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ABSTRACT The rational choice theory is based on this idea that people rationally pursue

goals for increasing their personal interests. Here, we present a new concept of rational

choice as a hyper-rational choice in which the actor thinks about profit or loss of other actors in

addition to his personal profit or loss and then will choose an action that is desirable to him.

We implement the hyper-rational choice to generalize and expand the game theory. Results

of this study will help to model the behavior of people considering environmental conditions,

the type of behavioral interaction, valuation system of itself and others, and system of beliefs

and internal values of societies. Hyper-rationality helps us understand how human decision-

makers behave in interactive decisions.
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Introduction

The rational choice theory is one of the theories that predicts
humans’ and societies’ behaviors in the social sciences. The
main hypothesis in the prediction of humans’ behavior is

that these have an almost rational and targeted trend. In this
theory, society is a set of the people, which has rational action.
Principles and fundamentals of the rational actor are the basis of
all social sciences theories, which have been explained by some
theorists such as Weber (1978), Boudon (1998), and Elster (1989).
This theory has been also criticized by many theorists. The theory
of rational choice is a component of countless models that
enhance our understanding of social phenomena. It would be
easy to list many classical and modern sociological works and
economic works that owe their scientific value to the fact that
they use model. The works of economists and sociologists such as
Olson (1965), Oberschall (1973, 1994), Kuran (1995), and Hardin
(1995), among others, come to mind, as well as historians such as
Root (1994) or political scientists such as Rothstein (2001). As
Coleman (1986) states, “Rational actions of individuals have a
unique attractiveness as the basis for social theory.” Becker states
(1996) “The extension of the utility-maximizing approach to
include endogenous preferences is remarkably useful in unifying a
wide class of behavior, including habitual, social, and political
behavior.” There are many technical introductions to rational
choice theory and the interested reader is referred to the copious
literature (see, Simon, 1972; Loomes and Sugden, 1982; Tversky
and Kahneman, 1986).

Harsanyi (1980) defines rational action in routine life as a
behavior through which people choose the best accessible means
to achieve a definite goal. The first and yet the main application of
the rational choice theory beyond economics is to use it in politics
(Udehn, 2002). Herbert Simon is most famous for what is known
to economists as the theory of bounded rationality, bounded
rationality is the idea that in decision-making, rationality of
individuals is limited by the information they have, the cognitive
limitations of their minds, and the finite amount of time they
have to make a decision (Simon, 1955). The most important
theories based on the rational choice theory is decision-making
theory (Schlaifer and Raiffa, 1961; Abelson and Levi, 1985),
Collective action theory (Olson, 1965) and game theory (Von
Neumann and Morgenstern, 1953). The theory of rational choice
is one of the most important components of many game theory
models. Hence, the rationality of the players is one of the fun-
damental principles, which led to generalization and expansion of
this theory.

A choice of behavior in a single person decision-making
problem is called player’s action. The set of actions available is
shown with A. Function u : A ! R which relates a outcome such
as u(a) with numerical to every member a in A is called payoff
function. An individual’s desires lead to a ranking of value
outcomes in terms of preference (Webb, 2007). If a person
prefers outcome a1 to outcome a2, we will show it as a1 ≻ a2. If a
person is indifferent between the two outcomes a1 and a2, it will
be shown as a1 ~ a2. Showing a1 ≽ a2 means that person either
prefers outcome a1 to outcome a2 or is indifferent between the
two outcomes.

Definition 1(rationality) An individual will be called rational
under certainty if their preferences for outcomes satisfy the fol-
lowing conditions:

1. (Completeness) Either a1≽ a2 or a2≽ a1.
2. (Transitivity) If a1≽ a2 and a2≽ a3 then a1≽ a3.

The completeness condition ensures that all outcomes can be
compared with each other. The transitivity condition implies that
outcomes can be listed in order of preference (Webb, 2007). One
of the important problems of the rational choice theory is that it

does not describe the rational behavior of human subjects as well.
In the previous methods, failure to pay attention to outcome
obtained for other decision-makers is the main negligence, which
can have a considerable effect on the interactive decisions.
Recently Eshaghi and Askari (2018) introduced a new concept of
rational choice called hyper-rational choice. This study demon-
strates that how human decision-makers behave in interactive
decisions.

In this paper, in addition to the individual profit (individual
preferences), which has been mentioned in the rational choice
theory, we focused on profit or loss of other players, which led to
the division of persons’ preferences into two classes. The first
class is the individual preferences to maximize his benefit or
minimize his loss and the second class is preferences of the
individual to maximize profit or loss of others (The person’s
preferences for others). The individual’s choice among his pre-
ferences: individual preferences, preference for others and both of
them at the same time, makes his hyper-preferences. Based on the
idea, in most conditions, the hyper-rationality behavior of an
actor is dependent on the person and others’ behavior. Therefore,
we present the unified approaches to analysis and cognition of
humans and societies’ behavior in social sciences. We implement
the hyper-rational choice for interpretation strategic interaction
between players. For this purpose, we will examine Prisoner’s
Dilemma.

