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Can Evolutionary Game Theory Evolve in Sociology? :

Beyond Solving the Prisoner’s Dilemma*

Yoshimichi SATO
(Tohoku University)

Abstract

Although evolutionary game theory has been popular in social sciences, we have seldom checked its
utility as a tool in sociology. In this paper I argue that evolutionary game theory is a good tool with which
we study evolution of certain types of social order, but that it has a limitation when we apply it to the study
of evolution of the division of labor. To prove the argument, I first adopt a working definition of social
order as a self-enforcing relationship between action and expectation. Then I adopt the fictitious play and
best reply assumptions rather than the hardwired strategy and replicator dynamics assumptions, because the
former are fitter for analysis of the self-enforcing relationship. Third, I claim that the core of the division of
labor is the creation of new roles and build an evolutionary game theoretic framework of evolution of the
division of labor. Finally, I point out that a limitation of evolutionary game theory in the study of evolution
of the division of labor as social order is that it assumes a finite set of possible actions, while evolution of
the division of labor accompanies new actions. This limitation, however, shows us where to attack to make

a breakthrough.

Keywords: evolutionary game theory, social order, division of labor

1. Introduction: Evolutionary Game Theory as a Tool

Evolutionary game theory has arguably become popular, if not dominant, in social sciences since the
publication of Evolution and the Theory of Games by Maynard Smith (1982). Economics, in particular,
has familiarity with it (e.g., Aoki and Okuno 1996). It is another story, however, whether it will give
(or has given) sociologists new important insights other sociological theories have not provided. This is
because phenomena sociology tries to explain are not necessarily the same as economics does, even
though both of them overlap. Evolution of evolutionary game theory in economics does not necessarily
imply that in sociology. Thus the question to be answered in this paper is whether evolutionary game
theory can evolve in sociology.

Before searching for an answer to the question, I argue that evolutionary game theory is not a
“theory”. A theory defined in this paper is a set of assumptions from which falsifiable hypotheses about
a phenomenon to be explained are derived. Evolutionary game theory does not fit this definition,

because we cannot derive hypotheses from it only; we need additional assumptions to do so. Such
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assumptions may be about substantial meanings of strategies, payoffs, and/or pairing of agents.
Whatever they are, evolutionary game theory would be just a mathematical way of thinking without
such additional assumptions. In other words it is not a theory but a tool with which we try to build a
substantial theory that explains real social phenomena.

Then how do we evaluate a tool in sociology? This question might raise uncountable
methodological arguments, which would distract us from the purpose of this paper. Thus I adopt a
practical criterion for evaluation: A good tool in sociology should help build a good theory that
explains a social phenomenon that most sociologists think is important. This criterion, however, raises
another question: What social phenomenon is important? I pick “evolution of social order” in this
paper from many important social phenomena. This is because this phenomenon has been the central
subject in sociology many sociologists have attacked. Thus evolutionary game theory has to prove that
a good theory on evolution of social order is to be built with it in order to show the possibility of its
evolution in sociology.

The organization of this paper is as follows. We review the basic logic of evolutionary game
theory in the next section. Then we give a working definition of social order and show that
evolutionary game theory is a good tool for explaining evolution of some types of social order, but not
all of it in Section 3. In Section 4 we point out that a theory based on evolutionary game theory should
explain evolution of the division of labor, which has been one of the central subjects in sociology. Then
we propose an evolutionary game theoretic framework of it and argue that evolutionary game theory
has a limitation in explaining it. In the conclusion section we positively interpret the limitation as a

problem to be solved for a breakthrough.

2. The Basic Logic of Evolutionary Game Theory

Evolutionary game theory focuses on temporal change in the distribution of strategies and predicts an
equilibrium (or equilibria) in which the distribution does not change any longer. The evolutionary
process is broken down into four stages. In the first stage the initial distribution of strategies is
determined. A strategy may be “to cooperate” or “to defect” in the Prisoner’s Dilemma game. Or it
may be “to go straight” or “to swerve” in the Chicken game. Then the initial distribution of strategies,
say, in the Prisoner’s Dilemma game may be 30 % of cooperators and 70 % of defectors.

We temporarily assume that a strategy is “hardwired” to an agent.l) He/she cannot choose a
strategy; a strategy connected to him/her directs him/her how to behave. This assumption is in contrast
to that in conventional game theory. The latter assumes that a player chooses a strategy expecting that
the chosen strategy will maximize his/her payoff given strategies chosen by other players in the game.

The “hardwired strategy” assumption is very popular among evolutionary game theorists
because important theorems are proved from it in combination with replicator dynamics, which
assumes that strategies that gain higher (lower) payoffs propagate (decline). However, it is not fit for

the study of evolution of social order, which will be defined in the next section. As will be shown,
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social order is a self-enforcing relationship between action and expectation. The assumption, however,
is only about action. (Here I use action and strategy interchangeably, although sociologists strict about
definitions of action would disagree with me.) Thus an evolutionary game with this assumption cannot
be a good tool for the study of social order. I will discuss this issue in detail in the next section. The
purpose of this section is to review the basic logic of evolutionary game theory, so I temporarily use
the “hardwired strategy” assumption here.

Let us get back to the evolutionary process. In the second stage of the process agents are paired.
There are several assumptions about pairing, too.” First, the number of pairs is different in various
models. Only two agents may be chosen and paired at each round, or all of the agents in a society may
make pairs. Second, agents may be randomly paired, or correlation between agents may be assumed. In
the latter case agents with similar (or the same) characteristics are more likely to be paired. Dense
interactions among kin and homogamy are classic examples in the real world. Turning to the Prisoner’s
Dilemma game, we can assume that a cooperator is more likely to play with another cooperator.

In the third stage paired agents play a game. The game may be a Prisoner’s Dilemma game, a
Chicken game, or a Coordination game. Or it may be a war between two countries or a diplomatic
negotiation between them. Any interaction between the paired agents is conceptualized as a game.
Agents play strategies connected to them under the “hardwired strategy” assumption. Then the
combination of played strategies produces an outcome, which in turn determines payoffs to the paired
agents.

In the fourth stage the distribution of strategies changes depending upon payoffs agents received.
Roughly speaking, under the assumption of replicator dynamics, the share of a strategy earning a
higher payoff increases, while that of a strategy earning a lower payoff decreases. The change in the
distribution may be brought about by differential reproduction or by learning. Differential reproduction
means that an agent with a higher payoff bears more offspring, while an agent with a lower payoff
bears less offspring. Learning means that an agent with a lower payoff changes his/her strategy in the
next round, while an agent with a higher payoff does not. Then the evolutionary process goes back to
the second stage, and the process continues to infinity or till the system arrives at an equilibrium.

Equilibrium is a key concept in evolutionary game theory, because a social phenomenon is
assumed to correspond to an equilibrium of a game. Various concepts of equilibrium have been
proposed, but it is enough for us to understand that an equilibrium is a state to which the system returns
after perturbation. Agents may make a “mistake” by mutation or errors in learning. If the system is in
an equilibrium, such mistakes do not take the system away from it; the system returns to the
equilibrium.

Although not all the specialists on evolutionary game theory agree to this, a presumption in
evolutionary game theory is that a social phenomenon that is to be explained corresponds to an
equilibrium. Thus we think that the phenomenon is explained if it corresponds to an equilibrium of a
game.

With this basic logic of evolutionary game theory I will explore the possibility of explaining
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evolution of social order in the next section.

3. Evolution of Social Order

We have to define social order in the first place before explaining its evolution. It is, however, almost
impossible to give an agreeable definition of it. It might not be exaggeration to say that the number of
definitions of social order equals the number of sociologists. Discussing definitions and
conceptualization of social order might be an intriguing topic to some sociologists, but it seems to be
an endless task. To avoid this issue we have to remove peripheral factors from the core mechanism of
social order and to focus on it. Thus I adopt a working definition of social order that I think is the
common foundation underlying most of the definitions of social order: Interaction between action and
expectation. That is, social order is defined as a self-enforcing relationship between action and
expectation. Additional factors such as oughtness and sanctions should be added to the definition if we
study such concepts as norms and values that are derived from the fundamental definition of social
order.”) We focus on the core mechanism of social order in this paper, however.

