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A Model of Satisficing Behaviour

We build a model of satisficing behaviour. We explicitly introduce the value 

the decision maker “expects” from an action, where this expectation is 

adaptively formed. This valuation of an action is differentiated from her 

satisficing level which is taken to be the value the agent “expects” from her 

outside option. If the valuation is higher than her satisficing level she continues 

with the current action, updating her valuation of the action. If she receives a 

low payoff and her valuation of the action falls below her satisficing level, she 

updates her satisficing level downward the valuation and explores an alternative 

action. And, she occasionally experiences shocks on her satisficing level and 

choice of action. We show that in individual decision problems, satisficing 

behaviour results in cautious, maximin choice. In games like the Prisoners 

Dilemma and Stag Hunt, they in the long run play either cooperative or defective 

outcomes and in a class of coordination games, they coordinate on Pareto 

optimal outcomes.

Keywords: Satisficing Behaviour, Individual Decision Problem, Non-cooperative 
Game, Coordination Game, Markov Process, Invariant Distribution

JEL Classification: C72, D83
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Ⅰ. Introduction

Satisficing, a word introduced into the lexicon of economists by Simon 
(1956),1) refers to a decision making strategy in which the agent stops 
searching for a better alternative if she is satisfied with the current action 
and continues to explore if not. Such an agent is, probably, the canonical 
boundedly rational agent. One who does not optimize, or carefully form 
beliefs about her environment, before making a choice. An agent who 
(implicitly) recognizes that decision making, in single or multi-agent 
environments, may be complex and difficult, adjusts her behavior suitably. 
In this paper we seek to model and analyze the behavior of such an 
agent in individual decision problems and in games.

Satisficing does not preclude maximizing. It is mainly in complex 

environment, in which there is considerable lack of information and uncertainty, 

when optimization given beliefs appears to be implausible, that agents are 

thought to satisfice. That is, an agent may choose to satisfice in some 

environments while maximizing in other less complex ones. In simpler, better 

understood environments, maximizing is probably a reasonable hypothesis. 

Whereas economists have a good understanding of agents who optimize, there 

is still little understanding of how agents behave when optimization is not a 

reasonable hypothesis. In this paper, we study a particularly suited behavioral 

hypothesis, when optimization does not seem plausible. 

Two immediate challenges confront the modeling of satisficing agents. What 

is the satisficing level of such an agent and how is it updated? Clearly, the 

behavior of any such agent will depend intricately upon her satisficing level. 

Where does this satisficing level come from and how/when is it updated? We 

feel, an individual's initial satisficing level probably depends closely on her 

upbringing and the environment in which she was brought up in: her parents, 

their peer group or their aspirational social group. However, these influences 

are less likely to play a role in how and when it is updated. The experiences 

of the agent and what she considers to be her “best” outside options at any 

1) The idea was first suggested by Simon (1947).
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time probably play a greater role in the updating of what the agent finds to 

be satisfactory. This clearly depends upon other factors, as well as the 

endogeneity of this process on that which leads to her choices.

The extant literature on satisficing has largely taken the satisficing level to 

be exogenously given and fixed (e.g., Posch, 1999; Posch et al., 1999). The 

literature, then, has studied the consequences of assuming various different 

satisficing levels. The limited literature which has modeled the satisficing level 

to be endogenous has taken its level to be adjusted according to the payoff 

experiences of the agent (e.g., Karandikar et al., 1998; Cho and Matsui, 2005; 

Chasparis et al., 2013). In particular, the satisficing level is taken to be some 

average of the historical payoffs achieved by the agent. That is, the satisficing 

level is often treated as the agent's aspiration level which also adjusts according 

to past payoff experiences.2)

In this paper, we develop a model of satisficing in which the state of an 

agent, in any period, is given by the action she chooses, her valuation of that 

action and her satisficing level. It is the valuation of the action that depends 

on the past payoffs it has received. The satisficing level is thought of as the 

payoff the agent finds satisfactory.3) What is satisfactory, in turn, depends on 

what the agent thinks is the payoff she might get from her outside option. 

This is adjusted whenever the agent receives any information on this. If the 

agent's valuation of the current action is above her satisficing level she chooses 

it again. If it falls below the satisficing level she moves away from it, where 

her probability of shifting depends upon the amount by which her valuation 

falls below the satisficing level. From time to time, the agent experiences shocks 

or trembles on the action she chooses and on her satificing level. We study 

the long run behavior of the agent in stochastic decision problems and strategic 

form games.

2) In both cases, the satisficing level has been allowed to experience shocks.
3) In the previous models by Karandikar et al. (1998) and Cho and Matsui (2005), the satisficing level has two 

distinct information sources: one is the value the agent expects from the current action (valuation) and the 
other is the value the agent expects from other actions (satisficing level in this paper). We separated the 
valuation from the satisficing level and assume that the satisficing agent satisfices only when the former is gr
eater than the latter.
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We show that, in decision problems and games, when the agent does not 

experience shocks, she eventually chooses one of alternatives. While it is nice 

to know that players in the long run end up choosing an action profile, this 

still leaves open a great many possible asymptotic outcomes. The addition of 

noise, which dies out in the long run, helps characterise the long-run behaviour 

of satificing agents. Additionally, we assume that the weight given to the current 

action's valuation in updating the satisficing level declines over time. In decision 

problems this leads the agent to choose in a very risk averse manner. Specifically, 

the agent ends up choosing only those actions whose minimum payoff is highest. 

That is, the agent converges to maximin actions.

Taking the same limit in games, in which the agents experience 

nonstationary distributions over payoffs, leads to some surprising results in 

which non-maximin profiles are often obtained in the long run. For instance, 

in the Prisoners' dilemma both the cooperate only and the defect only profiles 

have positive probabilities in the long run. In coordination games, players 

coordinate and converge to Pareto dominant equilibria in pure coordination 

games whenever they exist. However, in the Stag-Hunt game both cooperate 

only and defect only emerge in the long run. In the paper, we generalize these 

results to broader classes of two-player games and to finite population games 

in which players are randomly drawn from finite populations and matched each 

period to play stage games.