The purpose of this paper is to describe a new concept of
rationality for determining the importance of outcomes of other
players in the game, which is designed to use in the game theory.
The assumption of rational behavior is based on the fact that each
player seeks the maximum benefit, but in assumption of hyper-
rational behavior, each player thinks about profit or loss of other
actors in addition to his personal profit or loss and then will
choose an action, which is desirable to him. One of the most
important advantages of this concept emphasizes the importance
of the outcomes of other actors in the game. Based on the concept
of hyper-rationality, a player may not recognize that what action
is the most beneficial to him but can choose an action, which
causes the maximum loss or benefit for other players. With help
of hyper-rational concept, we turn a rational individual into a
hyper-rational individual. The aim is to explain the behavior of
agents in a framework better and provide comprehensible
understanding in human society. For this end, in the prisoner’s
dilemma game, various situations will be considered. Therefore,
we achieve an equilibrium, which is not considered as game
equilibrium based on the classical concept of rationality.

The outline of the paper is as follows: In section “Hyper-
rational Choice”, we introduce a new concept of rationality as the
hyper-rationality concept. In section “Hyper-rational Choice as
the basis for game theory”, we implement the hyper-rational
choice as the basis for game theory to generalize and expand this
theory. In section “Behavior of individuals in human societies”,
we model the behavior of players based on the hyper-rationality
concept in human societies. We evaluate the proposed model
with the prisoner’s dilemma game. “Conclusion” section
concludes.

Hyper-rational choice
Numerous results from experimental economics have shown that
classic rationality assumptions do not describe the behavior of
real human subjects. For example, it is not uncommon for people,
in experimental situations, to indicate that they prefer A to B, B to
C, and C to A (Alexander, 2002). If we consider profit or loss of
other persons given rational behavior of the persons, which is
based on individual benefit, some of the human behaviors may be
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described. In 1926 Ragnar Frisch developed for the first time a
mathematical model of preferences in the context of economic
demand and utility functions (Barten and Böhm 1982; Arrow
et al., 1991). In 1944, Von Neumann and Morgenstern introduced
the preferences as a formal relation (Von Neumann and Mor-
genstern, 1953).

Here, we divide preferences of people into two classes. The first
class is a set of individual preferences (his or her profit, loss and
indifferent between profit and loss) of the person, which seek to
maximize his profit or minimize his loss. The second class is a set
of preferences for others (profit for other, loss for other and
indifferent between profit or loss for others) of the person, which
seek to maximize profit or loss of other actors. Based on the
second class of preferences (The person’s preferences for others),
assumption about profit or loss of other actors can be added in
the form of human behaviors such as altruism, devotion, fraud,
jealousy, and mistrust to the concept of rationality. As a result,
the person has three choices about his preferences: individual
preferences, preferences for other actors, and both of them
simultaneously. Therefore, an individual’s attitudes to other
players’ outcomes in a multi-player game lead to different type of
ranking of preferences so-called hyper-preferences. Hence, the
hyper-preferences for each individual specifies six behavioral
options. Here, we consider four main behavioral options: indi-
vidual profit, individual loss, profit for others, and loss for others.
In the following, we want to turn a rational individual into a
hyper-rational individual.

Now consider a rational individual. The set of possible choices
of rational individual i ∈ {1,2,…,n} is shown with Ai= {a1,a2,…,
an}. Given hyper-preferences, how will a hyper-rational individual
behave? We assume that given a set of choices
B � A ¼ A1 ´A2 ´ ¼ ´An. We define the weak hyper-
preferences of actor i ʹ over the set B as follows:

a1; a2; ¼ ; anð Þi
k′ b1; b2; ¼ ; bnð Þi, either a1kb1 or a1

≼ b1 based on actor i′ preferences for actor 1 and either a2kb2 or a2
≼ b2 based on actor i′ preferences for actor 2 and either aikbi or ai

≼ bi based on actor i′ preferences and either ankbn or an
≼ bn based on actor i′ preferences for actor n

where relation ≽ is complete and transitive and (a1,a2,…,an),
(b1,b2,…,bn)∈ B. We say that (a1,a2,…,an) is strictly preferred to
(b1,b2,…bn), or (a1,a2,…,an)≻′ (b1,b2,…,bn), if (a1,a2,…,an)≽′ (b1,
b2,…,bn) but not (b1,b2,…,bn)≽′ (a1,a2,…,an). We say the actor is
indifferent between (a1,a2,…,an) and (b1,b2,…,bn), or (a1,a2,…,
an) ~′ (b1,b2,…,bn), if (a1,a2,…,an)≽′ (b1,b2,…,bn) and (b1,b2,…,
bn)≽′ (a1,a2,…,an). So, we defined set of hyper-preference over
set of preferences.

