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A paradox of information aggregation: We do it well but think about it poorly, and why this is a problem for institutions

People are good at taking communicated information into account, using reliable cues to decide whom to trust and what to believe. However, people have no abstract understanding of how this process of information aggregation works, and tend to underestimate how well it works. Even though many institutions have evolved that take advantage of our ability to aggregate information, I argue that they appeared in spite of, rather than thanks to, our understanding of information aggregation.

the majority supporting the best option increase with the size of the assembly, and that they converge to one for a sufficiently large assembly.

Because a series of conditions have to be met for the Condorcet Jury Theorem to hold, it seems to offer an upper bound on the power of information aggregation.

The conditions are as follows. The choice has to be between two options; the assembly members must be at least minimally competent (i.e. have better than chance odds of selecting the correct option on their own); they must reveal their true preferences in their votes (i.e. no strategic voting); and they must have acquired their opinion independently of each other. However, subsequent mathematical analyses and modeling work have revealed that even when these assumptions are relaxed, the majority remains more likely than not to select the best option [START_REF] Estlund | Opinion leaders, independence, and Condorcet's jury theorem[END_REF][START_REF] Feddersen | Convicting the innocent: The inferiority of unanimous jury verdicts under strategic voting[END_REF][START_REF] Hastie | The robust beauty of majority rules in group decisions[END_REF][START_REF] Ladha | The Condorcet jury theorem, free speech, and correlated votes[END_REF][START_REF] Owen | Proving a distribution-free generalization of the Condorcet jury theorem[END_REF][START_REF] Romeijn | A Condorcet jury theorem for unknown juror competence[END_REF].

The main result of the Condorcet Jury Theorem is quite robust.

Given its robustness, we can start thinking about the Condorcet Jury Theorem as being, in many cases, a lower bound on the power of information aggregation.

The two main ways in which the Condorcet Jury Theorem offers only a lower bound to the power of information aggregation is that it grants each voice the same weight, regardless of their likelihood of being correct, and that it offers no opportunity to add new, potentially superior, options. Fortunately, in many cases of actual information aggregation, more weight can be put on some voices than on others-for instance, because we are able to track their past performance, or to evaluate the reasons they provided to defend their opinion. This has the potential to greatly enhance the power of information aggregation (see below).

Likewise, the aggregation of information can allow the creation of new ideas and solutions that no individual could have thought of on their own (e.g. [START_REF] Page | The Difference: How the Power of Divesrity Creates Better Groups, Firms, Schools, and Societies[END_REF].

It thus seems that information aggregation has a huge potential to improve on individual decision making (for review, see, e.g., [START_REF] Landemore | Democratic reason: the mechanisms of collective intelligence in politics[END_REF].

2) We are good at information aggregation That information aggregation has a lot of potential does not mean that people can make the best of it. In some cases, information aggregation cannot be performed optimally simply because people do not have the relevant information-they do not know which opinion is held by the majority, or they cannot learn of the reasons why different people hold different opinions. Here, we will look at cases in which the relevant information is available. This review focuses on work in experimental psychology, looking at two questions in turn:

Are people able to take reliable cues into account in the way they aggregate information? Does this yield consistent improvements in their decision making? (for in-depth reviews, see [START_REF] Mercier | The argumentative theory: Predictions and empirical evidence[END_REF]Mercier, , 2017, in prep;, in prep;Mercier & Morin, submitted;[START_REF] Mercier | Why do humans reason? Arguments for an argumentative theory[END_REF][START_REF] Mercier | How gullible are we? A review of the evidence from psychology and social science[END_REF][START_REF] Sperber | Epistemic vigilance[END_REF].

Plausibility. People use their prior knowledge to evaluate the plausibility of communicated information. Information that is more coherent with our prior knowledge is more likely to be accepted (e.g. [START_REF] Bonaccio | Advice taking and decision-making: An integrative literature review, and implications for the organizational sciences[END_REF][START_REF] March | Do We Follow Private Information when We Should? Laboratory Evidence on Naıve Herding[END_REF][START_REF] Petty | Issue involvement can increase or decrease persuasion by enhancing message-relevant cognitive responses[END_REF][START_REF] Yaniv | Receiving other people's advice: Influence and benefit[END_REF].