Section II introduces satisficing behaviour and examines its long run 

property. Section Ⅲ and Ⅳ analyse long run results of satisficing behaviour 

in individual decision problems and strategic form games. Section Ⅴ 

summarises the results. All proofs are in the appendix.
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Ⅱ. The Model

A finite game    is played in each period ≥      is 

the set of players with  ≥ 4) and   ∏∈ with finite  is the set of 

all feasible action profiles with typical member ∈   →  is the payoff 

function with player ’  payoff function denoted by . In an individual decision 

problem, Nature chooses a state   from a finite set  with fixed probabilities, 

and  becomes a function of   as well as  .5)

1. Satisficing Behaviour

In period  , the players' states  consists of their satisficing levels 

 ∈ , current action profile ∈ , and the corresponding valuations 

∈     . An individual player ’  state is 

    is assumed given.

At the start of any period  , each player   evaluates her current action  

by comparing its valuation  with satisficing level . If  is not lower 

than , she satisfices and continues with the current action and the 

satisficing level remains unchanged. If the valuation falls short of the satisficing 

level, she lowers her satisficing level towards the valuation and switches to an 

alternative. Formally, if ≥ ,

    and    

And, if   

       and      

4) Player, decision maker and agent are used interchangeably according to contexts.
5) In the following, we describe satisficing behaviour in a game. However, the precisely same behaviour rules 

apply for the case of individual decision problems.
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for some ∈ .  is randomly chosen from  with probability . 

For      max   for some ∈  and 

  . In words, the probability, with which she changes her action, is 

proportional to how much the valuation is below the satisficing level and 

bounded away from 1. This implies players have inertia to choose their current 

actions again with positive probabilities even when the action is not satisfactory.6) 

For ≠       .7)  is the number of 

actions in .

Each individual player  , then, chooses the action so determined and receives 

a payoff  . At the end of period  , the decision makers, who have 

chosen the same actions, revise their valuations (of  ) by taking weighted 

averages of their payoffs and valuations. And, if players happen to choose 

different actions, valuations are set to equal to the newly chosen actions' payoffs. 

Formally, if    

      

with ∈  If  ≠  

    

Some remarks are in order. First, notice if an action's valuation is above the 

agent's satisficing level, the agent does not update her satisficing level (or 

change her action). The satisficing level is only updated when the individual 

does not satisfice with the current action. The urge to explore alternate actions 

6) See Karandikar et al. (1998), Cho and Matsui (2005) and Chasparis et al. (2013). Posch (1999) considered a 
behaviour rule in which a decision maker switches to another action only if a weighted sum of past payoffs is 
below an aspiration level.

7) For analytical simplicity, we assume all actions are chosen with the same probabilities when the players 
change their actions. In other words, we implicitly assume that the valuations of all alternative actions are the 
same. We may assume the players keep track of their valuations of all actions and the valuations are different. 
As long as all actions are chosen with positive probabilities and the probabilities are continuous with states, 
the following asymptotic results do not change.
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only arises when dissatisfaction with the current action occurs. Hence, 

dissatisfaction with the current action leads to the urge to explore but also 

induces the agent to lower her satisficing level. In this case, the agent adapts 

to her environment by choosing an alternate action and also adapts by lowering 

her satisficing level. This assumption is motivated by our belief that the 

satisficing level can be regarded as the payoff a decision maker “expects” from 

choosing an alternative action (different from the current).8)

Second, the extent of which the satisficing level adjusts is bounded by the 

persistence parameter ∈ .9) The parameter characterises how fast the 

decision makers adjust their satisficing level towards their current actions' 

valuations. We think our interpretation of satisficing level as the expected value 

from choosing an alternative makes the decision maker's behaviour more 

intuitively plausible: As long as the agent satisfices, she sticks to the current 

action and this happens when she does not expect more from others.

Lastly, the weighting parameters  and  are given fixed within a range 

between 0 and 1. The actual weighting per period possibly may vary according 

to the attention or subjective importance the decision makers may give the 

current payoff. The given assumption on the satisficing behaviour is mainly 

for expositional purpose. It could be loosened so that the two weighting 

parameters are randomly drawn from some intervals within the unit interval. 

This relaxation do not change the asymptotic properties of the model.

Let  and  denote the convex hull of ∈ for all ∈, and 

  and   the product spaces of  and  across all players, respectively.10) 

Then, the decision makers' states governed by the above updating rule over 

time constitute a Markov chain (or process)  on the compact space 

≡×× . To distinguish this process from the behaviour with trembling, 

which is described in the next subsection, we call this unperturbed Markov proce

  8) This contrasts with the literature on the subject in which the common interpretation of satisficing level (or 
aspiration value) is the (best) payoff that a decision maker expects from a decision problem itself (e.g. see 
Gilboa and Schmeidler (1996), Karandikar et al. (1998) and Cho and Matsui (2005)).

  9) Karandikar et al. (1998) use this term. Chasparis et al. (2013) have a parameter that plays a similar role in 
their model which they call step size.

10) The convex hull of a set is the smallest convex set that contains the set.
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ss. How a Markov chain evolves over time is characterized by a transition 

probability function ≡ ∈   for ∈ ⊂  for all 

≥ .11)    denotes the -step transition probability function of   defined 

as      , where multiplication of     and   is defined as 

  ≡


   

Let Ω  denote the canonical path space. An element ∈Ω  is a sequence 
   with ∈ Also let   denote the unique probability 

measure induced by   on the product -algebra of Ω , initialized at , and 

  the corresponding expectation operator. For ≥ , we define

   ∞≡


∞

 with  ≡∈Ω   for all ≥  and

∞≡


∞

 with  ≡∈Ω   for all ≤ 

∞  is the set of events that agents eventually settle on an action profile, while 

∞  is the set of events that agents never change their actions.