An example would make the meaning of the definition clearer. Suppose a society where people
buy goods by Japanese yen. Why do buyers use Japanese yen? Because they expect sellers will accept
Japanese yen. Then why do sellers accept Japanese yen? Because they expect other sellers will also
accept Japanese yen when they buy something. This action-expectation chain continues endlessly as
long as Japanese yen is trusted by people in the society. In the chain buyers’ expectation that sellers
will accept Japanese yen is reinforced by sellers’ action. Then buyers use Japanese yen again with the
reinforced expectation. Here again we observe a self-enforcing relationship between action and
expectation and, hence, social order.

This working definition also covers “bad” social order such as a war and mutual defection in the
Prisoner’s Dilemma game. In a war between countries A and B, for example, if A expects that B will
attack A, A attacks B as the first strike. This attack leads to B’s retaliation, which reinforces A’s
expectation that B will attack. A attacks B again with this expectation. The same reasoning is the case
for B. Here we observe a self-enforcing relationship between action and expectation.

Getting back to the original question in this paper with this definition of social order, we ask a
new question whether a theory based on evolutionary game theory can explain evolution of a
self-enforcing relationship between action and expectation. My answer to it is that such a theory
explains some types of social order defined above but does not explain all types of it. I explain the
implication of the answer below.

It should be pointed out, first of all, that the basic logic of evolutionary game theory described in
Section 2 is not fit for the study of evolution of social order. The “hardwired strategy” and replicator
dynamics assumptions cannot deal with the relationship between action and expectation, because there
is no room for expectation to reinforce action in them. Another assumption about the relationship

between strategies and agents is more appropriate to the study of social order. It is called fictitious play
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(Young 1998, p.31). According to this assumption, an agent constructs a subjective distribution of
strategies played by other agents based on information he/she has about past strategy choices of other
agents; then he/she chooses a strategy that maximizes his/her expected payoff given the subjective
distribution. The strategy is called a best reply.” This assumption seems to be the same as the
assumption in conventional game theory described in Section 2, but they are slightly different from
each other. Conventional game theory assumes that players in a game know that their choices of
strategies are interconnected. They know that each player’s choice affects other players’ choices.
Fictitious play, on the other hand, does not assume such interdependency of choices. According to the
fictitious play assumption, an agent does not think that his/her choice of strategy affects other agents’
choices.

With the fictitious play assumption we have to modify the fourth stage of the evolutionary
process described in Section 2. What changes in the stage is not an agent’s strategy but his/her
subjective distribution of other agents’ choices. He/she observes actual choices of other agents in the
third stage. Then he/she updates his/her subjective distribution of other agents’ choices with new
information he/she gains in the third stage.” Subsequently, he/she chooses a best reply in the third
stage of the next round based on the updated subjective distribution.

The assumptions about fictitious play and best replies allow us to deal with the self-enforcing
relationship between action and expectation. An agent’s subjective distribution of strategies of other
agents is interpreted as his/her expectation of other agents’ actions, and he/she chooses an action based
on the expectation. Then the expectation is reinforced if other agents choose actions in accordance with
it. At the next round the agent is likely to choose the same action based on the reinforced expectation.
This self-enforcing mechanism is the case for each agent.

It is true that a state in which action and expectation reinforce each other evolves in the
framework of evolutionary game theory if we use the fictitious play assumption. Take a coordination
game with the payoff matrix in Figure 1 for example. Suppose that agents who play A and agents who
play B are randomly distributed at t=0 and that two agents are randomly chosen to play the game at
each round. Then how do agents behave in this situation? We assume the simplest fictitious play here.
That is, an agent expects that the distribution of other agents’ actions at the current round is equal to
that at the previous round.”’ In other words, the agent expects that other agents will choose the same
actions at the current round as they chose at the previous round. Then the agent chooses a best reply
given the distribution in the following way. The expected payoff of choosing action A is 3-0.5+1-0.5=2,
while that of choosing action B is 1-:0.5+2-0.5=1.5. If an agent who chose A at t=0 is chosen to play the
game, he/she plays A based on the expected payoffs. This does not change the initial distribution of the
actions. If, however, an agent who chose B at t=0 is chosen to play the game, he/she plays A, which
slightly increases the share of agents who play A at t=1. Then the expected payoff of choosing A also
slightly increases at t=2, while that of choosing B slightly decreases. Thus if an agent who chose B at
t=1 is chosen to play the game at t=2, he/she plays A. And the process goes on till the system finally

reaches and never leaves a state in which all the agents choose A, which means the system has reached
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an equilibrium. Here a self-enforcing relationship between action and expectation is realized. An agent
expects that all the other agents will play A and, therefore, plays A at t=T. Observing that all the other
agents play A at t=T, the agent confirms his/her expectation and plays A When he/she is chosen to play

the game again. (His/her playing A at t=T also reinforces other agents’ expectation.)

Agent j

A B

3,3 |

B 1,1 |

Figure 1 Coordination Game

N | —
N | —

Agent i

The evolution of action A described above is a classic example of evolution of social order.
Evolution of cooperation in the Prisoner’s Dilemma game is another example. A game with the payoff
matrix in Figure 2 has the unique (strict) Nash equilibrium: Mutual defection (D, D). If the two agents
agree to cooperate to realize mutual cooperation (C, C), they get higher payoffs than they do in mutual
defection. Mutual cooperation, however, is not realized theoretically, because (C, C) is not a Nash
equilibrium. This “paradox” has attracted many game theorists, and evolutionary game theorists are not

immune from the seduction of the paradox, either.

Agent j
C D
. C 3,3 | 1,4
Agentl D 4,1 | 2.2

Figure 2 Prisoner’s Dilemma Game

An evolutionary game theoretic model with random pairing and the one-shot Prisoner’s
Dilemma game, however, does not lead the system to an equilibrium in which cooperation dominates.
Suppose that the share of agents who choose C is p, while that of agents who choose D is 1-p. Then the
expected payoff of choosing C is 2p+1, and that of choosing D is 2p+2. Thus the latter is always
greater than the former, and the system moves to the unique equilibrium in which defection dominates.

We, therefore, need some devices to realize an equilibrium in which cooperation dominates.
Actually, they have been invented and worth mentioning, although they do not use the fictitious play
assumption. Axelrod (1984), for example, used a repeated Prisoner’s Dilemma game to solve the
paradox and demonstrated the strength of the tit-for-tat strategy.

Another device to solve the paradox is to assume non-random pairing (cf. Skyrms 1996).
Suppose that agents are hardwired to C or D and that agents are allowed to select their counterparts. If
a cooperator (an agent hardwired to C) refuses to play with a defector (an agent hardwired to D) and
plays only with another cooperator, he/she gains 3, the payoff of mutual cooperation. A defector has
nobody to play with but another defector and receives 2, the payoff of mutual defection. Thus
cooperators will dominate in the society in the long run. Papers in this issue argue for the significance

of non-random pairing for solving the paradox (Oura 2003; Kanai 2003).
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These examples seem to be strong evidence that a theory based on evolutionary game theory
explains evolution of social order. I partly agree to the statement but argue that such a theory explains
certain types of social order, not all types of it. The above examples show how the distribution of
strategies changes over time and converges on an equilibrium. The equilibrium may be a state in which
only one strategy dominates as in the above examples or a state in which more than one strategy
coexists. In any case, however, the point is that a theory based on evolutionary game theory explains
how a certain distribution of strategies supported by expectation of them is realized.

A stable state in which action and expectation reinforce each other, however, is just one type of
social order. There are various types of social order other than it, and sociologists have thought the
division of labor is an important social order among them (e.g., Durkheim, 1893). Therefore explaining
evolution of the division of labor is a touchstone of whether evolutionary game theory can evolve in

sociology. We explore this possibility in the next section.

4. Division of Labor and Evolutionary Game Theory

4-1. Evolutionary Game Theoretic Framework of Division of Labor

Why is the division of labor thought to be important in sociology? This is because it is a significant
feature of modern society. Functions of family in traditional society, for example, are performed by
various corporate actors in modern society: Education in schools, production in firms, and welfare by
states. Then the actors interact in the market, the political arena, and the social sphere.

