomkiewicz | Evidence for the cost of reproduction in humans: High lifetime reproductive effort is associated with greater oxidative stress in post-menopausal women[END_REF] and are negatively associated with a number of morbidity risks (Hughes et al., 2017). In sum, prioritizing reproduction is classically viewed as a present-oriented life-history strategy because it comes with direct and indirect survival costs that might otherwise be minimized by delaying reproduction. The reason is that adverse conditions make life uncertain, so that one cannot be sure that an investment made in the present (e.g., health efforts) will pay-off in the future (e.g., living longer). Counteracting these risks requires prioritizing immediate but certain benefits (i.e., reproduction) at the expense of long-term but uncertain benefits (i.e., somatic investments and health) (Belsky et al., 2012(Belsky et al., , 1991[START_REF] Belsky | The development of reproductive strategy in females: Early maternal harshness→ earlier menarche→ increased sexual risk taking[END_REF][START_REF] Frankenhuis | Infants may use contingency analysis to estimate environmental states: An evolutionary, life-history perspective[END_REF].

Taken together, these observations raise the possibility that the effect of environmental adversity on cooperation might be conditional on the shape of the reproduction-maintenance trade-off. More specifically, individuals who experienced environmental adversity -both during childhood and adulthood -might invest less in cooperative activities, and this effect might be conditioned at least partly on the priority they give to reproduction at the expense of health. Decreasing the costs of cooperative interactions might be contextually adaptive in the most deprived societies where social trust is lower and interpersonal violence is higher, and where people feel more exposed to risks of exploitation outside their kinship network (Guiso et al., 2006;[START_REF] Norris | Sacred and Secular. Religion and Politics Worldwide[END_REF]Ortiz-Ospina & Roser, 2019).

In this paper, we test the relationship between childhood and current environmental adversity and people's propensity to invest in collective actions, which we use as a proxy for cooperation. Collective action can indeed be defined as "multiple individuals pay the cost of contributing to a group project and share in the resulting benefit" [START_REF] Delton | The psychosemantics of free riding: dissecting the architecture of a moral concept[END_REF]Price et al., 2002). We further test the hypothesis that the relationship between adversity and collective action is conditional on an individuals' reproduction-maintenance trade-off. Our specific hypotheses were that (1) childhood environmental adversity is associated with lower investment in collective actions, and that this effect is mediated by variations in individuals' reproduction-maintenance trade-off; (2) current environmental adversity is associated with lower investment in collective actions, and that this effect is mediated by variations in individuals' reproduction-maintenance trade-off.

To test these hypotheses we applied multivariate models (structural equation modeling) on two independent datasets containing information about the values, the beliefs and the behaviors of more than 295.000 participants representative of more than 100 countries all over the world (the European Values Study and the World Values Survey). The robustness of the models was assessed by employing a discovery/ replication procedure. First, each dataset was randomly split into two subsamples of similar size: a discovery sample and a replication sample. Second, the discovery sample was used to design and test the model. We then pre-registered the analysis plan in the Open Science Framework. Finally, the replication sample was used to check the robustness of the model. The present study replicates existing research linking adverse environments in childhood and adulthood with decreased investment in adult cooperation (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019), and finds that this association is mediated by variations in individuals' reproduction-maintenance-trade-off. Furthermore, it adds to the consistent pattern of results (i.e., a relationship between adverse environments and decreased cooperation) found by existing studies that use self-reported questionnaires to measure cooperation (Korndörfer et al., 2015;Schmukle et al., 2019).

Study 1: Childhood adversity and collective action in the European Values Study

We tested the association between childhood environmental adversity, the reproductionmaintenance trade-off and adult investment in collective actions by applying structural equation modeling on the European Values Study dataset (European Values Study Longitudinal Data File 1981-2008(EVS 1981-2008), 2015). The European Values Study has relied on social scientists since 1981 to collect data from large representative samples of the populations from 47 European countries. In this study, we used the fourth wave of the survey for which data was collected between 2008 and 2010. We focused on the fourth wave because it includes the same collective action variables as the World Values Survey, which gives us the opportunity to replicate our initial findings on an independent sample. Values Study. However, some respondents could not be included in our analyses. Two of the variables used to model the reproduction-maintenance trade-off were only relevant for respondents with children, which led us to focus on the 45.624 respondents who report having children. We randomly split this sample into a discovery subsample (22.570 respondents) and a replication subsample (23.054 respondents). In both subsamples, we excluded respondents with too much missing data (the criterion was set to more than two standard deviations from a respondent's respective subsample mean) which led to 20.755 respondents for the discovery sample and 21.156 respondents for the replication sample. The final discovery sample after listwise deletions included 16.790 respondents (females: N = 9.837; mean age = 52 ± 15 sd; mean number of respondents per country = 382 ± 126 sd) and the final replication sample after listwise deletions included 17.087 respondents (females: N = 9.957; mean age = 52 ± 15 sd; mean number of respondents per country = 380 ± 136 sd). The final replication sample after listwise deletions consists of 45 countries (descriptive statistics for each country are detailed in Table S1 of the Supplementary Materials).

Variables

We selected variables tapping three constructs: childhood environmental adversity, the reproduction-maintenance trade-off and collective action. Childhood environmental adversity was modeled as a formative latent variable including the following items: "death of the father before age 16" (scale 0-1), "death of the mother before age 16" (scale 0-1), "parental education" (scale 1-8: the higher the score the lower the educational level of the parents), "parents had problems replacing things" (scale 1-4: the higher the score the more difficulty replacing things) and "parents had problems making ends meet" (scale 1-4: the higher the score the more difficulty making ends meet). Based on the recommendations of Brumbach et al. (2009), childhood environmental adversity was modeled as a formative latent variable rather than a reflective latent variable. This was done because adverse childhood events can be seen as risk factors that are not necessarily correlated with one another. However, they all contribute to the cumulative probability of developing a particular outcome (in our case an increased investment in reproduction or somatic maintenance). For example, having been exposed to the death of a parent, lower parental education or lower parental socioeconomic status are three events that increase the probability of experiencing an adverse childhood environment, but that might occur independently.

The reproduction-maintenance-trade-off was modeled by constructing a reflective latent variable based on "number of children", "age at first birth" (calculated from the birth year of the respondent and the reported birth year of their first child) and "subjective health status" (scale 1-5: the higher the score the better the respondents' reported health). These items were chosen because they approximate the reproduction-maintenance trade-off (Ellis et al., 2009). For example, recent studies report that some health costs are induced by increased investment in reproductive functions positively associated to fertility -in both women (e.g., high number of pregnancies, high parity) and men (e.g., high level of testosterone). These health costs include increased production of pro-inflammatory cytokines, insulin resistance, increased production of triglycerides and LDL cholesterol, increased oxidative stress, altered immune function, cardio-vascular diseases (Jasienska et al., 2017;[START_REF] Mcdade | The ecologies of human immune function[END_REF][START_REF] Ziomkiewicz | Evidence for the cost of reproduction in humans: High lifetime reproductive effort is associated with greater oxidative stress in post-menopausal women[END_REF] and have long-lasting health correlates, including on people's lifespan, which has been shown to be well captured by self-reported health [START_REF] Kington | Reproductive history, socioeconomic status, and self-reported health status of women aged 50 years or older[END_REF].

Cooperation was modeled by constructing a reflective latent variable. In articles using the European Values Study and the World Values Survey [START_REF] Atkinson | Beliefs about God, the afterlife and morality support the role of supernatural policing in human cooperation[END_REF][START_REF] Weeden | What predicts religiosity? A multinational analysis of reproductive and cooperative morals[END_REF], cooperation is often assessed using questions tapping cooperative morality (e.g., the respondent's opinion about claiming government benefits to which you are not entitled; avoiding a fare on public transport; cheating on taxes if you have a chance). Such questions do not test actual cooperation, but rather people's moral judgments. Importantly, moral judgments are not systematically aligned with actual behavior. For instance, individuals who claim that it is wrong to cheat on taxes may actually cheat themselves. Individuals living in low trust societies are indeed more likely to cheat because they think that others are cheating [START_REF] Schroeder | Local norms of cheating and the cultural evolution of crime and punishment: A study of two urban neighborhoods[END_REF] and they are also more likely to be in favor of harsh punishments for cheaters because they do not trust that cheating can be avoided by means other than harsh punishments (McCullough et al., 2013).

To address this problem, we chose to focus on respondents' actual investment in collective actions. We scanned the European Values Study to identify variables that had previously been found to successfully predict real-life cooperation (Korndörfer et al., 2015) and that tapped actual behaviors involving concrete costs and delayed benefits for the agent and benefits for others. Two sets of variables met our a priori defined criteria: how much someone volunteers (scale 0-15) and how often someone participates in political actions that might benefit the community, without receiving financial compensation (scale 0-5) (items are detailed in Table S2 of the Supplementary Materials). People who volunteer or take part in political actions indeed incur concrete costs, including time and energy, to engage in actions that benefit others. Furthermore, volunteering and political actions also have delayed benefits for the actor. Volunteering, for example, is positively associated with concern for social reputation or image [START_REF] Carpenter | Why volunteer? Evidence on the role of altruism, image, and incentives[END_REF] and is a means of obtaining human capital that will yield returns in the labor market [START_REF] Menchik | Volunteer labor supply[END_REF][START_REF] Ziemek | Economic analysis of volunteers' motivations-A cross-country study[END_REF]. Political action, for example voting, has also been shown to correlate with higher social reputation [START_REF] Ali | Why people vote: Ethical motives and social incentives[END_REF][START_REF] Gerber | Why people vote: estimating the social returns to voting[END_REF]. Although volunteering and political action are limited in their own way (for instance, many cooperative interactions happen outside the activities described in these items), these items have the advantage of being the most concrete instances of true investment in collective goods available in the European Values Study.

Volunteering was calculated by taking the sum of 15 separate items that indicate if respondents volunteer for different groups (e.g., religious organizations, trade unions and sport groups). Political action was calculated by taking the sum of five separate items that indicate if respondents take part in different political actions (e.g., signing a petition, joining boycotts and attending lawful demonstrations).

Model specification and fit

First, the reproduction-maintenance trade-off was regressed on childhood environmental adversity. Second, collective action was regressed on the reproduction-maintenance trade-off and childhood environmental adversity. Third, childhood environmental adversity was modeled as a formative latent variable. These variables need to be scaled for identification purposes by fixing the coefficient of one of the causal indicators (Mell et al., 2018).

Childhood environmental adversity was scaled by setting the path from "parental education" to 1. Fourth, the reflective latent variable reproduction-maintenance trade-off and the reflective latent variable collective action were scaled by fixing their variance to 1. Fifth, the correlation between the residual errors of "age at first birth" and "number of children" was included in the model. The reason for this is that, all else being equal, the sooner you have children, the more children you can have. This correlation is not captured by the latent variable reproduction-maintenance trade-off and is therefore included separately; these two variables indeed covary mechanically (Mell et al., 2018). Hooper et al. (2008) recommend determining model fit by using χ 2 , Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR). A good fit is assumed if the indices are close to the following values: χ 2 p-value > 0.05, CFI > 0.95, RMSEA p-value < 0.07 and SRMR < 0.08. It is important to note however, that the large sample size of our study prevents us from interpreting χ 2 as evidence for a discrepancy between the sample and the model-implied covariance matrix. The chi-square statistic is indeed known to be particularly sensitive to sample size, which can lead models fitted on large samples to be systematically rejected [START_REF] Schermelleh-Engel | Evaluating the fit of structural equation models: Tests of significance and descriptive goodness-offit measures[END_REF]. Furthermore, the χ 2 assumes normality [START_REF] Mcintosh | Rethinking fit assessment in structural equation modelling: A commentary and elaboration on Barrett (2007)[END_REF] and the deviation from normality characterizing some of our variables might result in the rejection of the model even when the model is properly specified. Therefore, only the scaled versions of the CFI, RMSEA and SRMR are reported, which eliminates the issues of sample size dependency and non-normality of continuous and categorical data (Kline, 2015).

Covariates

Given that cooperation is affected by age, we included age as an auxiliary variable to control for its effect on the collective action variables. Freund & Blanchard-Fields (2014), for example, found that older adults report valuing contributions to the public good more positively and are more likely to behave altruistically than younger adults. Furthermore, age is also used as an auxiliary variable to control for its effect on the "subjective health status" variable and on the "number of children" variable. The reason for this is that, all else being equal, the older you get the poorer your health is likely to be and the more children you are likely to have.

Childhood environmental adversity and current environmental adversity are moderately correlated (Griskevicius et al., 2011). Therefore, we ran an additional analysis which was not pre-registered where we controlled for the effect of current adversity on the reproduction-maintenance trade-off and collective action variables. Current adversity was modeled using the respondent's current income level (scale 1-10: the higher the score the lower the income level).

Analyses

We first carried out our analyses on the discovery sample; we then pre-registered our analysis plan on the Open Science Framework (https://osf.io/642hd); finally, we applied the preregistered analyses on the replication sample. The results of the replication sample are presented below. The results of the discovery sample are detailed in section 2.7.3 in the Supplementary Materials; the significance and direction of the key associations are consistent with the replication sample. Although, two additional indicators for childhood environmental adversity reach significance: "parents had problems making ends meet" and "death of mother".

All statistical analyses were carried out in R 3.4.4 (https://www.r-project.org/) with R Studio 1.1.456. The structural equation model was fitted using the R package lavaan (Rosseel, 2012). The WLSMV estimator was used for its robustness to departures from normality (Rosseel, 2012).

When data was missing, we conducted listwise deletions. Although our variables of interest showed overall low percentages of missing responses (ranging from 0 to 13%), an additional analysis was done on the replication sample with imputed data. The results of this analysis are largely consistent with the results obtained using listwise deletions (see section 2.7.4 in the Supplementary Materials). The main difference is that childhood environmental adversity is significantly -albeit weakly -associated with increased adult involvement in collective action -a result that we will discuss in more detail below.

For the mediation analyses the bootstrap method developed by Preacher & Hayes (2008) was used, which is recommended by MacKinnon et al. (2004). This is a nonparametric resampling test. The main feature of this test is that it does not rely on the assumption of normality. Bootstrapping estimates the upper limit and the lower limit of the confidence intervals of an indirect effect. We computed bootstrapped 95% confidence intervals (1000 bootstrap samples). The direct effect, indirect effect and total effect can be found in section 2.7.5 in the Supplementary Materials.

Results

Correlation matrix and descriptive statistics

Descriptive statistics and the correlation matrix for the variables included in the structural equation model can be found in Table 1.
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Model fit

The scaled CFI value (0.900), the scaled RMSEA value (0.040) and the scaled SRMR value (0.018) are fairly consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model.

Measurement model

The standardized regression weights can be found in Figure 1 (the full results can be found in Table S3 of the Supplementary Materials). Childhood environmental adversity is driven by two main contributors: "parents had problems replacing things" (UnStd c = 2.37 (0.26), z = 50 The reproduction-maintenance trade-off is itself associated with lower adult involvement in collective action (UnStd c = -1.07 (0.10), z = -10.87, p < 0.001, Std c = -0.73). In line with our first hypothesis, a significant part of the effect of childhood environmental adversity on adult involvement in collective action is mediated by the reproduction-maintenance trade-off (indirect effect: UnStd c = -0.0027 (0.0004), bootstrapped ci lower = -0.0035, bootstrapped ci upper = -0.0020, z = -6.92, p < 0.001).

The above mentioned effects remain stable after the inclusion of the respondent's current adversity as an additional covariate (scaled CFI = 0.897; scaled RMSEA = 0.042; scaled SRMR = 0.017), and the magnitude of key parameters stayed significant and in the expected direction (the full results can be found in Table S4 of the Supplementary Materials).

Given that the mediation effect is strong, the direct effect of childhood environmental adversity on collective action is to be interpreted with caution. Our analyses show that it is indeed a small and unstable effect, which reverses in the dataset that includes imputed data (UnStd c = 0.04 (0.02), z = 2.23, p < 0.05, Std c = 0.13). To confirm that this coefficient instability can be attributed to the presence of a mediator capturing a large part of the effect,

we ran an additional model on the replication sample with imputed data, but without the mediating variable (i.e., reproduction-maintenance trade-off). This analysis revealed that adverse childhood environments are indeed associated with decreased collective action

(UnStd c = -0.07 (0.01), z = -7.09, p < 0.001, Std c = -0.21).
The other regression coefficients are larger and more stable across analyses and datasets (i.e., the dataset implementing listwise deletions and the imputed dataset). This is the case for the regression between childhood environmental adversity and the reproduction- Finally, the range for "age at first child's birth" is from 12 to 83 years old. This range is theoretically possible but unlikely (especially for women). We suspect that some of these data points are in fact entry errors. However, we kept the full sample for two reasons: first, it is impossible to tease apart entry errors from true late first births and second, very few individuals reported to have had their first birth at a later age (only 14 women out of 17.087).

To ensure that the inclusion of these 14 participants did not alter our results we ran the model again without these participants and found the same overall pattern.

Conclusions

Our prediction was that people who grew up in adverse environments invest less in collective actions later in life and that this effect is mediated by modulations of the reproductionmaintenance trade-off. Data from the European Values Study partly confirm this hypothesis and show that the association between childhood environmental adversity and adult involvement in collective action is partly mediated by variations in individuals' reproductionmaintenance-trade-off.

Study 2: Current adversity and collective action in the World Values Survey

We then had the objective of replicating the pattern of associations found in study 1 on an independent sample extracted from the World Values Survey dataset [START_REF] Inglehart | World values survey: Round six-country-pooled datafile version[END_REF].

The World Values Survey has relied on social scientists since 1981 to collect data from large representative samples of the populations from almost 100 European and non-European countries. In this study, we focused on the fourth wave (1999)(2000)(2001)(2002)(2003)(2004) for two reasons: first, it includes non-European countries; second, unlike the other waves, the fourth wave includes the same collective action variables as the ones included in the European Values Study sample analyzed in study 1.

It is worth acknowledging that using the World Values Survey fourth wave also comes with several limitations. First, unlike the European Values Study fourth wave, the World

Values Survey fourth wave (and the other waves as well) does not contain any data about the respondents' age at first reproduction. Therefore, the reproduction-maintenance trade-off can only be modeled on two indicators: the respondents' number of children and their selfreported health status. Nevertheless, as we point in section 2.3.1.2 of the present article, the existing literature provides substantial evidence that the number of children and the selfreported health status can be considered as fairly good proxies for the reproductionmaintenance trade-off. The second limitation is that the World Values Survey fourth wave contains no data on the respondents' childhood environment. We therefore focus on respondents' current income as an indicator of the level of adversity they are currently exposed to. This choice is primarily motivated by a number of studies showing that income correlates with almost all forms of morbidity and mortality (Adler et al., 1993;[START_REF] Chen | Socioeconomic differences in children's health: How and why do these relationships change with age?[END_REF][START_REF] Chetty | The association between income and life expectancy in the United States, 2001-2014[END_REF], such that economically deprived people also experience greater exposure to disability and death. The second motivation comes from the fact that economic status in adulthood generally correlates with economic status in childhood [START_REF] Charles | The correlation of wealth across generations[END_REF][START_REF] Fagereng | Why do wealthy parents have wealthy children?[END_REF]. S5 of the Supplementary Materials).

Variables

We selected variables tapping three constructs: current adversity, the reproductionmaintenance-trade-off and collective action. Respondents' current adversity was represented by their current income level (scale 1-10: the higher the score the lower the income level) (Adler et al., 1993;[START_REF] Chen | Socioeconomic differences in children's health: How and why do these relationships change with age?[END_REF][START_REF] Chetty | The association between income and life expectancy in the United States, 2001-2014[END_REF]Griskevicius et al., 2011).

The reproduction-maintenance-trade-off was modeled by constructing a reflective latent variable based on "number of children" and "subjective health status" (scale 1-5: the higher the score the better the respondents' reported health).

The reflective latent construct "collective action" was estimated from the very same indicators as in study 1. The only difference is that scores in "volunteering" and "political action" were calculated on the basis of 14 and 4 items respectively (instead of 15 and 5 items in study 1, respectively) (items are detailed in Table S6 of the Supplementary Materials).

Model specification and fit

The model's structure was the same as the one specified in study 1, with two notable differences. First, childhood environmental adversity was replaced by current adversity.

Second, "age at first birth" is no longer an indicator of the latent variable reproductionmaintenance-trade-off. Age was again used as an auxiliary variable to control for its effect on the collective action variables and "subjective health status" variable and "number of children" variable. Model fit was determined in the same manner as in study 1.

Analyses

We first carried out our analyses on the discovery sample; we then pre-registered our analysis plan on the Open Science Framework (https://osf.io/37bs2/); finally, we applied the preregistered analyses on the replication sample. The results of the replication sample are presented below (the results of the discovery sample are detailed in section 2.7.10 in the Supplementary Materials; the significance and direction of the key associations are consistent with the replication sample).

When data was missing, we conducted listwise deletions (as in study 1). Although our variables of interest showed overall low percentages of missing responses (ranging from 0 to 13%), an additional analysis was done on the replication sample with imputed data. The results of this analysis are consistent with the results obtained using listwise deletions (see section 2.7.11 in the Supplementary Materials).

All statistical analyses and the method for mediation analyses were similar to those reported in study 1. The direct effect, indirect effect and total effect can be found in section 2.7.12 in the Supplementary Materials.

Results

Correlation matrix and descriptive statistics

Descriptive statistics and the correlation matrix for the variables included in the structural equation model can be found in Table 2.

(

) (2) (3) (4) (5) 1 
( 

Model fit

The scaled CFI value (0.960), the scaled RMSEA value (0.047) and the scaled SRMR value (0.018) are consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model.

Measurement model

The standardized regression weights can be found in Figure 2 (the full results can be found in Table S7 of the Supplementary Materials). "Subjective health status" (UnStd c = -0.15 (0.03), z = -4.38, p < 0.001, Std c = -0.24) and "number of children" (UnStd c = 0.22 (0.05), z = 4.39, p < 0.001, Std c = 0.17) loaded significantly on the reproduction-maintenance-trade-off. As in study 1, the pattern of covariation follows our predictions: poorer reported health and higher number of children. Hence, the reproduction-maintenance-trade-off is consistent with prior studies (Brumbach et al., 2009;Mell et al., 2018). 

Structural model

Figure 2 shows that the direct effect of current adversity on adult involvement in collective action is not significant (UnStd c = 0.12 (0.11), z = 1.12, p = 0.26, Std c = 0.25). Furthermore, 

Conclusions

Our prediction was that people who currently live in adverse environments invest less in collective action and that this effect is mediated by modulations of the reproduction-maintenance trade-off. Data from the World Values Survey confirm this hypothesis and show that the association between current adversity and adult involvement in collective action is mediated by variations in individuals' reproduction-maintenance trade-off.

Discussion

The present study replicates existing research linking adverse environments in childhood and adulthood with decreased investment in adult cooperation (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019), and finds that this association is mediated by variations in individuals' reproduction-maintenancetrade-off. Furthermore, it adds to the consistent pattern of results (i.e., a relationship between adverse environments and decreased cooperation) found by existing studies that use selfreported questionnaires to measure cooperation (Korndörfer et al., 2015;Schmukle et al., 2019).

Even though the findings reported above are consistent with the existing literature, it is important that we highlight several limitations. First, we used people's involvement in collective actions as a proxy for cooperation but cooperation obviously encompasses more than collective action behaviors. The reason we chose these items is that, unlike self-reported attitudes about cooperative morals often used as proxies for cooperation in other survey studies [START_REF] Weeden | What predicts religiosity? A multinational analysis of reproductive and cooperative morals[END_REF], these were the only variables that met our a priori defined criteria (actual behaviors involving concrete costs and delayed benefits for the agent and have benefits for others that had previously been successful in predicting real-life cooperation) in the European Values Study and the World Values Survey. However, people might cooperate in different ways than in large-scale collective action. For example, they might actively cooperate within more restricted social networks centered around kinship (Fukuyama, 1995) [START_REF] Colleran | The cultural evolution of fertility decline[END_REF].

Third, the large sample sizes used in our studies raise the possibility that the statistically significant associations reported are primarily due to high statistical power.

Therefore, the reporting of p-values is less informative. Standardized regression coefficients can be used as an effect size index [START_REF] Nieminen | Standardised regression coefficient as an effect size index in summarising findings in epidemiological studies[END_REF]. Standardized regression coefficients refer to how many standard deviations the dependent variable will change per a standard deviation increase in the independent variable, holding all other variables constant.