We complete the description of the satisficing behaviour with its 

asymptotic result: all satisficing players eventually settle on an action profile.

Proposition 1 inf A∞  

This result relies on that satisficing levels are adjusted downward only and 

the probability of choosing alternatives is proportional to how far below 

satisficing level her valuation is. However, such selected action profiles are quite 

arbitrary because any action profile can be supported if initial satisficing levels 

are sufficiently low. Allowing for trembling behavior and taking the limit as 

11) Let   denote the Borel  -field of  . A transition probability function ⋅  satisfies (i) for each ∈ , 
⋅  is a non-negative measurable function on   and (ii) for each ∈ ,  ⋅  is a probability 
measure on  .
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the trembling probability declines to zero, helps us characterize the set of action 

profiles to which players may converge.

2. Trembling Behaviour

In case they tremble, satisficing players experience two types of shocks. 

The first is trembling hands. When this shock occurs, a player chooses an 

arbitrary action among all actions, regardless of whether she satisfices or not 

with the current action. The second shock directly affects satisficing level so 

that the level is adjusted towards current valuation.12) In each period, players 

experience the first or the second (or both) with the trembling probability 

  

Given , if decision maker  experiences the first shock, her next period 

action is chosen at random as

  


with      for all ∈ Her valuation is updated according 

to the unperturbed process described previously. And, if she experiences the 

second shock, her next period satisficing level is updated as

      

where  is a random variable with full support on 

Let   denote the transition probability function when at least one player 

experiences a shock. Then,   and the unperturbed process   together 

constitute a perturbed process  , which is the Markov process for satisficing 

behaviour, that we analyse to characterise satisficing players' long run behaviour.

12) Previous satisficing models assume one type of shock: shock on choice of action (Karandikar et al., 1998) or 
shock on satisficing level (Cho and Matsui, 2005; Chasparis et al., 2013). In the current model, we assume 
both satisficing level and choice of action are subject to shocks. And, as it becomes apparent in the proofs, 
both shocks are necessary for the following asymptotic results.
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3. Asymptotic Property of Satisficing Behaviour

We provide asymptotic results of satisficing behaviour as the number of 

repetition approaches infinity and the trembling probability  vanishes. As we 

have noted, the satisficing behaviour is governed by a transition probability 

function  . If   has an invariant distribution over states, the long-run average 

behaviour of the satisficing players can be explained by the distribution. We 

clarify what the invariant distribution means and how it is characterised.

A probability distribution (shortly, distribution)  is invariant with respect 

to a transition probability function   if    for all ∈ 13) If a 

Markov chain has an invariant distribution and once reaches it, thereafter the 

chain's state is fully predicted by the invariant distribution.

The long run average dynamics of a Markov chain  with transition 

probability function   can be described by the -step expected occupation 

measure


≡ 

 
 

 


  ∈ 

If 
 gets closer to a distribution   as  grows, the long run 

average frequency of the chain lying in B is close to 14)

  can be decomposed into unperturbed and perturbed transition 

probability functions   and   as

     

13) ≡


 

14) The expected occupation measure is also given as the expectation of the empirical occupation measure 
  

         where

≡ 
 
 



∈     
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where  is the probability that at least one player experiences a shock.   

can be further decomposed as

    


where   is the conditional probability of only one player experiencing 

a shock given that at least one player experiences a shock.   is the 

corresponding transition probability function15) and   is the transition 

probability function when more than one shock occur.

It is known that if a transition probability function has weak Feller property, 

it has an invariant distribution and the expectation occupation measure 

converges to the invariant distribution.16) The main asymptotic result is that 

as the trembling probability vanishes, the invariant distribution converges to 

the unique invariant distribution of  , where   is the limit of    as   grows. 

Let   denote an invariant distribution of  .

Proposition 2   weakly converges to a unique invariant distribution   of 

 as  → .17)

This means, as the trembling probability decreases, the asymptotic 

distribution of the perturbed process is approximated by the invariant 

distribution of  . And, the average frequency of the state belonging to a 

subset of  gets closer to the distribution in the long run.

We further assume that players' satisficing levels get more and more 

persistent while the trembling probability declines to zero. In the following 

sections, we analyse satisficing behaviour in particular contexts of single person 

15)    and    are given as follows:

       and    
   

16) Theorem 2.3.4. in Hernández-Lerma and Lasserre (2003).
17) Main parts of this result have been derived by Chasparis et al. (2013) and KMRV in different ways. We 

follow the approach taken by the former.
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decision problems and strategic form games in the limit.

Ⅲ. Individual Decision Problems

In this and next sections we analyse satisficing players' long run behaviour 

when they repeatedly face a decision problem or game as the trembling 

behaviour dies out and the satisficing level is persistent. Though the long 

run behaviour depend on the level of persistence, , we do not explicitly denote 

the persistence to keep the notation simple. 

First, we examine individual decision problems, in which each action returns 

random payoffs with a fixed distribution across periods. In each period, when 

a satisficing decision maker chooses an action ∈≡ she receives a 

random payoff  for some ∈ . Let  denote the minimum payoff from 

choosing action   ≡min  Without loss of generality, it is assumed that 

      and   is the unique maximin action. Let   denote the set of 

states in which the maximin action is chosen,  ≡∈    . And, 

∞   is defined as before with  ≡ ∈Ω    for all ≥ , 
in which the maximin action is eventually chosen.

When the decision maker does not tremble and the initial satisficing level 

is sufficiently high, she eventually chooses her maximin action as  →  for 

any fixed   

Proposition 3 inf    ∞   →  as  → 

The result and proof are comparable to Sarin and Vahid (1999). If the 

satisficing level is initially sufficiently high and very persistent, the decision 

maker has sufficiently many chances to choose the maximin action and satisfice 

before the satisficing level gets so low that she becomes to satisfice with 

non-maximin actions.

Let the decision maker subject to shocks and the trembling probability 

 vanishes. We have the maximin result: the satisficing decision maker chooses 
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the maximin action most of the time if her satisficing level hardly adjusts.

