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Abstract

A dynamic game framework is developed to study market dynamics between two
manufacturers/service providers competing on pricing and switching costs. In this
game, a portion of consumers may choose to upgrade their products by repurchasing
from one of the providers in each period. The switching cost is the one-time costs
when consumers “switch” from one provider to another. Switching costs provide
consumers an incentive to continue buying from the same firm even if its competi-
tors offer functionally identical but incompatible products. In practice, the switching
costs can be increased or decreased by firms through designing products. A mixed
logit demand model, which can arbitrarily closely approximate any discrete choice
behavior of consumers, is adopted to characterize the dynamic market evolution
under stochastically varying consumer preferences. We find that switching costs are
usually beneficial to the firm with a dominant market share. Moreover, large switch-
ing costs can be detrimental to the firm with a disadvantaged market share, so it
wants to decrease switching costs. On the contrary, small switching costs have a
negative effect on the demand of the firm with a weak market share but benefit its
profit by leading a high price. We implement a simulation study to validate our theo-
retical results on market dynamics.
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1 Introduction

In this work, we develop a dynamic game framework to study market dynamics
between two manufacturers/service providers (hereafter referred to as firms) com-
peting on pricing and switching costs. The switching cost is the one-time costs
associated with consumers who "switch" from one provider to another (Porter
2008). Switching costs provide consumers an incentive to continue buying from
the same firm even if its competitors offer functionally identical products (Klem-
perer 1995). Thus, in a dynamic market, switching costs can bring competing
firms a marketing advantage that sometimes is analogous to monopoly power. In
the literature, switching costs are widely discussed, and their effect on business
strategies and market dynamics are summarized as follows:

1. Influencing market dynamics through switching costs Firms obtain a degree of
monopoly power over their consumers through switching costs, which can make
the market less competitive and lead to a higher product price (Klemperer 1987a;
Wernerfelt 1991). However, switching costs make the current market share an
important determinant of future profit but at a trade-off. That is, a firm can either
increase its consumer base and create long-term competitiveness by charging low
prices or exploit its current consumers by charging high prices. Therefore, the
effect of switching costs on a firm’s price may be uncertain in a dynamic market
environment (Villas-Boas 2015; Cabral 2016).

2. Guiding consumer behavior using switching costs In a market with switching
costs, a firm’s repeat consumers find switching to another provider costly. This
lock-in effect limits market liquidity when the firm’s consumers prefer to mini-
mize their immediate costs and cannot anticipate the effect of future switching
costs (Zauberman 2003). Thus, switching costs have a significant effect on repeat
choice behavior (Weiss and Heide 1993).

3. Creating market entry barrier by switching costs Switching costs provide the
existing firm an advantage over later market entrants (Lieberman and Montgom-
ery 1988). Early entrants occupy the market and obtain the first-mover advantage
by locking in existing consumers. Late entrants must invest extra resources to
attract consumers from the existing firm. However, switching costs may some-
times promote entry. When the existing firm is unwilling to attract new consumers
by decreasing prices because of the lock-in effect, late entrants will be motivated
to enter the market (Farrell and Shapiro 1988).

4. Interacting between product design and switching costs Selling products that
are compatible with those sold by competitors in the same market may allow
consumers to switch easily. However, selling incompatible products may create
a switching barrier that provides market power and network effect to a firm. The
network effect (Katz and Shapiro 1994) brought by switching costs can encourage
firms to develop proprietary standards (e.g., lightning interface used on iPhone
and iPad, a proprietary interface designed by Apple Inc.). Furthermore, switching
costs may lead to firms’ adoption of inferior technologies (Beggs 1989).
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To sum up, switching costs play an increasing role in market dynamics. How-
ever, the effect of switching costs is oftentimes ambiguous. In revenue management,
the lock-in effect enables a firm to have a degree of market power, which leads to
inelastic responses to price (Farrell and Shapiro 1988). On this basis, several prior
studies suppose that switching costs are always associated with higher profits (e.g.,
Beggs and Klemperer 1992; Farrell and Klemperer 2007). For example, Apple
iPhone locks in consumers successfully with large switching costs through the char-
acteristics of the iOS smartphone operating system and charges high prices to gain
more profit. However, previous studies show that switching costs sometimes bring a
lower price to consumers empirically (Dubé et al. 2009) and theoretically (Dogano-
glu 2010; Arie and Grieco 2014). Such a finding makes one wonder if switching
costs are becoming a drag on a firm’s profit instead. Apple’s iOS system is taken
as an example again. It is incompatible with other operating systems or hardware
manufacturers and is not mainstream in the personal computer market, possibly lim-
iting its profitability (Chen and Hitt 2006). The following question then arises: under
what circumstances does switching costs become an advantage or a burden for a
firm in terms of profitability?

The effect of switching costs on a firm’s profit has not been fully discussed in the
literature. To the best of our knowledge, few works argue that switching costs can
lead to a lower profit. Klemperer (1987a) pointed out that in a symmetrical market,
if consumers who buy intertemporal have preferences changing over time, then the
existence of switching cost may reduce the overall profit of a firm. Demirhan et al.
(2007) analyzed a market entry problem and proposed that the early entrant’s profit
is positively related to the switching cost, whereas the late entrant’s profit is neg-
atively related to the switching cost. Villas-Boas (2015) illustrated that compared
with no switching costs, firms can have a lower profit with switching costs, provided
that the firms’ forward-looking is not worse than consumers’. The common feature
of these works is that they assume a two-period Hotelling model to describe con-
sumer demand and do not consider the effect of the market share on a firm’s profit
under switching costs.

To understand the effects of switching costs on market dynamics, including mar-
ket share and profit, we study a multi-period dynamic Stackelberg game-theoretical
model (Steiner 2010) between two decision makers, a leader and a follower, in mak-
ing decisions sequentially with switching costs. In each period, the two firms inno-
vate and introduce new products. Consumers choose to purchase in one of the two
firms, and the switching costs are the one-time costs associated with the switch of
the firm. This duopoly is common in practice, such as Boeing and Airbus in the
aircraft market, Android and Apple iOS in the smartphone operating system market,
and Coca-Cola and Pepsi-Cola in the carbonated drink market.