The division of labor is a type of social order. When the division of labor is established, role
expectation and role performance reinforce each other. When it goes smoothly, the following
self-enforcing chain exists. An incumbent of a role tries to fulfill expectations for the role held by other
people. If he/she succeeds in fulfilling the expectations, other people confirm their expectations. The
confirmed expectations make the incumbent fulfill them at the next round. There is more than one role
in a society where the division of labor is established, so we find a complex web of roles and
expectations in such a society.

Thus when we explain evolution of the division of labor, we have to explain (1) how a simple
role system evolves into a complex one and (2) how the self-enforcing relationship between role
expectation and role performance evolves. If a theory based on evolutionary game theory explains the
two above processes, evolutionary game theory is quite likely to be qualified as an excellent tool and to
evolve in sociology. Thus our task here is to examine this possibility.

We have to formulate the concept of role in the framework of evolutionary game theory in the
first place. A role is not an agent but a bundle of actions expected by others in various social settings
(cf. Parsons 1951). An English teacher, for example, teaches English in class and participates in a
meeting with his/her colleagues. In this case teaching English and participating in a meeting are actions
expected by others and constitute the role of an English teacher. An action is interpreted as a strategy in

evolutionary game theory, so a role is a bundle of strategies. Then an agent is equipped with a bundle
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of strategies associated with a role when he/she takes it.

What makes the relationship between agents and roles more complicated is that an agent usually
takes more than one role. It may be the case that the English teacher in the above example is a teacher
in the school, the father in his family, and the manager of a baseball team in his community.

The above inquiry about the concept of role and the relationship between agents and roles
necessitates formalizing the two following mechanisms when we apply evolutionary game theory to
the study of evolution of the division of labor. The first mechanism is how more than one strategy is
arranged in a role, and the second one is how an agent takes a set of roles. Figure 3 shows the

conceptual framework of the two mechanisms.

Agent Agent Agent
Role Role Role Role
Strategy Strategy Strategy Strategy Strategy

Figure 3 Connection between Agents, Roles, and

Although the second mechanism is important for development of role theory, we focus only on
the first mechanism in this paper for two reasons. First, incorporating two mechanisms in a framework
would make the framework unnecessarily complicated. Second, if the two mechanisms are different,
omitting one of them from the framework would be a wrong decision. However, the mechanism
connecting strategies to a role is logically equivalent to the mechanism connecting roles to an agent.
Thus we deal only with the first mechanism for the sake of simplicity.

The mechanism, however, is difficult to formalize. This is because we do not know much about
how a new role is created in society. Functionalists, who have been dominant in explaining the division
of labor (cf. Parsons 1966), would argue that a new role is created in the expectation that it will fulfill
functional requisites for society. This argument is the case when a new role is created in a purposive
organization. The role of a computer operator, for example, is created in a firm when the firm decides
to computerize its accounting system.

The functional argument is not the case, however, when a new role is created in society. This is

because a society does not have a purpose, so we cannot assume that a new role is created to fulfill

319



functional requisites for it. The role of a hedge fund, for example, was not invented for the functioning
of a society. Rather, it was created by those who were interested in financial engineering and making
big money by applying their knowledge in the financial market.

Leaving the functionalistic explanation of evolution of the division of labor, we have to
construct an analytical framework of it based on evolutionary game theory, because our purpose in this
paper is to explore whether the theory is a good tool for explaining evolution of the division of labor.
The logic of evolution in general naturally leads us to interpret the creation of a new role as an error in
the evolutionary process. That is, new roles are created when actions bundled with a role (or roles) are
mistakenly disbanded and construct new roles.

With this idea of the creation of new roles we construct a promising framework of evolution of
the division of labor. In the first stage the set of possible actions in a society is determined. This stage
is the logical starting point of a society.

In the second stage actions are randomly bundled up to construct roles. This stage corresponds to
the lower part of Figure 3. We exclude the possibility that roles are constructed with a purpose or a
functional requisite. Rather, we assume that some roles evolve from the pool of randomly created roles.
Note that surviving roles in the evolutionary process are neither “good” nor “bad.” They survived just
by chance, as will be shown. No value judgment is to be made on evolution of roles.

In this stage we also assume that an agent takes a role. As we discussed above, role taking in this
framework means that there is a one-to-one correspondence between agents and roles.

In the third stage agents are chosen and interact with each other. Only two agents may be chosen
and play a game in this stage, or all the agents may be chosen. It depends on our research purpose how
to formalize this stage. No matter how agents are chosen, they choose actions based on the fictitious
play assumption. A chosen agent knows the role of his/her counterpart but does not know what action
the counterpart will take. What the agent has is his/her subjective distribution of actions in the role of
his/her counterpart. Suppose, for example, that an agent is in the role of a patient and paired with
another agent in the role of a medical doctor. The agent knows his/her counterpart is a doctor but does
not know what the counterpart will do in the interaction with him/her. He/she is not naive, however.
He/she knows from direct or indirect experience what doctors do to patients in general. With this
subjective distribution of possible actions of the counterpart the agent chooses an action that
maximizes his/her expected payoff.

In the fourth stage agents update their subjective distributions of actions associated with roles
based upon additional information they got in the third stage. They may have the same distributions if
the actions are the same as before. If the distributions are updated, however, it means that role
expectations change.

If the system went back to the third stage as was assumed in the evolutionary process in Section
2, the evolutionary process would not include the creation of new roles, which is the core phenomenon
in the evolution of the division of labor. How do we conceptualize it? We assume the following

mechanism based on the above discussion on new roles as products of errors. A role is randomly
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chosen, and actions constituting the role are resolved in the fifth stage. Then the resolved actions are
bundled up as more than one new role. Suppose that a role consists of five actions: A, B, C, D, and E.
If an error occurs for the role, the five actions are disconnected from the role. Then a new role is
created by bundling A and C together, while the other new role is created by bundling B, D, and E
together.

There are variations of this resolving-bundling process. Factors to be considered for variations
are (1) the number of roles to be chosen, (2) the number of actions associated with a chosen role to be
disconnected from the role, and (3) the number of new roles to be created. No matter what variation we
assume, the basic process of the creation of new roles in this stage is common.

After this stage the system goes back to the third stage for the next round. If incumbents of the
new roles choose actions that are consistent with expectations held by other agents, the new roles are
reinforced by the expectations and will become fixed in the society. This is evolution of new roles, thus,

the division of labor.

4-2. Limitation of the Framework

The above framework seems to deal with evolution of the division of labor properly and to help
evolutionary game theory evolve in sociology. There is a critical defect in it, however: The set of
possible actions is fixed at the initial point, so there is no room in the framework for a new action to be
invented.

When it occurs in a real society, the division of labor almost always accompanies invention or
emergence of new actions. When banks, which played an important role for development of capitalism,
emerged in a society, new financial actions such as systematic collection of money from depositors and
investment in promising companies were associated with them. If these actions were not invented, the
role of a bank was not performed. This means that the role of a bank does not emerge in an
evolutionary game if these actions are not included in the set of actions assumed in the model.

Even if we assume that there are many actions in society, the set of actions is finite. Thus it is
logically possible, if not practically possible, that an action is not available for the creation of a new
role. This problem would lead to a case in which a theory based on evolutionary game theory does not

explain evolution of the division of labor.

5. Conclusion

This paper does not have any intention of vitiating evolutionary game theory. Rather, I tried to
demarcate evolutionary game theory in sociology to define its frontiers. Once its frontiers are clarified,
we understand where to attack to make a breakthrough in evolution of evolutionary game theory in
sociology.