Definition 2. The relation ≽ ′on B is complete if for all (a1,a2,
…,an), (b1,b2,…,bn) ∈ B either (a1,a2,…,an) ≽′ (b1,b2,…,bn) or (b1,
b2,…,bn)≽′ (a1,a2,…,an), or both.

The completeness condition ensures that all action profiles can
be compared with each other. Hyper-preferences help the person
to consider more realistic conditions for decision-making and
specify his objectives. Hyper-preferences of an individual have
taxonomy characteristic. Taxonomy of hyper-preference means
that if we face an actor with two choices of hyper-preferences, she
will necessarily have an opinion on which she likes more. Tax-
onomy of actor’s hyper-preferences depends on environmental
condition, the type of behavioral interaction, beliefs system of
itself and others and valuation system of itself and others. Tax-
onomy of hyper-preferences helps to a person to retrieve his/her
preferences and reduces the rate of computation. Let B � A ¼
A1 ´A2 ´ ¼ ´An be a nonempty set and ≽′ is a relation on B.

Based on definition of the weak hyper-preferences of actor i, for
all (a1,a2,…,an), (b1,b2,…,bn) and (c1,c2,…,cn) in B we have:

1. (reflexivity) (a1,a2,…,an)≽′ (a1,a2,…,an),
2. (antisymmetry) if (a1,a2,…,an)≽′ (b1,b2,…,bn) and (b1,b2,…,

bn)≽′ (a1,a2,…,an) then (a1,a2,…,an)= (b1,b2,…,bn).

Depending on the person’s hyper-preferences on the compo-
nent of an action profile, transitivity property may exist or may
not exist. In other words, based on definition of the weak hyper-
preferences of actor i for other actors, if (a1,a2,…,an)≽′ (b1,b2,…,
bn) and (b1,b2,…,bn)≽′ (c1,c2,…,cn) then it can not be concluded
(a1,a2,…,an)≽′ (c1,c2,…,cn).

For example, because of the environmental condition, the type
of behavioral interaction and valuation system of actor i and 1,
actor i prefer a1 to b1, to c1, and c1 to a1 for actors 1. That is, if an
individual simultaneously considers two classes of preferences,
transitivity property of outcomes may do not exist. In section
“Prisoner's Dilemma”, based on collective profit or collective loss,
transitivity property hyper-preferences do not exist. Considering
situations, which the individual faces, we define hyper-rationality
as follows:

Definition 3. (Hyper-rational) An individual will be called
hyper-rational under certainty if is a rational (see Definition 1)
and their hyper-preferences (individual or for others) satisfy at
least one of the following conditions:

1. The actor chooses from the set of available alternatives
(actions) based on individual preferences;

2. The actor chooses from the set of available alternatives
(actions) based on preferences for other actors.

It can be concluded that each hyper-rational actor is a rational
actor, but each rational actor is not a hyper-rational actor. In this
concept, we call a person hyper-rational if he considers profit or
loss of others in his interaction with other people in society in
addition to individual profit or loss. Based on the concept of
hyper-rationality, an actor may not identify an action, which has
the maximum benefit for him but may be able to choose an
action, which has the maximum profit or loss for other actors. So,
attention to the emphasis on the importance of the outcome of
other actors in the game is among the advantage of this concept.
Hyper-rationality doesnot simplify decision-making but specifies
how to make a decision. Hyper-rational actor removes informa-
tion cognitive and processing constraints based on the taxonomy
of hyper-preferences. The hyper-rational actor makes a decision
based on his hyper-preferences and chooses an action, which is
based on his targets despite knowing no access to full informa-
tion. The number of decision-making stages is different among
persons considering prioritization of hyper-preferences; therefore,
hyper-rational doesn’t mean limited searching.

Some human behaviors can be expressed with help of hyper-
rationality concept. The emergence of behavior such as jealousy
in a person is due to the fact that since the person cannot increase
his benefit and is unhappy of that, he prefers not to give more
benefit to others. Also, a benevolent player can choose an action
based on his hyper-rationality, which will bring more benefits to
others. In contrast to a rational player with a hyper-rational
player, the hyper-rational player has more chance of winning.
Therefore, the concept of hyper-rationality can give a new con-
cept of rationality called hyper-rational choice theory. Based on
the new concept of hyper-rational choice, some of the human
behaviors can be modeled with help of game theory.