Consumers learn from experience and interactions with other consumers and
build (or lose) trust in brands, leading to changes in their preferences. Empirical
studies for non-food goods (Lachaab et al. 2006) and food fast-moving consumer
goods (Guhl et al. 2018; Guhl 2019) confirm that the time-varying parameters in
consumer utility play an obvious role in revealing consumer brand choices. In par-
ticular, Baumgartner et al. (2018) pointed out that the introduction of time-varying
brand intercepts and time-varying effects of covariates can improve predictions by
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0.5 to 1.75 market share points compared with the model with constant parameters.
To study dynamic preference changes, we assume that a consumer’s relative pref-
erence toward the follower’s product (against the leader’s product) follows a given
probability distribution.

Switching costs are divided into two categories: exogenous and endogenous
switching costs (Klemperer 1995). The former are not subject to a firm’s pricing
and promotion decisions, whereas the latter are determined by a firm’s action. Prior
empirical studies measure exogenous switching costs in online brokerage businesses
(Chen and Hitt 2002), internet portal services (Goldfarb 2006), detergent purchases
(Osborne 2011), and refrigerated orange juice and margarine markets (Dubé et al.
2010). Nowadays, firms are increasingly adopting endogenous switching cost strate-
gies to respond to competition. Firms’ switching cost strategy is often considered a
marketing strategy, such as loyalty reward (bonuses to "old" consumers) or fresh-
man project (bonuses to “new” consumers) (Caminal and Matutes 1990; Chen 1997,
Singh et al. 2008; Cosguner et al. 2017). These strategies are essentially price dis-
crimination, which requires a firm to distinguish all consumer categories.

In the high-tech industry, switching cost strategies are often realized by modify-
ing the product design as part of a technological approach. For example, providers
of smartphone iOS alter their product technology by designing different user inter-
faces or incompatible accessories, such as different charging devices or headphones
to prevent consumers from switching. Such a switching cost strategy is based on
the switching consumers’ purchase history (e.g., psychological factors, usage habits,
and learning costs). However, few quantitative studies discuss this type of endog-
enous switching cost (see Farrell and Klemperer (2007) for an overview).

In this study, switching costs are driven by firms’ product design. We study two
scenarios: the switching cost is exogenous and remains unchanged over periods and
the switching cost is endogenous that can be changed by the two firms by invest-
ing in the product design. In the former scenario, only pricing strategies are con-
sidered under switching costs. In the latter, in addition to pricing, the two firms can
invest in either increasing or decreasing switching costs by redesigning products that
are incompatible or compatible with each other in each period. Although the pric-
ing strategies are short-term decisions that can take effect immediately, the changes
for the product design (switching cost investment) require lead time. Therefore, we
assume that the switching cost investment occurs in the current period, and the lock-
in effect of switching cost occurs in the next period. Such a multi-period game-theo-
retical model is crucial in investigating the interplay between pricing and switching
cost strategies in a dynamic market.

A practical mixed logit model (Aksoy-Pierson et al. 2013; Li et al. 2019), which
can arbitrarily closely approximate any discrete choice model (McFadden and Train
2000), is adopted to describe consumer behavior. Discrete choice models are widely
used to analyze the market competitions under switching costs, such as the beverage
retailing (Dubé et al. 2009; Cosguner et al. 2018), networking equipment service
(Chen and Forman 2006; Grzybowski and Liang 2015), and smartphone markets
(Park and Koo 2016; Kim et al. 2020). The mixed logit model divides consum-
ers into different segments according to their characteristics, thus overcoming the
shortcoming of the independence of irrelevant alternatives (IIA) in the basic logit
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model (Aksoy-Pierson et al. 2013). In our paper, consumers are divided into three
segments according to their previous purchases, and they pay different switching
costs for their next purchase. To describe the heterogeneity of consumers in terms of
switching costs [e.g., the learning cost varies among consumers (Klemperer 1987b;
Nilssen 1992)], we assume that several different types of consumers exist in the
market, separated by different perceived switching costs. Based on the mixed logit
model, our results can be generalized to other discrete choice models from a theo-
retical perspective.

We obtain theoretical and numerical results about the effect of switching costs
on market share and profitability. First, we show that switching costs can be detri-
mental to a firm in the market. Specifically, if the switching cost is small, then it can
adversely affect the demand of the firm with a small current market share. Second,
switching costs can be regarded as the first-mover advantage to maintain the leader’s
market share advantage. Third, the market share position determines whether a firm
will increase or decrease switching costs. We use dynamic programming to obtain
equilibrium strategies. We then adopt forward simulations 5000 times under uncer-
tain market evolution to test our theoretical results and make observations about the
market dynamics. We find that larger switching costs can lead to higher profits for
the leader, but excessive switching costs can be detrimental to the follower.

The remainder of this paper is organized as follows: Section 2 describes the
dynamic game-theoretical model in detail. Sections 3 and 4 provide the results of
theoretical analysis and numerical simulations under exogenous and endogenous
switching costs, respectively. Section 5 analyzes the case of asymmetric switching
cost. Section 6 concludes the study.

2 Dynamic market model with switching costs
2.1 Problem description and consumer demand model

This study examines dynamic pricing and switching cost competition problems in a
single market with one leader (firm L) and one follower (firm F). The objective is to
maximize their discounted profits over T (finite) periods (numbered by 1, 2....,7). In
each period, the leader and the follower upgrade their products, decide their product
pricing, and invest in switching costs (i.e., the endogenous switching cost scenario).
Firm L makes decisions prior to firm F. As a leading firm, firm L has the first-mover
advantage, and its product is more attractive to consumers than that of firm F in the
beginning. However, we assume that the gap in consumers’ cognition of the two
products gradually narrows over time.

