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Human probably reason by extracting information from repeated observations, building beliefs, or hypotheses that they adjust over time. This process based on probabilities estimations is logical. However, not all decision can be said to be rational and economists have investigated several decisional biases in humans. Some of these biases also exist in non-human primates and this finding raises the question of the evolutionary origins of our decisions. Decision making under risk has been particularly investigated as it concerns a broad sample of decisions with a survival value. Our work aimed at quantifying these biases using economical models, under risk and ambiguity. We also showed that, in an "easy" gambling task, individuals could decide based on probabilities. However, they use heuristics (simplified decision rules) when the task becomes more challenging. Under uncertainty, we showed that two species of great apes could use a process resembling conditional probabilities used by humans.

Introduction

Every time an animal solves a problem, scientists can investigate the cognitive mechanisms underlying this resolution. Did the animal use a blind process of learning by trial and error, or, on the contrary, did it use reasoning that enabled it to recognize abstract categories or properties and thus establish relationships between these abstractions? The philosopher [START_REF] Hume | A treatise of human nature[END_REF][START_REF] Hume | An enquiry concerning human understanding[END_REF]; see also [START_REF] Henderson | The Problem of Induction[END_REF] considered that if humans are guided by reason, they do so based on inferences which are themselves based on a principle of similarity (uniformity principle). This is inductive reasoning, by which we predict a new observation based on a series of similar observations previously encountered. For example, we observe that everyday at lunch time, many French people have lunch. This knowledge allow us to predict that a French person going out at about twelve is very certainly going to have lunch. However, there is no evidence that this is actually the case, or indeed that the situation will systematically repeat itself in a similar manner. In other words, individuals may infer a situation based on their knowledge or experience, and can hold beliefs about how some premises can lead to a set of consequences. However, counter examples can occur (without challenging the belief), and there is not necessarily an understanding of the ultimate cause or reason for this situation to occur. Inductive reasoning also raises the issue of circularity between experiences and belief, and belief and observations. How can human beings reason by going "beyond the evidence of memory and senses"? This question from Hume has been at the heart of many debates in philosophy and is still influencing the way we envision reasoning today. The process of deduction [START_REF] Smith | Constructivist and ecological rationality in economics[END_REF] is often opposed to inductive reasoning. In deduction, the premises allow a person to deduce an explanation from an observation based on logical rules. However, how can we be sure that the premises are true? In everyday decision-making, it is more likely that individuals can build beliefs and hypotheses (here the evaluation of the probabilities that an event will occur) based on the frequency at which similar events have been observed. This approach was developed by [START_REF] Bayes | An essay toward solving a problem in the doctrine of chances[END_REF]: "here a sampling distribution can be taken to be a conditional probability p(E/H), which is known as the probability of certain evidence E in a sample, on the assumption that a certain hypothesis H is true" (cited from [START_REF] Henderson | The Problem of Induction[END_REF]. In addition, the Bayesian approach considers that p(E/H) can be used to update the probabilities of the hypothesis (H) to be true (posterior probability). Thus, individuals extract rules that can in turn become premises to further evaluate the likelihood that a given event will occur. The advantage of this approach is that premises and predictions are connected by a logical element based on probability.

The notion of rationality

According to constructivism (for a review see [START_REF] Smith | Constructivist and ecological rationality in economics[END_REF], decision making is a rational process, in which individuals base their decision on a conscious (deductive) process of reason, in order to maximize their income, according to clear personal preferences. However, some argue that not all decisions can be consciously taken as many individuals make decisions without even knowing that they are doing so. Routine behaviors, situations, or heuristics (simple decision rules that reduce the need to compute all aspects of a problem) can guide individual choices, and may not even require any reasoning (Gigerenzer & Tood, 1999). The term ecological rationality has therefore been put forward to describe the role played by the environment (norms, training, habits, society structure, etc.) on individual choices [START_REF] Todd | Environments that make us smart: Ecological rationality[END_REF]. Micro-economists consider the notion of utility, another approach which, like constructivism, requires logical rules and personal preferences, but does not call upon conscious processes of reasoning. Their goal is to develop models that could be used to predict the behavior of individuals (customers, financial experts, etc.). In micro-economics, being rational means seeking to maximize the expected utility of a decision (for a review, [START_REF] Caplin | Basic methods from neoclassical economics[END_REF]. The decision is based on individual preferences (the revealed preferences approach, [START_REF] Samuelson | A note on the pure theory of consumers behaviour[END_REF], even if these preferences seem absurd to any other individual, such as preferring a small amount of chocolate to a large amount of chocolate. For an individual to be rational, his/her preferences must respect several axioms including preferences that are constant (if A>B, then B is never >A) and transitive (if A>B and B>C then A>C), without possible saturation of satisfaction, and respecting continuity (no abrupt change in preferences when even a small change in probability is made) and independence axioms (no change of preference between two lotteries if a "medium" term, i.e. a third lottery, is added to each of the two options).

