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Classical choice theory assumes that a decision-maker considers all feasible alternatives. However, a decision-maker in the real
world can not consider all alternatives because of limited attention. In this paper, we propose a satisficing choice model to describe
the choice procedure based on the incomplete preferences under the limited attention of the decision-maker. Moreover, the
existence and rationality properties of the satisficing choice model on the different domains are studied combined with some
proposed rationality conditions. Further, the proposed satisficing choice model is applied to a case of quality competition. Results
show that the satisficing choice model of this paper is of a certain theoretical guiding significance to a kind of emergency decisions
made by decision-makers under the circumstance of time pressure and limited information. It can also be the theoretical
foundation for the study on the boundedly rational decision-making.

1. Introduction

Classical choice theory assumes that a decision-maker (DM)
is fully rational. *is implies that she perceives all the given
alternatives before deciding, has infinite computational
capabilities, and always chooses the best alternative from the
set of alternatives according to an invariant preference re-
lation. However, DMs in the real world do not perceive all
the given alternatives before making their decisions, but
typically discover and analyze alternatives sequentially in the
process of decision-making. In other words, alternatives are
presented to the DMs in a certain order (time or space
order). For instance, after graduates send many resumes to
different firms for a job, they may receive job offers se-
quentially in time. Because of various kinds of goods,
consumers cannot remember and analyze all the goods in a
short time while shopping online. *ey can only browse or
choose goods in a certain order (from left to right or from
top to bottom) in a web page. *is assumption of full ra-
tionality ignores external environment and cognitive limi-
tations of DMs, which has been criticized as unrealistic.

Many studies have been carried out in order to highlight the
limitations of full rationality [1–3].

*e most systematic attack to the assumption of full
rationality is directed by Simon [4]. He pointed out that the
DM in the real world cannot obtain all information, and has
only finite computational capabilities. In addition, he argued
that the structure of the environment plays a central role in
permitting further simplifications of the assumption of full
rationality. Simon criticizes the assumption that the DM
perceives all alternatives before deciding. He argues that it
would be more realistic to assume that the DM discovers and
analyzes alternatives sequentially. When alternatives are
examined sequentially, the DM may regard the first satis-
factory alternative that is evaluated as such as the one ac-
tually selected. Simon [4] presented further the principle of
satisficing heuristic, that is, individuals discover and analyze
alternatives sequentially and stop searching as soon as they
identify the first alternative that they judge to be satisfactory.
In Simon’s spirit, many studies have focused on deriving
axioms and providing axiomatic perspectives of the sat-
isficing heuristic. For example, Rubinstein and Salant [5]
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explored some axioms regarding choice functions from lists.
Manzini and Mariotti [6] studied some properties of se-
quential rationalizability and provided a full characterization
of choice functions rationalizable by two and three ratio-
nales. Salant and Rubinstein [7] developed a framework for
modelling choice in the presence of framing effects. Caplin
and Dean [8] characterized the nonstandard data on the
evolution of provisional choices with contemplation time
when the resulting data could have been generated by a
general form of sequential search. Papi [9] proposed an
axiomatic characterization of the principle of satisficing
heuristic under various informational structures. Masat-
lioglu et al. [10] provided a choice theoretical foundation for
maximizing a single preference relation under limited at-
tention. Masatlioglu and Nakajima [11] formulated a
framework to study behavioral search by utilizing the idea of
consideration sets when the DM lack information or lack the
cognitive capacity to alternatives. Lleras et al. [12] modelled
individuals who might pay attention to only a subset of the
choice problem presented to them. Manski [13] interpreted
satisficing as a class of decision strategies that a person might
use when deliberation is costly. Alonso and ülkü [14]
characterized the resulting behavior using a single axiom
without imposing any structure on how the consideration
sets are formed. Kimya [15] provided a characterization of
the procedure and illustrated how to identify the underlying
preference and consideration set. Moreover, the stochastic
satisficing models have been presented in many studies. For
example, Manzini and Mariotti [16] assumed that the agent
considers each feasible alternative with a given (unobserv-
able) probability. *ey modelled a boundedly rational agent
who suffers from limited attention. Aguiar et al. [17] de-
veloped necessary and sufficient conditions for stochastic
choice data to be consistent with satisficing, assuming that
preferences are fixed, but search order may change ran-
domly. Brady and Rehbeck [18] examined the role of sto-
chastic feasibility in consumer choice using a random
conditional choice set rule and characterized the model from
conditions on stochastic choice data. Aguiar [19] introduced
a new stochastic choice rule that categorizes objects in order
to simplify the choice procedure. He provided the necessary
and sufficient conditions that characterize this model in a
complete stochastic choice dataset. González-Valdés and de
Dios Ortúzar [20] implemented the three principles of the
Satisficing *eory mathematically. *ey obtained a discrete
choice model in which the decision-maker chooses the first
satisfactory alternative. Aguiar and Kimya [21] characterized
Simon’s search and satisficing model with an adaptive
threshold and random search (SM-AT). *e DM consistent
with the SM-ATis endowed with a utility function, a random
search distribution, and a deterministic but menu-depen-
dent threshold. Caplin et al. [22] united two basic ap-
proaches to modelling limited attention in choice. *ey
provided necessary and sufficient conditions for rationally
inattentive behavior which allow the identification of con-
sideration sets. Kovach and Ülkü [23] axiomatized a model
of satisficing which features random thresholds and the
possibility of choice abstention. Other studies have focused
on designing experiments to test whether the DM’s behavior

