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INTRODUCTION

Decision making under risk, i.e., choices involving benefits and/or losses when probabilities of outcomes are known [START_REF] Knight | Risk, Uncertainty, and Profit[END_REF][START_REF] Luce | Games and decisions: Introduction and critical survey[END_REF], is fundamental in humans and other animals. The common perspective on decision making under risk in animals is that, like humans, they generally prefer certain outcomes [START_REF] Holt | Risk aversion and incentive effects[END_REF][START_REF] Kacelnik | Risky theories -The effects of variance on foraging decisions[END_REF]. However, animals face situations such as predator avoidance and foraging under duress, in which wrong decisions can have deleterious consequences. The same applies in humans for trading and investing activities but also in many everyday decisions.

The study of decision making under risk requires individuals to be able to understandor at least grasp somethingabout probabilities. Consequently, the vast majority of research in decision making has been conducted with adults rather than children [START_REF] Levin | Risk preferences in young children: Early evidence of individual differences in reaction to potential gains and losses[END_REF]. Probabilities are indeed conceptually complex to explain, yet they can be intuitively understood, also by children [START_REF] Schlottmann | Children's Probability Intuitions: Understanding the Expected Value of Complex Gambles[END_REF]. Nevertheless, the ability to assess odds of everyday events (probability of winning versus losing for example) develops progressively during childhood. Thus, the cognitive components underlying decision-making under risk in children may differ from those involved in adults. Another main component is the affective reactivity demonstrated by individuals. This aspect has been particularly studied in adolescents where risk seeking attitudes in real life often sustain dangerous conducts or behaviors. Consequently, models of decision making in psychology have focused on the dual interaction between executive functions (cognitive control over decisions) and the affective system during the development of pre-and late adolescents (see [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF] for a recent and extensive review of the main concepts and findings). The main observation is that many factors among which the type of task (see introductory part 2 for a brief literature review) influence the expression of attitudes towards risk in children, adolescent and adults. In this chapter, we wish to investigate decision under risk with an economic oriented approach and within a larger evolutionary perspective. To do so, we analyse and compare non-human primates and children' decision making under risk, and we call upon classical models of microeconomy to quantify how several parameters such as risk aversion, loss aversion and probability distortion are expressed in these decisions.

Since the last decades, biologists have shown deep interest for the biological foundation of human decision making under risk and they have focused on the adaptive value of attitudes towards risk [START_REF] Chen | How basic are behavioral biases? Evidence from capuchin monkey trading behavior[END_REF][START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF][START_REF] Kacelnik | Risky theories -The effects of variance on foraging decisions[END_REF]Pelé et al., 2014;[START_REF] Smallwood | Risk sensitivity in behavioral ecology: where are we now? Introduction to the Symposium[END_REF]. However, in these studies, different methods or tasks are generally used and no direct comparative study in humans and animals has been conducted to identify the common roots in the decision making cognitive mechanisms involved. In this chapter, we fill the hole by comparing with the same task, decision making in children from 4 to 9 years old and in six non-human primate species.

To do so, we designed a task called a food gambling game in which subjects receive an initial food reward (the safe option) that they can either keep or gamble like in a casino game/lottery [START_REF] Steelandt | Decision-Making under Risk of Loss in Children[END_REF]Pelé et al., 2014;[START_REF] Broihanne | Monkeys and great apes play for the highest bid[END_REF]). The lottery consists in a tray of 6 cups containing each a reward of same, smaller or larger size than the safe option. If subjects choose to gamble their initial food reward (by giving it back to a human experimenter), they receive the content of one cup among the 6 possible. We manipulate the content of the cups to offer several lotteries with different winning and losing characteristics. For example, one lottery is composed of 5 cups holding a smaller reward and 1 cup holding a larger one, making it a 1/6 chance to win. The task is thus designed to make the probability of winning a larger reward or losing the safe one readily visible at a glance.

This point is one of the factor that can influence attitudes towards risk in humans. In this respect our design is closer from a description-based task (individuals know about the odds before making their decision) compared to an experiential task (individuals learn about the odds through their experience with each option and the repetition of trials). Indeed, each lottery is presented in a random order from one trial to another limiting the possibility that individual learn about the odds through the repetition of trials during the study. To know about the odds associated to each outcome, subjects need to pay attention to the content of the cups. Whether or how animals assess the probabilities associated with each option before they make a choice is not always clear in other studies that are often based on experiential task [START_REF] Bateson | Starlings' preferences for predictable and unpredictable delays to food[END_REF][START_REF] Brito-E-Abreu | Energy budgets and risksensitive foraging in starlings[END_REF][START_REF] De Petrillo | Do tufted capuchin monkeys play the odds? Flexible risk preferences in Sapajus spp[END_REF][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]. However, insuring that non-human subjects use full information on the odds has been done in some recent neuro-economic studies. For example, in macaques, neural activation under risk has been recently studied (Monosov and Hikosaka, 2013a;[START_REF] O'neill | Coding of reward risk by orbitofrontal neurons is mostly distinct from coding of reward value[END_REF][START_REF] So | Supplementary eye field encodes reward prediction error[END_REF][START_REF] Yamada | Thirstdependent risk preferences in monkeys identify a primitive form of wealth[END_REF] and results confirm that subjects can take probabilities into account in their decisions.

Making the odds perceptible in a glance should alleviate the cognitive load required by memorizing previous lotteries and outcomes (which is expected from subjects tested in experiential tasks). However, we still expect subjects to differ in how they comprehend probabilities according to their age group or species. For example, we expect younger children and monkeys to show higher reliance on heuristics (simple decision rules) compared to older children and great apes, as would be expected given that their executive function are less mature (in younger children, [START_REF] Reyna | Fuzzy-Trace Theory and Framing Effects in Children's Risky Decision Making[END_REF][START_REF] Schlottmann | How children reason about gains and losses: Framing effects in judgement and choice[END_REF] and their computing skills less efficient (in monkeys, Tomasello and Call, 1998). Doing so, we can carefully draw conclusions about human's evolutionary past by comparing the behavior of our closest relatives together with the one of young children. Looking at six species of non-human primates and 5 age categories of children provides a more complete and richer picture on the similarities and dissimilarities brought by all species or age categories.

