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ABSTRACT

This paper studies price competition between the online and offline channels under the effects of showrooming
and the sunk cost effect. Consumers who are uncertain about their product valuation might examine the product in a
physical store but then switch to buying from the online store at a lower price (i.e., showrooming). We consider the
sunk cost effect in a setup involving two competing stores -- online vs. physical -- and consumers that have valuation
uncertainty and heterogeneous preferences about visiting the physical store. Our results suggest that the online store
may be better off if it targets only one type of consumer -- either direct buyers or switchers, but not both. However,
the online store can only do so under strict conditions, so it is more likely to engage in fierce price competition with
the physical store to pursue switchers. We also find that high transportation cost may benefit both stores in most
circumstances, but more so for the physical store because of the sunk cost effect. Higher sunk cost effect allows both
stores to charge higher prices in certain circumstances. In sum, while showrooming is more likely to aggravate the
competition, the sunk cost effect might mitigate the competition, benefiting both stores.

Keywords: Online-offline competition; Showrooming; Valuation uncertainty; Sunk cost effect; Pricing game

1. Introduction

When consumers have access to both online and brick-and-mortar (BM) stores, ‘“showrooming” happens:
consumers examine a product in the physical store but switch to buying it online [Zimmerman 2012]. Although the
online channel offers convenience and probably a lower price, consumers might still value the option of examining
the actual products before making their purchases [Levin et al. 2003]. Online technology is still limited in
demonstrating product attributes that involve touch, smell, or fit -- attributes that are essential for selling certain
products, such as perfume or shoes. Consumers might have difficulty evaluating these products through the online
store alone and thus be discouraged from online shopping. For example, in a survey of shoppers, Kacen et al. [2013]
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found that one of the major concerns of online shopping is the uncertainty about getting the right item. Kim and
Krishnan [2015] demonstrated that consumers are reluctant to buy products over $50 online if there is a high degree
of valuation uncertainty, even when they have accumulated much online shopping experiences. Zhou et al. [2007]
concluded that increased online shopping experience does not lessen consumers’ perceived risk, while Dai et al. [2014]
confirmed that limited physical access to products and sales personnel magnifies the level of perceived risk. To resolve
the uncertainty on product valuation, consumers can visit a physical store, where they can see, touch, feel, smell, and
try on the product in person and go back to purchase online for lower prices. A 2012 survey of U.S. online shoppers
by Click 1Q finds that 45.9% of respondents reported showrooming behavior [Balakrishnan et al. 2014]. A report by
Codex reveals that 24% percent of online book purchasers checked out the book first in a BM store.

While showrooming seems to be prevalent, there is evidence that trips to BM stores may have more implications
than being a showroom. For instance, Farag et al. [2007] found that online searching of product information leads to
more trips to BM stores, which do not necessarily convert to online purchases. Forman et al. [2009] showed that
transportation cost matters to consumer decisions and offline stores entry in an area reduces consumers’ sensitivity to
price discount online, while the breadth of the product line at a local store does not matter to consumers. It seems that
we cannot readily assume that consumers would certainly free-ride the physical store as a showroom and buy from
the online store, given a lower price and no disutility from online shopping.

We propose that consumers are subject to the sunk cost effect. The sunk cost effect is a maladaptive economic
behavior that is manifested in a greater tendency to continue an endeavor after an investment in money, effort, or time
has been made, due to psychological biases and cognitive limitations. Research has consistently demonstrated the
sunk cost effect in human decision making. Arkes and Blumer [1985] conducted experiments in a variety of situations
and confirmed the sunk cost effect. For instance, the majority of their subjects who had bought an expensive ticket for
a less enjoyable ski trip continued with this trip rather than buying another less expensive ticket for a more enjoyable
trip. Similarly, 85% of the subjects decided they would finance a project if they had previously invested in it, while
only 17% of the subjects who had made no prior investment would do so. In the context of consumer behavior, Dick
and Lord [1998] showed that, after paying a membership fee, consumers are reluctant to switch stores, even if
consumer utilities for the chosen and un-chosen stores become equal. Moreover, the sunk cost effect is robust and not
easily attenuated. Stanovich and West [2008] attested that the sunk cost effect is not alleviated as cognitive capability
increases because similar patterns were found in subjects scoring both high and low on the Scholastic Assessment
Test (SAT). Arkes and Blumer [1985] found that giving direct instructions on the sunk cost concept had no significant
effect on decision makers’ susceptibility to the effect. People might be well aware of the principles of the sunk cost
effect, but they tend to ignore, reject, or forget the principles when they make actual decisions [Simonson and Nye
1992; Tan and Yates 1995]. Although the sunk cost effect has been well studied empirically and experimentally, it
has been rarely introduced to the analytical research on supply chain management or marketing. With analytical
models, Rajagopalan et al. [2015] found that a monopolist service provider should adopt the time-based pricing
scheme if the sunk cost bias is small and it should adopt the fixed fee scheme otherwise; and in a competitive setting,
a time-based scheme is more likely in markets.

How would showrooming with the sunk cost effect affect the competition between online and offline stores?
Some studies have examined firm strategies under the effect of showrooming [Mehra et al. 2013; Balakrishnan et al.
2014]. Mehra et al. [2013] identified three strategies to counter showrooming for the physical store: price matching
with the online store, making product matching harder (e.g., creating a possibility that the best-fit product might not
be available online), and charging customers for showrooming. Balakrishnan et al. [2014] showed that the ratio
between the costs of shopping online and shopping offline determines the equilibrium and hence the existence of
showrooming, given heterogeneous consumers and different online shopping return policies. The general conclusion
is that showrooming intensifies the price competition between online and offline stores.

By taking the sunk cost effect into account, we propose that consumers’ behavior might actually be different from
what is described in the literature: some consumers might be reluctant to switch to the online store after a visit to the
physical store. For these consumers, visiting the physical store incurs a transportation cost, including the direct cost
of travel and the opportunity cost of time and effort. Upon arrival at the store, the transportation cost becomes sunk
cost. Carrying the sunk cost effect forward, consumers visiting the physical store have a greater tendency to stick to
the channel that has already cost them time, effort, or money, instead of switching. Therefore, we regard the sunk cost
effect as a factor that might differentiate consumers’ showrooming behavior. The current study incorporates the sunk
cost effect into consumers’ channel choice and examines the implications for the online-offline competition.
Anticipating differentiation in consumers’ showrooming behavior, online and offline stores need to apply certain
strategies to maximize their profit. Specifically, we investigate the price competition, derive optimal pricing strategies
of online and physical stores, and clarify the conditions under which each store can benefit.
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We consider a model involving an online store, a physical store, and heterogeneous consumers with valuation
uncertainty, following the general assumptions in the literature. The sunk cost effect is modeled as extra utility
consumers gain from buying from the physical store, which increases as the transportation cost increases. Our model
reveals some interesting insights. First, the consumer purchase decision depends on the distance between the consumer
and the physical store. Consumers who are distant from the physical store directly purchase online. Consumers who
are nearby visit the physical store but switch to buy online. Consumers at an intermediate distance visit and are
reluctant to switch to an online purchase because of the sunk cost effect. Second, although the demand of the online
store comes from both direct buyers and switchers, the online store might be better off by targeting only one type of
consumers rather than pursuing both types. If transportation costs are low and the valuation risk and the sunk cost
effect are high, the online store can be better off by targeting switchers only; conversely, the online store should target
direct buyers. Third, both stores are better off in the scenario where they both “ignore” showrooming and play as if
no switchers exist. However, both stores have incentives to take “showrooming” into consideration, which aggravates
the price competition and decreases profit. Fourth, our comparative analyses suggest that: a high transportation cost
may benefit both stores; a low product uncertainty may aggravate pricing competition and hurt both stores; and the
sunk cost effect, which attracts more consumers to visit the physical store to resolve their valuation uncertainty, may
allow high prices for both stores.

The rest of the paper is organized as follows. We review the literature and clarify our contributions in Section 2.
Then we present the model setup, analyze the results, and discuss managerial implications of the findings in Section
3. We conclude by discussing limitations and potential future research directions in Section 4. All proofs are provided
in the Appendix.