Hyper-rational choice as the basis for game theory
Game theory aims to help us understand situations in which
decision-makers interact. Like other sciences, game theory
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consists of a collection of models. A model is an abstraction that
we use to understand our observations and experiences (Osborne,
2004). In order to describe a game, the set of possible choices of
rational individual i∈ {1,2,…,n} is shown with Ai= {a1,a2,…,an}.
So, each individual player i has a set of actions Ai available to him
and a particular element in the set of actions is denoted by ai∈ Ai.
A profile of actions for the players is given by

að Þ ¼ a1; a2; :::; anð Þ 2
Yn

i¼1

Ai

or alternatively by separating the action of player i from all other
players, denoted by −i:

að Þ ¼ ai; a�ið Þ 2 Ai;A�ið Þ:
Finally there are payoff functions for each player i:

Ui : A1 ´A2 ´ ::: ´An ! R

Ui að Þ ¼ Ui a1; a2; :::; anð Þ ¼ b 2 R:

The concept of “game” indicates interactions between players
as well but it has not been clarified in the mathematical modeling.
In other words, mathematical modeling is unable to express
dependency of strategy choice of a player on the decision made by
other players. In the mathematical modeling, the dependency of
decision choice by players has been expressed only based on the
individual benefit of the players and no discussion has been made
about player’s preferences of loss or profit of other players.

Now, we apply hyper-rational choice theory as a basis and
main element of modeling in game theory. With help of hyper-
rationality, we analyze conditions of a strategic game. In the
concept of hyper-rationality, the player thinks about profit or loss
of other players in addition to his personal profit or loss and then
will choose an action, which is desirable to him. In order to
describe a game based on concept of hyper-rational choice, the
payoff functions for each player i is given by:

Uj
i : A1 ´A2 ´ ::: ´An ! R

Uj
i a1; a2; :::; anð Þ ¼ Ui a1; a2; :::; anð Þ if i¼j

Uj a1; a2; :::; anð Þ if i≠j;

(

where Uj
i shows that if player i considers profit (loss) of player j,

he will choose an action from a set of available actions, which will
benefit (lose) player j, for every i,j∈{1,2,…,n}. In other words,
based on player i’ preferences for player j, he thinks about profit
or loss of player j in addition to his personal profit or loss and
then will choose an action from a set of available actions, which is
desirable to him. For more information, see the Prisoner’s
Dilemma in Table 1.

In the theory of the game, different methods are used for
finding equilibrium with help of rationality concept and one of
these methods is the best response function (McCarty and
Meirowitz, 2007; Bu et al., 2017). Based on the definition of the
best response function, equilibrium is a point in which strategy
chosen by each individual is the best response to the strategies
chosen by other players and maximize personal profit (Harsanyi,

1986; Eshaghi and Askari, 2017; Xia et al., 2019; Huang et al.,
2018a, 2018b).

Hyper-rationality in game theory helps the player choose
successful strategies of the game in interactive conditions and
reproduce them. The concept of hyper-rationality helps the game
theory enter other fields of sciences with more logical power. We
assume that each player in the game is hyper-rational (for
example two-player strategic 2 × 2 games with perfect informa-
tion). Thus, a hyper-rational player will renormalize her opinion
based on the common knowledge that each player is hyper-
rational. Below, we show the best response functions based on
hyper-preferences of players with B, P, and L. Precisely, we define
the best response function Bi based on individual benefit by

Bi a�ið Þ :¼ ai 2 Ai : ui ai; a�ið Þ � ui a
′
i; a�i

� �
for all a′i 2 Ai

� �

ð1Þ
any action in Bi(a−i) is at least as good based on individual benefit
for player i as every other action of player i when the other
players’ actions are given by a−i. We call Bi the best response
function of player i based on individual benefit. Precisely, we
define the best response function Pi based on profit for other
players by

Pi a�ið Þ :¼ ai 2 Ai : u�i ai; a�ið Þ � u�i a
′
i; a�i

� �
for all a′i 2 Ai

� �
;

ð2Þ
any action in Pi(a−i) for player i relative to every other action of
player i is at least the best based on profit for other players when
the other players’ actions are given by a−i. We call Pi the best
response function of player i based on profit for other players.
Precisely, we define the best response function Li based on the
loss of other players by

Li a�ið Þ :¼ ai 2 Ai : u�i ai; a�ið Þ � u�i a
′
i; a�i

� �
for all a′i 2 Ai

� �
;

ð3Þ
any action in Li(a−i) for player i relative to every other action of
player i is at least as good based on the loss for other players when
the other players’ actions are given by a−i. We call Li the best
response function of player i based on the loss of other players.
From relations (1), (2), and (3) we have,

Bi a�ið Þ∪Pi a�ið Þ∪ Li a�ið Þ ¼ Ai

In competitive interactions, we define strictly dominant action
and weakly dominant action based on the loss of other players.