Proposition 4   →  as  → 

The proof consists of two arguments. First, by Proposition 1 once the decision 

maker happens to choose the maximin action and her satisficing level gets close 

to the   after any single tremble either on action or satisficing level, she 

eventually returns to the maximin action. In this regard, we say the maximin 

action is robust to any single tremble. Second, regardless of initial action and 

satisficing level, trembling behaviour leads her experience the payoffs from the 

maximin action and raise her satisficing level through finite trembles.

This result contrasts the current satisficing behaviour model with previous ones.18) 

Since models with aspiration levels require aspiration level to be updated toward 

received payoffs every period, it works well in deterministic environments but not 

in stochastic environments that we consider here. For example, consider a decision 

problem which consists of two actions: one returns payoffs 3 and 2 with equal 

probabilities and the other returns payoffs 1 and 0 with equal probabilities. Then, 

as long as we make decision makers update their satisficing/aspiration levels toward 

payoffs every period, they choose the second action as frequently as the first.19)

18) Gilboa and Schmeidler (2001) states, “Realism means that the aspiration level is set closer to the best 
average performance so far experienced." Most satisficing behaviour examined in single-person decision 
problems are assumed to take an average of past (best) payoffs as aspiration level. See Gilboa and 
Schmeidler (1996), Pazgal (1997), Kim (1999), Karandikar et al. (1998), Cho and Matsui (2005), Posch 
(1999), Posch et al. (1999), Napel (2003), Bendor et al. (2009). For survey for different aspiration updating 
rules, see Bendor et al. (2001).

19) In KMRV, satisficing behaviour is modeled in a different way. First, immediate payoffs are directly compared 

with satisficing levels, i.e.,  is fixed at 1. Second, satisficing levels are updated toward immediate payoffs 
every period with  , which directly plays the role of persistence parameter. Third, agents experience shocks 
only to satisficing levels, which are perturbed within a range around the current value when shocks occur. In 
the current stochastic set-up, the unperturbed process induced by the satisficing behaviour in KMRV does 
not converge to any pure strategy state for any     rather it alternates between two actions forever because 
the agent never satisfices with the first action as her satisficing level is raised above 2 infinitely often.
The satisficing behaviour in Cho and Matsui (2005) is similar to KMRV except that agents in CM 
experience shocks only to choice of actions instead of satisficing levels (aspiration level in CM). However, 
the methodology used to model satisficing behaviour in CM cannot be applied to stochastic decision 
problems. We review the satisficing behaviour in CM in the analysis of 2 X 2 games.
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March (1996) suggests that dual risk attitudes for gains and losses (being risk 

averse when the alternatives' outcomes are positive with respect to a fixed aspiration 

level and risk seeking when the outcomes are negative) could be better explained 

by learning rather than human traits or utility functions. The same argument 

applies to the satisficing behaviour given that the satisficing level is persistent.

Ⅳ. Strategic Form Games

In this section, we analyse satisficing players' long run behaviour when they 

repeatedly play strategic form games against each other. The long run behaviour 

differ according to the structures of games. Two classes of games are 

characterised by the properties of their action profiles. Then, we examine which 

action profiles are chosen frequently by the satisficing players in the long run 

when  and  approach 0.

1. Unilaterally Competitiveness

First, we consider a class of games that has unilaterally competitive action 

profiles. This class of games was first introduced and analysed in Kats and Thisse 

(1992) as a generalisation of strictly competitive -player games.20)

Definition 1

An action profile  ∈   is unilaterally competitive if for any   and 
′ ∈

     
′   ⇒     ≤  

′    and

     
′   ⇒       ′  

And, a game is unilaterally competitive if all action profiles are unilaterally 

competitive.21)

20) In two-player games, any strictly competitive game is also unilaterally competitive.
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If a game is unilaterally competitive and a single player deviates to increase 

her payoff from any action profile, all other players' payoffs weakly decrease. 

And, if the deviation does not change her payoff, all other players' payoffs also 

do not change.

An action profile ∈  is a Nash equilibrium if    ≥ 
′   for 

all ′ ∈  and ∈ , and a strict Nash equilibrium if all inequalities are strict. 

A Nash equilibrium is a unilaterally competitive if it is unilaterally competitive 

and strict. The set of unilaterally competitive Nash action profiles is denoted 

by  ⊂  . And, when a game has a nonempty  , a set of action profiles  ⊂   

is said to be payoff dominant if (1) for any  ′∈ , a is not preferred22) to 

′ and (2) for any a ∈  and ′∈ ,  is strictly preferred to ′, i.e., 

′≪ .

 

  
  

Table 1: 2 x 2 Game

Note that we do not require payoff dominant profiles to be Nash. A 2 x 

2 game with its payoff matrix given in Table 1 has four action profiles. If 

       , the game is Prisoner's Dilemma, which is unilaterally competitive 

but not strictly competitive. If        , it is Stag Hunt and not unilaterally 

competitive. In terms of action profiles,  is unilaterally competitive Nash 

equilibrium while  is payoff dominant in both games. Lastly, if 

       or        it is Battle of the Sexes or common interest, 

respectively, and both games are not unilaterally competitive.23)

21) In Kats and Thisse (1992), a game is unilaterally competitive if

   ≥ 
′   ⇔     ≤ 

′  

      for all ∈  and the unilaterally competitive game defined here is weakly unilaterally competitive.
22)   is preferred to ′  if   ≥ ′   and   ′   for some ∈ .
23) The last two games do not have a unilaterally competitive Nash equilibrium, but   and    in the Battle of 

the Sexes  and   in the common interest game are defined as Pareto optimal profiles in the next subsection.
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We characterise long run satisficing behaviour in two-player games that have 

at least one unilaterally competitive Nash equilibrium. Below,  denotes 

the set of states in which one of action profiles in  ⊂   is chosen and satisficing 

levels are not greater than but sufficiently close to the corresponding payoff.

