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Abstract: In a competitive environment, a firm manages revenue through dynamic pricing, and
customers obtain purchasing knowledge from previous customers through multiple channels be-
fore making purchasing decisions. This behavior, which can improve customers” bounded rational-
ity level to choose when and which type to purchase, has a great influence on a firm’s profit. This
paper assumes that two companies produce products with different properties (green and regular
properties) and that the payment preferences of customers for these products are heterogeneous
and obey a uniform distribution. We build a two-period dynamic pricing model according to cus-
tomers’ boundedly rational behavior. We discuss how the property difference and bounded ration-
ality level impact the profit of a company by comparing the Nash equilibrium obtained from static
pricing and dynamic pricing, and we discuss this under the situation of only exiting myopic cus-
tomers. This paper concludes that decision makers should survey information about customers’
bounded rationality levels, payment preferences and product differences before implementing a
dynamic pricing strategy.
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1. Introduction

Since the 1960s and 1970s, green consumption has gradually become popular, the
power of green consumption continues to increase, and consumers are willing to pay an
environmental premium for green products. This induces some socially responsible en-
terprises to produce green differentiated products with higher green attributes, while
many enterprises still maintain the status quo and produce only traditional products with
functional attributes. The enterprise product market can be divided into a green market
and a traditional market. A product differentiation strategy is an effective way for com-
panies to find niche markets in a competitive environment and is commonly applied to
the sales of daily consumer goods such as food. On the other hand, some companies will
systematically change prices over time to better manage demand and increase profits.
This behavior is known as intertemporal price discrimination, where customers with a
green and environmentally friendly inclination (high payment preference) will purchase
the product at a higher price in the early stages, whereas customers with a product func-
tionality inclination (low payment preference) will wait until later to purchase the product
at a lower price. In a competitive market, companies can manage revenue through dy-
namic pricing, and customers with bounded rationality can also learn about their previ-
ous purchasing experience through various channels (Weibo, WeChat, verbal communi-
cation, etc.) and receive feedback information. In this way, customers can obtain market
information on product prices and supply quantities, compare the consumer surplus that
the company can obtain at different price stages, and finally make purchasing decisions.
The purchasing experience of early customers involves product prices and supply infor-
mation, which can affect their current purchasing decisions. In reality, most consumers
have bounded rationality. Therefore, in a competitive market environment, companies
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need to consider both the degree of bounded rationality of customers and the sustainabil-
ity of intertemporal demand when making dynamic pricing decisions.

Some products sold on the market, such as food and appliances, have substitutes
with different attributes, and over time, consumers' expected payments gradually de-
crease. Companies will lower prices to maintain their reasonable profits until the products
are replaced or withdrawn from the market. Facing the threat of competitors, how to dy-
namically adjust prices and respond to customers' bounded rational behavior over time is
the primary goal for companies to achieve high profits. This article divides product sales
into two stages, the normal sales and product clearance stages, and studies how the dif-
ferences in product attributes between the two stages and customers' bounded rationality
behavior affect a company's dynamic pricing.

This article considers two companies in the market that produce green products with
green attributes (green products in this article refer to healthy or environmentally friendly
products, such as product shelf life, updates, etc.) and traditional products with functional
attributes. There is heterogeneity in customers' preferences for products with different
attributes. Both companies simultaneously set prices at each stage to maximize their re-
spective profits. Customers have rational expectations for the prices set by the company
in the future, but they cannot accurately predict the supply of future products. They weigh
the payment preferences and supply situations of products purchased from different com-
panies at different stages and choose when to purchase with which products to maximize
individual consumer surplus.