is consistent with the satisficing heuristic of Simon. For
example, Caplin et al. [24] developed a search-theoretic
choice experiment to study the impact of incomplete con-
sideration on the quality of choices. Reutskaja et al. [25]
studied decisions that involve choosing between different
numbers of options under time pressure using eye-tracking
to monitor the search process of the subjects. Stüttgen et al.
[26] conducted a visual conjoint experiment to collect search
and choice data. *ey modelled search and product eval-
uation jointly and allowed for interdependence between
them. Zhao and Huang [27] verified the boundedly rational
route choice behavior by a laboratory experiment and
proposed a novel model to formulate the behavior under
satisficing rule. Hey et al. [28] tested a theory of Manski [13]
by an experimental test and had a different way of generating
imprecise information. Van Loo et al. [29] used eye-tracking
measures to account for attribute nonattendance in choice
experiments. Sandorf and Campbell [30] attempted to
systematically explore the use of the satisficing heuristic in
the context of a stated choice experiment. Caplin et al. [24]
and Stüttgen et al. [26]’s experimental results showed that
individual behavior is consistent with the satisficing heu-
ristic. Reutskaja et al. [25]; Hey et al. [28] and Sandorf and
Campbell’s [30] experimental results showed that individual
behavior is only partly consistent with the satisficing
heuristic.

In the abovementioned study of the satisficing heuristic,
a complete preference relation is a common assumption
under the limited attention of the DM. *e incompleteness
of individual preferences is less considered. *ere are two
major limitations in the abovementioned literatures. First,
the rationality hypothesis of individual preferences is
strong. *e abovementioned literatures mainly considered
a complete preference relation on the consideration set, and
the DM can choose the best alternative. However, Simon
[4] considered that a DM’s cognitive limitations may to
some degree prevent him from perceiving his own pref-
erences among the available alternatives because of envi-
ronmental complexity. *is paper assumes that the DM’s
preferences are incomplete. *e DM can only choose a
satisficing alternative but not always the best alternative in
the consideration set. Second, the probability of obtaining a
satisfactory alternative is not high in a short time. A series
of nested sets are used to describe the consideration set in
the abovementioned literatures. *is means that the
number of alternatives in the DM’s consideration set will
increase with the extension of the search time. On the one
hand, the increase of the number of alternatives in the
consideration set will increase the difficulty for the DM to
choose. On the other hand, the DMwill constantly compare
the newly added alternatives with the original ones, thus
increasing the time for the DM to obtain a satisfactory
alternative. In order to improve the efficiency of decision-
making, a series of incompatible sets are used to describe
the consideration set in this paper.*is implies that it is not
necessary to compare the newly added alternatives with all
the original alternatives. *erefore, the DM can obtain a
satisfactory alternative with a high probability in a short
time.
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Under the circumstance of time constraint and limited
information, the DM often want to quickly obtain a satis-
factory alternative and cannot compare all alternatives. *is
means that the DM’s preferences may not be complete.
Recently, the decision-making based on incomplete pref-
erences has received extensive attention in various fields
[31, 32]. Motivated by the challenge of remedying the
abovementioned insufficient research on the satisficing
heuristic and inspired by the work of Papi [9], this study
proposes a satisficing heuristic decision-making model
based on incomplete preferences under limited attention.
*e paper is organized as follows: Section 2 develops the
formal model. Sections 3 and 4 develop and character the
satisficing choice model under different conditions. Section
5 gives an application of the model. Section 6 summarizes
this paper.

2. The Model

Let X be a finite set of alternatives, where Ω represents the
set of all nonempty subsets of X. In standard choice theory, a
choice problem is simply a choice set A ∈ Ω. In this
framework, we define an extended choice problem as a pair
(A, Aj ), where A ∈ Ω is a choice set and Aj  represents a
sequence with which the DM examines the alternatives in A.
We call Aj  subset sequence and define it as follows.