Definition 4. (Strict domination of loss) In a strategic game for
player i, action ai" is strictly dominant on her action ai′ based on
loss for player −i, if we have:

u�i a
′′
i ; a�i

� �
<u�i a

′
i; a�i

� �
for every a�i 2 A�i;

where u−i is a payoff function that represents player −iʹ pre-
ferences. It is defined as strictly dominant action based on benefit
for other players similar, but the difference is that direction of the
relation < is changed.

Definition 5. (Weak domination of loss) In a strategic game
for player i, action ai" is weakly dominant on her action ai′ based
on loss for player −i, if we have:

u�i a
′′
i ; a�i

� � � u�i a
′
i; a�i

� �
for every a�i 2 A�i;

and

u�i a
′′
i ; a�i

� �
<u�i a

′
i; a�i

� �
for some a�i 2 A�i;

where u−i is a payoff function that represents player −i′ pre-
ferences. It is defined as weakly dominant action based on benefit
for other players similar, but the difference is that direction of
relations ≤ and < is changed.

Table 1 Prisoner’s dilemma game G

Player 1 Player 2

C D

C 3, 3 1, 4
D 4, 1 2, 2

C cooperate; D defect
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The actions, which are chosen based on the concept of hyper-
rationality (hyper-preferences) and rationality of the players, may
be similar or different. According to the concept of hyper-ration-
ality, we divide actions of players into three classes: (1) strictly
dominant action and weakly dominant action based on individual
profit; (2) strictly dominant action and weakly dominant action
based on profit for other players; (3) strictly dominant action and
weakly dominant action based on the loss for others. The following
proposition shows a method for finding equilibrium in the game.

Proposition 6. The action profile a* is a equilibrium point of
strategic game if and only if hold true in at least one of the fol-
lowing conditions:

● Each action of the player is the best response to actions of
other players based on personal benefit:

a� is inBi a
�
�i

� �
for every player i

● Each action of the player is the best response to actions of
other players based on the benefit of other players:

a� is in Pi a
�
�i

� �
for every player i;

● Each action of the player is the best response to actions of
other players based on loss of other players:

a� is in Li a
�
�i

� �
for every player i:

We consider equilibrium based on concept of Nash (Nash,
1950, 1951). Based on the concept of hyper-rationality, equilibria
can be divided into three classes. The first class is the equilibria,
which are considered based on personal benefit. The second class
is the equilibria, which are selected based on profit or loss of other
players. The third class is the equilibria, which are considered
based on individual benefit and loss or profit of other players at
the same time. An action profile may be selected, which is the
equilibrium point of the game based on hyper-preference of the
maximum loss for other players and also has the maximum loss
for all players, but it is not Nash equilibrium based on the classic
concept of rationality. In addition, based on this concept, games
may have one (Second Best game), two (Prisoner’s Dilemma),
three (Trickery game) and four (Chicken game) equilibrium or
without an equilibrium. For example, the Matching pennies is not
in equilibrium and Missile crisis game has two equilibria. Hyper-
rationality helps the analyst to interpret every cell of the game
table and have more accurate analysis.

Behavior of individuals in human societies
In a social dilemma game, there are different behavioral options,
for cooperation and competition (Hertel and Fiedler, 1994;
Huang et al., 2018a, 2018b; Li et al., 2018a, 2018b). There are
several studies, which provide the main theoretical insights of the
general psychological game framework (Geanakoplos et al., 1989;
Attanasi and Rosemarie Nagel, 2008; Li et al., 2016). The classical
theory of game relies on assumptions of perfect rationality and
full common knowledge that are far removed from the cognitive
capacities of human players and of limited use in explaining
human strategic behavior. On the other hand, blind experi-
mentation is also unhelpful, because the proper use of experi-
ments is to test hypotheses, and without good hypotheses, no
useful progress can be made (Colman and Pulford, 2015).
Interactions between psychologists and economists have been
marked more by conflict than by collaboration and the absence of
a common research language impedes communication between
this the disciplines (Manski, 2017). Some of the studies describe
the relationship between psychologists and economists (Croson
and Miller, 2004; Attanasi and Rosemarie Nagel, 2008; Schotter

and Trevin, 2014; De Bruin and Fischhoff, 2017; Xia et al., 2018).
In this section, we review and interpret Prisoner’s Dilemma with
the help of the concept of hyper-rationality.