Our paper also contributes to the literature on animals' and humans' decision-making under risk in the following ways. First, our design offers losses, i.e., individuals can receive less than what they gambled thus experiencing a loss. This particularity of our task makes it possible to investigate individuals' decision in the light of the Expected utility theory [START_REF] Von Neumann | Theory of Games and Economic Behavior[END_REF] and Cumulated prospect theory (Tversky and[START_REF] Tversky | Judgment under uncertainty: heuristics and biases[END_REF][START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF]. Compared to experiments where only gains were offered to subjects [START_REF] De Petrillo | Do tufted capuchin monkeys play the odds? Flexible risk preferences in Sapajus spp[END_REF][START_REF] Haun | Great Apes' risk-taking strategies in a decision making task[END_REF][START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF]Monosov and Hikosaka, 2013b), we can use this theoretical framework to (try to) disentangle the respective effects of risk aversion and loss aversion on the decisions. In humans, it has been documented that individual's distaste for losses is different from dislike of volatility and that risk-aversion is often characterized by loss aversion [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF][START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF]. Disentangling between loss aversion and risk-aversion from an evolutionary perspective could shed new lights on the origins of human biases in the behavioral economics literature.

Finally, it is well known that human decision can be influenced by judgment errors, such as optimism, or even over-confidence (Amos [START_REF] Tversky | Judgment under uncertainty: heuristics and biases[END_REF]. Recent work suggests that these errors have an evolutionary origin as they can be detected in non-human primates [START_REF] Paglieri | Nonhuman gamblers : lessons from rodents, primates, and robots[END_REF], Pelé et al., 2014). One hypothesis is that they do (or did once) have a survival value, allowing individuals to make fast decision. Therefore, these errors may also be detected early on in humans, i.e., in children (Steelandt et al., 2012).

The rest of the chapter is organized as follows. Section 2 presents a literature review on non-human primate and children decision-making studies. Our methods are provided in Section 3. Section 4 presents our results and section 5 discusses them. Section 6 concludes the chapter.

LITERATURE REVIEW

In this section, we first show that non-human primates and children can deal with probabilities. Then, we present the main literature on decision-making under risk for these two classes of subjects.

Decision-making under risk has been studied for decades by biologists and psychologists. Non-human primates have skills that are necessary in gambling activities: they can estimate quantities (Beran, 2010;[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 selfcontrol abilities [START_REF] Dufour | Chimpanzee (Pan troglodytes) anticipation of food return: coping with waiting time in an exchange task[END_REF] and understand intentions of others [START_REF] Tomasello | Primate cognition[END_REF]. Although the concept of probability is a complex one [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], 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] and human children aged 5-6 years [START_REF] Schlottmann | Children's Probability Intuitions: Understanding the Expected Value of Complex Gambles[END_REF] appear to have some grasp of probabilities in various settings (for a review see Schlottmann and Wilkening, 2013). From five or six, children can understand that one event is more likely to occur (i.e., is more probable) than another [START_REF] Huber | Development of the concept of comparative subjective probability[END_REF] and their skills may even have been underestimated [START_REF] Acredolo | Children's ability to make probability estimates: skills revealed through application of Anderson's measurement methodology[END_REF]). Children as young as 4 years of age can make inferences in basic probabilistic reasoning problems and can engage in probability calculations in simple tasks [START_REF] Harbaugh | Risk Attitudes of Children and Adults: Choices Over Small and Large Probability Gains and Losses[END_REF]. However, Weller and colleagues (2011) found that, even when the components for calculating expected value (the value of a reward multiplied by the probability of obtaining it) are made explicit, children from 5 were less able than adults to appropriately use it as a cue to guide their choice behaviour.

Evaluating risk preferences in animals is usually done by measuring responses to variable outcomes [START_REF] De Petrillo | Do tufted capuchin monkeys play the odds? Flexible risk preferences in Sapajus spp[END_REF][START_REF] Kacelnik | Risk-sensitivity: crossroads for theories of decision-making[END_REF][START_REF] Maclean | How does cognition evolve? Phylogenetic comparative psychology[END_REF]. Subjects must choose between two options that yield the same expected outcome over repeated trials but differ in the delivery mode. In the constant option, the amount of food is held constant from one trial to the next (e.g., 4 grapes in every trial) whereas in the variable option the amount of food varies between trials (e.g., either 1 or 7 grapes in each trial). Subjects that choose the constant option are considered risk-averse because they refuse variations in delivery, while those that choose the variable option are considered risk-seeking. Several studies report that starlings (Sturnus vulgaris) [START_REF] Bateson | Recent advances in our understanding of risk-sensitive foraging preferences[END_REF], rhesus macaques (Macaca mulatta) [START_REF] Hayden | Cognitive influences on risk-seeking by rhesus macaques[END_REF], brown capuchins (Sapajus apella) [START_REF] De Petrillo | Do tufted capuchin monkeys play the odds? Flexible risk preferences in Sapajus spp[END_REF] and chimpanzees (Pan troglodytes) exhibit preferences for the variable option, whereas bonobos (Pan paniscus) prefer the constant option [START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF]. The difference between bonobos and chimpanzees has been attributed to the different feeding ecologies of these two species. However, risk preferences can be influenced by several parameters [START_REF] Bateson | Starlings' preferences for predictable and unpredictable delays to food[END_REF][START_REF] Bateson | Recent advances in our understanding of risk-sensitive foraging preferences[END_REF][START_REF] Kacelnik | Risk-sensitivity: crossroads for theories of decision-making[END_REF]. Among those, the energetic budget is expected to influence choices as an animal in severely negative energetic budget should choose the variable option to obtain the highest possible outcome and thus survive. 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. If variability is introduced through a delay of access to the resource, riskproneness is more frequently observed [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 take into account memory of previous rewards along with the actual expected outcome to make their decisions [START_REF] Lee | Learning and decision making in monkeys during a rock-paper-scissors game[END_REF]Pelé et al., 2014). In most animal studies, attitudes towards risk are tested in experiential task where individuals learn about the odds through a repetition of trials.

In humans, there are two main ways to assess attitudes towards risk: controlled experiments or surveys. In children, experiments where incentives are sweets or toys are the most usual because learning to read and write is not reached at all age categories. Such experiments make use of a random tool like a spinner wheel [START_REF] Harbaugh | Risk Attitudes of Children and Adults: Choices Over Small and Large Probability Gains and Losses[END_REF], cards (for example in the Iowa gambling task, [START_REF] Kerr | Development of "hot" executive function: The children's gambling task[END_REF] or different boxes (for example in the gambling cake task, see [START_REF] Van Leijenhorst | A developmental study of risky decisions on the cake gambling task: age and gender analyses of probability estimation and reward evaluation[END_REF], and see a review of the many types of task available to assess risky decision in children, adolescent and adults in [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF]. In the spinner wheel task, children spin a wheel divided into several colorful segments, each corresponding to a different prize, the probability to get it is visually accessible by looking at the surface of each colored segments. In the Iowa gambling task, children chose from which card deck (safe ones or risky ones), they want to pick up a card, each risky card picturing gains (for example, 2 smileys indicating the gain of two smarties) and losses (from 0 to 6 sad faces, corresponding to the number of smileys to be removed from the initial gains). In the cake gambling task, children have to bet on the location of a hidden rewarded token among 6 possible boxes. The magnitude of the reward depends on the colour of the box the token is hidden in.