Definition 1. A subset sequence of the set A ∈ Ω is a se-
quence Aj 

n

1 such that Ai ∩Aj � ϕ, for all i, j and
∪ n

i�1Ai � A, where each element Ai is called a stage of the
subset sequence Aj .

Definition 1 is similar to the definition of Papi [33]; the
difference between them is that the subset sequence of
Definition 1 is composed of disjoint sets, while that of Papi
[33] is composed of nested sets. We consider that the as-
sumption about disjoint search sets is more realistic in the
real world. For example, a consumer is faced with large
quantities of goods of one kind in different webpages in
online purchases. In case of time pressure and incomplete
information, if a consumer plans to purchase one from those
goods in dozens of webpages, and she browses goods page
after page, but would not like to go back to previously viewed
webpages. We assume that these goods in one web page is
considered to be a search set, and therefore, these search sets
can be assumed to be disjoint.

Let an extended choice function be a choice function
defined on the domain D1 � (A, Aj )|A ∈Ωand

Aj  isasubsetsequenceof A}. We assume that c(A, Aj ) is
nonempty and chooses one alternative from A. A (binary)
relation on the set X is a subset of X × X. Let us write P for
the (asymmetry) binary relation on X that encodes the DM’s
strict preferences among the alternatives. In this framework,
we assume that the relation P is acyclic and incomplete. We
can define its complementP � (x,y)|(xPy) . Let xs ∈X be a
satisfactory alternative which meets the minimum level of
satisfaction of the DM. Let Gp(A;xs) � x ∈A|xsPx  be the
set of satisfactory alternatives in the set A. We assume that
there always exist satisfactory alternatives in the choice set A,

i.e., GP(A;xs)≠ϕ. Let max(A;P) � x ∈A|∀y ∈A,yPx  be
the set of maximal alternatives according to the relation P in
the set A. Since P is assumed to be acyclic and incomplete,
then the set max(A;P) is not always a singleton.

Definition 2. (see Masatlioglu et al. [10]). Γ is a mapping
from Ω to Ω with ϕ≠Γ(A) ⊂ A for every nonempty set
A ∈ Ω, Γ(A) is called a consideration set.

Here, the notion of consideration sets is consistent with
standard search theory (Masatlioglu et al. [10]; Masatlioglu
and Nakajima [11]). A consideration set is the subset of all
available alternatives to which the DM pays attention.

Definition 3. c is a satisficing choice function on the domain
D1 if and only if there exist an acyclic and incomplete strict
relation P, the minimum satisfactory alternative xs ∈ X, and
a consideration set Γ(A) ⊂ A such that c(A, Aj ) ∈
max(Γ(A); P) where Γ(A) � Aj∗ and j∗ � min j|Aj ∩

GΡ(A; xs)≠ ϕ}.
Definition 3 implies that there always exists a satisfactory

alternative in some stage of the sequence Aj . Here, a DM
chooses an alternative based on the acyclic and incomplete
strict relation P and the minimum satisfactory alternative xs.
Specifically, if there exists an alternative which is not inferior
to xs, then it is considered to be satisfactory. *e DM
searches through the sequence Aj . If she identifies at least
one satisfactory alternative in the first stage, then she stops
searching at A1, which becomes the consideration set, and
chooses one satisfactory alternative in A1. Otherwise, she
continues to explore the second stage. *is process is re-
peated until one satisfactory alternative is explored.

3. The Decision Rationality Analysis under the
Observable Search Order

Suppose that we observe the DM making choices in the
premise of the DM’s limited attention and incomplete
preferences. We are interested in identifying the conditions
under which her behavior is consistent with the satisficing
procedure. We explore these identification issues under two
different domains. Under the full domain D1, we assume
that the search order of the sequence Aj  is observable, and
the DM searches alternatives from the first stage A1 of Aj .
Now we move to the axiomatic characterization, some ra-
tionality conditions are introduced. *e existence and ra-
tionality properties of a satisficing choice function on the
domain D1 are studied combined with these conditions.

Condition 1. x, y ∈ Γ(A)∩Γ(B), x � c(A, Aj )⇒y≠
c(B, Bj ).

Condition 2. x � c(A, Aj ), y ∈ A\ x{ }⇒x � c(A\ y ,

Aj ).
Condition 1 is a weakening of Weak Axiom Revealed

Preference (Papi [33]), where Aj  and Bj  are two subset
sequences of A and B, respectively, and Γ(A) and Γ(B) are
two consideration sets of A and B, respectively. Condition 1
indicates that when both alternatives x and y are contained
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in two consideration sets A and B, respectively, if x is chosen
in a sequence, then y is not chosen in another sequence,
which implies that if a consumer searches a satisfactory
goods in one supermarket, and she will not go to another
supermarket to buy another goods of the same kind.
Condition 2 indicates that if x is chosen in a sequence, then
removing another alternative from this sequence does not
affect a consumer’s choice, which implies that removing
irrelevant goods does not affect her choice.