Such sequential decision-making between firms is common in reality. The leader
generally develops new products before the follower, and the follower often deter-
mines its strategies by basing on the leader’s strategies. Firms tend to release new
products on a regular basis, especially in industries driven by technological innova-
tion. Taking the smartphone market for example, Apple is usually the first to get the
most advanced hardware devices from suppliers at each time, and introducing new
phones annually is crucial to remain competitiveness for smartphone firms.
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The consumers in the market are divided into three segments according to their
previous purchases: 1. consumers who last purchased from firm L and are used to
firm L’s product (denoted by L), 2. consumers who last purchased from firm F and
are used to firm F’s product (denoted by F), and 3. new consumers who have no
specific preference for the two firms (denoted by O). In each period, a portion of
consumers choose to upgrade/purchase one product from firm L or F (6, denotes the
upgrade rate). A consumer who is used to firm L’s or F’s product and purchases a
product from the opponent pays a one-time nonnegative switching cost and then gets
used to that firm’s product in the next period. The perceived switching costs may
vary for consumers. For example, different consumers may have varied levels of
acceptance of a new technology or incompatibility in the use habits. For this reason,
we assume that there are totally N consumer types in the market, and different types
of consumers suffer varying switching costs. New consumers do not pay switching
costs when they purchase a firm’s product, but they get used to that firm’s product
in the next period. Figure 1 illustrates the market dynamics and problem structure.

In this study, the two firms can either increase or decrease the switching cost in
the market through product design, which is unpredictable to consumers. We first
assume switching costs as symmetric for the same consumer type (i.e., consumers
of type n switching from firm L to F or from firm F to L incur the same switching
costs) and then discuss the case of asymmetric switching cost in Sect. 5. Consumers
are assumed to be myopic who choose a firm to maximize the current period utility.
This assumption is reasonable because consumers cannot predict or know the design
of future products before the new products are released. For example, consumers do
not know the specifications of the next generation iPhone while making purchasing
decisions for the current period. In addition, in order to study the market dynamics
of more than two periods, strategic consumers have to be discarded because of the
lack of closed-form solutions in the multi-period games. The assumption of myopic
consumers is in line with the empirical case and is supported by the literature (e.g.,
(Demirhan et al. 2007; Dubé et al. 2009; Cabral 2016; Cosguner et al. 2017).)
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To model consumer demand, we follow the standard discrete choice frame-
work (Aksoy-Pierson et al. 2013; Li et al. 2019), which can flexibly describe the
characteristics of products and consumers. The mathematical notations are sum-
marized in Table 1. In period ¢, we suppose that consumers who belong to type
n and switch providers between firms L and F' must pay a nonnegative switch-
ing cost s7. Let u;’L(n) and u;’F (n) denote the utility of the type n consumer who
belongs to segment i (i € {L, F, O}) and purchases a product from firms L and F,
respectively.

uz’L(n) = al — plpt —s'T{i=F} + " = lU:’L(n)‘+ et ' n
u" (n) ro+af — pFpf —s"T{i=L} + el = U () + €,

where r, denotes the relative preference of consumers for firm F, atL and ozfF denote
the non-price attractiveness (factor) from firms L and F, ﬂIL and ﬁtF denote the price
sensitivities that are larger than O, ptL and pf denote the product prices of firms L
and F. 7 denotes the indicator function that is equal to 1 if the condition in bracket
holds; otherwise, 0. UE’L(n) and U:"F(n) denote the observable utility of type n con-
sumers, and g:"L and £§’F denote the unobserved noise, which is i.i.d. Type I extreme
value distribution. In practice, consumers’ attitudes toward products tend to change
over time with uncertainty. To simulate the rapidly changing and uncertain market
evolution, we assume that the relative preference r, follows a Markov chain over
periods.

According to the consumer utility Eq. 1, we define the consumer purchase
probability of type n consumers who belong to segment i and purchase from firm
Jj, which is derived from the logit model as

Table 1 Notations

n Type of consumers who pay different switching costs, n € {1,2,...,N}

u:?i ) Utility of consumers of type n who belong to segment i and purchase from firm j in period ¢

p{ Price sensitivity to firm j in period ¢

r, Consumers’ relative preference for firm F in period ¢

st Switching costs paid by consumers of type n in period 7, s, = (s, 52, ..., sV)

a){ Market share of firm j in period ¢

p/t' Product price of firm j in period ¢

]{ Switching cost investment of firm j in period ¢

pi-f (n) Purchase probability of consumers of type n who belong to segment i and purchase from
firm j in period ¢

d{ Demand of firm j in period ¢

Rf Current revenues of firm j in period ¢

Vf Profit of firm j in period ¢

o, Upgrade rate in period ¢

M Market size

c Marginal cost
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. U
Pimy=—2" i€ {LFO), je{LF) 1,2,..,N}.
2 (n) w5 i€ 0}, je{L Fl,ne{ | )

2.2 Multi-period competitiveness model

We make the following assumptions to construct our multi-period competitiveness
model. When a new period begins, firms L and F observe the current states, includ-
ing the market shares and switching costs. After both firms evaluate the possible
future market states, firm L decides its product price and invests in switching costs
(i.e., the endogenous switching cost scenario), followed by firm F. According to
their decisions, the current states will transit to other states in the next period. Fig-
ure 2 illustrates the sequence of events (i.e., decision flow) in each period.
Formulating the proposed dynamic game model consists of five steps.

1. Planning Horizon: Consider firms that sell products in a finite horizon, and T is
the length of the planning horizon, r € {1,2,...,T}.

2. State: Relative preference of consumers r, switching cost s = (sl1 s stz, e sf’ ), firm
L’s market share a)L and firm F’s market share a)ﬁE . Denote the state at time ¢ as

=(r,s, a) a)F ).

3. Actions: The actlons are pricing in the exogenous switching cost scenario, and
pricing and switching cost investment in the endogenous switching cost scenario.
p’ denotes the pricing strategy, and ]] denotes the switching cost investment strat-
egy of firm j € {L, F'}. The sw1tch1ng cost investments can be positive (IJ > 0) or
negative (I < 0).