Proposition 5 In a two-player game, if it has unilaterally competitive Nash 

equilibria, ∪ →  as  → 

The proof also consists of two arguments: First, the unilaterally competitive 

Nash and payoff dominant action profiles are robust to single trembles in the 

sense that once players satisfice with one of the profiles and their satisficing 

levels are sufficiently close to the profiles' payoffs, any single tremble on either 

choice of action or satisficing level cannot make players stay away from the 

profile permanently. Second, any other action profile is absorbed into the robust 

profiles. In words, starting from any state, players tend to choose one of the 

robust profiles with positive probabilities.

In KMRV, regardless of relative sizes of   and , players learn to play the 

cooperate only profile most of the time, whereas in CM only when the gain 

from deviation is moderate, i.e.,     is small, players learn to play the 

cooperate only profile, and otherwise players play all of four profiles, cooperate 

only, defect only, cooperate-defect and defect-cooperate. Our result is between 

KMRV and CM and more consistent with experimental behaviour24): regardless 

of the relative sizes players learn to play both cooperate only and defect only 

profiles most of the time.25)

Furthermore, Proposition 5 predicts that if    in Table 1, i.e., payoff 

24) For experimental results in Prisoner's Dilemma, see Selten and Stoecker (1986).
25) As CM explain, the difference between KMRV and CM is caused by their different assumptions on 

trembling behaviour. In KMRV, as long as aspiration level is not greater than payoffs from cooperation, 
players satisfice in cooperation with probability 1 as trembling probability approaches 1. In CM, however, 
players are assumed to experience shocks to choice of actions, even when aspiration levels exceeds payoffs 
from cooperation. As in CM, we also assume players are exposed to shocks to choice of actions, thus 
players do not converge to cooperate only profile with probability 1. On the other hand, unlike CM, since 
we assume satisficing levels are not updated when players are satisficing, defect only profile is robust to 
trembles but the asymmetric profiles, cooperate-defect and defect-cooperate, are not.
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dominant profiles do not exist, players learn to play only the Nash equilibrium. 

If we apply the behaviour models in KMRV and CM, players in both choose 

the equilibrium profile. In KMRV, once a player chooses the maximin action 

, the other player's aspiration level eventually falls to  regardless of initial 

level. Therefore, both players tend to satisfice with the Nash equilibrium. In 

CM, once both players' aspiration levels are below , their action profiles 

converges to .26)

Next we consider symmetric two-player games27) with random matching, in 

which players are randomly drawn from a finite population and matched to 

play a game: Each period, a fixed number of pairs of satisficing players are 

randomly drawn from the population with equal probabilities and each pair 

plays the two-player game like the Prisoners' Dilemma and Stage Hunt.28) In 

each period, only matched players play the game according to their behavioural 

rule and states while other players' states stay the same to the next period.

The long run implication of Proposition 5 applies to a population of satisfi- 

cing players. In this setup, notations for the Markov process accordingly extend 

to contain all satisficing players in the finite population.29)

Proposition 6 In a symmetric two-player game with random matching, if 

it has unilaterally competitive Nash equilibria, ∪ →  as  → 

Battalio et al. (2001) provide experiment results in Stag Hunt games with 

various treatments with a single-population (or cohort) random matching. For 

26) If a player's aspiration level is greater than  and the other's is less than , the aspiration level above falls 
until both levels are below , and then both players' actions converge to  .

27) A two-player game is symmetric if    and     for any 
∈ and ≠     And, if ∈∪   

28) For equilibrium analysis of this setup, see Ellison (1994). He shows that a cooperation equilibrium is 
supported by “contagious” punishments in the repeated Prisoners' Dilemma game in a random matching 
setup, which makes it difficult for players to observe opponents past behaviour, but they are aware of 
themselves playing the game against anonymous opponents.

29) Suppose the population consists of   satisficing players. Then, the state space in period   is given as 
   . In period   , if only players    have been drawn from the population and matched to 
play a game, those two players' states  and  may differ from the states in   while all other players 
states are the same as before.
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each treatment, 8 subjects in each population were randomly matched to play 

a game for 75 periods. They find that all subjects in a population converge 

to either payoff dominant or unilaterally competitive Nash outcomes both with 

positive probabilities. In particular, subjects choose the payoff dominant action 

more frequently when the payoff difference between payoff dominant and risk 

dominant action profiles is larger.

In evolutionary contexts, Nowak and Sigmund (1993), Nowak et al. (1995) 

and Imhof et al. (2007) find that ‘Win-Stay, Lose-Shift,’ or shortly WSLS, with 

aspiration level fixed between the payoffs from mutual cooperation and 

defection outperform other strategies such as 'Always Cooperate', 'Always 

Defect' and 'Tit-for-Tat' in Prisoner's Dilemma games. Though the 

evolutionary dynamics differs from the satisficing player's learning 

procedure, the dominance of the WSLS could be interpreted as the 

convergence of the satisficing levels to the cooperative payoff as the other 

strategies correspond to WSLS strategies with different levels of 

aspiration.30)

2. Pareto Optimality

We consider a class of coordination games that have Pareto optimal action 

profiles, which is defined below, and examine which action profiles are chosen 

by the satisficing players in the long run.

An action profile ∈  is Pareto optimal if there is no Pareto improvement 

∈  such that ≥   and   
  for some ∈. And, for two 

action profiles  ′∈ ,  is a unilateral Pareto improvement of ′  if there exists 

a finite sequence of action profiles   ′    such that    is a Pareto 

improvement of   and  
    

  for some   for      Furthermore, 

a set of action profiles  ⊂   is Pareto optimal if (1) for any  ′ ∈  is 

not a Pareto improvement of ′, and (2) for any ∈  and 

′∈╲ ′≪ . Lastly, a game is said to be Pareto optimal if the game 

30) For more WSLS strategies with fixed aspiration levels and the interpretations, see Posch (1999).
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has a Pareto optimal set of profiles and satisfy two additional conditions as follows.

