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Classical economic theory, applied to a competitive exchange market, is grounded on two main pillars :

-substantive individual rationality, illustrated by the so-called ‘homo oeconomicus’, who chooses the best buying or selling action according to given beliefs and preferences ; 

-static collective equilibrium, symbolized by a fictitious ‘Walrasian auctioneer’, who fixes the goods’prices by equalizing producers’supplies and consumers’demands.

These approaches have two correlated limitations : the first exhibits no mental deliberation process leading to the choosen action ; the second considers no concrete equilibration process leading to the coordinated state. Of course, some classical works tried to circumvent these limitations (choice algorithms, Walrasian tatonnement), especially in some enlarged economic contexts (imperfect competition), but they appeared rather ad hoc.

Two research programs, arising in the last twenty years, try to answer more profoundly the two limitations :

-an epistemic program, grounded on individual beliefs and reasoning, develops a procedural individual rationality, now symbolized by a so-called ‘homo cogitans /adaptans’;

-an evolutionist program, grounded on interaction networks and adaptation processes, develops the idea of self-organization of a system and studies emergent structures.

These two programs gather in ‘cognitive economics’, which can be defined as the study of reasoning operations and adaptation processes implemented by economic agents in their interactions. Worked out simultaneously at different levels of generality (economic theory, game theory), they act in a complementary way since a sophisticated reasoning of actors can be substitued by a time-improving learning of the same actors .

Historically, the epistemic program introduced successively more and more profound mental states guiding an actor’s choice:

-information was first considered through the role of prices or other signals about goods;

-expectations were introduced about the future prices or future level of economic activity;

-beliefs were modelled as concerns speculation in finance or credibility of public policy.

Similarly, the evolutionnist program introduced  successively more and more constructive time notions for actors’interactions:

-crushed time where economic agents react to prices and fix prices in the same period;

-spread out time where agents expect (rationally or not) the future prices and react to them;

-sequential time where individual learning and structural innovation becomes possible.

Both programs imported some concepts from cognitive science or other social sciences. For instance, the first took the ideas of bounded rationality (from Artificial Intelligence), of exploration-exploitation dilemma (from Bayesian theory) or of common knowledge (from philosophy). The second adopted the ideas of adaptive behavior (from Artificial Intelligence), of mimetic behavior (from sociology) or of emergent structures (from system thinking). Both programs introduced formal tools from mathematics or physics. For instance, the first leaned on epistemic logics (from formal logics), non additive probabilities (from probability theory) or even neuronal networks (from Artificial Intelligence). The second integrated non linear dynamic systems (from mechanics), statistical systems (from physics of disordered systems) or even genetic algorithms (from evolutionary biology).

On one hand, some cognitive principles were introduced in order to enrich traditional economic modeling. Keynes insisted on the conventional role played by long term expectations in financial markets. Hayek considered the informational power of prices able to coordinate the agents by a unique kind of signals. Schelling and Aumann showed how players can be precoordinated on some specific states by common prior beliefs. On the other hand, some economic principles were introduced in order to model cognitive constraints. Simon interpreted bounded rationality as derived from information gathering and computing constraints. Muth justified rational expectations by the optimal use of information in expectation formation. Stigler considered the actor’s trade-off between the cost of information and the utility it induces in some decision.

1. Reasoning theory   
1.1. Belief structure

Individual beliefs can be formalized under two forms which are univocally linked. In syntax, basic entities are propositions expressing properties of a material universe; each actor is endowed with a belief operator stating if he believes or not these propositions. Such a  representation is close to folk thinking, but is only tractable with difficulty. In semantics, basic entities are possible worlds summarizing all relevant physical and psychical features of some situation; each actor is endowed with an accessibility domain which indicates, for a given ‘real’ world, which worlds he is not able to discriminate. This representation is far more abstract, but gives to beliefs a geometrical form easy to handle. Moreover, a bridge exists between syntax and semantics : to each proposition, it is possible to associate an event, i.e. the subset of possible worlds where the proposition is true; an actor believes a proposition if and only if the associated event is true in all worlds which are accessible from the real world.