The argument in this paper points out that the frontiers lie in the study of evolution of the

division of labor. It is true that evolutionary game theory is a good tool with which to explain evolution
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of certain types of social order such as coordination in the Coordination game. The division of labor,
however, is a different type of social order from coordination in the game. This is because we need the
concept of role in the study of the division of labor. The concept of role has been in the center of
sociology, but evolutionary game theory has not been serious about conceptualization of role and about
appropriately locating the concept in its framework. Although some evolutionary game theorists use
roles in their models (Selten 1980; Maynard Smith 1982; Binmore and Samuelson, 1999), their
conceptualization is rather simple from a sociological viewpoint. The crux of their formalization of
role is as follows. A strategy an agent chooses is determined by the “role” of the agent. Take the
Prisoner’s Dilemma game for example. Choosing C or D is determined by whether the agent takes the
role of a row player or a column player. For example, an agent chooses C if he/she is a row player,
while he/she chooses D if he/she is a column player. A problem with this conceptualization of role is
that the set of roles is mapped to the set of strategies by a one-to-one correspondence. A role, however,
is assumed to be a bundle of strategies in sociology. In other words a correspondence between the set
of roles and the set of strategies is one-to-many.

Thus I proposed a framework in this paper with which to develop a theory about evolution of the
division of labor and to bridge a gap between sociology and evolutionary game theory. The framework
is rudimentary, and much work remains to be done. It shows, however, what a critical problem is for a
breakthrough: The number of possible actions is finite in evolutionary game theory, while it should be
infinite theoretically when we deal with the creation of new roles. This problem may seem unsolvable.

It, however, tells us that we will be able to make a breakthrough if we invent a device to solve it.
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Hirokuni Oura), the Japan Securities Scholarship Foundation Grant, and the Japan Economic Research
Foundation Grant. The academic support of the Center for the Study of Social Stratification and Inequality at
Tohoku University is gratefully appreciated. This paper was originally published as an article in Sociological
Theory and Methods, 18-2: 185-196, 2003. This is reproduced by permission of the Japanese Society for

Mathematical Sociology.

Notes

1) See Macy (1996) for a detailed description of “hardwired” and “softwired” strategies.

2) I assume that a game is played by two agents, but it can be assumed that more than two agents participate in
a game such as the N-person Chicken game.

3) See Hechter and Opp (2001) for the importance of oughtness and sanctions in the emergence of social norms.

4) See Muto (2001) for an introductory, but excellent description of the fictitious play and best reply
assumptions.

5) Here I ignore an assumption that agents “sample” their observations for the sake of simplicity. See Young
(1998, Pp.83-99) for a detailed description of sampling.

6) Agents’ memory is assumed to be unity in this fictitious play.
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(2) u(C,C)>u(D,D)
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WAL ﬂ#ﬂé%&iéﬁﬂ% ZHEDIAATHOEERIZH KT DAL & T
HZ & L7b>tﬁb\75:, ZDTOITIT LT < EURD BT AT RE R FlICET 2 E ThHEHDED

327



Lovaw, KEer7e 3 1 Ch 28 a1 &R UL 9 7 Bk O I E B8 K o 1B 23 )
<HBTFTEHRVR, ALV V=2 VIR GbEEBE Ty MIRI A A~DRE

(=HCHER) v HrETVbITEME & BICESD 2GR0 EDICY, BiETE TXVK
DB AFESELNDINEIDDEVCL>T, U4 =2 ThHHEEICEH H7=h bk
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DV USRI,

D=c/m-4N.s
RLBEBZRICEE, BEFIREBIZEBNT

D>072 5% A2MES (BEHEIKMEE)

D<072H1E ADMES (EAEEIKAES)
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a, blBll, WHAILLIEEKDZY OMEEDOEZ, BE ALK, BEB %
HLOfEIKICHONWTENRLER, fy+(Na—-1)f,,Naf, &%, BN TOMEERETA2E2%
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LEAE LT, HOEMWLFHER (DIThNE) #8252 812dhb. Thbb, £71
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DECFE TR AT O RS AT REMERIEIC —EOME 2 52 T D . S%Eamy Ly
~MEOM e &2 ED T ITHT= 0, 295 LIRATT 25T T L ORI & it A #EH % el
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HEVWIHRTHD D AL — L OREITEFEICH D Z & & #E 2D L (Hofbauer and Sigmund
(1998) , A - & (2002) ) , ZAUTFHMIZMET 5 &0z KD
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The significance of selective interaction models in the evolutionary game theory

Masayuki KANAI
Faculty of Education
Yamagata University

1-4-12 Kojirakawa, Yamagata city, Yamagata, 990-8560, Japan

To analyze how cooperation evolves, including the problem of social dilemma, a random-matching model
in the evolutionary game theory does not work well. Instead of that, we have some models of selective
interaction, which assume that players interact not with all members but with specific members in the
population. Though selective interaction models consist mainly of a lattice model and a multilevel-selection
model, we focus the latter to examine the theoretical foundation and the mathematical formation. As to the
theoretical foundation, it is concerned with the well-known debate of unit of selection. We show that the
multilevel-selection is consistent with the replicator selection if the concept of “vehicle” is introduced. There
are two models of multilevel-selection, that is, extinction models and fission-fusion models. Although they
are based on the different assumption about the reconstruction of groups, we argue that both of them have

adequate phenomena to apply.

Key words and phrases: selective interaction, multi-level selection, group selection, social dilemma,

evolutionary game theory.
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Flo, vIialb—va AERHLEEE. BLI, "I X=X FUTOLEEBY TH D,

f(x)=x+1, B®(x)=4x+1, BP(x)=4x+2, a=1. B=0.1

OV Ialb—ya RN KHOBRHAHITE, ZoHFO ENN—2>TH MR
FRAL LT SR HIDFIE T DHERNI 2 2720 &I 2R & U T I 23 s 9 % AT e 2N
DT ENGND, Thbb, ERN—2OHEITIX, W ERERBERVWEETH- T
b EHEBHEMT 5 &, BEKEIICEY  BORBET D RENRESR>TND, Z
DETNTIE, MIOREEZHLE D722, MY T —8IE2 EOBEOHTOTEZEEL
TITEZ 2 ED, BVIRLS—LRAOKIETIT R, CEH LTS, D2l LT
LHEWol, 1EEVDOTF—AICHTIHIEKRZBZREZL TS, ERICHEDL LT, ZLHIRIA
FADNE L FEERK O T ORI L - T, RO L2, BRI D AliEtE 2 =T
TENTE, BMVBLTY—LAEORNEZBET DL, K0, IRWEEF TH D HET 5 7]
REMER B D Z E MR NS,

3. ERERES —A

ZOHITE, NADOY L REIZBWTHS ORI Z XN T 2R EBZLET D, 20
A, BUVEBIEAZRAT I, BEUVE2 LD L 2ALERRATIEEBZIC W, R
HLVEEYD AT LI ERXEHETFICMOND E AR EZSDLDINLTHDL, £ 2T,
YD RIKERAE X, BLOEKZ 2D EEZX LN, BERI ELTFIEVWEE,
HOVERIKITE VRIS EZH T 22N TED, LrL, BT L. AOEISZHEML X5
EBZTNDHT LAY —I2EoT, EFIZ, ODPVEHEIHEMUICS WERIEE 70 b, Lo
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T, BRI Lo T, BIEEERNTOILD & T 5725613, FISSEVMELE L7220 BRI o 1Y
INRBEZLNDAREERS D,

3.0 #iTlk, MOKLFECHFLRNADIS Ly~ F— L5179 2 LI2 kT, BIIRHER:
SINDTODORMEZRT, 3.2 fiTIE, BMIBRPORICIVHABRELL T RDZ L
4T, 31 BIOET AT, FEAEETOT LA Y—0nEY W ITEIZ L D54, HAN
LT DHZENTERWVR, 32 HIOETATIE, TR b hnxtdssrz L
BT, IHIC, FFICED, AUHEFE 1EEZ D LR LRVIRITH > TH /1231
b4 252 &EmrT,

3.1 BVIRLNADIL v <H— ADEITHSE

Z OHEITIE, Axelrod(1984)72 KD K LINAD Y L 2= 57— L DOBFEIZ 2V TR HEIZHE
N+ 5, 22T WADOP L <BOFIBATINZ LTeRN D 7 — L %0 KT LT 5,
C d

c s
d t p

#£2 WAV L ~<HRGER

—

ZIT, erpes BN L TWD EIRET D,

Hifb o=, ALL-D & TFT L\ 9 “ OO LRt W R EE 25, 22T,
ALL-D %, #IZd Z TR CTH Y | TFT (X, &l c 2308, £O%IEL, FHF2 1 EIF]
CHLIeFEHT WO TH S,

