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Multi-period pricing in the presence of competition and social influence

Highlights

We study Single vs. Dynamic Pricing Policies in a duopoly with social
influence.

e Assuming two firms adopt the same pricing policy, either policy may be
preferable.

e Dynamic Pricing always dominates for a sufficiently large market size in
period 2.

e Posted Pricing Policy may dominate when social influence is sufficiently
strong.

o If firms freely choose Single or Dynamic Pricing, asymmetric equilibria may
exist.
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Multi-period pricing in the presence of competition and
social influence

Abstract

This paper examines Single and Dynamic Pricing Policies of two competing
firms over two periods in the presence of social influence. Assuming two firms
adopt the same pricing policy, we find that, under either pricing policy, firm
profits always decrease with the degree of social influence. Firms prefer Dynamic
Pricing Policy when social influence is either relatively weak or sufficiently strong
(for firms under Dynamic Pricing Policy to set zero prices in the first period).
Otherwise, Single Pricing Policy is more preferable. The conclusions are similar
when the market size varies over periods, except that Dynamic Pricing Policy is
always more profitable if the market size in period 2 is sufficiently large. We have
further compared the two pricing policies with Posted Pricing Policy. The results
show that Dynamic Pricing Policy dominates when social influence is relatively
weak, while Posted Pricing Policy dominates when social influence is sufficiently
strong because of the synergy between social influence and the reference price
effect. Finally, when each firm freely chooses either Single or Dynamic Pricing
Policy, we find that, if the degree of social influence is relatively small, two
asymmetric equilibria exist where two firms adopt different pricing policies. If
the degree of social influence is very large, however, the unique equilibrium is
both firms adopting Dynamic Pricing Policy. These findings provide important
implications for firms to make more informed pricing decisions in an increasingly
competitive environment with strong social influence.

Keywords: Social influence, Multi-period pricing, Price

competition, Single Pricing Policy, Dynamic Pricing Policy
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1. Introduction

Social influence is defined as “any change which a person’s relations with
other people (individual, group, institution or society) produce on his (sic) in-
tellectual activities, emotions or actions” (Dictionary of Personality and Social
Psychology (1986, p.328)). It has been found to significantly affect consumer
purchase decision. Substantial research has shown that consumers prefer prod-
ucts that are popular among other consumers in the previous selling periods
(Hu et al., 2015). This explains why almost all the online shopping websites
(e.g., Amazon and Target) update the sales ranking information from time to
time to show which product is more popular. Particularly, Amazon adds a
“best, seller” tag on the product that is very popular. In some websites, they
also show the previous sales quantity of each product. For example, the daily
deal site, DailyDeal, and eBay both show the sales quantity of their products.
Similarly, T-mall and Taobao, the two most famous shopping websites in China,
also reveal the sales quantity in the previous month of each product, which will
certainly be an important reference for consumers to make purchase decisions.
The underlying motivation of displaying the sales quantity information is sim-
ilar to having “top seller” lists (Parsons et al., 2014). Empirical studies also
show that social influence results in the “the rich get richer” phenomenon (Cai
et al., 2009; Carare, 2012). Carare (2012) finds that a consumer would like to
pay more for a highly ranked product through investigating the sales ranking in
Apple’s App Store.

As a consequence, social influence has oftentimes been utilized as a strategic
tool for firms to stand out in the increasingly fierce competition. Nowadays
various merchandises similar in function and quality are available to consumers
from multiple channels—both online and offline. It becomes highly difficult for
consumers to evaluate and choose from so many products. Hence, consumers
rely more on the previous sales quantity or ranking of the products to make
their purchase decisions. This motivates firms to differentiate its product from

the competitors by occupying a larger market share quickly in the initial periods
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of the selling horizon and benefit from social influence in the following periods.
Thus, it is now regular practice for firms to charge a much lower price in the
initial periods to quickly accumulate sales, and raise price afterwards to reap
the profits.

