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Abstract: In a famous two-parts article Ken Binmore (1987 ; 1988) has elaborated a 

framework in which the rational individual is assimilated to a machine. The machines play 

games through programs generated by each machine’s master program. According to 

Binmore, the master-programs are the product of an evolutionary process through which more 

efficient ones will be selected. Because selection will tend to favor a restrictive set of master-

programs each player will be able to know who his opponent is and to interpret his moves in 

particular game to help coordination on a particular equilibrium. Philip Mirowski (2002) has 

criticized Binmore’s account, making it the most prominent example of what he calls 

“Dennett’s dangerous idea”. We argue that Mirowski’s criticism has two stances: a general 

one about the more or less complete disappearance of the individual behind an impersonal 

evolutionary process; a specific one about the improper evolutionary account presented by 

Binmore. Don Ross’ (2005) theory of the self largely answers the former but not the latter. 

We build on the idea of generalized Darwinism (Aldrich et al. 2008) to propose a formal 

sketch of the evolutionary formation of individual’s habits helping coordination. 
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1. Introduction 

The concept of the individual in economic theory has been a controversial issue for many 

decades. The traditional figure of the homoeconomicus is currently under pressure with the 

development of behavioral economics whose results seem to contradict many of the 

predictions made by the standard expected-utility theory. The development of game theory 

has contributed to build a picture of an hyper-rational individual capable of complex 

backward induction reasoning and endowed with pre-determined social capabilities (for 

example knowing that other people are rational, i.e. the common knowledge assumption). 

However, the evolutionary version of game theory (Maynard Smith 1982) whose use is 

growing among economists (Samuelson 2002) builds on a rather “low-rationality” conception 

of the (economic or biological) agent. This apparent contradiction is the result of the non 

existence of a systematic and unique theory of the individual in economics, as it has been 

argued recently by some commentators
1
. 

The existence of such plurality of conceptions has several origins but two related one seem to 

be of the utmost importance: the already noted difficulties of standard expected-utility theory 

to fit with some experimental results and the incapacity of (classical) game theory to propose 

a unique and convincing concept of equilibrium notably for dynamic games. It is in response 

to this last difficulty that twenty years ago, Ken Binmore offered a new account of how to 

model rational players in games (Binmore 1987 ; 1988). Binmore’s conception has two 

notable features: first, it depicts the individual as a machine whose behavior is described as 

the result of a program (or meta-program, see below); secondly, it adds to the standard game 

theorist’s framework (which he calls “eductive”) an evolutionary twist whose function is to 

justify some specific equilibria in static and dynamic games. Binmore’s account has recently 

been attacked by Philip Mirowski (2002). According to Mirowski, Binmore’s theory of the 

individual is the most sophisticated example of the (wrong) path taken by economics since the 

second World War. In describing the economic agent as an automaton, economics makes the 

individual disappear. A similar diagnostic is offered by Davis (2003). 

Mirowski’s criticism points to some weaknesses in Binmore’s framework. However, while 

Mirowski is proposing a reorientation of economics towards a theory of markets as automata, 

we will defend here the so-called “Dennett’s dangerous idea” which he is attacking through 

Binmore’s approach. Our objective is therefore similar to the one pursued by Don Ross (2005; 

2008) whose recent works try to defend economic theory along Dennettian lines. But we will 

build our defense on an entirely different framework taken from the research program of 

generalized Darwinism (Aldrich et al. 2008). In fact, we will argue that the failure of 

Binmore’s account (and of Ross’ for that matter) do not lie in its cybernetic orientation, but in 

its insufficiently firm evolutionary foundations. Our goal is to establish a convincing narrative 

of the processes of selection and replication at the socioeconomic level. It will permits us to 

reassess Binmore’s framework as well as the legitimacy of economics “as a cyborg science”, 

following Mirowski’s terminology. We proceed in five steps. First, we describe Binmore’s 

basic account in the second part. A third part recalls Mirowski’s critics and discusses the 

                                                           
1
 See for example the recent study of John B. Davis (2003). 
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response of Don Ross. We will show that both Binmore’s (as pointed by Mirowski) and Ross’ 

conceptual frameworks lacks a convincing evolutionary account. The fourth part describes the 

project of generalized Darwinism and explains its major features. We construct a generic 

conceptual framework of a theory of the individual along those lines in a fifth part. We 

conclude in a sixth and last part. 

 

2. Binmore’s Machines and “Dennett’s Dangerous Idea” 

As Mirowski (2002) convincingly argues, the fate of economics during the 20
th

 century has 

been deeply intertwined with the development of operational research and, more loosely, the 

rise of cybernetics. Cybernetics can be defined as the study of the process through which 

systems regulate themselves. Right from the start, cybernetics has been build upon the 

computer paradigm: every system is taken to be similar to a machine making computation and 

which has the property to regulate themselves through feedback loops. The computer plays 

the role of a great metaphor through which every phenomena, natural as well as social, can be 

studied.  

Binmore’s essay “Modeling Rational Players” is considered by Mirowski (2002: 503-516) as 

a meaningful example of one the path taken by economics at the end of the 20
th

 century. He 

calls this path the “Dennett’s dangerous idea”. Its central tenet is to see the individual as a 

machine who thinks: 

“The most common popular conception of computers at the end of the century (so 

Turing accurately predicted) is of a machine who thinks. Because the computer so 

readily trespasses upon the self-image of man as the thinking animal, it has become 

equally commonplace to believe that the mind is nothing more than a machine; that is, 

it operates like the computer” (Mirowski 2002: 532).    

It is fairly easy to see why Mirowski takes Binmore’s essay to be representative of that trend. 

Binmore wants to model explicitly the thinking process of the players in a game theoretic 

context. This process is taken to be algorithmic: “a rational decision process will be 

understood in this paper to refer to the entire reasoning activity that intervenes between the 

receipt of a decision stimulus and the ultimate decision, including the manner in which the 

decision-maker forms the beliefs on which the decision is based. (…) Such an approach forces 

rational behavior to be thought of as essentially algorithmic. This makes it natural to seek to 

model a rational player as a suitably programmed computing machine” (Binmore 1987: 181). 

It is important to understand the context in which Binmore made his account. Game theorists 

have struggled for a long time with the concept of equilibrium, in particular in extensive 

game-form with imperfect information. Game theory traditionally assumes that agents are 

endowed with a perfect substantive rationality and makes the strong assumption that the 

perfect rationality of players is common knowledge. One of the main difficulties of this 

approach is that it leads necessarily players to deal with counterfactuals: since players are 

taken to be rational, they will not deviate from their equilibrium strategy. However, a strategic 

profile is in equilibrium because it specifies what would happen were the path of the game be 
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taken out of equilibrium. This leads to several problems like the counter-intuitive result of 

some backward induction reasoning
2
. 

There can be two explanations to out-of-the-path behaviors. The first one is to assume that 

players make occasional random mistakes. This is the essence of Selten’s trembling hand 

perfect equilibrium (Selten 1975). A trembling hand perfect equilibrium in extensive-form 

games is a subgame perfect equilibrium when the probability that a player makes a mistake 

(i.e. plays an out-of-the-path strategy) tends towards 0. Here, mistakes are seen as random 

errors which carries no more information than the fact that players only approach perfect 

rationality. However, as Binmore argues, it makes sense at least in some cases to make the 

assumption that errors are non-random but correlated. In this case, a deviation of a player 

from the equilibrium path can be usefully interpreted by the other player. Binmore gives the 

example of two players playing chess: if after several moves you reach an improbable 

position because your opponent has made several mistakes, then you will be rightly induce to 

think that he is a poor player. You can take advantage of this for the rest of the game by 

playing non optimal but efficient moves which exploit your opponent’s weaknesses. A more 

complex example is given by Binmore. Take the following sequential game (fig. 1):  

 

  

Figure 1 

       

 

This game has two subgame perfect equilibria: [(D, L), l] and [(A, R), r]. These are also 

sequential equilibria. The strategic profile [(A, R), r] is a sequential equilibrium when the 

                                                           
2
 The most famous is  Rosenthal’s Centipede game. Two players play sequentially and each time have to make a 

decision : to add one dollar to a common pot or to take the pot with the money inside. If both players add one 

dollar until it contained 100 dollars, then they split the pot. If the pot is non empty at the start of the game, a 

backward induction reasoning indicates that the first player will choose to take it at the very start. This result 

contradicts intuition and is in fact not observed in experimental settings. 

http://rationalitelimitee.files.wordpress.com/2010/08/binmore1.jpeg
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associated belief profile attaches probability 1 to the r side of the information set z and 

probability 0 to the l side. If the reverse applies, then the profile [(D, L), l] is a sequential 

equilibrium
3
. The last profile has no problem since the first player will be able to deduce his 

beliefs from the effective play of player 2 at node y. However, this is not the case for the first 

equilibrium. In fact, player 1 believes that player 2 will play r at node y and therefore plays A 

at node x. But since he plays A, the nodes y will never be reached and therefore his beliefs at 

the information set z are build on a zero probability event. From a Bayesian perspective, it 

makes sense to assume that the probability to reach the information set z tends towards 0 but 

is strictly positive; that is, we allow the possibility of “trembling-hand mistakes”. However, it 

makes the “rationality” of the [(A,R), r] equilibrium doubtful. Imagine a player 2 observes a 

player 1 playing D. Player 2 can assume this is simply a mistake and that he will play R at 

information set z. Therefore, player 2 plays r and in the process reinforces the beliefs of 

player 1 at z. But player 2 can also think otherwise: maybe the move of player 1 is not a 

mistake but the result of the fact that he believes player 2 will play l at note y. Then, it means 

player 1 intends to play L at z (that is, moves of player 1 at x and z are correlated). If so, 

player 2 should play l at node y, and therefore it is optimal for player 1 to play D at x and L at 

z. 