ALL-D % D, TFT % T &Mt LT, ALL-D 2% TFT &%k L 7= & 123501 %2 U(D,T) &
KT 5, KRB E w EWET D E, &I, TFT e, ALL-D 23d ZH LT, All-D 23
t OFIfG%2 2208, FD% . TFT H ALL-D & bicd 2T 720 FlfSp a2 D2 b,
FoXnEHEn5
wp
1-w

—J5. TFT A TFT & L7236, AW c 2 LTS r 225D T

UD,T)=t+wp+w?p+w’p+---=t+

UMT)=r+wr+wlr+..=— —
I-w

TH D,

t—r
Lo T, W>t

ThniE, UT,T)>UD,T) %%, EoT, TV & AICHEsTMFTL

FROBY KL — L EIT ORI EEE L. TFT & ALL-D D SOOI O RE 2 572 51E,
TFT 78 ESS & 72 %,

—%. UB.D)=E UMD)=s+ o T B, prs kYL EED w ZH LT,

U(D,D)>U(T,D) 7 AL L T Y . ALL-D ik & ESS Th 5, L7izit-> T, FIHIIREEIC IV
T ALL-D NXEHI 7R 2 BET D &0 T IO AMNREELRNZ IR D,
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3.2 BiIR RS — 4

ZOETIEH.BOPRALTWIRIEEZE 7L A Y —0NES LTV HERIKEERHE Y — %18
EL, ZOWIEEHAZRICED, BOBBELSTRD I LERT,

BRI RS — 2L, T LAY =R BN EDOL I REIETHHNES L TED BRI,
FEIC X VB L TV A —ALTH D, ALL-D R EDEG) Y Bk Z2 & > TV AIEE,
SO EED Z LIk o TRV Z 25 Z ENARELE 25, LvL, A0 EZH D
RS NIC <72 D, BEE D < ADIFE, TOMM AT L, #iid 2 2 & 0N HL
RENSTHD, — 5. BMhzEEmT 5 TFT O X 5 R E & > TWABA. EMEICHS
DM A FITE A2 HBFENEE LD, EOASOBIKEZESTHZ &1k bd, 20D
BRI 1L, Bk Lo WIS & 70 %, L7ad> T, BRIERBH OB RIC X » T, TFT Ay 72 kRS 3
L LT WAEEMER H 5,

3.1 fioWADD Lo ~HROFEERZ V., BRIEEH S —LICHONWTEET S, 3.1 §io
ALL-D R TFT D X 912, ¢ & d Z T KA 2R ET Dk 2 TEIHRES ) & K5, k)
RATENRIE A2 & > TV D 02 R T 2 kMg 4 [RUTEREG ) & X OV 1TEVRES & R PTG O 4
ZHIC T & RS, BRTOT A v —Iid, R ICTEV, B OITENERIE 2K L T
B, I XCOT A Y=L, TOMBEREZMDZENTEDHET 5, BEOITENEZFE
FRL T, IR RIAZITO 2L bA[ETH L, —EDMHEFE a T, VY BNIEND EIRET 5,
ez, M LT LAY —0, HTPOBEDITEIOBEZ AT LT, EOITEIHKIEZ L
LEREMER DD LT D, MiT, 1—a OMERT, BIEKRHOFEHRNK L, o7 LA ¥ —
X, TOMKERAEZELCDL LT 5,

ITENHREE & LTl RO 2 OAEELET L, —oHIE, HiIZd LTS5 ALL-D
g CTH D, "o HIL, TFT MRS ZF5E L7z TETHRIE TH 0 | HREE R I/ S5 HIZIG U
T, ROE@Y OITEN 2 & DI TH D, OMFN ALL-D Th D LEIEER A L7256,
HHNT, 7Y ERIEY EOITENIGS ALL-D THh D Z &2 Mo 8BA1id, Fiod &2
Ll 208, @FNUSNOLET, ZIZc 2L, Z20%., HTFEOITENZ ELL 5 TFT Bk
LD, Tbb, TFTERGIE, FHTF28 ALL-D TH 5 &> 2%E1E. ALL-D % & 58
NS OEAEIL, TFT &2 & DI TH 5,

WATHERE R B & & O 72 Hk i & L CIR D DPHRES & THRIS O O A 23 2 5, D RS T,
TFT"CTh D EES L, EEOITEIHIKIX ALL-D 2 & 5, | . T'#IgIX, [TFT"EES L.
EEEOITENEME S TFT IS %2 & 5, |

Z O D & THRBE ORI Z N ZRUT O L 91025, TEIEOEIG% 0" | T
5% B (2,0"), DBk oFIEE B (2,07 ) L i<, ERLY . UFOL 5 B0
MWTE D,

B"(a,6™)=0"U(T,T)+(1-6" fau(D,D)+(1-a)J(T,D)}
B (a,0" )=6" {aU(D. D)+ (1-al(D.T)}+(1-6 b (D.D)
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ZEMARETH L, (TEHIZIX, Ao THRM SN D AERH L ET 5, L xiE, D
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F.oa WS 5L, BEE, BENLT DEIKICHES->TH THEIKZEMN L TLE
DEWVIEENEEMT D, TDD, aBEA LI LTS THRIKICARNZZR 2D H 5,
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EE 1
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(REPA 1A 5%)

ZZ T, U{T)>u(Db,D). U(D,T)>U(D,D). U(D,D)>U(T,D)& 5 &KfFix, WADY
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UT,D)>01%, Bkt % & S ICADEELZ TR0 ARREETH Y | EEMSEMEIE.
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VRO ECSUHEAIE S EE AR EE A R L TWA R LR, ZOFEEFAHTHDL LB
bbb,

Flo, ST LU MRIE, BEED X ICRASELILNHEBETHDL LWV LD,
LA, TCOBMOEMICETA2HAONKETLE0] EWIHIROMED RRFHIZERDY AT
WS MR DD, 7oL 21X, mPAFLIZB N T, WM EZIEK TS5 L9 ICKEEIT T
Al ALT2EFH L WO EHICKH LTI, 2B L~ RSB T 201178 TH 2,
LinL, —FH T BRALEZT O BUTROMBLE S WO BN A5 LWL NREGVITHT
HbH, LIzNo T AHESMY LU~ RSB DHIIOREE R LIZET TIEA+TSTHY
EORNOEMICKT DM EREIELPNRMEE RS, 22, 3EITIE, Mg
RS DREBIEEH DR BELLT VI ERRINTWDHDO T, BERFRALICSINT 53
FOFEMEZ —EOHMIKIZREST 2728 LT, MEMAEFKRESEL LY, B AR EELH
WTEL OEBENRZMTE, BEHOBENRES RD1FE, ERENEZVIZSNT &N
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VDHOHEMIIEMNEEBEZD LN TE D,

[ 8]
EFE 1 DL
9. mEA2%EMET 5, UD,D)=5. U(T,D)=6-«x. UD,T)=6+y. UT.T)=6+r7+5<
. U(,T)>u(D,D). U(D,T)>U(D,D). U(D,D)>U(T,D)>0 L. 550, y>0. >0, k>0
t—2p

T, OS>k THD, SHIT, W ZHUET 5 L. 2U(D,D)>U(D,T) kv, 6>y 2o

o,

Flao™)=1"@o™ oo +(1-6" J1-a)- 17 (@67 o™ £ <.
do’ BFla,0"fi-0") ) ,
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%5@T\F@ﬁ FO%%ﬁ@iwo

Fla,6™)={"8 (0,67 )+ (-0 Ji-a)B® (2,67 )}-B" (0,07 o™
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Fla0™)26. 7. r. x&MoTES LUFDLSICR S,
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o 207 )ik, BF ol 25,
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\ dzle" , : ‘
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s 1 6
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D EE (2002) O 5T, BEHER OGO ORHEE & UE Uik — AB R L AR O
1 NG O B A AL S — BB & L O, SRR O TROESOS B2 ¥ A R L Bl A A
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3)