4. Transition Rule: A current state transitions to another state at the start of the next
period. The transition of the relative preference of consumers r, follows a Markov

O O [ o o O > Period
0 1 e l t t+1 I ...... T
Market state information in t period Market state information in t+1 perih
Relative preference of consumers 7¢ Relative preference of consumers 73,4
Switching cost s Switching cost S¢4q
Market share of leader wf Market share of leader w¥,;
Market share of follower wf Realized demand and profits Market share of follower  wf,;
o v o >
, . 0 . t+1
Leader’s strategies Follower’s strategies

Price pf Price pf
Switching cost investment [-  Switching cost investment If

o J

Fig.2 Decision flow in one period
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chain with probability. For each type n consumer, the transition of the market
share of firm j in period ¢ + 11is

Wl =58 Y  wmP )+ - 8)wn) 3

i€{L,F,0}

where a)i(n) denotes the market share of firm j under type n, wto(n) denotes the

portion of new consumers O under type n that is equal to 1 — a)tL(n) - wf (n), and
6, denotes the upgrade rate. The (total) market share of firm j over all types in
period ¢ is

N
o)=Y o) )
n=1

In the endogenous switching cost scenario, the transition of switching costs is
determined by the switching cost investments of firms L and F, which is the
same as that in (Demirhan et al. 2007),

Sn

1 =max{s;’+1tL+IlF,0}. 5)

5. Reward: The reward in each period is called the current reward. Before obtaining
the reward, we define the demand of firm j at period ¢, which is the sum of the
weighted of the purchase probabilities for all three segments of consumers,

N
d=M5Y Y omPn) ©)

n=1 ie{L,F,0}

where M is the market size. The current reward comprises the total revenue
generated from products after subtracting the marginal cost ¢ in the exogenous
switching cost scenario,

RIS, phpD) =@l -0d, je(LF). @

and subtracting the marginal cost ¢ and investment cost C(I{ ) in the endogenous
switching cost scenario,
RS, p}.pf 1) = () = od — C@), j € (L.F). ®)
We assume that function C(I{ ) satisfies convexity and is equal to O if I{ = 0. The
two firms decide their strategies to maximize the total profit V/ as
V! = RIS, pE.pl ) + EIVEE (SIS, pE Pl IR D), ©)
where ij:] denotes the value function from the next period # + 1 to the end T
and E [Vf al =ZPr(r, |rt)Vfr1. Recursively, the value function from period ¢ to
the end T is obtained under the optimal strategies of firm j, namely

V= max; , V.
t Pl Tt
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3 Competition with exogenous switching costs

In this section, we consider the exogenous switching costs scenario, that is, the
switching costs in the market cannot be controlled by the two firms. We discuss the
effect of switching costs on the market shares and profits of the two firms. We also
conduct forward simulations to understand the dynamics of the two firms on the
basis of the equilibrium prices obtained through backward induction.

3.1 Theoretical results

Switching costs can bring certain monopoly power to firms by restricting the flow of
consumers. However, in a competitive market, a firm’s demand and current reward
may not be necessarily positively affected by switching costs. Taking the derivative
of two firms’ demands with respect to the switching costs of type n consumers, it
has

d- ad*
5o = Mo Lof PP (n) — of (WP (m)PFH ()] = - o5 (10)

That is, the effect of the switching cost is positive to one firm’s demand and negative
to the other’s. As the purchase probabilities in Eq. 2 are between 0 and 1, the current
market share @/(n) of type n consumers is positively related to the sign of the deriva-

. d! . . .
tive %. The firm with a large current market share is more likely to benefit from

switching costs, and conversely, switching costs may negatively affect the firm with
a small current market share. In particular, we propose the following:

Proposition 1 For each type of consumer, if the switching cost s} is sufficiently
small, then the effect of switching costs on demand is positive for the firm with cur-
rent market share advantage and negative for the firm with current market share
disadvantage.

Proof Without loss of generality, we assume that the leader has a larger current mar-
ket share than the follower, namely coL(n) > a)F (n). If no switching cost exists in the
market, then we have P’ Y(n) = "(n) P '(n), and

L
Zfﬁ. = M6, [wE(n)PE(n)PF (n) — of (n)PF (n)PL(n))
= Mé,(cof(n) — &f (m)PLm)PF (n) > 0.
According to the contmulty, > 0 when the switching cost s is sufficiently small.

O

Switching costs can be detrimental to a firm in the market because it prevents
the firm from expanding its market share. Proposition 1 determines that small
switching costs can adversely affect the demand of the firm with a small current
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market share. When the switching cost increases from 0, a small number of cost-
sensitive consumers can be affected, including stop switching behavior, and the
demand of the firm with a weak market share begins to decline. At this time, the
firm can adjust its price strategy to deal with the loss in demand as the switching
cost increases.

We then study the effect of switching costs on firms’ long-term profit. The value
function from the next period to the end is closely related to the next-period mar-
ket shares w* i and a)t - According to the transition rule in Eq. 3, the relationship
between the next-period market shares of the two firms and the switching cost is as

follows:

L aa)F
1
—or = 8l PP ) — of PP ] = -— 2 )
t t
Compared with Eq. 10, it has 2 Sf“ = Iiijd,{. Thus, if the effect of the switching cost

t

on a firm’s demand is positive, then the switching cost is also positively related to
the next-period market share of this firm and is negatively related to that of the other
firm. Basing on the effect of switching costs on a firm’s demand and market share,
we establish the relationship between the long-term profit and the switching costs as
follows:

Proposition 2 Suppose that the price of each firm is higher than the marginal cost.
Let j denote the firm we consider and k denote the other firm. For each type 0f con-

j>0and—<01f =<0

sumer, lf P

o
from the beglnnmg of period t, then 2 F <0.

Proof We only prove the first part of the theorem, and the proof of the second part
is similar. According to the definition of the purchase probabilities in Eq. 2, it has
P (n) > Pf)"(n) > P,’(n), provided that switching cost s” > 0. We define the aver-
age purchase probability of all types of consumers belonging to segment i and pur-
chasing from firm j as

N i\ pii
y _, o' (n)P}(n)
Pz} = zn—l t t i (12)

! i
w;

which also has PﬁJ > P,O‘j > Pf‘i. Thus, we can rewrite the demand of firm j as
j i pii ~ od; od,
dy =M, Yici1r0y @,P; and claim thatd—w{ > 0 and 2t < 0.