Like in animals, humans' attitudes/preferences toward risk has been shown to vary according to numerous factors among which the age of children. For example, five and six years old children are risk seeking [START_REF] Levin | Risk preferences in young children: Early evidence of individual differences in reaction to potential gains and losses[END_REF] in a task derived from the wheel spinner task. Children from 7 to 12 years old are predominantly risk seeking at the beginning of the game in the Iowa gambling task, but switched to risk avoidance halfway through the game [START_REF] Morrongiello | Children's risk taking in a gambling task and injury-risk situation: Evidence for domain specificity in risk decisions[END_REF]. But, within each age category, attitudes towards risk can also depend on the task and on the context in which the decision in made. Before 6 years old, children may not be sensitive to the task and context (loss or gains) and are generally risk-seeking [START_REF] Levin | Risk preferences in young children: Early evidence of individual differences in reaction to potential gains and losses[END_REF][START_REF] Reyna | Fuzzy-Trace Theory and Framing Effects in Children's Risky Decision Making[END_REF][START_REF] Schlottmann | How children reason about gains and losses: Framing effects in judgement and choice[END_REF]. But from 6 to 11 years old, children 'choices are context dependent: the youngest children (6-8 years old) exhibit greater risk seeking for gains than for losses, whereas only older children (8-11 years old) are risk-seeking for losses and risk averse for gains [START_REF] Reyna | Fuzzy-Trace Theory and Framing Effects in Children's Risky Decision Making[END_REF][START_REF] Schlottmann | How children reason about gains and losses: Framing effects in judgement and choice[END_REF]. Harbaugh and colleagues reported complementary results. Participants aged from 5 to 6 years old were mostly risk seeking (respectively risk averse) when faced with high-probability of gains (respectively losses) and risk averse (respectively risk seeking) when faced with small-probability of gains (respectively losses). Most of these factors are reviewed in [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF] meta-analysis that compares the adolescent versus children or adults' decisions under risk in more than 34 studies (21 of them involving children aged from 5 to 11 years old, with 13 different kind of tasks). The main conclusion of this review is that children appear to be mainly like adolescents or even more risk seeker than adolescents compared to adults. However, none of these studies evaluated the decision in a microeconomic framework which allows to quantify risk aversion or loss aversion. In addition, none of this study provided a direct comparison with non-human primate studies. This is what we aim at doing in the current work.

METHODS

In this section we present subjects and experimental procedures and we introduce our empirical strategy.

Subjects

A total of 162 subjects take part in the experiments: 120 children and 42 animals. Looking at children, participants are equally divided between five age-groups (4-to 9-year-olds) of 24 children each (12 girls and 12 boys). Note that only two studies reviewed in [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF] counted at least a hundred of children). Participants were European from middle-class backgrounds, with English as their first language. The experiment took place at the Living Links to Human Evolution' Research Centre in Edinburgh zoo 1 and children were recruited upon their visit. Children were first familiarized to the food gambling task in an initial training phase. Tests were conducted in a small area (2.5 x 2 m) limited by four occluders allowing an entire visual seclusion from public. Children were individually tested while seated on a chair or on their parent's lap 2 in front of a square table (1 x 1 m).

Turning to animals, 6 brown capuchin monkeys, 5 Tonkean macaques (Parco dell'Albatino, Poggio San Lorenzo, Italy), 6 orangutans, 7 gorillas, 12 chimpanzees, and 6 bonobos (Wolgang Koehler Research Centre and Max Planck Institute, Leipzig, Germany; Centre International de Recherches Biomédicales de Franceville, Gabon; Edinburgh Zoo, UK) were involved in the experiments. All subjects were socially housed in enclosures with access to indoor and outdoor areas. Water was available ad libitum, and subjects were not deprived of food. Procedures were noninvasive, and subjects could stop participating at any time. All individuals were trained to exchange food items of different sizes with a human experimenter prior to this study.

Apparatus and Experimental Procedure

In each trial, the experimenter first presented in one hand the initial reward, and in the other the lottery, i.e., a tray holding six aligned plastic cups (Figure 1), each containing rewards of various dimensions: small size (half the initial reward), medium size (identical to the initial reward) and large size (twice the initial reward). The initial reward was a piece of cookie of 4 x 0.5 x 0.5 cm in children and a medium-sized piece of cracker measuring 2 x 2 x 0.5 cm in non-human primates.

The experimenter checked that the subject had seen the contents of the cups, and then gave the initial reward to the subject whilst showing the sixcup tray. Next, the experimenter held out her empty hand, offering the subject the chance to give the initial reward back and to gamble. If the subject chose to keep the initial reward, the trial ended, and the subject was given time to consume the initial item or to store it into a bag (in children, 2 The experimenter is unfamiliar to the children. Before testing the experimenter introduce herself to the child to put them at ease. Only one parent can stay with the child during testing. Parents are instructed not to interfere by initiating communication or interactions during testing.

if they preferred to do so rather than immediately eat it). If the subject gambled, s/he received the contents of one of the six cups (previously assigned on a random basis). Whatever the subject choice, the experimenter proceeded with the next trial. The probability to lose and to gain was manipulated via several lotteries (# N ) that were presented in a random order to prevent any learning effect. The expected value of each lottery corresponded to the volume of the potential rewards multiplied by the chance of obtaining them (lotteries and their associated expected values are detailed in Table 1). Non-human primates were tested in a total of 18 lotteries, each lottery being presented 18 times (except one chimpanzee, Bou who took part in 13 sessions only). The great apes (orangutans, gorillas, chimpanzees and bonobos) took part in one session of testing per day (18 trials) and the monkeys (capuchins and macaques) participated in half a session of testing (9 trials) per day to prevent satiety. A typical session lasted for about 15 to 20 min per individual. In children, it was not possible to test each child more than once, thus the protocol was modified accordingly. We reduced the number of lottery to 11 (all of them also tested in non-human primates), each lottery being tested twice (22 trials given in a unique session). The session did not last for longer than 20 minutes per child. To compensate for this lack of repetition, we increased the number of subject so as to have 24 children per age group (half girls, half boys).

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). Here, the lottery presented is #5 in non-human primates. 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.

In the following analysis, we only consider the answers given to the 11 lotteries tested in common. Data analysis of primate responses for the 18 lotteries are analysed in [START_REF] Broihanne | Monkeys and great apes play for the highest bid[END_REF].