Individual beliefs are independently stated in two different frameworks. In the propositional framework, some syntactical proposition is believed in all or nothing while in semantics, the corresponding accessibility domains are defined set-theoretically. In the probabilistic framework, a syntactical proposition is believed with some probability while in semantics, in each real world, a probability distribution is defined on all worlds. Since the first framework is the usual one in logics, the second is the most used in economic and game theory. Generally, a syntactical proposition is considered as believed if its probability is one; similarly, in semantics, a probability distribution is set-theoretically replaced by its support. However, the probabilistic framework (involving quantitative properties) cannot be considered as a simple refinement of the propositional one (involving only qualitative properties). 

In syntax, several properties of beliefs are defined, involving eventually auto-hierarchical beliefs (beliefs about one’s beliefs). Logical omniscience states that an actor can infer all consequences of what he believes. It assumes that the actor has no computing limits, against the usual interpretation of bounded rationality. Veridicity states that what an actor believes is true. It leads to distinguish between knowledge assumed to be true, and belief which may be false. Positive introspection states that an actor believes what he believes. It just expresses the reflexive property of human thinking and appears not too strong. Negative introspection states that an actor believes what he does not believe. It assumes that the actor is aware of all possible propositions, what is hard to reach even in a ‘small world’. All these properties can be weakened in appropriate frameworks, especially logical omniscience (constrained by limited capacities) and negative introspection (constrained by limited awareness).

All properties can be translated in semantics as properties of the accessibility domains (or of the equivalent accessibility relation linking a world to another if the second is in the accessibility domain of the first). When all of them are realized, the accessibility domains form a partition on the set of possible worlds. Similarly, all properties can be extended to a probabilistic framework. In many applications, it is assumed that all actors are endowed with two belief structures on the universe: a common probability distribution related to public information about its objective properties, partitional accessibility domains characterizing subjective private information about it. Moreover, it is possible to consider hierarchical beliefs which mix set-theoretical and probabilistic levels (such as a distribution of events or a family of probabilities), especially in order to formalize a subjective ‘ambiguity’ over objective ‘uncertainty’.

1.2. Belief revision

Usually, what is considered is not belief formation where some belief is constructed from different pieces of information. What is studied is belief revision where an initial belief is transformed, according to a message, into a final belief (with a possible contradiction between initial belief and message). Two main revision contexts are considered, which are not reducible one to the other up to now. Revising considers that the message makes more precise or corrects the initial belief about a stable universe. Updating considers that the message indicates in what direction evolves a changing universe. A third context, focusing, is defined when the universe is a population and the message gives information about an object drawn randomly in the population. But this context may be reduced to the preceding one along with a projection principle. For instance, in an urn with presumably blue, yellow and red balls, a revising message states that there are in fact no red balls, an updating one that there are no more red balls and a focusing one that a given ball picked out is not red.

In syntax, axiom systems are stated in a propositional framework, respectively for revising and for updating, but with some common axioms. For instance, success states that the final belief entails the message; it involves a priority principle which says that the initial belief may be false while the message is considered as true. Likely, inclusion states that statements common to the initial belief and the message are kept in the final belief; it involves a  conservation principle, expressed either in a strong form (if some belief can be kept, it is kept) or a weak form (if some belief cannot be kept, it is minimally changed). All these axioms can be extended in a probabilistic framework, either in a weak form which is just a translation in terms of support, or in a strong form which gives a numerical counterpart of the qualitative axioms. All these axioms can be compared to epistemological principles used when a initial theory formed of several assumptions is confronted to a message saying that some testable consequences are refuted, and leads to the revision of some assumptions.

By representation theorems, these axiom systems have a (possible worlds) semantic counterpart as belief revision rules. For instance, in set-theoretic revising, one has to consider successive corona around the initial belief, and the final belief is just the intersection of the message with the first corona intersecting the message. In syntax, the interpretation is that all propositions get endowed with an ‘epistemic entrenchment’ index, and the final propositions are obtained by adding the message to the initial propositions and by removing from this system the less entrenched propositions until restoring the system’s consistency. In epistemology, the Duhem problem arises when a theory, formed of several hypothesis, has a refuted testable consequence and needs to be revised; the Duhem problem, related to the indeterminacy of the failing hypothesis, can be solved by abandoning the less entrenched ones. For probabilistic revising, the corresponding procedure shows that the most popular revising rule, i.e.Bayes rule, can be epistemically justified only under very strong axioms.