Proposition 1. (1) If c is a satisficing choice function on the
domain D1, then it satisfies Condition 1. (2) Let c(A, Aj ) be
an extended choice function on the domain D1, and
c(A, Aj ) ∈ max(A; P). If c(A, Aj ) satisfies Condition 1,
then it is a satisficing choice function.

Proof

(1) *e conclusion is obvious.
(2) Let Aj  be a subset sequence of A ∈ Ω. We assume

that Γ(A) is a consideration set, and Γ(A) � A1 �

x, y, z . If xPy and yPz, then y≠ c(A, Aj ),

z≠ c(A, Aj ). If zPx, then x≠ c(A, Aj ), contra-
dicting c(A, Aj ) ∈ A1. Hence, P is acyclic and
x � c(A, Aj ). *is implies that zPx, and hence, P

is incomplete. Let Bj  be a subset sequence of
B ∈ Ω, and x, y ∈ Γ(A)∩ Γ(B). If x � c(A, Aj ),
there exists another alternative y ∈ Γ(A) such that
yPx, and hence, y � c(B, Bj ), where Γ(B) � B1 �

x, y . *erefore, by Condition 1, x≠ c(A, Aj ),
contradicting x � c(A, Aj ). *is implies that
∀y ∈ Γ(A)\ x{ } such that yPx, that is c(A, Aj ) ∈
max(A; P). Let xs ∈ X be the minimum satisfactory
alternative, and ∀x ∈ Γ(A). Since c(A, Aj ) ∈
max(A; P), and hence, c(A, Aj ) ∈ Gp(A; xs), there
exists a subset Aj ⊂ A, j ∈ N such that
Aj ∩GΡ(A; xs)≠ϕ. *erefore, we have c(A,

Aj ) ∈ Aj∗ , where j∗ � min j|Aj ∩GP(A; xs)≠ ϕ .
So x ∈ Aj∗ . Conversely, if x ∈ Aj∗ , then we have
x ∈ Γ(A) since c(A, Aj ) ∈ Gp(A; xs). *erefore,
Γ(A) � Aj∗ .

Proposition 1 gives a condition about the existence of a
satisficing choice function on the domain D1. Moreover,
Proposition 1 indicates that condition 1 can be regarded as a
criterion of satisficing behavior. □

Proposition 2. If c is a satisficing choice function on the
domain D1, then it satisfies Condition 2.

Proof. Let x � c(A, Aj ) and Γ(A) be a consideration set.
Since c is a satisficing choice function, and hence,
c(A, Aj ) ∈ max(A; P). ∀y ∈ Γ(A), we have x � c(A\ y ,

Aj ). Moreover, since Γ(A) ⊂ A and x � c(A, Aj ), so
∀y ∈ A\Γ(A), we have x � c(A\ y , Aj ).

Proposition 2 gives a rationality property of a satisficing
choice function on the domain D1. □

Proposition 3. Let c be a satisficing choice function on the
domain D1, (1) x ∈ Gp(A; xs) if and only if x ∈ Ai ⊂ A and
there exists noy ∈ Aj ⊂ A, j> i such that c(A, Aj ) � y; (2)
x ∈ Γ(A) if and only if there exists some subset Ai such that
x, y ∈ Ai and y precedes x, y � c(A, Aj ); and (3) xPy only
if there exists some stage Ai of a sequence (A, Aj ) such that
x � c(A, Aj ) and y ∈ Γ(A) � Ai.

Proof

(1) x ∈ Gp(A; xs) implies that x is a satisfactory alter-
native in subset A, and hence, the DM stops
searching after exploring the alternative x. So if
x ∈ Ai ⊂ A, then there exists no y ∈ Aj ⊂ A, j> i

such that c(A, Aj ) � y. Conversely, assume that
x ∉ Gp(A; xs), this implies that there exists no sat-
isfactory alternative in subset Ai. Since
GP(A; xs)≠ ϕ, there exists another alternative
y ∈ Aj ⊂ A, j> i such that c(A, Aj ) � y, contra-
dicting the given condition.

(2) *e conclusion is obvious.
(3) If xPy, then there exists some stage Ai such that
Γ(A) � Ai � x, y . And therefore, x � c(A, Aj )

since c is a satisficing choice function.