We first show the relationship between the value function and the next-period
market shares. By induction, for the current reward in the last period R/, it has

% > 0, and 05 < 0 because of >0, < 0, and p’ > c¢. Therefore, for the
T T
value function V’ = maxp, i R] in perlod T it also has —L >0, and ()a)T < 0. For

T

period 7' — 1, the profit V) _ = R’ L+ V’* from 7T — 1to Thas
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J j i j o k
oVyy _ORpy  (OVy o oVy oaf

— = — - —+ — > 0,
o 0w, \ow 0w 00k oa)
and
. . o : . .
v, _ oR,_| V" ow, N ovy© owh. <0
k k i3k k 5k ‘
dwy_, da)T_] aw’T da)T_] dwy. da)T_]

Therefore, j It 5 0 and 2 T L < 0. We have —/ >0 and — < 0 for all period .

e 9o,
To verify the first conclus1on we st111 use 1nduct10n For the current reward,
aR’ ad,
>0as— >0, Whereas B c0as < 0 because we assume that p’ > c. Thus

an 5" an an

t

for the value functlon V’ —L > 0.

Associated with 2 6_s from Eq 1() Yy L <0 and

T — 1, differentiating the proﬁt 7 With respect to the sw1tch1ng cost s7._, obtains,

< 0O are true. For the perlod

i j i n i j K k
vy, _ OR,_, ovy' osp.  dVy dwl.  OVy dwl
ds’T‘_l 08y, s ds’T‘_l awIT ds’T‘_l da)’; asy_,

We know that Ry >0 and vy >0 1f ody, >0 and dy > 0 are true. We obtain

T] T]

>0 and 22 < ( from Eq 11. From the first part of the proof > 0, and

1 ST—] o

avj* n
P i < 0 Associated with =L > 0 from the transition rule in Eq. 5, we can claim

YTl

that a ] > 0. By analogy, we can obtain ‘;l > 0 for any period t. Moreover, ij >0
-1

"ok
means — < 0 an d ’f L < 0. Through the same analysis as above, we can obtaln
oVt g

o < O O

Proposition 2 illustrates that switching costs can negatively affect a firm’s long-
term profit. This case happens when the switching cost is negatively related to the
firm’s demand or is positively related to the opponent’s. According to Eq. 10, we
can assert that the effect of the switching cost on profit is negative to the firm with a
weak market share. Conversely, the switching cost can bring additional profits to the
firm with a dominant market share. As a result, the leader in the market, which usu-
ally has an advantage in technology and market share, benefits more from switching
costs, whereas the follower may not be in favor of switching costs. Switching costs
can be thus regarded as one of the first-mover advantages.

Below, we discuss the effect of switching costs on the market share under
the change of consumer preference. The follower is usually at a disadvantage in
terms of consumer preference in the beginning. However, as consumers become
more aware of the follower’s product, the consumer preference for the follower
relative to the leader changes over time. The increase in the relative preference
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of consumers plays an important role in reshaping the market shares of the two
firms. Nonetheless, in a market with switching costs, we have the following result:

PropOSItlon 3 If the swztchmg cost st in the market is larger than some threshold,
dok o
9 Al o r+1

> 0, and

then < 0.

osy

Proof Differentiating the next-period market share wi 41 With respect to the relative
preference of consumers r,, we obtain

awF N
L= Y 8 @l PIH@PIT (1) + @HWPE () PH )
t n=1
PP WPPL| > 0,
60)1‘ X N
St == X P P + of PP )
t n=1

+ a)f(n)P?»L(n)P?F(n)] <0.

That is, the relative preference of consumers for the follower is positively related to
the follower’s market share and negatively related to the leader’s. Taking the switch-
ing cost into consideration, the following is proposed:

0 90y,
or,

L = 5| whmPE (PE- (L = 2PE ()
St

0&)21
a(o_r,>

os”

t

+ o (PTL)PTF (n)(1 — 2PT ’L(n))] S

From the definitions of purchase probabilities in Eq. 2, "” L — pryPHn) - 1) <0

and P’ (n) tends to 0 as s tends to infinite. Given any price palr P; L and p ; F of the two
firms, some threshold § ex1sts such that if s7 > 5, then the sw1tch1ng purchase prob-

o( del a(d 1+l

> 0, and

<0.
O

abilities satisfy PtL‘F(n) <3 Land Pf ’L(n) < 5. Therefore, a 7

If the relative preference of consumers for the follower increases, then the fol-
lower’s market share in the next period increases, whereas that of the leader’s
decreases. Proposition 3 means that as the switching cost increases, the improve-
ment in relative preference of consumers has less influence on the two firms’
market shares. That is, switching costs can help the leader retain consumers and
maintain market share as the follower’s product is gradually recognized by con-
sumers. Therefore, switching costs can be seen as the first-mover advantage of the
leader.
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Proposition 3 also implies that for the leader, switching costs and relative prefer-
ence of consumers can be considered as complements, while for the follower, they
can be considered as substitutes (for the definitions of complements and substitutes,
we refer to (Shapley et al. 1962)). In other words, as the relative preference of con-
sumers for the follower increases, the marginal utility of switching costs becomes
more significant for the leader and less significant for the follower.

3.2 Numerical simulations

We conduct a case study of a smartphone market to verify the theoretical results and
understand the dynamics of both decision makers. Two dominating firms, Apple and
Samsung, compete with each other in a single market. For the coefficients of the
mixed logit model, we refer to the empirical research of Kim et al. (2020), who sam-
pled 991 Korean smartphone owners between the ages of 20 and 59 and considered
five attributes for the standard mixed logit model: brand (Apple or Samsung), screen
size (inch), memory (100 GB), user recognition technology (with or without), and
price (thousand USD). The estimation results of Kim et al. (2020) are 3.627 (Apple)
and 6.571 (Samsung) for brand, 0.097 for screen size, 1.151 for memory, 1.013 for
user recognition technology, and —6.431 for price.