2. Literature Review

Our work is related to two literature streams. First, we contribute to the literature on the competition between
online and offline channels. Some researchers view the online channel as a strategic tool of the manufacturer to make
direct sales [Balasubramanian 1998; Chiang et al. 2003; Yao and Liu2005; Fruchter and Tapiero 2005; Liu and Zhang
2006], and the supply chain players thus use certain pricing strategies to achieve optimal results. For instance, Fruchter
and Tapiero [2005] showed that the manufacturer charges the same price across both online and offline channels and
the introduction of the online store is a win-win strategy where both the customers and the manufacturer are better off.
Liu and Zhang [2006] found that retailers might set personalized pricing to intimidate the manufacturer and discourage
it from setting up a direct online channel, even if the pricing is worse for the retailer.

Others have studied the effect of quality, service, risk, searching cost, and other factors on the competition
between online and offline retailers. For example, Lal and Sarvary [1999] found that the Internet might decrease price
competition even when it reduces both the discriminatory power of information regarding merchandise quality and
the search cost for pricing information. Pan et al. [2002] showed that in a price competition between a pure play e-
tailer and a bricks-and-clicks retailer, the pure play e-tailer generally has a lower equilibrium price. Chun and Kim
[2005] investigated how consumer access to the Internet affects pricing and found that both offline and online prices
drop as more consumers have access to the Internet; in addition, online prices tend to be higher than offline prices as
more consumers are connected to the Internet.

More recent studies explore more new developments in channel structure. Abhishek et al. [2016] found that
agency selling (manufacturers sell through e-tailers for fees), is more efficient than reselling and leads to lower retail
prices; however, the e-tailers end up giving control over retail prices to the manufacturer. Herhausen et al. [2015]
showed that online—offline channel integration leads to a competitive advantage and channel synergies rather than
channel cannibalization. Ofek et al. [2011] demonstrated that when the degree of differentiation between retailers is
high, retailers that operate dual channels may opt to increase prices drastically and reduce costly store assistance and
gain greater profit than the Bricks-only case. Forman et al. [2009] presented empirical evidence that there is channel
substitution between local stores and online purchasing, confirming that the disutility of online purchasing and the
transportation costs are comparable between the two channels.

Most of these papers have recognized the difference between online and offline channels from the consumer’s
perspective. Online shopping generally has the advantage of convenience, as well as higher risks, given that the
transaction does not happen on the spot, in person. Uncertainties might arise with the retailer or with any party involved
in the supply chain that causes faulty products, delays, or missing of shipments, or with payment settlement problems.
The consumer also might regret the purchase when the product is not as she expected. Offline stores do not have such
uncertainties, but they do incur a transportation cost -- the actual cost of traveling to the store -- as well as the time
and effort of visiting a physical store, the opportunity cost that visit entails, and even the personal distaste for the
physical shopping experience. Consumers make purchase decisions by weighing the risks and costs of different
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channels. However, most of the studies consider the risk of online shopping only at the supply end and neglect
consumers’ valuation uncertainties.

Second, we contribute to the literature on general multi-channel competition that investigates the effect of
consumer valuation risk on firms’ strategies. Sellers might provide information services to help consumers solve their
valuation problems, make an informed purchase decision, and derive higher utility. However, the seller that provides
information service faces the problem of free-riding: consumers might use their service but buy from low-price sellers.
Wau et al. [2004] investigated whether a seller should provide such an information service and confirmed that, even if
free-riding occurs, a seller should establish itself as an information service provider to profit. Shin [2007] showed
analytically that when customers are heterogeneous in terms of their opportunity costs for shopping, free riding
benefits not only the free-riding retailer, but also the retailer that provides the service. Gu and Tayi [2016] found that
consumers’ cross-channel search behavior of pseudo-showrooming or the consumer behavior of inspecting one
product at a seller’s physical store before buying a related but different product at the same seller's online store may
allow a multi-channel seller to achieve better coordination through optimal product placement strategies.

In the context of online and offline stores, we consider features that involve actual personal interaction, such as
touch, feel, smell, and fit, and suggest that the online store is naturally less informative than the offline store, We do
not consider the case in which consumers might free-ride online reviews and then buy from the offline store. Therefore,
our study of showrooming can extend the current understanding of information services to the context of online and
offline competition -- a setting that has becoming increasingly common with the development of the Internet.

3. Model Setup and Analysis
3.1. Model Setup

Consider an online store (referred to as “she”) and a physical store (referred to as “he”) that sell an identical
product at prices p, and p,, respectively. Consumers face uncertainty about their private valuation for the product

before consumption and they know that £ fraction of the consumer population perceives a positive valuation v on
the product (referred as high-type consumers) and the other 1— £ fraction perceives zero valuation on the product

(referred as low-type consumers). That is, if a consumer buys from the online store directly, he faces product risk,
which is defined as the probability of the item failing to meet the performance requirements originally intended [Dai
et al. 2014]. He or she has probability £ to be a high-type consumer, with positive valuation, and has probability

1- S to be a low-type consumer, with zero valuation. A higher £ indicates lower product risk.

Following Balasubramanian [1998], we assume heterogeneous costs of using the physical store and homogenous
cost of using the online store. Consumers incur travel costs at a (linear) rate t per unit distance when visiting a retailer.
These costs can include the opportunity cost of time, the real cost of travel, and the implicit cost of inconvenience.
Assume that consumers are uniformly distributed on a linear Hotelling line from 0 to 1, with the physical store located
at x=0. The distance refers not only to the actual distance, but also to a consumer’s general attitude toward the physical
store. A consumer located at x has to pay a transportation cost tx to visit the physical store, where t represents the unit
transportation cost [Hotelling 1990]. The market is also served by the online store with no market “location” in the
conventional sense. We consider that all consumers have zero transportation cost of buying from the online store,
because the cost to sample a product and get a price quote from an online store is only a matter of several mouse clicks
[Xuetal. 2011].

The physical store can play the role of a “showroom”, where the visitors can inspect the product, verify its fit and
features, and resolve the valuation uncertainty. Among the visitors of the physical store, 1— £ fraction turns out to be

low-type and g fraction turns out to be high-type. The low-type visitors leave the market without buying anything.

The high-type visitors obtain one unit of the product, assuming v is high enough such that the high-type consumers
have positive surpluses. It is worth to note that there are other ways for consumers to resolve the uncertainty without
going to the physical store. For instance, many online stores offer free return services, which can be viewed as a way
of showrooming but with little transportation cost. Then the consumers do not need to visit the physical store to resolve
their valuation uncertainty. Therefore, our study applies to products that are difficult to evaluate without checking in
person and not easily to be returned, e.g. large furniture, fresh produce, etc.

Next, the high-type visitors decide where to buy. They have two options: buy at the physical store or switch to
the online store. For them, the transportation cost tx becomes sunk cost. The higher the transportation cost, the greater
tendency for the consumers to stick to the physical store. Specifically, we assume that, after paying a sunk cost tx to
the physical store, the willingness to pay for the consumption in the same store increases by Atx, where 4 can be
viewed as the strength of the sunk cost effect. A higher 4 means that consumers are less rational and more
significantly influenced by the sunk cost in their decision making. If A=0, consumers are perfectly rational and are
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not affected by the sunk cost at all. Each consumer buys at most one unit of the product. Consumers are risk-neutral
and make decisions to maximize their own expected surplus. The number of consumers is normalized to one. Table
A.1 summarizes the notations.

We model the willingness to pay as an increasing linear function of the sunk cost effect based on the following
justifications. First, the more people invest in a choice, the willingness to pay for the choice increases. Such positive
relationship has been manifested in experimental evidence we mention before. For instance, 85% of subjects are
willing to continue to invest in a project if they have already invested before, while 17% of those who had no prior
investment would do so [Arkes and Blumer 1985]. We use the linear form for the sake of simplicity, but we are sure
that most of our results hold when using other function forms such as quadric or exponential functions. Using a
different function form may lead to different expression and value of the results, but does not affect the essence of the
relationships. We are also confident in the specification as it has been used in the literature, though theoretical papers
concerning the sunk cost effect is rare. To our best knowledge, Rajagopalan et al. [2015] investigated the impacts of
the sunk cost effect in the context of diagnosis-based services and they assumed similar linear relationship between
the sunk cost of diagnosing a computer and the customer willingness to continue repairing it.

3.2. Equilibrium Analysis
The sequence of events, depicted in Figure 1, is as follows.

S,=B(v-p,+in)-&x

S,=Fv-p)-&

uy fro,
0 the Online g,
Ore

S, =Bv-p,

|:| = Decision Note O = Chance Note

Figure 1: The Sequence of Decisions and Payoffs

In Stage O, the online store and the physical store set their own retail prices p, and p, independently and

simultaneously.