Majority. Do people know when they should follow majority opinion? On the whole, yes. People put more weight on the majority opinion when the majority is stronger, and when the group to which the majority belongs is larger (R. [START_REF] Bond | Group size and conformity[END_REF][START_REF] Gerard | Conformity and group size[END_REF][START_REF] Mcelreath | Applying evolutionary models to the laboratory study of social learning[END_REF][START_REF] Morgan | The evolutionary basis of human social learning[END_REF]. People are also able to discount majority opinions when the opinions have clearly not been acquired independently by the members of the majority (Mercier & Miton, submitted). However, there are also cases in which people do not weigh majority opinion properly. This is most likely to happen when information is presented in a somewhat abstract format. For instance, knowing that a given percentage of a population supports an opinion has less effect than seeing a number of individuals holding the same opinion [START_REF] Mutz | Impersonal influence: How perceptions of mass collectives affect political attitudes[END_REF]. Similarly, knowing that several individuals tend to have highly correlated opinions doesn't lead to their opinion being discounted [START_REF] Kroll | Experimental tests of the separation theorem and the capital asset pricing model[END_REF][START_REF] Maines | The effect of forecast redundancy on judgments of a consensus forecast's expected accuracy[END_REF].

Benevolence. One of the dangers inherent in the aggregation of social information lies in the conflicts of interests between senders and receivers. Through their communication, senders might seek to manipulate receivers in ways that serve senders' interests but not receivers'-for instance, they can lie. One reading of the literature on lie detection suggests that people pay attention to the wrong cues and cannot readily discern lies from honest statements (e.g. Global Deception Research Team, 2006). This pessimistic conclusion, however, largely stems from a combination of two factors. First, an over-reliance on explicit judgments about what cues people think are related to deception-for instance, averted gaze, which is not a reliable cue to deception. In fact, people do not so much rely on the cues they explicitly think are valid. Instead, they rely on more reliable cues, such as inconsistency or vagueness in the statements being evaluated [START_REF] Hartwig | Why do lie-catchers fail? A lens model metaanalysis of human lie judgments[END_REF]. The second factor is that most lie detection experiments require people to detect lies in the absence of any reliable cue to deception, such as background information (e.g. who has a motivation to lie).

When such information is available, people make good use of it (C. F. [START_REF] Bond | Overlooking the obvious: Incentives to lie[END_REF]. On the whole, the experimental literature thus suggests that people are quite apt at detecting who is likely to attempt to deceive, and to discount their statements appropriately. However, they do not do so using the cues on which most work has focused-behavioral cues-, relying instead on more reliable cues, such as senders' incentives.

Confidence. In order to make sound individual decisions, people must be able to judge the degree of certainty with which they hold different beliefs (even if they do so using rough heuristics, [START_REF] Koriat | When reality is out of focus: Can people tell whether their beliefs and judgments are correct or wrong?[END_REF]. It is thus likely that humans, along with many cognitively complex animals, are endowed with mechanisms that track levels of confidence in their beliefs. Humans are arguably also endowed with mechanisms that allow them to communicate these degrees of confidence [START_REF] Shea | Suprapersonal cognitive control and metacognition[END_REF]. To the extent that people are truthful, it would then make sense to take these communicated levels of confidence into account when aggregating information. Indeed, people seem to be able to communicate such degrees of confidence optimally [START_REF] Bahrami | Optimally interacting minds[END_REF]. Moreover, people quickly become wary of speakers who abuse confidence signals by being consistently overconfident [START_REF] Vullioud | Confidence as an expression of commitment: Why misplaced expressions of confidence backfire[END_REF].

Competence. People can take a variety of cues to competence when deciding how much weight to put on an individual's opinion. They can look at past performance, or at social markers of competence (e.g. believing a doctor's medical opinions) (e.g. [START_REF] Harvey | Taking advice: Accepting help, improving judgment and sharing responsibility[END_REF][START_REF] Petty | Attitude change: Multiple roles for persuasion variables[END_REF]. It has been suggested, however, that people tend to be too generous in their attribution of competence, following a kind of halo effect [START_REF] Cooper | Ubiquitous halo[END_REF] or prestige bias [START_REF] Henrich | The evolution of prestige: Freely conferred deference as a mechanism for enhancing the benefits of cultural transmission[END_REF]. In either case, people would be overly deferential towards sources whose competence is suggested only by weak or irrelevant cues, from how admired someone is, to how beautiful they are. Some experiments suggest that people might be weakly influenced by such cues, but only when the decision is inconsequential, and when more reliable cues are not available (e.g. [START_REF] Chaiken | Heuristic processing can bias systematic processing: Effects of source credibility, argument ambiguity, and task importance on attitude judgment[END_REF]. On the whole, people seem to appropriately restrict attributions of expertise to the proper domain of expertise (e.g. a doctor's medical opinion will be weighted more than their opinion in other domains). If anything, given the enormous differences in expertise we now encounter, we would tend underestimate the competence of experts, relative to ours, and thus to not put enough weight on their opinions (e.g., [START_REF] Motta | Knowing less but presuming more: Dunning-Kruger effects and the endorsement of anti-vaccine policy attitudes[END_REF].