4)

3)
6)

7)

8)

9)
10)

11)

12)

13)

14)

=L EIENHLHD, L, ARUTHE, #b7 — 28R E LW ERTHEAT S,

LT — LB T D T Lk, T2k 2B L, [#5R) Lo BHRAWITEENR
TR,

WEHRIFOMRE LCIE, Sl ExbhD, —2iF, AWHRIEICER LE@RT, 2<o
THE LSO LR ETAIERIYWENRETHD ETAMINTH S, ZOMIRTIE, BWY
el FHEBETCHDICMELRMELZ S RETHIERARTHHIZTEMERGHWET S, B
T, AR EL FHEBTCHOICLERUE S RAET LI ENARTHL-TH, A%<
RO LIRS 20 A, HRICE, 20 X5 RERBEREO TR0 ERD HRKERERT, bo
AR H DD ThH D, b —2id, REMMEICHEH LR T, fiGMEcll~>7=, ¢
DRAEST —EAOWHBEELTHLOTHD,

EMFRET — A TIE, B, FROEPFIB/BTHD, ZHELTLLREFTNIEZHDPY
BWRE LT B LRy, S5, bLELROF —LERICBWTYH, EMROENS — L0
HHECHE - T, BIESCRENKROMRICEDREILE L0 EFGEESZEEH DS, LL, A
TR, BRFFROMES — 2HRICAE DY, FBEDENFSOBERTCORERT 5,

Weibull (1995, p.144) Ti, Z OMHE L FIFSHFAM (payoff monotonicity) & KA TWD,

T, HEIFEWERTHWTEY, BoOTENCETA2Z L23EL L, ACBSERLU
1T8% & 28l % 52 6174 kE ST,

Zoft, LT — A TRV, WP - dFBE (1999) O Xk ST, RO EZET D
HRI DD,

2T, BHEIRFEFAE & LI TV BRI, Leibenstein (1950) D/32 KU IR LIZIER
—DOHRTH D, ZEIRFERZDRIL., WEAIRGRZDETH, ZHEIRICARTL Z LItk
THMIIRDRANEED E TR THDH, N FUVICRBRUEKRTHEASNS Z 1%
W ZHIREE CATEIZ & 5 2 & THERFIEN EF T 258120 TH N R I UL
W HEERCAEAERH DB, 22T, N RUIUHREORDVICEEIRFHDRE L W
IBHEERAND,

ZDFET MOV TIEL Weibull (1995, p.158) IZRR 1 H 5,

AR, HEEHBETHLIN, TLA Y —DAEP I KREVGSIE, Z OBUEM T EIEYIC BT
T 5,

FEIE R  F DR, HERERTHLIN, T2 THT LAY —0ENE L, WIKEE % Kt
HANOEELFHFICREN, HDINIE, FHICE L OREE LTS EREL T, HIRERIEZ
R EITo CWD, 20 L) irliX, L — 2o %ET LT, K< bbb HFIET
HHMB, TP TH L RICIIFEEPLETH D,

W, REROENS — LG T, WERIS BN RHHIBMRICH D LT 20N —RHT
HHN, WENFSECT 2K A BE L. RAHERZKE L, HAIBEGE IR E T
HZEHARETHDL, LL, ZOXIBRBEEZLELETH-oTH, FENRKEWIZTE, 25
NRKRENE WD FIFHEFERRE STV D,

ZTIZT, CHEBAZVWEAICIE., ZEIRFRDRICEY C BEOEENEINT 50T,
1S(1)/1°(1)> B (1)/B°(1) T 5, —F. CHMMEADH72<, D EIEA SV SEAICIE, S EIRIF
FIC LD DS OB 2HT, K-T. 19(0)/1°(0)< B°(0)/B"(0)

HLHAZEE ESSIE. D LERLIMETH D,
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An Analysis of Social Dilemma with Evolutionary Game Theory of Cultural
Evolution

Tatsuhiro SHICHIJO
Osaka Prefecture University
1-1 Gakuencho, Sakai city, Osaka 599-8531, Japan

There exists three categories in evolutionary game theory, evolutionary game theory of biology,
that of economics, and that of cultural evolution. Evolutionary game theory of cultural evolution derives
from evolutionary game theory of economics. In that of economics, they suppose strategy which earn better
payoft would spread in the group. But, evolutionary game theory of cultural evolution can treat the situation
in which the supposition isn’t satisfied. It can treat the case in which there exists frequency dependent bias
and effect of strategy manifestation. In this paper, we use this two situations to construct models which
explain origin of corporation in social dilemma. One of these models, we show corporation can spread in

social dilemma situation, even if it is not repeated game.

Keywords and phrases: evolutionary game theory, social dilemma, frequency dependence,
strategy declaration, cultural evolution
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EZHL T, B LU~ EAEITADNLV—LVORSIFEE L TESITONADTHA.
SFD, HENTLUSE, WDIEA XD —LE L TIERETE 5.

7K, HEMEMIEE LT 2ERIIE 572 2. EEARRIL, Whwd AR 12
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AFOWRIL, LFDO LB THD. 2HTIIHEHY L o~ ERFERIBEIC R 5 e TR 98
OB D. 3EHITIES =200 E NI BENPON— NV EEZEZD. AHIITELDTHD.

2. FEATHSE : RV L~ LRRFRIE

21 HEHY L <DES

Y L r~iE, RO R, MEARGEM] & HSEEME] L) ZKED
AHEMENTEE T DRI E SND OKF 2002: 20). = 2T, tEEMAEMIE, AN - AP
BRETHEHVZDN, S>OIF L — MIRMEL L TEZLNATVS.

ZO—J7, MAFEERMER, UIE UIXREEES & L TE X DILTVD (T & PR Xk &
FiIns). £z, F—2Bm T, EUbBRERIEEZ &V HoTRET bbby a2y
RS, EHHNCEHEIND EEZD. LN T, T vy 2 BEEE NS EEOLMTH 5.
7212 L, = LIE—RICEE DT v a2 BN FEET D, Ko T, T3 XToF v o2 ¥f
DXL — RN, SV AVUTHIEME S E ORI DS, EANS BN S S A B
TeffET 2 RPLE LTOMRNT LY ~vE ) ELRBLTNDEEX LN TS (KT 2002:
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DOBIRE LR NKVREN RS —ABNHWLRTWS. 2O —ATIE, 13RI Tv-o
TH W FOEAMICIZ I WERE L7032, [3EM 22BN >HAa X0 b
N BEENESTEHEDIZINTENICE > TH LV (Dawes 1980). ©FE D, 72 BFIC
PICATEN L CIEWM 1A L D &, N — RERIZMHD. AR TIXZ ORILE [Dawes EHED
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HEHTLrr~) LB BARNADOY L =L, ZORRD2 ARTH 5.

22 BFMEL LTOHSHT L ~<ITRT 5 AEH O#H

BEEEL L, bicbobb b Ly TERGEAN] & THEBF] BUZLE I ITRVD
ZIZ, ENHEWDICHNLSEDL DD, HDHVIEBUZWIZHNL L TWDO0nER] -5 METH
% (R 1993: 134, /7 1998:6-7). & Ld7zv, THHEARMEAN IATRELRERDOITEEIRE
7, THSFF) 1Tt RE (=1780M) ORBIEZE®RT2E L LS. 27210, SN,
FTABENPETFTRELES>TOABAIT bbb — L IR 5, HRsEEETHD.

bk L7z &9, (CKEOEEMD) [Tt OfMEE LTy L ~1E, Parsons

(1937=1974) O& v 7 ARFMEDO 7 — LBH@mIER L E LTEZX LN TE . LaL,
Fodr (1998) 1T 20 Z LTS S, LA OF WD EBATTUISOED L ST/ b, BFF
WL Tl Ob 572 LIChhrbb T, BHRARMEANEHSHRFOR T 2B D 57 HIE, X
NHL TYE] ER22EIRMETHD. L, BREME=HESMY L~ EX DR
I, LR UIEBEICEET 2 [Tl o2k T, BUFRER SV 277, BT o5
BRLOLELTELLNARLR-oTLEY. Lo T, MFMEEZHENY LU~ LTHRRTZ
El, BRFEMEOBREMEE KDY S.

