Omega 40 (2012) 137-148

Contents lists available at ScienceDirect

Omega

journal homepage: www.elsevier.com/locate/omega n__| -

Dynamic pricing in the presence of consumer inertia

Li Zhao?, Peng Tian?, Xiangyong Li>*

2 Antai College of Economics & Management, Shanghai Jiao Tong University, Shanghai 200052, China
Y School of Economics & Management, Tongji University, Shanghai 200092, China

ARTICLE INFO

ABSTRACT

Article history:

Received 31 May 2010

Accepted 21 April 2011

Processed by Associate Editor Adenso-Diaz
Available online 8 May 2011

Keywords:

Dynamic pricing
Customer behavior
Consumer inertia
Dynamic programming
Multinomial logit model

Customer behavior modeling has gained increasing attention in the context of dynamic pricing. As an
important behavior phenomenon, consumer inertia refers to consumers’ inherent tendency of purchase
procrastination and may induce consumers to wait even when immediate purchase is optimal from an
objective perspective. This paper studies a dynamic pricing problem for a monopolist firm selling
perishable goods to consumers who may be influenced by inertia. We formulate this problem using the
finite-horizon dynamic programming approach and derive the optimal dynamic pricing policy. We
demonstrate that consumer inertia produces negative effects on firms’ expected revenues and optimal
prices, which are monotonically decreasing in both inertia depth and breadth. Through numerical
illustrations, we further show that the marginal effects of inertia depth on optimal prices and expected
revenues are decreasing, whereas the marginal effects of inertia breadth are increasing. Finally we

propose some suggestions for firms to influence the level of consumer inertia.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

In revenue management (RM), profit maximization target can
be achieved by optimal pricing and inventory control [1-6].
Dynamic pricing (DP) has become a common practice adopted
by firms that sell a limited inventory of perishable or seasonal
products (e.g., airlines, hotels, apparel retailers) within a finite
horizon [7]. The fundamental principle of DP is that firms adjust
their prices based on the inventory level and the time remaining
in the selling season. Most classical DP models assume that
consumer behavior is myopic, i.e., a consumer makes a purchase
as soon as the price is below his/her valuation for the product.
However, for many practical problems, consumers exhibit differ-
ent behavior phenomenon, e.g., consumers wait in anticipation of
better purchase opportunities in the future. Neglecting consu-
mers’ decision processes may have significant repercussions
because customer behavior in any market is intricately tied to
firms’ actions and the corresponding reactions from other con-
sumers [8]. Understanding consumers’ decision processes and
characterizing their responses to firms’ decisions are important
ingredients in making good operational decisions. During the past
few years, modeling customer behavior has gained widespread
attention in the field of DP and RM. There are a growing number
of papers devoted to this area [8-11].

Purchase delay is a common behavior phenomenon in con-
sumers’ purchase decision-making process. Customers who delay
purchases may do so based on strategic considerations (e.g., in
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anticipation of better purchase opportunities in the future), but
there may also be behavioral causes. In other words, consumers
sometimes wait even when immediate purchase is optimal from
an objective perspective. We often can see this kind of procras-
tinator waiting until the last minute in many different situations,
e.g., holiday shopping, preventive health care and maintenance
services [8]. For more examples, interested readers may refer to
[12,13]. Su [14] first refers to this kind of behavior as consumer
inertia and defines it as consumers’ inherent tendency to refrain
from making any purchase. Other researchers also define the
same behavior as trait or dysfunctional procrastination [15-17].
For instance, Van Hooft et al. define trait procrastination as
consumers’ tendency to unintentionally postpone [16]. Darpy
[15] defines dysfunctional procrastination as inclination to delay,
that is, the tendency to delay purchases becomes chronic and
ineffective. Van Eerde states that only unintended delay is
considered procrastination [17], which Wertenbroch points out
is a real behavioral problem [18]. Su [14] models consumer inertia
where an additional utility premium is required to trigger
purchases. To be more precise, one consumer chooses immediate
purchase if and only if U>U'+1TI, where U is the utility from
purchasing, U’ is the utility from not-purchasing (waiting), and
I' is the trigger increment. Su further demonstrates that this
decision model of consumer inertia is consistent with well-
established behavioral regularities such as loss aversion, prob-
ability weighting in the sense of prospect theory, and hyperbolic
time preference [14].

In the existing literature, consumers’ waiting behavior based
on strategic considerations has been studied extensively in the
contexts of RM and DP [10,19,20]. Typically, a game framework is
required for encompassing strategic behavior by consumers.
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However, the behavior of purchase delay based on behavioral
considerations has received little research attention. To the best
of our knowledge, most of the existing literature except for [14]
focuses on the role and the causes of purchase delay [15,21-25].
But how consumer inertia may affect firms’ pricing policy in a
general dynamic pricing context and the practical recommenda-
tions for firms to influence the level of consumer inertia have not
been intensively explored. In this paper, we study consumers’
behavior of purchase delay (consumer inertia) in a general DP
context that we believe substantially fills this void.