Under risk (i.e. when the probability of each outcome is known), the Expected Utility Theory considers that if an individual makes choices that respect these axioms, then his/her choices can be modelized using an utility function (Von Neumann & Morgenstern, 1944). The desirability of each possible option is obtained by multiplying the utility of the prizes presented in each option by the chances of obtaining them. We can illustrate this with a choice between apples and pears, and imagine, at a given moment, that an apple is three times more attractive than a pear for this individual. Will an individual who prefers apples to pears prefer a lottery with a 50% chance of winning a pear, or a 28% chance of winning an apple? The utility values for the pear are 0.5 * 1 = 0.5 and for the apple 0.28 * 3 = 0.84. The individual should choose the option where he has only a 28% chance of obtaining the apple, because the expected utility of this choice remains higher than the expected utility of the alternative.

Allais and Ellsberg paradoxes, and questioning the concept of rationality in humans Other research has shown that these models were not always adequate to predict decisions, and that judgment "errors" could occur. Depending on how choices are presented, individuals' decisions can become irrational in the sense that they do not respect the fundamental axioms of expected utility theory. A French economist, the winner of the Nobel Prize in Economics Maurice [START_REF] Allais | Le comportement de l'homme rationnel devant le risque: critique des postulats et axiomes de l'école américaine[END_REF], was able to highlight a certain constancy in the preferences of individuals (and therefore choices); a constancy that is contrary to the axiom of independence. Other paradoxes have been highlighted, such as Ellsberg's paradox (1961), which showed that individuals prefer a risky option (where the probabilities of winning and losing are known) to an option in which the probabilities are uncertain. According to Ellsberg, individuals tend to avoid uncertainty. Other famous economists such as Kahneman and colleagues (1982) have also shown experimentally that many inconsistencies can occur in the choices of individuals. Individuals are sensitive to the way lotteries are presented, and will not make the same choice if the description emphasizes the chances of winning, rather than the chances of losing. This is called the presentation (or framing effect). To illustrate this effect, Kahneman and colleagues presented a problem with two sets of choices that were equivalent in probability but different in terms of the vocabulary used. The problem concerned a treatment program for an unusual Asian disease, and 2 treatment programs were proposed. Individuals had to choose between program A (200 out of 600 people saved) and program B (1 in 3 chance of saving all people and 2 in 3 chance of saving none). The majority of people chose program A. Then they were offered the same two programs again, but with different vocabulary (Program A: 400 people dead out of 600; Program B: 1 in 3 chance of not dying and 2 in 3 chance of all dying). In this case, the majority of people choose program B. Individuals therefore made different choices depending on how the problem was presented.

Deviations from rational choices in humans

The challenge for micro-economists has therefore been to revise expected utility models so that they could take into account the apparent irrationality of some of these choices. For example, Kahneman and Tversky's work on decision making under risk proposed the theory of perspectives (Kahnman & [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF][START_REF] Kahneman | The psychology of preferences[END_REF]. In this model, individuals seek to maximize the satisfaction derived from their choices, but they evaluate the different options in a way that takes into account a reference point that is specific to them. This reference point can be their initial wealth or a wealth they hoped to obtain. If someone wins only $10 in the lottery when he or she had hoped to win $100, the actual win may not feel like a win. The authors also showed that there is a pronounced aversion to loss in humans. There is indeed an asymmetry in the response to gains and losses, whereby sensitivity to losses is more pronounced than sensitivity to gains. The weight of a loss is felt 1.5 to 2 times more strongly than a gain. Finally, probabilities are perceived subjectively. For example, if someone plays in a lottery, he or she is subject to a distortion of probabilities when conscious that there is only one chance of winning the jackpot out of about 14 million, since the chances of winning are greatly overestimated while chances of losing the grid price are underestimated (a probability of about 98%).