ZOEEORMNL, X — AFEREN R EEN T L U~ L LTORFMEEERT 20008
WHORME EHA L LI TORL TRV EICHK LTS EEZ LN . BEORILO H
b, RSN T L~ U RREIZ SN D O, fiR, ARROEEITZOMIZEZDZ &
ZIENe B0, fERE LT, b TREMICHAZ D Dawes ERDOZMT LU~ 2 AD
GEIIINADOY V=) 25, KRR ERE b OZ LR DN5.

23 HBERE~DOBWRT Fu—F LT 7 u—F

= AR T T e —F A T S A B J X, BUFEICx T A v~ v e T4 X —IT &
% W7 71— (Luhmann 1981=1985, Leiter 1980=1987) & [~ 7 XW7 7 1 —F |
(Hobbes 1651=1971) # #2175 Z & T, BFMEDO (FRETIER<) BHEZRATHS.

@ EW7T Su—F

Fedr (1998: 31) Ik, TE%RT 7e—F) (b—~rBLXOT7A442—) 12&-T, TH
M2REAN] L1X, MFELZRICERDST D, BREBRTSEATHS. BERIT, FRITHL
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DTHD.
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DHELTNWD, FEDITEHNE—DBHRELDEVNSIFERICIIN RO, LoT, 22 TO
FRFFIRE &%, ARIIC AR EW® ST 2 L 5 DMl 2 D, EOITENCH — OB A 53
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355



@ LIWTHIAREA

ERic kg, BT 7 e —F (Leiter 1980=1987) OMET D [EREZMRT @A &
%, THERMBEEORLE] T RbbHFENRITAZE TCHDL LV . L LENRIE, ZHICK
T 5. BEOEMEORDFIL, TARKAMRERIITOEE CRREIZRER] 28 L v,
5THD (Fd 1998:32).

IT#RFD, B 2GS OM BT %2 B LIRS 201, WAICIIARRERITT7E.
D, WMFEEPEEARTEHDLEVD ER] R0 0TE. [TAENASDOHEATS
BT 512X, 2o HEER] AU S T RITUER SR 3, Zodic k> Tixt®
TITA#1L, THECREZENR) 2E#T5L212k5. o0, THHAZEAN T2b0LE
%7fn~%®woF%%%%ﬁ#éﬁkj&ifﬁﬁjmamﬁéntﬁxmufﬁﬁé.
72720, EOX D BRUIEAWMAZ L THEEE 72D ONTH B TiX e,

FEHIZZOUWNZIE 2 2OX A TR DH Z & &mrT (ibid: 181). O EDi%, WhIXHEEM
RHEOT, BEASEZEBANRLOLEZD 19 R UBEOHEFEDKRBRTH D (TAEIX
HRFETH-THEW). £H0E201%, WHOITEREM (RHIN) b0 T, 17 #ids XV

ZWZHBT D THEL WO BLEOHERIFORELZZ T TOR Yy T ADKBRTH L. Ay 7T X

B2 oML, TEMANMREINREST 2] FETHY, FIFICH DWW D174 RTREMEN
%ﬂﬂé(m¢w%._M%Eﬁif@MJ&ihfwé(m¢ﬁﬂ._®@ﬁ®ﬂ¢fﬁ
NiItaFE2 [Ha biEte] KL TEML, HIELS30 25 L7y (bid: 193). =L
T, ZTOX) RBTREAOHRZ 23, HYOKFMBEZ 720 TH2 (ibid: 193). 7235, H
M7, EAERNRBIIIAFROZT VWS Tho> TEED LD TIEZ2.

U bEZHAEHAPEE WO HEEZHWT, W2 TALY. (ER] ObEIchHIThAE
i, SO0 BT EHAIE LTHRAMEE LTHEBRL T2y (215 1995). o0, 11§
Rl ObLIZHDIITAHTICE T, thaBFIE TERRAE] Thd. —F, [HHER] 7»64)
WS 7-ATAEIE, 7, e E YA THS THAL & LTEH#RL, 20T, g o

AW ED BB & o UIHBRFER Y A5 S £ 20 THAE] TholcZ L%, #
muaﬁﬁé(ttb D XD RFHIL, [TAEICE>TRBIEATRLONL LR, &

%, BRTY 7u—F OV Hafkr= TH—0OBEKR~DOER] W) R—FHEi7RFMHZ,
ﬁ@k%%&wﬁ:ﬁﬁmﬁéﬁbt%@&wziﬁ(m¢w@ﬂ.uhwﬁﬁmiéﬁ§%
ORI %2, AFEClE TEIERIfR ) & KA TERL.

3. THIWTHOMEIA ] @7 — A ERAIARIR

31 ITRBEFRREE OBEE~DOIHE

® —LDHE
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EMTED. ARANCEZBIE, BEETHLARTE, TRIZL Y tubhiud Tzl )
EVWVIRT. 2D & EREBIE, ATRRRITERERENWHENEE IV ET, FRECITEIEZH D
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FAATA LTV,

Lo, TBIFEI EvbhT, TWietdxEd ] EWVWWRLAEDT5HZ 81X, AIEET
EH-oTHE2IFENL bRV, 20L&, 2D K5 RIENDOATRERITEI~D BMAY 72 TR
BEL, BDOHWVIEEBRICE S S Z & Tofl SR, EER) 20T 50 TH D
4 0FY, ZOoTEERBEEOBEKOMITICL > T, MATADTIZWDIET OITAH
X, HEnbZOMAEATADIEBITNI OO L HIZ LT, Rz ZERCEWRST, Bz R
TLHEMREACRD .

T2 BIBEES L, ITADOHHR L 20, [TADHIEZE TARER DL LTOME, 3/hbb 5
—ALDN—)V] ODEHFLLTHEZLND 6. Z LT, ¥—24& (OL—N) ZEANC, O
FH (A ¥—), OTHEPLES BRIKES), OFIEEE FIFMKR) 035 TER DL
2 ([MHE 1996:20). EHTREL, THBNBESRTFOEAOND E WS ZLIE, F—
LON—NDI, TROLF—=LDHNBBHFETLL0WH) 2L THLD. ZUF—~ DN )
(ZEORIRME) (/2% (Luhmann 1972=1977: 48, ¥ 1988, F7J5 1993).

@ NHEDHBIEET — b L TOHEKRF

TAFBED, BT bOTABREESZ AN L0 L LTZTIED D &, F—2A0
MR EMT 2 Z LIZEZNe b0, Z0LE, BRT 7a—FOWn ) Hafkr=H—0DFk
~DER LI, TGO =00 —v (RIS EITHBIEES) ~OBEH L WITEEL
LTCIRTE S, ZZCOWIHIERE L, ¥ — L08R % S LW BB L — L D%
FNTITAT22LThY, BELIL, ZONEEZEHRL TWTRE, TG0 s —2L0/1—v
DEIFANTITRT 2L THD. ITAED HER] ONBIZWDHAENEETHY, £Irb
U Sn7=HE0, BETHL (BHEITHALNIEATH D).

(PEBR ] DY ST AZ TRl E L TOEESRFZ AT, ZOSBF IS &
LTCOF—L2ZDbDThHLENTES. 22C, #EBF LT, NBOHIERES—L
MEFENDI L, LERTDH. 22TV TRFRTF—2) LiE, DITAE LOITAEIES
DODMTHD (ZOMBIEFRTS—LDONL—VTHD). 2F0, SO0 —LE8RY, Flf5
B AR DT RV, FEEAEZ 3 ADIT 5.