Prisoner’s Dilemma. The prisoner’s dilemma (PD) game can be
used as a model for many real world situations involving coop-
erative behavior. The players in PD have two options. They must
either cooperate or defect. In the simultaneous PD all players
make their decisions or moves at once. Mathematical models
have further established the prisoner’s dilemma as foundational
lore in fields as diverse as economics, political science, environ-
mental studies, psychology, and evolutionary biology. Advertising
is sometimes cited as a real-example of the prisoner’s dilemma
(Moorthy, 1985). In environmental studies, the PD is evident in
crises such as global climate-change (Osang and Nandy, 2013).
Cooperative behavior of many animals can be modeled as iterated
the prisoner’s dilemma. Interest in the iterated prisoner’s
dilemma (IPD) was kindled by Robert Axelrod (1984) in his book
The Evolution of Cooperation. The essence of cooperation is
described by the Prisoner’s Dilemma (Dreber et al., 2008).
Cooperation is a hallmark of human society (Trivers, 1971;
Hamilton and Axelrod, 1981; Rockenbach and Milinski, 2006;
Nowak, 2006; Rand et al., 2009, 2011, 2012, 2014; Li and Daniels,
2015). In theory of games, there has been much interest in
exploring the Prisoner’s Dilemma.

Here, we claim that based on the hyper-rationality concept
each player in the Prisoner’s Dilemma is hyper-rational. In Table
1 based on definitions of hyper-rationality we have;

1. Each player is thinking of making a profit to another player. In
game G, for player 1 we have: based on concept of hyper-
rationality, given fixed C for player 2, we can see that if player 1,
seeks to incur profit to his opponent, he will choose C (player 2,
earns a reward 4), it can conclude that pair of action (C,C) is
chosen. By choosing D for player 2, we can see that if player 1,
seeks to incur profit to his opponent, he will choose C (player 2,
earns a reward 4), it can conclude that pair of action (C,D) is
chosen. Therefore, for the player 1, based on the profit of another
player, C is a strictly dominant action.

In game G, for player 2 we have: based on concept of hyper-
rationality, given fixed C for player 1, we can see that if player 2,
seeks to incur profit to his opponent, he will choose C (player 1,
earns a reward 4), it can conclude that pair of action (C,C) is
chosen. By choosing D for player 1, we can see that if player 2,
seeks to incur profit to his opponent, he will choose C (player 1,
earns a reward 4), it can conclude that pair of action (D,C) is
chosen. So, for the player 2, based on the profit of another player,
C is a strictly dominant action.

2. Player 1 is looking to profit for player 2 and player 2 seeks to lose
of player 1. In game G, for player 1 we have: based on concept of
hyper-rationality, given fixed C for player 2, we can see that if
player 1, seeks to incur profit to his opponent, he will choose C
(player 2, earns a reward 4), it can conclude that pair of action (C,
C) is chosen. By choosing D for player 2, we can see that if player
1, seeks to incur profit to his opponent, he will choose C (player 2,
earns a reward 4), it can conclude that pair of action (C,D) is
chosen. Therefore, for the player 1, based on the profit of another
player, C is a strictly dominant action.

In game G, for player 2 we have: based on concept of hyper-
rationality, given fixed C for player 1, we can see that if player 2,
seeks to incur loss to his opponent, he will choose D (player 1,
earns a reward 1), it can conclude that pair of action (C,D) is
chosen. By choosing D for player 1, we can see that if player 2,
seeks to incur loss to his opponent, he will choose D (player 1,
earns a reward 2), it can conclude that pair of action (D,D) is

PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0265-2 ARTICLE

PALGRAVE COMMUNICATIONS |            (2019) 5:57 | https://doi.org/10.1057/s41599-019-0265-2 | www.nature.com/palcomms 5

www.nature.com/palcomms
www.nature.com/palcomms


chosen. So, for players 2, based on the loss of another player, D is
a strictly dominant action.

3. Each player is thinking of making a loss to another player. In
game G, for player 1 we have: based on concept of hyper-
rationality, given fixed C for player 2, we can see that if player 1,
seeks to incur loss to his opponent, he will choose D (player 2,
earns a reward 1), it can conclude that pair of action (D,C) is
chosen. By choosing D for player 2, we can see that if player 1,
seeks to incur loss to his opponent, he will choose D (player 2,
earns a reward 2), it can conclude that pair of action (D,D) is
chosen. Therefore, for the player 1, based on the loss of another
player, D is a strictly dominant action.

In game G, for player 2 we have: based on concept of hyper-
rationality, given fixed C for player 1, we can see that if player 2,
seeks to incur loss to his opponent, he will choose D (player 1,
earns a reward 1), it can conclude that pair of action (C,D) is
chosen. By choosing D for player 1, we can see that if player 2,
seeks to incur loss to his opponent, he will choose D (player 1,
earns a reward 2), it can conclude that pair of action (D,D) is
chosen. So, for players 2, based on the loss of another player, D is
a strictly dominant action.