Standardized regression coefficients can be interpreted similar to correlations, where <0.2 is considered a weak effect, between 0.2 and 0.5 as a moderate effect and >0.5 as a strong effect (Acock, 2014). Looking at our standardized path coefficients; the effect between adversity and collective action is weak (EVS Std c = -0.08; WVS not significant), the effect between Fourth, it is important to note that life-history theory has been hotly debated for theoretical, empirical and methodological reasons in recent years (Baldini, 2015;[START_REF] Fisher | Lack of group-to-individual generalizability is a threat to human subjects research[END_REF][START_REF] Mathot | Models of pace-of-life syndromes (POLS): A systematic review[END_REF][START_REF] Nettle | The evolution of life-history theory: A bibliometric[END_REF]Zietsch & Sidari, 2019). Of particular relevance to this paper is the debate questioning whether life-history theory can be applied to explain individual differences in humans. Life-history theory was initially developed to explain differences between species (Pianka, 1970) and later applied to individual differences in humans by invoking genetic factors, early environment conditions, or phenotypic plasticity (Belsky et al., 1991;Del Giudice et al., 2015;Ellis et al., 2009;Figueredo et al., 2006), the latter two concepts being central to the present paper. One criticism laid out by Zietsch & Sidari (2019) is that the processes that create between species trait covariation (i.e., Darwinian evolution) and within species trait covariation (e.g., developmental plasticity) are fundamentally different. In response to this, Del Giudice (2019) has argued that the two processes can in fact be functionally related. He proposed the term "ecological gambit", where trade-offs in the context of life-history strategies form the basis for the functional link between population and individual differences, as is the case in our analyses focusing on the reproduction-maintenance trade-off. In addition, there is evidence that phenotypic plasticity is the dominant source of inter-individual and inter-population variation in reproductive traits and associated health costs (Jasienska et al., 2017;[START_REF] Pettay | Heritability and genetic constraints of life-history trait evolution in preindustrial humans[END_REF].

More generally, the correlational nature of our data hinders the possibility of producing inferences about the causal role of adverse environments on cooperation. For example, it is possible that the relationship between environmental adversity and cooperation is reversed: adverse environments might be associated with lower cooperation because individuals who cooperate less are less likely to do well in life and therefore more likely to end up living in an adverse environment. This alternative is plausible albeit a little harder to reconcile with the fact that we also found an association between an adverse childhood environment and adult cooperation. Another possibility is that there is an unknown variable that influences both environmental adversity and cooperation. Finally, the relationship between environmental adversity and cooperation might not be monotonic. For example, Lazarus (2017) has proposed that cooperation may be an inverted-U function of environmental adversity.

One way to demonstrate the causal effect of environmental adversity on cooperation would be to experimentally manipulate acute stress (Haushofer & Fehr, 2014), for example by administering hydrocortisone (a synthetic form of cortisol). Using this methodology, Riis-Vestergaard et al. ( 2018) found that administering hydrocortisone increases temporal discounting over the short term. Another possibility to induce stress is to expose people to mortality cues (Griskevicius et al., 2011), e.g. in the form of news articles stating that in the local area there is an increase in violence. However, it is important to note that there are large differences between the effects of acute stress and chronic stress (Kandasamy et al., 2014).

For example, acute stress has been found to increase physical arousal, learning, motivated behavior and sensation seeking. By contrast, chronic stress has been found to impair attentional control, behavioral flexibility and it can promote anxiety, depression and learned helplessness.

Another option to identify causal relationships is to analyze longitudinal data involving exogenous shocks to the individual's environment (e.g., sudden increase of income or in contrast famine, war, etc.). There have been a handful of longitudinal studies testing the effect of stress during childhood and social behavior in adulthood using exogenous shocks of positive or negative income on different behavioral outcomes. These studies have shown that higher levels of income tend to make individuals more 'agreeable' and more trustful (Akee et al., 2018;[START_REF] Hörl | Early-Life Circumstances Predict Measures of Trust Among Adults: Evidence from Hunger Episodes in Post-War Germany[END_REF] while higher levels of violence during childhood make people more antisocial and more violent [START_REF] Gangadharan | The long-term effects of genocide on social preferences and risk[END_REF][START_REF] Miguel | Civil war exposure and violence[END_REF]. One of the most noteworthy pieces of research in this area is a quasi-experimental study led by Akee et al. (2018). In this study, American Indian children were exposed to a positive income shock following the opening of a casino that decided to allocate part of its revenue to Cherokee households. Particularly interesting is that the increase in income led to an increase in agreeableness, which correlates with cooperation and unselfishness (Kagel & McGee, 2014;Koole et al., 2001). Hence, at least part of the effects of childhood environmental adversity on cooperation might capture long-term plastic responses to the environment.

It should be noted that our results are compatible with a range of mechanisms. The standard mechanism put forward in the literature (and in our introduction) is that cooperation is adaptively reduced in adverse environments because individuals have a shorter life expectancy and should therefore be more short-term oriented (Pepper & Nettle, 2017).

However, the idea that people focus more on the present because they have a higher probability of dying at age 60 instead of age 80 is problematic. Why should this affect their interest in cooperation today? The fact that someone is alive at age 60 or age 80 indeed has little impact on his or her probability of being alive tomorrow [START_REF] Mell | Both collection risk and waiting costs give rise to the behavioral constellation of deprivation[END_REF][START_REF] Riis-Vestergaard | Stuff goes wrong, so act now[END_REF]. A recent theoretical model demonstrates that waiting costs (i.e., the cost paid by an individual even when the benefits are guaranteed) are another mechanism by which adverse environments can be associated with higher discount rates (Mell et al., 2019), and therefore decreased cooperation. When an individual has to choose between obtaining a resource immediately or a larger resource later she must take into account all the benefits she could have earned, during the delay, by wisely using this resource. Resources can be transformed into capital which allows individuals to better exploit their environment.

When an individual chooses a delayed resource over an immediate one, she therefore renounces all the benefits this supplementary capital would have generated during that delay.

These forgone benefits are independent of mortality or other collection risk. They are paid even if the individual is certain to obtain the resource eventually. They constitute the waiting cost per se. The more an individual can gain by investing new resources wisely into capital, the higher the waiting cost. The models shows that individuals who have already accumulated a lot of personal capital, and are high up on their pyramid of needs, should be relatively patient because each supplementary unit of capital makes a small difference to them anyway, whereas those who have accumulated little and are still at the bottom of their pyramid of needs should have a short time horizon as each additional resource can make a big difference to them.

Another mechanism by which environmental adversity can have an effect on cooperation is risk management. For example, Amir et al. (2018) put forward an uncertainty management perspective, where adverse environments are associated with risk averse, present-oriented and more cooperative preferences. Although, they do not specifically test whether risk is a mediator between environmental adversity and cooperation. Even in the uncertainty management perspective proposed by Amir et al. (2018), adverse environments are associated with a present-orientation, which is in line with the framework of our study. Amir et al. (2018) see cooperation as a form of risk pooling which would reduce uncertainty.

Therefore, in adverse and uncertain environments, this would be associated with increased cooperation. We fully agree that in adverse environments people will want to reduce uncertainty, but we are not entirely convinced that the primary means to achieve this is increased cooperation. One possibility is that this might be the case in specific contexts, for example, where population size is low and where the likelihood of interacting with a third party outside the kinship community is small. However, the pattern might be reversed in places where the population size is larger and where the likelihood of interacting with non-kin increases, because the likelihood of being cheated also increases as a result (Boyd & Richerson, 1988;Nowak & Sigmund, 1998;Suzuki & Akiyama, 2005), and this risk might further increase in adverse conditions. In these environments, trusting other people less and cooperating less can be viewed as a means to reduce uncertainty, a view which is in contradiction with Amir et al.'s findings ( 2018), but which fits a large set of work in the social sciences (Guiso et al., 2006;Inglehart, 1999 A significant part of the effect of childhood environmental adversity on adult involvement in collective action is mediated by the reproduction-maintenance trade-off (indirect effect:

UnStd c = -0.0023 (0.003), bootstrapped ci lower = -0.0029, bootstrapped ci upper = -0.0016, z = -6.81, p < 0.001).

European Values Study imputed data -results

Analyses

For the imputed data twenty complete datasets were generated by fully conditional specifications for categorical and continuous data using the R package mice (Buuren & Groothuis-Oudshoorn, 2010). Different imputation methods were used depending on the type of missing data. Predictive mean matching was used for numeric indicators, logistic regression imputation for binary data and proportional odds model for ordered categorical indicators with more than two levels. The function runMI of the R package semTools (SemTools, 2016) was used to combine the results obtained for the 20 imputed datasets.

For the mediation analyses the bootstrap method developed by Preacher & Hayes (2008) was used, which is recommended by MacKinnon et al. (2004). This is a nonparametric resampling test. The main feature of this test is that it does not rely on the assumption of normality. Bootstrapping estimates the upper limit and the lower limit of the confidence intervals of an indirect effect. We computed bootstrapped 95% confidence intervals (1000 bootstrap samples) for each of the 20 imputed datasets and then took the average of these datasets.

Model fit

The scaled CFI value (0.964), the scaled RMSEA value (0.039) and the scaled SRMR value (0.023) are consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model.

Measurement model

The standardized regression weights can be found in Supplementary Figure F1. Childhood 

European Values Study listwise deletions -full results

Model part

Analyses

For the imputed data twenty complete datasets were generated by fully conditional specifications for categorical and continuous data using the R package mice (Buuren & Groothuis-Oudshoorn, 2010). Different imputation methods were used depending on the type of missing data. Predictive mean matching was used for numeric indicators, logistic regression imputation for binary data and proportional odds model for ordered categorical indicators with more than two levels. The function runMI of the R package semTools (SemTools, 2016) as used to combine the results obtained for the 20 imputed datasets.

For the mediation analyses the bootstrap method developed by Preacher & Hayes (2008) was used, which is recommended by MacKinnon et al. (2004). This is a nonparametric resampling test. The main feature of this test is that it does not rely on the assumption of normality. Bootstrapping estimates the upper limit and the lower limit of the confidence intervals of an indirect effect. We computed bootstrapped 95% confidence intervals (1000 bootstrap samples) for each of the 20 imputed datasets and then took the average of these datasets.

Model fit

The scaled CFI value (0.957), the scaled RMSEA value (0.049) and the scaled SRMR value (0.018) are consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model.

Measurement model

The standardized regression weights can be found in Supplementary Figure Chapter 3

Childhood environmental adversity is not linked to lower levels of cooperative behaviour in economic games

Objectives and summary

In the previous chapter, we reported evidence that environmental adversity is associated with decreased cooperation, and that this effect is mediated by variations in individuals' lifehistory strategies. This was measured using existing datasets that are based on self-reported questionnaires. Because we used existing datasets, we had limited variables to model environmental adversity and the reproduction-maintenance trade-off. Furthermore, cooperation was modeled by self-reported actual behavior related to collective actions.

In this chapter, we tried to replicate the findings from the previous chapter. We conducted the study ourselves on a large and representative sample of the French population.

Consequently, this study includes a significantly more detailed measure of environmental adversity experienced by participants and an enriched representation of their life-history strategies. Specifically, this study only focused on childhood environmental adversity. The reason for this is that childhood is a particularly sensitive period to external sources of stress and is crucial for the development of biological functions and, consequently, for the calibration of life-history strategies (Ellis et al., 2009;Simpson et al., 2012), which was used as a mediator between childhood environmental adversity and cooperation. Thus, the rationale for studying the specific effect of childhood environmental adversity is that it provides an indication that individuals' cooperative behavior possibly results from long-term calibration processes. Furthermore, the major difference between this study and the one described in the previous chapter is that cooperation is now measured with three economic games: the Dictator game, the Trust game and the Public Goods game. As discussed in the general introduction however, the evidence for whether cooperation is increased or decreased in adverse environments when cooperation is measured via economic games is mixed. Although the reasons for this is still unclear, several explanations can be put forward. First, some of the studies have small sample sizes, which may explain, for example, why Piff et al. (2010), who found a positive relation between environmental adversity and cooperation, was not replicated in a high-powered pre-registered study (Stamos et al., 2020). Second, these studies usually only use one economic game, which may lower their generalizability (Camerer, 2011).

Congruent with this idea, McAuliffe et al. (2019) found that decisions made in a single economic game do not correlate with real-life cooperation, but a general factor based on several economic games does. What is unique of our study is that it includes a large sample (N = 612) where each participant plays three economic games. Therefore, we again predict that environmental adversity is associated with decreased cooperation, and that this effect is mediated by variations in individuals' life-history strategies

Although we did find that the cooperation and life-history strategy latent variables were adequately captured by the models, the hypothesized relationship between childhood environmental adversity and decreased levels of adult cooperation and the mediation effect by life-history strategy were not found.

The remainder of this chapter corresponds to a paper that has been published in the journal Evolutionary Human Sciences. This manuscript was first submitted and accepted as a registered report. Note: a registered report is a form of journal article in which the study proposal, methods and proposed analyses are pre-registered and peer-reviewed prior to the research being conducted.

Introduction

Cooperation is a universal phenomenon, it is present in all human cultures from huntergatherers to industrialized societies, and it constitutes a fundamental aspect of social relationships [START_REF] Nowak | SuperCooperators: Altruism, Evolution, and Why We Need Each Other to Succeed[END_REF]Rand & Nowak, 2013). There is, however, variability in the amount of resources people invest in cooperative activities (Alesina & La Ferrara, 2002). One possible explanation for such variability is that environmental adversity has a negative impact on cooperation. People exposed to adverse environments may indeed restrict their investments, including their social investments, in what may be seen as a contextually appropriate response to adversity (Lettinga et al., 2020;McCullough et al., 2013;Wu et al., 2020).

However, current evidence linking cooperation and environmental adversity is mixed.

On the one hand, when cooperation is measured via self-reported questionnaires or in field experiments, the pattern of results is rather consistent and suggestive of an association between adverse environments and decreased cooperation. In particular, a recent metaanalysis showed that early-life stress is associated with less prosocial behaviour in adulthood when it is measured via self-reports (Wu et al., 2020). Furthermore, Korndörfer et al. (2015) and Schmukle et al. (2019) found a positive correlation between social class and prosociality (e.g., more charitable, trusting and helpful) using questionnaire data from large and representative international samples (average N over 9 studies = 20.243). Finally, wealthier households and people from wealthier neighbourhoods display more prosocial behaviours (i.e., donate more, return more lost and misdirected letters) in field experiments (Andreoni et al., 2017;[START_REF] Holland | Lost letter measure of variation in altruistic behaviour in 20 neighbourhoods[END_REF]Nettle et al., 2011;[START_REF] Silva | Cooperation and conflict: Field experiments in Northern Ireland[END_REF], 2015).

On the other hand, when cooperation is measured using behavioural methods in the lab, including economic games, the results are mixed: several studies find a link between adverse environments and decreased cooperation (Korndörfer et al., 2015;McCullough et al., 2013;Nettle et al., 2011;Safra et al., 2016;Schmukle et al., 2019), but other studies find a link in the opposite direction, i.e., between adverse environments and increased cooperation (Amir et al., 2018), or no effect at all (Stamos et al., 2020, who failed to replicate Piff et al.

(2010)'s initial effect; Wu et al., 2017). In a recent meta-analysis, no overall effect was found (Wu et al., 2020).

The reason why these behavioural studies produce mixed results is unclear but several explanations can be put forward. First, some of these studies have smaller sample sizes which results in lower power. In particular, this might explain why the study by Piff et al. (2010) failed to replicate in subsequent high-powered pre-registered studies (Stamos et al., 2020).

Second, they usually use one economic game per study, which may limit the generalizability of the findings (Camerer, 2011). In line with this idea, McAuliffe et al. (2019) found that a general factor based on several economic games is associated with non-game cooperation, but individual games are not. A third, and more general point, is that there is mounting evidence that economic games lack ecological validity (Galizzi & Navarro-Martinez, 2019). Possible explanations for this is that economic games decisions in the lab are performed in context-free environments with artificial rewards, choice sets and time horizons that do not extrapolate well to real-world situations (Levitt & List, 2007).

Another open question is the channel by which environmental adversity is associated with cooperation. One possible explanation is that the relationship between environmental adversity and cooperation is mediated by individuals' life-history strategies. Life-history theory is the branch of evolutionary theory that deals with the way in which organisms allocate energy to different functions (e.g., reproduction, somatic maintenance) and with the impact of the local environment on the optimal allocation balance (Stearns, 1992). In the past decades, a growing body of experimental work demonstrated that organisms calibrate their behavioural strategies to the specific circumstances in which they live. In humans, environmental adversity appears to affect the way in which individuals deal with the reproduction-maintenance trade-off (Ellis et al., 2009;Jasienska et al., 2017;Nettle, 2010;Promislow & Harvey, 1990).

But the evidence for life-history strategy as a mediator between environmental adversity and cooperation is also mixed. Wu et al. (2017) found that early life environment (i.e., childhood socioeconomic status and childhood unpredictability) correlated with lifehistory strategies (as assessed with the Mini-K scale and High-K Strategy Scale) but not with cooperation measured via economic games. By contrast, Lettinga et al. (2020) found that modulations in the reproduction-maintenance trade-off partly mediated the relationship between adversity and collective action using questionnaire data from the European Values Study and the World Values Survey. As mentioned above, an important difference between these two studies is the use of self-reports vs. economic games. These studies also use different instruments to measure life-history strategies. Wu et al. (2017) use the Mini-K scale and High-K Strategy Scale, which were recently criticized because they did not correlate with measures of mating effort (which is an important life-history trait) [START_REF] Olderbak | Comparison of life history strategy measures[END_REF].

Similarly, the High-K Strategy Scale was recently criticized by [START_REF] Copping | Psychometrics and life history strategy: The structure and validity of the high K strategy scale[END_REF] for lack of construct validity. By contrast, Lettinga et al. (2020) and our study rely on indicators which come as close as possible to testing the reproduction-maintenance trade-off (e.g., number of children, respondents' age at their first child's birth, Ellis et al., 2009;Mell et al., 2018). One final methodological difference is that Wu et al. (2017) rely on an MTurk sample while our data was collected in a representative sample of the population, which may be more diverse both in terms of cooperation and exposure to adversity. Using these methodological improvements, together with better statistical tools, may therefore put us in a better position to test the hypothesis that differences in life-history strategies mediate the relationship between exposure to environmental adversity and cooperation.

The evolutionary rationale accounting for such mediation effects is still unclear: some authors have argued that organisms adapt their reproductive and somatic strategy to variations of extrinsic mortality (Ellis et al., 2009;Jasienska et al., 2017;Nettle, 2010;Promislow & Harvey, 1990). Environments with high mortality are indeed associated with earlier reproduction, increased number of offspring, shorter growth, and diminished investment in somatic maintenance, while more favourable environments are associated with delayed reproduction, fewer offspring, longer growth, and increased investment in somatic maintenance (Akee et al., 2018;Brown & Sear, 2020;Brumbach et al., 2009;Del Giudice et al., 2015;Ellis et al., 2009;Jasienska et al., 2017;Mell et al., 2018;Nettle, 2011;Promislow & Harvey, 1990;Reznick & Endler, 1982). This might occur because mortality has an effect on density-dependent competition, as demonstrated by recent modeling work in evolutionary biology [START_REF] André | Does extrinsic mortality accelerate the pace of life? A bare-bones approach[END_REF].

At the proximal level, researchers have also aimed to put forward psychological mechanisms accounting for the constellation of behaviours that is associated with deprivation in humans (Pepper & Nettle, 2017). One possible explanation is that adverse environments are associated with mechanisms biasing individuals towards more immediate rewards and a shorter time horizon (Bulley & Pepper, 2017;Griskevicius et al., 2011;Simpson et al., 2012;Wu et al., 2020). Such a psychological switch would have a wide impact on a range of behaviours relying on delay gratification, including many social behaviours. Lettinga et al.

(2020) for instance, have argued that cooperative variability might be guided by this longerterm calibration to environmental adversity. The reason is that cooperation is a future-oriented strategy: in the short term, it is more advantageous to reap immediate, smaller, but more certain benefits by cooperating less but in the long term, it is more advantageous to invest in cooperation so as to reap longer-term benefits (such as increased social reputation) (Axelrod & Hamilton, 1981;Baumard et al., 2013;Sjåstad, 2019;Trivers, 1971).

In the context of this ambiguous literature, the goal of this paper is twofold. The first one is to address the limitations of existing studies that use economic games. Specifically, measurement error was reduced by relying on three economic games (i.e., Dictator game, Trust game, Public Goods game), performed on a single, large and representative sample. The Dictator game, the Trust game and the Public Goods game were chosen because they are among the most commonly used economic games in the literature (Amir et al., 2018;Korndörfer et al., 2015;Nettle et al., 2011;Piff et al., 2010;Safra et al., 2016;Stamos et al., 2020;Wu et al., 2017), which allowed us to compare our results more easily to the existing literature. They also cover a wide range of social preferences: altruism for the Dictator game, trust for the Trust game, and cooperation for the Public Goods game [START_REF] Algan | Cooperation in a peer production economy experimental evidence from Wikipedia[END_REF]Levitt & List, 2007).

The second goal of our study is to replicate the mediation effect of life-history strategy between childhood environmental adversity and adults' level of cooperation found by Lettinga et al.' study (2020). We focus on adversity experienced early in life. The early years this negative association is mediated by individuals' life-history strategy. In sum, an adverse childhood environment is associated with increased investment in reproduction and decreased investment in somatic maintenance, which in turn is associated with decreased adult cooperation.

Materials and Methods

The raw data, study materials, analysis code, laboratory log and deviations from the registered report can be found in (osf.io/g4scw).

Respondents

Our sample consisted of 612 respondents (females: N = 325; aged 19 to 83 years old; mean age = 53 ± 14sd) and was recruited online by Ipsos in France. This strategy is suited to our purposes because exposure to adversity varies greatly between socioeconomic classes even in WEIRD (i.e., Western, Educated, Industrialized, Rich and Democratic) countries such as France. For example, average life expectancy in France for the most affluent men is 13 years higher than that of the poorest men (8-year difference for women) (INSEE, 2018).

Furthermore, Nettle (2015) has shown that age at first birth for women, social trust and even mean Dictator game transfer was as different between WEIRD and non-WEIRD countries as it was between a deprived and an affluent neighbourhood within a single UK city. Thus, even in a WEIRD sample, life outcomes can be substantially different between participants placed differently along the Educated and Rich gradients even within a single Western, Industrialized and Democratic country.

The respondents were collected via several steps. First, 1.691 respondents filled out a survey consisting of questions about their childhood environment and life-history strategy items (see below for a detailed description). The quota method was applied so that the end panel was representative on age, gender, geographical region, urban vs. rural and occupation.

Second, 1.006 of these respondents agreed to participate in additional surveys, including the three economic games and a self-reported measure of social trust included in the study.

Before running the analyses, we conducted some basic quality checks that led to the exclusion of a number of respondents: 92 respondents were removed because they gave a different answer to the question regarding gender between the first and second survey; 18 respondents were removed because they gave too many absurd answers (> 3sd from the sample mean), e.g., number of years spent smoking greater than the respondents' age (see Table S1 of the Supplementary Materials for a full list of exclusion criteria); and 284 respondents were excluded because they reported not having children (two of the indicators used to model lifehistory strategy were only relevant for respondents with children). Our final sample included 612 respondents.

Determining sample size

Sample size requirements for structural equation models are based on many criteria (e.g., complexity of the model, distribution of the indicators, levels of missing data) (Kline, 2015).

However, [START_REF] Jackson | Revisiting sample size and number of parameter estimates: Some support for the N:q hypothesis[END_REF] proposed the N:q rule, which states that for every parameter one needs 20 respondents. Because our model has 51 parameters, N should be 1020, which is higher than the 612 participants which we have. However, based on [START_REF] Preacher | Computing power and minimum sample size for RMSEA[END_REF], we calculated that the power of the proposed analysis is 0.88 (based on N = 612, df = 40, alpha = 0.05, RMSEA.0 = 0.05, RMSEA.A = 0.07), which is higher than the generally acceptable standard of 0.8 (Cohen, 1988). Based on a similar model (Lettinga et al., 2020), we expect an effect size of 0.30 (medium effect) for the relationship between childhood environmental adversity and life-history strategy, an effect size of 0.70 (large effect) for the relationship between life-history strategy and cooperation, and an effect size of 0.10 (small effect) for the relationship between childhood environmental adversity and cooperation.

General procedure

The respondents first completed the survey including all childhood environmental adversity and life-history strategy items (the full questionnaire is available in section 3.9.2 in the Supplementary Materials). Respondents were contacted one week later to participate in the economic games and respond to additional surveys including a self-reported measure of social trust. The procedure for the economic games is as follows. All participants signed an informed consent form before starting the experiment on their personal computer. The experiment took place on the Lime Survey platform. The players could not communicate with each other or with the experimenter. The participants were told that they would be playing with different partners in each game. Each participant took part in three economic games: a Dictator game, a Trust game and a Public Goods game, in that order. This order was chosen to start with the easiest game, then the intermediate game and finally the hardest game in order to help participants get accustomed with the games. Each game was played once. Participants did not receive feedback about the behaviour of the "trustee" in the Trust game and about the behaviour of the other players in the Public Goods game until the very end of the experiment.

We did not include specific questions about whether participants understood the rules and payoffs of the games. However, at the start of each game, the instructions were presented in writing and followed by animations to clarify the game. After that, a screen was provided with examples of decisions and detailed calculations of the resulting payoffs for each player.

Finally, a screen was provided where participants could practice the Trust game and the Public Goods game using an earnings calculator, to make hypothetical decisions and see the resulting outcome. Participants had the option of going back to the instruction screens during the entire duration of the experiment. Participants were told at the start of the experiment that they would be paid 14 euros for participating in the experiment plus their earnings based on the outcome of one of the economic games that was chosen randomly. Their earnings were shown at the end of the experiment. Participants received their earnings via Amazon vouchers.