-0 T E, AW (1986:229) AV S EHIC, HEOTAD TEREEHHER] Kk TEICHE
LEINDHEAS. 7el, Ad (1995) X nif, BREILIMRICL ST, TaF 00w d B NZiTH
DU THESIEE] GERBF) 25, B LY NCBEELT 5.
S A (1986: 264) DHERATAICIH TS THANCHES Z L OBEWEEZ D] T 1L, 074 BREE
AOMABEMEEZMNRET D5 EERRBIILTND EEXLND.
6 ma (1985) 13, 1TARIKESZ, BREK L XATws. £, EE (1988) 1, MLbo%x
M RORIESR) L LATWD.
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1. 7= LEEROFGEEBIINR Y EOWVMRETH L0 0, ZhELT LHMNE LS LRWA
BT — DL, BRD 7 —HITHAS, ZOWO BB RIEIILKRT 5. 728 210T, FlGL
BRI S 2572 TRITE D] EWOBREITAN S £<WRD. 2FEV, SNEDH S
JRFET —AE, RATHEHY LW DI TRV AENRMEETA R T 5.

2. HABFEEIMNBOHDIEFRS — b (= BEIMARERS) ZOb0LHiT LN 2 &
i3, AR S ESE LUV THEN TR SRR L LTI = L 2 BT 5.
Ry T R, AT TR L ade LI, =2 XY Fao—, H&kF% (A
HH) L7 LT A (Garfinkel 1963). ZH 6 A2 AFROHETWZIE, FRITZEFRE
TIPS DRI 2 AL LT K3 — A Th Y, HEIARAEY, S SEAR4ES
AIA 72 BIEE A — A ThD. ZDE I, DB BERT — L NI BAEHNS
DT, HAHEMARKE N Y —F B T LINTE B,

3. TERARTLAT—RON, L) X n_"—y FORBEIE, H2PEEO L 5 7 kB
SRR & > TUIEEZD, ZIVUIARORREZ X502 5D THrS & LTEL.
L7557, ARTHIBBETF—LDIL—ILIE, TERREKGOH#NDHED. Lo
T, IR/ — 2O & 1E, BHOITHRIREES DN BE®RT 5. 23, SO 7%
WA — L EBEZ D52 L HTEXDHN, 2O TE 33 Tk~ 5.

T, BT S o—FWicnziE, BESTICEE LRV E &, EaBRTIE, TARR
MAEADEE DT IV —D L 57 [EW] ITE-TRESA TSI L L LTHRTE S, &
SICHERI 2 BT AU, BB, YHOTARRMESORTAICH LT, BEDTER
REEESEHEET S L 02— 2bbLERRR S LT 5 L0 (HEC (23 2= —
vayv)] LkATEL) ELTRETEST. Lrl, Zoaa=r—vart, AERIH
FERW REBILHESY —5) & LTH— 2RI TE 5. S0, AEICBT 5 (17
EEPREAORE] 13, ZOITAOEGERAE LERT 5 HD LT 5.

HELTHL L, TABRMERTL . LET 2080, ZOERIITERRIRH Y,
ZO XS REER, —BECIHIRT 21T 4K LT OEK GEARUFE) & HH S 5 iR A
STV, LinLIKEY — 2 DT LB BES T O b 01, BRINRITAORI% CHESNS
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ZOWIE Tl 21T ABINEES L, 1ZLALEROBELZ LD 5 5. LiEnsT, MFEDITA
BIREES L FN~DOROFTEN—HT DLW LR Z ERMBERO TIEARL T, BITiTA
BIREES L WIOMOFEENZ Z TIEFEROTH L. bbAA, BFEOLDIZa I a=b—
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B, WE O — AT, BRI, SRFE S —ANBOFy il L TEXD
(#AR 1999). 72L& 21X, BETGICBIT 28RS, LoLZ2I T, BEZT7—2aE 0
IR, TR LIEHEOHA MBI X o Tl SN & W ) STRFE SRS N T 5.
ez, TASNBEO THEIBET D L Vo e fTAIFE SN TS, AL,
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LZAT, BFL, HERE SO HDIRFES — L) 1FEFET — DO/ — LB
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)Tl KBTS —AZDOLORNNIZ L THRED, DF VWIEBRERS—LDIL—ILITLMZL
TREEMER] D ZLIZE LV, KETCIIZoZ EaxEmL L 9.

32 H—DOEW®REWIERLESKFOHE

Durkheim (1895=1978), Luhmann (1972=1986), #&/\ (1985) 72 &% < DLRFHE N, L —
VIZEHB LTE 72, — UEEE, B, BX0ER, KRR E, 2 05s, gbanT
W5 ALEIEED~ =2 T VR ESNL—VOBUKIEAS 5. £z, AR—YRERD T — L7
EHLHTALENTARDOL—LE NS EDORH 5.

oo, =Bk En, ifidh s Z & T, AR L — VR (P
1988) & 722 9. tEBORNOITAHEIL, ZHbOARO N — VAR E EED 2 VILEET
5. BRIICIE, B OTAOERERELEY, HADTARE S RLLRLPETHILEY
T2 EWNIZZ O— VFIREME DI D (B DS EBACHE S TABRZ M5 Z Six T v
720). TR LY, ZOA— VHHERIE, Garfinkel (1963:209) DOV 9 [HERRAHIFE) %

ﬁm#&“)%m@z L ZBRE DI, EEOREEID LD b DI —DOERN D 5
DEIEET 5L N TED. ZOB—BOERICL->TIELOTL—— b LTH
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ez, Do rind (RFE) VA TOTAERIUREA X —, FaFx, —}
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8 REIL (1991:26) 1FMHT RO HA—MTIET LR ELDEDIDDIA T RDDHE LTS,

(1) NERZRMmTE LT, HDWIISMEMHRYT 7 v a k> TITALZRHT 5 b 0.

(2) HEM G D WA R 2RI ER L, BRS5H0

B) BMAITZEDH D VITEIREO IR, MiE, BiE+25225H0.
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10 Hepk OISR & 13, (a) ATREZIBINL O 5 HAh « « - 2T 5, (b) TABENICEYST 50 L Rk
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DIZIRA, WCERIKEOIZE D 7 W T 72Dt LivZavy. LavL, 20X 9 72 alfett i ki
BB, ﬁ%, bz L bidhE 017 k% (7 —, Fa%, /<—} &0 A0 — LRk
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TLELZEBELHD.

7P, BEICIE, BROH—ME~DERTRDbLAL—L ORI, EHENLLOTHS.
U THFPRBRTNDLEIIE, DEOZLITEHETEL7EAD, Tbb, TREHRTENF
CIL— U ZHE > TWIUE, TEE R R —EIEL7220 ) (Kripke 1982=1983: 184 £235). &M% & -
TOXDZEBLHEBETEDLHEAY, T72bL [FLEHRTZORIZ/ A SO 78 A —E M
HZE, FCL—iE> TR, FAUL— i E>TWAHZ &L, Lo E5 LT
MR TER. L, R—BRRTIUDRES V— > TWVD T & bR TE RV, 22
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f%<b#@w(m¢1%£ﬁ% EWVHI DI, V—ANVFELCEICHAZTHEARYITED O
TR, IRABNF RO G, ZIUIHESRFORREIZIEN /2 B0V NnTE. L
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T2 B ER AR T D720, T4 SV EEO THEBET 5 &V o 77413V —LER T
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BEINT=F—DONERD 5.
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%%Dééﬁ,%ﬁﬂ@%ﬁ%m%m,ﬁmw~wéﬁk@é.@%@%,%m%uﬁﬁﬁm
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Social Dilemma and “Double Choice” Concept:
A Game Theoretic Response to Clarification of the Hobbesian Problem of Order

Masayoshi MUTO
Graduate School of Decision Science and Technology
Tokyo Institute of Technology
2—12—1 Oookayama, Meguro, Tokyo 152—8552, JAPAN

The purpose of this paper is to clarify that Social Dilemma is concerned with more general
situation than thought. Game theorists have formalized the Hobbesian Problem of Order as a Social
Dilemma (Prisoners’ Dilemma). However, Sako (1998) oppose this formalization. He insists that Social
Dilemma is concerned with only special situation but the Hobbesian Problem of Order is concerned with
more general situation. Therefore he concludes that game theoretic formalization lacks emergency. But
using “Double Choice” concept by Luhmann (1972), we clarify that Soko’s framework based on

ethnomethodology is also concerned with Social Dilemma.

Keyword: social order, set of action choices, rule
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