In this paper, we analyze a multi-period dynamic pricing
problem for a monopolist firm selling perishable goods to con-
sumers who may be influenced by inertia. Following the model of
consumer inertia proposed in [14], we explicitly model the
consumer dynamic choice process using the classical multinomial
logit (MNL) model, in which we specify the probability of
purchasing one unit of product as a function of inertia. The MNL
model is widely used in the marketing literature and its popu-
larity stems from the fact that it is analytically tractable, relatively
accurate, and can be estimated easily using standard statistical
techniques [26]. At each decision epoch, the firm dynamically
determines the most profitable price for the product to be offered
and maximize the total expected revenues over the selling season.
Given the new model of consumer choice behavior, we then
present a stochastic dynamic programming formulation for the
multi-period dynamic pricing problem in the presence of con-
sumer inertia. We next derive the optimal policy for the resulting
dynamic program. Not only does the optimal pricing policy
depend on the inventory scarcity, but also it is significantly
influenced by the level of consumer inertia in two dimensions:
depth of inertia (i.e., extent of inertia) and breadth of inertia (i.e.,
probability that a customer is affected by inertia). Moreover, we
show that the optimal price and expected revenues are decreasing
in both inertia depth and breadth. With a simulation study, we
numerically examine the effects of consumer inertia on firms’
dynamic pricing strategies and the interplay of consumer inertia
and inventory scarcity. We demonstrate that consumer inertia
does significantly hurt firms’ expected revenues and the interplay
between inertia and inventory scarcity leads to complicated
patterns of optimal price. Based on our results, we also discuss
some practical recommendations for firms to influence the level
of consumer inertia.

The remainder of this paper is organized as follows. In Section 2,
we review the related works in the literature. In Section 3, we
present the model formulation. We then characterize the optimal
prices in Section 4 followed by a simulation study presented in
Section 5. In Section 6, we discuss some measures for firms to
influence the level of consumer inertia. We finally summarize this
paper in Section 7.

2. Literature review

For an overview of RM, readers may refer to [27]. For develop-
ments in optimal inventory models, readers may refer to [28-32].
Here, we briefly review some papers related to customer
behavior in the context of DP, consumer inertia and the MNL
model.

Recent papers in RM and DP have begun to examine customer
behavior. Dana [33] points out that new research directions in RM
include sophisticated models of customer behavior, more general
models, understanding of rivalry, and more general pricing
mechanisms. For a comprehensive review of customer behavior
modeling in RM, interested readers may refer to [8]. Aviv and
Pazgal [19] study the optimal pricing policy for the seasonal
goods in the presence of strategic consumers. Liu and van Ryzin

[20] study the problem of the optimal timing and amount of
quantity rationing when facing strategic consumers. Levin et al.
[10] propose a dynamic pricing model for a monopolistic com-
pany selling a perishable product to a finite population of
strategic consumers. They demonstrate through numerical exam-
ples that a company which ignores strategic consumer behavior
may receive much lower total revenues than one that uses the
strategic equilibrium pricing policy. Su [11] also demonstrates
that strategic consumer behavior may benefit the firm in an
environment of scarcity. Levin et al. [9] examine the impact of
strategic consumer behavior on dynamic pricing strategies in an
oligopoly setting. Levina et al. [34] consider a dynamic pricing
problem with online learning and strategic consumers. In this
problem, a monopolistic company is dynamically pricing a perish-
able product or service and simultaneously learning the demand
characteristics of its consumers, who are aware that pricing is
dynamic, may time their purchases strategically, and compete for
a limited product supply. Cachon and Swinney [35] consider a
retailer, who is facing three types of consumers: myopic con-
sumers, bargain-hunting consumers, and strategic consumers sets
an initial stocking quantity and sells a product with uncertain
demand over a finite selling season by optimally marking down
the remaining inventory.

The concept of consumer inertia has been widely studied on
brand choices in the marketing literature. In some product
markets, demand dynamics may arise due to the effects of state
dependence or/and reference prices on consumers’ brand choices
[36]. A positive effect of past consumption of a brand on the
consumer’s current probability of buying the brand is referred to
as “inertia”, while a negative effect is referred to as “variety
seeking”. Another kind of demand dynamic is reference price.
That is, consumers often evaluate the price of a brand at the store
with respect to the historically observed prices of this brand.
Seetharaman and Che [37] study the pricing behavior in markets
with consumer variety seeking. Popescu and Wu [38] consider the
dynamic pricing problem where demand is sensitive to the firm'’s
pricing history. Other researches on inertia in the context of
consumer brand choice are presented in [39-46]. In the context of
brand choice, inertia typically leads to repeated purchases of the
same brand. However, as in [14], we consider a different inertia,
which will induce consumers to delay the purchase.

In the existing literature, researchers have paid great attention
to the causes of purchase delay resulting from behavioral con-
siderations. Mzoughi et al. [21] confirm the theoretical postula-
tion that unpleasant tasks strongly determine purchase delay and
reveal that negative attitude toward online shopping is important
in predicting e-procrastination. Darpy [15] finds that consumers
are more likely to defer choice when facing a procrastinable
situation rather than a non-procrastinable situation. In a procras-
tinable situation, the deadline is avoidable while the difference
between alternatives is low and thus there is no urgency to make
a difficult choice. But in a non-procrastinable situation, the
deadline is unavoidable and there is no escape to an easy
situation. Drago and Kadar [22] empirically prove that a longer
redemption deadline increases consumer’s incentives to reply to
the rebate promotion. Amir and Ariely [23] demonstrate that
different augmentations of the purchase environment that
manipulate the ease of avoiding choice (e.g., reducing consumers’
ability to defer choice) can increase purchase behavior.

The MNL model is widely used in the marketing literature and
can be applied to model behaviors ranging from deterministic
utility maximization to purely random choice [47]. For detailed
discussions on the MNL model, see [26,48-50]. Here we brief
some applications of the MNL model in the context of DP. van
Ryzin and Mahajan [51] consider a problem in which a retailer
has to construct an assortment for a category of product variants.
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