This example illustrates the importance of the context in which the game is played. In fact, the 

task of player 2 of interpreting the D move of player 1 is here very difficult because he can’t 

know if player 1’s move is a random error or not. However, were player 2 having some 

information on player 1 or on the population of which player 1 is taken, then it would be 

easier for him to “read” player 1’s intentions. Binmore argues that a purely “eductive” 

approach is not well equipped to treat such a problem at least as long as it adopts the 

assumption of perfect rationality. In fact, the above problem cannot be solved by perfectly 

rational agents whose rationality is common knowledge since it leads to infinite reasoning 

chains “I think that you think that I think, etc.”.  

Binmore proposes to model players as computing machines in an eductive context. However, 

because of the above “infinite regression” problem, even if a machine has access to all the 

relevant information, it will sometimes never be able to stop the computation process. 

Therefore, each machine-player must stop more or less arbitrarily its computation, allowing 

for occasional mistakes, which is the same as to assume that perfect rationality is unattainable 

logically and/or pragmatically because of the costs associated with computation. Players are 

then comparable to finite machines running programs to play games. Binmore moreover 

assumes that machines are programmed to correct their behavior if they predict that it will fail 

to attain particular criterion. It becomes impossible for a machine to predict perfectly the 

behavior of another machine but also of its own, because the predicted behavior is susceptible 

of corrections. As Binmore (1988: 25) puts it: “A self-correcting machine cannot therefore 

predict even its own behavior with certainty”. It is at this point that Binmore introduces an 

                                                           
3
 The concept of  sequential equilibrium is due to Kreps and Wilson (1982). It consists in the association of a 

strategic profile and a belief profile, with the latter specifying the probability distribution of strategies at each 

information set. To be a sequential equilibrium, beliefs have to be consistent (they are confirmed by the strategic 

play) and the strategy profile must be optimal given what the other player do.  
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evolutionary twist to his account though he didn’t want to adopt a pure “evolutive” approach
4
. 

Since perfect rationality is impossible, each machine should choose between different “types” 

or “models” of rationality, that is between different programs. To make such a choice is 

arguably a task at least as complex as to define a “perfect” program. In fact, it is the same as 

to argue that a solution for a specific game will be find in some meta-game played by meta-

players. Therefore, the problem of rationality is not solved, only removed one step further. 

Binmore proposed solution is to introduce an evolutionary process through which different 

“master-programs” will compete and be selected.  

Master-programs have the ability to generate new specific sub-programs to play different 

kinds of games. If the biological individual’s brain is the hardware on which programs are 

implemented, then the master-program is its software. Here, Binmore explicitly refers to 

Dawkins’ concept of memes (Dawkins 1976): master-programs are entities who compete and 

replicate themselves through passing from machines to machines. More efficient master-

programs
5
 will replicate at a faster rate than less efficient one through imitation until an 

evolutionary stable equilibrium is reached. Since master-programs program machines to write 

programs to play games, they can be described as “meme-generating memes” (Binmore 1988: 

22). This evolutionary process has an important consequence according to Binmore: at the 

equilibrium, the probability that a machine (a master-program) will face its own clone in a 

specific game is great and is in fact equal to one in case the equilibrium is monomorphic. 

Therefore, evolution by imitation makes introspection possible (Binmore 1988: 24): 

“as a machine learns about the subjective data present in other machines in the 

population, it must be expected to incorporate into its own master-program those 

elements of other master-programs which are successful and to suppress those elements 

of its own original master-program which are less successful. In the long run, the 

tendency will be to generate a population with closely similar master-programs and 

hence its members will have good reason to suppose that introspection is a valuable 

source of information about the thinking process of others”.   

Introspection provides players with subjective information. However, since each machine 

should be finite, complete introspection is impossible
6
. But machines can have also access to 

some objective information in the form of some quantity of observations on the way different 

games has been played in the past. If the quantity of observations is very large, then the 

optimal algorithm is simply to play the best response strategy. In these case, the evolutive 

                                                           
4
 Binmore contrasts the « eductive » version of game theory with the « evolutive » one. In the former, players are 

assumed to be high-rationality agents (that is, complex machines) while in the latter they are low-rationality, 

myopic ones. Eductive game theory is interested in the internal process which leads players a adopt definite 

strategies. In the evolutive perspective, the process of adaptation is purely external: some kind of selection 

process eliminates bad strategies and keeps only the more adapt ones. This distinction is similar to the more 

familiar one between classical and evolutionary game theory.     
5
 That is, the master-programs which make computing machines to program the better sub-programs for the 

different games.  
6
 Recall that machines can modify their master-program. Therefore, complete introspection requires that a 

machine be capable of simulating its own modifications, which requires in turn that it simulates this simulation 

to take the appropriate decision. But then it requires a simulation of the simulation of the simulation and so on. 

Since machines can’t be let to compute in infinite time, introspection is necessarily incomplete.  
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approach is sufficient and an eductive framework is unnecessary. However, if there are few 

observations at disposition on the specific game the machine should play, then it will have to 

rely on some “guessing algorithm” to predict the action of the opponent. Nevertheless, thanks 

to the evolution process, we can expect some kind of convergence in the guessing rules used 

in the population, making possible a convergence towards some kind of equilibrium. This is 

particularly true in a dynamic context where it becomes possible for each player to learn about 

their opponents’ thinking process from observing their behavior (Binmore 1988: 31). In fact, 

moves which were interpreted as “deviations” or “random errors” in the classical eductive 

context can now be interpreted as signals on the beliefs or the intention of the opponent. In 

the example examined above (see Fig. 1), the move D at node x by player 1 can have a 

straightforward interpretation. Imagine that past observations of the way this game has been 

played indicate that a large majority of machines plays the [(A, R) r] equilibrium but a small 

fraction plays the [(D, L), l] one. Then, a Bayesian machine playing in second position will 

update its beliefs on the kind of machine is player 1. Even allowing for random errors, the fact 

that a player 2 observes a machine playing D can induces this second player to believe that his 

opponent is of the kind of machine playing [(D, L), l] and therefore to choose l at node y
7
. 

More generally, the introduction of an evolutionary process reinforces the legitimacy of the 

notion of correlated equilibrium as an alternative to the more traditional Nash equilibrium. 

Because machines are member of the same population and because evolution gives this 

population observable patterns (the type of master-programs), objective data can serves as a 

correlating device through which players will make their guessing rules converging. 

Correlated equilibrium is probably a more natural tool than the traditional Nash equilibrium to 

interpret convention, social norms and institutions since it address their objectivity. Formally, 

the public information or event which serves as a correlating device is equivalent to a 

“choreographer” who signals to each player on which equilibrium to coordinate (Gintis 2009). 

In other words, the choreographer is a realistic substitute to the problematic assumption of 

common knowledge of rationality. There is some form of irony here: in assimilating human 

players to computing machines, Binmore offers us a new way to think of the process of 

socialization through which humans learn to coordinate efficiently. 

 

3. Mirowski’s attack and Ross’ Response 

Binmore (1994 ; 1998 ; 2005) has used the preceding framework to study the evolution of 

moral and norms of justice in human societies. Philip Mirowski (2002) addresses and 

criticizes it on several grounds. According to Mirowski (2002: 507), Binmore “comes the 

closest of any late-twentieth-century orthodox economist to realizing the profound continuity 

between the computer and the game-theoretic understanding of rationality”. Beyond the 

unfair (to Mirowski’s tastes) treatment Binmore made of John von Neumann, Mirowski 

attacks Binmore’s account on one substantive point, namely the appeal to evolution to short-

circuit the infinite-regress problem and to save the concept of Nash equilibrium: 

                                                           
7
 The precise result depends of two factors: the probabilty of random errors and the fraction of each type of 

machines in the population. 
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“Binmore tipped his hand by suggesting that the “infinite regress” problem of the 

supposedly rational choice of boundedly rational automata can be short-circuited by a 

direct appeal to evolution. (…) The Magic that Binmore wrought upon the 

computational critique is that he made it seem as though Nature would get herself back 

to the Nash equilibrium, which had been peremptorily banished from Eden by the 

Turing machine. In the course of his core wars, Binmore proposed that the inaccessible 

master program would arise out of a meme soup as a process of self-organization!” 