At the end of the experiment, subjects kept the rewards they won during the sessions. Expected value = volume of rewards x chances of obtaining them. The volume of a large reward is 8 (4 x 4 x 0.5 cm), medium is 2 (2 x 2 x 0.5 cm) and small is 0.5 (1 x 1 x 0.5 cm) in non-human primates and half these amounts in children. For instance, # 3 presents 3 large, 1 medium, 2 small, EV #3 = (3 x 8/6 + 1 x 2/6 + 2 x 0.5/6) = 4.5. Value of initial reward EV i = 2 for primates. For comparison sake and because all proportions of sizes were equal in children and primates, amounts and expected value were adjusted in children to match those of primates (i.e., multiplied by two).

Empirical Strategy

We investigate whether subjects differ in terms of average gambling rates, and whether they gamble differently according to the expected value of the lotteries, by conducting a Spearman rank correlation test. Then, we run an analysis of gambling rates at an individual level (section 4.1).

In section 4.2, we run maximum loglikelihood analysis3 [START_REF] Harrison | Expected utility theory and prospect theory: one wedding and a decent funeral[END_REF] in order to estimate parameters of classical decision theory models: Expected Utility Theory (EUT) and Cumulated Prospect Theory (CPT) that we present first.

The alpha-level is set to 0.05 except when a low level is reached.

RESULTS

Gambling Rates

In this section, we analyse subjects' decisions to gamble depending on lotteries expected values (EV). In non-human primates, we observe that, for most species, the higher the EV, the more they gamble (Figure 2, Spearman rank correlation coefficient, capuchins: r s = 0.29, p < 0.001; macaques: r s = 0.46, p < 0.001; gorillas: r s = 0.34; orangutans: r s = 0.48, p < 0.001; chimpanzees: r s = 0.30, p < 0.001; bonobos: r s = 0.35, p < 0.001). In non-human primates, most species except bonobos, highly gamble at a level above 60% when the expected value of the lottery is higher than the value of the initial reward (EV i = 2). They also gamble at a level below 25% when the expected value of the lottery decreases under the value of the initial reward. The exception is for capuchins who still gamble above 25% of the time despite no chances to win in lottery #10 (EV #10 = 0.5). However, in lottery #9 (EV #9 = 1.75), the average gambling rate of all species is closer from the one observed in the other lotteries.

These figures present the mean percentages of initial reward gambled for each species and for each combination, ranked according to their Expected Value (detailed in Table 1).

Figure 2. Gambling rate in non-human primates.

In children, the relationship is moderate, and its strength increases with age (Figure 3, Spearman rank correlation coefficient, 4-5 years: r s = 0.03, not significant; 5-6 years: r s = 0.23, p < 0.001; 6-7 years: r s = 0.28, p < 0.001; 7-8 years: r s = 0.42, p < 0.001; 8-9 years: r s = 0.34, p < 0.001). Gambling rates are low compared to that of non-human primates, especially in young children (4 to 6 years old). However, standard deviations are larger than the ones of non-human primates despite a higher number of subjects in each sub-group (24 children in each age category compared to 5 to 12 subjects in each species). Interestingly, children still gamble a lot despite no chance to win in lottery #10 (EV #10 = 0.5), except for the older ones.

These figures present the mean percentages of initial reward gambled for each agegroup and for each combination, ranked according to their Expected Value (detailed in Table 1).

Figure 3. Gambling rate in children.

In Table 2, we conduct an individual analysis of gambling behavior. In each lottery and sub-group of subjects, we count the number of subjects who gamble (or never gamble) in all sessions, to detect potential simple decision rules. In children, this "systematic" gambling behavior is observed over 2 sessions, whereas in non-human primates it is observed over 18 sessions (except 13 for Bou) of the same lottery. We also control that subjects pay attention to the information given by each cup by computing the ratios #0/#10, i.e., the number of gamblers/non-gamblers in lottery 0 (#0: only large rewards) over the corresponding numbers in lottery 10 (#10: only small rewards). These ratios help identifying subjects whose gambling behavior is rational or extreme (for example, bettors who systematically gamble whatever the EV).

In children, we find that the number of systematic non-gamblers is very high in all lotteries (panel B) whereas in non-human primates nongambling behavior is rare (only in #10, panel C). Moreover, young children gamble not sufficiently and do not adapt their gambling behavior to the content of cups (panel A). Specifically, ratios #0/#10 are low for the 4-5 years and 5-6 years old systematic gamblers (2 and 5.5 are low relative to the average of 6.64) and very high for the non-gamblers in the same age categories (0.667 and 0.421 are high relative to the average of 0.217). In monkeys, capuchins exhibit a high gambling behavior relative to other species in all lotteries and do not adapt their gambling behavior to the content of cups (panel C), i.e., they do not reduce their gambling rate in lotteries #9 and #10, as already observed in Figure 2. For that reasons, we carefully interpret our findings for capuchins and children 4-5 years and 5-6 years old in section 4.2.

Decision-Making Analyses

In this section, we assumed that subjects evaluate values of outcomes by the volume of each piece of reward (Clearfield and Mix 1999;Mix et al. 2002). Let's now consider that subjects evaluate lotteries with decisionmaking theories (Expected Utility Theory, Cumulative Prospect Theory) and therefore consider the utility or value functions of lotteries instead of values of lotteries, and/or consider that they use subjective, i.e., perceived, probabilities of outcomes instead of probabilities.

We present our results on maximum log-likelihood estimations on all subjects and on each sub-data sample. As already pointed in section 3.1, we take special care when interpreting our results in capuchins and 4-6 years old children who failed to adjust their gambling rate at lottery #10. 5/0 2/0 1/0 2/0 1/0 0/0 1/0 0/0 0/0 0/0 0/1 / Capuchins (6) 4/0 2/0 2/0 3/0 3/0 0/0 1/0 1/0 1/0 0/0 0/0 / Bonobos (6) 1/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/3 / Gorillas (7) 4/0 2/0 3/0 2/0 1/0 1/0 0/0 1/0 0/0 0/0 0/3 / Orangut. ( 6) 5/0 4/0 3/0 4/0 3/0 3/0 1/0 2/0 2/0 0/0 0/3 / Chimp. ( 12)

3/0 3/0 3/0 2/0 3/0 2/0 1/0 2/0 1/0 1/0 0/4 / Total non-human primates 22/0 13/0 12/0 13/0 11/0 6/0 4/0 6/0 4/0 1/0 0/14

In each lottery and sub-group of subjects, we count the number of subjects who gamble (Panel A and first value in Panel C) or never gamble (Panel B and second value in Panel C) in all sessions. In children, this "systematic" gambling behavior is observed over 2 sessions, whereas in non-human primates it is observed over 18 sessions (except 13 for Bou) of the same lottery.