The endowment effect is another anomaly detected in the expression of choices in humans. This error involves someone attributing more value to a possession than he or she would be willing to pay for it. This type of anomaly, among many others described, is one of the factors that limits the accuracy of economic models in terms of prediction. Kahneman also suggests that individuals are not necessarily capable of very complicated calculations, but will try to simplify the decision by using heuristics, sometimes called statistical intuitions. According to [START_REF] Kahneman | Thinking, fast and slow[END_REF] each decision combines the input from two systems in a two-way process (dual process theory): a first system that is intuitive, automatic and fast and involves decision heuristics ("System 1") and a system based on the implementation of explicit rationalization efforts ("System 2"). However, this view is highly debated today [START_REF] Evans | Dual-process theories of higher cognition: Advancing the debate[END_REF].

Investigating rationality in animals

In recent decades, biologists, psychologists and neuroscientists have shown a growing interest in studying the evolutionary origins of decision-making by looking at decision processes and judgment errors in other species. Many studies have looked at animal responses in economically framed choices. The endowment effect has been reported in capuchin monkeys [START_REF] Lakshminaryanan | Endowment effect in capuchin monkeys[END_REF]) and has been more widely studied in great apes [START_REF] Brosnan | Endowment Effects in Chimpanzees[END_REF][START_REF] Brosnan | Evolution and the expression of biases: Situational value changes the endowment effect in chimpanzees[END_REF]Fleming et al., 2012;Kahngiesser et al., 2011). Overall, great apes are sensitive to endowment when it comes to food (immediate reward) but not when it comes to objects, which they can exchange for food later. Moreover, this effect may be reversible, particularly in chimpanzees (Pan troglodytes). Loss aversion was investigated in capuchins (Sapajus apella, [START_REF] Chen | How Basic Are Behavioral Biases? Evidence from Capuchin Monkey Trading Behavior[END_REF][START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF], but see also [START_REF] Silberberg | On loss aversion in capuchin monkeys[END_REF] and orangutans (Pongo abelii, [START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF]. The presentation effect was also documented in capuchins [START_REF] Lakshminarayanan | The evolution of decisionmaking under risk: Framing effects in monkey risk preferences[END_REF]. Capuchins, macaques (Macaca fascicularis) and orangutans also seem to be subject to the "hot hand" effect, in which winning leads to more gambling [START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF]. Other studies have attempted to test the responses of species in standard game theory experiments. Game theory investigates how incentives (such as the prospect of a win, for example) influence the decision of agents placed in a strategic environment. An environment is said to be strategic when a player's decision influences the potential winnings or choices of other players. Chimpanzees, for example, were tested in a version of the ultimatum game [START_REF] Jensen | Chimpanzees are rational maximizers in an ultimatum game[END_REF]. When human partners play this game, each individual is informed that there will be only one try. The two partners are randomly paired and one receives a sum of money that he or she can divide at will to offer some of it to the other player. The recipient, after viewing the offer, can either accept it (in which case everyone receives the share offered by the terms of the offer) or reject it, in which case no one receives anything. Economic theory suggests that bidders should offer the minimum and receivers should accept all offers because any offer is better than 0. However, this is not what is observed in humans [START_REF] Sanfey | The Neural Basis of Economic Decision Making in the Ultimatum Game[END_REF]. Most offers constitute 40-50% of the initial sum, and half of the recipients refuse any offers below 20%. Chimpanzees behave differently from humans, and follow the model prediction better [START_REF] Jensen | Chimpanzees are rational maximizers in an ultimatum game[END_REF]. However, given that they always accept the offer, it is not clear whether both actors have understood the consequences of a rejection (i.e. that nobody would get anything) and are therefore playing according to this knowledge.

Another example is the trust game, which shows how individuals give their trust, and how this trust is honored in return. In this game, an investor can give part of the money he owns to another individual/partner. The sum received by the recipient (initial amount) is then tripled. In return, the recipient can return part of the money he received to the investor. In humans, investors invest half of the amount that is available to them, while agents tend to return only the initial amount invested by the investor (before the multiplication), or even less. Recently, chimpanzees were tested in an adapted version of this trust game [START_REF] Engelmann | Chimpanzees trust their friends[END_REF]. The authors showed that more than 60% of the trust demonstrations by the investor were followed by a return by the partner.