(Mirowski 2002: 513). 

In Mirowski’s story telling, Binmore’s framework is the culmination of the contradictory 

relation between economics and cybernetics. Its depiction of human players as Turing 

machines but in the same time the invocation of some kind of evolutionary processes to solve 

the problem of non-computability is representative of the paradoxical relationships 

economists have had with the “cyborg sciences” since the second World-War. The fact that 

Binmore later retreat on some points
8
 illustrates more clearly that he “represents a further 

chapter in the dialectic of cyborg resistance and accommodation” (Mirowski 2002: 514). 

Mirowski’s attack has in fact both a general and a specific stance. The general stance can also 

be find in Davis (2003). In a synthetic form, both authors underlined the more or less 

complete disappearance of the individual
9
 in mainstream economic theory. Davis (2003: 100) 

notes that the conception of the individual in the mainstream economic theory is non-unique 

and particularly fragmented. However, several aspects coming from cognitive sciences are 

recurrent in each conception (Davis 2003: 90): individual’s mental processes are treated as 

unconscious computational processes, those mental processes can be implemented in a great 

variety of hardware and are governed by a causal logic. According to Davis, the different 

conceptions all fail to pass the tests of reindentification (how the identity of the individual is 

maintained through the numerous changes in his internal state) and individuation (how to 

distinguish each economic agent from the other) which any satisfactory theory of the 

individual should pass. Both Mirowski and Davis point the incapacity of the “man-as-

machine” framework to account properly of the complexity that individuals manifest in 

socioeconomic interactions. While Davis wants to redirect economics towards more 

heterodox grounds (starting with Sen’s capabilities theory), Mirowski’s own solution consists 

to redirect the machine framework to formalize the functioning of markets: “Until someone 

comes along with a better suggestion, it would appear that the alternative program of treating 

markets as machines, while provisionally reserving for their human environment all the 

privileges of consciousness, intentionality, nonalgorithmic thought, and the entire gamut of 

diversity of cognitive capacities and idiosyncratic behavior is, ironically, the program more 

faithful to the humanist impulse” (Mirowski 2002: 564). 

                                                           
8
 For example, on the use of the concept of evolutionary stable strategy (Binmore 1999) or the concept of meme 

(2005) 
9
 Mirowski and Davis respective account are sensibly different. Mirowski argues essentially on an historical 

ground and do not give specific reason of why it is wrong to model individuals as automata. His main argument 

is that it didn’t accord with von Neumann’s basic research program. Davis elaborates a philosophical framework 

to evaluate the capacity of different economic theories to give a proper account of the individual. Two criteria 

are used as benchmark : reindentification and individuation.     
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The more specific stance of Mirowski’s attack is directed towards Binmore’s appeal to an 

evolutionary argument. As we have underlined above, Mirowski sees it as an artificial device 

to solve the problem of non-computability of Nash equilibria by Turing machines. It is 

interesting to see that Mirowski targets two key concepts of evolutionary game theory, though 

Binmore doesn’t use it explicitly in his framework: the concept of evolutionary stable 

strategies (Maynard-Smith 1982) and the replicator dynamics equation (Taylor and Jonker 

1978). According to Mirowski, the adoption of evolutionary stable strategy concept by 

economists “has much less to do with anything a biologist would recognize as evolution than 

it does with the ongoing fascination of economists with machines” (Mirowski 2002: 514). In 

fact, Mirowski points that evolutionary stability has been used in the context of behavioral 

ethology, not of biology and therefore is not a proper tool to study evolution. Regarding 

replicator dynamics, Mirowski asks what precisely is the interpretation of replicator dynamics 

in an economic context. He states that “since the replicator dynamics that guarantee 

convergence to Nash equilibrium bear essentially no economic justification and have little 

resemblance to biological reproduce” (Mirowski 2002: 515), it forbids any strict biological 

analogy. The more plausible interpretation is to see the replication as taking place through 

some kind of imitation dynamics and “non-cognitive learning”. However, Mirowski (rightly) 

points that neither Binmore nor any “memetecians” has been able to characterize precisely 

such processes. Furthermore, it seems to escape Binmore’s computational picture of the 

individual. 

The charge made by Mirowski on Binmore’s evolutionary twist is indeed strong and it will 

occupied us for the next two parts. In fact, we will tried to provide a more solid ground to this 

evolutionary argument using the framework of generalize Darwinism. Before however, we 

will examine how Don Ross (2005) answers to Mirowski and try to save “Dennett’s 

dangerous idea”. Ross’ target is essentially the general stance of Mirowski’s attack, namely 

the fact that mainstream economic theory is unable to give a satisfactorily picture of the 

individual.  He concedes that parts of mainstream economics fail to give a proper account of 

the individual. This is particularly the case for what Ross calls “anthropocentric 

neoclassicism” (Ross 2005: 154-157) which lies on the fundamental ontological assumption 

that people are economic agents. According to Ross, Gary Becker’s works (especially his 

economics of family and his economics of crime) are particularly representative of this kind 

of assumption. Individuals are endowed with a stable and consistent set of preferences and 

accordingly maximizes utility under constraints. However, pointing to the vast literature 

relative to reversals in preferences and choice inconsistencies, Ross (agreeing here with Davis 

(2003)) notes that such “anthropocentrism” is unable to give a satisfactorily account of the 

individual: since preferences changes and reversals are an empirical reality, one needs to 

recognize that the individual self is under continuous change through its life. In other words, 

anthropocentric neoclassicism fails to pass Davis’ test of reidentification. 

Ross (2005: 194-211) also rejects the extreme position consisting of prohibiting any kind of 

idea related to rationality, belief and maximization. He calls it the “eliminativist” strategy and, 
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as well as Mirowski, see evolutionary game theory as an ideal tool to such an approach
10

. 

However, contrary to Mirowski, he doesn’t see the philosophy of mind endorsed by Daniel 

Dennett (1991) as resulting in any kind of eliminativism. Quite the contrary, Ross (2005: 

chap. 6) builds on Dennett’s theory of consciousness and on some works of neuroeconomics 

(specifically Ainslie’s (2002) “picoeconomics”) to describe the human brain as some kind of 

decentralized information market. According to this conception, the biological individual is 

not an economic agent: “I will argue that on the most parsimonious conceptual regimentation 

consistent with contemporary cognitive and behavioral science an individual cognitively and 

emotionally competent adult human only approximates agency in an indirect sense, and that 

although there are organisms that are indeed paradigmatic agents – insects, for example – 

humans are not instances of such organisms” (Ross 2005: 240-1). Insects are examples of 

prototypical economic agents because their behavior conforms to the axioms of revealed 

preferences theory. However, human cognition is such that individual are no more kind of 

prototypical economic agents than countries or firms since decision and information 

processors are decentralized: “I thus conclude that biological-psychological people are not 

economic agents, except within limited time horizons, and even then only to whatever 

approximate extent the need for the intentional stance empirically requires in a given case. 

The application of economics to people will thus have to follow the same methods, and meet 

the same ontological and epistemological demands, as the application of economics to 

countries and corporations” (Ross 2005: 257). 

However, it doesn’t mean that economics is not able to give a proper accounts of the 

individual. Ross (2005 ; 2006 ; 2008a ; 2008b) elaborates a theory of the selves by describing 

a process of socialization through which biological individual’s behavior became consistent 

and predictable. Ross’ account is similar to Binmore’s one but interestingly excludes any 

cybernetics themes. Selves are literally described as “bargaining communities” (Ross 2006: 

248) build through a social and cultural dynamics. Ross’ basic model (Ross 2005: chap. 7 ; 

2006) describes the formation of selves through a three steps process. In practice, at least the 

two last steps proceed simultaneously. Biological individuals are first engaged in a massive 

evolutionary game G’’. At this step, we don’t need any concept of rationality: individuals are 

basic economic agents whose individuality is the product of barriers in genetic transmission. 

It permits to treat any organisms and species as kinds of individuals (Ross 2006: 252). The 

game is played over n generations, each generational cohorts constituting a round. In this kind 

of game, the adaptive process is purely external: each organisms is programmed to play a 

particular strategy and the expected distribution of strategies in the population at t is a 

function of the expected fitnesses of strategies at times n – 1
11

. Relying on Sterelny (2004), 

Ross argues such G’’ games can endogenously generate social dynamics games G’ through 

which selves will be build. Such emergence is possible if some organisms acquire a cognitive 

architecture allowing them to separate the representation of a specific feature of the 

environment from a particular perceptual stimulus. In other words, representations have to be 

                                                           
10

 Notes that Ross considers that evolutionary game theory needs not be used in this perspective. He cites the 

works of Robert Sugden (2001) and Herbert Gintis as making in application some kind of eliminativism. It 

seems excessive since neither authors rejects the notion of belief or rationality in their works. See for example 

Sugden (2000). 
11

 As it is the case for example with the standard replicator dynamics. 
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decoupled from specific action responses (Ross 2006: 253). Numerous scholars have shown 

that humans are unique in their capacity to use abstractions and representational devices 

through internal models. It makes humans able to play games in their head thanks to their 

brain and then it is necessary to distinguish the way individuals play games from the way 

other organisms used to. 