Arguments. People are able to discriminate strong from weak arguments, and to put more weight on opinions supported by the former than the latter. This has been observed using different measures of argument strength, whether they are commonsensical [START_REF] Petty | Attitude change: Multiple roles for persuasion variables[END_REF] or more formal (Bayesian formalism, [START_REF] Hahn | The rationality of informal argumentation: A bayesian approach to reasoning fallacies[END_REF]argumentation theory, e.g. Hoeken, Šorm, & Schellens, 2014;[START_REF] Hoeken | Arguing about desirable consequences: What constitutes a convincing argument?[END_REF][START_REF] Hornikx | Comparing the actual and expected persuasiveness of evidence types: How good are lay people at selecting persuasive evidence?[END_REF]. There is no evidence that people are easily taken in by fallacious argument (such as egregious slippery slope arguments or arguments from ignorance, [START_REF] Corner | The psychological mechanism of the slippery slope argument[END_REF][START_REF] Oaksford | A Bayesian approach to the argument from ignorance[END_REF]. Moreover, people seem to change their minds when confronted with strong enough arguments, even when the arguments challenge confidently held opinions [START_REF] Trouche | Arguments, more than confidence, explain the good performance of reasoning groups[END_REF]Trouche, Shao, & Mercier, in press). Although some backfire effects have been reported (i.e. cases in which a good argument causes someone to shift their opinion away from the argument's conclusion, [START_REF] Nyhan | When corrections fail: The persistence of political misperceptions[END_REF], 2015), they seem to be rare, with good arguments moving their audience in the intended direction in most cases (e.g., Dockendorff & Mercier, in prep;[START_REF] Wood | The elusive backfire effect: Mass attitudes' steadfast factual adherence[END_REF]; for more references, see Mercier, in prep).

This very brief overview of the literature on the evaluation of communicated information shows that people are able to take a variety of cues into account in order to maximize the gains from information aggregation. Decisions should thus improve as a function of how many of these cues are available. Numerous pieces of evidence suggest that this is the case. Consider the results coming from advice-taking. This sub-field of judgment and decision making has examined how people take advice (i.e. other people's opinions) into account (for reviews, see, [START_REF] Bonaccio | Advice taking and decision-making: An integrative literature review, and implications for the organizational sciences[END_REF][START_REF] Yaniv | Receiving other people's advice: Influence and benefit[END_REF]. When very little information is available about the source of the advice-e.g. only that it is another participant in the experiment-people do benefit from the advice, but not as much as they could [START_REF] Yaniv | Advice taking in decision making: Egocentric discounting and reputation formation[END_REF]. When more information is added-for instance, the degree of expertise of the source-people make better use of the advice [START_REF] Harvey | Taking advice: Accepting help, improving judgment and sharing responsibility[END_REF]. Similarly, being able to discuss with the source of the advice, and thus being exposed to their reasons for defending a given opinion, produces significant improvements over simply receiving their opinion [START_REF] Liberman | Naïve realism and capturing the "wisdom of dyads[END_REF][START_REF] Minson | Two to Tango[END_REF].

The same pattern emerges from the literature on forecasting. A line of effort to reach better forecasts started by simply averaging the forecasts of several experts. Forecast accuracy was improved by allowing the experts to see the opinions of other experts, and to revise their opinions on this basis (Linstone & Turoff, 1976; for a more recent review, see [START_REF] Rowe | The Delphi technique as a forecasting tool: issues and analysis[END_REF]. Forecast accuracy was improved again when experts had access to the reasons behind the other experts' opinions [START_REF] Rowe | The impact of task characteristics on the performance of structured group forecasting techniques[END_REF], or when they could directly discuss with each other [START_REF] Mellers | Psychological strategies for winning a geopolitical forecasting tournament[END_REF].

The context in which the most cues relevant for information aggregation are available is that of a group discussion-especially a group discussion taking place between people who know each other [START_REF] Michaelsen | A realistic test of individual versus group consensus decision making[END_REF]. Group discussion allows group members to express their confidence, demonstrate their expertise, and spell out the reasons behind their opinions.

These reasons can be debated, bad reasons shot down and good reasons accepted and elaborated on. As a result, the most reliable cues tend to win. For instance, when clear reasons can be provided for the best answer to a problem, then these reasons carry the day, even in the face of other cues, such as majority or confidence [START_REF] Trouche | Arguments, more than confidence, explain the good performance of reasoning groups[END_REF]. When reasons do not have such a perfect discriminating power, they still play a role, but they are balanced out by other cues, such as majority [START_REF] Laughlin | Group problem solving[END_REF]. This explains why group discussion leads to consistent improvements in performance in a wide range of domains (for reviews, see [START_REF] Mercier | The argumentative theory: Predictions and empirical evidence[END_REF][START_REF] Mercier | Why do humans reason? Arguments for an argumentative theory[END_REF], as long as some minimal conditions are met (group members must share some overarching goal, and there must be some disagreement within the group).