We consider an Apple iPhone (5.5-inch screen, 256 GB memory, with user rec-
ognition technology) and a Samsung phone (5.8-inch screen, 256 memory, with user
recognition technology). The utilities of the type n consumers who switch purchases
are

e PRy — 3627 45,5 % 0.097 + 2.56 % 1.151 + 1.013
— 6.431 # piPhore _ ¢

t?

PO SAMSUOE Gy — 6571 4 5.8 % 0.097 + 2.56 % 1.151
+1.013 — 6.431 % p>rmsune _ g1,

t t

Samsung

Note that prices pi* and p, are in thousands of USD.

For other parameters, the planning horizon consists of 20 time periods,
t € {1,...,20}, the market size is set to M = 1000, the marginal cost is set to
¢ =200 USD, and the upgrade rate is set to 6, = 0.1. We assume that in the begin-
ning time epoch ¢t = 1, Apple is the market pioneer (the leader) which is more attrac-
tive to consumers in the beginning, whereas Samsung (the follower) is less attrac-
tive to consumers. That is, the relative preference of consumers in the beginning is
r, = —3. Below, we use the leader to represent Apple, and the follower to represent
Samsung.

For the initial market shares, we set """ = 0.59 and w?amsung =0.27, which is
the average market share of the two smartphone brands in the USA over the past year
(StatCounter 2021). In Appendix B, we also use South Korea’s market share data
over the past year to analyze the situation where the follower dominates the market
share (@'P1°"¢ = 0.26 and @>™""¢ = 0.64). The total market share of the two smart-

1 1
phone brands in these countries (the USA and South Korea) exceeds 85%, which
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is in line with the duopoly model. In the situation where the follower dominates
the market share, all results are similar to the situation where the leader dominates
the market share (in the USA), except that the follower is more active in increasing
switching costs in early periods (see Appendix B).

We compare the two switching cost cases, namely without exogenous switching
costs (s7 = 0) and with exogenous switching costs (s} # 0). In the case with exog-
enous switching costs, we assume that three types of consumers pay switching costs
1, 2, and 3, respectively (s! = 1, s> =2, and s? = 3), and these three types of con-
sumers each account for one-third of the market. In the utility equation, each unit
change in consumer utility is equivalent to a price change of 155 USD (the price
sensitivity is 6.431). Therefore, the largest switching cost (st3 = 3) accounts for 465
USD or up to 38.8% of the price of the smartphone (~ 1200 USD for the premium
iPhone), which is close to the ratio in empirical studies (e.g., 35.9% in (Park and
Koo 2016) and 30% in (Osborne 2011)).

In line with our model assumption, consumers become highly aware of the fol-
lower’s product as time passes, and the gap of the consumer preferences between the
two brands narrows. Thus, r, follows a Markov chain over periods. (The transition
probability matrix of r, is shown in Appendix A.) Under this uncertain market evolu-
tion, we adopt forward simulation to compare the two firms’ strategic changes on the
basis of the equilibrium strategies. The equilibrium strategies are obtained by back-
ward induction of the dynamic game model. We simulate 5000 times for the sake of
smoothing the results, and all results are the average of 5000 simulations. For each
simulation run, we generate a realization of the dynamic game over the planning
horizon. The evolution trend of r, under 5000 simulations is shown in Fig. 3. The
figure shows that r, has a wide range and can be greater than 0 after the 10th period,
which means that the consumer preference for the follower may exceed that for the
leader.

Evolution of Relative Preference of Consumers
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Fig. 3 Evolution trend of the relative preference of consumers for the follower
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Figure 4 shows the trend of market shares, equilibrium price, and profit in each
period for the two switching cost cases. The horizontal axis represents the time,
and the vertical axis represents the market share/equilibrium price/profit of the two
smartphone firms. We draw the following conclusions:

e The market share position of the two firms reverses because of the improvement
of consumers’ relative preference (Fig. 4a and d). However, switching costs pro-
tect the leader’s market share advantage to a certain extent, because the switch-
ing costs can reduce the effect of consumers’ relative preference on the market
share of the two firms (Fig. 4d).

e The two firms set a higher price with exogenous switching costs. Compared
with no exogenous switching costs, the gap between the two firms’ price widens
(Fig. 4b and e).

e Owing to the advantages of market share and consumer performance at the
beginning, the leader’s profit increases under exogenous switching costs. Con-
versely, the follower’s profit decreases under exogenous switching costs (Fig. 4 ¢
and f).

4 Competition with endogenous switching costs

In this section, we consider the dynamic market competition under endogenous
switching costs. Different from the exogenous scenario, the switching cost in the
market can be changed by the two firms by investing in the product design. In addi-
tion to the pricing strategies, the two firms can invest in either increasing (£, > 0) or
decreasing (F) < 0) the switching cost. For example, they can make their products
greatly incompatible or compatible with each other. Although the pricing strategies

Market Share Price Long-term Profit
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Fig. 4 Market share, equilibrium price, and profit trends in each period in the exogenous switching cost
scenario
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are short-term decisions that can take effect immediately, the changes for product
design (switching cost investment) require lead time. Thus, the two firms decide to
invest in switching costs and pay the investment cost in the current period (Eq. 8),
and the lock-in effect occurs in the next period (Eq. 9).

Proposition 2 shows how the long-term profit of a firm is influenced by switching
cost. Accordingly, Proposition 4 characterizes the switching cost strategy of firms.

Proposition 4 If the switching costs are small or the gap in market shares between
the two firms is large, then the firm with market share advantage invests in increas-
ing switching costs, whereas the firm with market share disadvantage takes action to
decrease switching costs.