Expected Utility Theory

Presentation of EUT

Expected Utility Theory (EUT) states that the decision maker chooses between risky prospects by comparing their expected utility values, i.e., the weighted sums obtained by adding the utility values of outcomes multiplied by their respective probabilities [START_REF] Von Neumann | Theory of Games and Economic Behavior[END_REF]. In other words, under EUT subjects choose to gamble according to probabilities and outcomes of lotteries.

Let

denote a lottery where is the i -th outcome and is the corresponding probability. Under EUT, any subject who is offered a choice between the lottery x and a certain amount W should choose to keep the certain amount if:

where u(x i ) is the utility value of the i -th outcome of the lottery. The specific functional used for the utility function u(.) eases computations and interpretation of results. In this chapter, we use the power utility function that has already been successfully 4 used in the literature (see [START_REF] Yamada | Thirstdependent risk preferences in monkeys identify a primitive form of wealth[END_REF]Pelé et al., 2014).

In other words, use u(y) = y  ,  y, where y is the volume of reward and  is the risk aversion parameter. This power utility function allows us to identify attitudes towards risk and to discriminate between risk averters (< 1), risk seekers ( > 1) and risk neutral subjects (= 1).

Results for EUT

In this subsection, we run maximum likelihood estimations to fit the risk aversion () parameter in each sub-sample. 4 Pelé et al. (2014) test other utility functions and show that the power fits better actual choices of subjects.

(( , ), 1,..., )
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Table 3, Panel A presents estimates of risk aversion for the six nonhuman primate species. Our results indicate that subjects (except in orangutans) exhibit significant risk aversion ( < 1) with coefficients around 0.6. Among species, bonobos and chimpanzees are the most riskaverse (0.4850 and 0.5679) whereas macaques and orangutans are the least risk-averse (0.7952 and 0.8758). Gorillas and capuchins exhibit average risk aversion of 0.6097 and 0.7227. Differences are statistically significant between bonobos and orangutans and between bonobos and macaques.

In children (Table 3, Panel B), risk aversion is also observed in all subsample and is around 0.3. Risk aversion is significantly higher in young children than in older ones (0.1361 for less than 6 years old and 0.4553 for more than 6 years old) and decreases progressively with age (from 0.0564 in 4-5 years old to 0.5084 in 8-9 years old). No significant difference in risk aversion is observed for gender. Risk aversion of 8-9 years old children is close to the ones of (adults) chimpanzees and bonobos.

Cumulative Prospect Theory

Presentation of CPT

Cumulative Prospect Theory (CPT) has been developed to account for deviations from EUT predictions [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF][START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF]. CPT differs from EUT in two ways. First, value is assigned to outcomes relative to a reference point rather than to final wealth [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF]) so that they are evaluated in terms of gains and losses and losses are weighted more heavily than gains (loss aversion). Second, the model includes a non-linear probability weighting function, which takes into account the fact that individuals distort probabilities: specifically, they overweight chances in the domain of gains, and underweight them in the domain of losses [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF]Tversky andKahneman, 1981, 1974). In other words, under CPT subjects choose to gamble according to subjective probabilities (perceived probabilities) and outcomes of lotteries in terms of gains or losses. Under CPT, subjects evaluate the opportunity to play the lottery by computing a valuation function V(x) defined as follows:



Where x + and x -refer to gains and to losses. The evaluation function is obtained by adding the weights multiplied by the value functions , all being defined differently for gains and losses.

The value function is analogous to the utility function of EUT but is defined differently over gains and losses.

with  > 1 (loss aversion parameter) and

(risk aversion under CPT). The value function is generally concave on gains, convex on losses, and kinked at 0. The loss aversion parameter  indicates that subjects are loss averse if  > 1, which means that in any choice where a loss of k is at stake, subjects accept the bet if the net potential gain is higher than  times k. [START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF] experimentally identified a median value of = 2.25, indicating pronounced loss aversion. In our experiment this value means that a subject accepts to lose a medium size cookie if s/he can gain a cookie 2.25 times bigger than the medium cookie.

Under CPT, gains and losses are volumes of rewards in excess or less than the initial reward.
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Decision weights are computed by using a non-linear probability weighting function . In this chapter, we use the following Tversky and [START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF] probability weighting function:

where  is the probability distortion parameter, w(0) = 0 and w(1) = 1. This probability weighting function takes the shape of an inverse S if 0 <  < 1, which is a very common characteristic of weighting functions that exhibit the usual pattern of overweighting low probabilities and underweighting high ones [START_REF] Gonzalez | On the shape of the probability weighting function[END_REF].

Results for CPT

In this subsection, we run maximum likelihood estimations to fit loss aversion () and probability distortion () parameters. Our estimation results are conducted under the assumption of a piecewise linear function ( =1). Table 4, Panel A presents estimates of CPT parameters for all subjects and for the six non-human primate species. In all species, loss aversion, i.e., > 1, is not found (or not significant in gorillas because of huge standard deviation). However, we find significant probability distortion (= 0.8858) but probability distortion is different between species. For example, in bonobos and chimpanzees, the closest neighbors of humans, the probability distortion parameter is significantly lower than in macaques and orangutans. These coefficients are of the same order than those obtained in humans [START_REF] Tversky | Advances in prospect theory: cumulative representation of uncertainty[END_REF] found + = 0.61 and -= 0.69; Camerer and Ho, 1994 found = 0.56 in a meta-analysis of 9 studies) and, because they are (significantly except in orangutans) lower than 1, they demonstrate that subjects overweight small probabilities and underweight high ones. In children (Table 4, Panel B), high standard errors do not allow identifying significant differences across age categories, but all lossaversion parameters are significantly higher than one and distortion parameters are significantly lower than one. Differences in parameters between age groups are not significant. We also find no difference in gender for loss aversion and probability distortion parameters. Finally, a common pattern of probability distortion is observed in non-human primates and in children whereas loss aversion is only found in animals.

DISCUSSION

In this section, we discuss the points raised by our results. First, it is shown in the paper that gambling rates increase as expected values increase, thus subjects appear to pay attention to the offered probability distributions before gambling. The precision with which they do so is remarkable. Indeed, it is important to remember that the lotteries are presented in random order over trials, and that subjects therefore must re-evaluate the odds inherent to each choice in every trial.