For example, on Juhuasuan (a famous online daily-deal shopping website in
China where retailers have limited time to sell their products), two competing
firms (A and B) sell raisins with similar quality during the same time period.
We observe that the two firms adopt different pricing policies. Firm A cuts its
price by 50 percent (the selling price is below its marginal cost) in the first three
minutes, while firm B keeps its price constant (at the same level with firm A’s
price after the first three minutes). At the end of the three minutes, as expect-
ed, A obtains more sales than firm B (1459 units vs. 15 units). Interestingly,
however, when the selling period is over, A sells a whopping 15080 units, ap-
proximately fifty times more than B (295 units). Such an astonishing difference
occurs because the larger market share that firm A occupies in the first three
minutes has systematically affected the purchase decision of a new cohort of
consumers in the following period. This is why firm A’s sales accumulate so fast
afterwards, compared to its competitor.

Firms in the above example are not exceptions. Many retailers are trying to
“create” hot style (products) by strategically adjusting its prices over different
periods. However, it remains unclear whether firms in a competitive setting
can actually benefit from social influence under different pricing policies. Of-
tentimes, a firm competes head-to-head with other firms and may adopt the
same pricing policy with its competitors. In the presence of social influence,
all the firms may have strong motivations to lower their prices in the initial
period (to occupy a larger market share and take advantage of social influence),
which may lead to more intense pricing competition and even damage firms’
profits. Therefore, in the presence of social influence, competing firms selling
horizontally differentiated products may face serious challenges in making opti-
mal pricing decisions. Pricing over multiple periods considering social influence

has received significant research attention in recent years; however, there is few
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study that examines and compares different multi-period pricing strategies in a
competitive setting in the presence of social influence.

In this paper, we examine the effect of social influence in a competitive
setting by considering two competing firms’ pricing strategies and profits over
two consecutive periods. Particularly, we investigate and focus on two pricing
schemes: Single Pricing Policy (also referred to as static pricing, uniform pric-
ing, fixed pricing) and Dynamic Pricing Policy (also referred to as contingent
pricing). The former means that firms commit to sell at a fixed price at the
beginning of the selling horizon. Under Dynamic Pricing, firms decide their
prices sequentially at each period during the selling horizon (Cachon and Feld-
ma, 2010; Sen, 2013; Tong et al., 2020). As an extension, in Section 5 we
further compare these two pricing policies with another policy, named Posted
Pricing Policy (also referred to as preannounced pricing policy, Dasu and Tong,
2010; Papanastasiou and Savva, 2017), where firms announce their prices for
the following two periods simultaneously at the beginning of the selling horizon.
Firms adopting Posted Pricing Policy intend to leverage a reference price effect
to accumulate a even larger market share in the initial period.

Specifically, we intend to address the following research questions. First,
what is the impact of social influence on competing firms’ equilibrium prices
and profits under different pricing schemes? Which pricing scheme is better for
the firms, Single Pricing Policy or Dynamic Pricing Policy? Second, how would
the conclusions change when the market size varies over two periods? Third,
how would Dynamic Pricing Policy and Single Pricing Policy perform when
compared to the Posted Pricing Policy with a reference price effect? Finally,
what if the two competing firms adopt different pricing policies? Answering
these questions may provide important implications for firms to make more in-
formed pricing decisions in an increasingly competitive environment with strong
social influence.

The rest of the paper is organized as follows. We review the relevant liter-
ature in Section 2. Section 3 introduces and analyzes the main model where

both firms adopt the same pricing policy (i.e., either Single Pricing Policy or
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Dynamic Pricing Policy). Section 4 examines the model where the market size
varies over the two periods (Extension 1). Section 5 further compares the two
pricing policies to Posted Pricing Policy with a reference price effect (Extension
2). Section 6 allows the competing firms to adopt different pricing policies and
examine the equilibrium pricing strategies (Extension 3). Section 7 summarizes

the findings and implications, and provides some directions for future research.