Proposition 3 investigates the conditions under which
we can infer from choices whether or not an alternative is
revealed to be satisfactory, to be considered and to be
preferred to another alternative on the domain D1. More-
over, we can not judge whether an alternative is revealed to
be preferred to another alternative under limited attention
and incomplete preferences even if it is considered and
chosen, which is different from classical revealed preference
theory. □

4. The Decision Rationality Analysis under the
Incompletely Observable Search Order

In reality, it is hard to assume that the order with which the
DM explores alternatives is observable. For example, con-
sider a consumer who purchases goods online. *e order
with which she browses or chooses goods is uncertain
usually. She may explore goods from left to right or from top
to bottom in a web page, and so on. On the contrary, it seems
more realistic to assume that the search order is incom-
pletely observable. *erefore, the domain under which we
study the issue is described as D2 � (A, Ak)|Ak ⊂

A ∈ Ω, Ak ∪Ak � A, k � 1, . . . , n}, where Ak is some (ob-
servable) stage of the subset sequence, and the search orders
of other stages Ak are assumed to be unobservable.
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Definition 4. c is a satisficing choice function on the domain
D2 if and only if there exist an acyclic and incomplete re-
lation P, the minimum satisfactory alternative xs ∈ X, and a
consideration set Γ(A) ⊂ A such that c(A, Ak) ∈

max(Γ(A); P), where Γ(A) �
Ak Gp(Ak; xs)≠ ϕ
Ak otherwise

 .

Definition 4 is similar to Definition 3, and the difference
between them is that the DM searches alternatives from
some (observable) stage Ak, but not from the first stage A1.
Moreover, the search orders of other stages Ak are
unobservable.

Similarly, the existence and rationality properties of a
satisficing choice function on the domain D2 are studied
combined with the following Conditions 3 and 4. Moreover,
Conditions 3 and 4 on the domain D2 are similar to
Conditions 1 and 2 on the domain D1, respectively.

Condition 3. x,y∈Γ(A)∩Γ(B),x � c(A,Ak)⇒y≠c(B,Bk).

Condition 4. x � c(A, Ak), y ∈ Ak\ x{ }⇒x � c(A, Ak\ y ).

Proposition 4. (1) If c is a satisficing choice function on the
domain D2, then it satisfies Condition 3. (2) Let c(A, Ak) be
an extended choice function on the domain D2, and
c(A, Ak) ∈ max(A; P). If c(A, Ak) satisfies Condition 3, then
it is a satisficing choice function.

Proof

(1) *e conclusion is obvious.
(2) Let (A, Ak) ∈ D2, Γ(A) � Ak � x, y, z . If xPy and

yPz, then zPx. If zPx, then x≠ c(A, Ak), contra-
dicting c(A, Ak) ∈ Ak. Hence, P is acyclic and
x � c(A, Ak). *is implies that zPx, and hence, P is
incomplete. Let (B, Bk) ∈ D2 and x, y ∈ Γ(A)∩
Γ(B). If x � c(A, Ak), there exists another alternative
y ∈ Γ(A) such that yPz, and hence, y � c(B, Bk),
where Γ(B) � Bk � x, y . *erefore, by Condition
3, x≠ c(A, Ak), contradicting x � c(A, Ak). *is
implies that ∀y ∈ Γ(A)\ x{ } such that yPx, that is
c(A, Ak) ∈ max(Γ(A); P). Let xs ∈ X be the mini-
mum satisfactory alternative, and ∀x ∈ Γ(A). Since
c(A, Ak) ∈ max(Γ(A); P) and if GP(Ak; xs)≠ ϕ, we
have c(A, Ak) ∈ Gp(Ak; xs), c(A, Ak) ∈ Ak, and
hence, x ∈ Ak. Conversely, if x ∈ Ak then we have
x ∈ Γ(A) since c(A, Ak) ∈ Gp(Ak; xs). *erefore,
Γ(A) � Ak. If GP(Ak; xs) � ϕ, then we have
Γ(A) � Ak.

Proposition 4 proves the existence of a satisficing choice
function on the domain D2 when the search order is in-
completely observable. □

Proposition 5. If c is a satisficing choice function on the
domain D2, then it satisfies Condition 4

Proof. Let x � c(A, Ak) and Γ(A) be a consideration set. If
Γ(A) � Ak, ∀y ∈ Γ(A), we have x � c(A, Ak\ y )

sincec(A, Ak) ∈ max(Γ(A); P). If Γ(A) � Ak, ∀y ∈ A\Γ(A),
we have x � c(A, Ak\ y ).

Proposition 5 gives the rationality property of a sat-
isficing choice function on the domain D2 when the search
order is incompletely observable. □

Proposition 6. Suppose that c is a satisficing choice function
on the domain D2, (1) x ∈ Gp(A; xs) if and only if there exists
no (A, Ak) ∈ D2 such that x ∈ Ak and c(A, Ak) ∉ Ak. (2)
x ∈ Γ(A) if there exists another alternative y � c(A, Ak) and
y precedes x in Ak. (3) xPy only if there exists (A, Ak) ∈ D2
such that x � c(A, Ak) and y ∈ Ak.