In Stage 1, given the prices, consumers decide whether to visit the physical store. If a consumer buys from the
online store directly, his expected surplus is Sv— p, . If a consumers located at x visits the physical store, her expected
surplus is gB(v— p, + Atx) —tx (where the item Atx represents the impact of sunk cost effect) if she continues to buy
from the physical store or S(v—p,)—tx if she switches to the online store to buy, whichever is higher. Therefore,
consumers located at X buy from the online store directly if X satisfies
V= p, > max{B(v—p,+Atx)—tx, B(v—p,) —tx} , or equivalently, if X >max{x,,X,} where x, = (1—'[& and
X, = P _ﬂpz

, =i f2
t(l-A)
are indifferent to visiting the physical store or not.

In Stage 2, consumers who visit the physical store recognize their types. The low-type visitors leave the market
without buying anything and have zero surpluses, and the high-type visitors decide where to buy. The high-type

visitors located at x buy from the physical store if v—p, + Atx>v—p, (i.e., if X>x , where x =%), those

. Or they visit the physical store when x < max{xo, xz} . And when x= max{xo, xz} , consumers at x
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located at x switch to buy from the online store if v—p, +Atx<v—p, (i.e.,, X<Xx ), and those located at x are
indifferent from buying from the online store or the physical store when v—p, + Atx=v—p, (i.e., x=Xx).

Proposition 1 Given the retail prices p, and p,, consumers’ purchasing decisions are described as follows.

@) If p,<@+A-pA)p, ie., X <X, <X,, we have the following result. Consumers located at x that satisfies
X > X, buy from the online store directly (referred as “O” consumers); and the others visit the physical store. The
low-type visitors leave the market without buying anything. The high-type visitors located at x that satisfies
X, <X <X, buy from the physical store (referred as “P” consumers); and consumers located at x that satisfies
X < X switch and buy from the online store (referred as “S” consumers, switchers).

@ii) If p,2@+A-B2)p, i.e., X =X, 2X,, we have the following result. Consumers located at x that satisfies
X > X, buy from the online store directly (i.e., “O” consumers); and the others visit the physical store. The low-type

visitors leave the market without buying anything; and the high-type visitors switch and buy from the online store (i.e.,
“S” consumers).

The expected surpluses of “O”, “P”, and “S” consumers are Sy = v—p,, S, = B(V—p, + Atx)—tx and

S = ,B(v— pl)—tx, respectively (see Figure 2). Each consumer, based on her location x chooses the purchasing
behavior that maximizes her surplus as given in Proposition 1.

Expected Expe(I:ted
surplus ) . surplus
S.=Bv-p)-ux
T~ S=Blv-p)-ux
=< S.=B(v—p, +Atx)-1x
\\ -
\\\ S.=pv—p, \\\\\\ So=Bv-p
--------------\-::--— ~~__ \\\\\\\\\
\\\\ \*Q:\\Sf,&[v—p +A)-tx
\\ =<
\\
“3” Consumer “p” Chnsumers “0” Consumer “S” Consuiners “0” Consumers
o % *p X 1 X o X Xp X 1 X
@If p, <@+A-pA)p, (0) If p, >(A+2A-pA)p,

Figure 2: Expected Surplus and Consumers’ Behavior with Respect to the Location

In the following lemma, we show that neither store would set a price such that the other store has zero market
share.

Lemma 1 Each store prefers including the other store in the market rather than driving the other store out of the
market.

According to Lemma 1, the online store would not drive the physical store out of the market by setting a price
that satisfies p, > (1+ 14— g4)p,. This result indicates that Scenario (ii) in Proposition 1 will not occur in equilibrium.
Hereafter, we focus on Scenario (i) in Proposition 1.

Facing uncertainty on product valuation, consumers far away from the physical store buy from the online store
directly because of high transportation costs. Consumers within a certain distance to the physical store visit the
physical store. Among these visitors, the low-type ones leave the market without buying anything, and the high-type
ones choose where to buy. Interestingly, consumers near the physical store do not buy from it. For these consumers,
the physical store plays the role of “showroom”, where they inspect the product but end up buying from the online
store. Only the high-type visitors at an intermediate distance to the physical store are reluctant to switch to another
channel and buy from the physical store because of the sunk cost effect.

Therefore, the demand of the online store comes from “S” consumers whose amount is £X; and “O” consumers
whose amount is (1—x,)" and is given by
d =X +(1=-%)". 1)
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The demand of the physical store comes from “P” consumers and is given by
d, = B[1-@-%) -x |. )

The online store and the physical store decide on their own retail prices independently and simultaneously to
maximize their own profits given by

= (p— W[ A +1-%,)" ], )
7, = (P, ~W)[1-(-%)" =% |, 4)
where w is the wholesale price of the product.
Based on Lemma 1, we focus on the scenario where both stores have positive demand -- that is, where X, <X, ,
X, <l and X, >0. Note that “S” consumers exist only if X, >0, and “O” consumers exist only if X, <1.We focus
on £ >1/2, which means the number of high-type consumers is greater than the number of low-type consumers.
Different equilibrium scenarios can emerge when the stores choose their optimal pricing regimes. The online store
has three pricing regimes from which to choose: (i) trying to sell to both “S” consumers and “O” consumers (i.e.,
setting a retail price satisfying 0 < x, < X, <1); (ii) giving up “O” consumers and targeting “S” consumers (i.e., setting
a retail price satisfying 0 < x, <1 and x, >1); and (iii) giving up “P” consumers and targeting “O” consumers (i.e.,
setting a retail price satisfying x, <0 and 0 < x, <1). Correspondingly, the physical store also has three pricing
regimes: (i) focusing on the consumers with intermediate distances (i.e., setting a retail price satisfying 0 < x, <X, <1);
(i) attracting all consumers to visit it (i.e., setting a retail price satisfying 0 < x, <1 and x, >1); and (iii) trying to sell
to all the high-type visitors (i.e., setting a retail price satisfying x, <0 and 0 < x, <1). The following Proposition 2

describes the equilibrium pricing strategy.
Proposition 2 The equilibrium of the price-setting game can be characterized as follows:

@) If vlv <min {UO, Ll} , the online store sets a price targeting “S” consumers, and the physical store sets a price
targeting the rest;

(ii) If min{Uo, Ll} s%< L, ., the online store sets a price targeting both “S” and “O” consumers, and the
physical store sets a price such that there are no “O” consumers;

@ If L < % <U, , the online store sets a price targeting both “S” and “O” consumers, and the physical store
sets a price targeting “P” consumers;

(iv) If U, < % <L, , the online store sets a price targeting both “S” and “O” consumers, and the physical store
sets a price such that there are no “S” consumers;

(v) If % > L, , the online store sets a price targeting “O " consumers, and the physical store sets a price targeting

the rest;

Where U, - B . PGPy U, 2 Pl0s =2 AA=28+3f1)7, ~ 4y, = Brir]
T 3-pr-a (- AGB+BVBr—-22B-DA1 " " (=G4 + Br) Ay, — by, — BroIAr.]

_ B+3ip) o -
sy ey P nels A prad g de A

For easy reference, we call the first case “Scenario S-P”” which means “S” and “P”” consumers exist in equilibrium,
the second case “Boundary S-P” which means “S” and “P” consumers exist in equilibrium and the physical store sets
price on the boundary x,=1 where no “O” consumers exist, the third case “Scenario S-P-O” which means “S”, “P”
and “O” consumers exist in equilibrium, the fourth case “Boundary P-O” which means “P” and “O” consumers exist
in equilibrium and the physical store sets price on the boundary x,=0 where no “S” consumers exist, and the last case
“Scenario P-O” which means “P” and “O” consumers exist in equilibrium. The equilibrium prices, demands, and
profits of both stores are given in Table 1.
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The result shows that under certain conditions, the online store can be better off if it targets only one type of
consumer -- either direct buyers (i.e. “O” consumers) or switchers (i.e. “S” consumers), but not both. The intuition is
as follows. When the showrooming behavior is potential, the online store and the physical store compete at two ends
(as showed by x1 and x, in Figure 2(a)) to expand their own sales. The market and product characteristics may have
differentiated effects on the store power at the two ends. For instance, if t is higher, the online store has greater power
to compete at x, end but smaller power at X1, but it works oppositely on the physical store. Under certain conditions,
either store may choose to compete at only one end where she/he has a greater power, and give up the competition at
the other end. This will lead to a less aggressive pricing competition. However, in most cases, both stores have
incentives to compete at both ends. It causes fierce pricing competition and hurts both stores.