Finally, it can be shown that belief revision is a central reasoning operation since at least three other ones, currently used by the actors, can be reduced to it according to some translation principles. Non monotonic reasoning is a weakened form of deduction where exceptions are allowed; for instance, from ‘all birds fly’ and the fact that ‘Titi is a bird’, one can infer that ‘Titi flies’ except if Titi is a penguin or an ostrich. Abduction is some sort of inverse explanation which infers from some facts a hypothesis which may explain them; for instance, when seeing some flying object, an actor may abduce that it is a bird or a flying saucer. A conditional is a weakened form of material implication which is no more true as soon as the antecedent is false; for instance, the sentence ‘if a bird looses a wing, he cannot fly’ may be accepted or not. However, other forms of reasoning, such as categorical reasoning or analogical reasoning, have to be further studied and compared to belief revision. 

2. Decision theory    

2.1.Deliberation process

The decision-maker is usually provided with three choice characteristics: opportunities which delimit the set of possible actions, beliefs which allow to expect the consequences of each action, preferences which  valuate and aggregate its consequences in a synthetic index. These characteristics are mental states which are not directly accessible by the modeller, but are nevertheless considered as realistic (hidden) variables which justify choices. The decision-maker faces an environment formed of two parts : nature which summarizes physical factors and has a deterministic behavior, other actors which act in the same way than he is assumed to do. As concerns the states of nature, the decision-maker can be endowed with weaker and weaker belief structures : certainty (one state only is considered); probabilistically uncertainty (a probability distribution is considered on the states); set-theoretically uncertainty (a subset of states is considered), radical uncertainty (the set of  states is not known). 

Two notions of rationality of a decision-maker are introduced. Cognitive rationality is concerned by the adequation between received information and constructed belief. His strong form assumes that the decision-maker has the same representation of the universe than the modeller and is able to form ‘rational expectations’. Instrumental rationality is concerned with the adequation between available means and pursued objectives. His strong form assumes that the decision-maker chooses the action which maximizes his utility, for given beliefs (Bayesian rationality). Both forms of rationality intervene in the deliberation process, the first to frame the decision problem in its context, the second to solve the encoded problem. An open question is to decide whether cognitive rationality is an original form of rationality or can be reduced in some way to instrumental rationality.

In choice against nature, the usual decision model under probabilistic uncertainty (maximization of expected utility) was extended in order to keep strong instrumental rationality, but with weakened beliefs about nature. For instance, the decision-maker may always maximize expected utility, but probabilistic beliefs are replaced by credibilistic beliefs, where credibility is a non additive (two-level) extension of probability. It is harder to find decision rules dealing with radical uncertainty (which allows for unexpected contingencies), and especially to precisely define the principle of precaution. The decision-maker may even be uncertain about his own preferences, for instance seen as stochastic ones; in that case, the decision-maker no longer optimizes, but chooses some action with a probability proportional to its mean utility (discrete choice model). Moreover, in choice against other players (strategic uncertainty), the use of the classical rules has to be justified since they treat these other players as fixed-rule entities. 

Always in choice against nature, perfect rationality was more deeply tranformed by considering that the decision-maker has bounded rationality, due to limited capacities of information processing (Simon). Contrary to perfect rationality which is univocally defined, a whole class of models of  bounded instrumental rationality is available. For instance, the ‘satisficing’ model assumes that the decision-maker chooses the first action which satisfies aspiration levels on partial objectives; in dynamics, these aspiration levels are increased if an action is easily found and decreases if an action is difficult to find. But, since there is no direct link between cognitive limitations and such decision rules, a second class of models of bounded cognitive rationality models was proposed. For instance, it considers automata where an action is choosen by a decision-maker who has only a finite number of inner states or is subjected to computing costs.

2.2. Learning process   

A decision-maker considers two types of related actions : operational actions in order to achieve his goals, informational actions in order to acquire information sustaining the first. When considering a repeated decision problem, information can be obtained in three ways. In pure experimentation, he buys information from specialized external sources by a preliminary informational action involving some cost. In passive experimentation, he gets information without cost as a by-product of operational actions; he observes either past actions and states or past utilities. In active experimentation, he searches voluntarily some information by deviating from the spontaneous operational action in order to test the environment; he looses some short-term utility, however compensated by some long-term utility when later using the information. 