2. Literature Review

The literature on strategic customer behavior has focused on how strategic customer
behavior affects a company's operational decisions, including dynamic pricing (Wang and
Xu, 2022; Qi et al., 2025; Wang and Xu, 2024), capacity allocation (Liu and Ryzin, 2011; Tan
et al., 2025), and rapid response strategies (Cachon and Swinney, 2009). Besanko and Win-
ston (1990) first considered consumers' strategic behavior in dynamic pricing and noted
that considering strategic consumers would increase the profits of monopolistic firms.
Elmaghraby et al. (2003) considered inventory and concluded that consumer strategic be-
havior affects manufacturers' pricing. Liu et al. (2009) studied the inventory and pricing
decisions of manufacturers facing consumer strategic behavior under both deterministic
and uncertain demand. Dasci and Karakul (2009) considered strategic customer behavior,
studied the dynamic pricing problem of two cycles and two retailers, and noted that dy-
namic pricing may lead to lower equilibrium prices. Bi et al. (2014) considered consumer
strategy behavior and studied the dynamic pricing of companies in the presence of sub-
stitutes. Man Yu et al. (2016) considered the product quality information generated by
consumers and studied how companies can dynamically adjust prices to achieve maxi-
mum revenue. Most existing studies focus on the relationship between strategic custom-
ers and a single seller buying and selling a product in a monopolistic market, and the
premise assumption of these studies is that customers are completely rational. Therefore,
to make research theories more realistic, some scholars have proposed bounded rational
behavior in dynamic systems (Bischi and Kopel, 2001; Huang and Liu, 2015). The bounded
rationality model used in this study is based on the model S (K) proposed by Osborne and
Rubinstein (1998). Before making a purchase decision, customers use various channels
(Weibo, WeChat, verbal communication, etc.) to understand the previous customer's pur-
chase information to determine the probability of future product supply. On the basis of
this model, this article studies the impact of customers' bounded rationality on dynamic
competitive pricing and company profits.

In the literature on competitive dynamic pricing under customer choice behavior,
two main aspects are involved: which products customers choose to purchase and how
dynamic pricing in a competitive environment can increase company profits (Martinez-
de-Albéniz and Talluri 2011; Lin and Sibdari, 2009; Cen, 2025). The bounded rationality
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behavior of customers can help them better evaluate products (Hu and Milner, 2015),
choose better purchasing stages, and achieve maximum consumer surplus. Enterprises
can also obtain limited rational information from customers to better adjust product prices
at different sales stages and maximize profits. This study assumes that customers with
bounded rationality not only need to choose which product to purchase but also need to
decide when to make the purchase. Owing to the bounded rationality of customers con-
sidering future price expectations and product supply when making purchasing decisions,
compared with static pricing, considering customers' bounded rationality behavior causes
greater damage to company profits, and the greater the degree of rationality is, the greater
the degree of damage. This study focuses on cross-period pricing in the presence of cus-
tomers with bounded rationality and product differentiation.

3. Model Building

This article assumes that there are two companies in the market, Company a and
Company b, selling green products and traditional products, respectively, with a green
level that meets the requirements e, > e,. Without loss of generality, this article stand-
ardizes (ey,ep) as (1,5), where 0 < f < 1. This article assumes that the degree of greenness
is an exogenous variable and that customers have heterogeneous preferences u for prod-
uct attributes, following a uniform distribution of [0,1]. For two companies and customers,
this distribution belongs to common knowledge. The sales cycle of the product is divided
into two stages, and in different stages, the product prices set by the two companies are
P1 = (P10 P1p) OF P2 = (D24, P2,p)- The stage discount factor for each company is a (0 <
a < 1), and at the beginning of each stage, both companies simultaneously set prices to
maximize their respective total profits. The consumer surplus of a product purchased by
a customer can be expressed as 6.e; — p;;, where i =a,b, t =1,2 (the same applies below).
Customers can also choose not to purchase, and the remaining amount will be 0. This
article assumes that the linear unit costs of products a and b are cand fc, respectively,
where ¢ <1 and 6; = c.