Humans are therefore biologically equipped to socialize. Socialization emerges through the 

social dynamics of G’ games. Ross calls this step “game determination”. Game determination 

is the process through which human players determine socials situations they will participate 

by fixing or signaling their utility function. G’ are games played between two or several 

strangers (Ross 2005: 292) and, since they are played by humans, are “real” strategic games. 

In other words, G’ games determine a class of G games that non-stranger individuals will then 

play
12

. G’ games are in essence signaling games because agents use them to signal to the 

other players but also to themselves (because of the possibility of preferences reversals) what 

are their preferences. Therefore, determination signaling games define each individual’s 

representations of the G games in which they will play. It appears consequently that G’ 

games are (not necessarily pure) coordination games which can bring socialization. 

Socialization will be effective when individuals are able to signal preferences which define G 

games also of a coordination type. But sometimes socialization can fail and G’ games 

generate prisoner’s dilemma to the G level. Once we abandon the domain of statics to inquire 

the dynamics of signaling games traditional evolutionary concepts such as evolutionary stable 

strategies and replicator dynamics once again became useful (Skyrms 2010). The socialization 

process will tend to converge to an evolutionary stable equilibrium which define a set of 

strategies which cannot be invade by mutant strategies
13

. For socialization to proceeds, this 

stable state must also be a signaling equilibrium in which senders send signals which lead 

receivers to take the appropriate action given a specific external state
14

. The human language 

is then the archetype of cultural signaling systems and the main device through which 

socialization operates. Since each individual his playing simultaneously several G’ and G 

games, it is impossible for them to compute what is a non-parametric general equilibrium 

problem. Ross (2005: 294-5) notes that individuals escape this problem thanks to the 

flexibility of their preferences, that is of their “self”. Therefore, individuals are more 

“satisficing” than optimizing and occasionally coordination failures can appear. 

A simple example can help to understand Ross’ framework. Imagine that biological 

individuals are playing some signaling G’ games. Players in those games send signals to 

indicate they preferred norms between two of them : norm x and norm y. Each player can send 

three signals : I prefer norm x, I prefer norm y and I am indifferent. In the last case, the player 

simply indicates that he will randomly choose between both norms. The signal send by each 

player contribute to determine a G non pure coordination game in which each player will 

                                                           
12

 Ross underlines that in reality, G’ and G games are played simultaneously. Therefore, the way G games are 

played contribute to modify strategies in G’ games, while G’ games determine which kind of games non-

strangers will played. 
13

 Ross (2005 : 296) observes that the set of strategies available in G’ games is constrained by biological factors 

resulting from the G’’ game. Therefore, the number of mutant strategies available is finite. 
14

 See Skyrms (2010) which present numerous works indicating that signaling equilibrium can emerge in a 

number of way and context and under numerous assumptions. 
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prefer to coordinate on one of the two equilibria (except for those who send the third signal). 

If G games are two players games, then four kinds of games can emerge depending of the 

signal sends by each of the player
15

 (see Table 1): 

 

Table 1: Kinds of possible G games 

  

2 ; 2 0 ; 0 

 

1 ; 1 0 ; 0 

0 ; 0 1 ; 1 

 

0 ; 0 1 ; 1 

 

1.A 

  

1.C 

     2 ; 1 0 ; 0 

 

1 ; 2 0 ; 0 

0 ; 0 1 ; 2 

 

0 ; 0 1 ; 1 

     1.B                  1.D 

Table 1.A describes the situation of a determinate game in which both players have signal 

their preference for the same norm. Table 1.B appears when each player have signaled a 

preference for different norms. Table 1.C describes an interaction between two indifferent 

players. Finally, Table 1.D is the result of a meeting between an indifferent player and one 

who prefer a specific norm. Because signals are public, each player knows what game he is 

actually playing. All possible G games have two Nash equilibria but it is clear that 1.A games 

are those who make coordination the easiest. In fact, since both players signal their preference 

for the same norm, we can expect that such signal serves as a focal point or a choreographer. 

Now, if player are allowed to discriminate their partners, it is clear that non indifferent players 

will prefer to play G games with those signaling the same preferences, avoiding difficult 1.B 

games and less attractive 1.D games. At the G’ level, it appears that indifferent players are at 

disadvantage because they can only play 1.C and 1.D games for whose the expected payoffs 

from playing mixed strategies are inferior to the one of 1.A and 1.B games. Either they will 

learned to signal a preferred norm or eventually disappears from the population. Therefore, to 

signal a preference is a subgame perfect equilibrium for the integral GI Ɛ [G’, G] game and an 

evolutionary stable strategy
16

 in the G’ game. 

 

 

 

                                                           
15

 We assume here that signals are public. 
16

 We did not take into account the fact that players can eventually send false signals, that is practice deception. 

For example, a player can signal his preference for a given norm while in fact he is indifferent between which 

one is effectively adopted. However, while indifferent players have interest to signal a preference and thus being 

deceptive, it will not necessarily hurt honest signalers. In fact, since indifferent players strictly prefer 

coordination to non coordination, they are better to respect their signal if they believe that honest signalers will 

trust it. Because we are in a coordination game with quasi-aligned interests, it is not clear how authentic 

deception could be interesting. See Skyrms (2010: chap. 5).  
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4. Towards an Evolutionary Account of the Individual: A Generalized Darwinism 

Framework 

Ross’ account usefully complemented Binmore’s own one. In fact, Ross adds an intermediate 

step with the G’ games determination level which directly address the process of socialization 

through which agents learned to interpret their environment. Despite the fact that it heavily 

relies on cognitive sciences, this framework departs from any cybernetics theme. Therefore, it 

seems to answer appropriately to Mirowski’s (and Davis’) general critique: the individual is 

not solely the product of brute evolutionary forces; he emerges through a cultural process 

where he learns to signal to him and to others his preferences. The individual is more than an 

economic agent (a computing machine), he is a person who has achieved internal consistency 

not because he is biologically programmed to, but because of a cultural process. 

It is clear from Ross’ own appeal to the evolutionary stable strategy concept that G’ games are 

in essence evolutionary. That is, biological evolution and cultural evolution are both faces of 

the same coin when we want to understand the constitution of the individual. However, it is 

not clear if Ross’ account escape Mirowski’s specific criticism made against Binmore. 

Accordingly, the details of the G’ games are not truly specified. We do not know for example 

according to which dynamics individuals learn to signal preferences. Moreover we do not 

know by which mechanisms good signals or good strategies replicate and expand in the 

population. Contrary to Binmore, Ross never appeals to Dawkins’ memes but he offers no 

alternative concept to explain cultural replication and selection. The two remaining parts will 

provide a basic framework to help a better understanding of those issues. We will not reject 

Binmore’s and Ross’ accounts but quite the contrary build on them.  

If we keep Ross’ three game levels, the relation between the G’’ game and G’ games 

describes basically the links between genetic and cultural evolutions. Scholars in evolutionary 

anthropology and sociobiology have work for a long time on the problem of the coevolution 

of genes and culture, that is the processes through which genetic evolution constrain human 

culture and behavior and how cultural evolution acquires a partial autonomy from pure 

genetic determinants
17

. This is the issue of the interactions between two kinds of evolutionary 

processes, genetic and cultural. We will not treat it specifically. The second set of issues 

concerns the ontological nature of processes which govern cultural evolution and the degree 

of commonality between them and those of genetic evolution. This is the question Dawkins’ 

(1976) asked when he coined the meme concept. According to Dawkins, memes are similar to 

genes in their replicating capacities: they can create identical copies of themselves and “jump” 

from vehicles to vehicles, carrying bits of information. While genes encode DNA information, 

memes are set of distinct memorable and identifiable ideas. The main point however is not so 

much what memes are but how they evolve: “Meme evolution is not just analogous to 

biological or genetic evolution, according to Dawkins. It is not just a process that can be 

metaphorically described in these evolutionary idioms, but a phenomenon that obeys the laws 

of natural selection quite exactly” (Dennett 1995: 345). Memes replicate along exactly the 

same lines that genes, making genetic and cultural evolutions not only analogous but 

                                                           
17

 See for example Boyd and Richerson (1985), Durham (1991), Lumsden and Wilson (1981), Richerson and 

Boyd (2005). 
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ontologically identical at least to some extent. However, the meme concept has been rightly 

criticized (for example, Atran 2001). The main problem is that nobody has been able to 

identify the physical stratum in which memes are localized. Therefore, the mechanisms of 

transmission of information encoded in memes are non observable and their properties 

unknown. There is also controversies about the truly replicating properties of memes. This is 

simply not clear if memes can be described as discrete units able to replicate themselves with 

sufficient fidelity (Sperber 1996). Consequently, Mirowski’s criticism of Binmore’s 

evolutionary account based on the meme concept seems judicious. 