With pure experimentation, it is possible to define the value of information given by some external message, which will be compared by the decision-maker to information cost. For a given operational decision, the value is defined as the difference of mean utility induced by the action after receiving the message and before receiving the message. In choice against nature, for a Bayesian decision-maker receiving a partitional message about (probabilistic) states of nature, it can be shown that the value of information is always positive. It means that a (true) information given to a decision-maker in a passive environment can only make him better on average. This result no longer holds when the decision-maker has a non expected utility decision principle or receives a non partitional message. Of course, the notion of information value can be extended to information acquired by passive or active experimentation.

With active experimentation, the decision-maker faces a trade-off between exploration and exploitation. He may exploit at best the information already acquired or explore in order to acquire new information acting as an investment for the future.  In repeated decision against nature, an optimal trade-off extracting as much valuable information as possible can sometimes be considered. For instance, in a two-armed bandit process, where the decision-maker has to choose between pulling one of two levers giving probabilistic payoffs (the probability being unknown by him), the optimal strategy consists in computing an index for each lever according to past performances and choosing the lever with greatest index. However, some reasonable trade-off can be directly incorporated in short term non optimizing decision rules. For instance, in the discrete choice model, where the decision-maker chooses an action with a probability increasing with its utility, it happens as expected that exploration takes place at the beginning of the process and exploitation at the end. 

For repeated decision situations, learning mechanisms based on bounded rationality are introduced, under two forms. In epistemic learning, the decision-maker has some structural belief about his environment which he revises through the messages he gets about the past states (or actions). For instance, in fictitious play, the decision-maker observes the past frequency of the occurrences of states (or actions) and expects the future state (or action) with the corresponding probability; in stochastic fictitious play, random deviations on actions are added in order to ensure some exploration. In behavioral learning, the decision-maker only observes the result of his own past actions and reinforces (inhibits) the actions with good (bad) past performances. For instance, in CPR rule, the decision-maker computes a past cumulative utility index for each action and plays an action with a probability proportional to its index; here, some exploration is already incorporated into the rule. For each learning process applied to decision against nature in a stationary stochastic environment, some convergence results towards (expected utility) optimizing actions are obtained. 

3. Game theory  

3.1. Epistemic coordination 

When considering a game, three kinds of beliefs are considered, related to three basic entities distinguished by some player : nature (with a mechanistic behavior), other players (with a rational behavior), himself (also rational). Factual beliefs concern past states of nature or past actions of players. Structural beliefs concern permanent characteristics of the entities, functioning rule of nature or choice characteristics of players. Strategic beliefs concern future states of nature and expected actions of players (called conjectures). Most uncertainties are represented by probabilistic belief structures; for instance, other’s characteristics are summarized in a ‘type’ endowed with some probability. However, set-theoretic uncertainty may be considered too; for instance, other’s past actions undistinguishable by the player are gathered in an information set. Moreover, the player is considered to be aware of his own past actions, own characteristics and own future actions.

As time unfolds, the different kinds of beliefs are revised according to a natural order. First, factual beliefs are  plainly revised when new messages arise on what happened. For instance, the states of nature are progressively made more precise with messages correlated with the real state. Second, structural beliefs are adjusted to factual observations, through abductive reasoning. For instance, the other’s preferences are revealed (with some multivocity) through the observation of past actions and thanks to the rationality assumption. Third, strategic beliefs are formed by relying on structural beliefs. For instance, the other’s future action is conjectured by assuming his rationality and relying on some information on his beliefs and preferences. In fact, in any dynamic game represented by a game tree, beliefs are revised in the direct order of time while intended actions are adjusted mentally in the reverse order. More precisely, the backward induction procedure assumes that the player at an end node takes an optimal action, then the player at a preceding node takes an optimal action knowing the follower’s one and so one till the root node of the tree. 

Since players are involved in strategic interaction, each needs to hold beliefs about other’s beliefs on actions, hence on other’s beliefs on characteristics. The crossed beliefs of players about some statement may be more or less homogenously distributed. Shared belief is obtained when each player believes the statement. Shared belief at order k is obtained when each player believes the statement, believes that the other believes it and so on till level k. Common belief is obtained when crossed beliefs on the statement are satisfied till infinity. Instead of being defined hierarchically, common belief may be defined by self-reference : the statement is common belief if it is shared belief that it is common belief. In fact, the second definition entails the first, but not conversely. Moreover, if common belief appears hard to achieve, it is practically enough that the statement was announced to all players in the presence of the others.