This article standardizes the total number of customers to 1, with a maximum pur-
chase of one product per customer. Customers are cross-period utility maximizing users
and choose when and what products to purchase. This article uses the S(K) model (Os-
borne and Rubinstein 1998) to reflect the degree of bounded rationality of customers,
where K represents the sample size of customers who purchased the product before
making the purchase decision. Before a product is purchased, customers can understand
the inventory situation of the product in the second sales stage through their previous
purchasing experience. The more samples a customer receives, the higher the degree of
bounded rationality. If customers learn that the probability of the company's product sup-
ply in the second stage is low, they may increase their willingness to purchase in the first
stage. In the S(K) model, B;; represents a binary random variable, and B;;=1 or 0 rep-
resents whether sample k in the previous stage had stock or not when purchasing prod-
uct i in the second stage. Sum the sample information obtained by customers and take
the average, that is, %Z’k{:l B; k., used to represent the probability of bounded rational cus-

tomer expectations for the company's product supply in the second stage. Y5_; B;) fol-
lows a binomial distribution with parameters k and p,, where p,=P(Bj = 1). Custom-
ers can use %Zle Bix (Pi k) to calculate the consumer surplus in the second stage and
compare the surplus obtained from current and future purchases of products. K =0 indi-
cates that no previous customers or customers consider future product information. As
long as the consumer surplus is greater than 0, the customer will make a purchase. This
type of customer is called an impulse customer.

In the model presented in this article, the key factors determining customer purchas-
ing behavior are the degree of environmental differences (represented by the ratio of tra-
ditional products to green products) and the degree of bounded rationality of customers
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(solved through samples of previous customer purchasing information). This study as-
sumes that the ratio of environmental differences is greater than the bounded rationality
of customers; that is, if the net present value of two product prices is equal, customers
tend to choose to purchase traditional products in the first stage rather than waiting until
the second stage to purchase green products. In other words, if § > %Z’k{:l Bi v (Di k),

Pir = P24 %Z’,ﬁzl Ba k (Pak k), the customer will immediately purchase product b and re-
ceive more surplus than if they wait until the second stage to purchase product a.

4. Equilibrium Analysis

This article studies the pure strategic Nash equilibrium pricing strategy of two-stage
dynamic games and wuses reverse induction to solve it. Assuming that S >
%ZleBi_k(pi‘k,k), company b will set appropriate prices to capture bounded rational
customers with lower payment preferences, who will not wait until the second stage to
purchase product a. However, boundedly rational customers with the highest payment
preferences will purchase product a in the first stage. In equilibrium, the sales of both
companies are positive in both stages. This result is reflected in Proposition 1.

Proposition 1: Assume that § > %Zf:l B; x(Pi 1, k). If a bounded rational customer
with a payment preference v' chooses to purchase product i in the first stage, then a
bounded rational customer with a payment preference higher than v’ will also choose to
purchase product i in the first stage, without considering the latter price p,. If f <
%Zle Bi k(i k) and pig = pra %25:1 Bax(Pas k) are satisfied, then bounded rational
customers are more inclined to wait until the second stage to purchase product a rather
than choosing to purchase product b in the first stage.

Only when the bounded rational customer's payment preference v' satisfies ine-
quality (1) will the customer purchase product a in the first stage, that is,

K K
! 1 U 1 ! !
V' = Pra 2 mar(z ) Bap@aie OV = P2a) 3 ) Bk BV = 1) B = 1, 0} M
k=1 k=1

Only when the payment preference v’ of boundedly rational customers satisfies in-
equality (2) will they purchase product R in the first stage, that is,
K K

! 1 ! 1 ! !
BY' —pp = max{E E Bak(Pa i, k) (v —Pz,a),E E By k(Db o KBV — D2p) , V' — D1p, 0} 2)
k=1 k=1

If K =1, that is, customers obtain product allocation information through a channel
(such as verbal communication), inequalities (1) and (2) can be transformed into:
P1a = BP2a P1a = BP2p Pra —Pip

) ) ’ p1,a} (3)
1-B 1- BB 1-8
Pia ~ Pip Pib — BP2a Py~ BD2p Pip, @)
1-8 B—B ' B—-BB "B

If K- oo, the customer becomes a completely rational customer, then

v’ = max{

> v' > max{

%Zle B;x (Pix, k) represents the probability that the customer truly expects company i

to supply products in the second stage.

Therefore, any bounded rational customer who satisfies v > v' will purchase prod-
uct i in the first stage.

This article first studies the general problems when a product has only one stage in
Section 4.1 and then expands to two-stage problems in Section 4.2.