Is it possible however not to throwing out the baby with the bathwater? In other words, can 

we keep the idea that cultural (and socioeconomic) evolution follows Darwinian lines while 

abandoning the unsatisfactorily meme concept? This is what is intended by the project of 

“generalized Darwinism” (Aldrich et al. 2008 ; Hodgson 2002 ; Hodgson and Knudsen 2004 ; 

2006)
18

. Generalized Darwinism’s (GD) basic tenet is that both the biological and the 

socioeconomic worlds are populated by “complex population systems”. Those systems are 

made of similar but non-identical degradable entities facing scarcity-related problems. Entities 

which are able to solve those problems the more efficiently will then reproduce faster 

inducing a modification in the population composition. GD’s main claim is that all complex 

population systems evolve according to the three Darwinian principles of variation, 

replication and selection. This is an ontological claim
19

 and not simply an analogical 

reasoning: socioeconomic systems actually evolve through a selection process (i.e. 

differential replication), the later necessitating mechanisms generating variety in the 

population and permitting retention of the advantageous variations by agents. At the 

biological level, the main sources of variation are random genetic mutations and sexual 

recombination. At the socioeconomic level, random errors and innovations, approximate 

imitations but also intentional creative activities generate varieties. It is well known that 

replication operates through genetic devices permitting DNA information encodes in genes to 

be copied and transmitted during (asexual and sexual) reproduction. Similar replicating 

processes also occur at the cultural and socioeconomic levels but as we have underlined for 

memes, it is not easy to identify straightforward mechanisms. GD solves this issue by 

distinguishing replicators from interactors (Hodgson and Knudsen 2004). 

Replicators are entities which have the propertiy to pass their structure intact and therefore to 

replicate inside an interactor or from interactor to interactor. An interactor is traditionally 

defined as “an entity that directly interacts as a cohesive whole with its environment in such a 

way that this interaction causes replication to be differential » (Hull 1989 : 408). So, 

interactors are entities interating with their environment (which is made in part of other 

interactors) more or less successfully. Their success is function of the replicators of whom 

they are composed since these are those replicators which determine the behavior of the 

                                                           
18

 Incidentally, the idea of generalized Darwinism has been revived by Dawkins (1983) under the name 

« universal Darwinism ». However, this is the philosopher and psychologist Donald T. Campbell (1965) which 

must be credited has being the first to clearly expose the idea that cultural evolution relies on processes of 

selective retention. 
19

 Though it also as methodological implications. See below. 
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interactor and its properties
20

. In return, interactors determine replicators’ rate of replication 

since more adapt interactors will reproduce or grow faster than less adapt ones. However, we 

need more precise definitions. Replicators must have three properties (Hodgson and Knudsen 

2004 ; 2010): i) causation, ii) similarity and iii) information transfer. The first property means 

that the source of replication must be causally implicated in the replication process in such a 

way that the copy could not be produced without the source. Similarity indicates that to count 

as a replicator, an entity must produce nearly identical copies which themselves have the 

capacity to replicate. The third property means that replication consist in a transfer of 

information encoded in the replicator to the copy (included the information necessary for the 

copy to replicate itself). With this definition, several entities can count as replicators in the 

natural and the social worlds. Genes are the most evident example
21

 but numerous other 

entities appears to be replicators according to this definition. Sterelny et al. (1996) include for 

example bird nests and animal burrows. Clearly, Dawkins’ memes are also replicators if we 

understand causation in a sufficiently loose sense. Numerous human artifacts can also be 

replicators. 

However, the existence of replicators at the cultural and socioeconomic levels is 

controversial. Two arguments are made against the use of replicator concept to study cultural 

evolution. First, according to several authors (Atran 2001 ; Sperber 1996), cultural variants 

are continuous rather than discrete units. There is no replication strictly speaking because the 

similarity condition is not verified. Cultural transmission looks like a continuous blending 

process. Secondly, replicators are not necessary for evolution through (natural) selection to 

occur (Godfrey-Smith 2000 ; 2009 ; Heinrich and Boyd 2002). Some form of continuity is 

necessary but it must not have to be the result of a true process of replication. Nevertheless, 

we can dispense with these two objections. The main argument is that even if it didn’t exist 

cultural replicators, population models assuming discrete units of replication can be useful 

(Heinrich and Boyd 2002 ; Heinrich and al. 2008)
22

. Moreover, there are reasons to think that 

a specific kind of replication is necessary to generate the complexity characterizing biological 

but also socioeconomic systems: generative replication (Hodgson and Knudsen 2008 ; 2010). 

To produce increasing complexity, “simple” replication is probably insufficient. If we define 

loosely the complexity of an entity as the quantity of information it can store about its 

environment, then increasing complexity implies that there must be some mechanisms 

allowing entities to treat an increasing quantity of information as they replicate. Hodgson and 

Knudsen (2010: 15-6) call them conditional generative mechanisms: “Generative replicators 

are material entities that embody construction mechanisms (or “programs”) that can be 

energized by input signals, containing information about a particular environment. These 

mechanisms generate further instructions from the generative replicator to the interactor, to 

                                                           
20

 Note however that there is no need to be a strict determinism. First, there is no one-to-one mapping between a 

specific replicator and a particular phenotypic effect at the level of the interactor. Moreover, it is well known that 

phenotypic behaviors are the result of complex interactions between replicators and between interactors and their 

environment.   
21

 Note however that biology and genetics have questioned the traditional conception of a gene as a discrete and 

clearly identifiable unit of replication (Gintis 2009 ; Godfrey-Smith 2009).    
22

 The case is similar in population genetics. Models of population genetics traditionally assume determinism 

between genotype and phenotype and view genes as discrete units. These are both false or at least debatable 

assumptions. However, no one contest the usefulness of such models. 
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guide its development”. Generative replicators are therefore able to generate new instructions 

which will enhanced the development of interactors or help the production of new kind of 

replicators. According to Hodgson and Knudsen (2010: 16), such a definition excludes ideas 

and memes because generative replication requires materiality. Moreover, ideas and memes 

involved meaning and interpretation while here the concept of information is defined as a 

pure code or signal. Using a one-dimensional linear automaton model, the authors show that 

complexity can only approach maximal level when replication operates according to the four 

preceding conditions (causality, similarity, information transfer, conditional generative 

mechanisms).  

What can count as generative replicators? Recall that Binmore (1988) speaks of master-

program as a “meme-generating memes”. Master-program are therefore some kind of 

generative replicators since they are able to produce additional complexity, that is to increase 

the number of information (the number of strategies) a machine can treat. Rather than memes, 

GD proposes habits and routines as cultural replicators (Aldrich et al. 2008) and also as 

generative replicators (Hodgson and Knudsen 2008 ; 2010). Since we are interest in 

elaborating a conception of the individual, only habits are of interest here (routines applies to 

organizational forms). Habits can be defined as acquired behavioral dispositions. For 

example, the pragmatist philosopher John Dewey (1922: 42) wrote: “The essence of habit is 

an acquired predisposition to ways modes of response”. Therefore, habits are potential 

behaviors whose performance is triggered by specific inputs. When these inputs are present, 

then the behavior will be empirically effective. Otherwise, it will stay dormant. Habitual 

behavior is not the opposite of deliberative behavior; quite the contrary, the latter is based on 

the former (Hodgson 2004; 2009). Habits are antecedents to the formation of beliefs and 

reason because the computational capacities of the human brain are limited. At the limit, 

rational optimization can itself be described as a specific form of behavioral response produce 

by particular circumstances. There is therefore some form of functional and hierarchical 

dependence in brain processes where rational and deliberative thinking emerge from habitual 

one. Since habits are triggered by circumstances, they have the form of an “if… then…” rule. 

Individual behavior can then be described as “program-based” (Vanberg 2002 ; 2004). As 

Vanberg (2002) notes, the idea of program-based behavior can be find in the work of the 

evolutionary biologist Ernst Mayr. Mayr spoke of “teleonomic behavior” as a behavior whose 

goal-orientation is the result of a program. A program precisely takes the form of a “if… 

then…” rule and can be used to describe the functioning of a computer as well as the behavior 

of an animal. 

Individual behavior is then a phenotypic effect which has two origins. First, the environment 

in which the individual is embedded. This environment sets the constraints and the incentives 

which will serve as inputs activating behavioral responses. Of course, other individuals are 

themselves part of the environment
23

. Second, the habits which constitutes the individual. 

These habits seems somehow similar to preferences and beliefs which, in a standard utility 

functions framework, will determine the individual behavior. However, to speak of habits is 

                                                           
23

 This means that strategic interactions are important and therefore that game-theoretic analysis are useful to 

study the relations between the individual and his environment. 