Definition 2 A game is Pareto optimal if 

  is not empty
 if  ∈ and ′ is a unilateral deviation of  ′∉   and
 for any ∉ there exists a unilateral Pareto improvement ∈ ora unilateral deviation ′ ∉  such that ′≪ 

Condition (ii) makes all Pareto optimal action profiles robust to single 

trembles. And, condition (iii) guarantees that players who choose non-Pareto 

optimal action profiles happen to choose one of Pareto optimal profiles with 

a positive probability in the long run. Among the two-player games, the 

Prisoner's Dilemma does not have a set of Pareto optimal profiles because any 

subset of A has a profile that is not strictly preferred to all other profiles. And, 

while Stag Hunt has a set of Pareto optimal profile , it does not satisfy 

condition (iii).

 

  
  

Table 2: Coordination Game

On the other hand, the Battle of the Sexes game is Pareto optimal with 

the set of Pareto optimal profiles  , the off-diagonal profiles. 

Choosing sides      and common interest games       in Table 

2 are also Pareto optimal. In the choosing sides game, both diagonal profiles 

is Pareto optimal whereas in the common interest game, only  is. Other 

examples include Network Formation Games and Common-Pool Games.31)

31) Chasparis et al. (2013) define a class of coordination games, which includes Network Formation Games and 
Common-Pool Games, with a bit different conditions. It can be easily verified that the coordination games 
defined in Chasparis et al. (2013) are also games of Pareto optimality in the current definition. For details 
about Network Formation Games, see Bala and Goyal (2000).
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Proposition 7 In a Pareto optimal game,  →  as  → 

This result can be interpreted as how convention, or equilibrium selection, 

arises even when there does not exist a mediator and players do not have proper 

knowledge about the environment. Though satisficing players do not explicitly 

form a belief about how the game is played, they learn to find acceptable actions 

and values of the game in the long run.

This interpretation makes better sense when we consider the interaction 

among a population of individuals. As before, we consider Pareto optimal games 

with random matching, in which each period players are randomly drawn from 

a finite populations and matched to play a Pareto optimal game. Proposition 

7 also applies for the case of random matching among population environment 

with notations being modified accordingly.

Proposition 8

In a Pareto optimal game with random matching,  →  as  → 

A similar result has been shown by Young (1993), which considers strategic 

interactions between players who are randomly drawn from a large finite 

population. He finds that adaptive play, in which decision makers choose best 

actions given history of plays like fictitious play but based on finite samples 

of past plays rather than entire history, selects stochastically stable equilibria32) 

in coordination and common interest games.

32) These are equivalent to risk dominant equilibria in 2  x 2 games.
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Ⅴ. Conclusion
 
We separated payoff valuation (expected payoff of action) and satisficing level 

(expected payoff of an outside option) in satisficing behaviour. This modification 

makes it possible for us to analyse satisficing behaviour in individual decision 

problems and a broad class of strategic form games in a unified way. We also 

allow agents to tremble in two ways, choice of actions and satisficing levels. 

Then, we analyse its long run behaviour as trembling probability and persistence 

parameter approach zero.

We show that in individual decision problems with stationary but stochastic 

payoffs, satisficing behaviour results in cautious, maximin choice. And, 

somewhat surprisingly, the same behaviour results in mutual cooperation as well 

as defection in the Prisoner's Dilemma game. Though cooperation is not the 

maximin action for a single player, satisficing agents learn to cooperate as their 

satisficing levels are co-evolving. This result applies to a broad class of two player 

games that have unilaterally competitive Nash equilibria. And, in Pareto optimal 

games that include many coordination games, satisficing players learn to 

coordinate on Pareto optimal profiles.
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Appendix

Proof of Proposition 1 Though the behaviour rule is the same both in 

individual decision problems and games, the payoff in the former is determined 

according to random realizations while the payoff in the latter is deterministic 

as long as the action profile is fixed. This means we need to prove the results 

hold for each case separately. 

In individual decision problems, the decision maker chooses an action 

∈≡ and receive a payoff  for some ∈  in each period. 

Let  denote the minimum payoff from choosing action ∈ i.e., 

 ≡ min  And,   is the maximin action,      , say. Assume 

the decision maker changes her action infinitely often. Since every action and its 

minimum payoff is realised with fixed positive probabilities, her satisficing level 

is updated downward below  regardless of her initial satisficing level. And, the 

maximin action is chosen with probability 1. Then, the decision maker satisfices 

with the maximin action and never change her action since then. This implies 

∞ ≡ , or the decision maker eventually settle down on an action.

For the case of games, the proof consists of two parts (i) inf  B∞    

and (ii) inf  A∞  . Let   and 

  denote the maximum and minimum 

values of ∈  for  ≤  ≤ , respectively. On     for 

 ≤   and player  ’s satisficing level is updated as

     
   for  ≤  

if   . Therefore, we have

   
∈ ≤   

max    

where     if  ≥  and 0 otherwise. Let   satisfy  

≤  

min. Then
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  ≥ 

∈  ≤   

    
 

≥ 

∈       



 
≥ 


∈





  




 
 




≥ 


 for all  

Since the sequence  is nonincreasing,   ≥ 


 for all  ≥ . 
Furthermore, the inequality holds for any initial state . Thus, we have 

inf    ≥   
For part (ii), we dene the set  ≡∈   ≤   


 for all 

∈ with  ≥ . Then,   ≤ 
 . Let  denote the first hitting 

time of  ⊂  defined as ≡ inf ≥  ∈ Then, we have

    ≤  ∉    

≤  ∉      ∉
╲

≤  inf    ∉    
≤  inf    ≤ 

where  ≡  inf  B∞  and    from part (i). Using the fact that 

 ∈ almost surely on    ∞ and

  ≥ 
 



        for all ≥ 

and setting   , we obtain

 ≥ 
 



     inf ′∈Dl ′ B∞ 
≥      

  inf ′∈Dl ′ B∞ 
≥  

  inf ′∈Dl′ B∞ 
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which converges to 1 as  → ∞  because inf ′∈ ∞  →  as  → ∞  from part 

(i).33)

Proof of Proposition 2 The proof consist of five steps. First, we show the 

limit transition probability function lim→∞   exists and it is approximated 

by the  of  , defined as  ≡ ∑  ∞     for some 

∈ .34) Second, an invariant distribution of   is also invariant with respect 

to  . Third,   is approximated by   as  → . Fourth and Lastly, 

the limit invariant distribution of   as  →  is approximated by an unique 

invariant distribution of  . The approximations are given in the weak 

convergence: A sequence of distribution  on  weakly converges to a 

distribution  in the maximum norm if for any continuous function 

 on  ∥ ∥ →  as  → ∞ . The set of continuous functions on  is 

denoted as .