Specifically, the ratio of the unit transportation cost t to the wholesale price w, the strength of the sunk cost effect
A, and the fraction of high-type consumers g together determine the equilibrium scenarios (see Proposition 1 and
Figure 3).

If t and g are extremely low, and A and w are extremely high, the equilibrium occurs in Scenario S-P. If t and S
are relatively low, and 4 and w are relatively high, the equilibrium occurs in Boundary S-P. In both Scenario S-P and
Boundary S-P, all consumers visit the physical store to reveal their type. High-type visitors who are far from the
physical store buy from it, and those near to the physical store switch to buy from the online store. Nevertheless, the
pricing regimes in these two scenarios are different. In Boundary S-P, the physical store deliberately sets a retail price
to attract all consumers to visit it. The online store uses potential direct buyers as leverage to compete with the physical
store. Note that the scenario of Boundary S-P exists only if A is high. If 1 is low, aiming to attract all consumers to
visit is not profitable for the physical store because the visitors have a high tendency to switch. In Scenario S-P, the
online store has no intention of attracting direct buyers; it focuses on switchers.

If t and S are extremely high, and A and w are extremely low, the equilibrium occurs in Scenario P-O. If t and S
are relatively high, and 4 and w are relatively low, the equilibrium occurs in Boundary P-O. All visitors of the physical
store are reluctant to switch. We see no “showrooming” behavior. Consumers far from the physical store buy from
the online store directly. Consumers near the physical store visit it, and high-type visitors buy from it. Nevertheless,
the pricing regimes in these two scenarios are different. In Boundary P-O, the online store leverages potential switchers
to compete with the physical store, and the physical store deliberately sets a price to discourage all visitors from
switching. In Scenario P-O, both stores behave as if no “showrooming” appears.

If the parameters t, £, A and w are all in an intermediate range, Scenario S-P-O happens. The online store pursues
both direct buyers and switchers. The physical store tries to attract visitors and to discourage switching. The
competition is most fierce in this scenario.

In terms of pricing, we find that in Scenario S-P, Boundary S-P and Scenario S-P-O, where t and S are extremely
low and 4 and w are extremely high, the price of the online store is lower than that of physical store ( p, < p,). The

online store’s low-price strategy aims to attract switchers. In Scenario P-O and Boundary P-O where t and  are high
and 4 and w are extremely low, the price of the online store is not lower than that of the physical store ( p, > p,). In

this situation, there is no switcher. Not surprisingly, the overall price and profit of both firms are significantly higher
in this latter situation. When the sunk cost effect makes it possible for no switching, online retailer actually has
increasing power in pricing. After both stores become aware of showrooming and try to compete for switchers, both
retailers lower their retail prices, the competition gets fiercer, and both are worse off.

Proposition 2 states that in most circumstances, the optimal market strategy of the online retailer is to focus on
either direct buyers or switchers, but not both. However, recall that Scenario P-O is viable only when t and £ are
extremely high, and A and w are extremely low. Such cases are rather rare. Thus, most likely the online store would
be chasing switchers with lower prices, so would the physical store. Such intense price competition may end up driving
the one with higher operational costs out of business. This finding may provide a possible explanation for the failure
of thousands of physical stores in the US. For them to survive, as our results suggest, the physical stores should try
their best to discourage the switching behavior. Thus our perspective may provide an explanation for the recent trend
of reinventing the role of physical stores to offer more location-inspired, value-added services to improve consumer
experiences.
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Table 1: Equilibrium Prices, Demands, and Profits in Each Scenario
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Figure 3: Equilibrium Scenarios
3.3. Comparative Analysis

In this section, we examine how changes in the unit transportation cost t, in the fraction of high-type consumers
S, and in the strength of the sunk cost effect A affect prices and profits in the following propositions.

Proposition 3 For both stores, the prices and profits increase in t except when the equilibrium occurs in Boundary
S-P.

Proposition 3 suggests, in most scenarios, a high t mitigates the price competition of the online and physical
stores, thus resulting in high profits for both stores. On one hand, a high t benefits the online store by discouraging
consumers from visiting the physical store and encouraging them to buy directly, even with valuation uncertainty. On
the other hand, a high t benefits the physical store because the high sunk cost discourages switchers. Particularly when
the equilibrium occurs in Scenario S-P, where all consumers visit the physical store, a high t benefits the physical
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store more than the online store. However, if the equilibrium falls in Boundary S-P, a high t aggravates price
competition and decreases the profit of both firms. In this scenario, the objective of the physical store is to attract all
consumers to visit it. A high t discourages consumers from visiting, and the physical store has to decrease its price.
Therefore, the competition is aggravated, and both firms are worse off.

Proposition 3 states that higher transportation cost actually alleviates the competition between the online and
offline retailers under the influence of the sunk cost effect. It has significant implications for the stores’ strategies.
“Transportation cost” can be interpreted as any cost, time and effort as well as psychological cost it takes to get to the
store and examine the products. It might be feasible to deliberately make it more difficult for consumers to access the
product. For example, outlet malls, which offer discounted prices, often take long-distance drives to get to and incur
high transportation costs. Now while major department stores (e.g., Sears and Kmart) or brand retailers (e.g.,
Gymboree and Crocs) are closing hundreds of stores, outlet malls seem to continue to grow. According to our results,
it might be that the high transportation costs of going to outlet malls make them to be in less fierce competition with
online retailers, which are recognized as the major reason why physical stores are failing. For online retailers, it
suggests that product categories that take time, effort or psychological toll to find out about quality could be good
business. For instance, online sales of car parts or furniture have been reported to show significant growth.

Proposition 4 (i) For the online store, the price and the profit decrease in f if the equilibrium occurs in Boundary
S-P and if the equilibrium occurs in Scenario S-P-O, Boundary P-O or Scenario P-O and t and /1 are high.

(i) For the physical store, the price decreases in g if the equilibrium occurs in Boundary S-P, Scenario S-P-O
and Scenario P-O and if the equilibrium occurs in Boundary P-O and 4 is high; and the profit decreases in g if the
equilibrium occurs in Scenario P-O and if the equilibrium occurs in Boundary S-P or Scenario S-P-O and A is low
and if the equilibrium occurs in Boundary P-O and 4 is high.

For the online store, a higher f means a lower risk of valuation uncertainty and thus higher surplus for direct
buyers. Meanwhile, for the physical store, it means more potential buyers. It seems that both stores may benefit from
a market of more high-type consumers. However, under the influence of the sunk cost effect, a high  aggravates the
pricing competition and hurt both firms if (i) 4 is high, i.e. strong sunk cost effect and (ii) the equilibrium occurs in
scenarios where there are potential direct buyers, as Proposition 4 suggests.

The intuition is as follows. The online store and the physical store compete in two aspects. First, the online store
needs to encourage direct buyers, while the physical store needs to encourage consumers to visit. Second, they compete
for visitors to the physical store by encouraging switching or onsite buying. A higher g increases the online store’s
pricing power in the first aspect. If A is high, i.e. consumers are highly irrational and strongly affected by the sunk cost,
the online store has disadvantages in the competition for switchers and thus would focus more on the competition in
the first aspect. Since direct buyers are less willing to pay than switchers, the online store has to lower the price to
encourage direct buyers. The lower price at the online store will decrease the number of visitors to the physical store,
which leads to the physical store to reduce price too. Thus, the stores are again engaged in price competition. To sum,
in a market of more high-type consumers, the sunk cost effect may increase the competition between the online and
physical stores.

Proposition 5 (i) For the online store, the price and the profit increase in A if the equilibrium occurs in Scenario
S-P or Boundary S-P and if the equilibrium occurs in Scenario S-P-O and 2 and  are low.

(if) For the physical store, the price and the profit of decrease in A if the equilibrium occurs in Boundary P-O or
Scenario P-O and if the equilibrium occurs in Scenario S-P-O and 2 and f are high.

Proposition 5 reveals that when the sunk cost effect is at the low level, both stores may benefit when there are
switchers. The sunk cost effect works both directly and indirectly on the price competition. The direct effect is that a
higher A increases the visitors’ reluctance to switch. This effect benefits the physical store and hurts the online store.
The indirect effect is that a higher A induces more consumers to visit the physical store to resolve their valuation
uncertainty. Having more consumers who have already resolved the valuation uncertainty, the online store can charge
a higher price. In Scenario S-P or Boundary S-P, there are no direct buyers, the indirect effect is significant for the
online store and may dominate the direct effect for a low /. Similarly, in Scenario S-P-O, if g is low, consumers would
not directly buy online except for very low price. So it is better for the online store to focus more on switchers and to
encourage them to visit the physical stores, as in Scenario S-P or Boundary S-P. Therefore, a higher A benefits both
stores in these situations.