Variables of interest

Childhood environmental adversity

Environmental adversity consists of two different dimensions: harshness (i.e., externally caused levels of morbidity-mortality that an individual cannot control) and unpredictability (i.e., spatial-temporal variation in harshness) (Ellis et al., 2009). In a recent paper, Mell et al.

(2018) put forward a questionnaire consisting of 15 items assessing both of these dimensions.

These indicators encompass various features of childhood environmental adversity (i.e., resource scarcity, parental investment and care, respondents' exposure to extrinsic mortality, violence and unpredictability during childhood) and were chosen because they reflect various aspects of childhood environment that previous studies have found to be associated with one or several life-history traits in adulthood (Griskevicius et al., 2011;McCullough et al., 2013;[START_REF] Nettle | Development of social variation in reproductive schedules: A study from an English urban area[END_REF]Simpson et al., 2012). Examples of questions are as follows: "Did your parents get divorced or separated before the age of 18?", "Some of the punishments I received when I was a child now seem too harsh to me" or "Did you live with one or several people who had spent time in prison?" (see Table S2 of the Supplementary Materials for the full list of items and scales).

Life-history strategy

Life-history strategy consists of eight indicators (Mell et al., 2018) approximating the reproduction-maintenance trade-off (Ellis et al., 2009). These items have been used in the literature before; see Nettle et al. (2010) and Simpson et al. (2012) for the reproduction lifehistory strategy indicators and Pepper and Nettle (2014) for the somatic maintenance lifehistory strategy indicators. An example of a question regarding respondents' investment in reproduction is "age at first child's birth", and an example of a question regarding respondents' investment in somatic maintenance is "general health status" (see Table S3 of the Supplementary Materials for the full list of items and scales).

Cooperation

Cooperation was based on three indicators: the initial contribution in the Dictator game, the Trust game and the Public Goods game (scale 1-10).

In the Dictator game, two players were involved. Participants were always assigned to the role of the dictator. The dictator was given 10 euros and the second player was given nothing. The dictator was told that he or she could offer some amount of that money (between 0 and 10 euros) to the second player and that whatever amount the dictator offered to the second player must be accepted.

In the Trust game, two players were involved. Participants were always assigned to the role of the trustor. They were matched with the response of a second player, the trustee, drawn randomly from a database of participants involved in a previous run of the same Trust game. The trustor and the trustee were each given 10 euros. The trustor was told that he or she could offer some amount of that money (between 0 and 10 euros) to the trustee. That amount was then multiplied by 3. The trustee offered some amount back (between 0 and 30 euros) to the trustor based on the previous data.

In the Public Goods game, four players were involved. The participant was matched with the responses of three players, drawn randomly from a database of participants involved in a previous run of the same Public Goods game. Each player received 10 euros and could offer some amount of that money (between 0 and 10 euros) to a common pot. The other players offered some amount to the common pot based on the previous data. The content of the common pot was then multiplied by 1.6, and redistributed equally between the players.

Analytic strategy

All analyses were carried out in R 4.0.0 (https://www.r-project.org/) with R Studio 1.2.5042.

Preliminary analyses

Several preliminary analyses were conducted on the Ipsos dataset immediately after data collection, in 2015 (see section 3.9.5 in the Supplementary Materials). Since then, our team has developed more sophisticated analyses to test similar questions and has fully embraced open science practices. The analyses that follow were pre-registered as part of a registered report (osf.io/r5agd).

Multivariate analyses

The dataset was subjected to multivariate analyses through structural equation modeling. The structural equation models were fitted using the R package lavaan (Rosseel, 2012). A weighted least-square estimator (WLSMV) was used because it is robust to departures from normality (Rosseel, 2012). Structural equation models involve two major parts: a 'measurement' model and a 'structural' model.

Specification of the measurement model

Childhood environmental adversity was assessed as a single emergent variable reflecting the sum of z-scores obtained from a comprehensive battery of 15 indicators (Mell et al., 2018).

Given that we had no particular hypothesis concerning the separate effects of harshness and unpredictability on life-history strategies, we chose to operationalise environmental adversity holistically and aggregate items pertaining to both dimensions into one composite standardized variable. Furthermore, the items were aggregated because adverse childhood events can be seen as risk factors that are not necessarily correlated with one another (Brumbach et al., 2009) but that all contribute to the cumulative probability of developing a particular outcome (in our case an increased investment in reproduction or somatic maintenance). Finally, it is a widespread practice to examine the additive effects of multiple stressors, assuming that the more stressors a child is exposed to, the more their developmental capabilities are negated [START_REF] Belsky | Infant-mother attachment security, contextual risk, and early development[END_REF][START_REF] Sameroff | Intelligence quotient scores of 4-year-old children: Social-environmental risk factors[END_REF].

Although we combined harsh and unpredictable indicators in the main analysis, we performed an additional analysis where the 15 environmental adversity indicators were divided into two dimensions (i.e., harshness and unpredictability). Items relating to extrinsic mortality, morbidity and socioeconomic status were z-scored and summed into a single "Childhood harshness" score. Items relating to parental involvement, parental investment, parental predictability and safety and security were z-scored and summed into a single "Childhood unpredictability" score [START_REF] Glynn | Measuring novel antecedents of mental illness: The questionnaire of unpredictability in childhood[END_REF]Griskevicius et al., 2011;Pepper & Nettle 2017;Simpson et al., 2012) (see Table S4 of the Supplementary Materials for the division of items).

Life-history strategy was modelled as a latent variable aiming to capture the covariations of eight indicators (Mell et al., 2018). There is evidence that indicators relating to somatic maintenance are not straightforwardly related to life-history phenotypes. Brown and Sear (2020) found that health behaviours (e.g., general health, smoking, alcohol consumption)

do not cluster well with other life-history clusters (i.e., reproduction and parenting).

Therefore, we performed an additional analysis without the life-history strategy indicators relating to somatic maintenance (i.e., BMI, smoking and health). This new model is represented in section 3.9.7 of the Supplementary Materials.

Cooperation was modelled as a latent variable aiming to capture the covariations of the three economic games. Peysakhovich et al. (2014), indeed found evidence for a so-called "cooperative phenotype" with highly correlated behaviour across various economic games,

Specification of the structural model

The structural part of the model allowed us to test the following direct and indirect associations: 1) childhood adversity and cooperation; 2) childhood adversity and life-history strategy; 3) life-history strategy and cooperation; 4) childhood adversity and cooperation via life-history strategy. The latent variables life-history strategy and cooperation were scaled by fixing their variance to 1. Finally, the correlations between the residual errors of the reproduction life-history strategy indicators and the residual errors of the somatic maintenance life-history strategy indicators were included separately in the model, which is also suggested by Mell et al. (2018). This was done because we expected that they showed some additional degree of correlation that was not captured by a single general factor. For example, participants suffering from hereditary diseases probably tend to declare a poorer health status and higher efforts in looking after their health, even though this might not be linked to investments in reproduction. The model's implied covariance matrix therefore captures correlations between items that are not explained by the life-history strategy latent variable, but that can still theoretically be expected to correlate due to various unmeasured causes. The full model is represented in the results section (Figure 2).

Covariates

Given that cooperation is affected by age, we included age as an auxiliary variable to control for its effect on the cooperation variables. Freund and Blanchard-Fields (2014), for example, found that older adults report valuing contributions to the public good more positively and are more likely to behave altruistically than younger adults. Furthermore, age is also used as an auxiliary variable to control for its effect on the life-history strategy indicators, because Mell et al. (2018) indeed found that age correlates with all of them.

In an additional analysis, we controlled for the effect of current environmental harshness on the life-history strategy and cooperation indicators. Griskevicius et al. (2011) found that childhood environmental harshness and current environmental harshness are moderately correlated (r = 0.41). Lettinga et al. (2020) found that childhood adversity and current adversity are both uniquely related to cooperation. The relationship between childhood adversity and cooperation even remained significant when the effect of current adversity was controlled for. Following Griskevicius et al. (2011), current environmental harshness was measured using the following three indicators: "I have enough money to buy things I want.", "I don't need to worry too much about paying my bills." and "I don't think I'll have to worry about money too much in the future." (scale 0-100), which was averaged into a single index.

Assessing the model's fit

In order to test the model's fit we used the scaled version of the Comparative Fit Index (CFI.scaled), the scaled version of the Root Mean Square Error of Approximation (RMSEA.scaled) and the Standardized Root Mean Square Residual (SRMR), which is recommended by Hooper et al. (2008). A good fit is commonly assumed if the indices are close to the following values: CFI > 0.95, RMSEA < 0.07 and SRMR < 0.08.

Missing data

Although our indicators of interest showed overall low percentages of missing responses One of the main advantages of structural equation modeling is that it is specifically designed to account for complex, multivariate data but these models are also at risk of overfitting.

Overcoming this risk is necessary to ensure the validity of a model, although this is too rarely done in the existing structural equation modeling literature [START_REF] Maccallum | Model modifications in covariance structure analysis: The problem of capitalization on chance[END_REF]. In the present study, we used a k-fold cross-validation approach to rule out overfitting and assessed the capacity of our model to predict unknown data. Without cross validation one can only have information on how the model performs to the in-sample data (i.e., data where the model is based on). Cross validation allowed us to assess the predictive performance of the model and to see how the model performed in terms of accuracy of its predictions on a new dataset.

Beyond measuring a model's predictive accuracy, the other advantage of cross-validation is that it submits the model to sampling variability and therefore allows estimating its stability across multiple reshuffling and re-stratification of the data. Cross-validation analyses were performed following six steps, each detailed in section 3.9.8 in the Supplementary Materials.

Mediation analyses

A recent paper (MacKinnon et al., 2004) recommends the use of the non-parametric bootstrapping method by Preacher and Hayes (2008) to estimate mediation effects. The main feature of this test is that it does not rely on the assumption of normality. However, this method is computationally costly and cannot be easily integrated with the cross-validation approach. Therefore, two methods for mediation analyses were applied. First, the indirect effect was estimated for each cross-validation iteration using a computationally cheaper method (i.e., Delta method). Second, to confirm its reliability, we also applied the recommended procedure by Preacher and Hayes (2008) mentioned above. We computed bootstrapped 95% confidence intervals (1000 bootstrap samples) for each of the 20 imputed datasets and then took the average of these datasets.

Positive control checks

To determine if our sample is representative in terms of the distribution of the initial contribution in economic games, our data was compared to what is considered standard in the behavioural economics literature. For the Dictator game, participants give a mean amount between 20% and 30%, and the modal offer is typically 0% (Engel, 2011). For the Trust game, trustors give a mean amount of about 50% (Johnson & Mislin, 2011). For the Public Goods game, participants contribute a mean amount between 40% and 60%, although there is a wide variance, with most contributing either everything or nothing (Zelmer, 2003).

Furthermore, we included additional analyses on a self-reported measure of social trust. We used three questions from the European Values Study and the European Social Survey, which are among the most commonly used questions to measure social trust in the literature (Glaeser et al., 2000, "Generally speaking, would you say that most people can be trusted or that you can't be too careful in dealing with people?", "Would you say that people usually only take care of themselves or that they try to be helpful most of the time?" and "Do you think that most people would try to take advantage of you if they had the opportunity or that they would try to be fair?"). Individual scores on the self-reported trust items were zscored and summed into a single "Social trust" score. Our first analysis tested whether there was a correlation between self-reported social trust scores and the mean transfer in the Trust game. In a second analysis, we ran the structural equation model but replaced the economic games with this measure of social trust. The estimated parameters, fit indices and crossvalidation indices were used to check whether the model including self-reported social trust differed from the model including the economic games. If we find a null result with the main analysis using economic games but not with self-reported trust, this will work as suggestive evidence that the mixed results in the literature can be partly traced back to differences in instruments.

3.5 Descriptive statistics

Distributions economic games contributions

The distribution of the economic games contributions can be found in Figure 1. In our sample, the mean initial contribution for the Dictator game is 5 euros out of 10, with a high peak at 5 and a distribution that is slightly left-skewed. In experiments, which usually involve students, the average offer usually falls in the 20% to 30% range (Engel et al., 2011). However, in nonstudent populations like the one tested in our study, the average offer is closer to 50% (Engel et al., 2011). Thus, our distribution is representative of a non-student population.

The mean initial contribution in our Trust game is 5.2 euros out of 10, with a high peak at 5 and a distribution that is slightly left-skewed. In line with this distribution, prior work has shown that trustors typically send about 50% of what they have (Johnson & Mislin, 2011).

The mean initial contribution in our Public Goods game is 5.7 euros out of 10, with high peaks at 10 and 5 and a distribution that is right-skewed. Prior work has shown that students in one-shot Public Goods games contribute on average a mean amount between 40% and 60%, although there is a wide variance, with most contributing either everything or nothing (Zelmer, 2003). In this particular game, our population is on the generous side of the spectrum. Goods game in purple.

Correlation matrix and descriptive

The correlation matrix and descriptive range) for the variables included social trust (based on the whole sample)

The For the results described next, cross-validation is used (see section 3.9.8 of the Supplementary Materials for a detailed description of the methodology). In 8.3% of the 1000 cross-validation iterations at least one Heywood case was detected; an indication that the fitting algorithm failed to find a valid statistical solution in at least one imputed dataset. The results that we report below are extracted from the 91.7% of iterations that led to a valid solution among each of the 20 imputed datasets. The scaled CFI value (0.970), the scaled RMSEA value (0.021) and the SRMR value (0.032) are consistent with a close-fitting model and reveal no strong misspecification for this model.

Measurement model

The standardized regression weights can be found in Figure 2 (see full results in section 3.9.9 of the Supplementary Materials). This confirms hypothesis 1 (i.e., the behavioural measures extracted from the three economic games relate to a single hypothesized latent construct). The average explained variance (R 2 )

of the individual indicators by the cooperation latent variable is 0.32, which is considered substantial (Cohen, 1988). ) of the significant indicators by the life-history strategy latent variable is 0.14, which is considered moderate (Cohen, 1988).

Estimated covariances revealed correlations between some somatic maintenance indicators. Specifically, "BMI" and "Health effort" (UnStd.c = -0.12, z = -1.98, p < 0. Overall, results of the life-history strategy latent variable are fairly consistent with prior studies (Mell et al., 2018) and partially confirm hypothesis 2 (i.e., individuals' lifehistory strategy -the reproduction-maintenance trade-off -can be adequately modelled as a hypothetical latent construct). which is considered weak to moderate (Cohen, 1988). an adverse childhood environment is associated with an increased investment in reproduction and a decreased investment in somatic maintenance. Finally, the association between lifehistory strategy and cooperation is not significant (UnStd.c = 0.12, z = 1.30, p = 0.19, Std.c = 0.12). The explained variance (R 2 ) of the cooperation latent variable by childhood adversity and life-history strategy is 0.02, which is considered weak (Cohen, 1988).

The mediation analysis via the Delta method is not significant (indirect effect: UnStd.c = 0.23, z = 1.05, p = 0.29, Std.c = 0.03). The mediation analysis via bootstrapping is also not significant (indirect effect: UnStd.c = 0.002, BCI.lower = -0.000, BCI.upper = 0.014, z = 0.41, p = 0.68). Thus, hypothesis 4 (i.e., the negative association between childhood environmental adversity and cooperation is mediated by individuals' life-history strategy) is not confirmed.

The pattern remains mostly the same after the inclusion of current environmental harshness as an additional covariate (Heywood cases = 26.1%, scaled CFI = 0.974, scaled RMSEA = 0.020, SRMR = 0.031). The only difference is that "BMI", "Health status" and "Age at first child's birth" do not significantly load on the life-history strategy latent variable anymore and the covariance between "BMI" and "Health effort" turned non-significant (see full results in section 3.9.10 of the Supplementary Materials).

Without somatic maintenance

We performed an additional analysis, where we removed the life-history strategy indicators related to somatic maintenance (i.e., BMI, smoking and health). Again, the above mentioned effects remain largely intact (Heywood cases = 5.1%, scaled CFI = 1.000, scaled RMSEA = 0.000, SRMR = 0.022). The only difference was that all covariance turned non-significant (see full results in section 3.9.11 of the Supplementary Materials).

Harshness and unpredictability

We divided childhood environmental adversity into two single composite scores -childhood harshness and childhood unpredictability -in order to test their relative contribution to lifehistory strategy and cooperation (see section 3.4.3 of the main text and Table S4 of the Supplementary Materials).

Model convergence and fit

As previously, the results we report are extracted from the 98% of cross-validation iterations that led to a valid solution among each of the 20 imputed datasets. The scaled CFI value (0.964), the scaled RMSEA value (0.021) and the SRMR value (0.033) are consistent with a close-fitting model and reveal no strong misspecification for this model.

Results

When childhood harshness and childhood unpredictability are separated, the overall results are similar to the results obtained with the main model (see section 3.6.1 of the main text).

The single noteworthy difference is that only childhood unpredictability is significantly associated with life-history strategy (UnStd.c = 0.21, z = 3.26, p < 0.01, Std.c = 0.26). Overall, greater unpredictability experienced during childhood is linked to greater investments in reproduction and lower investments in somatic maintenance, which is in line with a previous study (Simpson et al., 2012). Childhood harshness, on the other hand, is not significantly associated with life-history strategy (UnStd.c = 0.05, z = 1.07, p = 0.29, Std.c = 0.08). This indicates that the significant effect between childhood environmental adversity and lifehistory strategy found in the main model is mainly driven by the unpredictability indicators (see full results in section 3.9.12 of the Supplementary Materials). did not find the expected relationship between cooperation. A possible explanation for this null predictor of cooperative behaviour (Galizzi & Navarro can find support for this explanation, we performed additional analyses are based on the well-known adversity and social trust, where more current levels of social trust (Alesina & La Ferrara, 2002;Korndörfer et al., 2015;[START_REF] Mell | Early life adversity is associated with diminished social trust in adults[END_REF]. We first tried to replicate the finding that more current adversity (measured as described in section 3.4.5 of the main text) is associated with decreased levels of self-reported social trust (measured as described in section 3.4.10 of the main text). We indeed found that more current adversity is associated with decreased levels of social trust (UnStd.c = -0.64, z = -3.25, p < 0.01, Std.c = -0.16), which is consistent with previous findings (Alesina & La Ferrara, 2002;[START_REF] Brandt | Changes in income predict change in social trust: A longitudinal analysis[END_REF]Guillou et al., 2020;Korndörfer et al., 2015;[START_REF] Mell | Early life adversity is associated with diminished social trust in adults[END_REF]. The explained variance (R 2 ) of self-reported social trust is 0.06, which is considered weak to moderate (Cohen, 1988).

Current adversity and economic games

Then we tried to replicate the above finding by replacing self-reported social trust with (1) a latent variable based on the three economic games and (2) the Trust game specifically. We found no association between current adversity and cooperation measured using all three These results show that the well-known relationship between current adversity and social trust is present in our sample, but only when social trust is measured via a questionnaire and not when it is measured using economic games. Therefore, the reason for the null result, where childhood environmental adversity is not associated with cooperation, might be due to the use of economic games.

Self-reported social trust

In the registered analyses, we found no direct effect between childhood adversity and cooperation and no indirect effect through life-history strategy. However, since we found a relationship between current environmental adversity and self-reported social trust in the exploratory analyses, we aimed to replicate our main model (see section 3.6.1) after having replaced the cooperation latent variable (based on economic games) with self-reported social trust. Therefore, this analysis tested whether childhood environmental adversity negatively correlated with social trust, and whether life-history strategy could mediate such correlation.

Correlation between social trust and the Trust game

Self-reported social trust scores and the initial contributions in the Trust game are not normally distributed (Shapiro-Wilk test: W = 0.99, p < 0.001 for self-reported social trust; W = 0.93, p < 0.001 for the Trust game). Therefore, the Spearman rank correlation coefficient is used. The correlation between self-reported social trust scores and Trust game scores is almost null (rho = 0.00, p = 0.92).

Model convergence and fit

As previously, the results we report are extracted from the 57% of cross-validation iterations that led to a valid solution among each of the 20 imputed datasets. Compared to the main model and the model where harshness and unpredictability are separated, this model has a lot of problematic iterations even though its number of parameters is equal to the former and inferior to the latter, which is an indication of a low robustness to sampling variability. For the remaining 57% of the valid iterations of the model, the scaled CFI value (0.928), the scaled RMSEA value (0.040) and the SRMR value (0.034) are fairly consistent with a close fit.

Measurement model

The standardized regression weights can be found in Figure 4 (see full results in section 3.9.13 of the Supplementary Materials). ) of the significant indicators by the life-history strategy latent variable is 0.15, which is considered moderate (Cohen, 1988).

Estimated covariances revealed correlations between several somatic maintenance indicators. Specifically, "BMI" and "Health effort" (UnStd.c = -0.12, z = -1.99, p < 0. 

Structural model

Figure 4 shows that childhood environmental adversity is not associated with self-reported social trust (UnStd.c = -0.11, z = -0.24, p = 0.75, Std.c = -0.02). Childhood environmental adversity is once again significantly associated with life-history strategy (UnStd.c = 2.08, z = 3.25, p < 0.01, Std.c = 0.28). The explained variance (R 2 ) of the life-history strategy latent variable by childhood adversity is 0.08, which is considered weak to moderate (Cohen, 1988).

Overall, an adverse childhood environment is associated with an increased investment in reproduction and a decreased investment in somatic maintenance. The association between life-history strategy and self-reported social trust is not significant (UnStd.c = -0.05, z = -0.72, p = 0.47, Std.c = -0.06). The explained variance (R 2 ) of self-reported social trust by childhood adversity and life-history strategy is 0.05, which is considered weak (Cohen, 1988). Finally, the mediation analysis via the Delta method is not significant either (indirect effect: UnStd.c = -0.11, z = -0.59, p = 0.55, Std.c = -0.02).

Thus, even with self-reported social trust (which was the only measure affected by current environmental adversity), the proposed main effect and mediation effect were not found.

Discussion

The goal of the present study was to test the association between childhood environmental adversity and adult cooperation using economic games in a representative sample of the French population and to test whether the putative effect of adverse childhood environments on cooperation is mediated by differences in individuals' life-history strategy. Our structural equation models do not verify our main hypotheses: childhood environmental adversity has no direct effect on adult cooperation, or indirect effect through life-history strategy. These results are all the more remarkable because our data are characterized by: i) a robust pattern of associations between the three economic games and the cooperation latent variable, ii) a robust pattern of associations between the reproduction and somatic maintenance indicators and the life-history strategy latent variable (robust here is used in the sense that the reported parameters are the medians of their distributions obtained under high sampling variability),

iii) an association between adverse childhood environments and more short-term reproductive goals as well as fewer long-term health goals and iv) unpredictability during childhood, rather than harshness, is the driving factor behind the relationship between childhood environmental adversity and life-history-strategy. These associations suggest that the data we collected behaves according to a pattern that corresponds to prior work.

Childhood environmental adversity was not associated with adult cooperation in our models, which is at odds with part of the experimental literature (Lettinga et al., 2020;McCullough et al., 2013;Wu et al., 2020). Two possible, albeit not mutually exclusive, explanations can be put forward: 1) there is no effect between childhood environmental adversity and cooperation or 2) economic games are a poor predictor of cooperative behaviour. Further analyses showed no association between self-reported social trust and childhood adversity, while a consistent association was found with current environmental adversity, a result which replicates prior findings (Alesina & La Ferrara, 2002;[START_REF] Brandt | Changes in income predict change in social trust: A longitudinal analysis[END_REF]Guillou et al., 2020;Korndörfer et al., 2015;[START_REF] Mell | Early life adversity is associated with diminished social trust in adults[END_REF]. Interestingly, this latter association was not found when social trust was measured using the Trust game or the three economic games combined into a latent variable. To sum up, these results fit both explanations: 1) a true null effect of childhood environmental adversity on cooperation is highly likely in our sample and 2) economic games are likely to be poor predictors of cooperative behaviours. Although, it is worth noting that the well-known correlation between current environmental adversity and social trust only emerged using the questionnaire data, not using economic games.

Such a discrepancy between economic games and questionnaires is not an isolated finding and raises interesting questions about the validity of economic games to study realworld cooperation (Becker et al., 2012;Boon-Falleur et al., 2020;Chuang & Schechter, 2015;Dang et al., 2020;Lönnqvist et al., 2015). For instance, a recent systematic review and metaanalysis (Galizzi & Navarro-Martinez, 2019) found only weak evidence of a correlation (r = 0.14) between economic games and social behaviour in the field. Furthermore, Galizzi and Navarro-Martinez (2019) also performed a large and comprehensive lab-field experiment, where the same sample of participants played economic games in the lab and were confronted with naturalistic situations related to social preferences in the field, which showed that economic games do a poor job at explaining social behaviours in the field and therefore lack external validity.

A fruitful avenue for future research would be to adjust economic games in order to make them more predictive of real-life cooperation. There are several ways to achieve this goal. First, more contextual features should be added to economic games so that they are more aligned with cooperative behaviour in the field. Much research in psychology and experimental economics has shown that preferences are significantly shaped by the context in which they are elicited (Ariely et al., 2006;Baumard et al., 2013;Gurven & Winking, 2008).