Step 1        

        lim
→∞
∥  ∥  and lim

→
∥ ∥   for any ∈.

In individual decision problems with an initial state    ∈,  

converges to min if   min or never changes in ∞ . And,  

strongly converges to an unique distribution that is governed by a stationary 

distribution of payoffs and a fixed update rule of   of the satisficing behaviour 

rule. On the other hand, in games with an initial condition    , the 

state in period  is given as   ,     and      
    

if     and      otherwise for all ≥  in the set ∞ . Thus, for any 

∈, as  → ∞ ,
sup ′≥ sup      ′∞ → 

33) Chasparis et al. (2013) provides the proof for the satisficing behaviour rule with the symmetrically updated 
satisficing level. The two proofs are essentially the same.

34)    is defined such that         and   →  as  →  .
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both in individual decision problems and games.35) And, for any 

∈ ∈ , and  ′  we have

           ′
    ′ 
     ′  
     ′╲  

≥      ′    ╲∥∥
≥ sup ′′    ′∞  ╲∥∥

which converges to 0 as  → ∞  with  ╲ → . Thus,       is 

a Cauchy sequence, and converges in . Let ≡ lim→∞ . 
Then for each  ↦ defines a bounded linear functional on . 

It is a positive functional since ≥ , for  ≥ , and if   is a constant 

function of value 1,    . Then by the Riesz representation theorem, 

 is a Borel probability measure on  for each . Denote this by ⋅. 

Since     → , it follow that   is a Feller-Markov process. Also, by 

the definition of  , we have for any ∈.

∥  ∥ →  as  → ∞ .

Next, by the triangle inequality, for each   ,

∥ ∥≥ 
  

  

 ∥  ∥   sup  ≥ ∥  ∥

Letting ↓, we obtain for all   , ∥ ∥≤ sup  ≥ ∥  ∥ , 

which implies

35) The rest of the proof is the same as that of Proposition 3.4 of Chasparis et al. (2013).
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lim
→
∥ ∥ ,

Step 2             

      .

Post-multiplying both sides of        by   yields

      ,

where   denote the identity operator. And, pre-multiplying the above by an 

invariant distribution   of   yields

        ,

which is simplified to     .

Step 3 lim
→
∥ ∥   for any ∈.

For any ∈ we have

∥  ∥≤∥  ∥∥∥
≤ ∥ ∥∥∥

where the first and second terms on the right hand side tend to 0 as ↓0 

by Step 1 and the definition of  .

Step 4 Let   be a weak limit point of  as  →. Then,   is an invariant distribution 

of   lim
→
∥ ∥  for  ∈

  For any ∈, we have
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∥ ∥≤∥ ∥∥ ∥∥ ∥
The first and third terms tend to 0 as ↓0 by the weak convergence of  

to  , while the second term is dominated by ∥ ∥  which also tends 

to 0 as shown above.

Step 5       

For a game, a subset of  associated with an action profile ∈  is defined 

    ∈    ≤        for all  . 

And, let min, or simply min , denote the minimum payoff that player 

  can receive in a game and min   min  min  the vector of all 

players' minimum payoffs. Then, for any state , there exist    and 

   such that  ≥   , where ≡  min .36) And, 

for any ∈  and ′∈ , there exist     and    such that 


 ′≥   . This implies   is irreducible, thus has a unique 

invariant distribution by Proposition 4.2.2 and Proposition 7.2.3. of 

Hernández-Lerma and Lasserre (2003).

For an individual decision problem, we also show the process is irreducible. 

Define a set of states ≡ ≤    for some   . Then, for any state 

, there exist    and    such that   ≥   .37) 

Note that   min. Then, for any ∈  and ′≠, there exist 

   and    such that  ′≥   . Thus, by the same 

argument as above,  is irreducible and has a unique invariant distribution. 

Proof of Proposition 3 From Proposition 1, ≤  →  as  → ∞ . 

36) In games, for any two action profiles, players depart from one and eventually choose the other with a 
positive probability with finite repetitions of  .

37) Whenever a decision maker trembles, she receive min with positive probabilities.



A Model of Satisficing Behaviour 30
 

Thus, it is enough to show that given   ≤   ∪  
 ∞  →  

as  → . When    , the proof is trivial. Suppose that ≠  and let 

 denote the minimum number of repetitions required for the 

satisficing level to get lower than or equal to   given  and . Then, 

 is decreasing in , and ∞    only if she never chooses   

whenever she does not satisfice, which occurs with probability      for some 

    . Therefore, we have ∪  
 ∞  ≤ 

    →  as  → . 

Proof of Proposition 4 Define a set ≡∈   and    ≤ . 
Then,  converges to 1 as  →  for any ∈ as shown in Proposition 

3. And, for any ∈  and   ,  ≥  for some  ∞  and    as 

shown in Step 5 in Proposition 2. These two imply that  →  as  → . 

Proof of Proposition 5 For an action profile ∈ , we define a set 

 ≡    ∆   ≤   for     for some sufficiently 

small ∆  . ∆  is smaller than the differences between any two distinct payoffs 

that players receive. We show (i) for any ∈∪  and 

∈     →  as  → , and (ii) for any ∈ and   , 

   ≥  for some ∈∪    and  ∞ .