4.1. Static Problem Analysis (benchmark)

Owing to the lack of future purchasing opportunities, customers' strategic behavior
becomes ineffective (K = 0). Assuming that the customer's payment preference satisfies
veE[0,u], u€lcl]. If pp/B < ps < pp + (1 — P)u, then there exists a Nash equilibrium
between two companies. Otherwise, if one of the companies has a profit of 0, there is no
Nash equilibrium. Table 1 shows the profit of Company i.
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I, = (pl,a
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Table 1. Profit of the Company i.

profit

) [c.ps/B) [pv/B.py + (1 = B)u) by + (1~ B, 1]
1, (e — O —po) (P —C>(u—pi_2"> 0
, 0 (s~ OG5 =) (s~ B =)

On the basis of the profits in the table, taking the partial derivative of the price yields
the equilibrium price, equilibrium marginal profit, and profit:

wr= T =) ey r= B R (w =) + e
a =—2E:__;)(u—c) =Py * —Cmy *= ﬁ(l B)(u—c) =pp*—pc
4(1-) 2 Ea-H 2
Mo = o =gys = €)% Iy »= G50 (u = C)

4.2, Two-stage Problem Analysis

This article assumes that two companies price simultaneously at each stage, where
i, represents the indifferent payment preference of customers for purchasing products
in the first and second stages.

Proposition 2: The payment preference i, of customers for the product in the sec-
ond stage depends on the surplus of consumers in both stages.

If the demand for product b by customers in the first stage is greater than 0, then ii,
will depend on the comparison of consumer surplus between the two stages, that is, com-
paring the surplus of consumers who purchased product b in the first stage with the sur-
plus of consumers who purchased product a in the second stage, that is, meeting Sii, —

— Be = (fl, =My * =0) 1 Xt Bar(kipa) = (1 = 522 (@ = €) 3 Zes Bage (s Pas)

M1,b

obtaining %, =
& ﬁ_(f—tgi(zlk{=1 Bak(Pa,k)

consumer surplus when purchasing product a in the first and second stages, resulting in
~ Mi,a

U = — @
1_(4_6)1( Zlk(=1 Ba,k(pa,k;k)

If the channels through which bounded rational customers obtain prepurchase infor-
mation increase, i.e., K increases, then ii, firstincreases and then decreases. By learning
from the purchasing experience of previous customers, customers with bounded ration-
ality can more accurately anticipate the probability of product supply in the second stage

+ ¢. Otherwise, fi, depends on the comparison of

%Zfﬂ B; i (k,p;x). Therefore, as the degree of bounded rationality increases, they make

more accurate and reasonable purchasing decisions, that is, whether to purchase in the
current period or delay the purchase. company b can always set a reasonable price for
the expected price of product a so that customers with higher payment preferences tend
to purchase product b in the first stage rather than waiting. Therefore, only when cus-
tomers with higher payment preferences purchase product a and customers with lower
payment preferences purchase product b do the two companies have a Nash equilibrium
solution. In the first stage, the sales of companies a and b are both positive, namely,

m -m m -m m
U — b ZLa LD T . As a result, the payment preference
1-B 1-8 ﬁ - 5)sz 1Bak(pakk)
. m
of customers in the second stage becomes U, = —gr——" + ¢. Therefore, the

Tla- B)sz 1Bak®a,kk)
profits of the two companies are as follows:

Myq —Myp 4a(1-p) mip
— o)~ ) + = ' 2
1-F G=F g QAP 5K B sk
ﬁc)("ha Mibh Miyp 4ap(1-B) ( My,b 2

B- (‘(1275)3(2}( 1Bak®akk) (4-p)?

Proposmon 3 presents the Nash equilibrium results of two companies in the first
stage.