3) We are bad at thinking about information aggregation

The evidence reviewed above shows that people take a variety of cues into account when aggregating information-cues that pertain to the content of the communicated information as well as to its source(s). More specifically, the evidence suggests that people are equipped with a set of specialized cognitive mechanisms that evaluate these cues, but not in a way that requires conscious awareness of which cues are taken into account, and why they are taken into account (with a partial exception for arguments). For instance, in the case of lie detection, people mostly take into account reliable cues to deception, but when asked which cues to deception are reliable, they indicate unreliable cues (e.g. gaze aversion). Here I will briefly review some evidence suggesting that people do not have accurate explicit beliefs about the advantages of information aggregation.

I mentioned above some studies suggesting that when people see that many others hold the same opinion, they are more likely to accept it. Other studies, however, suggest that when information about majority opinion is presented in a more abstract way-e.g. 90% of people surveyed agree with X-it is much less effective [START_REF] Mutz | Impersonal influence: How perceptions of mass collectives affect political attitudes[END_REF]. A recent study examined more precisely people's grasp of the main result from the Condorcet Jury Theorem, revealing that it was completely lacking (Mercier, Dockendorff, & Schwartzberg, submitted). For instance, in one of the studies, participants had to evaluate the odds that majority voting would lead an assembly to select the best of two options. The conditions specified ensured that the Condorcet Jury Theorem would apply (in particular, assembly members were described as competent). Yet the average answer for the odds that the assembly would select the best option were approximately equal to the odds that a single member would select the best option. People had no intuition whatsoever that aggregating votes would lead to an improvement in the odds of selecting the best option.

Similar results have been previously obtained in relation with averaging. When presented with two numerical opinions (e.g. forecasts), and no strong cue that one is superior to the other, averaging between the two is much more likely to yield an accurate opinion than choosing one of the two opinions-the so-called averaging principle [START_REF] Larrick | Intuitions about combining opinions : Misappreciation of the averaging principle[END_REF]. However, when people are either explicitly asked about this, or when they have to base their opinion on two such opinions (with no other cue available), they display no understanding of the averaging principle [START_REF] Larrick | Intuitions about combining opinions : Misappreciation of the averaging principle[END_REF][START_REF] Mercier | Is the use of averaging in advice taking modulated by culture[END_REF][START_REF] Soll | Strategies for revising judgment: How (and how well) people use others' opinions[END_REF].

We observe the same pattern when people are asked about the efficacy of group discussion. In a series of experiments, participants from various backgrounds (including experts in the task at hand) were presented with a reasoning task, asked to solve it (for all participants but the experts), then asked to estimate the odds that a single individual, and then a small group discussing together, would solve the task [START_REF] Mercier | Experts and laymen grossly underestimate the benefits of argumentation for reasoning[END_REF]. Wellestablished results show that, on this task, groups outperform individuals by a factor of 5 on average (going from 12% correct answers to 60%). However, most participants estimated that group discussion would bring no benefit. Even experts significantly underestimated the effect of group discussion. For instance, they thought that in a discussion someone with the correct answer would only convince someone with the wrong answer in 70% of cases, when the real number is close to 100%. Although such drastic improvements are mostly observed with tasks that have an accessible, demonstrative answer, group discussion improves performance in a wide range of domains. Given that it's unclear why people would become more optimistic about the outcome of group discussion in other domains, we can surmise that the underestimation of the value of group discussion is quite robust.

More generally, people seem to take a dim view of other people's ability to aggregate information. For instance, people do not think they are overly influenced by the media, but they think other people are (the so-called third party media effect, for review, see, [START_REF] Mutz | Impersonal influence: How perceptions of mass collectives affect political attitudes[END_REF].

These findings are mirrored in the historical record. Many scholars have takenand keep taking-a very dim view of most people's ability to aggregate information. The idea that people gullibly defer to prestigious figures, irrespective of their domain of expertise, or that they blindly follow majority opinions, is quite prevalent. This quotation from a recent book by a political philosopher is somewhat extreme but nonetheless telling:

Actual human beings are wired not to seek truth and justice but to seek consensus. They are shackled by social pressure. They are overly deferential to authority. They cower before uniform opinion. They are swayed not so much by reason but by a desire to belong, by emotional appeal, and by sex appeal. (Brennan, 2012, p. 8). 1We find similar ideas in the work of prominent psychologists ("That human beings are, in fact, more gullible than they are suspicious should probably 'be counted among the first and most common notions that are innate in us.'" Gilbert, Krull, & Malone, 1990, p. 231), and other scholars (see references in [START_REF] Mercier | How gullible are we? A review of the evidence from psychology and social science[END_REF]. Arguably, the idea that people gullibly follow leaders has had a significant historical impact. For instance, Jason Stanley has argued that fear of demagogues has been "political philosophy's central reason for skepticism about democracy" (Stanley, 2015, p. 27).