4. Player 1 is looking to loss to player 2 and player 2 seeks to profit
for player 1. In game G, for player 1 we have: based on concept of
hyper-rationality, given fixed C for player 2, we can see that if
player 1, seeks to incur loss to his opponent, he will choose D
(player 2, earns a reward 1), it can conclude that pair of action (D,
C) is chosen. By choosing D for player 2, we can see that if player
1, seeks to incur loss to his opponent, he will choose D (player 2,
earns a reward 2), it can conclude that pair of action (D,D) is
chosen. Therefore, for the player 1, based on the loss of another
player, D is a strictly dominant action.

In game G, for player 2 we have: based on concept of hyper-
rationality, given fixed C for player 1, we can see that if player 2,
seeks to incur profit to his opponent, he will choose C (player 1,
earns a reward 4), it can conclude that pair of action (C,C) is
chosen. By choosing D for player 1, we can see that if player 2,
seeks to incur profit to his opponent, he will choose C (player 1,
earns a reward 4), it can conclude that pair of action (D,C) is
chosen. So, for the player 2, based on the profit of another player,
C is a strictly dominant action.

Therefore, in Prisoner’s Dilemma G for both players based on
loss of other players, defect D is a strictly dominant action of loss
and cooperate C is a strictly dominated action of loss. In this
game, equilibrium point (D,D) is an equilibrium, which the
players selected based on loss of the opponent. For both players,
based on the benefit of other players, cooperate is a strictly
dominant action of profit and defect is a strictly dominated action
for profit. So, equilibrium point (C,C) is an equilibrium, which
the players selected based on the benefit of the opponent.
Therefore, based on the hyper-rationality concept, prisoner’s
dilemma has two equilibria (C,C) and (D,D). Hofstadter claims
that for the super-rational it is evident that universal cooperation
is the best option (Poston, 2012; Hofstadter, 2008). We state that
either cooperation or defection is the best option for the hyper-
rational player depending on environmental conditions (compe-
titive, peace, war,…) and the type of behavioral interaction
(friend, enemy,…) in game. One can almost be claimed that the
cooperation and the defection are two hyper-rational options. On
the other hand, when players cannot guarantee their profit, they
can optimize the situation by defection. As a result, cooperation is
not always the best option.

Cooperation leads to a tension between what is best for the
individual and what is best for the group (Dreber et al., 2008).
How can the cooperation be promoted in the repeated prisoner’s

dilemma? In some experimental papers to promote cooperation
from complicated laboratory conditions or add strategy to the
Prisoner’s Dilemma is used (Sigmund et al., 2008; Fehr and
Gachter, 2002; Ohtsuki et al., 2009; Traulsen and Nowak, 2006;
Mathew and Boyd, 2011; Gallo and Yan, 2015; Jordan et al., 2016;
Bear and Rand, 2016; Li et al., 2018a, 2018b). We want to answer
the above question using the concept of hyper-rationality. In
classical game theory, all the variety of 2 × 2 symmetric games
rests in the relative values of the four payoffs (C,C), (D,D), (D,C),
and (C,D). There are 24 possible rankings of four payoffs, and
thus 24 symmetric 2 × 2 games (Poundstone, 1993). In Prisoner’s
Dilemma based on classical rationality, row player prefers (D,C)
to (C,C) to (D,D) to (C,D) ((D,C)≽ (C,C)≽ (D,D)≽ (C,D)). The
hyper-rationality of player thinks about profit or loss of other
players in addition to his personal profit or loss and then will
choose an action, which is desirable to him. As mentioned above,
taxonomy of player’s hyper-preferences depends on environ-
mental condition, the type of behavioral interaction, self-
evaluation system and evaluation system of other interacting
persons. Taxonomy of player’s hyper-preferences has four main
behavioral options: individual profit, individual loss, profit for
others, and loss for others. Hence, in Prisoner’s Dilemma row
player take taxonomy of hyper-preferences considering four main
behavioral options: based on individual profit: (D,C)≽′ (C,C)≽
′ (D,D)≽′ (C,D), based on individual loss: (C,D)≽′ (D,D)≽′ (C,
C)≽′ (D,C), based on profit for others: (C,D)≽′ (C,C)≽′ (D,D)≽
′ (D,C), based on loss for others: (D,C)≽′ (D,D)≽′ (C,C)≽′ (C,D).

Hyper-preferences taxonomy helps that players consider
simultaneously two main behavioral options such as collective
profit or collective loss (Eshaghi Gordji et al. 2018). If interaction
between players is based on collective benefit thinking, both
player prefers: either (C,C)≽′ (D,D)≽′ (D,C)≽′ (C,D) or (C,C)≽
′ (D,D)≽′ (C,D)≽′ (D,C). On the other hand, the concept of
hyper-rationality explains that, based on the profit of other
players, cooperation is a strictly dominant action. Taxonomy of
hyper-preferences helps to players consider two principles
simultaneously in interactions: first, treat others as we ourselves
would like to be treated and second, not treat others as we
ourselves would not like to be treated. According to the second
principle, the profiles strategy (C,D) and (D,C) is not selected.
Based on collective benefit thinking (C,C) is preferred to (D,D) by
two players. So, according to the first principle, the profiles
strategy (C,C) is selected. If the Prisoner’s Dilemma is repeated,
the taxonomy of two principles are likely to lead to this
mechanism for the promotion of cooperation. Hence, this study
with the help of the concept of hyper-rationality in game theory,
seeks to the promotion of cooperation between the players, which
is a sign of the power of this concept. Therefore, the concept of
hyper-rationality helps to understand the evolution of cooperation.