(i) If   is unilaterally competitive Nash, the argument trivially holds. 

Suppose   is payoff dominant. It is enough to show that there exist some 

   and  ∞  such that   ≥  for any state  with  ≠ 
  for 

some   given all players' satisficing levels are fixed at  . As long as the 

current action profile differs from , at least one player, say player 1, does 

not satisfice by the definition of the payoff dominance. Then, the following 

period, player 1 either switch to or continue with an action ′ such that 

′ ′∈    for some ′  with a positive probability. Then, player 2 also 

does not satisfice, thus either switch to or continue with ′  while player 1 

chooses ′ the following period with a positive probability. Then, both do not 
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satisfice and switch to  with positive probability. Thus, this sequence of states 

shows that the argument also holds for any payoff dominant action profile.

(ii) Now suppose that players satisfice with an action profile ∈ , which 

is neither unilaterally competitive Nash nor payoff dominant.38) Without loss 

of generality, we assume their satisficing levels are equal to the corresponding 

payoffs, i.e.,   . We show that   ≥  for some 

    ≤ ∞  and  ∈∪ . First, suppose that  is strictly preferred 

to all ∈  and one player trembles to choose a unilaterally competitive Nash 

action. Then, since both players do not satisfice, both players choose some 

payoff dominant profile   with a positive probability. And, in the subsequent 

repetitions of  , their satisficing levels are raised up to  . Second, suppose 

at least one player, say player 1, satisfice with a unilaterally competitive Nash 

profile   ≤  
 . If the player trembles to choose the equilibrium 

action ′ , through the subsequent infinite repetitions of  , player 2's satisficing 

level will decrease as low as  
  while player 1 satisfice with 

  for any   . 

Proof of Proposition 6 Without loss of generality, we assume the population 

 consists of even number of satisficing players and players are indexed by 

   for some finite    and each period  pairs of players are matched 

and play the symmetric two-player game. Let ≡  ∈ 

denote period  state of all satisficing decision makers. For an action profile 

∈ , we define a set of states in which players satisfice with the action profile, 

 ≡∈     ∆   ≤   for all ∈  is defined, 

where ∆  is given as previously described. We show (i) for any ∈∪  and 

∈ ,   →  as  →  and (ii) for any ∈  and   , 

  ≥  for some ∈∪    and   ∞ . By the matching 

rule, satisficing players are matched with the same opponents and play the 

38) If players satisfice with ∈∪  but the state   does not belong to   , as each player trembles to 
raise their satisficing levels sequentially, the state can enter the invariant set in 2 repetitions of  .
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game every time for finite repetitions of the game with a positive probability. 

Then, by the proof of Proposition 5, the both arguments hold for a finite 

population of players. 

Proof of Proposition 7 A set of states associated with action profile ∈ , 

, is defined as previously described. As before, we show (i) for any ∈  

and ∈ ,   →  as  →  and (ii) for any ∈  and   , 

  ≥  for some ∈     and   ∞ . Without loss of 

generality, we assume that for any  ′∈  ≠ ′.

(i) If     and  ∉ , the argument trivially holds. Suppose that 

      for some ∈  and ∈  with  ≠ . Then, at least one 

player, say player 1, does not satisfice. In the next period, if player 1 chooses 

a different action and all other players continue with the same actions, which 

occurs with a positive probability, then all players satisfice (i.e.,   is chosen) 

or none of them satisfices. In the latter case, all players choose   the following 

period with a positive probability.

(ii) Suppose that    for some ∉ . By the requirements on the Pareto 

optimal games, there exists (1) a unilateral Pareto improvement ∈  or (2) a 

unilateral deviation ′∉  such that ′≪ . If requirement (1) holds, 

through a finite sequence of trembles on choosing action and satisficing levels, 

all satisficing players switch to a Pareto optimal action profile   with their satisficing 

levels close to  . If requirement(2) holds, a satisficing player trembles to choose 

an action so that none of players satisfices. Then, the next period all players switch 

to a Pareto optimal action profile  . After then, through a finite trembles on 

satisficing levels, all players' satisficing levels are raised up to  . This whole 

process occurs with a positive probability. Thus, we have the result. 

Proof of Proposition 8 The similar arguments in the proofs of Proposition 

6 with Proposition 7 apply.
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본 논문은 새로운 만족 행동(satisficing behaviour) 모형을 제안하였다.  의

사결정자는 현재 행동(action)에 대한 평가(valuation)가 만족 수준(satisficing 

level)보다 높은 경우, 현재 행동에 만족하며 다음에도 같은 행동을 선택한다. 

평가가 만족 수준보다 낮은 경우, 의사결정자는 새로운 행동을 선택하며 만

족 수준을 낮춘다. 현재 행동에 대한 평가는 현재 행동을 다시 선택하여 받을 

것으로 기대하는 보상(payoff) 수준을 나타내며, 만족 수준은 현재와 다른 새

로운 행동을 선택할 때 받을 것으로 기대하는 보상 수준을 나타낸다. 다시 말

해, 의사결정자는 현재 행동의 기대 보상이 새로운 행동보다 클 때 현재 행동

에 만족한다. 한편, 의사결정자는 현재 행동에 대한 만족 여부와 관계없이 때

때로 새로운 행동을 선택하거나 만족 수준을 높이는 등의 충격을 받는 것으

로 가정한다. 위 행동 규칙에 의해 정의되는 마코프 프로세스(Markov 

process)의 불변 분포(invariant distribution)를 도출하여 이러한 의사결정자가 

장기적으로 어떤 행동을 선택하는지 분석하였다. 개인 선택 문제에서 의사

결정자는 장기적으로 위험회피적 행동(maximin action)을 선택한다. 죄수의 

딜레마와 같은 비협조 게임(non-cooperative game)에서 의사결정자들은 모두 

협조하거나 모두 비협조하는 행동을 선택하며, 조정 게임(coordination game)

에서는 모든 의사결정자가 파레토 최적 행동을 선택한다.
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