Studying how social interaction can affect preferences remains one of the many challenges faced by researchers in biology. When studying decision making in animals, the largest body of research probably concerns decision making under risk [START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF][START_REF] Hurly | Context-dependent, risk-sensitive foraging preferences in wild rufous hummingbirds[END_REF][START_REF] Kacelnik | Risky theories -The effects of variance on foraging decisions[END_REF][START_REF] Cartar | Risk-sensitive behavior: where do we go from here[END_REF]. Deciding under risk means that the decision-maker has an exact knowledge of the probabilities associated with each outcome. This differs from decisions under uncertainty, defined as those taken with no precise knowledge [START_REF] Knight | Risk, uncertainty and profit[END_REF][START_REF] Luce | Games and decisions[END_REF]. The term "under risk," thus, is not related to a dangerous situation, but indicates that potential outcomes are related to given probabilities rather than certain outcomes.

Decision making under risk and ambiguity

Are some species attracted or averse to risk, and is this attitude optimal in terms of survival? Since animals cannot be given written or oral instructions, protocols traditionally used in economics in humans must be adapted, for example through the use of experiential tests. The principle is as follows: subjects are invited to play a "game" and experiment with the different aspects of the problem. They are therefore expected to learn the probabilities associated with the options presented to them as the experiment unfolds. A commonly used paradigm is a test of choice between two variances. It consists of offering the subject a series of choices between two options: the safe option, where the reward is obtained in a constant quantity (for example always 4 grapes) and a risky option, where the reward is obtained in a variable quantity (for example either 1 or 7 grapes) but is equiprobable from one test to the other. On average, therefore, each option offers the same sized reward. Individuals who prefer the certain option are said to be risk averse, those who prefer the risky option are said to be risk seeking, and those who do not express a preference are said to be risk neutral. Many animal species (starlings: Bateson & Kacelnik, 1997;[START_REF] Brito E Abreu | Energy budgets and risk-sensitive foraging in starlings[END_REF]hummingbirds: Hurly & Oseen, 1999;primates: De Petrillo et al., 2015;[START_REF] Hayden | Cognitive influences on risk-seeking by rhesus macaques[END_REF][START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF] have been tested in this way. Results show that several factors influence the attitude towards risk in the species tested, such as the energy budget. In some cases, but not all the time, choices conformed to the predictions from the optimal foraging theory that animals with a severely negative energetic budget should choose the variable option to obtain the highest possible survival outcome. Risk preferences also differ according to how variability is presented in lotteries: if variability is introduced through a manipulation of food quantity, risk aversion is often detected. Risk proneness is more frequently observed if variability is introduced through a delay of access to the resource [START_REF] Caraco | On Foraging Time Allocation in a Stochastic Environment[END_REF][START_REF] Caraco | Foraging preferences: Response to reward skew[END_REF][START_REF] Kacelnik | Risky theories -The effects of variance on foraging decisions[END_REF] for a review). The type of choice, i.e. binary of tertiary options, also leads to a shift in preferences [START_REF] Hurly | Context-dependent, risk-sensitive foraging preferences in wild rufous hummingbirds[END_REF]. Finally, previous experience influences choices and individuals can also take into account their memory of previous rewards along with the actual expected outcome to make their decisions [START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF].