For example, Goeschl et al. (2015) found that a Public Goods game with standard parameters was not associated with a specific social behaviour (i.e., voluntary climate change mitigation) measured in another task. However, when the game parameters were more aligned with the social behaviour being studied, they were associated. Also, Lagarde and Blaauw (2014) found that when recipients in a Dictator game were framed in a similar manner (compared to a standard way) to the social behaviour being studied (i.e., taking jobs in rural areas), economic games decisions are linked to real-life behaviour. Thus, by including contextual features to economic games so that they more resemble the social behaviour being studied, generalizability is possible (Camerer, 2011).

Second, there is increasing evidence that economic games decisions are less stable and less predictive of real-life behaviour than responses to questionnaires (Chuang & Schechter, 2015;Frey et al., 2017;Lönnqvist et al., 2015). A possible explanation proposed by Palminteri and Chevallier (2018) is that economic games decisions in the lab are likely influenced by the current situation (i.e., state) where the participant is in, while questionnaires are specifically designed to measure people's average behaviour across a long period of time (i.e., state). Therefore, it would be interesting to investigate what will happen when people are asked to play several economic games over an extended period of time; so that their average response more closely resembles their true propensity for cooperative behaviour.

Going back to our main results, a number of limitations should be acknowledged and may partially explain why the predicted association was not found. First, the childhood environmental adversity construct is based on retrospective self-reporting by participants in order to synthesize a picture of childhood environmental adversity. Therefore, it is possible that these reports are sensitive to cognitive biases in general and memory biases specifically.

There is indeed controversy around the validity of information about childhood experiences gathered from retrospective reports (Widom & Morris, 1997). However, in a similar study, Brown and Sear (2020) suggest that objective measures of environmental adversity are a more robust predictor of life-history strategy than subjective measures. Importantly for our study, most of the indicators (12 out of 15) included in the environmental adversity construct are objective measures about participants' childhood (e.g., "Did your parents get divorced or separated before the age of 18?"), thereby reducing the reliance on subjective measures.

Second, there might be other mechanisms, besides the one put forward in our paper, that can explain the relationship between childhood environmental adversity and adult cooperation.

For example, the relationship might be mediated by capital restrictions (Nettle, 2015), waiting costs (Mell et al., 2019) or risk management (Amir et al., 2018). Third, the correlational nature of our data must be acknowledged.

To conclude, recent findings indicate that adverse environments are associated with decreased cooperation and that this effect is partly mediated by differences in individuals' life-history strategy. In this paper, we set out to replicate and extend these findings by measuring actual cooperative behaviour in three economic games -a Dictator game, a Trust game and a Public Goods game -on a diverse sample of 612 people. Although we found that 3.9.2 Full questionnaire

You will now fill out the last questionnaire in session 1. Some of the questions are personal.

You are asked these questions so that participants' responses can be analyzed according to their individual profile and history. We wish to remind you that all of the responses we collect will be analysed completely anonymously. If you would prefer to not respond to some of the questions, you will simply have to tick the box « I don't want to answer ». Please write your answer here:

8. How many children did your mother have? Please select one of the following answers: I do not know 1 2 3 4 5 6 7 8 9 10 and more 9. Among your mother's children you are the: Please select one of the following answers: I do not know 1 st 2 nd 3 rd 4 th 5 th 6 th 7 th 8 th 9 th 10 th or more 10. How many children did your father have? Please select one of the following answers: I do not know 1 2 3 4 5 6 7 8 9 10 and more 11. Among your father's children you are the: Please select one of the following answers: I do not know 1st 2 nd 3 rd 4 th 5 th 6 th 7 th 8 th 9 th 10 th or more 21b. These episodes were caused by: Answer this question only if you answered 'Physical abuse' or 'Psychological abuse ' or 'Sexual abuse' to the question « I consider that during my childhood, I was a victim of » Please select all appropriate answers: One or several people in my family One or several people outside my family 22. My family usually had enough money for things when I was growing up.

Scale from 1 to 100 23. I grew up in a relatively wealthy neighborhood.

Scale from 1 to 100 24. I felt relatively wealthy compared to the other kids in my school.

Scale from 1 to 100 25. During your childhood, did you live with one or several people who were: Please select all appropriate answers: alcoholic violent depressed who suffered from a mental disorder who regularly took street drugs who sometimes had issues with the judicial system who had spent time in prison none of the above I don't want to answer 26. From your birth until you were 7 years old, did you suffer from a long disease that required a hospitalisation? Please select one of the following answers: Yes / No 27. From your birth until you were 7 years old, how many times did you move?

Please write your answer here:

28. From your birth until you were 7 years old, how many times did you change schools?

Please write your answer here:

29. From your birth until you were 7 years old, how much did your father take care of you? Please select one of the following answers: He left my mother taking care of us. He took care of us, but less than my mother.

He took care of us as much as my mother.

He took more care of us than my mother. This question does not apply to me.

30. From your birth until you were 7 years old, did one of your sibling die? Yes / No

Cross-validation analyses

Cross-validation requires the split of the full dataset, typically into 5 or 10 folds, with each fold randomly composed of a training dataset (80% of the data in the case of 5 folds) and a test dataset (20% of the data in the case of 5 folds). In the present study, we chose a 5-folds cross-validation; resulting in a training dataset of 489 participants and a test dataset of 123 participants (the full dataset included 612 participants). The analyses consisted of the following steps:

1. First, the full dataset was portioned into 5 folds of nearly equal size.

2. Subsequently 5 iterations of training and validation were performed such that within each iteration a different fold of the data is held-out for validation (the test data: here representing 20% of the whole sample) while the remaining k-1 folds were used for fitting (the training data: here representing 80% of the whole sample).

3. At each iteration, the model-implied covariance matrix estimated from the training data was compared to the covariance matrix directly observed in the test data. Therefore, the smaller the discrepancy between the two matrices, the greater the capacity of the model to extend its predictions to out-of-sample data. The discrepancy between matrices was simply estimated by calculating the SRMR absolute fit index [START_REF] Hu | Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives[END_REF] an index of effect size (< 0 -0.30 = small; 0.30 -0.50 = medium; > 0.50 = large).

5. At the end of the 5 iterations, the whole sample was reshuffled and re-stratified before a new round of iterations started.

6. The whole procedure was repeated within 200 rounds (leading to a total of 1000 iterations of the model) in order to obtain reliable performance estimation. Note that the training and test datasets always included different data points at each iteration within a round.

3.9.9 Results main model Table S5. Results main model

Cross-validation results main model

The cross-validated SRMR (SRMR.cv.real = 0.089) differed negatively (V = 17023, p < 2.2e-16) and to a large extent (r = -0.796) from the standard acceptability cut-off of <0.10, suggesting that the model parameters estimated from the training data also fit the test dataset (20% of the data) satisfactorily.

In line with this result, a paired-samples Wilcoxon sum of rank test and its related effect size showed that SRMR.cv.rand was higher than SRMR.cv.real (0.131 vs. 0.089, W = 464, p < 2.2e-16, r = 0.865), i.e., the median SRMR extracted from the cross-validation performed on the randomly permuted test datasets. In other words, model parameters estimated from the training dataset predicted the real test data better than the random test data.

One can therefore conclude from these results that the overall hypothesized latent structure of the model is present in the data.

3.9.10 Results controlled for current environmental harshness Table S7. Results without somatic maintenance. One of the covariances had to be removed in order for the model to converge. We chose the covariance between "Age at first child's birth" and "Sexual debut".

3.9.12 Results harshness and unpredictability

Measurement model

The standardized regression weights can be found in Supplementary Figure F2 (the full results can be found below in Table S8). The average explained variance (R 2 ) of the individual indicators by the cooperation latent variable is 0.32, which is considered substantial (Cohen, 1988). [START_REF] Wu | Life history strategy and human cooperation in economic games[END_REF] were not captured by the life-history strategy latent variable. The average explained variance (R 2 ) of the significant indicators by the life-history strategy latent variable is 0.14, which is considered moderate (Cohen, 1988). Table S9. Results self-reported social trust

Conclusion chapter 2 and 3

In the previous two chapters, we looked at the relationship between environmental adversity, life-history strategy and cooperation. Overall, we found a relationship between adverse environments and decreased cooperation in the first study, where cooperation was measured via self-reported questionnaires, but we did not found this effect in the second study, where cooperation was measured via economic games. Furthermore, the proposed mediation effect of life-history strategy was only found in the first study.

These results fit well with a recent meta-analysis (Wu et al., 2020) on this topic. They addressed the mixed findings in previous research that analyzed the associations between early-life stress and risk, time and prosocial preferences. They analyzed 123 articles reporting 867 effect sizes among 199.019 adults to test different predictions from the life-history perspective, the sensitization perspective and the uncertainty management perspective (which are also described in the general introduction of the thesis). What they found was that earlylife stress is associated with greater risk taking, more present-orientation and decreased prosociality. Furthermore, they found that early-life stress is only associated with decreased prosociality when it is measured via self-reported questionnaires, not when it is measured via behavioral experiments and economic games. Finally, the overall pattern of results supports the life-history perspective.

Then, the question remains why the relationship between environmental adversity and decreased cooperation is not found when cooperation is measured via economic games. A possible explanation is the low external validity of economic games. Although economic game decisions in various games made by the same participants do seem to correlate [START_REF] Brokaw | Analyzing behavior across four simple economic games[END_REF]McAullife et al., 2019;Peysakhovich et al., 2014), recent findings indicate that economic games decisions in the lab do not generalize well to the real world (Galizzi & Navarro-Martinez, 2019) There is a long standing debate in psychology on "the person versus the situation", specifically whether behavior is mainly driven by stable personality traits or current situational factors [START_REF] Epstein | The person-situation debate in historical and current perspective[END_REF][START_REF] Mischel | Personality and Assessment[END_REF]. It is argued that the correlation between behaviors in two different situations will be low if behavior is mainly determined by situational factors. There is indeed evidence that cross-situational correlation of behavior infrequently exceeds 0.1, and is almost never higher than 0.3 [START_REF] Mischel | Personality and Assessment[END_REF][START_REF] Ross | The Person and the Situation: Perspectives of Social Psychology[END_REF]. This indicates the importance of current situational states over stable personality traits.

To quote [START_REF] Tversky | Anomalies: Preference reversals[END_REF]: "People do not possess a set of pre-defined preferences for every contingency. Rather, preferences are constructed in the process of making a choice or judgment. Second, the context and procedures involved in making choices or judgments influence the preferences that are implied by the elicited responses. In practical terms, this implies that behavior is likely to vary across situations that economists consider identical."

The same question can be asked for prosocial preferences: is there such a thing as prosocial preferences that are consistent across different situations? [START_REF] Voors | Using artefactual field experiments to learn about the incentives for sustainable forest use in developing economies[END_REF]Voors et al. ( , 2012)), for example, also wonder whether a general cross-situational preference for prosocial behavior exists. There is evidence that economic game decisions in various Dictator and Prisoner's Dilemma games show low stability (Brosig et al., 2007). In contrast, responses to selfreported questionnaires seem to be more stable over time and contexts (Frey et al., 2017).

Thus, a possible explanation for the low external validity of economic games is that economic games decisions in the lab are more likely to be influenced by the current situation (i.e., participants' current state), while self-reported questionnaires are specifically designed to measure people's average behavior across a long period of time (i.e., a stable trait) (Palminteri & Chevallier, 2018). In this last study, we aim to test this framework by means of a longitudinal design where participants repeatedly play economic games over an extended period of time. We expect that by repeating economic games over time, the influence of any momentary states can be counteracted. Our main goal was to test if repeating economic games and summing the associated decisions increases the correlation with scores on a social trust self-reported questionnaire or, to say it differently, if repeating economic games over an extended period of time brings participants' answers closer to the average behavior that questionnaires capture.

The remainder of this chapter corresponds to a registered report that has been accepted in the journal Royal Society Open Science. Note: a registered report is a form of journal article in which the study proposal, methods and proposed analyses are pre-registered and peerreviewed prior to the research being conducted. Thus, this chapter consists of a registered report, which means that only the introduction, study proposal, methods and proposed analyses are written, no experiment has been conducted to date. Therefore, no results are mentioned.

Introduction

Economic games are well-established tools across different scientific disciplines such as economics and the social sciences (Camerer & Fehr, 2004;Gintis, 2007;Kahneman & Tversky, 1979) and offer a convenient approach to study social behavior (e.g., trust).

Economic games have become a pillar of experimental research with literally thousands of studies using them (Galizzi & Navarro-Martinez, 2019). Although economic games are widely used, recent evidence suggests that economic games decisions are less predictive of real-world behavior than previously assumed [START_REF] Laury | Altruism spillovers: Are behaviors in context-free experiments predictive of altruism toward a naturally occurring public good[END_REF]Levitt & List, 2007;Voors et al., 2012). Most notably, Galizzi and Navarro-Martinez (2019) The reasons why economic games are less predictive of real-world behavior remain unclear but one possible explanation is that economic games decisions are not very stable over time. Economic games are supposed to measure preferences, which are assumed to be stable [START_REF] Roberts | Back to the future: Personality and assessment and personality development[END_REF], but test-retest reliability is in fact low. For example, using a design where participants played the same games over a 3-month period (i.e., various Dictator and Prisoner's Dilemma games), Brosig et al. (2007) found that stability was low while Lönnqvist et al. (2015) found that decisions in the Trust game were stable over a 1-year period.

Unfortunately, both of these studies relied on very small samples (N = 40 and N = 22 for Brosig et al. (2007) and Lönnqvist et al. (2015) respectively), which considerably limits the generalizability of the results. Importantly, temporal instability of decisions made in other behavioral domains, such as risk and time preferences, has been found in other studies including large samples (see review in Chuang & Schechter, 2015;Frey et al., 2017). For example, Frey et al. (2017), using a battery of behavioral risk tasks, found that they were less correlated among themselves over a 6-month period.

Overall, self-reported questionnaires seem to be more stable and more predictive of real-world behavior (Boon-Falleur et al., 2020;Frey et al., 2017;Lönnqvist et al., 2015).

Although, self-reported questionnaires have their own limitations: people can be biased by social desirability (Krumpal, 2013) and sometimes have limited insight on their mental states and preferences (Kolar et al., 1996). Nonetheless, such a misalignment between self-reported questionnaires and lab-based experimental tasks which include economic games are frequently found in the literature [START_REF] Almlund | Personality psychology and economics[END_REF][START_REF] Anderson | Are risk preferences stable? Comparing an experimental measure with a validated survey-based measure[END_REF]Becker et al., 2012;Boon-Falleur et al., 2020;Chuang & Schechter, 2015;Dang et al., 2020;[START_REF] Dohmen | Representative trust and reciprocity: Prevalence and determinants[END_REF][START_REF] Dohmen | Are risk aversion and impatience related to cognitive ability?[END_REF][START_REF] Eckel | Sex differences and statistical stereotyping in attitudes toward financial risk[END_REF]Frey et al., 2017;Galizzi & Navarro-Martinez, 2019;Glaeser et al., 2000;Lönnqvist et al., 2015;[START_REF] Rustichini | Toward the integration of personality theory and decision theory in explaining economic behavior: An experimental investigation[END_REF]. This raises the interesting question of why economic games and self-reported questionnaires, which are supposed to measure the same construct, provide such a different perspective.

A possible explanation for the instability of lab-based experimental tasks such as economic games, is that decisions in the lab are likely influenced by the current situation (i.e., people's current states) where the participant is in, while many self-reported questionnaires are specifically designed to capture people's average behavior across a long period of time (i.e., people's stable traits) (Palminteri & Chevallier, 2018). Some questionnaires aim to measure participants' states or both their current state and their stable traits (e.g., the Statetrait anxiety questionnaire, [START_REF] Spielberger | State-Trait anxiety inventory[END_REF]. In the specific case we are interested in, social trust questionnaires are designed to measure an individual's prototypical tendency to trust other people. For example, questionnaire items are often phrased as: "Generally speaking…".

Overall, such design features are geared to reduce the influence of momentary trends [START_REF] Fleeson | Moving personality beyond the person-situation debate: The challenge and the opportunity of within-person variability[END_REF][START_REF] Wennerhold | Why self-report measures of self-control and inhibition tasks do not substantially correlate[END_REF]. By contrast, economic games are performed in specific and highly structured situations, which give more weight to the current state the participant is in, and thus increases variability in responses (Dang et al., 2020;[START_REF] Meier | Temporal stability of time preferences[END_REF]. For instance, studies have found that economic game decisions are affected by the emotional state of the participant, noise and illumination, distance to screen, presence of other people, being under scrutiny of the experimenter, non-anonymity, and artificial stakes, choice sets and time horizons (Dang et al., 2020;Levitt & List, 2007).

If the above explanation is correct, then we should see that repeating economic games over an extended period of time should bring participants closer to the average behavior that questionnaires capture. The reasoning is that by performing repeated economic games, the influence of any momentary, within-person fluctuations (i.e., participants' states) should be counteracted. The goal of this paper is therefore to investigate whether economic game decisions made over an extended period of time approximate questionnaires responses.

To test this hypothesis, we focus on people's social trust. Social trust is usually conceptualized along two dimensions: trust propensity displayed by the trustor and trustworthiness displayed by the trustee [START_REF] Mayer | An integrative model of organizational trust[END_REF]. In our study, social trust refers to the trustors' propensity to trust others. Trust propensity varies considerably between countries (e.g., [START_REF] Albanese | Who trusts others more? A cross-European study[END_REF][START_REF] Bjørnskov | Determinants of generalized trust: A cross-country comparison[END_REF] and individuals (e.g., Alesina & La Ferrara, 2002;Guillou et al., 2020;Mell et al., 2021). However, an individual's trust propensity is typically conceptualized as a stable trait [START_REF] Colquitt | Trust, trustworthiness, and trust propensity: A meta-analytic test of their unique relationships with risk taking and job performance[END_REF][START_REF] Lyu | Determinants, consequences, and functions of interpersonal trust: What is the empirical evidence?[END_REF][START_REF] Mayer | An integrative model of organizational trust[END_REF][START_REF] Uslaner | Where you stand depends upon where your grandparents sat: The inheritability of generalized trust[END_REF]. For instance, [START_REF] Mayer | An integrative model of organizational trust[END_REF] write that trust propensity is "a trait that is stable across situations". Furthermore, there are different types of trust (e.g., in family, in close friends, in institutions, in unknown people generally, etc.). Each type may have different psychological underpinnings and may be sensitive to different factors. Here we are particularly interested in generalized social trust [START_REF] Nannestad | What have we learned about generalized trust, if anything?[END_REF], which is trust in unknown individuals.

We chose to focus on social trust because the economic game (i.e., the Trust game, see [START_REF] Berg | Trust, reciprocity, and social history[END_REF]Johnson & Mislin, 2011) and questionnaire (Glaeser et al., 2000) that are frequently used to measure it are each well-established tools that are standardly used in the literature. Both of these measures try to capture people's generalized social trust. However, recent data demonstrates that participants' decisions in the Trust game and their answers to social trust questionnaires are not correlated (Galizzi & Navarro-Martinez, 2019;[START_REF] Lettinga | Childhood environmental adversity is not linked to lower levels of cooperative behaviour in economic games[END_REF]McAuliffe et al., 2019) 

Materials and Methods

Respondents

Our sample will consist of 275 respondents recruited via the online platform Prolific Academic (see section 4.4.1 'Power analysis and sample size estimation' for details). We will use Prolific's pre-screening criteria to filter respondents by age, nationality, language, approval rate and number of previous submissions. We will only recruit respondents older than 18 years, who are from the UK and speak English as their first language, and who have a minimum approval rate of 90% and more than 10 previous submissions on Prolific.

Respondents will be excluded when they do not complete the entire experiment, when they do not provide correct answers during the last of the two comprehension check sections on the first and last day of the experiment, when their reaction time is below 200ms on at least 90% of the games, or when multiple respondents use the same IP address. The recruitment of respondents will be stopped once our target sample is reached on the first day of the experiment.

Overall design and procedure

Respondents will be asked to play several Trust games over an extended period of time, making it a longitudinal study. The respondents will play the Trust games on 10 days, within a 3-week period, on every other day. The total time to complete the study is around 1 hour.

Respondents will receive their entire compensation at the end of the 3-week study. The experiment is programmed on Qualtrics. The experimental protocol is approved by the local Ethical Committee (Conseil d'évaluation éthique pour les recherches en santé -CERES n°201659).

On the first day, respondents will sign an informed consent form, play the Trust game 16 times and fill out the self-reported trust questionnaire, in that order. For the Trust game, detailed instructions and two comprehension check sections are included beforehand (the full questionnaire for day 1 is provided in section 4.6.1 in the Supplementary Materials). In the 8 intermediate days, respondents play the Trust game 16 times (detailed instructions and comprehension check sections are again included). On the last day, respondents play the Trust game 16 times again and fill out the self-reported trust questionnaire. After that, respondents are confronted with two scenarios where they can display real-world behavior related to social trust: data sharing and actual helping. We included these two measures for exploratory purposes. The goal is to see whether people's Trust game decisions and responses to the questionnaire are correlated with actual behavior. For data sharing, respondents have the option to give permission to share their data from 13 additional questions about their personal life with other researchers. For actual helping, respondents have the option to help the researchers by providing feedback on instructions for a future experiment. At the end of the experiment, respondents are paid their participation fee (£7.5) and their total earnings based on one of the Trust games per day that will be chosen randomly (expected average = £5.75).

Variables of interest

Trust game

For the Trust game [START_REF] Berg | Trust, reciprocity, and social history[END_REF], we adopted a similar methodology as Mell et al. (2021). A total of 16 independent games will be played per day. The respondent always has the role of trustor and will play with 16 different trustees. At the start of each game, both players receive 5 tokens. Respondents will be informed that the tokens earned by the end of the experiment will be transformed into a real monetary bonus (each token is worth £0.1). The amount of tokens that the trustor can give (1, 2, 4 or 5) and the probability of reciprocation by the trustee (0.65, 0.70, 0.75 or 0.80%) are manipulated per game. Each combination will be played once per day, resulting in the 16 different games (based on the 4 different stakes and 4 reciprocation probabilities), and will be provided in random order. For each game, respondents will be presented with how many tokens are required to play the game (i.e., what they have to give in order to play this particular game) and the probability of reciprocation by this particular trustee (an example of the screen that respondents are presented with is provided in Figure S1 of the Supplementary Materials). For each game, the respondents' willingness-to-play is the dependent variable, and will be measured by the question: "How much do you want to play with this partner?" (scale 1-9; from "not at all" to "extremely"), with higher scores indicating higher levels of social trust. Playing the game means transferring the amount of tokens that is given. The amount given is multiplied by three. The trustee can then choose to keep all the tokens the participant gave or to share some of the tokens he or she now has. If the trustee chooses to share, then both players end up with the same number of tokens.

The respondents will be told that they will play with "virtual partners", and that each game is played with a different virtual partner (this counteracts any reputation effects) who behaves independently. Respondents will be informed that these virtual partners are not real people but are programs that can simulate real-life behavior, just like characters in videogames. Importantly, recent work shows that people invest similarly in humans and robots in a Trust game where the participants knew their partner was a robot or human [START_REF] Schniter | Trust in humans and robots: Economically similar but emotionally different[END_REF]. In order to avoid learning effects, the response of the trustee is not

shown. Instead, one game per day will be randomly chosen to calculate the bonus that will be revealed at the end of each day and added to the respondents' payment at the end of the last day of the experiment. Calculating the bonus for each day is done in two steps. First, one of the 16 Trust games is randomly chosen. Second, whether or not this randomly selected game is played will be calculated. This is done by randomly drawing a number between 1 and 9; if this number is below the respondents' willingness-to-play, the game is played and the trustee's decision to reciprocate is covertly simulated based on her reciprocation probability.

If the number is above or equal to the respondents' willingness-to-play, the game is not played and the respondent keeps his/ her 5 tokens.

Self-reported social trust

Self-reported social trust will be measured on the first and last day of the experiment with three questions from the European Social Survey (Glaeser et al., 2000). The questions are "Generally speaking, would you say that most people can be trusted, or that you can't be too careful in dealing with people?", "Do you think that most people would try to take advantage of you if they got the chance, or would they try to be fair?" and "Would you say that most of the time people try to be helpful or that they are mostly looking out for themselves?" (scale 0-10), with higher scores indicating higher levels of social trust. For each question, respondents have the option to reply "I don't know", in which case their answer will be recoded as missing. Answers to the three items will be z-scored and averaged into a single index.

Data sharing

A new scenario proposed by [START_REF] Bauer | Trust and cooperative behavior: Evidence from the realm of data-sharing[END_REF] to measure real-world behavior related to social trust is whether respondents share, i.e., entrust their data to others. Specifically, they ask respondents for their permission to include additional external private data (i.e., data from social insurance carriers) to be included in the analysis. Respondents are therefore asked to trust the researchers with this additional data and to not abuse it, making it straightforwardly related to social trust. Here we adopt a similar strategy. At the end of the experiment on day 10 (after the Trust games are played and the three trust items are filled out), all respondents will be presented with a set of 13 additional questions about their personal life. This questionnaire will be entitled "Personal information about your past and current life", and will be introduced as follows:

In the final part of this experiment, you will be presented with 13 additional questions about your personal life. These questions relate to the way your life was going on at home during childhood, as well as your current life, such as your financial situation and your health status.