When there are no switchers (Boundary P-O or Scenario P-O), a higher A aggravates price competition, and leads
to lower profits for both stores. Because the pricing restrains switching, the physical store cannot leverage the sunk
cost effect. Meanwhile, the online store has no market for switchers, so it has to drop the price low enough to encourage
consumers to buy from it directly.

It seems that the sunk cost effect not only works for the physical store, but sometimes benefits the online store as
well if it mainly targets the switchers. A higher 1 increases the pool of potential switchers, as more consumers would
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visit the physical store because of the higher surplus of buying onsite. With updated valuation certainty the online
store is able to charge a higher price. So the sunk cost effect can increase the online store’s pricing power and achieve
higher profit.

4. Conclusion

This paper studies the price competition between the online and offline channels under the effects of showrooming
and the sunk cost effect. We consider a setup with two competing stores, online vs. physical; consumers who have
valuation uncertainty and heterogeneous preferences for visiting the physical store; and the sunk cost effect. We follow
the literature on showrooming but introduce the sunk cost effect as a factor in consumers’ decision about the channel
that they buy from. We depict the consumer choice pattern, derive different equilibrium conditions, and investigate
how prices and profits change for both channels when the transportation cost and the sunk cost effect change.

Our analysis suggests that showrooming might aggravate the price competition. In terms of firm strategies, both
stores would be better off if they “ignore” showrooming and set up prices as if it were not there. However, both online
and physical stores have incentives to deviate and to engage in price competition, although it results in a lower profit.
The online store might be better off if it targets only one type of consumers. If transportation cost and the sunk cost
effect are high enough, the online store is better off targeting only switchers. The rationale is that when more
consumers visit the physical store because of the high surplus from the sunk cost effect, more consumers are certain
about their valuation. If the market is large enough, the online store can leverage this resolution of valuation risk to
charge a higher price. When conditions are reversed, the online store should target direct buyers only.

Interestingly, the sunk cost effect might also mitigate the price competition and benefit both online and offline
stores. First, both stores anticipate fewer switchers. Second, a high sunk cost effect attracts more consumers to the
physical store, by increasing the surplus of visits. The physical store benefits from fewer switchers, while the online
store benefits from an increased number of buyers with valuation certainty, which can support a higher price. With
similar reasoning, high transportation costs also might mitigate the price competition. In addition, lower valuation
uncertainty aggravates price competition because the physical store has to lower prices to attract consumers to visit.
Such a tendency actually has been seen in the current practice of e-commerce and offline competitors.

We acknowledge several limitations of our study. First, we model the heterogeneity of consumer valuation with
a simple Bernoulli distribution by assuming that a fraction of consumers are high-type consumers and the others are
low-type consumers. More general distributions -- for example, uniform distribution and normal distribution -- could
be considered in future research. Second, we did not model the disutility of online shopping. Evidence shows that
most products are less acceptable from an online store than a physical store and that consumers perceive a lower
valuation from online shopping than from offline shopping. Such disutility should play a role after the consumer visits
the physical store. It may decrease the consumer’s willingness to switch, while the sunk cost effect increases the
consumer’s willingness to buy from the physical store. Future research should consider possible interesting
interactions between the two effects. Third, in modeling the impact of the sunk cost effect on consumer surplus, we
assume for simplicity that the degree of reluctance is linear with the strength of the sunk cost effect. Future research
should consider that the strength of the sunk cost effect might not be constant, but increase with the investment.

Acknowledgement

The authors would like to extend our gratitude to the editors and the anonymous reviewers for their insightful and
constructive comments and suggestions. The study is supported with Dr. Gou’s NSFC grant (Grant No. 71671170)
from National Natural Science Foundation of China. Dr. Zhang would like to thank NSFC grants (Grant No. 71372187
and No. 71772115) from National Natural Science Foundation of China for partially supporting this study.

REFERENCES

Abhishek, V., K. Jerath, and Z.J. Zhang. “Agency Selling or Reselling? Channel Structures in Electronic Retailing,”
Management Science, Vol. 62, No. 8: 2259-2280, 2016.

Arkes, H.R. and C. Blumer, “The Psychology of Sunk Cost,” Organizational Behavior and Human Decision
Processes, Vol. 35, No. 1: 124-140, 1985.

Balakrishnan, A., S. Sundaresan, and B. Zhang, “Browse-and-Switch: Retail-Online Competition under Value
Uncertainty,” Production and Operations Management, Vol. 23, No. 7: 1129-1145, 2014.

Balasubramanian, S., “Mail versus Mall: A Strategic Analysis of Competition between Direct Marketers and
Conventional Retailers,” Marketing Science, Vol. 17, No. 3: 181-195, 1998.

Xu, L., J. Chen, and A. Whinston, “Price Competition and Endogenous Valuation in Search Advertising,” Journal of
Marketing Research, Vol. 48, No. 3: 566-586, 2011.

Page 65



Zhang et al.: Showrooming, Sunk Cost Effect and Competition

Chiang, W.K., D. Chhajed, and J. D. Hess, “Direct Marketing, Indirect Profits: A Strategic Analysis of Dual-Channel
Supply-Chain Design,” Management Science, Vol. 49, No. 1: 1-20, 2003.

Chun, S.H. and J.C. Kim, “Pricing Strategies in B2C Electronic Commerce: Analytical and Empirical Approaches”,
Decision Support Systems, Vol. 40, No. 2: 375-388, 2005.

Dai, B., S. Forsythe, and W. S. Kwon, “The Impact of Online Shopping Experience on Risk Perceptions and Online
Purchase Intentions: Does Product Category Matter?”” Journal of Electronic Commerce Research, Vol. 15, No. 1:
13, 2014,

Dick, A.S. and K.R. Lord, “The Impact of Membership Fees on Consumer Attitude and Choice,” Psychology &
Marketing, Vol. 15, No. 1: 41-58, 1998.

Farag, S., T. Schwanen, M. Dijst, and J. Faber, “Shopping Online and/or In-Store? A Structural Equation Model of
the Relationships between E-Shopping and In-Store Shopping”, Transportation Research Part A: Policy and
Practice, Vol. 41, No. 2: 125-141, 2007.

Forman, C., A. Ghose, and A. Goldfarb, “Competition Between Local and Electronic Markets: How the Benefit of
Buying Online Depends on Where You Live”, Management Science, Vol. 55, No. 1: 47-57, 2009.

Fruchter, G.E. and C.S. Tapiero, “Dynamic Online and Offline Channel Pricing for Heterogeneous Customers in
Virtual Acceptance,” International Game Theory Review, Vol. 7, No. 2: 137-150, 2005.

Gu, J.Z. and G.K. Tayi, “Consumer Pseudo-Showrooming and Omni-Channel Product Placement Strategies,”
Working Paper, 2016.

Hotelling, H., “Stability in Competition,” Springer, 1990.

Kacen, J.J.,J.D. Hess, and W. K. Chiang, “Bricks or Clicks? Consumer Attitudes toward Traditional Stores and Online
Stores”, Global Economics and Management Review, Vol. 18, No. 1: 12-21, 2013.

Herhausen D., J. Binder, M. Schoegel, and A. Herrmann, “Integrating Bricks with Clicks: Retailer-Level and Channel-

Level Outcomes of Online-Offline Channel Integration”, Journal of Retailing, Vol. 91, No. 2: 309-325, 2015.

Kim Y. and R. Krishnan, “On Product-Level Uncertainty and Online Purchase Behavior: An Empirical Analysis,”

Management Science, Vol. 61, No. 10: 2449-2467, 2015.

Lal, R. and M. Sarvary, “When and How is the Internet Likely to Decrease Price Competition?” Marketing Science,
Vol. 18, No. 4: 485-503, 1999.

Levin, A.M., L.R. Levin, and C.E. Heath, “Product Category Dependent Consumer Preferences for Online and Offline
Shopping Features and Their Influence on Multi-Channel Retail Alliances”, Journal of Electronic Commerce
Research, Vol. 4, No. 3: 85-93, 2003.

Liu, Y. and Z.J. Zhang, “Research Note-The Benefits of Personalized Pricing in a Channel,” Marketing Science, Vol.
25, No. 1: 97-105, 2006.

Mehra, A., S. Kumar, and J.S. Raju, “’Showrooming” and the Competition between Store and Online Retailers,”
Working Paper, 2013.