17 
 

useful because it reminds us that preferences are essentially socially acquired
24

 and, more 

importantly, preferences are functionally dependent of habits. Then, the explanation of any 

individual behaviors will rely on two kind of explanations reminiscent of Mayr’s distinction 

between proximate causes and ultimate causes (Vanberg 2002). Proximate causes 

explanations will explain the observed behavior by determining the programs (therefore the 

habits) behind it and the environment (constraints and incentives) characteristics. Ultimate 

causes explanations seek to explain how these programs have evolved, that is how they have 

been selected and retained. In some way, this is isomorphic with Binmore’s eductive and 

evolutive approaches though not strictly identical. GD indicates that individuals’ habits are 

the result of a Darwinian evolutionary process where habits have been selected according to 

their propensity to induce relatively adapt behaviors. 

However, cultural replication is not as straightforward as genetic replication is. In fact, habits 

are not directly transmitted at the (cultural) genotypic level as genes are directly transmitted to 

the (biological) genotypic level. In the last case, replication (for sexual reproduction) operates 

directly from an organism’s genotype to another one through the meiosis. Cultural replication 

is indirect because the transmission of habits from an interactor (human body and brain) to 

another one necessarily operates through the phenotypic expression (that is, behavioral 

manifestation) of each habit. Replication at the cultural level will then occurs through 

imitation or independent trials-and-errors process. Therefore, it can’t be contested that 

replication fidelity at the cultural level is inferior to the one at the biological level. However, 

Heinrich et al. (2008 ; see also Heinrich and Boyd 2002) invoke the concept of cognitive 

attractors to justify the usefulness of models assuming discrete units of replication: “we also 

believe that models which assume discrete replicators that evolve under the influence of 

natural selection-like forces can be useful. In fact, we think such models are useful because of 

the action of strong cognitive attractors during the social learning. (…)  as long as there are 

multiple attractors, the resulting population dynamics and the final distribution of mental 

representations are closely approximated by a discrete-trait replicator dynamics model in 

which the discrete traits are the strong attractor locations” (Heinrich et al. 2008: 121). 

Cognitive attractors may have a genetic, logical or social origins. They are some kinds of 

focal points toward which representations converge. They greatly reduce the variety of 

cultural variants and make the replication process less chaotic than otherwise it would be 

without them. Cultural transmission is also characterized by several bias (see Boyd and 

Richerson 1985 ; Richerson and Boyd 2005) differentiating it from genetic replication. One of 

those bias is the “conformist transmission”: cultural variants which are possessed by the 

majority of the population are generally more likely to be transmitted independently of their 

selective value (cultural fitness) because individuals have a preference to conformity. It is 

sometimes argue such bias are autonomous evolutionary forces which can sometimes impede 

selection
25

 and therefore that cultural evolution and genetic evolution are highly dissimilar. 

                                                           
24

 Which is not to denied that some preferences might have genetic origins. Then, it is another kind of replicators 

(genes) which will account for their existence. 
25

 For example, Richerson and Boyd (2005: 69) oppose transmission bias to what they call the “natural selection 

of culture”. Transmission mechanisms and natural selection are therefore, according to these authors, two 

separate evolutionary forces. Moreover, they distinguish the natural selection of cultural variants, which is the 

result of the probability for an individual possessing a specific cultural trait to be in the capacity to (culturally)  
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We recognize the importance of the transmission bias. However, this does not undermine the 

main idea of GD as long as differential replication of habits operate. In fact, we will show 

below that transmission bias can be subsumed under the more general label of “replication 

operators”. Since these bias induce differential replication, they do not conflict with GD
26

. We 

have therefore more solid evolutionary foundations to elaborate on Binmore’s and Ross’ 

respective accounts. We provide in the next part a formal sketch describing what the 

individual would looked like in a GD framework. 

 

5. A Formal Sketch of the Individual in a GD Framework 

If we follow the above framework, then the individual should be described as a set of 

programs defining “if… then…” rules. More precisely, an individual could be formalized as a 

bundle of replicators, both cultural and biological. However, the phenotypic effect of each 

replicator quickly becomes intractable because the individual’s behavior is arguably an 

emergent property of complex replicator combinations. Also, the actual behavior is a function 

of the environment’s characteristic which will activate specific behavioral dispositions. Figure 

2 recapitulates this: 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                     
transmit this trait, from the intrinsic value (its likelihood of being adopted because of the satisfaction it gave) of 

each cultural variant. 
26

 Note that transmission bias can be introduced into an evolutionary game-theoretic framework fairly easily. See 

for example Bowles (2004: 373-377) and Skyrms (2005). Both authors insert the conformist bias into the 

replicator dynamics. Well-grounded or not, it shows that game theorist consider transmission bias to be part of 

differential selection and therefore of selection. 



19 
 

Figure 2 

 

              

  

    

     

              

   

 

     

                    

 

 

The actual behavior of any individual is the joint product of “ecological forces” and intrinsic 

characteristics. The ecological forces come from the individual’s environment. It determines 

with whom the individual interact, the cost and benefit provided by each possible behavior 

(incentives) and the constraints (formal and informal) making the scope of possible actions 

limited. In a limited extent, each individual as the possibility to alter his environment (for 

example by choosing with whom to interact). Individual’s intrinsic characteristics are those 

elements which define the “programs” according to the individual will behave. For some part, 

individual’s behavior is determined by biological features (biological replicators) but cultural 

and socioeconomic features (habits) play the major role. These habits combine with 

ecological forces to produce actual behavior. This process is the target of proximate causes 

explanations and traditional tools in economics largely permit to study it
27

. It should be clear 

however that it is impossible for the modeler to deduce the complete set of habits by simply 

observing the actual behavior of an individual. This is so because habits are only dispositions 

and not actual actions. Moreover, a single action can be the product of a combination of 

several habits plus ecological forces. Therefore, we are not very far of Don Ross’ (2005) 

argument, made in the context of revealed preference theory, according to which humans are 

not prototypical agents: the actual behavior is the result of a complex inner bargaining 

                                                           
27

 Rational choice theory is of its kind of explanation. Any rational choice explanation consists in defining 

individuals preferences and environmental constraints. The actual behavior is assumed to be the rational 

(optimal) choice given these data. Game theory adds strategic interactions and therefore helps to provide a more 

complete account of the ecological forces dictating individual behavior. 

RC
1 RC

2 RC
n 

RB
1 RB

2 RB
k 

Actual behavior 

Environment (interactions, 

constraints, incentives) 

Individuals (cultural and 

biological replicators) 



20 
 

process between potentially conflicting habits
28

. However, preferences and habits are not 

synonymous. Preferences refer to ranking between several outcomes and therefore result from 

the payoffs linked to each particular outcome. By contrast, habits are formally equivalent to 

strategies in a game-theoretic framework. Potentially, we can imagine individual ranking 

habits by order of preferences. It would therefore be possible to use revealed preference 

theory to deduced individuals’ habits. But as we have seen this is impossible. Quite the 

contrary, according to the framework exposed in the last part, preferences emerge from habits: 

some outcomes are preferred to some others because they correspond to habitual dispositions. 

Habits are some kind of meta-preferences corresponding not to actual behavior but partially 

expressed through the ranking of preferences. Formally, habits are similar to strategic choices 

in some meta-game G’ game determining preferences in normal G games. However, habits 

are not the result of strategic choice but rather of an evolutionary, population dynamics, 

process. It suggests that a purely proximate explanations strategy is insufficient to give a 

proper account of individuals’ behavior. We reach the same conclusion that Binmore (1988): 

an evolutionary explanation is needed.  

In Fig. 2 above we indicate that the actual behavior is an emergent effect of individuals’ 

habits and ecological forces. Actual behaviors contribute to modify the environment in which 

each individual evolve. More importantly, each behavior is “tested” against the environment. 

As interactors, individuals interact with their environment and receive a positive or negative 

feedback from it. Behaviors which are relatively adapted will produce different kinds of 

rewards while maladaptive behaviors will be sanctioned. We can expect that some adaptive 

evolutionary process will push individuals to modify their behavior when it is not successful. 

However, since actual behavior is only the phenotypic expression of some relying genotypic 

(genetic and cultural) influences, the modification of behavior is necessarily the result of a 

modification in the underlying genotype (see Figure 3). 
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 Acknowledge however that the two arguments are not identical. To Ross, humans are not economic agents 

because they exhibit preference reversals and inconsistencies. It makes revealed preference theory not applicable 

to the individual person and Ross therefore reject methodological individualism. Here, we argue that habits can’t 

be precisely traced from individual’s actual behavior, making any kind of “revealed habits theory” impossible.  
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Figure 3 

  

    

     

              

   

 

     

                    

 

 

Therefore, the environment exerts two kind of influences upon the individual. On the one 

hand, synchronic ecological influences which activate specific programs and result in some 

kind of actual behavior for the individual. On the other hand, diachronic evolutionary 

influences through the feedback signals it sends to the individual. Some evolutionary 

mechanisms generate differential replication of habits (and genes) by determining the payoffs 

(of any kind) of each possible behavior. At the social level, contrary to the biological one, 

differential replication is not principally the result of difference in reproduction and death 

rates. In fact, individuals rarely die because of economic or cultural competition and more 

successful individuals (by whatever criteria) do not necessarily reproduce faster in modern 

societies. However, cultural variants and habits can die without their related interactor 

disappears. Differential replication will be the product of the mechanisms through which 

individuals will abandon specific habits to acquire another one. Crude imitation is one of 

those mechanisms, but several others exist: education, social learning, best reply or more 

complex forms of imitation (imitate the best, imitate the most prestigious)
29

. 