The numerous equilibrium notions defined in game theory receive an epistemic justification  when they are issued from the sole reasoning of very clever players. Two basic assumptions state that the structure of the game and the rationality of the players are common belief and even common knowledge; they are completed by additional assumptions leading to stronger equilibrium notions. For static games, the basic assumptions justify sequential elimination of strongly dominated strategies; with common belief of players’ independence of play, one gets the rationalizable strategies; with common prior on probabilitic beliefs, one gets a correlated equilibrium; but the most common Nash equilibrium is far harder to obtain since he assumes common belief of player’s conjectures. For dynamic games, the basic assumptions have to be completed by subtle assumptions in order to obtain the usual subgame perfect equilibrium. Moreover, if an equilibrium notion can be justified by epistemic conditions, other conditions are required for selecting one particular equilibrium state in case of multiplicity. For instance, cultural ‘conventions’ are needed for picking out some ‘focal’ states or some selection rules.

3.2. Evolutionist coordination
In a game, information is again acquired from outside by some player or transmitted from one player to the other, either in a direct way or indirectly through their actions. But information gets now endowed with a strategic dimension. For pure experimentation, value of information (about a state of nature) can again be computed as the difference of utility obtained in the equilibrium before and after information is supplied. But now, this value may be negative (for the player getting the information or even for the other); it means that some (true) information introduced in the social system can worsen the situation of the receiver (and of others). For passive experimentation, a player favours diffusion or retention of information according to his belief that the information will be used by others in a way favorable or defavorable for him. It is even possible for a player to implement an action able to induce a false information for the opponent, as it is the case in phenomena like bluff or reputation.

The main problem is to know whether some piece of information, through direct or indirect exchanges, becomes or not shared and even common at the end of the process. When communicating through actions, a revealing equilibrium is obtained when the game structure induces the players to completely reveal their private information to others while a non revealing equilibrium is obtained when the players reveal no information. Classical ‘puzzles’ illustrate this phenomenon. In the three hats problem, indirect information leads in finite time to common knowledge of the real situation since the  possible states are finite and the player’s preferences are independent. In the Byzantine generals problem, direct information never leads to a common belief of the real situation (and to common attack) since the possible states of nature are infinite and the messages are noisy.

More generally, evolutionist games are constructed by assuming that boundedly rational players interact in successive occurrences of some (static or dynamic) stage game, according to four basic principles. The confrontation principle specifies how the players meet, each player interacting generally only with players of some interaction neighborhood on some network. The information principle specifies what information the players gather on others’ actions or own’s utility in some information neighborhood. The evaluation principle specifies how the players summarize their information in aggregate indices, about past frequency of others’ actions or past performance of own’s actions. The decision principle specifies how the  players condition their actions on former indices, by eventually incorporating some stochastic deviations of own’s actions or considering some imitation of others’ actions. These principles are specified in the two former learning processes or in an evolutionary process; evolution happens when there are populations of players, each being endowed with a fixed strategy, but reproducing according to the utility (assimilated to fitness) he gets in mutual interactions.

The equilibrium notions defined in game theory receive an evolutionist justification when they come out of a learning or an evolution process as asymptotic states. For static stage games, even if the process is susceptible to cycle, a pure strategy Nash equilibrium is rather easily obtained, but a mixed strategy Nash equilibrium is far harder to reach. When considering some stochastic deviations, acting at a longer time scale, some refinements of Nash equilibria may even be obtained. For dynamic stage games, a subgame perfect equilibrium is generally obtained, at least for perfect information games. An evolutionist justification of equilibrium notions turns out to be easier to obtain than an epistemic justification. Moreover, the selection of some equilibrium state is automatically ensured since the process leads to some final state; however, it depends probabilistically on initial conditions, stochastic shocks (context dependence) and past states (history dependence). 

4. Economic theory 

4.1. Information 

In economic theory and more precisely in ‘information economics’, information is considered as some kind of good, which can be produced, exchanged and consumed. But it is an immaterial good which is endowed with specific properties with regard to a material good. It is not perfectly modular, since it is hard to consider explicit pieces of information which are self-contained. It is not simply exchangeable since information may be interpreted differently by the buyer and the seller. It cannot be perfectly private since it is reproduced without cost and may be captured and used for free. Hence, due to the different kinds of externalities, the market of information cannot work as a usual perfectly competitive market. In fact, basic information is collected and diffused by governmental institutions, only specialized information being exchanged on private markets. 