Ofek, E., Z. Katona, and M. Sarvary, “‘Bricks and Clicks’: the Impact of Product Returns on the Strategies of
Multichannel Retailers”, Marketing Science, Vol. 30, No. 1: 42-60, 2011.

Pan, X., V. Shankar, and B.T. Ratchford, “Price Competition between Pure Play versus Bricks-And-Clicks E-Tailers:
Analytical Model and Empirical Analysis,” Advances in Applied Microeconomics, Vol. 11: 29-61, 2002.

Rajagopalan, S., G.C. Kong, and C. Tong, ‘“Pricing Diagnosis-Based Services When Customers Exhibit Sunk Cost
Bias,” Working Paper, 2015.

Shin, J., “How Does Free Riding on Customer Service Affect Competition?” Marketing Science, Vol. 26, No. 4: 488-
503, 2007.

Simonson, |. and P. Nye, “The Effect of Accountability on Susceptibility to Decision Errors,” Organizational
Behavior and Human Decision Processes, Vol. 51, No. 3: 416-446, 1992.

Stanovich, K.E. and R.F. West, “On the Relative Independence of Thinking Biases and Cognitive Ability,” Journal
of Personality and Social Psychology, Vol. 94, No. 4: 672, 2008.

Tan, H.T. and J.F. Yates, “Sunk Cost Effects: The Influences of Instruction and Future Return Estimates,”
Organizational Behavior and Human Decision Processes, Vol. 63, No. 3: 311-319, 1995.

Wu, D., G. Ray, X. Geng and A. Whinston, “Implications Of Reduced Search Cost And Free Riding In E-Commerce,”
Marketing Science, Vol. 23, No. 2: 255-262, 2004.

Yao, D.Q. and J.J. Liu, “Competitive Pricing of Mixed Retail and E-Tail Distribution Channels,” Omega, Vol. 33, No.
3:235-247, 2005.

Zhou, L., L. Dai and D. Zhang, “Online Shopping Acceptance Model-A Critical Survey of Consumer Factors in Online
Shopping,” Journal of Electronic Commerce Research, Vol. 8, No. 1: 41-62, 2007.

Zimmerman, A, “Can Retailers Halt ‘Showrooming’,” The Wall Street Journal, Vol. 259: B1-B8, 2012.

Page 66



Journal of Electronic Commerce Research, VOL 19, NO 1, 2018

Appendix

Table A.1: Summary of Notation

Notation | Definition

P1 The price of the online store

p2 The price of the physical store

B The fraction of the high-type consumers

v The perceived valuation of the high-type consumers

X The consumer’s distance to the physical store

t The unit transportation cost

2 The strength of the sunk cost effect

di The demand of the online store

d; The demand of the physical store

w The wholesale price of the product

m The profit of the online store

0’2 The profit of the physical store

Proof of Proposition 1
Recall that the surpluses of “O”, “P”, and “S” consumers are Sy = v—p,, S, = S(V—p, +Atx)—tx and
S = ,B(v— pl)—tx , respectively. Let x, denote the location value at which a consumer is indifferent between buying

from the online store directly (“O” behavior) and buying from the online store after visiting the physical store (“S”
behavior). Let x, denote the location value at which a consumer is indifferent between visiting and buying from the

physical store (“P” behavior) and buying from the online store after visiting the physical store (“S” behavior). Let X,
denote the location value at which a consumer is indifferent between visiting and buying from the physical store (“P”

behavior) and buying from the online store directly (“O” behavior). We have on(l—tﬁ) it y X = Po— P ang

At
X, = p1 — ﬁpz
, = .
t(1-A)
Because Pvo _ —t< 62)V(F’ =—(1l-t< 62¢ =0, for any given prices p; and pz , “O” consumers must have higher
X

x than any “P” consumers, who in turn must have higher x than any “S” consumers. The “P” consumers exist if and
only if x, <x, i.e. p,<(1+4-p4)p, . Thus, we can characterize the consumer types by partitioning the range of
possible x values into three intervals (some possibly empty) corresponding, from low to high values, to “O” consumers,

“P” consumers, and “S” consumers, respectively. Figure 2, showing representative surplus functions for given prices,
illustrates this structure.

(i) If p,<(1+2-p2)p, i.e. x, <x,<X,,then we see the surplus functions with respect to the location as given in
Figure 2(a). Consumers with x ranging from O to x, are “S” consumers, those with x between x; and x, are “P”
consumers, and consumers with x greater than x, are “O” consumers.

(i) If p,>(1+2-pBA)p, i.e.x =X, >x,, then we see the surplus functions with respect to the location as given in

Figure 2(b). Consumers with x ranging from 0 to X, are “S” consumers and those with x greater than xo are “O”
consumers.

Proof of Lemma 1
We first establish the result for the online store. If the physical store lowers its price to the wholesale price and
still has no sales, it quits the market. To price the physical store out of the market, the online store either (i) sets a price
s . p w
satisfyin 2X, 1.e.p < 2=
fying % 2, ie.p, 1+A-pA 1+A-pBA
or (iii) sets a price on the boundary x, =1 i.e. p, = p, —At =w—At <w. These prices are lower than the wholesale

<w, (ii) sets a price on the boundary x, =0 i.e. p,=/4p,=W<W

price, i.e. p, <w. Hence, the online store is reluctant to price the physical store out of market.

We next establish the result for the physical store. As with the physical store, if the online store lowers its price
to the wholesale price and still has no sales, it quits the market. To price the online store out of the market, the physical
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B B

Thus, the physical store cannot drive the online store out of the market by setting a price higher than the wholesale
price.

store needs to set its price satisfying x, <0 and x, >1i.e. p,< min{pl’plt(lﬁ%)}: min{w,w_(l_'&)t}sw

Proof of Proposition 2
Figure A.1 depicts the feasible regions of each scenario with respect to p; and p2. According to Lemma 1, the
regions where the physical store has no sales (i.e., p, >(1+4—-4)p,) and where the online store has no sales (i.e.,

. p—t(1-p2)
< L
p, mln{p ﬂ

S-P, as well as the boundaries separating Scenario S-P-O and Scenario P-O (referred to as Boundary P-O) and
separating Scenario S-P-O and Scenario S-P (referred as Boundary S-P).

} ) are not feasible. The feasible regions include Scenario P-O, Scenario S-P-O, and Scenario

2,
Scenario
No demand for the S-p
physical store. A
Boundary S-O /,C% o
n=(+2-p0p/ )5 P
-‘0\:&«\ The physical store's
& best response
Respond on Boundary S-P &
Boundary P-O
=5
Jyfipsinp,
&
"
‘\0(‘\\&\ Ai‘ B= Q::
&\\
58 Respond on Boundary P-O.
- ﬁc%;- v
Scenario < The online store's best response
S-P-O 2
. Boundary S-P
Scenario P, —1(1— A7) No demand for the
P-O P, ='T online store.
o > A

Figure A.1: Feasible Regions and Best Responses

Demand and best response functions in interior of each scenario
We derive each firm’s demand and best response functions in the interior of each scenario, assuming that the

validity conditions for the scenario holds. Let [T} and IT; denote the profit functions of the online store and the
physical store in inner Scenario S, respectively. Note that the superscript S = 0, 1, or 2 represents Scenario S-P,
Scenario S-P-O, or Scenario P-O, respectively. Let Q° denote store i’s best response in the inner of Scenario S, where

i = 1 or 2 represents the online store and the physical store, respectively, and S = 0, 1, or 2. For every scenario, we
derive each store’s best response function within the interior of the scenario by maximizing the profit based on the
scenario’s interior demand function, assuming that the scenario validity conditions and bounds on demand (i.e.,
without explicitly imposing these conditions). The interior best responses are concluded in Table A.2.
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Table A.2: The Best Responses and Profits in the Interior of Each Scenario

Scenario Store Inner best response Q° Profit 1}
2
Online store Q= P+ W ; w e = W
S-p 5
Physical store o = REWEA \/2v+ A e = AR W A (P, ;V;'[Jr )
Online store Qll — ﬁylpz +72W+(1_ﬂ)2*t Hl — [ﬂylpz _72W+(l_ﬂ)/lt]2
PO 27, ' 47, (L= pA) 1t
: 1:7/1p1+W leﬂ(}/lpl—W)z
Physical store Q 5 2= i ANVAL (L= At
- 2 _ Bp,+wW+t(- 1) Hz:[ﬂloz—W+(l—ﬁ/1)t]2
o Online store Q= > 1 T
) . 2_ Pt pw 2_ (P - pw)°
L B M= -r=
Physical store Q 25 * = 4 payt

Scenario S-P (0<x, <1 and x, >1)
In this scenario, the profit of the online store is

o_ﬂ(pz_p1) _
=P (g —w). (A1)

The profit function is concave in p, . The interior best response of the online store can be got by solving anf lop, =0
ie.