Proof

(1) If x ∈ Gp(A; xs), we assume that there exists
(A, Ak) ∈ D2 such that x ∈ Ak and c(A, Ak) ∉ Ak.
Since c(A, Ak) ∈ Gp(A; xs), then Γ(A) � Ak. *is
implies that Gp(Ak; xs) � ϕ, contradicting
x ∈ Gp(A; xs)∩Ak. Conversely, assume that
x ∉ Gp(A; xs). Let y ∈ max(Γ(A); P), there exists
(A, Ak) ∈ D2 such that x ∈ Ak and y ∈ A\Ak. And
hence, y ∈ Gp(A; xs); this implies that
c(A, Ak) � yk ∉ Ak.

(2) *e conclusion is obvious.
(3) If xPy, then there exists (A, Ak) ∈ D2 such that

A � x, y  � Ak. And hence Ak � A � Γ(A). We
have x � c(A, Ak) since c(A, Ak) ∈ max(Γ(A); P).

Similar to Proposition 3, Proposition 6 investigates the
conditions under which we can infer from choices whether
or not an alternative is revealed to be satisfactory, to be
considered and to be preferred to another alternative on the
domain D2. □

5. Application

We first introduce some notations and definitions. Let M be
a finite set of all products m ∈M. *emarket is composed of
many firms that produce homogeneous products, and they
have to decide simultaneously which product to produce. Let
N � 1, 2, . . . , n{ } be the set of firms (players), where n≥ 2 is
the number of firms. *e competition of firms is the
competition of the product quality. Let σi � σi,m1

, . . . , σi,mn
 

be firm i’s set of strategies, with i ∈ N. A firm i’s pure strategy
is denoted by σi,mi

∈ σi. A strategy profile of all firms is a
vector σ � (σ1,m1

, . . . , σn,mn
) ∈ 

n
i�1 σi, and the firm i’s profit

is denoted by πi(σ). Let c(m) be the cost of producing one
product m and p(m) be the price of the product m, and we
assume p(m)> nc(m). We assume that low quality is always
associated with lower prices and high quality with higher
prices. *e goal of firms is to maximize profit.

We assume the consumers can be either fully rational
consumers (FRCs) or boundedly rational consumers
(BRCs). Let R be a binary relation on M representing a
consumer’s preferences, and P and I are the asymmetrical
and symmetrical part of R, respectively. Let
mmax ∈ m ∈M|∃m′ ∈M, m′Pm} be the highest-quality
product in M and let mmin ∈ m ∈M|∃m′ ∈M, mPm′} be
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the lowest-quality product in M. Let ms ∈M be the lowest-
satisfactory product inM. A FRC’s preferences are complete,
and therefore, she always searches for the best product.
However, a BRC’s preferences are incomplete, and she
cannot always search for the best product. *e BRC searches
for a satisfactory product. All products that are not inferior
to ms are considered to be satisfactory for the BRC. *e
process is as follows:

(1) All firms decide to supply products meanwhile, and
each firm supplies a product of the same quality

(2) *e products supplied by the n firms are ordered
according to a certain order

(3) *e consumer chooses a product

5.1. Equilibrium Analysis under Full Rationality. Assume
first that firms know that the consumer is a FRC. If the
consumer is fully rational, then she is an expected utility
maximizer. We assume that the higher the quality of one
product which the FRC chooses, the greater her utility. She
chooses the best product according to her preference rela-
tion, and if products are of the same quality, then she
chooses randomly.

Given a strategy profile σ, let n(i, σ) � | j ∈ N|mjImi |

be the number of firms that supply a product mj of the same
quality as mi. Firm i’s expected profits depend on how many
firms supply products of the same quality as mi. For instance,
if miPmj for all j ∈ N, then n(i, σ) � 1 and πi(σ) �

p(mi) − c(mi). On the other hand, if miImj for all j ∈ N,
then n(i, σ) � n and πi(σ) � (1/n)p(mi) − c(mi). When
1< n(i, σ)< n, πi(σ) � (1/n(i, σ))p(mi) − c(mi). Proposi-
tion 7 characterizes the equilibrium of the n-firm game,
where the consumer is fully rational.

Proposition 7. In the n-firm game in which the consumer is
fully rational, there exists a pure-strategy Nash equilibrium.
In some conditions, the Nash equilibrium’s solution is unique,
i.e., σmax � (σ1,mmax , . . . , σn,mmax).