2. Literature review

In existing literature, there are a large number of papers studying social
learning and strategic consumers (Bhalla, 2012; Papanastasiou and Savva, 2017;
Feldman et al., 2019). These studies assume that product quality is unknown,
and consumers form their belief in quality by learning from other consumers who
purchase in the previous period. Each consumer is assumed to be rational and
forward-looking, deciding in which period to make a purchase to maximize the
inter-temporal utility. For example, Papanastasiou and Savva (2017) investigate
the pricing strategies of a monopolist who sells a new product to forward-looking
consumers over two periods. They show that, when there is no social learning,
the firm prefers a decreasing price strategy. By contrast, in the presence of social
learning, the firm will adopt an increasing price plan under Posted Pricing Policy
(preannounced pricing), while prices may either rise or decline under Dynamic
Pricing Policy (responsive pricing). Feldman et al. (2019) study the design of a
new experience product by a monopolistic firm and argue that when consumers
are sufficiently forward-looking, social learning hurts the firm’s profit. Peng et
al. (2020) investigate price guarantee policies for the advance selling of a seller
in the presence of strategic consumers who make purchase decisions through
preorder-dependent social learning. They show that, in the advance selling
model, price guarantee policies may benefit the seller under certain conditions.

This stream of literature, however, mainly examines experience goods, while
our work focuses on search goods for which consumers have complete knowl-

edge regarding quality. Furthermore, the above research primarily models how
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consumers learn about product quality from other consumers and strategically
decide when to make a purchase. In contrast, we focus on how the sales in the
previous period influence the purchase decision of a new cohort of consumers in
the following period, and thus firms’ multi-period pricing and profits.

Social influence has also been thoroughly investigated in the literature on
luxury fashion consumption, where consumers purchase conspicuous goods to
“show off” their wealth or social status (Mason, 1984; Bagwell and Bernheim,
1996; Corneo and Jeanne, 1997). In this stream of literature, researchers of-
ten distinguish two types of consumers, i.e., fashion leader (snob) and fashion
follower (conformist) (Grilo et al. 2001; Amaldoss and Jain, 2005a; Amaldoss
and Jain, 2005b; Zheng et al., 2012; Shen et al., 2017). The former desires
uniqueness while the later desires conformity, and such a difference may pro-
vide important implications for firms. For example, Amaldoss and Jain (2005a)
propose a monopoly model and find that the firm’s profit increases with the
follower effect but decreases with snobbishness. Amaldoss and Jain (2005b)
further investigate a duopoly model and show that the desire for uniqueness
leads to higher prices and profits, while the desire for conformity leads to lower
prices and profits. Moreover, as service design is one of the most important
strategies in luxury fashion supply chain management (Brun et al., 2008), Shen
et al. (2017) study the price and service strategies of a luxury fashion supply
chain with one supplier and one retailer while considering social influence and
demand change. They find that the supply chain is more likely to provide better
service to fashion leaders than to fashion followers when the impact of social
influence becomes stronger. With luxury fashion market as the research con-
text, other researchers also have examined the allocation of advertising budget
between the leaders and the followers (Chiu et al., 2018), and the monopoly fir-
m’s pricing and production decisions when considering conspicuous consumers’
discount sensitivity behavior (Zhou et al., 2018).

The literature on luxury goods consumption mainly studies the rational-
expectation equilibrium where consumers’ purchase decision is influenced by

their expectation regarding other consumers’ purchase behaviors. Our research,
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however, proposes a two-period model and examines products without attributes
that signal social status (e.g., raisins). For such products, in our two-period
modelling framework, the sales quantity in the first period will influence con-
sumer purchase decision in the second period, but not the other way around
(i-e., consumer purchase decision in the first period are not affected by the sales
quantity in the second period). In particular, consumers can derive higher util-
ity from a product with more sales in the previous period (Bensaid and Lesne,
1996; Gabszewicz and Garcia, 2008). Thus, the social influence in our paper is
more like the follower effect.

Our work is most closely related to Hu et al. (2015). They consider a
monopolist selling two substitutable products to a stream of sequential arrivals
whose purchase decisions can be influenced by earlier purchases, and examine
how social influence results in demand herding. However, Hu et al. (2015)
assume that the prices are exogenously given and examine a monopoly setting.
We extend their work to a duopoly setting and examine the impact of social
influence on competing firms’ multi-period pricing strategies.