However, capuchins and children under 6 years old keep on gambling at disadvantageous lotteries including lottery 10 (only small cookies visible). As other species and older children do not gamble when there is nothing to win, this could mean that the youngest children and the capuchins failed to perceive the odds associated to each outcome. Another hypothesis is that capuchins and younger children did not perceive giving back the initial reward as a loss, and cost avoidance is thus not detected. However, the general profile differs between capuchins and younger children as capuchins gamble most of the time, while younger children do not. Thus, different mechanisms are at stake. Capuchins may have considered gambling to be rewarding (especially if aroused by the action of gambling itself) and failed to pay close attention when disadvantageous lotteries were presented. They may also have kept on playing despite disadvantageous lotteries (disregarding the cost) simply because they are very persistent as described both from wild observations where they attempt to crack nut open several times before succeeding [START_REF] Cummins-Sebree | Choosing and using tools: capuchins (Cebus apella) use a different metric than tamarins (Saguinus oedipus)[END_REF][START_REF] Ottoni | Semifree-ranging tufted capuchins (Cebus apella) spontaneously use tools to crack open nuts[END_REF], and from personality studies where they are described as conscientious, i.e., focussed and goal oriented (Morton et al., 2013). By contrast, exchange rates in children under 6 remain in general very low, which suggests cost avoidance as a default strategy. In addition, they do not discriminate between the two control lotteries (0 and 10). Thus, we suggest that 4, 5 and 6 years old children keep on gambling when there is nothing to win mostly because they fail to understand the probabilistic component of the game. Although probabilities were visually accessible in the experiment, children this age may not be able to estimate their chances of gains and losses, as suggested by previous studies on 5 years old [START_REF] Harbaugh | Risk Attitudes of Children and Adults: Choices Over Small and Large Probability Gains and Losses[END_REF][START_REF] Levin | Risk preferences in young children: Early evidence of individual differences in reaction to potential gains and losses[END_REF], and especially in this kind of set up. The maturation of executive functions and of the neural areas underlying decision-making, which are still in progress at age of about 5 years old, may explain this result [START_REF] Kerr | Development of "hot" executive function: The children's gambling task[END_REF][START_REF] Metcalfe | A hot/cool-system analysis of delay of gratification: Dynamics of willpower[END_REF][START_REF] Harms | Stability of executive function and predictions to adaptive behavior from middle childhood to pre-adolescence[END_REF].

A pronounced endowment effect in children under 6 might be an additional factor explaining the generally low gambling rate. Indeed, young children may valuate the initial reward that they already possess more than the cookies presented in the cups (including in lottery 0 with certainty to win). The endowment effect has been reported in adults [START_REF] Boven | Mispredicting the endowment effect: underestimation of owners' selling prices by buyer's agents[END_REF][START_REF] Kahneman | Experimental Tests of the Endowment Effect and the Coase Theorem[END_REF][START_REF] Knetsch | The Endowment Effect and Evidence of Nonreversible Indifference Curves[END_REF] but there is a lack of data in children, especially in young ones. Thus, our task may bring an additional interesting effect to more standard risk studies. Given that the youngest children did not maximize their choices (potentially due to endowment effects and a weak understanding of the probabilistic component of the task), it seems unfitting to conclude on the results of the economic models i.e., risk aversion, loss aversion, and probability distortion parameters for these youngest age groups. More specifically, the high value of the risk aversion parameter in EUT for the younger children may be connected to their reluctance to gamble. This reluctance, if due to a pronounced endowment effect at this age, would have in fact little to do with risk aversion. Interestingly, endowment effect is generally connected to loss aversion (and not risk aversion), but the coefficient detected within CPT for the younger age group are not significantly different from those found in older children. Other explanations for endowment effect, like psychological ownership for example, have also been put forward [START_REF] Morewedge | Explanations of the endowment effect: an integrative review[END_REF]. Future studies should seek to explore these aspects in more details. For these two youngest age groups, the high ratio of systematic non-gamblers, whatever the lottery shown, suggests the use of a simple decision rule in one third to half of the children of these ages: don't gamble. Now, let's turn to decisions made by children above 6 and by other primate species. In these groups, we find a better correspondence between expected values and children choices. Note however, that for lottery 9, all groups keep on playing despite a lower expected value of the lottery compared to the initial reward. This could mean that simplified decision rules could also be at stake in these groups [START_REF] Broihanne | Monkeys and great apes play for the highest bid[END_REF] for a detailed analysis of this possibility in primates). One human heuristic may fit with this decisional profile, the maximax heuristic. This heuristic is typical of optimistic individuals, who gamble as soon as there is at least one chance to win more than they already possess, whatever the risk. In our set up, individuals seem indeed more inclined to play if at least one cookie is visible and playing more, the more cookies are visible. This could explain decisions of both older children and primates. The frequency related component also shows that individuals considered the information carried by the cups, thus individuals are indeed tested "under risk" as decision is made tacking into account information about the odds of winning. Based on this, we attempted the fitting of EUT and CPT models.

In children above 6, under EUT, we find risk aversion in all age groups that decreases as children grow older. These findings seem to contradict the ones of other studies that show that children are mostly risk seeking and shift to risk aversion as they grow older [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF][START_REF] Weller | Trajectory of risky decision making for potential gains and losses from ages 5 to 85[END_REF][START_REF] Levin | Risk preferences in young children: Early evidence of individual differences in reaction to potential gains and losses[END_REF][START_REF] Reyna | Fuzzy-Trace Theory and Framing Effects in Children's Risky Decision Making[END_REF][START_REF] Schlottmann | How children reason about gains and losses: Framing effects in judgement and choice[END_REF]. We cannot exclude that an endowment effect expressed through a reluctance to gamble also in children above six (like in younger groups) might explain these contradictory results. Further studies should investigate this possibility. Still, the risk aversion coefficients seen in the older age group are close from those seen in adults. Note that they also become closer to the ones measured in our closest relatives, chimpanzees and bonobos. To our knowledge, this experiment is one of the first to investigate quantitatively and comparatively risk attitudes in several primate species.

Individuals' choices can be affected by attitudes towards risk, but also by attitudes towards losses and this may be seen in children and in other species. Importantly, we know that human adults use a reference point when evaluating respective losses and gains. In our analyses we consider the middle size reward to be neutral in term of reference point. Accordingly, subjects should consider small rewards as losses and large ones as gains, but this may not be the case. To explore the respective roles of risk aversion versus loss aversion on the decision, we fitted subjects' choices under CPT. In children, under CPT, we find a strong loss aversion, which does not differ between age groups. The coefficient is just above 2 which is slightly higher than the values usually found in adults [START_REF] Toubia | Dynamic Experiments for Estimating Preferences: An Adaptive Method of Eliciting Time and Risk Parameters[END_REF][START_REF] Abdellaoui | Is There One Unifying Concept of Utility? An Experimental Comparison of Utility Under Risk and Utility Over Time[END_REF]. In non-human primates, loss aversion is not significant in this study. Note however, that in a previous study on nonhuman primates (Pelé et al., 2014), lotteries were offered in a decreasing order of probabilities of winning throughout the course of the study. Thereby, subjects could easily consider a medium size reward as a natural reference point, consequently, loss aversion was detected.