We can now give a more formal account of this Darwinian framework. Recall that our goal is 

to give firms foundations to Binmore’s evolutionary hypothesis of meta-programs evolution 

and to Ross’ determination game process. Following Jason Potts’ (2000: chap. 5) meta-

theoretic framework, we will describe the individual as an “algorithmic man” which can be 

described by several sets of elements. First, agents are endowed with resources. These 

resources can be cognitive or physical and determine what the agents can do. The resources 

come from a common cultural or social pool V*. The set of agent’s resources is V and can be 
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 Peter Godfrey-Smith (2009) argues that some of these mechanisms are not of a Darwinian character and that 

therefore cultural evolution is not Darwinian. It seems to be a dubious claim: Darwinian evolution only implies 

differential replication. Potentially, any kind of replication can fit Darwinian evolution as long as replication is 

differential. That replication operates through genetic meiosis, imitation or even rational deliberation is beyond 

the point.   
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considered as given, at least provisionally. Now, these resources must be combine to be 

useful. If we describe agent’s resources as:  

V = [a, b, c] 

then three pairwise combinations are possible: ab, ac and bc. Potts calls these combinations 

“adjacent technologies”, that is combinations of his initial endowment set the agent can made 

such that he can attain any pairwise combination by a single step. Not all combinations are 

viable. For example, it can be that only the ab technology is interesting. We define E as the 

set of connections for the agent. Therefore we have: 

Agent: < V > < E >   (1) 

The combination of V and E simply determine the possible actions (strategies) an agent can 

undertake in a given interaction. In a game-theoretic framework, < V > < E > is equivalent to 

the set Si of strategies s for the agent i. The agent must then rank the different options. In a 

bounded rationality context, the ranking may be usefully described as a decision algorithm or 

a choice heuristic
30

. This heuristic can be thought as a sequential process of four steps: (i) list 

all the possible combinations from the set V; (ii) eliminate the unviable or evidently inapt 

combinations and keep the useful combinations of set E; (iii) rank the remaining combinations 

of the E set and (iv) use a selection operator to identify the technology to be chosen. If we 

define this algorithm as Y, then we describe these four operations as follows (Potts 2000: 

117): 

< Y > = < LIST : CONSTRUCT : RANK : SELECT > 

The agent is now described by three sets: 

                           Agent: < V > < E > < Y >        (2) 

It is useful to stop temporarily and to compare this framework with Binmore’s own one. The 

three sets V, E, and Y describe a machine’s programs: each machine’s possible strategies in 

each game it can played and how it ranked outcomes resulting from it. In a game-theoretic 

framework, the value of each combinations in the set E is dependent upon the combination 

chosen by other agents. It makes the complete ranking impossible because of the 

computational limits of any agents and machines. Binmore’s solution was to invoke a 

“guessing algorithm” which, when activated by a stop-thinking rule, has in charge to find an 

approximately good solution to the computing problem the machine was facing. This guessing 

algorithm is the product of the meta-program of the machine. Binmore wanted to show how 

the guessing algorithm of each machine could converge through an evolutionary process. 

Here we have the equivalent of guessing algorithms with the concept of schematic 

preferences (Potts 2000: 120)
31

 and it will quickly appear that schematic preferences (or 

schemata) are simply habits. Because of bounded rationality and/or non computable 
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 Here, Potts is following both Simon (1959) and Holland (1995). 
31

 The term « schematic preferences » come from the work of John Holland (1975 ; 1995) who develop an 

algorithmic approach to machine learning. Holland uses the term schemata which is preferable in our case since 

it is incorrect to view habits as some kind of preferences. See below. 
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problems, agents cannot engage in a complete survey of all possible combinations available in 

the set E. Therefore, agents are lead to form conjectures both on the value of possible 

combinations and the combinations other agents will use. Schemata are cognitive devices that 

agents use to make choice in such a context. Their function is to reduce the cost of the Y 

search procedure by defining higher-level search rules. 

Following Holland (1995), such rules can be described with the following structure: [IF < 

abc# > THEN < … >]. The IF < … > sequence describes the input received by an agent from 

his environment with the “#” symbol meaning indifference. The more the input term contains 

the indifference symbol, the more the rule is general and abstract. Each agents i is endowed 

with a set Hi of schemata. Each schemata His is then described as a string of symbols and is 

equivalent to individual’s habits. Schemata as habits help the individual to make decisions in 

complex situations where complete rationality is impossible. Take the example of chess. It is 

well known that it exists in principle a computable algorithm guaranteeing either a sure win 

for white, a sure win for black or a sure draw
32

. However, since the number of legal positions 

in chess is around 10
50

, no computing machine (humans as well as computers) will ever be 

able to solve chess in reasonable time. Human chess players therefore don’t compute every 

ramifications for a given possible move; rather they use several heuristics, some well known 

(rooks should be placed on open columns) other more idiosyncratic
33

. Habits and preferences 

(the ranking of outcomes in Y) are therefore clearly different. In chess, players’ preferences 

are uncontroversial: they prefer the move which enhance the more their winning chances 

(whatever the way those chances are evaluated). Since complete computation is impossible, 

they must stop their calculations at some point and the move chosen will typically be the 

product of higher search rules, that is habits. It is interesting to make this point in a game-

theoretic framework. If we consider, like Ross (2005), that individuals are typically playing a 

vast number of games simultaneously, then they can’t compute the optimal vector of 

strategies of such a non-parametric general equilibrium problem. Therefore, we can expect 

that for non-trivial games
34

 players will choose their strategies according to some higher 

decision rules. For example, we can imagine that some players are programmed by their 

habits to play the cooperative move in games as “hawk-dove” and “stag hunt”
35

. Habits are 

then not only “guessing algorithm” in Binmore’s sense, but more generally higher-level 

strategies requiring little or no computation. Reformulating Holland’s description in a game-

theoretic perspective, habits are then of the form [IF < game is of type x > THEN < play 

strategy of type y >].  

                                                           
32

 This is known as the Zermelo’s theorem. 
33

 In fact, one can argue that what we call a «player’s style of play » in chess (offensive, positional, etc.) is the 

result of different heuristics, that is of different habits. Some players are more disposed to sacrifice a pawn or a 

piece than others not for purely computable reasons, but because of  different habits. 
34

 By trivial games, we mean essentially games with all but one dominated strategies. 
35

 Note again the difference between preferences and habits. Two players can have the same preferences over 

outcomes and nevertheless choose different strategies. This is possible in any game with two or more equilibria 

(Nash or any other refined definition). By contrast, players with same habits will choose the same strategy in the 

same game (except in cases where they rank outcomes differently but then one can argue that players simply 

don’t play the same game). 
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If we define the system S as the association of the agent’s resources V and combinatorial 

possibilities E (i.e. his set of strategies), we have now the following description: 

Agent: < S > < Y, H >                   (3) 

The subset < Y, H > is called the control function of the agent. It is the combination of 

decision algorithms (or specific programs) and higher-level rules of search, that is habits (or 

meta-programs). However, as we have seen, habits evolve. It is then necessary to introduce a 

term specifying how the set of habits Hi of the agent i can changed. Moreover, we are not only 

interested in the evolution of each individual set Hi but of the population set of habits H. 

Several algorithms can be used to describe the evolution of these sets. Since in cultural 

evolution differential replication is not principally due to death and reproduction rates of the 

interactors, it is principally agents themselves that will progressively change their habits. We 

can describe this process by a set of dynamic operators X which describes rules along which 

agents will change their habits (Potts 2000: 123-4). The set of dynamic operators X = [X1, X2, 

… Xn] describes all the possible rules through which a specific string describing an habit Hs 

can be modified. Initially, the concept of dynamic operators has been developed with research 

on genetic algorithms. Then, it will described how a string can mutate to form a new 

schemata
36

 and X therefore describes how variety is created in the population. However, the 

dynamic operator X is only about mutation/variation but not selection. In fact, the change in 

strings describing schemata are not explicitly link to their fitness. If we want to link dynamic 

operators with the inferred fitness
37

 of each habit Hs, then we must describe how habits are 

selectively replicated. We propose to do this using the concept of replication operators. We 

define a set of replication operators Z = [Z1, Z2 … Zn] as describing several rules of 

replication: imitate the majority, imitate the best, play the best reply, and so on. A particular 

replication rule Zj would be of the form: 

Zj = IF < f (Hs ; H1, H2… Hn) > THEN < (Hs  Hs or H-s) > 

The IF sequence describes the fitness or payoffs corresponding to each habits or higher-level 

strategy. Because it is impossible to observe it directly, each agent evaluate the fitness of 

habits through an inference function f relating a given actual behavior to one or several habits. 