Items 1 and 2 inform about the respondents gender (item 1) and age in years (item 2). Items 3 to 8 are taken from the well-established questionnaire designed by [START_REF] Mittal | Cognitive adaptations to stressful environments: When childhood adversity enhances adult executive function[END_REF], and which assess the life conditions that respondents experienced during their childhood. These items inform about the socioeconomic status of the family household and the unpredictability of the family environment of the respondents when they were younger than 10 years of age.

The following instructions will first be presented: "Think back to your life when you were younger than ten. This time includes preschool, kindergarten, and the first few years of elementary school." Then respondents will be asked to say how much they agree with the following 6 statements: "When I was younger than 10… : "My family usually had enough money for things when I was growing up", "I grew up in a relatively wealthy neighborhood", "I felt relatively wealthy compared to the other kids in my school", "things were often chaotic in my house", "people often moved in and out of my house on a pretty random basis", and "I had a hard time knowing what my parent(s) or other people in my house were going to say or do from day-to-day." Responses are made on 7-point scales ranging from 1: strongly disagree, to 7: strongly agree. Items 9 to 11 inform about the respondents' socioeconomic status at the time of the inclusion in the experimental protocol. They are taken from the well-validated work by Griskevicius et al. (2011) and ask respondents to say how much they agree with the following 3 statements: "I have enough money to buy things I want", "I don't need to worry too much about paying my bills", and "I don't think I'll have to worry about money too much in the future." Finally, items 12 and 13 inform about the respondents' health state. More specifically, item 12 asks the question "How is your health in general?", and proposes 4 responses from 1-"Bad" to 4-"Excellent". Item 13 asks the respondents to answer -by choosing a value between 0 and 100 -the question "How much effort do you make to look after your health and ensure your safety these days?"

Right after the questionnaire, the respondents are shown the following scenario:

You have just been presented with 13 additional questions about your personal life. If you agree, we would like to share your answers to these extra questions and link them with the data collected during the past 10 days. We would like to ask you to give your consent for this extra data to be linked to the survey data and shared with other researchers. All data protection regulations will be strictly observed during the process, i.e., the results will be anonymous and will not allow any conclusions to be drawn about your person. Your consent is of course voluntary. You can also revoke it at any time. Do you agree to the extra data being linked and shared with other researchers?

Respondents can either select "yes" or "no" to this last question. Only if respondents select "yes", will their extra data be linked to the survey data and shared online on the Open Science

Framework. We expect that the average behavior in the Trust game on the first day is not or poorly correlated with data sharing, but social trust questionnaire responses and the average behavior in the Trust game over all days are significantly and more strongly correlated with data sharing.

Actual helping

behavior in the Trust game over all days is significantly and more strongly correlated with social trust questionnaire responses, a mixed effects model will be performed with the R package nlme and fitted with a Maximum Likelihood method. The willingness-to-play averaged on the first day and over all days is the dependent variable, labeled AWP (Average Willingness to Play). The single responses that give rise to AWP are measured via a 9-point Likert scale, and in principle could be classified as ordered categorical. However, AWP represents the average of these responses (16 on day 1; 160 over all days) and therefore includes a number of ranks that is large enough to consider it as approximately continuous.

Note in addition, that responses measured on Likert scales with five or more points share many properties with continuous data and can be treated as such [START_REF] Johnson | Ordinal measures in multiple indicator models: A simulation study of categorization error[END_REF][START_REF] Norman | Likert scales, levels of measurement and the "laws" of statistics[END_REF][START_REF] Sullivan | Analyzing and interpreting data from Likert-type scales[END_REF][START_REF] Zumbo | Is the selection of statistical methods governed by level of measurement?[END_REF]. This leads us to test a model where AWP will be treated as a (approximately) continuous dependent variable, the questionnaire responses (Qavg) as a (approximately) continuous predictor, and the factor Day as a binary variable (0 = D1; 1 = Dall). Age will be included as a covariate, because it has been shown to positively correlate with generalized trust levels and Trust game decisions [START_REF] Greiner | Trust and age: An experiment with current and former students[END_REF][START_REF] Li | Age differences in trust: An investigation across 38 countries[END_REF]. All these variables will be standardized (i.e., zscored). In addition, the respondents' ID will be included as a grouping factor with a random intercept. Finally, an interaction term between Qavg*Day will be included to test whether the correlation of Qavg with AWP observed at D1 differs from the correlation of Qavg and AWP observed at Dall. We will use the standard statistical significance threshold of p <0.05. A correlation slope difference of 0.20 will be taken as the effect size of reference to consider the alternative hypothesis as validated. Two simple linear regression models will be used as posthoc analyses to estimate the slopes characterizing the association of Qavg and AWP at D1, and at Dall, respectively. In addition, an independent study [START_REF] Kothe | Retention of participants recruited to a one-year longitudinal study via Prolific[END_REF] found that for a longitudinal study (i.e., 12 months) performed on Prolific the attrition rate was around 25%. Because our study is significantly shorter, we expect a lower attrition rate of 10%. Furthermore, in a study with a similar methodology (Mell et al., 2021), 25% of the respondents were excluded from the analysis for not correctly answering the questions of the last of the two comprehension check sections. To compensate for the expected attrition and exclusion of respondents (35% in total), we will recruit 275 respondents.

Exploratory analyses

In addition to the pre-registered analyses detailed above, additional exploratory analyses will be performed. First, concerning real-world behavior related to social trust (i.e., data sharing and actual helping) and the Trust game decisions, we will use mixed effects models in a similar manner as described above. The only difference is that real-world behavior will be included as a binary variable (0 = not sharing or helping; 1 = sharing or helping) and the average of the questionnaire responses (Qavg) will be removed. To test the relationship between real-world behavior and the questionnaire responses we will use a one-way mixed effects model, where the average of the questionnaire responses (Qavg) will be the dependent variable and real-world behavior is a explanatory binary variable (0 = not sharing or helping; 1 = sharing or helping).

Second, we will also perform analyses exploring the dynamic structure of the behavior of respondents playing the repeated Trust games. At this stage, we do not have specific hypotheses about the precise pattern of variation that we can expect from the respondents' behavior over time, nor about whether and how the structure of the pattern itself relates to the responses in the social trust questionnaire. For example, is there an increase or decrease in AWP over time? Furthermore, how many days of playing Trust games are needed before a significant correlation with the questionnaires emerges, measured using mixed effects models.

Finally, latent class analysis (LCA) could be employed to identify subgroups of respondents that might respond differently to the longitudinal design based on multiple characteristics (e.g., average level of social trust measured by the questionnaire). LCA [START_REF] Collins | Latent class and latent transition analysis: With applications in the social[END_REF][START_REF] Goodman | Exploratory latent structure analysis using both identifiable and unidentifiable models[END_REF][START_REF] Lazarsfeld | Latent structure analysis[END_REF]) is a mixture model that posits that there is an underlying unobserved categorical variable that divides a population into mutually exclusive and exhaustive latent classes. Class membership of individuals is unknown but can be inferred from a set of measured items. Thus, LCA might help us identify subgroups of respondents each displaying a specific pattern of behavioral variability over time.

Thanks for your help. Please read the instructions and write your comments in the box below.

You are now matched with a group and will begin the game when everyone is ready.

There are 4 peple (3 others + you) in your group.

What happens during each game?

At the start of each game, everyone will receive 10 tokens.

Everyone will make a decision to give some of their tokens to a common pot. These decisions are all made at the same time.

Every point that is donated to the common pot after everyone makes their decision is multiplied by 1.6, and redistributed equally between the players.

Example: if everybody donates all their tokens to the common pot, these 40 tokens are multiplied to 64, so everyone gets 16 tokens.

However, if you donate 0 tokens and the other players all donate all their tokens, the common pot after multiplication contains 48 tokens. And you will end up with 22 tokens in total.

Thus, no matter what anyone else does, donating nothing always benefits you but decreases group earnings.

Are these instructions clear? Please write your comments below.

Chapter 5

General discussion

Throughout this thesis, we tried to find out how cooperation in humans is affected by growing up or living in adverse environments. Furthermore, we tried to test whether variations in lifehistory strategies, specifically the reproduction-maintenance trade-off, mediate the relationship between environmental adversity and cooperation. Overall, we found a relationship between adverse environments and decreased cooperation in the first study, where cooperation was measured via self-reported questionnaires, but we did not find this effect in the second study, where cooperation was measured with economic games.

Furthermore, the proposed mediation effect of life-history strategy was only found in the first study. Finally, we proposed a new methodology (i.e., repeated economic games over time)

that, we hope, should increase the external validity of economic games.

Second and third chapter: conclusions, limitations and future research

In the second chapter, we investigated whether environmental adversity in childhood and adulthood is associated with decreased cooperation, and whether this effect is mediated by variations in individuals' life-history strategies, specifically the reproduction-maintenance trade-off. As hypothesized, we indeed found a relationship between adverse environments in childhood and adulthood with decreased investment in adult cooperation, and we found that this association is indeed mediated by variations in individuals' reproduction-maintenance trade-off, something that had not been directly tested before. Furthermore, the results of this study add to the consistent pattern of results (i.e., a relationship between adverse environments and decreased cooperation) found by existing studies that use self-reported questionnaires to measure cooperation. Finally, the overall pattern of results support the lifehistory perspective and thus this fills a gap in the literature of what the mechanism is between environmental adversity and cooperation.

Yet, it should be stated that there are several specific limitations of this study. First, we used people's investment in collective actions as a proxy for cooperation. But cooperation and collective action are not exactly the same. We have argued that collective action is the nperson equivalent of cooperation. But people might cooperate in different ways than in largescale collective action. For example, they might actively cooperate within more restricted social networks centered on kinship (Fukuyama, 1995) [START_REF] Colleran | The cultural evolution of fertility decline[END_REF]. Third, the large sample size raises the possibility that the significant effects that are found might be due to the high statistical power. Therefore, we looked at the standardized regression coefficients, which can be used as effect size indices. The effect between environmental adversity and cooperation was weak, but the effects between environmental adversity and the reproduction-maintenance trade-off and the reproduction-maintenance trade-off and cooperation were moderate to strong. This is exactly what one can expect to find when the mediation effect (i.e., the reproduction-maintenance trade-off) captures a large part of the direct effect (i.e., environmental adversity on cooperation).

The finding that childhood environmental adversity is associated with an increase in investment in reproduction and a decrease in investment in somatic maintenance precisely matches with the predictions of psychosocial acceleration theory, which predicts that individuals developing in adverse environments accelerate their reproductive schedule and decrease their level of somatic investment (Mell et al., 2018;[START_REF] Nettle | The adaptive basis of psychosocial acceleration: Comment on beyond mental health, life history strategies articles[END_REF]. Our findings are also congruent with the broader literature on the effect of poverty experienced during childhood on negative developmental outcomes later in life [START_REF] Duncan | Moving beyond correlations in assessing the consequences of poverty[END_REF].

Psychologist, economist, sociologists and neuroscientist al suggest different ways how poverty can influence children's development. Psychologists in general put forward a family and environmental stress perspective [START_REF] Elder | Children Of The Great Depression[END_REF]. According to his perspective, poor families face significant economic pressure, which causes stress that negatively affects parenting practices. These parenting practices then increase children's stress levels and hence harm their development [START_REF] Mcloyd | The impact of economic hardship on black families and children: Psychological distress, parenting, and socioemotional development[END_REF]. The findings in this study, based on life-history theory, agree with this broader family and environmental stress perspective. Finally, our findings are also congruent with the broader literature on the effect of poverty on cooperation.

For example, research outside the field of psychology (e.g., economics and sociology) also frequently finds evidence for a positive relationship between social class and prosociality; meaning a higher social class is associated with more prosociality (Gittel & Tebaldi, 2006;[START_REF] Hughes | Income volatility and wealth: The effect on charitable giving[END_REF].

In the third chapter, we investigated whether environmental adversity in childhood is associated with decreased cooperation in adulthood, and whether this effect is mediated by variations in individuals' life-history strategies, specifically the reproduction-maintenance trade-off. The main difference between this study and the one described in the second chapter is that cooperation is measured with economic games instead of self-reported questionnaires.

Contrary to our hypotheses, we did not find a relationship between childhood environmental adversity and decreased levels of adult cooperation, nor did we find the mediation effect by the reproduction-maintenance trade-off. This is consistent with other studies that show mixed findings between environmental adversity and cooperation when cooperation is measured with economic games. We did find, however, that the life-history strategy and cooperation latent variables were adequately captured by the models. Furthermore, we did find a relationship between childhood environmental adversity and the reproduction-maintenance trade-off. Specifically, in more adverse environments people invest more in reproduction and less in somatic maintenance, which is again in line with the predictions of psychosocial acceleration theory. Finally, we found that unpredictability during childhood, rather than harshness, is the driving factor behind the relationship between childhood environmental adversity and life-history strategy.

Yet, it should be stated that there are several limitations in this study (that also apply to the studies presented in the second chapter) that may partially explain why the predicted association was not found. First, it is important to note that the life-history perspective is currently passionately debated. The question most relevant for our purposes is whether lifehistory theory can be applied to explain individual differences in humans. Life-history theory was initially developed to explain differences between species (Pianka, 1970) and later applied to individual differences in humans by invoking genetic factors, early environment conditions, or phenotypic plasticity (Belsky et al., 1991;Del Giudice et al., 2015;Ellis et al., 2009;Figueredo et al., 2006). One criticism laid out by Zietsch and Sidari (2019) is that the processes that create between species trait covariation (i.e., Darwinian evolution) and within species trait covariation (e.g., developmental plasticity) are fundamentally different. In response to this, Del Giudice (2019) has argued that the two processes can in fact be functionally related. He proposed the term "ecological gambit", meaning that trade-offs in the context of life-history strategies are the basis for the functional link between population and individual differences. This is why we chose to operationalise life-history strategy as the reproduction-maintenance trade-off.

Second, childhood environmental adversity was based on retrospective self-reporting by participants. Therefore, it is possible that these reports are biased, in general by cognitive biases and specifically memory biases. Whether information about childhood experiences gathered from retrospective self-reporting by participants is a valid measure is indeed debated (Widom & Morris, 1997). Though, Brown and Sear (2020) Third, the correlational nature of our data hinders the possibility of producing inferences about the causal role of adverse environments on cooperation. For example, the relationship between environmental adversity and cooperation could be inverted: adverse environments might be linked to lower cooperation because individuals who cooperate less are less likely to do well in life and therefore more likely to end up living in an adverse environment. This alternative is plausible albeit a little harder to reconcile with the fact that we also found an association between adverse childhood environments and adult cooperation in the second chapter. Another possibility is that there is an unknown variable (e.g., education, intelligence and genetic factors, see Zietsch, (2016) that influences both environmental adversity and cooperation. Finally, the relationship between environmental adversity and cooperation might be nonmonotonic. For example, Lazarus (2017) that economic games decisions in the lab are more likely to be influenced by the current situation (i.e., participants' current state), while self-reported questionnaires are specifically designed to measure people's average behavior across a long period of time (i.e., a stable trait) (Palminteri & Chevallier, 2018). There is evidence that economic game decisions in various Dictator and Prisoner's Dilemma games show low stability (Brosig et al., 2007). In contrast, responses to self-reported questionnaires seem to be more stable (Frey et al., 2017).

We expect that by repeating economic games over time, the influence of any momentary states can be counteracted. Thus, our main goal was to test if repeating economic games over an extended period of time brings participants' answers closer to the average behavior that questionnaires capture. We aim to test this by performing a longitudinal study where 275 respondents will play 16 Trust games per day for 10 days total within a 3-week period, and fill out a questionnaire that measures social trust. Interestingly, a recent paper (Clifford et al., 2021), which is not mentioned in the registered report because it was not published at the time the registered report was written, deserves mentioning. It states that repeated measures designs (including within-subject design like our study) tend to yield the same results as more common (e.g., between-subject) designs while substantially increasing precision. This is largely in line with our proposed idea and methodology (i.e., repeated economic games over time performed by the same participants), and thus provides further evidence that our new methodology could be interesting. Currently, this chapter consists of a registered report, which means that only the introduction, study proposal, methods and proposed analyses are written, no experiment has been conducted to date. Therefore, there are no results to mention.

Nonetheless, several limitations can already be mentioned. First, the fact that some economic games seem to lack external validity might not be a problem because the use of economic games is not restricted to predicting real-world behavior. For example, Rand and Nowak (2013) have stated that one-shot economic games are meant to reveal social preferences. The artificial nature of economic games in the laboratory is therefore not a flaw, but can make these experiments valuable. It is important to remember this artificiality when interpreting the results. These experiments are useful because of what they reveal about human behavior, rather than themselves being a good representation of the real-world.

Furthermore, Camerer (2011) states that economic games in the lab are used to reveal participants' preferences and behavior. Thus, generalizability from the lab to the field might not be a primary concern.

Second, there might be other ways to increase the external validity of economic games. A common criticism of using economic games is that the laboratory setting is so sterile that is loses its relevancy for more complex "naturally occurring" social situations.

Thus, laboratories lack the rich, real-life context that may be important for behavior in the field. The role of the context is perhaps especially problematic, given that much research in psychology and experimental economics has shown that preferences seem to be significantly shaped by the context in which they are made (Ariely et al., 2006;Baumard et al., 2013;Gurven & Winking, 2008). Thus, by including more contextual features to economic games, so that they more resemble the social behavior studied in the field, external validity should be increased (Goeschl et al., 2015;Lagarde & Blaauw, 2014;[START_REF] Pisor | Preferences and constraints: The value of economic games for studying human behaviour[END_REF]. For example, Goeschl et al. (2015) found that a Public Goods game with standard characteristics was not associated with a specific social behavior (i.e., voluntary climate change mitigation) measured via a real giving task. However, when the game characteristics where mirrored with the social behavior being studied, the two measures were associated. Another example, Lagarde and Blaauw (2014) found that when recipients in a Dictator game were framed in a similar manner (compared to a standard way) to the social behavior being studied (i.e., taking jobs in rural areas), then economic games decisions are associated with real-life behavior. To conclude, Camerer (2011) states that by incorporating contextual features to economic games, so that they are more aligned with the social behavior being studies, generalizability is the rule, not the exception. We agree with this sentiment and believe this is a fruitful area for future research.

Value of thesis

The finding that people who grow up or live in adverse environments cooperate less in adulthood can be construed as controversial. It is important to note that humans growing up and living in adverse conditions aren't inherently less cooperative, but respond in a contextually appropriate manner to their environment (Pepper & Nettle, 2017). Furthermore, we don't know whether these people cooperate less in every interaction or cooperate just as much but with a more restricted circle of people. What we do know is that people growing up and living in adverse environments experience more resource limitations and are more present-orientated; therefore it is logical for them to display less cooperative behaviors because long-term benefits from cooperation might never be realized. This has important implications for policy makers, by changing our prior expectations on the type of interventions that are likely to be successful in particular contexts. For example, take teen pregnancies among young girls who live in adverse environments. If policy makers believe that teen pregnancies are the result of the lack of knowledge about contraceptive use, then it makes sense to start an informational campaign to address this problem. However, if we can educate these policy makers to the fact that these women may behave in a contextually appropriate manner to living in adverse environments, then they might favor polices that addresses more structural aspects of the environment. Thus, the research presented here can be used by policy makers to create policies that will promote cooperation in a more effective manner.

Furthermore, life-history strategy as a mediator between environmental adversity and cooperation is based on ultimate causation. The distinction between proximate causes and ultimate causes has already been mentioned in the general introduction, but we will briefly reiterate it here. Social scientists try to understand human behavior from what biologists refer to as proximate causation, in which human behavior is explained by immediate individual (e.g., hormonal, neurological, cognitive) and environmental factors (e.g., social and cultural).

Evolutionary scientists try to understand human behavior from what biologists refer to as ultimate causation, in which human behavior is explained by evolutionary forces (generally forces of natural selection) that have resulted in a particular behavior. Because life-history theory is an evolutionary framework, it therefore makes predictions about the specific associations that are likely to be produced by psychological mechanisms that have evolved by natural selection. Thus, this approach is complementary to the work done by social scientists on this topic.

Finally, we hope that our new methodology (i.e., repeated economic games over time performed by the same participants) will provide some interesting results. Specifically, we hope that by repeating economic games over an extended period of time should bring participants' answers closer to the average behavior that questionnaires capture. We hope to find a moderate effect size because we are only interested in an effect where it is useful for other researchers to use our methodology. If we only find a weak effect, then the added value of using repeated economic games over time might not way up against the additional cost and time to perform such a methodology. But if we do find a moderate effect, then other researchers can use our methodology, which hopefully increases the stability of economic game decisions and consequently their external validity.

Concluding remarks

Humans are social beings. We trust others to do the right thing, we cooperate with others to our mutual benefit and we take part in collective actions to overcome complex problems. But we can also be selfish. To understand when and why humans cooperate it is of vital importance to be able to accurately measure people's prosocial preferences. In the present thesis, we aimed to test whether (1) environmental adversity is associated with decreased cooperation, and whether this effect is mediated by variations in individuals' life-history strategies, and propose that (2) the external validity of economic games can be improved by repeating economic games over time.

We found a relationship between adverse environments and decreased cooperation in the second chapter, where cooperation was measured via self-reported questionnaires, but we did not find this effect in the third chapter, where cooperation was measured with economic games. Furthermore, the proposed mediation effect of life-history strategy was only found in the second chapter. We think that the null result found in the third chapter, where we used economic games, is due to the lack of external validity of these games. Therefore, in the fourth chapter, we proposed a new methodology (i.e., repeated economic games over time performed by the same participants) that might decrease the variability in economic games decisions and subsequently increase their external validity.

Bien que la coopération constitue un aspect fondamental d'un individu à l'autre. L'adversité environnementale, familial et à la mortalité extrinsèque, semble déterminer a été mise en évidence dans diverses études, sa coopération pourrait tout aussi bien augmentée l'adversité environnementale pourrait éventuellement à ces questions, que nous détaillons dans le premier Dans les chapitres deux et trois, nous que les organismes doivent faire des compromis biologiques concurrentes. Jusqu'à présent, le rôle été étudié. A l'aide de modèles d'équations structurelles, soit médiée par une allocation prioritaire des première, nous avons montré une association questionnaires d'auto-évaluation -qui était médiée statut de santé dégradé. Dans la deuxième étude simplement absent.

L'ambiguïté de ces résultats interroge prosociales des gens (par exemple, la confiance questionnaires d'auto-évaluation et les jeux économiques. par rapport aux questionnaires d'auto-évaluation. avançons l'idée que les décisions prises dans les actuelle (l'état actuel des participants), tandis que moyen des personnes (un trait stable dans le économiques présentent une faible stabilité, contrairement étude présentée au chapitre quatre, nous souhaitons une période de temps plus longue permet de économiques sur une période prolongée devrait mesuré par les questionnaires d'auto-évaluation. laquelle 275 répondants joueront à 10 sessions réparties sur une période de 3 semaines. Un questionnaire première et de la dernière session.

Enfin, dans le cinquième chapitre, nous que celles-ci pourront éventuellement inspirer.

ABSTRACT

Although cooperation is a fundamental and universal another. Environmental adversity, which in humans extrinsic mortality, appears to determine some been demonstrated in various studies, its precise increased or decreased, or even not affected. possibly affect cooperation. Several explanations chapter of this thesis.

In chapters two and three, we present must make trade-offs in how to allocate their mediating role of these trade-offs in the relationship equation models, we therefore tested in two separate resources to reproduction, at the expense of somatic adverse environments and cooperation -here measured characterized by more reproductive effort and economic games, this pattern was simply absent.