From a different point of view, in any market, information has as a special role of coordinating the agents. In markets where the exchanges are mediated by institutions, agents receive some (institutional) signals and react to them while the institution fixes these signals which summarize the global effects of their actions. For instance, in a competitive market where the only signals are the good prices, the agents express their offers and demands by acting as price takers and the ‘Walrasian auctioneer’ fixes the prices by equilibrating the offers and demands of all agents. In markets with direct exchanges among agents, some signals are directly provided by these agents. For instance, in a market of imperfect competition, a producer becomes price maker and needs other signals to fix the prices and the production levels, i.e. the production levels of his opponents and the demand curve of the consumers. In a market of imperfect information, where some agent is not able to observe either a state of nature that the other knows (moral hazard) or the action that the other implements (adverse selection), he has to observe correlated signals in order to act.

The equilibrium achieved by information exchange may result from self-fulfilling phenomena of two different kinds. An expectation of an institutional variable is self-fulfilling when all agents act on the basis of that same signal and provoke conjointly the realization of the expected variable. For instance, if all agents think that the price of sugar will increase, they hasten to buy it and induce the increase of price. A theory linking an institutional and an exogenous variable is self-fulfilling when all agents act by leaning on it and cause (locally) the realization of the relation. For instance, if all agents believe that the price of a good is correlated to sunspots and act after observing the sunspots, the relation will be confirmed. Consequently, a disconnection between the physical sphere and the conceptual sphere may appear and survive. Especially, on the  financial market, speculative bubbles may arise and disclose the material sphere and the financial sphere.

Cognitive phenomena are especially important when describing the role and functioning of institutions, considered as devices able to better coordinate the agents. An institution may have a conceptual support such as money or confidence or adopt a social support such as auctions or firms. It has to face three general types of failures in agents’interactions : the absence of equilibrium, the multiplicity of equilibria, the non Pareto-optimality of equilibria. The institution solves the first and third failures by creating new equilibria, for instance by introducing a dynamic framework or even some uncertainty; it solves the second failure by selecting one equilibrium, for instance by inducing some shared conventions among agents. A more specific role for institutions is to allocate resources by respecting efficiency and equity criteria. This is done in a decentralized way by auctions grounded on bilateral exchanges of information and goods, or in a centralized way by firms grounded on a two-way hierarchy of respectively information and decision. 

4.2. Communication   

In economic theory and more precisely in ‘knowledge economics’, knowledge is considered as some kind of capital, which can be accumulated or depreciated. But it is an immaterial capital endowed with specific properties with regard to material capital. It is frequently incorporated into agents and cannot be encoded in an explicit way. It is at best transmitted by its formal content and looses then part of its interpretation. It is naturally evolving either by combination and innovation or by degradation. Hence, due to imperfect exchangeability, the knowledge market has special features. Basic education and fundamental research are provided by public institutions while specialized formation and applied research give rise to private markets. Moreover, patents are introduced in order to protect the innovator from imitation for a given period.

From a different point of view, information is exchanged among players during the market process described by dynamic interactions between boundedly rational agents. The interactions may result from temporary bilateral exchanges between agents. For instance, on a job market, at each period, firms and workers search stochastically for each other; each has a reservation wage which he increases or decreases through time according to the success or failure of the search process. But some direct and permanent links between agents are also considered. For instance, mimetic phenomena can be introduced, either preferential (an agent imitates another because they have correlated preferences) or informative (an agent imitates another because he assumes the other to know more than he does himself). Moreover, the agents are provided with several sources of information sometimes conflicting. For instance, they realize a trade-off between public information (given by prices) and private information (given by local observation).

An equilibrium arises as an asymptotic state of the former equilibration process, which may however not converge. Such a state is mainly concerned by the prices (and related exchanges) which may emerge. On the job market, there is convergence towards the competitive price if there are not too much frictions in the system, such as research costs or transaction costs. Some structures may also emerge, concerning the qualitative or spatial distribution of agents. For instance, on a market for technology, the firms situated on a network may be segmented into areas adopting one technology and areas adopting another one. Finally, some original links may endogenously appear and survive between agents. On a fish market, fidelity links between some buyers and sellers may be sustained by the fact that usual customers are favoured. 