B- (iz J}g;( YR=1Bak®@b k)
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Proposition 3: If § > %Z’k{:l B; x (Dix, k), then in the first stage, the Nash equilibrium
prices and profits of the two companies are as follows:

Pra *= $1a(Uy — ) + ¢, Py *= Pyp(uy — ) + Bc

My g #= pya(uy — €)% My p *= py p(ug — )2

(1-p)X3 P1p+1-8 (2+8)
where ¢, = ” 2, 10 = %/ X, =p— -pK Yk=1Bak Paj k), Yo =3XF +

b1, X3+(1-B)X2—aB(1-B)%/(4-B)?)
41— P)X, — 4aB(1 = BY2/(4— B |y, = LIRS /
(P1p+1-B)% | 4axZ(1-p)3

4(1-p) ((4=-Brp2)?’
From Proposition 3, it can be concluded that when the product attributes of two com-

panies are more similar, perfect competition leads to market prices that are closer to prod-
uct costs and company profits that are closer to 0, i.e.,, § tends to be closer to 1. Therefore,
the profits of each company tend to be closer to 0, and the equilibrium prices of companies
a and b inthe two stages approach ¢ and fc.If K tendsto 0 oris large, the probability
of bounded rational customer expectations for product supply in the second stage is low,
the quantity of product b purchased by customers in the first stage increases, and p; 4 *
and p, , * increase, resulting in an increase in profits in the first stage. By comparing the
Nash equilibrium solution in this section with the equilibrium solution in Section 4.1, it
can be concluded that customers' bounded rationality behavior will reduce company prof-
its. If customers expect the price to increase in the second stage, they will choose to pur-
chase in the first stage, so the price of the second-stage product is lower than that of the
first-stage product, and the higher the degree of bounded rationality is, the higher the
price in the first stage.

Hia =

4.3. Equilibrium Solution in the Case of Impulsive Customers

Unlike customers with bounded rationality, impulsive customers only make deci-
sions on the basis of current prices and ignore future purchasing opportunities (when
K = 0). Proposition 4 provides the Nash equilibrium solution for this situation (derived
from Proposition 3).

Proposition 4: In the presence of impulsive customers, the two-stage Nash equilib-
rium solution is as follows:

. 2¢1(1-B) ~ 1-B)
Pia *= 743;1_1 Uy —¢) +¢,P1p *= 1Fi1 (ug —¢) + Bc
~ 411 (1-B) = $1(1-B)
nl,a *= (4(’%1_1)2 (ul - C)z/ nl,b *= (4}51_1)2 z(ul - C)z
- 1 a(1-B) ~ 72 a(1-p)
where 1 =4 =G g P = 01 ¥ g

By comparing the equilibrium solution of Proposition 4 with the equilibrium solution
in Section 4.1, it can be concluded that the company's prices and profits in the second stage
are lower than those in the first stage. Compared with the equilibrium solution in Section
4.2, in the case of impulsive customers, the company's product prices and profits are
higher than those in the case of bounded rational customers.

5. Conclusion

Through the analysis in this article, it is found that dynamic pricing can result in a
loss of company profits, and the higher the degree of bounded rationality of customers is,
the more profit the company loses. Therefore, when adopting a dynamic pricing strategy,
companies should consider the degree of bounded rationality of customers and the degree
of difference between the company's early product supply and the products of competing
companies. Especially for traditional companies, customers' bounded rationality behavior
should be treated with caution.

In the case where customers with bounded rationality tend toward green environ-
mental protection, this paper studies the dynamic pricing of two-product differences in
companies and concludes that the asymmetric impact of customers' bounded rationality
behavior on company profits. Compared with impulsive customers, although customers'
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bounded rational behavior may reduce the profits of both companies, companies produc-
ing traditional products suffer greater profit losses than those producing green products.
In general, at each stage, impulsive customers decide only which product to purchase and
ignore future purchasing choices. Therefore, at each stage, the competition between tradi-
tional enterprises and green enterprises will overlook cross-period demand substitution.
However, customers with bounded rationality must decide not only what product to pur-
chase but also when to purchase it, so there is competition between traditional and green
enterprises in both the current and second stages. The greater the degree of bounded ra-
tionality of customers is, the greater the degree of profit loss of the company. In addition,
as the degree of bounded rationality of customers increases, they can make more reason-
able purchasing decisions, and the impact of cross-period demand substitution becomes
stronger, resulting in greater profit losses for traditional enterprises than for green enter-
prises. Although this article establishes a pricing model based on customer bounded ra-
tionality in a competitive environment, it does not consider the impact of information
asymmetry between two competing companies.
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