The ambiguity of these results questions preferences (e.g., social trust). Overall, two main latter are suspected to lack external validity compared about it? We argue that economic games decisions current state of the participants), whereas self-(a trait that is stable over time and contexts). Indeed, stability, in contrast to responses to self-reported hypothesis that repeated playing of economic games Thus, repeating the economic games over a longer average behavior as measured by the self-reported which 275 respondents will play 10 separate reported questionnaire measuring social trust in Finally, in the fifth chapter, we discuss inspire.
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fondamental et universel des relations sociales humaines, elle varie environnementale, qui chez l'homme est liée à la privation économique, aux déterminer une partie de cette variabilité. Si une relation entre adversité sa nature précise reste encore indéterminée : dans des environnements augmentée que diminuée, voir ne pas être affectée. Par ailleurs, on ne sait éventuellement affecter la coopération. Plusieurs explications ont été avancées premier chapitre de cette thèse. nous présentons un modèle explicatif inspiré de la théorie des histoires compromis dans la manière d'allouer leurs ressources métaboliques limitées rôle médiateur de ces compromis dans la relation entre adversité structurelles, nous avons donc testé dans deux études distinctes l'idée ressources à la reproduction, au détriment de la maintenance négative entre environnements défavorables et coopérationmédiée par un compromis latent caractérisé par plus d'efforts de étude où la coopération était mesurée par des jeux économiques, interroge la précision des méthodes habituellement employées pour mesurer confiance sociale). Dans l'ensemble, deux méthodes principales économiques. Cependant, ces derniers sont soupçonnés de manquer évaluation. Pourquoi en est-il ainsi et que peut-on faire pour remédier à les jeux économiques en laboratoire sont susceptibles d'être influencées que les questionnaires d'auto-évaluation sont conçus pour mesurer le temps). Il a en effet été démontré que les décisions prises contrairement aux réponses aux questionnaires d'auto-évaluation. souhaitons tester l'hypothèse selon laquelle la passation répétée de jeux de contrecarrer l'influence de tout état momentané. Ainsi, la devrait rapprocher les réponses moyennes des participants de leur comportement évaluation. Pour tester cette prédiction, nous souhaitons réaliser une étude sessions séparées comprenant chacune 16 'jeux de confiance', et questionnaire mesurant la confiance sociale lors sera également complété nous discutons les limites de nos recherches et évoquons les approches universal aspect of human social relations, it varies considerably from humans is related to economic deprivation, instability in the family some of this variability. Although a relationship between adversity precise nature remains undetermined: in adverse environments, affected. Furthermore, it is unclear through which channel environmental explanations have been put forward to answer these questions, which present an explanatory model inspired by life-history theory, which their limited metabolic resources to competing biological functions. relationship between adversity and cooperation has not been studied.

separate studies the idea that this relationship is mediated by a prioritized somatic maintenance. In the first study, we showed a negative measured by self-reported questionnaires -which was mediated and poorer health status. In the second study where cooperation absent.

questions the accuracy of the methods usually used to measure main methods are: self-reported questionnaires and economic compared to self-reported questionnaires. Why is this the case and decisions made in the laboratory are likely to be influenced by the -reported questionnaires are designed to measure the average behavior Indeed, it has been shown that decisions made in various economic reported questionnaires. In a third study presented in chapter four, games over a longer period of time counteracts the influence of any longer period of time should bring the average responses of participants reported questionnaires. To test this prediction, we aim to conduct a sessions of 16 'Trust games' each, evenly distributed over a 3 in the first and last session will also be completed. 
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 1 Figure 1. European Values Study standardized parameter values estimated by the structural

  maintenance trade-off (listwise deletions UnStd c = 0.08 (0.01), z = 10.46, p < 0.001, Std c = 0.29; imputed data UnStd c = 0.07 (0.01), z = 6.92, p < 0.001, Std c = 0.39), for the regression between the reproduction-maintenance trade-off and collective action (listwise deletions UnStd c = -1.07 (0.10), z = -10.87, p < 0.001, Std c = -0.73; imputed data UnStd c = -1.50 (0.34), z = -4.42, p < 0.001, Std c = -0.88), as well as for the mediation effect (listwise deletions indirect effect: UnStd c = -0.0027 (0.0004), bootstrapped ci lower = -0.0035, bootstrapped ci upper = -0.0020, z = -6.92, p < 0.001; imputed data indirect effect: UnStd c = -0.0023 (0.0004), bootstrapped ci lower = -0.0030, bootstrapped ci upper = -0.0016, z = -6.64, p < 0.001). Overall, these results converge on the idea that the relationship between childhood environmental adversity and collective action is largely conditional on the reproductionmaintenance trade-off.

  respondents living in 40 different countries are included in wave 4 of the World Values Survey. However, some respondents could not be included in our analyses. First, one of the variables (i.e., number of children) used to model the reproduction-maintenance-tradeoff is only informing for respondents with children. The reason is that people who do not have children now fall into three categories: (1) people who do not have children yet but will do so in the future, (2) people who do not have children yet and will choose not to do so in the future and (3) people who do not have children yet but would like to and can't. Since we have no way of distinguishing these three groups, we focused on the people who do have children, which left us with the 41.799 respondents who report having children (this also makes it consistent with the first study, where we also removed respondents without children). Second, we removed countries for which the collective action variables had not been filled out, which reduced the dataset to 25.670 respondents living in 27 different countries. We randomly split this sample into a discovery subsample (12.962 respondents) and a replication subsample (12.708 respondents). In both subsamples, we excluded respondents with too much missing data (the criterion was set to more than two standard deviations from a respondent's respective subsample mean) which led to 12.083 respondents for the discovery sample and 11.888 respondents for the replication sample. The final discovery sample after listwise deletions included 10.829 respondents (females: N = 5.633; mean age = 45 ± 15 sd; mean number of respondents per country = 417 ± 150 sd) and the final replication sample after listwise deletions included 10.617 respondents (females: N = 5.589; mean age = 45 ± 14 sd; mean number of respondents per country = 408 ± 157 sd). The final replication sample after listwise deletions consists of 26 countries (descriptive statistics for each country are detailed in Table

"

  Volunteering" (UnStd c = 0.20 (0.04), z = 5.69, p < 0.001, Std c = 0.12) and "political action" (UnStd c = 0.63 (0.16), z = 4.01, p < 0.001, Std c = 0.75) loaded significantly on the collective action latent variable, whose greater values indicate higher investments in political activities and, to a lesser extent, higher investments in volunteering activities.
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 2 Figure 2. World Values Survey standardized parameter values estimated by the structural

  more current adversity is associated with variations in individuals' reproduction-maintenance trade-off (UnStd c = 0.42 (0.10), z = 4.36, p < 0.001, Std c = 0.70), specifically an increased investment in reproduction and a decreased investment in somatic maintenance. The reproduction-maintenance-trade-off is itself associated with lower adult involvement in collective action (UnStd c = -0.48 (0.19), z = -2.49, p < 0.05, Std c = -0.60). In line with our second hypothesis, the effect of current adversity on adult involvement in collective action is mediated by the reproduction-maintenance trade-off (indirect effect: UnStd c = -0.003 (0.001), bootstrapped ci lower = -0.004, bootstrapped ci upper = -0.001, z = -2.67, p < 0.01). Despite the fact that the association pattern reported above is identical to the one found with the European Values Study (EVS) data, one should note that the effects are smaller (by comparing the z-values). This is the case for the regression between environmental adversity and collective action (EVS UnStd c = -0.03 (0.01), z = -3.50, p < 0.001, Std c = -0.08; WVS UnStd c = 0.12 (0.11), z = 1.12, p = 0.26, Std c = 0.25), between environmental adversity and the reproduction-maintenance trade-off (EVS UnStd c = 0.08 (0.01), z = 10.46, p < 0.001, Std c = 0.29; WVS UnStd c = 0.42 (0.10), z = 4.36, p < 0.001, Std c = 0.70), between the reproduction-maintenance trade-off and collective action (EVS UnStd c = -1.07 (0.10), z = -10.87, p < 0.001, Std c = -0.73; WVS UnStd c = -0.48 (0.19), z = -2.49, p < 0.05, Std c = -0.60) as well as for the mediation effect (EVS indirect effect: UnStd c = -0.0027 (0.0004), bootstrapped ci lower = -0.0035, bootstrapped ci upper = -0.0020, z = -6.92, p < 0.001; WVS indirect effect: UnStd c = -0.003 (0.001), bootstrapped ci lower = -0.004, bootstrapped ci upper = -0.001, z = -2.67, p < 0.01).

  adversity and the reproduction maintenance trade-off is moderate for the European Values Study and strong for the World Values Survey (EVS Std c = 0.29; WVS Std c = 0.70) and the effect between the reproduction maintenance trade-off and collective action is strong (EVS Std c = -0.73; WVS Std c = -0.60).

  environmental adversity is driven by "parents had problems replacing things" (UnStd c = 4.41 an adverse childhood environment is associated with variations in individuals' reproductionmaintenance-trade-off (UnStd c = 0.07 (0.01), z = 6.92, p < 0.001, Std c = 0.39), specifically an increased investment in reproduction and a decreased investment in somatic maintenance.The reproduction-maintenance trade-off is itself associated with lower adult involvement in collective action (UnStd c = -1.50 (0.34), z = -4.42, p < 0.001, Std c = -0.88). In line with our first hypothesis, a significant part of the effect of childhood environmental adversity on adult involvement in collective action is mediated by the reproduction-maintenance trade-off (indirect effect: UnStd c = -0.0023 (0.0004), bootstrapped ci lower = -0.0030, bootstrapped ci upper = -0.0016, z = -6.64, p < 0.001).

  F2. "Subjective health status" (UnStd c = -0.14 (0.04), z = -3.90, p < 0.001, Std c = -0.24) and "number of children" (UnStd c = 0.20 (005), z = 3.90, p < 0.001, Std c = 0.16) loaded significantly -off. The pattern of covariation follows our higher number of children. Hence, the reproduction studies (Mell et al., 2018; Brumbach et al., 2009) c = 0.20 (0.03), z = 5.96, p < 0.001, Std c 0.56 (0.14), z = 3.91, p < 0.001, Std c = action latent variable, whose greater values indicate activities and, to a lesser extent, higher investments in World Values Survey standardized parameter values model. Significant paths at the 5% level are represented

  of life -from conception to sexual maturity -represent a sensitive period characterized by rapid development, which makes many biological systems vulnerable to environmental stressors. These stress factors, commonly referred to as environmental adversity, interfere with organisms' developmental trajectories and can have a lasting impact on health, reproduction, cognition and behaviour(Ellis & Del Giudice, 2019). The multiple effects of early adversity on physiological and cognitive development are likely to be sequential, distributed on a continuum, and ultimately obey a logic of developmental organization. By studying the specific effect of childhood environmental adversity, we assume that adult cooperative behaviour is one of the long-term outcomes of this developmental logic, together with reproductive efforts and somatic maintenance capacity. To test this model, we applied multivariate analytic techniques (i.e., structural equation modeling) on data collected by us in collaboration with Ipsos, a French polling institute, consisting of a large sample of respondents representative of the French adult population.Two lines of hypotheses were tested. The first line of hypotheses consists in testing (1) whether the behavioural measures extracted from the three economic games relate to a single hypothesized latent construct and (2) whether individuals' life-history strategy -the reproduction-maintenance trade-off -can be adequately modelled as a hypothetical latent construct capturing the covariation of several indicators previously identified byMell et al. (2018). The second line of hypotheses aims to test the association between a single composite variable thought to reflect the level of childhood adversity experienced by the respondent and the two latent variables (i.e., the reproduction-maintenance trade-off and cooperative tendencies). The two main predictions are: (3) individuals who experienced greater levels of adversity during their childhood display weaker cooperative tendencies later in life, and (4)

(

  ranging from 0% to 6%), multiple imputation techniques were used to preserve sample size and avoid biased estimations of model parameters. For the imputed data, twenty complete datasets were generated by fully conditional specifications for categorical and continuous data using the R package mice(Buuren & Groothuis-Oudshoorn, 2010). Different imputation methods were used depending on the type of missing data. Predictive mean matching was used for numeric indicators, logistic regression imputation for binary data and proportional odds model for ordered categorical indicators with more than two levels. The function runMI of the R package semTools (SemTools, 2016) was used to combine the results obtained for the 20 imputed datasets. 3.4.8 Testing the capacity of the model to predict unknown data using stratified k-fold cross-validation 123
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 1 Figure 1. Distribution of contributions

"

  Dictator game" (UnStd.c = 0.82, z = 5.33, p = 9.76e-08, Std.c = 0.45), "Trust game" (UnStd.c = 1.88, z = 7.78, p = 7.26e-15, Std.c = 0.71) and "Public Goods game" (UnStd.c = 1.39, z = 6.85, p = 7.37e-12, Std.c = 0.48) loaded significantly on the cooperation latent variable, whose greater values indicate higher initial contributions in the economic games.

Five

  out of the eight indicators loaded significantly on the life-history strategy latent variable: "BMI" (UnStd.c = 0.11, z = 2.00, p < 0.05, Std.c = 0.22), "Smoking" (UnStd.c = 0.14, z = 3.53, p = 4.18e-04, Std.c = 0.56), "Health status" (UnStd.c = -0.22, z = -2.56, p = 0.01, Std.c = -0.33), "Age at first child's birth" (UnStd.c = -0.08, z = -2.01, p = 0.04, Std.c = -0.16) and "Sexual debut" (UnStd.c = -0.10, z = -3.76, p = 1.69e-04, Std.c = -0.28). "Short-term partners" marginally correlated with scores on the life-history strategy latent variable (UnStd.c = 0.31, z = 1.80, p = 0.07, Std.c = 0.22). "Health effort" (p = 0.49) and "Number of children" (p = 0.36) were not captured by the life-history strategy latent variable. The average explained variance (R 2

  05, Std.c = -0.13) were negatively associated. "Health status" and "Health effort" (UnStd.c = 0.27, z = 3.45, p = 5.70e-04, Std.c = 0.23) were positively associated. Estimated covariances revealed correlations between most of the reproduction indicators. Specifically, "Number of children" and "Age at first child's birth" (UnStd.c = -0.14, z = -6.36, p = 2.08e-10, Std.c = -0.33) were negatively associated. "Age at first child's birth" and "Sexual debut" (UnStd.c = 0.03, z = 2.77, p < 0.01, Std.c = 0.18) were positively associated. "Age at first child's birth" and "Short-term partners" (UnStd.c = 0.10, z = 2.42, p = 0.02, Std.c = 0.14) were positively associated. "Sexual debut" and "Short-term partners" (UnStd.c = -0.05, z = -1.82, p = 0.07, Std.c = -0.10) were negatively and marginally correlated.

Figure 2 .

 2 Figure 2. Standardized parameter
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 33 Figure 3 displays the distribution

  adversity and self-reported social trust

  economic games (UnStd.c = -0.07, z = -0.28, p = 0.72, Std.c = -0.02) or the Trust game considered separately (UnStd.c = 0.22, z = 0.41, p = 0.65, Std.c = 0.02). The explained variance (R 2 ), of the latent variable based on the three economic games and the Trust game specifically, by current adversity is both null.

Four

  out of the eight indicators loaded significantly on the life-history strategy latent variable: "Smoking" (UnStd.c = 0.13, z = 3.58, p = 3.42e-04, Std.c = 0.54), "Health status" (UnStd.c = -0.19, z = -2.37, p = 0.02, Std.c = -0.29), "Age at first child's birth" (UnStd.c = -0.09, z = -2.23, p = 0.03, Std.c = -0.19) and "Sexual debut" (UnStd.c = -0.10, z = -3.82, p = 1.33e-04, Std.c = -0.29). "BMI" (UnStd.c = 0.11, z = 1.92, p = 0.06, Std.c = 0.22) and "Shortterm partners" (UnStd.c = 0.30, z = 1.72, p = 0.09, Std.c = 0.21) marginally correlated with scores on the life-history strategy latent variable. "Health effort" (p = 0.42) and "Number of children" (p = 0.50) were not captured by the life-history strategy latent variable. The average explained variance (R 2

  05, Std.c = -0.13) were negatively associated. "Health status" and "Health effort" (UnStd.c = 0.27, z = 3.39, p = 7.07e-04, Std.c = 0.22) were positively associated. "BMI" and "Health status" (UnStd.c = -0.05, z = -1.85, p = 0.06, Std.c = -0.14) were negatively and marginally correlated. Estimated covariances revealed correlations between most of the reproduction indicators. Specifically, "Number of children" and "Age at first child's birth" (UnStd.c = -0.14, z = -6.10, p = 1.07e-09, Std.c = -0.33) were negatively associated. "Age at first child's birth" and "Sexual debut" (UnStd.c = 0.03, z = 2.54, p = 0.01, Std.c = 0.17) were positively associated. "Age at first child's birth" and "Short-term partners" (UnStd.c = 0.10, z = 2.37, p = 0.02, Std.c = 0.15) were positively associated. "Sexual debut" and "Short-term partners" (UnStd.c = -0.05, z = -1.71, p = 0.09, Std.c = -0.10) were negatively and marginally correlated.

Figure 4 .

 4 Figure 4. Standardized parameter values estimated by the structural equation model.

  at each iteration, hence used as an index of the model's cross-validation performance (reported in the present manuscript under the label SRMR.cv.real). A one-sample Wilcoxon sum of rank test was then run to investigate whether the cross-validated SRMR values differed from the standard acceptability cut-off of <0.10. A biserial correlation coefficient r was finally calculated as an index of effect size (< 0 -0.30 = small; 0.30 -0.50 = medium; > 0.50 = large). 4. The predictive value of the training model was further checked by applying the same 3 steps on a test dataset whose individual values were randomly permuted within each indicator. The aim was to check that the fitted values obtained when modelling the training data failed to predict the test data when its internal structure was broken down by randomization. The cross-validated SRMR index was also calculated (labelled SRMR.cv.rand). A two-samples Wilcoxon sum of rank test (one-tailed, because we hypothesized that the training model always predicts the test data better than the random data) was run to analyze whether the training model better predicts the real test data or the randomly permuted test data. A biserial correlation coefficient r was finally calculated as
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  Dictator game" (UnStd.c = 0.83, z = 5.41, p = 6.39e-08, Std.c = 0.45), "Trust game" (UnStd.c = 1.87, z = 7.88, p = 3.18e-15, Std.c = 0.71) and "Public Goods game" (UnStd.c = 1.39, z = 6.94, p = 3.89e-012, Std.c = 0.49) loaded significantly on the cooperation latent variable, whose greater values indicate higher initial contributions in the economic games.

Five

  out of the eight indicators loaded significantly on the life-history strategy latent variable: "BMI" (UnStd.c = 0.11, z = 2.07, p = 0.04, Std.c = 0.22), "Smoking" (UnStd.c = 0.13, z = 3.91, p = 9.24e-05, Std.c = 0.53), "Health status" (UnStd.c = -0.21, z = -2.75, p < 0.01, Std.c = -0.31), "Age at first child's birth" (UnStd.c = -0.08, z = -2.06, p = 0.04, Std.c = -0.17) and "Sexual debut" (UnStd.c = -0.10, z = -4.08, p = 4.60e-05, Std.c = -0.30). "Shortterm partners" marginally correlated with scores on the life-history strategy latent variable (UnStd.c = 0.30, z = 1.79, p = 0.07, Std.c = 0.21). "Health effort" (p = 0.51) and "Number of children" (p = 0.

Std

  Estimated covariances revealed correlations between most somatic maintenance indicators. Specifically, "BMI" and "Health effort" (UnStd.c = -0.12, z = -2.09, p = 0.04, Std.c = -0.13) were negatively associated. "Health status" and "Health effort" (UnStd.c = 0.28, z = 3.69, p = 2.26e-04, Std.c = 0.23) were positively associated. "BMI" and "Health status" (UnStd.c = -0.04, z = -1.78, p = 0.07, Std.c = -0.13) were negatively and marginally correlated. "Smoking" and "Health were negatively and marginally correlated. Estimated covariances revealed indicators. Specifically, "Number 0.14, z = -6.33, p = 2.49e-10, Std.c birth" and "Sexual debut" (UnStd.c associated. "Age at first child's birth" = 0.01, Std.c = 0.15) were positively (UnStd.c = -0.05, z = -1.78, p correlated. "Health effort" (UnStd.c = -0.06, z = -1.81, p = 0.07, correlated. revealed correlations between most of the "Number of children" and "Age at first child's birth" Std.c = -0.33) were negatively associated. "Age at UnStd.c = 0.03, z = 2.75, p < 0.01, Std.c = 0.18) were birth" and "Short-term partners" (UnStd.c = 0.10, positively associated. "Sexual debut" and "Short-term p = 0.08, Std.c = -0.10) were negatively and 173

  conducted a systematic review and meta-analysis, and found a weak correlation (r = 0.14) between economic games and social behavior in the field, indicating low external validity. They also performed an original, large and comprehensive lab-field experiment, where the same sample of participants played several economic games in the lab and were confronted with naturalistic situations related to social preferences in the field. Their experiments show that economic games do a poor job at explaining social behaviors in the field (r s = 0.03). Galizzi and Navarro-Martinez' (2019) work focused on the Dictator game, the Ultimatum game, the Public Goods game and the Trust game and it is possible that other economic games are more predictive of real-world behavior. Nonetheless, the four economic games analyzed by Galizzi and Navarro-Martinez (2019) cover a large fraction of experimental research on social preferences. In what follows, we mostly refer to evidence pointing to a lack of external validity of these standard four economic games.

Figure 1 .

 1 Figure 1. Power curve to detect an effect size of 0.20. This figure shows that 183 respondents

  state that objective indicators of environmental adversity are better predictors of life-history strategy than subjective indicators. Importantly for the present thesis, most of the indicators included in the environmental adversity construct in our studies are objective indicators about participants' childhood, thereby reducing the reliance on subjective measures.

  has proposed that cooperation may be an inverted-U function of environmental adversity. Future research In the fourth chapter, we investigated why economic games seem to lack external validity and what could be done to improve this. Galizzi and Navarro-Martinez (2019) conducted a systematic review and meta-analysis, and found a weak correlation between economic games and social behavior in the field, indicating low external validity. Galizzi and Navarro-Martinez' (2019) work focused on the Dictator game, the Ultimatum game, the Public Goods game and the Trust game, which together cover a large fraction of experimental research on social preferences. A possible explanation for the low external validity of economic games is

  discuss the limitations of our research and point to promising appro environnementale, théorie des histoires de vie, jeux économiques, Environmental adversity, Life-history theory, Economic games, External validity, adversity and cooperation has cooperation could be environmental adversity could we detail in the first which states that organisms functions. Until now, the studied. Using structural prioritized allocation of negative association between mediated by a latent trade-off cooperation was measured with sure people's prosocial games. However, the and what can be done the current situation (the behavior of individuals economic games show little four, we want to test the any momentary states. participants closer to their a longitudinal study in 3-week period. A selfapproaches that it may économiques, validité externe, validity, Prosocial

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Table 1 .

 1 European Values Study descriptive statistics and correlations.

	1) Parental education	-										
	(2) Parents problem making ends meet	0.28*	-									
	(3) Parents problem replacing things	0.24*	0.71*	-								
	(4) Death of father	0.07*	0.11*	0.10*	-							
	(5) Death of mother	0.02*	0.01	0.01	0.03*	-						
	(6) Health	-0.16*	-0.16*	-0.18* -0.06* -0.02*	-					
	(7) Age 1st birth	-0.06*	-0.08*	-0.08* -0.02	-0.01	0.11*	-				
	(8) Number of children	0.19*	0.10*	0.07*	0.02	0.03* -0.08* -0.18*	-			
	(9) Volunteering	-0.03*	-0.02*	-0.03* -0.01	0,00	0.1*	0.05* 0.04*	-		
	(10) Political action	-0.1*	-0.07*	-0.11* -0.02*	0,00	0.15*	0.13* -0.01 0.12*	-	
	(11) Age	0.31*	0.16*	0.13*	0.11*	0.05* -0.33*	0.1*	0.24* 0,00 -0.01	-
	Mean	5.49	2.40	2.34	0.05	0.02	3.56	25.18	2.21	0.38	0.61	51.96
	SD	1.99	1.17	1.17	0.22	0.13	0.96	5.18	1.12	1.21	0.96	15.00
	Range	1-8	1-4	1-4	0-1	0-1	1-5	12-83	1-13	0-15	0-5	18-108

* p < 0.05.

Table 2 .

 2 World Values Survey descriptive statistics and correlations. * p < 0.05.

	1) Current adversity	-				
	(2) Health	-0.18*	-			
	(3) Number of children 0.13* -0.09*	-		
	(4) Volunteering	-0.04* 0.03* 0.06*	-	
	(5) Political action	-0.13* 0.06* -0.05* 0.09*	-
	(6) Age	0.03 -0.21* 0.24* -0.05* 0.06*	-
	Mean	6.56	3.78	2.93	1.03	0.57 44.53
	SD	2.35	0.87	1.78	1.88	0.94 14.45
	Range	1-10	1-5	1-8	0-14	0-4 16-98

  . Thus, it remains an open question whether people cooperate less under adverse conditions in the broadest sense or simply invest less in collective actions. Second, our goal was to investigate if part of the variability in people's involvement in collective action was mediated by differences in individuals' reproduction-maintenance-tradeoff. Although the reproduction-maintenance-trade-off is well captured in the World Values Survey model, it is less well captured in the European Values Study model. Specifically "number of children" is not significantly correlated with the reproduction-maintenance tradeoff. This may reflect the fact that the reproduction-maintenance trade-off indicators are

influenced by multiple causes beyond the reproduction-maintenance trade-off itself, including cultural factors like contraceptives. Such cultural factors might account for the fact that "number of children" is not significantly correlated with respondents' reproductionmaintenance trade-off in the European Values Study

Table S1 .

 S1 ;Ortiz-Ospina & Roser, 2019) as well as our own results. We think that risk management strategies in the context of social behaviors is an interesting topic for further research. European Values Study countries descriptive statistics. Values are unstandardized coefficients with standard deviations in brackets2.7.3 European Values Study discovery sample -resultsThe scaled CFI value (0.886), the scaled RMSEA value (0.042) and the scaled SRMR value (0.017) are fairly consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model. The full results can be found in Supplementary TableT1.