Cognitive phenomena are especially at work when considering the emergence (and survival) of institutions. It is frequently studied in a game theoretic framework which assumes no prior institution and is analyzed in three steps. First, some regularity in players’ behavior appears asymptotically as an equilibrium of agents interactions and is observed by the agents. Second, this regularity is considered as a natural and exogenous entity by agents who react now directly to that self-sustaining entity. Third, a legal authority is given to the entity, which finds itself reinforced by incentives and sanctions. For instance, money results first from the spontaneous use of some specific good as a convenient exchange medium, becomes then an autonomous entity without intrinsic value and generally accepted by mutual confidence, and receives finally a legal definition and a material guarantee by some public authority.

5. Conclusions

5.1. Ontological positions

Like classical economics, cognitive economics is adopting a sophisticated methodological individualism. Individual actions are choosen by autonomous agents according to their choice  characteristics, in some physical and institutional context. Collective effects result simultaneously from individual actions and some institutional features. Two more relations are more recently introduced, enforcing and weakening respectively methodological individualism. On one hand, the institutional features are no more given, but result from the conjunction of individual actions. But if some micro-institutions like traffic lights are easily justified, it is not the same for macro-institutions like the state. On the other hand, the individual characteristics can be conditioned at long term by some collective effects. But, if preferences may be influenced by social norms, they stay grounded on a strong individual and heterogenous basis.

Cognitive economics favours a more subjective approach than classical economics. Traditionally, the main characteristics of the agents (preferences, beliefs) were considered as mental states having real existence, but known only by revelation from actions. Under the influence of cognitive psychology (considering that some mental states are directly observable) and economic theory (introducing sophisticated preferences and beliefs which cannot be revealed), a softer position is now accepted, giving more room to introspection. However, economics does not consider infra-individualism, where individual behavior (and collective phenomena) may be explained by neurosciences. The reason is that the infra-individual level may well explain the mental states (hence explain behavior), but it is assumed that there is no short-cut between the infra-individual factors and behavioral facts. 

Cognitive economics favours a more constructive approach than classical economics. Traditionally, the agents were endowed with strong instrumental and cognitive rationality,  even if rationality received a restrictive ‘as if’ interpretation. Under the influence of cognitive psychology (considering limited reasoning capacities), actors were endowed with bounded and adaptive rationality. Under the influence of economic theory (insisting on the role of time), the collective consequences were considered as progressively emerging. However, economics does not accept a pure reactive view of behavior which implies that agents react mechanically to past external stimuli. The choice rules, which relate past information to intended choices, have to be justified by rationality arguments, rationality being bounded but nevertheless active.  

5.1. Epistemological positions

Like classical economics, cognitive economics builds ideal models, approximating the real phenomena in some aspects and under some limits. The individual behavior, which is not its main subject of interest, has to be simple enough to derive some collective phenomena, which constitute its main topic. Moreover, its aim is less to explain some realized phenomena than to show that some phenomena are possible. For instance, the competitive market model is not really considered as describing a real market (even if it approximates some), but to show that individual coordination by prices alone is possible. Simulation is more and more used to derive such phenomena, even if analytical results remain the final aim. Simulation allows to explore the possible trajectories followed by the social system for a set of individual assumptions, but it cannot replace real experimentation in order to observe real trajectories.

Cognitive economics is more involved in empirical validation than classical economics. Three kinds of experimentation can be distinguished. Historical experimentation refers to data systematically collected in various sectors (finance, job market) for essentially administrative reasons. Field experimentation refers to institutional changes realized for some policies (taxes, infrastructures) in some areas and not in others. Laboratory experimation refers to the controlled and possibly repeated study of actor’s various reasoning (belief revision, choice deliberation) or of actors’ behavior in different contexts (negociation, exchanges). For model validation, experimentation can be used in two ways, the first being proeminent in economics. The projective way tests the consequences of already constructed models while the inductive way reveals observed regularities later taken as empirical assumptions. 

Cognitive economics has more links with other sciences than classical economics. It has natural links with cognitive sciences even if they often consider different problems.  Economists are more interested in convergence results than in transitory states while Artificial Intelligence specialists consider frequently complexity issues and times of convergence. It has more conflictual links with physics since, if it willingly accepts to import formal methods, it is very reluctant to adopt foreign concepts. Physicians are blamed for applying their tools to economic fields without respecting the conceptual frame and disciplinary style of economics (‘wild economics’). It is more open to other social sciences, since its ontological positions become wider and its epistemological positions softer. In fact, sociology and anthropology share the same interest in cognitive aspects and seem ready to cooperate for their study. 