Under CPT analyses, we also find probability distortion parameters in all subjects that are close from the human parameters value (see for example [START_REF] Vrecko | What Are Investors Willing to Pay to Customize Their Investment Product?[END_REF] With our approach we aimed at providing a global and refined picture on risk attitudes, in a set up that includes many lotteries and some losses, in 6 primate species and 5 age groups of children equally weighted by gender. First, note that other studies generally experiment one lottery only, with one or two species, and do not implement losses. Second, we avoid several of the limitations found in more standard protocols. For example, because we reward subjects with food (without any exchange of tokens for example), we directly measure the outcome values and more importantly we can draw results on risk preferences that only rely upon subject's categories (species or age). This is an important point, because many factors that co-vary with age are known, in adults, adolescents and children, to influence choices [START_REF] Bellante | Human capital and life-cycle effects on risk aversion[END_REF][START_REF] Wang | Does Risk Tolerance Decrease With Age?[END_REF]Hanna, 1997, Defoe et al. 2015).

In our task, children, including older children, exhibit a high aversion to risk. This contrasts with findings from the literature and we might question the extent to which this result could be due to critical differences between our task and others [START_REF] Defoe | A metaanalysis on age differences in risky decision making: adolescents versus children and adults[END_REF]. We consider our task to be a non-experiential task as information about odds is accessible visually. In addition, children are not expected to learn the odds associated to each outcome through repeated exposure to each lottery (only two exposures for the children per lottery). In non-experiential task, children above 6 are generally risk seeker (Levin andHart, 2003, Van Leijenhorst, Westenberg, and[START_REF] Van Leijenhorst | A developmental study of risky decisions on the cake gambling task: age and gender analyses of probability estimation and reward evaluation[END_REF]. As mentionned earlier, the endowment effect might be a critical agent of children's decision, especially in the younger ones. Finally, The fact that we analyse subjects decision through economic framework is rather infrequent in young children and primate litterature. Yamada et al. [START_REF] Yamada | Thirstdependent risk preferences in monkeys identify a primitive form of wealth[END_REF] model macaques' gambling behavior under Expected Utility Theory (EUT) and the use of a power utility function. Interestingly, Yamada et al. find that macaques are risk-averse, which contrasts with earlier work from several studies showing riskseeking attitudes in the same species [START_REF] Hayden | Temporal Discounting Predicts Risk Sensitivity in Rhesus Macaques[END_REF][START_REF] Heilbronner | Contextual factors explain risk-seeking preferences in rhesus monkeys[END_REF][START_REF] Long | Serotonin shapes risky decision making in monkeys[END_REF][START_REF] O'neill | Coding of reward risk by orbitofrontal neurons is mostly distinct from coding of reward value[END_REF]So andStuphorn, 2012, 2010;[START_REF] Watson | Serotonin transporter genotype modulates social reward and punishment in rhesus macaques[END_REF]. However, in these studies, as no loss is at stake, risk-aversion and loss aversion cannot be differentiated.

We think that our design allows to investigate attitudes towards risk and losses from more closely and quantify these key components of the decision.

Comparing great apes and other non-human primates should tell us more about the evolutionary roots of our decision. Existing literature on non-human primates suggests that risk aversion or risk-seeking attitudes are related to species-specific feeding ecologies [START_REF] Haun | Great Apes' risk-taking strategies in a decision making task[END_REF][START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF], and as such, would therefore reflect natural selection at work. However, attitudes towards risk can really differ from one study to another. For example Bonobos are described as mainly riskaverse in one study [START_REF] Heilbronner | A fruit in the hand or two in the bush? Divergent risk preferences in chimpanzees and bonobos[END_REF], but are found to be more risk seeking in another study, although less than chimpanzees and orangutans [START_REF] Haun | Great Apes' risk-taking strategies in a decision making task[END_REF]. As in humans, attitudes are not necessarily constant, and they may change according to context and framing [START_REF] Lévy-Garboua | Risk aversion and framing effects[END_REF]. Between-species homogeneity in the parameter expression may help conclude further on evolutionary pressure (for example, bonobos, always the most risk averse of all species, macaques and orangutans, always the least risk averse). This is one of the bonus brought by our experimental design. The observation that bonobos and chimpanzees are closer from human than any other species could indeed reflect a common evolutionary process in how species evaluate and answer to gambling for food. This perspective requires further investigations.

CONCLUSION

To conclude, our work does not fully support the notion that individuals have intrinsic attitudes towards risk as suggested by many research on primate species. Decision under risk in animal species seems everything but a simple automatic response inherited from a previous past. The present work highlights the benefits provided by using parsimonious (i.e., with the fewest assumptions) economic models for a comprehensive comparison of decision making and the attitudes under risk in animals and humans. Such comparisons are crucial for constructing a reliable basic knowledge of the evolutionary history of species and the socio-ecological pressures that may have shaped their evolution. Although we use a similar experimental design, the large number of different lotteries may have led to a cognitive overload (too much new information to process from one trial to another, [START_REF] Deck | The effect of cognitive load on economic decision making: A survey and new experiments[END_REF]. It is likely that subjects (especially the youngest children and the capuchins) used decision heuristics such as, for example, comparing the largest food items between the initial item and those presented in the six cups lotteries. Heuristics and biases, like those, may have once acted as a cognitive rule of thumb, potentially enhancing survival chances when individuals had to choose between staying on their current (rewarding) food patch, or travelling to a new and potentially dangerous food source [START_REF] Wilke | The hot hand phenomenon as a cognitive adaptation to clumped resources[END_REF]. The key to understand this complex system lies in precise measurements of all parameters involved in several species choices and in the homogeneity of these responses relative to each other when tested in different settings.

Finally, this chapter has important implications for human decisionmaking under risk where risk and losses are both present. It is well known in adults that risk attitudes and risk-taking is domain specific (see the Domain Specific Risk Taking Scale of [START_REF] Weber | A domain-specific riskattitude scale: measuring risk perceptions and risk behaviors[END_REF]. However, differences in risk aversion in all five domains (financial risk, health/safety risk, ethical risk, recreational risk and social risk) could be due to how people perceive risk in the different situations, rather than to risk preferences per se.