Proof. We first prove existence. Assume that all firms play
σmax � (σi,mmax)i∈N. In this case, each firm’s expected profits
are (1/n)p(mmax) − c(mmax). Suppose by contradiction that
σmax is not a Nash equilibrium. Assume that firm i deviates, by
playing some pure strategy m′ and mmaxPm′. In this case,
firm i’s expected profits are − c(m′). Obviously, firm i’s ex-
pected profits become smaller by the deviation, and σmax is a
Nash equilibrium. Next, we prove uniqueness. Suppose, by
contradiction, that there is another pure-strategy Nash
equilibrium σ′ � (σi,m′)i∈N different from σmax. In this case,
each firm’s expected profits are (1/n)p(m′) − c(m′). Assume
that firm i deviates, by playing some pure strategym″Pm′ and
m″Pm′. In this case, firm i’s expected profits are
p(m″) − c(m″). If p(m″) − c(m″)≥ (1/n)p(m′) − c(m′),
then firm i’s expected profits become greater by the deviation.
*erefore, σ′ is not an equilibrium. Hence, σmax is unique.

Proposition 7 indicates that all firms should supply the
FRC with the highest-quality product in order to maximize
their expected profits. In this case, the FRC can obtain the

maximal utility. Moreover, if all firms supply a low-quality
product m′ and mmaxPm′ under the condition
np(mmax) − p(m′)≥ n(c(mmax) − c(m′)), firms can also
obtain profits. However, the FRC cannot choose the highest-
quality product. It implies that there also exists an equi-
librium although all firms do not supply the highest-quality
product.

*e game of Figure 1 represents the 2-firm game in
which the consumer is a FRC, there are two firms, and
M � mmax, mmin . Let c(mmin) � 20, p(mmin) � 100,
c(mmax) � 50, p(mmax) � 200.

*e row player is firm 1 and the column player is firm 2.
*e set of strategies is σ � (σ1,mmin , σ2,mmin), (σ1,mmin , σ2,mmax),

(σ1,mmax , σ2,mmin), (σ1,mmax , σ2,mmax)} and mmaxPmmin. For in-
stance, suppose that firm 1 plays mmax and firm 2 mmin. Since
mmaxPmmin, then the FRC buys mmax. *erefore, firm 1’s
profits are 150 and firm 2’s profits are − 20. Suppose that firm
1 plays mmax and firm 2 mmax, since mmaxImmax, the FRC
buys mmax randomly.*erefore, firm 1 and firm 2’s expected
profits are all 50. *e strategy profile (σ1,mmax , σ2,mmax) is the
Nash equilibrium of pure strategy in Figure 1. When
2p(mmax) − p(mmin)≥ 2(c(mmax) − c(mmin)), the strategy
profile (σ1,mmin , σ2,mmin) is also the Nash equilibrium. □

5.2. Equilibrium Analysis under Bounded Rationality.
Assume now that firms know that the consumer is a BRC. If
the consumer is a BRC, she cannot compare all products
under limited attention.We assume that the BRC follows the
satisficing heuristic, that is, she examines products se-
quentially and stops searching as soon as she identifies the
first satisfactory product. Here, a set of products which
contains the first satisfactory product of BRC’s is called a
consideration set. And then, the BRC chooses a satisfactory
product only in a consideration set. When there are several
satisfactory products in the consideration set, then she
chooses randomly. For instance, assume that some firm that
precedes firm i supplies a satisfactory product. In this case,
the BRC does not even consider firm i’s product because she
stops searching before encountering it. Unlike the FRC, if all
products are discovered, that are not inferior to ms, then the
BRC chooses randomly.

Next, we analyze the firm i’s profits. If only the product
mi provided by the firm i is satisfactory to the BRC in the
consideration set, then the firm i’s profits are p(mi) − c(mi).
If products provided by n(i, σ) (1< n(i, σ)< n) firms are all
satisfactory to the BRC in the consideration set, then firm i’s
profits are (1/n(i, σ))p(mi) − c(mi). Proposition 8 charac-
terizes the equilibrium of the n-firm game, where the
consumer is boundedly rational.

Proposition 8. In the n-firm game in which the consumer is
boundedly rational, if ∀m, m′ ∈M and mPm′Rms such that
p(m) − p(m′)≤ n(c(m) − c(m′)), then there exists a unique
pure-strategy Nash equilibrium, and the Nash equilibrium’s
solution is σs � (σ1,ms , . . . , σn,ms ).

Proof. We first prove existence. Assume that all firms play
σs � (σi,ms )i∈N. In this case, each firm’s expected profits are
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π(σs) � (1/n)(p(ms) − c(ms)) − ((n − 1)/n)c(ms). Suppose
by contradiction that m′ is not a Nash equilibrium. If this is
the case, then there must be at least one profitable deviation.
Assume first that firm i deviates, by playing some pure
strategy m′ such that m′Pms. In this case, firm i’s expected
profits are

πi σi,m′ , σ− i,ms  �
1
n

p m′(  − c m′( (  −
n − 1

n
c m′( 

�
1
n

p m′(  − c m′( .