Proof Without loss of generality, we assume that the leader dominates the market

share, namely d" > dF. Taking the first-order condition of V{ on I{, we obtain
7% n
c’ (IJ )= %1 From Proposition 1 and Eq. 10, we know that if the switching cost

s, oF

s 1s small or the gap in market shares between the two ﬁrms 1s large then 1t has

—/ < 0. Therefore

r

C’ (IL) >0and C’ (IF ) < 0 because aa’;‘ =1 Grven that the investment cost function

Thus for the value function, V’ = max ,,{V’

1

C satisfies convexity and is equal to 0 if F/ = 0, we have IF>0and IF <0. m|

Proposition 4 shows that firms can adopt the switching cost strategy as a weapon
to enhance their market competitiveness. In a duopoly, the firm with a larger market
share wants to further increase consumer inertia to maintain its market dominance
on the one hand. For example, the firm can make its product greatly incompatible
with others or increase the cost of cancellation. On the other hand, the firm with
a smaller market share has an incentive to decrease switching costs to enlarge its
market scope and can sell greatly compatible products or pay new consumers to
switch. The result is similar to that of Katz and Shapiro (1985), who argued that in a
single period, firms with good reputations or large networks prefer incompatibility,
whereas firms with weak reputations or small networks are in favor of compatibility.
By contrast, we confirm the result in multiple periods and further find that although
the gap in market shares is small, the result remains valid under small switching
costs.

To exhibit the market dynamics with firms’ switching cost investment and the
manner in which firms’ switching cost investment changes under uncertain market
evolution, we also perform 5000 simulations on the previous smartphone study. We
also use the leader to represent Apple and the follower to represent Samsung. All
the parameters are the same as those in the exogenous switching cost scenario in
Sect. 3.2. In line with the prior works (Demirhan et al. 2007; Xue et al. 2006), we
assume that the investment cost C(F) is a quadratic function, that is, C(I') = k(F)?,
where the coefficient of switching cost investment k is equal to 50. The firms’ choice
of switching cost investment is set as discrete and bounded, If e {-2,-1,0,1,2}.
We also compare the two switching cost cases: without initial switching costs
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(s1 = 0) and with initial switching costs (s'l’ # 0). In the case of with initial switch-
ing costs, we also consider three types of consumers (each accounting for one-third)
who pay switching costs 1, 2, and 3, respectively.

1. Market share, equilibrium price, and profit trends in each period.
Figure 5 shows the trend of market shares, equilibrium price, and profit in each
period for the two initial switching cost cases. The horizontal axis represents the
time, and the vertical axis represents the market share/equilibrium price/profit of
the two smartphone firms. We draw the following conclusions:

e A negative correlation is found between the changes in market share and
switching costs. Compared with the exogenous switching cost scenario, the
changes in market share are reduced (Fig. 5a and d).

e Without initial switching costs, investment in switching costs increases the
two firms’ prices, whereas with initial switching costs, investment in switch-

ing costs decreases the two firms’ prices (Fig. 5b and e).

e The leader’s profit is positively related to switching costs, and the follower’s
profit initially increases and then decreases as the switching costs increase
(Figs. 4 and 5c and f).

2. Ratio of switching cost investments and switching cost trajectory in each period
Figure 6 shows the ratio of switching cost investments and the trajectory of

the largest switching cost (s?) in each period for both cases. The horizontal axis
represents the time, and the vertical axis represents the changes in switching cost.
The colored grid in Fig. 6a—d represents the ratio of decisions made by both firms

in 5000 simulations. The darker the color, the higher the probability of switching

cost investment. We draw the following conclusions:
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Fig.5 Market share, equilibrium price, and profit trends in each period in the endogenous switching cost

scenario
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Fig. 6 Ratio of switching cost investments and switching cost trajectory in each period

e Without initial switching costs, both firms increase their switching costs to
create product differentiation (Fig. 6a and b).

e With initial switching costs, the follower decreases its switching cost to
attract additional consumers, whereas the leader tends to maintain a large
switching cost because of its market share advantage (Fig. 6d and e).

e When the switching cost is small, the switching cost strategy of the two
firms will increase the switching cost in the market. Conversely, when the
switching cost is large, the switching cost strategy of the two firms will
decrease the switching cost in the market (Fig. 6¢ and f).

5 Case of asymmetric switching costs

In this section, we relax the assumption of the symmetric switching costs and
discuss the case of asymmetric switching costs, that is, the switching cost paid
by consumers switching from firm F to L differs from that when they switch from
firm L to F. For simplicity, we assume that there is only one type of consumers in
the market (N = 1). Let sf L denote the switching costs when switching from firm
Fto L and stL’F denote the switching costs when switching from firm L to F. Under
asymmetric switching costs, the utilities of switching consumers are

f,L :alL_ﬁLL L+£i,L 13
utL’F =rt+oc ﬂp[—s +e (13)

Taking the derivative of two firms’ demands with respect to the asymmetric switch-
ing costs, we have
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od" od"”

<t = M§tPPRT = — S,

ds,” ot t ds”

od’ FoF. FPF L ad- (14)
t — > s — _ i

I = Mo, P, P, = 7T

1 t

Compared with the case of symmetric switching costs, the effect of the asymmetric
switching costs on firms’ demand and profit is quite clear. For a firm, the higher the
switching costs of its own consumers, the lower the switching costs of the rival’s
consumers, the more beneficial it is to its demand and long-term profit.