  

  

Table 1 . Presentation of lotteries (ordered according to their expected value) Lottery number Content of cups Probability of gain

 1 

	Expected
	value (EV)

Table 2 . Indvidual analysis of gambling

 2 

	Lotteries	#0	#1	#2	#3	#4	#5	#6	#7	#8	#9	#10	Ratio #0/#10
	Panel A: nbr of "systematic" gamblers in children											
	4-5 years (24)	6	5	4	5	3	9	7	6	5	3	3	2
	5-6 years (24)	11	9	7	4	7	1	8	3	1	3	2	5.5
	6-7 years (24)	14	13	12	6	7	6	7	8	4	6	2	7
	7-8 years (24)	22	15	12	11	7	7	10	6	4	2	2	11
	8-9 years (24)	20	19	12	14	11	10	7	9	4	9	2	10
	Total children	73	61	47	40	35	33	39	32	18	23	11	6.64
	Panel B: nbr of "systematic" non-gamblers in children											
	4-5 years (24)	8	11	13	11	12	12	11	11	13	10	12	0.667
	5-6 years (24)	8	9	8	8	11	13	9	14	13	12	19	0.421
	6-7 years (24)	0	2	3	2	3	7	5	7	9	5	16	/
	7-8 years (24)	1	2	4	3	6	6	2	12	8	16	18	0.056
	8-9 years (24)	1	1	2	4	3	4	2	4	4	4	18	0.056
	Total children	18	25	30	28	35	42	29	48	47	47	83	0.217
	Panel C:												

nbr of "systematic" gamblers/non-gamblers in non-human primates Tonkeans

  

(5) 

Table 3 . Estimates of parameters for EUT models Panel A: Non-human primates

 3 This table presents estimates of the power utility functions parameter for all subjects. Panel A gives estimates obtained for the six nonhuman primates species. Panel B and C give estimates obtained for different sub-groups of children. Robust standard errors (adjusted for clusters in subjects) are in parentheses. *** indicates significance at the 0.1% level, ° at the 10% level. Log L is the pseudo loglikelihood of the estimation.

	Est.	All subjects n = 42	Macaques n = 5	Capuchins n = 6	Orangut. n = 6	Gorillas n = 7	Chimp. n = 12	Bonobos n = 6
	δ	0.63	0.79	0.72	0.88	0.61	0.57	0.48
		***	***	***	***	***	***	***
		(0.03)	(0.08)	(0.098)	(0.11)	(0.10)	(0.06)	(0.05)
	Log L	-4500.33	-435.39	-626.61	-468.76	-768.90	-1348.78	-715.06
	Number of obs. (N)	8261	990	1188	1188	1386	2321	1188
				Panel B: Children			
	Est.	All subjects n=120	4-5 years old	5-6 years old	6-7 years old	7-8 years old	8-9 years old	
	δ	0.31	0.06	0.21	0.38	0.48	0.51	
		***	°	***	***	***	***	
		(0.03)	(0.03)	(0.05)	(0.04)	(0.04)	(0.05)	
	Log L	-1741.60	-365.36	-355.36	-340.83	-312.37	-318.63	
	Number of obs. (N)	2640	528	528	528	528	528	
			Panel C: Children sub-groups			
	Est.		≤6 years old		>6 years old		Boys	Girls
	δ		0.14		0.45		0.33	0.29
			***		***		***	***
			(0.03)		(0.02)		(0.04)	(0.04)
	Log L		-724.12		-975.92		-867.96	-873.18
	Number of obs. (N)		1056		1584		1320	1320

Table 4 . Estimates of parameters for CPT Panel A: Non-human primates

 4 This table presents estimates of CPT parameters for all subjects. Panel A gives estimates obtained for the six non-human primates species. Panel B and C give estimates obtained for different sub-groups of children. Robust standard errors (adjusted for clusters in subjects) are in parentheses. *** indicates significance at the 0.1% level, ° at the 10% level. Log L is the pseudo log-likelihood of the estimation.

	Est.	All subjects n = 42	Macaques n = 5	Capuchins n = 6	Orangut. n = 6	Gorillas n = 7	Chimp. n = 12	Bonobos n = 6
		0.88	0.92	0.28	0.96	1.002	0.57	0.896
		***	***	°	***	***	***	***
		(0.13)	(0.16)	(0.15)	(0.14)	(0.32)	(0.06)	(0.25)
		0.89	0.88	0.91	0.79	0.86	0.57	0.89
		***	***	***	***	***	***	***
		(0.01)	(0.06)	(0.03)	(0.08)	(0.04)	(0.06)	(0.03)
	Log L	-6597.31	-479.57	-645.64	-449.42	-1179.54	-1348.78	-2253.77
	Number of obs. (N)	8261	990	1188	1188	1386	2321	1188
				Panel B: Children			
	Est.	All subjects n = 120	4-5 years old	5-6 years old	6-7 years old	7-8 years old	8-9 years old	
		2.04	2.20	2.72	1.73	2.1	1.51	
		***	***	***	***	***	***	
		(0.12)	(0.31)	(0.38)	(0.21)	(0.27)	(0.21)	
		0.85	0.85	0.82	0.87	0.85	0.86	
		***	***	***	***	***	***	
		(0.01)	(0.02)	(0.03)	(0.03)	(0.04)	(0.04)	
	Log L	-4791.30	-1523.20	-1206.40	-821.68	-600.63	-590.65	
	Number of obs. (N)	2640	528	528	528	528	528	

  almost 0.7 for University students and Zeisberger et al., 2012, with almost 0.8 for undergraduates). Like humans, non-human primates overestimate low probabilities and underestimate high probabilities and this pattern is observed early on in the children. Further work should tell us if the closest emotional and cognitive proximity of non-human primates with humans (compared to the three other species) may explain this finding.

Ethical authorization to work with children was given by the University of St-Andrews ethics committee, UTREC (reference n°PS5528).

A formal presentation is given in the Appendix.
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APPENDIX Parameters Estimation

Here we show how we compute conditional log-likelihoods under each theory (EUT and CPT). In the results section, maximization of these conditional log-likelihoods (see [START_REF] Harrison | Expected utility theory and prospect theory: one wedding and a decent funeral[END_REF] is used to estimate parameters that best fit our subjects' actual choices.

Under EUT, we compute the expected utility for each individual choice for a candidate estimate of  and the difference EU between this expected utility and the utility of the certain outcome, 2  . This difference is then used to define the cumulative probability of the observed choice using a standard cumulative normal distribution functionEU).

The conditional log-likelihood of Expected Utility Theory is therefore:

Where y i = 1 denotes the choice of gambling in task i (y i = 0 denotes the choice of the certain outcome).

Under CPT, we employ the value function instead of the utility function and a weighting function that is defined over the cumulative probability distributions instead of probabilities. The prospective utility of each individual choice (CPT) is used to compute the cumulative probability of the observed choice using a probit function as before.

The conditional log-likelihood of Cumulative Prospect Theory is therefore:

Where y i = 1 (0) denotes the choice of gambling in task i (y i = 0 denotes the choice of the certain outcome). 

BIOGRAPHICAL SKETCH