The THEN sequence indicates if the agent will abandon the specific habit Hs to another one or 

not. It depends of the indirect payoff function of each habit and of the replication rule used. 

For example, the rule “imitate the best” indicates for any habits Hs the agent can observe such 

as f(Hs) > f(H-s), it will switch to it. Whatever the rule(s) agents use, it will leads to 

differential replication at the population level: if more agents give up a given habit than adopt 

it at a given time, then this habit will decrease in proportion in the population (of course, the 

reverse applies). It leads therefore to selection process. It is important to understand the 

difference between dynamic operators X and Z: the former describes the variation process 

when an agent is engaged in a random exploration of alternative habitual dispositions
38

 while 
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 Several operators are possible. See Potts (2000 : 124) for a short review. 
37

 Since the fitness of a specific habit can never be directly observed. 
38

 Note that it doesn’t matter if the agent voluntarily engage in this exploration or if it is the product of some 

« trembling hand » phenomena. In both case, it results in a blind variation process. 
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the latter is about the selective replication process through which an agent will give up a 

specific habit for an already existing another one. It therefore includes both pure selection 

devices (related to fitness) and transmission bias examined above. 

We can now fully specified what an agent looks like:  

                    Agent: < S > < Y, H, X, Z >    (4) 

The first subset < S > describes all the possible actions for a given agent. The second subset < 

Y, H, X, Z > describes how the agent choose (Y and H) and how those choices will evolve by 

variation (X) or selective replication (Z). Therefore, at any time, a population will be 

characterized by of decision algorithms (preferences) and habits. The operators X and Z are 

dynamic processes which will make the population set H change through time. If habits (that 

is higher search-rules) change, then the same decision algorithms will result in different actual 

behaviors. Genotypic change leads therefore to phenotypic change and phenotypic behaviors, 

through their interaction with the environment, feedback on genotypic characteristics (see 

Figure 4). 

Figure 4 

 

 

 

 

 

 

 

    

    

 

 

It should be note that the dynamic operators X and Z are hardwired and therefore do not 

evolved (or very slowly). In Ross’ framework, they are fixed in the biological G’’ game. 

Specific (cultural) rules of replication have been selected because of the genetic advantages 

they give. Clearly, it is important to determine which rules are actually dominant in cultural 

and socioeconomic evolution since they do not always generate the same result
39

. However, it 
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 See for example Alexander (2007) and Skyrms (2004) for useful simulations making comparisons between 

several rules of replication.   
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asks the question of the interaction between genetic and cultural evolution which is beyond 

the scope of this paper. The evolution of habits takes place in Ross’ G’ games. Depending of 

the specific rules of selective replication Z, the population of habits may evolve towards some 

evolutionary stable state. Progressively, individuals will learn to abandon conflicting and 

inferior habits. However possible dynamics are numerous and convergence towards “good” 

results (that is, efficient socialization) in never guaranteed. It depends of the rules of selective 

replication but also of the structural environment and principally social institutions. As social 

patterns of regularity of behaviors, institutions are important because they set the constraints 

and the incentives governing individual choice. In fact, it seems appropriate here to define 

institutions as sets of dominant habits, a definition which is similar to the one the institutional 

economist Thorstein Veblen (1899) gave one century ago. An institution is simply an 

evolutionary stable set of habits which makes possible for individuals to coordinate on a large 

class of interactions. Institutions then are public signals allowing for correlated equilibria: 

individuals know what are the dominant habits in the population and are therefore able to 

choose the “right” action according to their preferences. Consequently, institutions (sets of 

dominant habits in the population) defined which habits will be selected further
40

. Moreover, 

institutions can defined the network of interactions. A well known result in biology and 

economics is that correlated interactions favored cooperative behaviors and therefore the 

selection of “nice habits” (Alexander 2007 ; Bowles 1998 ; Godfrey-Smith 2009 ; Skyrms 

1996 ; 2004 ; Sober and Wilson 1998). Binmore’s (1994 ; 1998 ; 2005) study of the evolution 

of moral also note that kin selection and group selection may have favored efficient and 

egalitarian social contracts through the evolution of cooperative behaviors. 

Finally, institutions themselves evolve in part because of the pressure of individual’ 

behaviors. In fact, a shift in individuals’ preferences or habits can induce a subsequent 

institutional shift. There is a coevolution between institutions and preferences (Bowles 2006 ; 

2009) and, also, between institutions and habits
41

. Such coevolution tends to favor habits 

convergence because generally habits and institutions will be mutually reinforcing each 

other
42

. More or less stable equilibria may emerge and then facilitate individuals’ 

coordination. Agent’s socialization is therefore the result of complex evolutionary processes 

taking place at the level of habits, at the level of institutions (through actual behaviors) and 

between these two. We recover Ross’ proposition that G’ and G are mutually dependent while 

having established a more operational account to describe it. 

 

6. Conclusion 

Ken Binmore’s model of the individual was a highly innovative attempt to bypass the 

difficulties presented by game theory’s assumptions about the rationality of players. We have 

elaborated upon it to counter the criticism levered by Philip Mirowski. Mirowski’s distaste of 
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 Another way to state this crucial point is simply to say that the fitness of habits is frequency-dependant. 
41

 The idea is already present in the work of the institutional economist Thorstein Veblen. See Hédoin (2010). 
42

 In an evolutionary game-theoretic framework, this process will be represented in an asymmetric game. Stable 

equilibrium is not guaranteed however such games can sometimes result in cyclical dynamics similar to Lotka-

Volterra’s predators-preys models. 
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Binmore’s “cyborgism” and more generally of “Dennett’s dangerous idea” is based on two 

criticisms. The first is a general one and is about the more or less total disappearance of the 

human individual behind evolutionary processes. The second is more specific and is directed 

against the improper evolutionary account on which Binmore’s approach relies. The first 

critique is successfully answered by Don Ross’ framework of the selves construction through 

socialization. However, Ross does not answer to Mirowski second objection since his 

evolutionary account is still highly schematic. We use the framework of generalized 

Darwinism to answer Mirowski’s second criticism. This framework builds on several 

important works in evolutionary economics, evolutionary anthropology and philosophy of 

biology. Following Potts (2000), we build a formal sketch of the “algorithmic individual” to 

make more explicit the evolutionary processes through which individuals’ habits change and 

transform through time and eventually converge to permit coordination. Our account is both 

compatible and complementary with those of Binmore and Ross. Therefore, we show that 

“Dennett’s dangerous idea” can give a proper evolutionary account of the individual from a 

socioeconomic and cultural point of view. 

We must finish by underlining an important and controversial point: in this article, we assume 

that both the agent’s set of strategies S and the decision algorithm Y (and therefore, agent’s 

preferences) are given and stable. One can argue that quite the contrary both S and Y are 

subject to endogenous change in the evolutionary process
43

. Focusing on Y, it seems necessary 

to assume changing preferences in an evolutionary framework since economics traditionally 

identifies agents through their preferences not their strategies. This is the principal motivation 

behind the “indirect evolutionary approach” developed by Güth (1994). The indirect 

evolutionary approach considers that agents’ strategic choices in an evolutionary context 

result from their preferences but the successes of strategic choices are uniquely function of the 

physical game. Therefore, preferences are indirectly selected since players with the “better” 

preferences will be more successful. We totally acknowledge the usefulness of such a 

framework but we have dispensed with it here for three related reasons. First, it is not clear 

what the indirect evolutionary approach has to say when preferences are not perfectly 

observable. In fact, in this case, it is not possible for a player to commit to a non credible 

strategy and then the indirect evolutionary approach do not bring different results that those of 

a traditional evolutionary framework (Robson and Samuelson 2010). Hence, we recover the 

problem of signaling, the same one both Binmore and Ross tried to solve. Secondly, allowing 

preferences to change asks the crucial question of the identification of the individual. A 

satisfactorily account of the individual must explained how the identity of the individual is 

preserved through time despite changes in his preferences, as both Davis (2003) and Ross 

(2005) convincingly argue. Finally, the indirect evolutionary approach is unclear on the 

mechanism through which preferences change. Arguably, we can’t “choose” our preferences 

and it is not clear what it would means to learn “better” preferences
44

. Anyway, we 

acknowledge that preferences change through genetic and cultural processes must be taken 
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 In fact, there is a growing literature about the evolution of preferences. See for example a 2001 special issue of 

the Journal of Economic Theory (Samuelson 2001). See also the survey of Robson and Samuelson (2010). 
44

 As Gary Becker famously titled one of his article, degustibus non est disputandum. However, we must admit 

that the idea of the selection of preferences made sense in the case of altruistic or reciprocal preferences, which 

is the subject of Güth’s article. 
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into account and that a theory of the evolution of preferences would be complementary to our 

framework.   
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