That scholars have criticized our supposed tendency to blindly follow the majority might be related to the dim view they often take of the power of information aggregation to yield felicitous outcomes. Nineteenth-century crowd psychologists were among the worst offenders in this respect, rejecting as strongly all attempts at collective deliberation, whether they be congresses, parliaments, or juries [START_REF] Barrows | Distorting mirrors: Visions of the crowd in late nineteenthcentury France[END_REF]. Indeed, they even defended the idea that group deliberation made matters worse ("In any case, it is clear that the jury is even less intelligent than the jurors." Tarde, 1895, p. 23, my translation).

Fortunately, we also find some exceptions to this common denigration of the power of information aggregation. The most historically significant is a passage from the third book of Aristotle's Politics, in which he offers a defense of the wisdom of the crowd (e.g. "The many, of whom none is individually an excellent man, nevertheless can when joined together be better-not as individuals but all together-than those [who are best]" III, 11, Lord translation 2013). It seems that Aristotle's arguments did not find much of an echo until the Enlightenment, for example with the discovery of the Jury Theorem by Condorcet (although it was then forgotten until the mid-twentieth century, see [START_REF] Dietrich | Epistemic democracy with defensible premises[END_REF]. A similar sentiment was then found in defense of freedom of speech, in what would become 'marketplace of ideas' arguments (e.g. [START_REF] Mill | On Liberty[END_REF]Mill, [1859]],

Thomas Jefferson was another famous proponent of this argument, and John Milton an early one).

In spite of these famous exceptions, I would argue that defending the power of information aggregation has been, historically, a minority position. Instead, a great many scholars have held dim views of the potential of information aggregation, and of people's ability to make use of whatever potential there might be. There is thus a sharp contrast between how good people are at information aggregation and how bad they are at thinking about it. The contrast should not be particularly surprising. Throughout our recent evolution, there must have been significant selective pressures on our abilities to aggregate information [START_REF] Mercier | The enigma of reason[END_REF][START_REF] Sperber | Epistemic vigilance[END_REF]. By contrast, an explicit understanding of the principles of information aggregation would not have been of much use. Indeed, we find similar contrasts in every domain of cognition. For instance, we are equipped with specialized mechanisms that approximate some laws of physics, allowing us to move about and interact with objects. However, any explicit belief we might have about physics-our naïve physics-is hopelessly out of touch. 2

4) Information formats

The fact that we have no explicit grasp of the principles of physics usually does not stop us from interacting properly with the objects that surround us. Most of us interact with these objects in ways that are not too different from the ways in which our ancestors interacted with the objects in their environment (from a physics point of view). Clearly there are exceptions-flying a plane or building a skyscraper, say-but for most of us in daily life, there is no need for accurate, explicit physical theories. This might not be the case when it comes to information aggregation, for our informational environment, compared to the one faced by our ancestors, has been dramatically modified and expanded.

2 What might be surprising, then, is not that people easily adopt inaccurate explicit beliefs regarding information aggregation, but that these inaccurate beliefs tend to veer in the direction of pessimism regarding the power of information aggregation. Why aren't people just as likely to be overly optimistic? This systematic bias likely stems from a conjunction of factors, which I will not explore here (but see [START_REF] Mercier | How gullible are we? A review of the evidence from psychology and social science[END_REF] for some suggestions regarding the widespread belief that people are gullible).

One of the many differences in our information environment-compared to that we evolved in-is that information reaches us after having passed through a great many more intermediaries. In a small-scale society, the vast majority of communicated information (by contrast with technical skills) would be secondhand, sometimes third-hand, but it would rarely have gone through more intermediaries (traditions such as those pertaining to the supernatural being one of these exceptions, see [START_REF] Boyer | Religion Explained[END_REF][START_REF] Morin | How Traditions Live and Die[END_REF]. Nowadays, we acquire a significant amount of information through the media (either directly or through friends, colleagues, etc., see, [START_REF] Lazarsfeld | The People's Choice. How the Voter Makes up His Mind in a Presidential Campaign[END_REF]. Take a scientific finding: it already requires many intermediaries before a scientific article is published. It then goes through a press release, an article in a newspaper, then maybe a colleague, before it reaches you. One of the consequences of the introduction of these many intermediaries is that we only have indirect information about the ultimate source(s) of the information. We have not directly witnessed their competence, or had opportunities to evaluate their trustworthiness. We haven't talked to a large number of sources to get an intuitive sense of the level of consensus. As a result, when we are presented with the information, we are much less well equipped to judge its accuracy. This will often mean that we are overly skeptical of information that has gone through multiple intermediaries, since the original reasons for accepting the information will be lost in the process of transmission.