Potential flaws of experiential tests

The problem with the experiential tasks is that information needs to be memorized or inferred from previous trials. This may therefore impose different cognitive loads according to the individuals and species tested. Mostly, it would be necessary to evaluate how good animals are at evaluating the odds of outcome (supposedly acquired through repeated exposure to the task). However, this type of post-study control has not been conducted (Bateson and Kacelnik, 1997; Brito-e-Abreu and [START_REF] Brito E Abreu | Energy budgets and risk-sensitive foraging in starlings[END_REF]De Petrillo et al., 2014;[START_REF] Hayden | Cognitive influences on risk-seeking by rhesus macaques[END_REF][START_REF] Heilbronner | Contextual factors explain risk-seeking preferences in rhesus monkeys[END_REF]. Additionally, this type of task can reveal whether individuals are attracted by risk (or reject it) but fails to quantify this attitude. In a series of studies, we compared several species of primate to analyse decision making under risk and ambiguity. Compared to other studies, we aimed to analyse individual and species gambling responses using classical models of micro-economics in order to provide estimates for several parameters such as risk aversion, loss aversion and probability distortion parameters. We also sought to facilitate the extraction of odds of outcomes by allowing subjects to visually assess their chances of gains and losses. Non-human primates have skills that are necessary in gambling activities: they can estimate quantities [START_REF] Beran | Numerical cognition and quantitative abilities in nonhuman primates[END_REF][START_REF] Addessi | Preference transitivity and symbolic representation in capuchin monkeys (Cebus apella)[END_REF]Siberberg and Fujita, 1996;[START_REF] Call | Estimating and operating on discrete quantities in orangutans (Pongo pygmaeus)[END_REF], add and subtract (Cantlon and Brannon, 2007) and, more importantly, they exhibit self-control abilities [START_REF] Dufour | Chimpanzee (Pan troglodytes) anticipation of food return: coping with waiting time in an exchange task[END_REF]. The study of decision making under risk requires individuals to be able to understand something about probabilities. Probabilities are conceptually complex [START_REF] Bernoulli | Exposition of a New Theory on the Measurement of Risk[END_REF][START_REF] Heilbronner | Contextual factors explain risk-seeking preferences in rhesus monkeys[END_REF]), yet they can be intuitively understood. Adult apes [START_REF] Haun | Great Apes' risk-taking strategies in a decision making task[END_REF][START_REF] Rakoczy | Apes are intuitive statisticians[END_REF]) also appear to have some grasp of probabilities in various settings. Earlier risk studies have revealed that several species of great apes, macaques and capuchins take the predictability of outcomes into account to maximize their benefits [START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF][START_REF] Hayden | Ambiguity aversion in rhesus macaques[END_REF]Monosov & Hiskosaka, 2013;[START_REF] O'neill | Coding of reward risk by orbitofrontal neurons is mostly distinct from coding of reward value[END_REF][START_REF] Haun | Great Apes' risk-taking strategies in a decision making task[END_REF][START_REF] De Petrillo | Rhesus macaques use probabilities to predict future events[END_REF]. Other studies have shown intuitive probabilistic inferences in capuchins [START_REF] Tecwyn | Intuitive probabilistic inference in capuchin monkeys[END_REF] and great apes [START_REF] Eckert | Are great apes able to reason from multi-item samples to populations of food items?[END_REF]Racoczy et al., 2014). Thus, non-human primates are equipped with the cognitive skills needed to process odds of outcome.

Decision under risk in an exchange task

In a first study [START_REF] Pelé | To bet or not to bet? Decision-making under risk in non-human primates[END_REF], we presented children, great apes (orang-utans) and monkeys (longtailed macaques and capuchins) with a risky food exchange task. We first trained individuals of each species to exchange one small piece of cookie for a piece of cookie of a larger size with an experimenter. Then, during testing, we gave the subject an initial mediumsized piece of cookie and showed them a lottery, that is, a tray of six aligned cups, each containing either a small, middle-sized or large reward (Figure 1). Individuals were then invited to exchange their initial piece of cookie for the content of one of the six cups (randomly assigned). Thus, keeping (and eating) the initial piece of cookie was the safe option, and gambling in the lottery was the risky option. The contents of the cups were modified from one lottery to another to provide 18 different lotteries for which the odds of winning or losing were visually assessable (e.g., five cups holding a smaller reward and one cup holding a larger one, making it a 1/6 chance to win). Thus, by visually inspecting the contents of the cups, individuals could evaluate with one glance their odds of winning a larger cookie, or of losing (by obtaining a smaller cookie than the one they initially had).

In this first study, we comparatively tested orangutans (Pongo abelii), long-tailed macaques (Macaca fascicularis), and capuchin monkeys (Sapajus apella). The lotteries were presented in such a way that the chances of winning progressively decreased throughout the study. We showed that the three species tested decreased their gambling rates when the expected value of lotteries decreased, as described in the expected utility theory (Von Neumann & Morgenstern, 1944). The analysis of choices using stochastic dominance showed that macaques were risk prone whereas capuchins and orangutans were risk averse. We detected responses comparable to the hot-hand effect. By implementing models based on the cumulative prospect theory, we found that capuchins and orangutans exhibited probability distortion and loss aversion, which were not systematically found in macaques.