	2.7 Supplementary Materials ia (1.82) (1.30) (1.28) (0.13) (0.05) (0.96) (4.91) (0.87) (1.21) (1.42) (12.92)
			6.54	1.62	1.67	0.04	0.01	3.75	26.40	2.52	0.21	0.64	54.08
	Malta 2.7.1 European Values Study countries descriptive statistics (1.35) (0.98) (1.03) (0.19) (0.10) (0.86) (4.96) 5.89 2.77 2.75 0.08 0.02 2.96 23.40	(1.35) 2.32	(0.90) 0.25	(1.03) 0.26	(14.66) 49.43
	Country Moldova Montene gro Netherla Albania nds Northern Armenia 492 N 491 Cyprus North Austria 404 Ireland 29 Belarus 410 Norway Model part Latent Educa tion parent s (1.93) 5.31 (2.03) 5.60 6.33 (1.66) (1.82) 6.88 4.28 (2.20) (1.51) 6.07 4.81 (1.35) (1.16) 4.92 4.49 (2.15) (1.97) 5.89 Belgium 493 5.70 (2.05) Poland (1.68) 7.15 Bosnia 357 6.18 (1.56) Bulgaria 510 5.24 (1.74) Portugal (1.14) Romania 5.94 (1.77) Childhood adversity Croatia 357 5.87 (1.77) Cyprus 326 6.79 (1.51) Russia 4.83 (2.24) Serbia 5.77 (1.77) Measurem ent model Czech Republic 506 4.81 (1.42) Denmark 26 4.92 (1.47) Slovakia 5.32 (1.18) Slovenia 6.02 (1.72) Reproduction-Makin g ends meet (0.93) 2.56 (1.17) 2.18 3.22 (0.96) (1.25) 3.00 2.85 (1.05) (1.15) 2.59 2.23 (1.10) (1.18) 2.10 2.13 (1.08) (1.14) 2.30 Indicator Repla cing things (0.91) 2.47 (1.19) 2.03 3.27 (0.91) (1.23) 3.05 2.79 (1.11) (1.09) 1.93 1.96 (1.03) (1.13) 2.10 2.04 (1.05) (1.17) 1.67 1.88 (1.08) 1.80 (1.04) (1.04) (0.95) Parental education Death father (0.27) 0.07 (0.26) 0.04 0.03 (0.16) (0.19) 0.01 0.10 (0.30) (0.10) 0.00 0.06 (0.24) (0.00) 0.05 0.07 (0.26) (0.22) 0.01 0.05 (0.22) (0.10) 2.73 2.75 0.08 Parents problems 2.43 (1.13) 2.31 (1.10) 0.04 (0.21) 2.64 (1.14) 2.68 (1.14) 0.06 (0.25) (1.17) (1.16) (0.28) 2.77 (0.93) 2.68 (0.97) 0.02 (0.14) making ends meet Parents problems replacing things 2.77 (1.21) 2.61 (1.21) 0.08 (0.26) 2.56 (1.21) 2.56 (1.22) 0.04 (0.20) 2.23 (1.14) 2.71 (1.15) 0.10 (0.30) Death of father 2.46 (1.20) 2.48 (1.21) 0.04 (0.19) Death of mother Health 2.74 (0.96) 2.78 (1.00) 0.02 (0.15) 2.35 (1.35) 2.19 (1.20) 0.00 (0.00) 2.10 (1.07) 1.97 (1.06) 0.03 (0.16) 2.56 (1.21) 2.83 (1.22) 0.06 (0.24) Age at 1st birth maintenance Number of children Estonia 486 5.49 (1.75) 2.50 (1.18) 2.32 (1.16) 0.10 (0.30) Finland 320 5.14 (2.14) 2.15 (0.91) 1.95 (0.89) 0.05 (0.22) France 447 6.07 (2.19) 2.39 (1.14) 2.09 (1.12) 0.06 (0.23) Georgia 477 3.44 (1.98) 1.88 (0.93) 2.05 (0.98) 0.08 (0.27) Spain 6.95 (1.87) 2.24 (1.24) 2.29 (1.22) 0.07 (0.25) Volunteering Collective action Sweden 5.52 (2.10) 1.88 (0.98) 1.67 (0.87) 0.04 (0.19) Political action Reproduction-Childhood Switzerla nd 4.59 (1.78) 2.11 (1.17) 1.96 (1.11) 0.05 (0.21) maintenance adversity Structural Reproduction-Turkey 7.13 (1.12) 2.51 (1.25) 2.57 (1.25) 0.02 (0.14) model Collective action maintenance Childhood 4.78 2.36 2.86 0.06 Collective action adversity Germany 571 4.10 (1.40) 2.08 (1.03) 1.96 (0.98) 0.06 (0.23) Ukraine (2.25) (1.22) (1.11) (0.24) Number of Mean 5.57 2.42 2.32 0.05 Covariance Age at 1st birth children	Death mothe r (0.15) 0.03 (0.18) 0.02 0.01 (0.12) (0.14) 0.04 0.02 (0.15) (0.20) 0.00 0.02 (0.14) (0.00) 0.01 0.02 (0.13) (0.10) 0.02 unstd.c Health (0.96) 3.45 (0.96) 3.95 3.57 (0.85) (0.84) 3.82 3.20 (0.97) (0.86) 3.90 3.94 (0.91) (1.14) 4.11 3.09 (0.75) (0.89) 3.49 se 0.02 (0.13) 3.88 (0.89) (0.13) (0.93) 1.00 -0.03 3.41 0.03 (0.16) 3.58 (0.97) 0.01 (0.09) 3.33 (1.00) (0.18) (0.91) 0.01 (0.10) 3.43 (0.90) 0.36 0.17 2.15 Age1st Birth (4.07) 25.63 (5.16) 28.21 25.65 (5.08) (6.26) 24.90 24.06 (4.88) (5.40) 25.17 25.34 (5.25) (4.08) 25.87 23.94 (3.88) (5.09) 24.25 z 26.33 (4.65) (4.15) -25.56 24.83 (4.86) 24.17 (5.46) (5.16) 24.48 (5.52) 1.87 0.21 8.80 0.03 (0.17) 3.45 (1.02) 24.65 (4.97) 0.01 (0.10) 3.88 (0.92) 25.24 (4.89) 0.01 (0.08) 2.99 (0.77) 23.95 (4.13) 1.44 0.63 2.28 0.02 (0.14) 3.40 (0.98) 24.48 (4.82) 2.13 1.03 2.07 -0.34 0.01 -23.41 <0.001 (1.08) (0.68) Numb er childr en Volunte ering 2.57 0.11 (1.22) (0.80) 2.34 1.08 2.67 (1.48) 0.89 (2.96) (1.08) (1.81) 2.68 0.19 2.49 (1.08) 0.12 (0.51) (1.31) (0.72) 2.69 0.45 2.25 (1.19) 0.61 (1.14) (1.26) (1.09) 2.36 0.60 1.84 (0.83) 0.14 (0.40) (0.97) (0.87) 2.24 0.10 p-val ci.lower ci.upper std.c (0.76) (15.30) 0.33 49.87 Politic (0.86) (13.75) al action 0.88 57.27 Age 0.37 (0.79) (1.00) (14.82) 47.48 0.34 47.61 (11.54) 0.38 (0.84) (0.83) (13.37) 49.11 0.69 50.90 (15.40) 0.75 (0.95) (1.11) (19.34) 53.75 1.28 50.37 (14.51) 0.20 (0.53) 49.55 (0.98) (13.59) 0.33 50.42 (14.28) 2.26 (1.22) 0.55 (1.09) 1.14 (1.10) (1.12) (0.36) (0.72) -1.00 1.00 0.54 (14.56) 53.81 2.22 0.34 0.39 56.21 (14.78) 2.18 (1.02) 0.12 (0.53) 0.30 (0.75) 49.78 (13.57) 1.84 (0.71) 0.23 (0.80) 0.21 (0.66) (1.42) (1.49) (0.79) (17.07) 2.12 (1.23) 0.34 (1.40) 0.26 (0.62) 52.27 (14.04) 0.03 0.03 0.68 0.11 <0.001 1.45 2.29 0.60 54.87 (15.74) 2.09 (1.04) 0.20 (0.58) 0.61 (0.94) 52.90 (15.34) 2.61 (1.19) 0.30 (0.87) 0.50 (0.83) 1.77 (0.77) 0.08 (0.30) 0.25 (0.61) 50.54 0.02 0.20 2.68 0.09 (15.39) 1.90 (0.74) 0.21 (1.13) 0.42 (0.93) 51.15 (14.87) 0.04 0.12 4.15 0.07 -0.37 -0.31 -0.38 55.13 (14.77) 0.01 (0.08) 3.63 (0.90) 24.14 (4.68) 2.03 (0.91) 0.44 (0.93) 0.46 (0.75) 53.71 (14.69) 0.00 (0.00) 4.46 (0.90) 28.85 (4.31) 2.12 (0.82) 2.46 (1.68) 2.27 (1.31) 0.00 (0.05) 3.31 (1.03) 23.93 (4.54) 2.44 (1.15) 0.25 (0.74) 0.40 (0.62) 56.37 (14.17) 0.02 (0.14) 3.55 (0.97) 25.32 (4.96) 2.01 (0.83) 0.59 (1.14) 0.54 (0.84) -1.61 0.07 -22.94 <0.001 -1.75 -1.48 -0.33 53.62 -0.01 0.01 -0.39 0.70 -0.03 0.02 -0.01 (14.82) 51.88 (10.33) 0.02 (0.13) 3.34 (0.83) 24.36 (4.29) 1.91 (0.88) 0.48 (1.14) 0.32 (0.57) 54.61 (15.80) 0.02 (0.14) 3.58 (0.81) 26.96 (5.26) 2.24 (1.24) 0.72 (1.05) 0.94 (0.97) 51.39 (12.31) 0.01 (0.12) 3.79 (0.90) 26.56 (6.17) 2.34 (1.33) 0.37 (0.81) 1.47 (1.26) 54.55 (15.94) 0.01 (0.11) 3.27 (0.94) 25.02 (5.60) 2.02 (0.82) 0.05 (0.23) 0.39 (0.82) 48.73 0.03 (0.18) 3.76 (0.92) 26.91 (5.43) 2.42 (1.38) 0.19 (0.48) 0.74 (1.03) 55.28 0.37 0.02 17.54 <0.001 0.33 0.41 0.55 (17.37) 0.01 (0.10) 4.05 (0.80) 27.02 (5.50) 2.26 (0.93) 0.56 (1.40) 1.22 (0.91) 0.41 0.03 15.79 <0.001 0.36 0.46 0.60 52.67 (12.67) 0.02 (0.15) 4.10 (0.82) 28.11 (5.63) 2.23 (1.14) 0.75 (1.26) 1.13 (1.00) 0.09 0.01 10.94 <0.001 0.07 0.10 0.30 55.23 (15.46) 0.01 (0.08) 3.57 (0.86) 23.95 (5.17) 2.48 (1.51) 0.11 (0.56) 0.29 (0.86) -1.00 0.09 -10.77 <0.001 -1.19 -0.82 -0.71 45.15 (13.60) 0.01 3.00 23.58 1.85 0.15 0.38 -0.04 0.01 -4.19 <0.001 -0.06 -0.02 -0.10 50.64 (15.35) 0.01 (0.07) 3.66 (0.90) 25.00 (4.99) 1.98 (0.98) 0.34 (0.76) 0.98 (0.88) (0.09) (0.75) (4.13) (0.82) (0.81) (0.79) (15.36) 53.88 (13.87) 0.02 3.61 25.39 2.26 0.47 0.67 51.88 -1.11 0.04 -28.61 <0.001 -1.18 -1.03 -0.22
	Great SD		5.59 0.85	2.47 0.33	2.21 0.40	0.04 0.03	0.01 0.01	3.97 0.37	26.39 1.32	2.27 0.31	0.45 0.48	1.10 0.44	55.32 2.91
	Britain	330 4-	(1.84)	(1.26)	(1.25)	(0.19)	(0.10)	(0.97)	(6.26)	(1.09)	(1.06)	(1.02)	(16.65)
	Range		5.25 1-8	2.75 1-4	2.68 1-4	0.06 0-1	0.02 0-1	3.30 1-5	24.61 12-83 1-13 2.02	0.17 0-15	0.22 0-5	50.87 18-108
	Hungary 455	(1.64)	(1.08)	(1.12)	(0.23)	(0.14)	(1.01)	(5.28)	(0.93)	(0.49)	(0.53)	(15.87)
			4.38	2.02	1.82	0.02	0.01	4.12	25.12	2.73	0.56	1.21	48.98
	Iceland	234	(2.04)	(1.15)	(1.05)	(0.14)	(0.09)	(0.95)	(6.84)	(1.32)	(0.93)	(1.20)	(14.01)
			6.59	2.73	2.51	0.07	0.01	4.26	26.24	3.26	0.44	1.17	50.76
	Ireland	70	(1.34)	(1.12)	(1.15)	(0.26)	(0.12)	(0.90)	(5.80)	(1.95)	(0.91)	(1.13)	(15.66)
			6.50	2.75	2.00	0.00	0.00	3.00	27.75	2.25	2.25	1.00	56.75
	Italy	4	(0.58)	(1.50)	(1.41)	(0.00)	(0.00)	(0.00)	(4.11)	(0.50)	(2.87)	(0.82)	(6.45)
			6.08	2.34	2.24	0.03	0.03	3.74	25.58	2.74	0.97	0.91	45.75
	Kosovo	331	(1.89)	(1.17)	(1.12)	(0.18)	(0.16)	(0.85)	(5.26)	(1.16)	(3.51)	(1.28)	(12.62)
			4.81	2.53	2.35	0.09	0.01	3.25	24.48	1.89	0.36	0.43	50.41
	Latvia	437	(1.84)	(1.20)	(1.23)	(0.29)	(0.11)	(0.77)	(4.46)	(1.05)	(0.91)	(0.76)	(15.84)
			5.35	2.65	2.68	0.04	0.01	3.31	24.44	1.93	0.31	0.21	50.55
	Lithuania 389	(2.11)	(1.16)	(1.17)	(0.20)	(0.11)	(0.85)	(3.87)	(0.91)	(1.02)	(0.53)	(14.33)
	Luxembo		5.59	2.16	1.97	0.05	0.03	4.06	26.93	2.14	0.84	1.05	49.58
	urg	354	(2.04)	(1.16)	(1.14)	(0.22)	(0.17)	(0.82)	(4.86)	(1.04)	(1.66)	(1.06)	(15.06)
	Macedon 430 5.72	2.44	2.16	0.02	0.00	3.85	24.57	2.13	0.38	1.02	51.46

Whether cooperation is decreased or increased in adverse environments is still debated. The present study contributes to this debate by reporting two pre-registered studies applying structural equation models to test this relationship on large-scale datasets (the European Values Study and the World Values Survey). The results show that adverse environments in childhood and adulthood are associated with decreased investment in adult cooperation. Furthermore, the channel through which this relationship arises is also unclear.

We proposed that this relationship is mediated by a present bias at the psychological level, which is embodied in the reproduction-maintenance trade-off at the biological level. We indeed found that the relationship between environmental adversity and cooperation is mediated by individuals' reproduction-maintenance trade-off.

Supplementary Table T1. European Values Study discovery sample -results

Table S3 .

 S3 European Values Study listwise deletions -full results 95 2.7.7 European Values Study listwise deletions -controlled for current adversity

	Model part	Latent Latent	Indicator Indicator	unstd.c se unstd.c se	z	z	p-val ci.lower ci.upper std.c p-val ci.lower ci.upper std.c
			Parental education Parental education	1.00 1.00	-	-	-	-	-	-	1.00 1.00	1.00 1.00	0.49 0.41
		Childhood Childhood adversity adversity	Parents problems Parents problems making ends meet making ends meet Parents problems Parents problems replacing things replacing things	0.25 0.04 2.37 3.23	0.18 1.38 0.29 0.12 0.26 9.01 <0.001 0.17 0.90 0.51 6.29 <0.001	-0.11 -0.53 1.85 2.22	0.61 0.60 2.88 4.24	0.07 0.01 0.69 0.79
	Measurement Measurement model model		Death of father Death of father Death of mother Death of mother	1.65 2.15 1.24 2.16	0.70 2.37 1.14 1.89 1.06 1.17 1.82 1.18	0.02 0.06 0.24 0.24	0.28 -0.08 -0.84 -1.41	3.01 4.38 3.32 5.72	0.09 0.10 0.04 0.06
		Reproduction-Reproduction-maintenance maintenance	Health Age at 1st birth Health Age at 1st birth Number of children Number of children	-0.39 0.02 -25.97 <0.001 -0.42 -1.60 0.07 -24.63 <0.001 -1.72 -0.36 0.02 -20.97 <0.001 -0.40 -1.44 0.07 -19.74 <0.001 -1.59 -0.02 0.01 -1.44 0.15 -0.05 -0.05 0.02 -3.13 <0.001 -0.08	-0.36 -1.47 -0.33 -1.30 0.01 -0.02	-0.43 -0.33 -0.39 -0.29 -0.02 -0.04
		Collective action Collective action	Volunteering Volunteering Political action Political action	0.34 0.35 0.40 0.40	0.02 17.12 <0.001 0.02 15.10 <0.001 0.03 14.90 <0.001 0.03 13.28 <0.001	0.30 0.31 0.35 0.34	0.38 0.40 0.45 0.45	0.52 0.51 0.61 0.57
	Structural model Structural model	Reproduction-Reproduction-maintenance maintenance Collective action Collective action	Childhood adversity Childhood adversity Reproduction-Reproduction-maintenance maintenance	0.08 0.05 -1.07 0.10 -10.87 <0.001 -1.26 0.01 10.46 <0.001 0.06 0.01 6.71 <0.001 0.04 -1.04 0.11 -9.39 <0.001 -1.26	0.09 0.07 -0.88 -0.83	0.24 0.29 -0.73 -0.72
		Collective action	Childhood adversity	-0.03 0.01 -3.50 <0.001 -0.05	-0.01	-0.08
	Covariance	Age at 1st birth Collective action Childhood adversity Number of children	-1.15 0.04 -31.63 <0.001 -1.23 -0.02 0.01 -2.54 0.01 -0.04	-1.08 -0.01	-0.22 -0.07
	Covariance	Age at 1st birth	Number of children	-1.17 0.04 -30.90 <0.001	-1.24	-1.10	-0.23

Table S4 .

 S4 European Values Study listwise deletions -controlled for current adversity

	2.7.8 World Values Survey countries descriptive statistics		
			Current		Number	Volunteerin	Political	
	Country	N	adversity	Health	children	g	action	Age
	Albania		5.57 (2.16)	3.88 (0.79) 2.78 (1.38) 1.25 (1.66) 0.44 (0.81) 45.36 (12.77)
	Algeria		7.97 (1.68)	3.50 (0.78) 4.67 (2.49) 1.18 (1.90) 0.56 (1.04) 40.49 (12.59)
	Argentina		5.74 (2.79)	3.83 (0.88) 2.98 (1.80) 0.30 (0.77) 0.43 (0.82) 47.22 (16.18)
	Bangladesh		6.46 (1.72)	3.62 (0.78) 3.15 (1.77) 2.94 (3.48) 0.33 (0.87) 37.42 (11.01)
	Bosnia		6.31 (1.66)	3.74 (0.92) 2.48 (1.78) 0.34 (0.74) 0.43 (0.82) 44.54 (13.75)
	Canada		6.06 (2.69)	4.19 (0.87) 2.68 (1.60) 1.07 (1.58) 1.25 (1.02) 50.05 (15.80)
	Chile		7.05 (2.60)	3.75 (0.77) 2.83 (1.52) 0.65 (0.97) 0.49 (0.93) 43.74 (13.70)
	India		7.36 (1.42)	3.80 (0.89) 3.46 (2.04) 1.05 (2.16) 0.71 (1.14) 40.36 (13.97)
	Japan		6.03 (2.83)	3.62 (0.80) 2.30 (1.22) 0.33 (0.86) 0.83 (0.76) 51.89 (13.61)
	Kyrgyzstan		6.81 (1.28)	3.58 (0.77) 2.94 (1.64) 0.33 (0.81) 0.27 (0.62) 42.17 (13.94)
	Macedonia		6.83 (1.96)	3.84 (0.83) 2.14 (0.92) 0.67 (1.54) 0.68 (1.05) 46.79 (13.76)
	Mexico		5.74 (2.64)	3.81 (0.79) 3.37 (2.09) 0.79 (1.52) 0.33 (0.72) 40.78 (14.35)
	Moldova		7.35 (1.90)	2.95 (0.82) 2.19 (1.12) 0.81 (1.77) 0.54 (0.91) 46.79 (14.15)
	Montenegro		4.64 (2.73)	3.52 (0.94) 2.99 (1.53) 0.24 (0.59) 0.55 (0.96) 48.42 (13.32)
	Peru		7.93 (1.79)	3.53 (0.74) 2.97 (1.84) 0.69 (1.07) 0.52 (0.86) 40.54 (11.94)
	Philippines		6.49 (2.07)	3.71 (0.84) 3.54 (1.99) 1.20 (1.86) 0.25 (0.69) 42.08 (14.07)
	Puerto Rico		7.96 (2.12)	3.97 (0.81) 2.76 (1.42) 0.89 (1.40) 0.48 (0.94) 49.28 (16.03)
	Serbia		6.39 (2.67)	3.40 (0.87) 2.04 (1.16) 0.12 (0.42) 0.66 (1.12) 50.74 (13.88)
	South Africa		6.10 (2.61)	4.16 (0.89) 2.73 (1.68) 0.98 (1.38) 0.62 (0.99) 43.01 (14.31)
	South Korea		6.26 (1.79)	3.95 (0.62) 2.28 (0.93) 0.86 (1.47) 0.83 (0.97) 45.27 (10.20)
	Spain		6.49 (1.89)	3.72 (0.76) 2.63 (1.57) 0.21 (0.59) 0.44 (0.79) 53.04 (16.22)
	Tanzania		7.76 (1.98)	3.77 (0.88) 3.83 (2.17) 3.14 (3.33) 0.47 (0.73) 42.24 (12.85)
	Uganda		8.16 (1.51)	4.02 (0.72) 3.19 (1.76) 1.66 (1.61) 0.59 (1.00)	34.00 (7.62)
	United States		5.44 (2.65)	4.20 (0.74) 2.69 (1.53) 1.81 (2.13) 1.31 (0.94) 47.02 (14.59)
	Vietnam		5.69 (1.40)	3.58 (0.87) 3.29 (1.75) 2.11 (2.43) 0.06 (0.26) 46.47 (14.47)
	Zimbabwe		7.67 (2.15)	3.82 (0.93) 3.62 (2.24) 0.97 (1.01) 0.17 (0.56) 39.20 (13.37)
	Mean		6.63	3.75	2.94	1.02	0.55	44.57
	SD		0.93	0.27	0.59	0.78	0.28	4.63
	Range	157-908	1-10	1-5	1-8	0-14	0-4	16-98
								96

Table S5 .

 S5 World Values Study countries descriptive statistics. Values are unstandardized coefficients with standard deviations in brackets. 2.7.11 World Values Survey imputed data -results

Table S7 .

 S7 2.7.13 World Values Survey listwise deletions -full resultsWorld Values Survey listwise deletions -full results.

	Model part	Latent	Indicator	unstd.c se	z	p-val ci.lower ci.upper std.c
		Reproduction-	Health	-0.15 0.03 -4.38 <0.001	-0.21	-0.08	-0.24
	Measurement model	maintenance	Number of children	0.22	0.05 4.39 <0.001	0.12	0.31	0.17
		Collective action	Volunteering	0.20	0.04 5.69 <0.001	0.13	0.27	0.12
			Political action	0.63	0.16 4.01 <0.001	0.32	0.93	0.75
		Reproduction-	Current					
		maintenance	adversity	0.42	0.10 4.36 <0.001	0.23	0.61	0.70
	Structural model	Collective action	Reproduction-maintenance	-0.48 0.19 -2.49 0.01	-0.86	-0.10	-0.60
			Current					
		Collective action	adversity	0.12	0.11 1.12	0.26	-0.09	0.32	0.25

Table 1 .

 1 Correlation matrix and descriptive statistics. * p < 0.05.

		for the Public
	descriptive statistics	
	descriptive statistics (i.e., mean, median, standard standard deviation,
	included in the main structural equation model and	self-reported
	sample) can be found in Table 1.	
	raw correlation matrix matrix shows that the childhood environmental adversity adversity score is
	correlated with two out of the the eight life-history strategy indicators and	none of the
	cooperation indicators. Furthermore, Furthermore, it shows low but significant correlations among among half of
	consistent with

the life-history strategy indicators, our predictions. Finally, it shows contributions (in percentages) per economic game. game are in green, for the Trust game in blue and indicators, the direction of the effects is in most cases consistent shows that all three economic games are correlated. 126 game. The initial 3.6 Multivariate analyses Parameters (i.e., regression weights, factor loadings), statistics (i.e., z statistics, p-values) and fit indices (i.e., CFI.scaled, RMSEA.scaled, SRMR) of a given structural equation model are expressed in terms of the median. The reason is that medians are more accurate than means in accounting for the model's precision in the present context; the distributions of values are

Table S6 .

 S6 Results controlled for current environmental harshnessCross-validation results controlled for current environmental harshnessIn support of this, the SRMR (SRMR.cv.rand = 0.133) cross-validated on the randomly permuted test datasets was much larger than the SRMR cross-validated on the real test datasets (Wilcoxon sum of rank tests -SRMR.cv.rand vs. SRMR.cv.real: W = 460, p < 2.2e-16, r = 0.864). The fact that the prediction of the training model better generalize to real test data than to randomized test data is an indication that the overall hypothesized latent structure of the model is present in the data.