Take information about climate change. Several experiments have attempted to convince participants of the existence of anthropogenic climate change by presenting them with information about the high degree of consensus among climate scientists (e.g. [START_REF] Lewandowsky | The pivotal role of perceived scientific consensus in acceptance of science[END_REF][START_REF] Van Der Linden | The scientific consensus on climate change as a gateway belief: Experimental evidence[END_REF]. Results have been somewhat contradictory, but on the whole, it seems that such information has only a moderate impact on participants' beliefs (Kahan, in press). One can easily imagine that, by contrast, witnessing first hand the degree of consensus among such a large number of scientists, accompanied by some first-hand knowledge of their competence and trustworthiness, would be vastly more convincing. Not only does one have more information in the case, but this information is also presented in a format that makes it more intuitively compelling. A better abstract understanding of the principles of information aggregation, or a better understanding of how science is conducted, might help close this gap. People would then be better able to properly evaluate some of the information that has been condensed as it went through intermediaries.

5) Explicit beliefs about information aggregation in institutions

Another major difference between our current environment and that of our ancestors is that we now often find ourselves in institutionally mandated information environments. Students, jurors, elected representatives, and many others all find themselves in environments in which the people they interact with, and the ways they interact with these people, are largely determined by an institutional framework, and not by their own choices. For instance, in most cases students are not allowed to talk to each other in class, or to collaborate when facing a test. This constrains how people can aggregate information. These complex institutions are not simply designed according to any creator's grand plans. Instead, they evolve willy-nilly, the result of a wide array of forces. However, in some cases at least, some people play a prominent role in molding these institutions-members of constitutional conventions or school boards, say.

Those individuals who play an important role in molding institutions have a variety of incentives. Some of these incentives are problematic because they do not fit with those of the people who will be subject to the institution.

Undoubtedly, this type of 'principal-agent' problem might yield suboptimal institutional designs (at least from the point of view of those subject to the institution). For instance, some pedagogical methods appear chiefly aimed at teaching to the test, which might be better for the people running administrations than for the students.

Fortunately, sometimes people who mold institutions have an incentive to maximize the institution's capacity to aggregate information. One would hope that people who can influence how schools work care about how children learn, that people who decide how juries make decisions care about whether they deliver the right verdict, and so on. At this stage, explicit beliefs about information aggregation might play a role. The realization that information aggregation yields significant epistemic and practical benefits, and that most individuals are apt at making the best of these benefits under relatively simple conditions (e.g. group discussion), should lead one to design institutions accordingly. Unfortunately, as I've argued above, this realization has been, historically, rather rare. As a result, many institutions might have suboptimal features when it comes to their capacity to aggregate information.

In what follows, I will use group discussion as an example, since it is a context in which information aggregation proves very efficient under a wide range of circumstances, and since group discussion is, in most cases, very easy to implement (by contrast with, say, prediction markets). Obviously, people discuss and exchange arguments with each other in just about every institution (monastic orders enforcing vows of silence being the rare exception). But what I'm interested in are formal, institutionally mandated forms of group discussion, such as jury deliberation. I will attempt to show that few institutions mandating group discussion do so on the basis of an explicit belief in the virtues of information aggregation. The main exception will be cases in which these explicit beliefs have been buttressed by empirical evidence.

Parliaments. In a loose sense of the word-an assembly representing the members of a given society that deliberates to make collective decisionsparliaments are very old indeed. For example, most European societies had some similar form of assembly in the first half of the first millennium, and some persisted for a long time (most famously the Nordic thing). These assemblies can be seen as the descendants of even older forms of collective decision making, as can be found in hunter-gatherer societies, that rely on group discussion to reach important decisions [START_REF] Boehm | Emergency Decisions, Cultural-Selection Mechanics, and Group Selection [and Comments and Reply[END_REF]. In both cases-even if this is clearer in the case of hunter-gatherers-these assemblies are necessary because no single individual holds enough power to force a collective decision. A significant part of the population (e.g. adult males) has to be made to agree to the decision before it can be in any way implemented. As a result, there is no need for anyone to realize that such procedures often lead to superior decisions.