Importantly, the gradual decrease in the chances of winning probably facilitated the extraction of information about odds. In addition, subjects were tested several times in a row for a given lottery before moving on to tests in further new lotteries. This probably helped to quickly decide on a course of action for each new set of "same lottery" trials (18 trials in a row for a given lottery before moving on to the next lottery with a lower expected value). We suggested that this design probably limited the cognitive focus needed to compute the odds of winning or losing and facilitated the memorizing of the decisions and outcomes for a given lottery.

Effect of increasing cognitive load on decisions under risk

In a second study, we investigated whether individuals would still make efficient decisions if this facilitating factor was removed. Individuals from 4 ape species (chimpanzees, bonobos -Pan Paniscus, gorillas -Gorilla gorilla, and orang-utans) and 2 monkey species (Tonkean macaques -Macaca tonkeana, and capuchin monkeys) were tested. We proceeded in a very similar manner except that the order of presentation of the lotteries was randomised from one trial to the next. This was done to limit the possibility that an individual would learn about the odds through consecutive repetition of the same lottery trials during the study. To know about the odds associated to each outcome, subjects needed to pay attention to the content of the cups at every single trial. As in the previous experiment, we analysed responses within the framework of the Expected Utility Theory and Cumulative Prospect Theory (Broihanne & Dufour, 2018). We detected risk aversion in bonobos and chimpanzees with coefficients that were close to those measured in human adults. We did not detect loss aversion but this may be due to excess heterogeneity in the data. As in humans, attitudes are not necessarily constant, and they may change according to context and framing (Lévy-Garboua et al., 2012). Betweenspecies homogeneity in the coefficients expression may help shed more light on evolutionary pressure (if, for example, bonobos are always the most risk-averse of all species, and macaques and orangutans are always the least risk-averse). This is one of the strengths of our experimental design. The observation that bonobos and chimpanzees are closer to humans than any other species could indeed reflect a common evolutionary process that affects how species evaluate the opportunity to gamble one thing for another. This perspective requires further investigations.

In this second study, a first glance at the data showed that gambling rates increased as expected values increased, indicating that subjects appeared to pay attention to the probability distributions that were proposed before they gambled. Indeed, they did so with remarkable precision. However, all species gambled far more than they should have in one of the lotteries tested, which partially contradicts the notion that their decision was solely based on probabilistic evaluation. We sought to understand this response by conducting a complementary analysis to investigate the possibility that individuals relied on heuristics to make their decisions. Heuristics are simplified decision rules that help individuals to deal with situations that require a high cognitive investment [START_REF] Rieskamp | When do people use simple heuristics and how can we tell?[END_REF][START_REF] Brandstätter | The Priority Heuristic : Making Choices Without Trade-Offs[END_REF]. Here, randomizing the lottery presentation order leads a large number of individuals in all tested species to predominantly use a maximax heuristic (Broihanne et al., 2019). In this heuristic, individuals tend to gamble as soon as there is at least one chance to win more than they already possess (i.e. as soon as they see at least one large cookie in the cups) whatever the risk (i.e. disregarding potential losses). These results suggest optimistic behavior. The maximax heuristic is sometimes observed in human managerial and financial decision-making, where risk is ignored for potential gains, however low they may be. This suggests a shared and strong propensity in primates to rely on heuristics whenever complexity arises in the evaluation of outcome odds.