Qlo:pz;W. (A.2)
In this scenario, the profit of the physical store is
=502 )(p, -w). (A.3)

The profit function is concave in p,. The interior best response of the physical store can be got by setting
oll; /op, =0 i.e.

o :pl#wlt. (A. 4)
Scenario S-P-O (0<%, < x, <1)
In this scenario, the profit of the online store is
Hi=[1— pl_ﬂp2+ﬁ(p2_p1)](p1—w). (A. 5)

t(L— BA) At

The profit function is concave in p,. The interior best response of the online store can be got by setting oIl /op, =0
ie.

1:ﬁ’}/1p2+72W+(1—ﬁ)M. (A 6)
2y,
In this scenario, the profit of the physical store is
1_orP1 _ﬂpz P, — P
= - —w). A7
=AW (A.7)

The profit function is concave in p, . The interior best response of the physical store can be got by setting oIT; /op, =0
i.e.

q:71p12+wl (A 8)

Scenario P-O (x, <0 and 0<x, <1)
In this scenario, the profit of the online store is
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2 p1_,Bp2 _
M=l 51w, (A.9)

The profit function is concave in p,. The interior best response of the online store can be got by solving o1 /op, =0
ie.

o - w, (A. 10)
In this scenario, the profit of the physical store is:
=80 (v, (A-11)

The profit function is concave in p, . The interior best response of the physical store can be got by setting oI1;/dp, =0
i.e.
2_ Pt pw
O = T (A. 12)

Best responses

At prices that allow both stores to make positive profits (i.e., when price or demand for neither firm is zero), a
store’s best response in each scenario might lie either in the interior of the scenario (shown in Table A.2) or on the
boundary separating that scenario from its adjacent scenario (Boundary S-P or Boundary P-O). Moreover, for certain
prices, the store might have a choice of responding in one of two scenarios, in which case it will select the scenario
that yields higher profits. Consequently, a store’s response might jump abruptly from (the interior of) one scenario to
the other as the competitor’s price increases.
The online store’s best responses
Local best responses

In Scenario S-P, the online store’s interior best response is p, = QY. Substituting this value of p; to the Boundary

S-O requirement p, <, p,, we get p, <P>*°, where P> = 271—W . Substituting this value of p; to the Boundary S-
—N
P-t(n-4) w—2(y, — At
24 -1
Boundary P-O requirement p, > p1, we get p2 > w, which is self-satisfied when the physical store maximizes its profit.

P requirement p, < , we get p, <P, where P**" = . Substituting this value of p; to the

We find that p, =Q° intersects Boundary P-O at p, = w, and either intersects Boundary S-O at p, :% or
-A+
intersects Boundary S-P at p, :w . In this scenario, the online store’s local best response is in the interior

for p, <min{P*°,P>**}, lies on Boundary S-P if min{p?*=° s} <p <1”1t , and lies on Boundary S-O if

, <
p, > min nt prs—o L.
2 l_ﬂ’ 2

In Scenario S-P-O, the online store’s interior best response is p, = . Substituting this value of p; in the Boundary
_ 7ly,W+ (r, - )]
2y, Pyt
_raW (rn—A)At
Votn—1

S-O requirement p, <y,p,, We get p, <Py*°, where P-°° . Substituting this value of p; in the

Boundary P-O requirement p, > p1, we get p, > P""™°, where P;-F° . Substituting this value of p;

in the Boundary S-P requirement p, > pl_t(ﬂM , We get p, >P-" where P = yzw_% _'1)(%2 =AU \we find
Y2—n

that p, = intersects Boundary S-O at p,=P*° and that it either intersects Boundary P-O at p,=P"° or
intersects Boundary S-P at p,=P,;*"". In this scenario, the online store's local best response is in the interior for
max{P P, P* "< p,<P*° , lies on Boundary S-O for p,>P*° , lies on Boundary S-P for

(-4

1 5 < p, <max{P;"°,P*"}, and lies on Boundary P-O for p, < max{P;’P’o,%}.

Page 70



Journal of Electronic Commerce Research, VOL 19, NO 1, 2018

In Scenario P-O, the online store’s interior best response is p, = Q7. Substituting this value of p; in the Boundary
W+ (= At

P-O requirement p, < p1, we get p, < P2"°, where PP = Y

. Substituting this value of p1 in the Boundary

W—t(yl—ﬂ)

S-P requirement p, > ) , we get p,>P>*", where P>*° =

-t(y, -4 . .
p1(ﬂy1 . We find that p, =Q’ intersects

Boundary P-O at p,=P>*"° and intersects Boundary S-P at p, = P?*"" . In this scenario, the online store’s local best
response is in the interior for P>*" < p, <P>*"°, lies on Boundary P-O for p, >P?"°, and lies on Boundary S-P for
P <P

Discontinuity in the online store's response between Scenario S-P-O and Scenario S-P, and between Scenario S-P-O
and Scenario P-O

The online store chooses between Scenario S-P-O and Scenario P-O for p, s% and chooses between

Scenario S-P-O and Scenario S-P for {a=4) 7t
1-p 1-p
We first demonstrate the discontinuity in the online store’s response between Scenario S-P-O and Scenario S-P
and identify a threshold price above (below) which the Scenario S-P (S-P-O) interior response is more profitable.

Recall that the inner best response of Scenario S-P-O intersects Boundary S-P at p, =P,*"" and that Scenario S-P

intersects Boundary S-P at p, =P>*" . If w> % (i.e., PSP <PX5"), the online store responds on Boundary P-

O for PP <p, <P " . If w<% (i.e., P77 >P*"), the online store’s Scenario S-P-O and Scenario S-P

responses are never simultaneously on Boundary S-P. In addition, for all prices at which one of these responses is on
the boundary, the other scenario’s interior response is more profitable.
Lemma A.1 When the online store can respond in the interior of either Scenario S-P-O or Scenario S-P (i.e.,

PSP <p, <P )and w< “{17_’1) the online store’s Scenario S-P interior response is more (less) profitable than

the Scenario S-P-O interior response if and only if p, > p* (p, < p'), where

ot = ﬂyzw_ﬁ(71_/1)71t_|(Vl_ﬂ)t_(l_ﬂ)wh/(yz -y,
’ @Br-Dp

Proof of Lemma A.1

OATT

Let AIT' =TI -T1I; . We have AITY(p,=P>*")<0, AIL'(p,=P*")>0, and >0 . There exists a

2
threshold p* such that ATI*> 0 if and only if p, > pJ* and ATT* <0 ifand only if p, < py', where p2* is determined
by the smaller root of the quadratic equation AIT™* =0 . O

We then demonstrate the discontinuity in the online store’s response between Scenario S-P-O and Scenario P-O
and identify a threshold price above (below) which the Scenario S-P-O (P-O) interior response is more profitable.
Recall that the inner best response of Scenario S-P-O intersects Boundary P-O at p, = P;"~°and that of Scenario P-O

intersects Boundary P-O at p, =P/"°. Because P/"°>P-F° for w<p, < t({lJ , the online store’s Scenario S-P-

O and Scenario P-O responses are never simultaneously on Boundary P-O. And for all prices at which one of these
responses is on the boundary, the other scenario’s interior response is more profitable. [

Lemma A.2 When the online store can respond in the interior of either Scenario S-P-O or Scenario P-O (i.e.,
PP0 < p, <P?"™°), the online store’s Scenario S-P-O interior response is more (less) profitable than the Scenario

P-O interior response if and only if p, > p;* (p, < p3’ ), where

o _ W= (=) At (= D= Q= P rk
’ @ -Dp
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Proof of Lemma A.2:

12
Let AT =II; -IT? . We have AIL’(p,=P"°)<0 , AIL*(p,=P>"°)>0, and ag&w . There exists a

2
threshold p2* such that ATT;? > 0 if and only if p, > p}* and AIT;* < O if and only if p, < p*, where py is
determined by the bigger root of the quadratic equation AIT;>=0. ]

Overall best response
The preceding two lemmas, together with our previous observations about the online store’s best responses,
establish the validity of the online store’s overall best response function (denoted by Q,), specified below.