If we turn to more formal assemblies, such as the Roman Senate, it is likely that some of their most important rules were the outcome of power struggles rather than concerns about the assembly's efficacy. For instance, supermajority rules appeared in order to stop Roman senators from being too easily condemned [START_REF] Schwartzberg | Counting the Many: The Origins and Limits of Supermajority Rule[END_REF]. If we now turn to recent and contemporary parliamentary procedures, we observe a similar pattern. These procedures seem to be largely governed by the short-term political interests of the agents in charge, rather than by concerns about whether the procedures would allow the parliament to deliberate more efficiently [START_REF] Binder | Minority rights, majority rule: Partisanship and the development of Congress[END_REF][START_REF] Cox | Legislative Leviathan: Party Government in the House (California series on social choice and political economy; 23[END_REF][START_REF] Dion | Turning the legislative thumbscrew: Minority rights and procedural change in legislative politics[END_REF].

On the whole, it is thus very unlikely that an acknowledgement of the power of information aggregation played a significant role in shaping parliaments and parliamentary procedures.

Juries. From an Anglo-Saxon perspective, juries and jury deliberation might seem like an essential part of the judicial system. Moreover the arguments raised in defense of juries suggest a clear understanding of the epistemic advantages of the information aggregation taking place during jury deliberation (see, e.g. [START_REF] Ellsworth | Are twelve heads better than one? Law and Contemporary Problems[END_REF][START_REF] Hastie | Inside the Jury[END_REF]. It thus seems that jury deliberation might be a case in which a positive view of information aggregation helped spread an institution that makes good use of group discussion. However, one should keep in mind that juries are an historical anomaly. For several centuries after their appearance, they could only be found in common law countries (most famously England). Juries seem to have been introduced not necessarily to make better judicial decisions, but to make more decisions that appeared more legitimate: they replaced the ordeal as a way of justifying capital punishment [START_REF] Fisher | The jury's rise as lie detector[END_REF] (on the continent, confessions and the torture used to extract them played the same role, [START_REF] Langbein | Torture and the law of proof: Europe and England in the Ancien Régime[END_REF].

The extension of juries to civil law countries has been haphazard, and is, in some cases, very recent (e.g. the jury was only introduced in Japan in the early 2000s, see, [START_REF] Anderson | The slow birth of Japan's quasi-jury system (saiban-in seido): Interim report on the road to commencement[END_REF]. Moreover, juries are still resisted, not only in civil law countries (e.g. France and Belgium, see, [START_REF] Frydman | La contestation du jury populaire. Symptôme d'une crise rhétorique et démocratique[END_REF], but also in common law countries. For instance, in the United States prominent scholars have mounted a systematic-but deeply flawed [START_REF] Feigenson | Can Tort Juries Punish Competently: Book Review[END_REF][START_REF] Vidmar | Experimental Simulations and Tort Reform: Avoidance, Error, and Overreaching in Sunstein et al.'s Punitive Damages[END_REF])-attack on the reliance of juries to award punitive damages [START_REF] Sunstein | Punitive Damages: How Juries Decide[END_REF]. This latter attack is symptomatic of a dim view of the power of information aggregation, since it specifically suggests that group discussion systematically leads to worse decisions [START_REF] Schkade | Deliberating about dollars: The severity shift[END_REF]. I would thus argue that juries owe little of their cultural success to a positive view of their epistemic value.

Schools. Group discussion can play at least two roles in school: group discussion between teachers can help improve their teaching skills (for instance through lesson study, see, e.g. [START_REF] Fernandez | Learning from Japanese approaches to professional development: The case of lesson study[END_REF], and group discussion between students can help them learn better (through collaborative or cooperative learning). To the best of my knowledge, few school systems mandate discussion between teachers in order to improve their teaching (in spite of mounting evidence in favor of such methods, see [START_REF] Cheung | Does lesson study work? A systematic review on the effects of lesson study and learning study on teachers and students[END_REF], and so I will focus on collaborative learning between students. Prominent scholars have emphasized the importance of sociality for learning, but most focused on the relation between student and teacher-as in the Socratic method, or the work of Vygotsky (e.g., 1978). The idea that group discussion between students might be beneficial only became popular relatively recently [START_REF] Bruffee | Collaborative learning and the" conversation of mankind[END_REF]. Interestingly, the inception of collaborative learning might owe more to political ideals-antiauthoritarianism in particular-than to beliefs about the epistemic value of discussion per se [START_REF] Bruffee | Collaborative learning and the" conversation of mankind[END_REF]. The subsequent spread of collaborative learning, in particular in the United Kingdom and the United States, was propelled by the accumulating, and by now massive, evidence showing its potential to improve learning outcomes (for reviews, see, e.g. [START_REF] Slavin | Research on cooperative learning and achievement: What we know, what we need to know[END_REF][START_REF] Slavin | Cooperative learning and academic achievement: Why does groupwork work?[END_REF]). Yet the use of collaborative learning remains rare in many countries, even countries with high investment in education [START_REF] Algan | Teaching practices and social capital[END_REF].