	3.9.11 Results without somatic maintenance						
	Model part Model part	Latent variables Latent variables	Indicators Indicators	UnStd.c SE UnStd.c SE	z z	p p	ci.lower ci.upper Std.c ci.lower ci.upper Std.c
			=~ BMI =~ Number of children	0.07 0.14	0.06 1.08 0.24 0.58	0.28 0.56	-0.06 -0.33	0.20 0.65	0.14 0.15
		Life-history strategy	=~ Smoking =~ Age at 1st birth	0.13 -0.23 0.09 -2.61 0.06 2.39	0.01 0.01	0.03 -0.41	0.23 -0.06 -0.50 0.52
			=~ Health effort =~ Sexual debut	-0.02 0.25 -0.06 -0.12 0.06 -2.36	0.87 0.02	-0.51 -0.23	0.49 -0.02 -0.35 -0.01
	Measurement model	Life-history strategy	=~ Health status =~ Short-term partners	-0.14 0.10 -1.50 0.14 0.38 0.37	0.12 0.71	-0.33 -0.58	0.04 0.93	-0.21 0.10
			=~ Number of children =~ Dictator game	-0.07 0.08 -0.93 0.82 0.17 4.59 4.38e-06 0.32	-0.23 0.44	0.08 1.18	-0.08 0.44
	Measurement model	Cooperation	=~ Age at 1st birth =~ Trust game	-0.05 0.05 -1.14 1.93 0.29 6.87 6.38e-12 0.24	-0.14 1.36	0.04 2.53	-0.11 0.73
			=~ Sexual debut =~ Public Goods game	-0.09 0.04 -2.45 <0.01 1.38 0.22 6.02 1.75e-09	-0.16 0.90	-0.02 -0.25 1.85 0.48
		=~ Short-term partners (a) Life-history strategy ~ Childhood adversity	0.26 1.46	0.19 1.49 0.67 2.19	0.13 0.03	-0.09 0.15	0.63 2.85	0.18 0.20
	Structural	(b) Cooperation	=~ Dictator game ~ Life-history strategy -0.05 0.11 -0.41 0.83 0.16 4.70 2.57e-06 0.67	0.46 -0.30	1.19 0.18	0.45 -0.05
	model	Cooperation (c) Cooperation	=~ Trust game ~ Childhood adversity	1.87 0.03	0.28 6.83 8.53e-12 0.58 0.04 0.82	1.32 -1.26	2.43 1.29	0.71 0.00
		Indirect effect	=~ Public Goods game := a * b	1.40 -0.10 0.20 -0.46 0.22 6.12 9.44e-10 0.64	0.93 -0.51	1.88 0.31	0.49 -0.01
		(a) Life-history strategy ~ Childhood adversity Number of children ~~ Age at 1st birth	1.37 -0.09 0.07 -1.26 0.67 2.06	0.03 0.21	0.07 -0.24	2.71 0.05	0.19 -0.26
	Structural	(b) Cooperation Number of children	~ Life-history strategy ~~ Sexual debut	0.09 0.03	0.10 0.82 0.04 0.75	0.40 0.45	-0.12 -0.05	0.32 0.10	0.09 0.10
	model Covariances	(c) Cooperation Number of children	~ Childhood adversity -0.25 0.61 -0.36 ~~ Short-term partners -0.14 0.13 -1.11	0.71 0.27	-1.57 -0.39	1.04 0.10	-0.03 -0.11
		Indirect effect Age at 1st birth	:= a * b ~~ Short-term partners	0.17 0.12	0.21 0.79 0.11 1.04	0.43 0.30	-0.24 -0.10	0.60 0.34	0.02 0.21
		BMI Sexual debut	~~ Health status ~~ Short-term partners	-0.04 0.03 -1.36 -0.06 0.06 -0.92	0.17 0.36	-0.09 -0.17	0.02 0.06	-0.12 -0.12
		BMI	~~ Health effort	-0.10 0.06 -1.47	0.14	-0.23	0.03	-0.11
		BMI	~~ Smoking	-0.01 0.01 -0.74	0.46	-0.04	0.02	-0.10
		Smoking	~~ Health status	0.02	0.02 0.89	0.37	-0.02	0.07	0.17
		Smoking	~~ Health effort	-0.07 0.04 -1.60	0.11	-0.16	0.02	-0.19
	Covariances	Health status	~~ Health effort	0.24	0.09 2.82	<0.01	0.07	0.42	0.21
		Number of children	~~ Age at 1st birth	-0.14 0.02 -5.67 1.42e-08 -0.19	-0.09 -0.33
		Number of children	~~ Sexual debut	-0.01 0.02 -0.25	0.77	-0.05	0.04	-0.02
		Number of children	~~ Short-term partners	-0.09 0.08 -0.98	0.33	-0.26	0.08	-0.07
		Age at 1st birth	~~ Sexual debut	0.03	0.01 2.37	0.02	0.01	0.05	0.18
		Age at 1st birth	~~ Short-term partners	0.10	0.04 2.02	0.04	0.00	0.19	0.14
		Sexual debut	~~ Short-term partners	-0.05 0.03 -1.28	0.20	-0.11	0.02	-0.09
	The cross-validated SRMR (SRMR.cv.real = 0.092) differed negatively (V = 23373, p < 2.2e-
	16) and to a large extent (r = -0.718) from the standard acceptability cut-off of <0.10.	

Table S8 .

 S8 Results harshness and unpredictabilityThe capacity of the harshness and unpredictability model to predict random test data was poorer in comparison to the real test data: the SRMR values (SRMR.cv.rand = 0.128) were indeed much larger (SRMR.cv.rand vs. SRMR.cv.real: W = 339, p < 0.001, r = 0.865). The 3.9.13 Results self-reported social trust

	Model part	Latent variables	Indicators	UnStd.c SE	z	p	ci.lower ci.upper Std.c
			=~ BMI		0.11	0.05 2.07	0.04	0.01	0.21	0.22
	Model part	Latent variables	=~ Smoking Indicators		0.13 UnStd.c SE 0.03 3.91 9.24e-05 z p	0.07 ci.lower ci.upper Std.c 0.20 0.53
	Measurement model Measurement model	Life-history strategy Life-history strategy	=~ Health effort =~ BMI =~ Health status =~ Smoking =~ Number of children =~ Health effort =~ Age at 1st birth =~ Health status =~ Number of children =~ Sexual debut =~ Age at 1st birth	-0.13 0.20 -0.66 0.11 0.06 1.92 -0.21 0.07 -2.75 0.13 0.04 3.58 3.42e-04 0.51 0.06 <0.01 -0.06 0.07 -0.96 0.34 -0.16 0.21 -0.80 0.42 -0.08 0.04 -2.06 0.04 -0.19 0.08 -2.37 0.02 -0.05 0.07 -0.67 0.50 -0.10 0.03 -4.08 4.60e-05 -0.15 -0.51 0.00 -0.36 0.06 -0.19 -0.57 -0.15 -0.35 -0.19 -0.09 0.04 -2.23 0.03 -0.17	0.25 0.22 0.20 -0.06 -0.31 0.22 -0.07 0.54 0.07 0.24 -0.09 -0.07 0.00 -0.17 -0.03 -0.29 0.09 -0.05 -0.05 -0.30 -0.01 -0.19
			=~ Short-term partners =~ Sexual debut		0.30 -0.10 0.03 -3.82 1.33e-04 -0.15 0.17 1.79 0.07 -0.03	0.64 -0.05 -0.29 0.21
			=~ Dictator game =~ Short-term partners	0.83 0.30	0.15 5.41 6.39e-08 0.18 1.72 0.09	0.53 -0.04	1.13 0.65	0.45 0.21
		Cooperation (a) Life-history strategy	=~ Trust game ~ Childhood adversity	1.87 2.08	0.24 7.88 3.18e-15 0.64 3.25 <0.01	1.41 0.83	2.34 3.35	0.71 0.28
	Structural	=~ Public Goods game (b) Self-reported social trust ~ Life-history strategy -0.05 0.08 -0.72 1.39 0.20 6.94 3.89e-12 0.47	1.00 -0.21	1.78 0.10	0.49 -0.06
	model	(a1) Life-history strategy ~ Unpredictability (c) Self-reported social trust ~ Childhood adversity -0.11 0.43 -0.24 0.21 0.06 3.26	<0.01 0.75	0.08 -0.96	0.34 0.75	0.26 -0.02
		(a2) Life-history strategy ~ Harshness Indirect effect := a * b		0.05 -0.11 0.19 -0.59 0.05 1.07	0.29 0.55	-0.04 -0.47	0.15 0.25	0.08 -0.02
		(b) Cooperation BMI	~ Life-history strategy ~~ Health status		0.12 -0.05 0.02 -1.85 0.09 1.32	0.19 0.06	-0.06 -0.09	0.30 0.00	0.13 -0.14
	Structural model	(c1) Cooperation BMI	~ Unpredictability ~~ Health effort		-0.03 0.06 -0.44 -0.12 0.06 -1.99	0.64 <0.05	-0.14 -0.24	0.09 0.00	-0.03 -0.13
		(c2) Cooperation BMI	~ Harshness ~~ Smoking		-0.02 0.05 -0.32 -0.01 0.01 -1.01	0.72 0.31	-0.12 -0.03	0.08 0.01	-0.02 -0.11
		Indirect effect Smoking	:= a1 * b ~~ Health status		0.02 0.02	0.02 1.10 0.02 1.10	0.27 0.27	-0.02 -0.01	0.07 0.05	0.03 0.13
		Indirect effect Smoking	:= a2 * b ~~ Health effort		0.01 -0.05 0.04 -1.41 0.01 0.67	0.50 0.16	-0.01 -0.13	0.03 0.02	0.01 -0.13
	Covariances	BMI Health status	~~ Health status ~~ Health effort		-0.04 0.02 -1.78 0.27 0.08 3.39 7.07e-04 0.07	-0.09 0.11	0.00 0.43	-0.13 0.22
		BMI Number of children	~~ Health effort ~~ Age at 1st birth		-0.12 0.06 -2.09 -0.14 0.02 -6.10 1.07e-09 -0.18 0.04 -0.24	-0.01 -0.13 -0.09 -0.33
		BMI Number of children	~~ Smoking ~~ Sexual debut		-0.01 0.01 -1.14 0.00 0.02 -0.01	0.25 0.79	-0.03 -0.03	0.01 0.03	-0.11 0.00
		Smoking Number of children	~~ Health status ~~ Short-term partners	0.02 -0.10 0.07 -1.37 0.02 1.36	0.17 0.17	-0.01 -0.25	0.05 0.04	0.15 -0.08
		Smoking Age at 1st birth	~~ Health effort ~~ Sexual debut		-0.06 0.03 -1.81 0.03 0.01 2.54	0.07 0.01	-0.13 0.01	0.00 0.05	-0.15 0.17
	Covariances	Health status Age at 1st birth Number of children Sexual debut	~~ Health effort ~~ Short-term partners ~~ Age at 1st birth ~~ Short-term partners	0.28 0.10 -0.14 0.02 -6.33 2.49e-10 -0.18 0.08 3.69 2.26e-04 0.13 0.04 2.37 0.02 0.02 -0.05 0.03 -1.71 0.09 -0.10	0.43 0.19 -0.10 -0.33 0.15 0.23 0.01 -0.10
		Number of children	~~ Sexual debut		0.00	0.02 -0.22	0.75	-0.04	0.03	-0.01
		Number of children	~~ Short-term partners		-0.10 0.07 -1.33	0.18	-0.24	0.05	-0.07
		Age at 1st birth	~~ Sexual debut		0.03	0.01 2.75	<0.01	0.01	0.05	0.18
		Age at 1st birth	~~ Short-term partners		0.10	0.04 2.47	0.01	0.02	0.18	0.15
		Sexual debut	~~ Short-term partners		-0.05 0.03 -1.78	0.08	-0.10	0.00	-0.10
	Cross-validation results harshness and unpredictability			
	The cross-validated SRMR values of this model (SRMR.cv.real = 0.090) differed negatively
	(V = 18538, p < 0.001) and to a large extent (r = -0.799) from the standard cut-off of <0.10.

  , and therefore lack external validity. This raises the interesting question of why this is the case and what can be done to improve it, which is the topic of the next chapter.Another open central question is what the best way is to accurately measure people's prosocial preferences (e.g., trust). In this chapter, we will focus on the distinction between economic games and self-reported questionnaires. Specifically, we will focus on the lack of external validity of economic games compared to self-reported questionnaires. Why do economic games seem to lack external validity and what can be done to improve it?

	Chapter 4
	Variability in repeated economic games; comparing Trust
	game decisions to other social trust measures
	4.1 Objectives and summary

Acknowledgements 2.7.2 European Values Study collective action items Volunteering Unpaid work social welfare service for elderly, handicapped or deprived people Unpaid work religious or church Unpaid work education, arts, music or cultural activities Unpaid work labour unions Unpaid work political parties or groups Unpaid work local political action groups Unpaid work human rights Unpaid work environment, conservation, animal rights Unpaid work professional associations Unpaid work youth work Unpaid work sports or recreation Unpaid work women´s group Unpaid work peace movement Unpaid work organization concerned with health Unpaid work other groups Political action Signing a petition Joining in boycotts Attending lawful/peaceful demonstrations Joining unofficial strikes Occupying buildings or factories Table S2. European Values Study collective action items 2.7.9 World Values Survey collective action items Volunteering Unpaid work social welfare service for elderly, handicapped or deprived people Unpaid work religious or church Unpaid work education, arts, music or cultural activities Unpaid work labour unions Unpaid work political parties or groups Unpaid work local political action groups Unpaid work human rights Unpaid work environment, conservation, animal rights Unpaid work professional associations Unpaid work youth work Unpaid work sports or recreation Unpaid work women´s group Unpaid work peace movement Unpaid work organization concerned with health Political action Signing a petition Joining in boycotts Attending lawful/peaceful demonstrations Joining unofficial strikes Table S6. World Values Survey collective action items

analysis of an interdisciplinary research area. Proceedings of the Royal Society B:

(0.69), z = 6.40, p < 0.001, Std c = 0.81), indicating that an adverse childhood environment is associated with parents having more problems replacing things. "Death of the father before age 16", "death of the mother before age 16" and "parents had problems makings ends meet" did not load significantly on childhood environmental adversity.

"Subjective health status" (UnStd c = -0.33 (0.02), z = -18.05, p < 0.001, Std c = -0.37), "age at first birth" (UnStd c = -1.17 (0.07), z = -17.70, p < 0.001, Std c = -0.24) and "number of children" (UnStd c = 0.07 (0.01), z = 5.69, p < 0.001, Std c = 0.07) loaded significantly on the reproduction-maintenance trade-off. The pattern of covariation follows our predictions: poorer reported health, a younger age at first child's birth and higher number of children. Inspection of the estimated covariance shows that "number of children" covaries with "age at first birth" in the expected way (UnStd c = -0.94 (0.04), z = -21.36, p < 0.001, Std c = -0.17), an observation that is in line with existing findings (Mell et al., 2018). Hence, the reproduction-maintenance trade-off is consistent with prior studies (Mell et al., 2018;Brumbach et al., 2009). Thus, the effect of childhood environmental adversity on collective action is reduced from -0.25 to -0.08 but is still significant after including the mediator reproduction-maintenancetrade-off. This indicates a partial mediation.

World Values Survey discovery sample -results

The scaled CFI value (0.967), the scaled RMSEA value (0.045) and the scaled SRMR value (0.017) are consistent with a close-fitting model. Therefore, the approximate fit indices reveal no strong misspecification for this model. The full results can be found in Supplementary The effect of current environmental adversity on adult involvement in collective action is mediated by the reproduction-maintenance trade-off (indirect effect: UnStd c = -0.005 (0.001), bootstrapped ci lower = -0.007, bootstrapped ci upper = -0.003, z = -4.90, p < 0.001).

Structural model

Supplementary Figure F2 shows that the direct effect of current adversity on adult involvement in collective action is not significant (UnStd c = 0.19 (0.18), z = 1.05, p = 0.30, Std c = 0.37). Furthermore, more current adversity is associated with variations in From your birth until you were 7 years old, did you suffer from a long disease that required hospitalization? Yes/ no "Neighbourhood stability" scale From your birth until you were 7 years old, how many times did you move? From your birth until you were 7 years old, how many times did you change schools? "Childhood SES" scale My family usually had enough money for things when I was growing up. 0-100 I grew up in a relatively wealthy neighborhood. 0-100 I felt relatively wealthy compared to the other kids in my school. 0-100 Table S3. Questions life-history strategy. In order for the models to converge the variables "BMI", "Health effort", "Age at first child's birth", "Sexual debut" and "Short-term partners" had to be divided by 10 in order to homogenize the variances between the indicators.

Preliminary analyses

Using simple regression models, these initial analyses found no significant effect of The new analyses differed from the preliminary analyses in several ways. First, we looked at the entire sample. Second, a more comprehensive method was used to calculate childhood environmental adversity. Childhood environmental adversity was measured using the same items and methodology as in Mell et al. (2018). Third, life-history strategy was included as a mediator between childhood environmental adversity and cooperation using the same logic as the one presented in Lettinga et al. (2020). We exploited indicators of lifehistory strategies that come as close as possible to testing the reproduction-maintenance tradeoff (Mell et al., 2018). Fourth, we used structural equation modeling instead of simple regression models in order to test a potential mediation effect and to include latent variables.

3.9. 

Structural model

Supplementary Figure F2 shows that neither childhood unpredictability (UnStd. = 0.08). Overall, the explained variance (R 2 ) of the life-history strategy latent variable is 0.08, which is considered weak to moderate (Cohen, 1988). Finally, life-history strategy is not significantly associated with cooperation (UnStd.c = 0.12, z = 1.32, p = 0.19, Std.c = 0.13).

The explained variance (R 2 ) of the cooperation latent variable is 0.02, which is considered weak (Cohen, 1988).

Consequently, the indirect effect of childhood unpredictability on cooperation via lifehistory strategy is not significant (indirect effect with the Delta method: UnStd.c = 0.02, z = 1.10, p = 0.27, Std.c = 0.03). A null result is also found with the indirect effect of childhood harshness on cooperation via life-history strategy (indirect effect with the Delta method:

UnStd.c = 0.01, z = 0.67, p = 0.50, Std.c = 0.01).

model parameters estimated from the training data therefore predicted the real test data better than the random test data.

Cross-validation results self-reported social trust

A one-sample Wilcoxon sum of rank test showed that the cross-validated SRMR (SRMR.cv.real = 0.091) stayed below the edge of acceptability (V = 14862, p < 0.001, r = -0.708).

The previously assumed and than self-reported questionnaires. A possible explanation for this discrepancy is that economic games decisions in the lab are more likely to be influenced by the current situation (i.e., participants' current state), while questionnaires are specifically designed to measure people's average behavior across a long period of time (i.e., a stable trait). If this explanation is correct, then we should see that repeating economic games over an extended period of time should bring participants closer to the average behavior that questionnaires capture. To test this hypothesis, we will perform a longitudinal study where 275 respondents will play 16 Trust games per day for 10 days total within a 3-week period, and fill out a questionnaire that measures social trust.

*

These authors contributed equally to the work.

Another scenario to measure real-world behavior related to social trust is whether respondents display actual helping behavior by providing feedback on instructions for a future experiment that the researchers are developing (Peysakhovich et al., 2014). Respondents are explicitly told that this is optional, without compensation, and will not affect their earnings from the current experiment. We adopted a similar scenario as Peysakhovich et al. (2014) (answer categories: yes/no), which is provided in section 4.6.3 in the Supplementary Materials.

Respondents who choose to help the researchers are shown a set of instructions and are asked for comments. Again, we expect that the average behavior in the Trust game on the first day is not or poorly correlated with actual helping, but social trust questionnaire responses and the average behavior in the Trust game over all days are significantly and more strongly correlated with actual helping.

Positive control checks

To determine if our sample is representative in terms of the average willingness-to-play in the Trust games on the first day, our data will be compared to Mell et al. (2021) who used a similar methodology and found an average value of 6.02 (SD = 1.49) in their initial study and 6.03 (SD = 1.33) in a replication study. We expect that our mean is close to the means found by Mell et al. (2021), specifically between 4.62 and 7.44, because this is exactly one standard deviation below and above the mean found by Mell et al. (2021).

Data quality check and data cleaning

The assumption of normal distribution will be inspected for the average willingness-to-play in the Trust games (for the first day and all days combined) and the social trust questionnaire responses (for the first day and last day) using P-P plots and the Shapiro-Wilk test. An inter-item reliability analysis (i.e., Cronbach's alpha) will be performed on the three self-reported social trust questions for the first and last day of the experiment separately.

Pre-registered analyses

All analyses will be carried out in R 4.0.5 (https://www.r-project.org/) with R Studio 1.4.1106. The data consist of a within-subject, repeated measures design because the study is longitudinal in nature.

To test the hypothesis that decisions in the Trust game show substantial variability over time, we will measure the test-retest reliability of the willingness-to-play via the intraclass correlation coefficient (ICC), which is a widely used reliability index. To determine the ICC, we will first fit an ordinal logistic regression model using the function clmm2 from the R package Ordinal. The dependent variable is willingness-to-play, stakes and reciprocation probability will be included as fixed effects and respondents' ID will be included as a grouping factor with a random intercept. After that, we will calculate the ICC using the following formula: ICC = τ/(τ+(π 2 )) where τ is the between group variance, in our case the estimated value of the random factor parameter "respondents' ID" [START_REF] Liu | Applied Ordinal Logistic Regression Using Stata: From Single-Level to Multilevel Modeling[END_REF].

Values <0.50 indicate poor reliability, between 0.50 and 0.75 moderate reliability, between 0.75 and 0.90 good reliability and >0.90 excellent reliability. Because we expect that the Trust game decisions show substantial variability over time, values <0.50 would support our hypothesis.

To test the hypothesis that social trust questionnaire responses measured on the first and last day of the experiment show substantial stability over time, a correlation analysis will be used. We will use the standard statistical significance threshold of p <0.05.

To test the main hypothesis that the average behavior in the Trust game on the first day is not or poorly correlated with social trust questionnaire responses while the average

Power analysis and sample size estimation

To determine sample size, a power analysis was performed using Monte Carlo simulations with the R package simr [START_REF] Green | SIMR: An R package for power analysis of generalized linear mixed models by simulation[END_REF]. Monte Carlo simulations are particularly useful to calculate power and sample-size requirements when analytical solutions cannot be derived because of the complexity of the target statistical model. Using the parameters of the distributions of the Trust game decisions and the questionnaire responses of Mell et al.

(2021), we conducted an a priori power analysis of the effect of the interaction Qavg*Day on the AWP variable, mentioned in the description of our main analytic model above, and which tests the difference between the correlation of Qavg with AWP observed at D1 and the correlation of Qavg and AWP observed at Dall. A slope difference of 0.20 (which is considered moderate according to standard guidelines, see Acock, 2014) was chosen as the minimum effect size detectable with 80% power. This moderate effect size was chosen because we are only interested in an effect where it is useful for other researchers to use our methodology (i.e., repeating economic games over time) in further research. If we only find a weak effect, then the added value of using repeated economic games over time might not way up against the additional cost and time to perform such a methodology. The Monte Carlo simulations power analysis indicated that a minimum of 183 respondents are required to detect a slope difference effect of 0.20 with 80% power (see Figure 1). We also would like to ask if you would consider helping us for our future studies.

We run many studies and sometimes instructions for our studies can be unclear to individuals.

Would you like to help us by reading some instructions for one of our future studies and providing feedback? This is completely optional; if you click no you will simply proceed to the next question.

You will not be paid for helping us and this will not affect your bonus or payment in any way.

Would you like to help us with these instructions? o Yes, I can take a look o No, I would like to continue to the next question should investigate whether there is a causal effect between environmental adversity and cooperation. This can be done in several ways, for example: 1) experimentally manipulating acute stress (Haushofer & Fehr, 2014), for example by administering hydrocortisone (a synthetic form of cortisol), to determine if that has an effect on cooperative levels and 2)

analyzing longitudinal data involving exogenous shocks to the individual's environment (e.g., a sudden increase of income or in contrast famine, war, etc.) in order to determine if that has an effect on cooperative levels. An indicative example of the first point is a study by Riis-Vestergaard et al. ( 2018), who found that administering hydrocortisone increased temporal discounting over the short term. However, it is important to note that there are large differences between the effects of acute stress and chronic stress (Kandasamy et al., 2014). A good example of the second point is a study by Akee et al. (2018), where the parents of American Indian children received a positive income shock after the opening of a casino (which decided to share part of its profits with Cherokee households). What they found was that the increase in income led to an increase in agreeableness, which correlates with cooperation and unselfishness (Kagel & McGee, 2014;Koole et al., 2001).

However, the question of why the relationship between environmental adversity and decreased cooperation was not found when cooperation was measured with economic games still remains open. A possible explanation is the low external validity of economic games.

Although economic game decisions in various games made by the same participants do seem to correlate [START_REF] Brokaw | Analyzing behavior across four simple economic games[END_REF]McAullife et al., 2019;Peysakhovich et al., 2014), recent findings indicate that economic games decisions in the lab do not generalize well to the real world (Galizzi & Navarro-Martinez, 2019), and therefore lack external validity. 

5.2