it l_i , the online store’s best response price Q, is

w 1-p
Bp, +w+(1-pAr

@ in the interior of Scenario P-O i.e. Q, = 5 forany P?*F < p,<py;
(i) in the interior of Scenario S-P-Oi.e. Q, = PriPs +72;N+(1 A2 gor any py <p,<ps;
72
(i) in the interior of Scenario S-P i.e. @, =22 forany p<p, < min{P;’S‘P,ylw} ;
2 2-1

(iv)  OnBoundary S-Pie. Q = fp,+t(L-p2) for anymm{POS P 271 } nglyltﬂ - and
- -

(v) on Boundary S-Oi.e. Q, = P for any p2>m|n{ nt il }or p,<P>*".
Vi 1-8 2-p

if L 1-5 , the online store’s best response price Q, is
wo1-81
Q) in the interior of Scenario P-O i.e. Q, w forany p, < py
(i) in the interior of Scenario S-P-Oi.e. Q, = /L +72;N+(1_ﬂ)/u forany p<p,<P7°;
72
(iii) in the interior of Scenario S-Pi.e. Q, = Pt W gor any P " <p, < min{P;"”,;lW} ;
e

(iv) on Boundary S-P ie. QO =p8p,+t(1-p1) for any P C°<p,<PF and

min{Pz"'”,ylW}s p, <L and
2_71 1_ﬂ

v) on Boundary S-Oi.e. O, = P2 for any p2>m|n{ nt W }or p,<P>*F.
i 1-p'2-y,

The physical store’s best responses
Local best responses
In Scenario S-P, the physical store’s interior best response is p, = Q) . Substituting this value of p in the Boundary

w+ At

1 . Substituting this value of p; in the Boundary S-
n-

S-O requirement p, <,p,, we get p, >P>5°, where R =

) , we get p, >R**", where p>*-° :%}’w)t . Substituting this value of p; in the

Boundary P-O requirement p, > p1, we get p, <P>*°, where B**° =w+1t . We find that p,=Q) intersects
Boundary P-O at p, = P”"~°and either intersects Boundary S-O at p, = P"*™® or intersects Boundary S-P at p, =P>*™".

. -t -4
P requirement p, < Pl(ﬂh

In this scenario, the physical store’s local best response is in the interior for max{vaS*O,Pf'S*"} <p, <P%° lies on

Boundary S-O if 1 tﬁ <p, < max{Plf"S*o, Pl"’S’P} , lieson Boundary S-P if p, < min{ltﬁ’ Pf’”’} , and lies on Boundary

P-Oif p,>R*"°.
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In Scenario S-P-O, the physical store’s interior best response is p, =< . Substituting this value of p in the

Boundary S-O requirement p, <yp,, We get p, >B"°, where B*° W Substituting this value of p; in the
71

Boundary P-O requirement p, > p1, we get p, <B*"°, where B""° =2l. Substituting this value of p; in the
e

) ,we get p, <P"*"", where B**° %Zj/m We find that p, =0}
V1

intersects Boundary S-O at p, =R"*"° and either intersects Boundary P-O at p, =R"*™° or intersects Boundary S-P at

Boundary S-P requirement p, > pl_t(;}”

p, = P**"" . In this scenario, the physical store’s local best response is in the interior for P**° < p, < mln{Pll’P’O, PP,

t(n-4)

lies on Boundary S-O for p, <P**°, lies on Boundary P-O for min{Pj'P’o,Pll'S’P}s P, <=7 5 and lies on
Boundary S-P for p, > max{Pls P t(iﬁ ;)}
In Scenario P-O, the physical store’s interior best response is p,=Q3. Substituting this value of p in the

Boundary P-O requirement p, < p1, we get p, >P>"°, where P2 =

P, _t(l_ﬁﬂ“)
B

Zﬁw Substituting this value of p; in the

Boundary S-P requirement p, > , We get p, <P>°, where P>*° = pw+2t(2-7,) . We find that p, =Q?

intersects Boundary P-O at p, = R>""° and intersects Boundary S-P at p,=P>*°. In this scenario, the physical store’s
local best response is in the interior for P**"° < p, <P>*°, lies on Boundary P-O for p, <P?>"°, and lies on Boundary
S-P for p,>R**°.
Overall best response

Given pl, if p,<B>"°, the physical store reacts in the interior of Scenario P-O or Scenario S-P-O; if

P*PC<p <—r - ﬂ , the physical store reacts in the interior of Scenario S-P-O or Scenario S-P; if p, > /3 , the physical

store reacts in the interior of Scenario S-P. The preceding three observations imply that when
min{R*°, B} < p, <P*"°, the retailer’s responses in Scenarios P-O and S-P-O are both on Boundary P-O; and

when P**°<p, < min{ltﬂ, F’lo'sp}, the retailer’s responses in Scenarios P-O and S-P are both on Boundary S-P.

Moreover, the interior response yields higher profit for the retailer.
Together with our previous observations about the online store ’s best responses, the online store’s best response
price Q, is:

1,5-0
P

(i) on Boundary S-O i.e., Q, =yp, forany p, < or$< p, <max{R**°, B> 7Y ;

(i) in the interior of Scenario S-P-O i.e., Q, w forany P*°<p, < min{Pf*P*O, vaS*P} ;
(iii)  onBoundary P-O i.e, Q= py forany min{P""°R"*}<p,<B**° or p=R""°;
(iv) in the interior of Scenario P-O i.e., Q, p12+ﬂﬂw for any P>"° < p, < P?%°;

(v)  onBoundaryS-Pie., Q, _g—t(/l}—,b’/l)

forany P>*° <p < min{ltﬁ, Pl‘"”’} ; and

_prwH+At

(vi) in the interior of Scenario S-Pi.e. Q, = for any max{Pl"*s’O, Pl"’s”’} <p <P*°.
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Equilibrium
Inner equilibrium
We determine the necessary and sufficient conditions, on the parameter range, for the interior equilibrium to hold.
Scenario S-P
Scenario S-P inner equilibrium can be obtained by setting p, =Y and p, =Q) simultaneously, which should

satisfy the following two conditions: (i) 1,128 and P < p, <min P;"”’,ﬂ cor Lo 128 and
w 1-p4 2-7 w 1-p4

on‘sfp <p, < min{on,SP’;ﬁW }; and (”) maX{Plo,sfo,Plo,sfP} <p < Plo,P—ol
e
The necessary and sufficient condition for Scenario S-P inner equilibrium occurs is L<U0 :33%% , Where
W p— -
the upper bound is determined by the Boundary S-P requirement.
Scenario S-P-O
The Scenario S-P-O inner equilibrium can be obtained by setting p,=Q} and p, =Q} simultaneously, which

should satisfy the following two conditions: (i) L.125 and P’ < p, < pot, or L 128 and Py < p, <P ;and
w o 1-p84 w 1-51

(”) Pll,s—o <p, < min{Pf'P’o, HLsfP} .

The necessary and sufficient condition of Scenario S-P-O inner equilibrium is L1<£<U1, where
w

PlE=2B)r, = 2] and U, 2 A= AAA=25+361)1, — (47, = friAr.]
(n=DIB+ B -2(28-1)A] L (= AE-4B+ Br) A, — Ay, - BriArs]
bound is determined by the requirement that the online store does not jump to Scenario P-O p, > p3° and the lower

bound is determined by the Boundary S-P requirement.
Scenario P-O

The Scenario P-O inner equilibrium can be obtained by setting p,=Q? and p, =Q3 simultaneously, which

L= . Note that the upper

should satisfy the following two conditions: (i) p, < p;’ and (ii) B>"° < p, < P?%°.

- . . . . . 1- +34 .
The necessary and sufficient condition of Scenario P-O inner equilibrium is t >L, = a= A0 2) if
w (A-AB)(4-57,+3\17,)
. 1+824 P . . . . . 1+84
L,>0ie B> 7 The equilibrium never occurs in the interior of Scenario P-O if g< T7hR

Boundary equilibrium

If min{u,,L}< % <L, according to the best responses of each store, the physical store sets the price on Boundary
S-P, and the online store reacts in the interior of Scenario S-P. The equilibrium is obtained by solving equations
p,=0° and pzzw simultaneously.

If U, < L <L,, according to the best responses, the physical store sets the price on Boundary P-O, and the online
w

store reacts in the interior of Scenario P-O. The equilibrium is obtained by solving equations p, =Q? and p, = p:

simultaneously.
Overall equilibrium
The overall equilibrium is given in Table 1.

Proof of Proposition 3-5

Proposition 3-5 can be obtained by differentiating the equilibrium prices and profits in each scenario with respect
to t, # and A respectively. The details are omitted.
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