There are two competing classes of theories that investigate the
relationship between actions and beliefs. The first class of theories,
coming from economics, suggests that beliefs cause actions. The
second class of theories, proposed by psychologist, suggest that
actions cause beliefs (Croson and Miller, 2004; Attanasi and
Rosemarie Nagel, 2008). Interactions between psychologists and
economists have been marked more by conflict than by
collaboration (Manski, 2017). Bruine de Bruin and Fischhoff
describe four conditions that promoted transdisciplinary colla-
borations between psychologists and economists (De Bruin and
Fischhoff, 2017). We explore the players’ behavior with the help
of the concept of hyper-rationality. This concept explains that,
based on the loss of other players, defection is a strictly dominant
action. If interaction between players is based on collective loss
thinking, both player prefers: either (D,D)≽′ (C,C)≽′ (D,C)≽′
(C,D), or (D,D)≽′ (C,C)≽′ (C,D)≽′ (D,C). These interpretations
help to enlarge our understanding of psychological aspects of
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strategy choices in games and also provide an analysis of the
decision-making process with cognitive economics approach at
the same time. For example, based on collective thinking and two
principles mentioned above if players have hostile thoughts that
only cause loss to another player then they prefer (D, D) to (C, C).
In other words, the hyper-preferences indicate that the type of
behavioral interaction, environmental conditions, and valuation
system are based on hostility and players at this point have
considered the maximum loss to other, which this is a common
research language between psychologists and economists.

Computational complexity. In general, the hyper-rationality
concept can be used as a compatible model for many real world
situations. The individual’s choice among his preferences: (i)
individual preferences, to maximize his benefit or minimize his
loss; (ii) preference for others, to maximize profit or loss of other
players, and (iii) both of them at the same time, makes his hyper-
preferences. The computational complexity of our method
depends on the number of players and actions and these three
steps. In other words, the more the number of players and
actions, the higher the computational complexity. Obviously, part
(iii) is of the highest complexity, while the complexity of the other
two parts is rather low. Our method is very easy to implement
and suitable for a lot of large-scale real networks.

Conclusion
The theory of rational choice seeks to explain the behavior of the
person who behaves wisely and look for to maximize his benefits.
The theory of hyper-rational choice seeks to explain the behavior
of the person who behaves wisely and considers benefit or loss of
others in addition to the individual benefit. The theory of hyper-
rational choice can be applied instead of the theory of rational
choice in social sciences and society can be analyzed based on two
methodological individualistic and methodological collective
approaches so that human society can be understood easily and
predicted more fluently. In this theory, the hyper-rational actor
thinks about the benefit (collective benefit) and loss (collective
loss) of other actors beside his own benefit and then chooses an
action. Based on this concept, we call a person hyper-rational if
results of choosing any action are comparable with other actions
for the person and also the person can recognize what action is
the most beneficial to him among the accessible actions and what
action causes loss or benefit of other players. According to the
concept of hyper-rationality, a player may not recognize that
what action is the most beneficial to him but can choose an
action, which causes the maximum loss or benefit for other
players. Based on this concept, assumption about profit or loss to
other actors can be added in the form of human behaviors such as
altruism, devotion, fraud, jealousy, and mistrust to the concept of
rationality. This new concept can describe some of the human
behaviors well.

Moreover, we presented new definitions such as the best
response functions, strictly dominant action and weakly domi-
nant action based on loss of other players. With the help of these
definitions, we have introduced a method for finding equilibrium
in the game and classified the equilibria. In some of these games,
we achieved equilibria, which are not considered as game equi-
librium based on the classic concept of rationality. The theory of
hyper-rational choice can be applied as a basis for the theory of
decision-making, the theory of collective action and social sci-
ences issues and new results can be obtained in this way. Hyper-
rationality can be mentioned and investigated as uncertainty. We
also believe that our current design has some additional advan-
tages over previous ones. The hyper-preferences indicate that if
the type of behavioral interaction, environmental conditions, and

valuation system are based on hostility, then players have con-
sidered the maximum loss to other, which can be a common
research language between psychologists and economists.

Data availability
Data sharing is not applicable to this paper as no datasets were
analysed or generated.
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