Effect of uncertainty on decisions rules in an exchange task

Our most recent study [START_REF] Romain | Non-human primates use combined rules when deciding under ambiguity[END_REF] used the same task, but also exposed individuals to ambiguous options. We expected individuals to make use of simple decision rules rather than attempting to evaluate the odds of winning or losing, thus expressing ambiguity aversion (with only partial information about the odds). We also investigated the role played by different levels of information about odds in monkeys and great apes. In this modified version of the exchange task described above, subjects could gamble a food item in their possession in exchange for the contents of one of the six cups displayed in front of them. Each cup contained either a larger or smaller amount of food than the amount possessed by the subject. The decision was made under risk when the subjects could visually assess the odds of winning and losing (for example, they had 3 chances out of 6 to receive more food if 3 cups contained a larger cracker and 3 cups contained a smaller cracker than the one they already possessed). Ambiguity was implemented by covering some of the cups (Figure 2). We manipulated the contents of the cups to offer lotteries with varying gain predictability. By changing the presence and location of the covers, we could vary the amount of information available so that subjects made their decision under four conditions: i. risky lotteries, where subjects could see all the potential outcomes; ii. predictably advantageous lotteries, where subjects could not see but could infer (according to how the lotteries were set up) that the covered cups contained large rewards; iii. predictably disadvantageous lotteries, where subjects could not see but could infer that the covered cups contained small rewards, and iv. ambiguous lotteries, where subjects could not guess the exact probabilities associated to potential outcomes. Given our results in the previous studies and the findings described in the literature, we expected subjects to either reject ambiguous lotteries altogether (by only gambling in lotteries without covers, i.e. risky lotteries), or to ignore ambiguity and gamble based on visible information through simple heuristics (such as counting the number of large visible rewards, and/or by using maximax heuristics). However, this study showed that in orangutan and chimpanzee individuals considered the level of information about odds, responding differently to contexts in which they could predict their odds of gains and those in which they cannot (Figure 3). Unlike the two previous hypotheses, this third alternative is more complex because it requires subjects to build correct expectations about the content of the covered cups in predictable lotteries. An innovative statistical tool based on decision trees with repeated measures allowed us to highlight the decisional steps involved in each species. In chimpanzees and orangutans, the decision was based on the combination of rules, which resembles the process of conditional probabilities assessment described in humans. In economics, making inferences involves a computation of conditional probabilities using Bayes' rule, a cognitively demanding task. To our knowledge, this is the first time that the use of conditional probabilities has been demonstrated in an ambiguous decision-making context in other animals.

Conclusion

Interestingly, most tested species also show errors of judgment that are sometimes detected in human decisions. However, more comparative studies are required to better understand the origins of these similarities between species. At the beginning of this review, we mentioned that humans could extract logical rules from the situations they are familiar with. These rules can become premises to help individuals predict the likelihood that another event will occur. Our study showed that two species of great apes chose/decided in a way that suggests they used a similar type of reasoning when faced with ambiguous options. Like humans, other animal species can establish logical (probabilistic) relationships between two events. However, while individuals may have the correct intuition about assessing odds of outcomes in risky or ambiguous situations, we still do not know if they can identify a causal value in a chain of events and make hypotheses about the world. Some studies suggest that animals can recognize a causal agent (a real entity), but research to date still fails to convincingly demonstrate that animals can use abstract notions or invisible forces to explain what they observe. Individuals can see that there is a 33% chance of success, and a 33% chance of loss. Large size: 4 x 4 x 0.5 cm. Medium size: 2 x 2 x 0.5 cm. Small size: 1 x 1 x 0.5 cm.

Figure 2. Example of two lotteries presented to the subjects. a) A tray of six plastic cups containing pieces of crackers that are either larger or smaller than the food item they have already been given. In this risky lottery, 3 cups contain a large cracker (cups 1-3, left) and 3 cups contain a small cracker (cups 4-6, right). There are no covers and individuals can see that there is a 50% chance of success. b) In this ambiguous lottery, there are 2 covers in the middle that can each hide small or large crackers. Individuals cannot precisely estimate their chances to win. Large crackers: 4 x 4 x 0.5 cm. Small crackers: 1 x 1 x 0.5 cm.

Figure 3: Decision tree for the orangutans showing the order of importance of each variable in the final decision. The number of large rewards visible (# LRv) is the first variable that plays a role. Orangutans gamble more than 50% of the time for lotteries with at least 1 large visible reward (1LRv, from node 11, except for node 14). The level of information also plays a role at 0 LRv, i.e. when no large cookies are visible (especially at the beginning of the study), and 1 LRv lotteries (especially at the end). This decision tree shows that orangutans gamble more at lotteries that are more likely to provide large rewards under the covers (nodes 5 and 13). The point in the study duration can also play a role for 2LRv. Extracted from [START_REF] Romain | Non-human primates use combined rules when deciding under ambiguity[END_REF] 
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 1 Figure 1. A tray of six plastic cups containing different sized pieces of crackers. Two cups contain one piece of large cracker (left positions), two cups contain one piece of medium cracker (middle positions), and two cups contain one piece of small cracker (right positions).Individuals can see that there is a 33% chance of success, and a 33% chance of loss. Large size: 4 x 4 x 0.5 cm. Medium size: 2 x 2 x 0.5 cm. Small size: 1 x 1 x 0.5 cm.