(1)

Since m′Pms and p(m′) − p(ms)≤ n(c(m′) − c(ms)),
hence π(σs)≥ πi(σi,m′ , σ − i,ms ), this implies that the deviation
is not profitable. Next, suppose that firm i deviates, by
playing some pure strategy m″ such that msPm″. In this
case, firm i’s expected profits are πi(σi,m″ , σ − i,ms ) � − c(m″),
which means that the deviation is also not profitable.
*erefore, σs is a Nash equilibrium.

Now we prove uniqueness. Suppose, by contradiction,
that there is another pure-strategy Nash equilibrium σ∗ �

(σi,m∗)i∈N different from σs. Assume that firms play σ∗, and
hence, each firm i′s profits are π(σ∗) � (1/n)p

(m∗) − c(m∗). Suppose first that msPm∗, then each firm i
could profitably deviate by playing m∗∗Pm∗, and hence, σ∗
cannot be a Nash equilibrium. Next, suppose that m∗Pms, if
each firm i deviates, by playing some pure strategy m‴ such
that m∗Pm‴ms, and then, firm i′s expected profits are
πi(σi,m‴ , σ− i,m∗ ) � (1/n)p(m‴) − c(m‴). Since p(m∗)−

p(m‴)≤ n(c(m∗) − c(m‴)), hence π(σ∗)≤ πi(σi,m‴ , σ − i,m∗),
this implies that the deviation to m‴ is profitable. *erefore,
σ∗ cannot be a Nash equilibrium. Hence, ms is unique.

Proposition 8 indicates that all firms only supply the
BRC with the minimal satisfactory product ms in order to
maximize their expected profits under certain conditions. In
this case, each firm i′s expected profits are
(1/n)p(ms) − c(ms). *e fact that the BRC follows the
satisficing heuristic attenuates the mechanism of competi-
tion and induces firms not to supply the highest-quality
product.

*e game of Figure 2 represents the 2-firm game in
which the consumer is a BRC, there are two firms, and
M � mmax,ms{ }. Let c(ms) �35, p(ms) �150, c(mmax) � 50,

p(mmax) � 200.
*e row player is firm 1 and the column player is firm 2.

*e set of strategies is σ � (σ1,ms , σ2,ms ), (σ1,ms , σ2,mmax),

(σ1,mmax , σ2,ms ), (σ1,mmax , σ2,mmax)} and mmaxRms. It should be
noted that their choices of FRCs and BRCs are different in
face of products mmax and ms.

For instance, suppose that firm 1 plays ms and firm 2
mmax. Since mmaxRms, then the FRC buys mmax. *erefore,
firm 1’s profits are − 35 and firm 2’s profits are 150. However,
the products mmax and ms are indifferent (mmaxIms) for the
BRC, and hence, the BRC buys mmax or ms randomly.
*erefore, firm 1 and firm 2’s expected profits are 40 and 50,
respectively. Moreover, the Nash equilibrium does not al-
ways exist, but only exists under a certain condition in
Figure 2. For instance, when the condition p(mmax) −

p(ms)≤ 2(c(mmax) − c(ms)) holds, the strategy profile
(σ1,ms , σ2,ms ) is the Nash equilibrium. □

6. Conclusions

*is paper proposes a satisficing choice model in which the
DM’s behavior is consistent with the satisficing heuristic.
Our main contribution is that we propose a satisficing choice
rule in the premise of the DM’s limited attention and in-
complete preferences. We axiomatically characterize the
proposed model under two different choice domains. In the
application of quality competition, we characterize the
equilibrium of the n-firm game, where the consumer can be
either a FRC or a BRC. Moreover, an example of numerical
analysis in case of the 2-firm game is given. Different from
existing researches, the consideration set is established by
disjoint sets to describe the limited attention of the DM in
the premise of the DM’s incomplete preferences in this
paper. *e satisficing choice model of this paper is to ensure
that the DM is able to obtain a satisficing alternative in a
short time with a larger probability. However, it is difficult
for the DM to obtain the optimal alternative in the satisficing
choice model.

Moreover, we point out the following research directions
for future studies:

(1) *e stochastic satisficing models (such as Caplin
et al. [22]; Kovach and Ülkü [23]) have recently been
a research hotspot. How to propose a stochastic
satisficing choice rule in the premise of the DM’s
limited attention and incomplete preferences is
worth studying further.

(2) It is also interesting to extend the satisficing choice
model to consensus reaching for group decision-
making settings (such as Zhang et al. [34]; Zhang
et al. [35]).
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Figure 2: Competitive strategy under bounded rationality for n� 2
and M � mmax, ms{ }.
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