There might be many obstacles explaining the so far limited spread of collaborative learning-teachers might find it difficult to implement, for instance. Even so, what the history of collaborative learning suggests is that its spread has been largely driven by the evidence gathered in its favor, and not by a pre-existing belief in the power of student discussion to yield better epistemic outcomes.

Science. Clearly, discussion plays a crucial role in science. In many cases, these discussions are institutionally mandated-from peer review to conferences or even lab meetings. Moreover, some of the thinkers who were at the forefront of the Scientific Revolution of the seventeenth century recognized the epistemic value of discussion-Robert Boyle being the best-known example (see [START_REF] Shapin | Leviathan and the Air-Pump: Hobbes, Boyle, and the Experimental Life[END_REF]. It might thus seem that science is the one counterexample in which the recognition of the advantage of information aggregation-prior to any real evidence in its support-led to the institutional implementation of group discussions. However, other, equally influential thinkers had little time for group discussion (e.g. [START_REF] Bacon | Novum Organum[END_REF].

More importantly, many institutions that mandate group discussion in science likely emerged simply out of the need and desire of scientists to engage in group discussion. Scientists are typically eager to share their findings. In so doing, they can barely avoid critical discussions-indeed, they are generally keen on criticizing others' theories and results. Explicit beliefs about the virtues of information aggregation are not necessary. Moreover, some forms of discussion that have become paramount in science clearly did not emerge because of an explicit belief in their epistemic virtues. Most prominently, peer review-which has become one of the defining traits of science-emerged as a form of censorship [START_REF] Biagioli | From book censorship to academic peer review[END_REF]. Scientists started reviewing each other's manuscripts in order to preempt harsher royal censorship. The idea that this form of discussion would improve the scientific content of the texts was thus largely absent from peer review's origins, and it is not clear whether it has played a significant role in peer review's persistence (although see, [START_REF] Csiszar | Troubled from the start: pivotal moments in the history of academic refereeing have occurred at times when the public status of science was being renegotiated[END_REF]. This very brief overview suggests that institutions mandating group discussion can appear for a variety of reasons. In some cases, individuals simply want to take part in discussions, and they find ways of formalizing these interactions (science being the prominent example). In other cases, institutionally mandated group discussion is the outcome of power struggles (on the role of power in shaping institutions, see, e.g., [START_REF] Knight | Models, interpretations, and theories: constructing explanations of institutional emergence and change[END_REF]. To some extent, parliaments and juries are a concession extracted from powerful agents by a broader community.

We also find a hodgepodge of specific rationales-for instance, the antiauthoritarian strain in the early proponents of collaborative learning-but on the whole an explicit recognition of the potential epistemic and practical benefits of group discussion does not seem to have played a prominent role in the development of the institutions that rely on group discussion.

The only exception appears when there is clear feedback on the efficacy of group discussion. This feedback can be relatively informal-some judges might have been able to appreciate first-hand the benefits of jury deliberation-or it can be very formal-the scientific evidence accumulated in favor of collaborative learning. To the extent that we do not spontaneously form accurate explicit beliefs about information aggregation, this makes sense. The fact that such feedback is hard to come by-in some cases, it takes randomized control trials for the evidence to clearly emerge-would then help explain the underuse of group discussion in many institutional contexts. Here the contrast with naïve physics is telling. Any attempt to build a complex structure provides immediate feedback: our attempt is successful or not. It is thus easy to realize that our naïve beliefs about physics are largely misguided. By contrast, is difficult to judge the outcome of a complex institution, and even more difficult to understand what individual factors are responsible for the outcome. 6) Popularizing the wisdom of crowds I have argued that people are endowed with a set of cognitive mechanisms that allow them to efficiently aggregate information in a range of contexts.

Unfortunately, people increasingly function within institutional frameworks that put stringent limits on their ability to aggregate information (e.g. limiting students' ability to work in groups). Many of our institutions are thus far from making an optimal use of our abilities to aggregate information. This failure stems from a combination of many factors. One factor might be the apparent difficulty to grasp the power of information aggregation, and the widespread pessimism regarding others' ability to make good use of information aggregation.

In recent years, mounting evidence has started to buck the trend. In some countries at least, schools rely increasingly more on collaborative learning. We find analogous moves in other domains, for instance the increased use of teams in medical decision-making and forecasting. We might even hope that this evidence-based optimism towards the power of information aggregation spreads further. The popular success of books such as Surowiecki's The Wisdom of Crowds (2005) and Philip Tetlock and Dan Gardner's Superforecasting: The Art and Science of Prediction (2016) can help spread much needed optimism. We can then only hope that once they are widespread, these more positive, but also more accurate beliefs about the power of information aggregation will help push for institutional designs that make a better use of our abilities to aggregate information.

I thank Olivier Morin for pointing this quote out to me.
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