If a firm can invest in asymmetric switching costs, decreasing the switching costs
of the rival’s consumers and increasing the switching costs of its own consumers are
natural. However, the performance of investing in these two asymmetric switching
costs can vary. According to Eq. 14, we can obtain the following result:

Proposition 5 Suppose the investment costs for the two asymmetric switching costs
are the same.

od" od”
1. If LF > — prE —5, or equzvalently FL < - P2 —L=, then the leader will invest in increas-

ing the swztchlng costs s and thefollower will invest in decreasing the switch-

L.F
mg COS[S S,

0dL od”
2. If L =< — P —#7, OF equlvalently af = > — o —7, then the leader will invest in decreas-

t

ing the swztchmg costs s, FL and the follower will invest in increasing the switching
costs sf L
Lr > —:(iL > 0. For firm L’s next-period market share, it has
iy _ L MI A =1 af Consistent with the proof of Proposition 2, we can
asLI' 0%L2 0VLaSI' L M l) I- L* p p
obtain ——= o —% > — o —. That is, each unit increase in the switching costs s brmgs

more long term proﬁts than each unit decrease in the switching costs s L Given that
the investment costs for the two asymmetrlc sw1tch1ng costs are the same, firm L

will 1nvest in increasing the switching costs s F rather than decreasing the switching
od"_ od"
costs s L For firm F, we have that — L = > —4 > 0 from Eq. 14. Similarly, we can
as ost
oVFr gV
obtain that — > > P L. Therefore, ﬁrm F W111 invest in decreasing the switching
Sl

costs s F rather than 1ncreas1ng the switching costs s, FL

d- od- od! od*
Similarly, if 2 = L F <~ F A (or equ1valently P — = > - Py —=%), then the two firms will

invest in the sw1tch1ng costs s L but in the opp0s1te d1rect10n a

Proposition 5 states that a firm’s investment in asymmetric switching costs
depends on the effect of the asymmetric switching costs on the ﬁrm’s demand For
a firm, if the switching costs of its consumers (i.e. s  for firm L or s L for firm F)
have a larger effect on its demand than the sw1tch1ng costs of the rlval S consum-
ers (i.e. s L for firm L or sL for firm F), then the firm is more willing to invest in
increasing the switching costs of its consumers. Conversely, if the switching costs of
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the rival’s consumers have a larger effect on its demand, then the firm is more will-
ing to invest in decreasing the switching costs of the rival’s consumers. Because the
asymmetric switching costs have the opposite effects on the two firms (Eq. 14), they
prefer to invest in the same asymmetric switching costs instead of investing in two
different asymmetric switching costs separately. Only the investment directions of
the two firms are opposite.

6 Conclusion

This study investigates the price and switching cost competition under uncertain
market evolution with a leader and a follower as the decision makers. In every
period, the two firms make decisions in sequence, and the consumers who purchase
from the two firms incur a one-time nonnegative switching cost if they switch from
one firm to another. A mixed logit demand model is adopted to describe consumer
behavior, which makes our results generalizable to general discrete choice models.
To simulate the rapidly changing and uncertain market evolution, we assume that
consumers’ relative preference for the follower’s product changes stochastically over
time. We obtain theoretical results about the effect of switching costs on market
dynamics and conduct forward simulations on the basis of the equilibrium strategies
obtained through backward induction.

Switching costs may exert different effects on the demand, market share, and
profit of two firms competing in the same market. The current market share is an
important factor in determining the effect of switching costs on a firm’s demand
and profit. When the switching cost in the market is small, it can be detrimental to
the demand of the firm whose current market share is at a disadvantage. Conversely,
switching costs can benefit the firm with a dominant current market share. The cur-
rent market share also plays an important role in a firm’s switching cost investment.
The direction of a firm’s switching cost investment is determined by its market share
position. Switching costs can be regarded as the first-mover advantage to maintain
a firm’s market share advantage, which can reduce the loss of market share caused
by the decline of the leader’s market advantage over periods. In addition, switch-
ing costs and relative preference of consumers can be seen as complements for the
leader and as substitutes for the follower. We also study the asymmetric switching
costs, which means that the two switching costs, from the leader to the follower and
from the follower to the leader, are different. We find that a firm’s choice of which
asymmetric switching cost to invest in depends on the effect of the asymmetric
switching costs on the firm’s demand.

Through numerical simulations on the smartphone market, we further find that with
the improvement of consumers’ relative preference for the follower, switching costs
can narrow the changes in market share and increase the prices of the two firms. The
leader’s profit is positively related to switching costs, and the follower’s profit initially
increases and then decreases as switching costs increase. For the switching cost invest-
ment, both firms increase switching costs under zero initial switching costs. However,
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under large initial switching costs, the leader has the incentive to increase switching
costs, and the follower tends to decrease switching costs.

Switching costs are driven by the two firms’ product design. Consumers are
assumed to be not forward-looking because they cannot predict or know the design
of future products before the new products are released. In addition to this type of
switching costs, firms also can offer loyalty rewards or new consumers’ preferential
schemes to consumers, and consumers may consider them in advance when choos-
ing a firm’s product. Accordingly, further research that combines these multiple
sources of switching costs with strategic consumers may enhance the explanation
regarding switching behavior in the market.

Appendix A. Transition probability matrix of the relative preference

We assume that the relative preference of consumers for the follower r, can change
over periods following Markov chains. The transition of #+ 1 (the next period)
depends on the current r, with three probabilities: increasing one unit, decreasing
one unit, or remaining the same. In our numerical experiment, we set r, as a discrete
variable with an upper bound 3 and a lower bound —3. The transition probability
matrix is as follows (Table 2).

Appendix B. Follower dominates the market share

The situations where the follower dominates the market share are shown in Figs. 7,
8, and 9. In the exogenous switching cost scenario (Fig. 7), the results are basically
consistent with the situation where the leader dominates the market share. With the
improvement of consumers’ relative preference, switching costs still maintain the
leader’s market share to a certain extent. Except in early periods, both firms set a
higher prices with exogenous switching costs.

In the endogenous switching cost scenario (Figs. 8 and 9), both firms use a low
price strategy in early periods. Without initial switching costs, the follower is more
active in increasing switching costs in early periods. With initial switching costs, the
willingness of the two firms to invest in switching cost drops significantly.

Table 2 Transition probability

of r, P t+1

-1 0 1
-3 0 0.7 0.3
-2 0.05 0.7 0.25
-1 0.1 0.7 0.2
0 0.15 0.7 0.15
1 0.2 0.7 0.1
2 0.25 0.7 0.05
3 0.3 0.7 0
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Fig. 7 Market share, equilibrium price, and profit trends in each period in the exogenous switching cost
scenario (follower dominates the market share)
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Fig. 8 Market share, equilibrium price, and profit trends in each period in the endogenous switching cost
scenario (follower dominates the market share)
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