Multi-period pricing in the presence of competition and social influence is
still under investigation. Prior literature on the comparison of different multi-
period pricing policies has mostly ignored social influence (Koenig and Meissner,
2010; Cachon and Feldma, 2010; Ku and Chang, 2012; Sato and Sawaki, 2013;
Sen, 2013). Cachon and Feldma (2010) compare Single Pricing Policy (or static
pricing) and Dynamic Pricing Policy in a monopoly setting, and find that when
consumers can strategically anticipate firm pricing behavior, a firm may be bet-
ter off under Single Pricing Policy. Sato and Sawaki (2013) consider a duopoly
model where a firm adopts Dynamic Pricing Policy while its competitor uses
static pricing, and find that dynamic pricing is not always more profitable. Dasu
and Tong (2010) study Dynamic Pricing Policy and Posted Pricing Policy of a
firm selling perishable goods to strategic consumers over multiple periods and
find that the profit difference between the two is small. Tong et al. (2020) theo-
retically and empirically prove that dynamic pricing outperforms static pricing

for O20 on-demand food service platforms. Different from these studies, we
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examine different pricing policies of competing firms in the presence of social
influence. To the best of our knowledge, this work is the first attempt to ex-
amine and compare different multi-period pricing schemes of competing firms

in the presence of social influence.

3. The model and analyses

3.1. The setup

Consider two firms, labeled A and B, respectively, selling two horizontally
differentiated products to a market of heterogeneous consumers over a finite
selling horizon. The selling horizon consists of two successive periods, labeled
1 and 2. The two firms are located at the two end points of a unit Hotelling
line [0,1]. In each period, there are one unit of consumers whose preferences
are uniformly distributed along the Hotelling line (In Section 4, we relax this
assumption by allowing the market size to vary over the two periods). We
assume that each consumer only needs one unit of the product and consumers
only “live” for one period (i.e., the consumers in the two periods are different)
(Gabszewicz and Garcia 2008, Liu et al. 2017). Furthermore, the two firms
have the same marginal cost ¢ and their fixed costs are normalized to zero.
We assume that consumers are only influenced by the sales information in the
previous period.

While examining how social influence affects the pricing and profits of the
two competing firms, we only focus on the cases where both firms earn positive
profits in the selling horizon (i.e., both firms remain in business). Let p;, IL;,
and Dy (i = A, B; t = 1,2) denote firm i’s price, profit, and demand in period
t, respectively.

A consumer located at z; (z; € [0,1], t € {1,2}) in period ¢ on the Hotelling
line obtains utility U (z¢) from purchasing from firm i (i € {A, B}), which can
be written as:

{ Uat(xy) =va —O0xs —pag + ADay—1,

Upi(xt) =vp —0(1 —2¢) —pBt + ADp 1.
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Here v; (i € {A, B}) denotes the base quality level of firm ’s product, which
is assumed to be large enough so that each consumer will buy (i.e., the market
is covered). Parameter 6 represents the sensitivity of consumers to product
characteristics (Grossman and Shapiro, 1984; Amaldoss and Jain, 2005a). The
degree of social influence is captured by A > 0. The social utility term for
firm ¢ in period ¢, AD; 1, is increasing with the demand or sales of firm ¢ in
the previous period (i.e., D;;—1). This model setting is pervasively adopted
to capture social influence in prior literature (e.g., Amaldoss and Jain, 2005b;
Gabszewicz and Garcia, 2008; Shen et al., 2017). We assume that there is
no social influence in period 1, and thus D; o = 0. For simplicity, we assume
V4 =UB = 0.

Let Z; € [0, 1] be the location of consumers who are indifferent between the

two firms in period t. That satisfies
Uar(®y) = v—0T; —pag+ADays1

= v—0(01-3) —pp + ADp—1 = Upi(Zy).

It immediately follows that

Ty 0 +pt —par +ANDai—1—Dpi-1)).

1
= %(
Therefore, in period 1, we have

Ua1(Z1) =v =021 —pa1 =v —0(1 — 1) — pp1 = Up1(T1).

Consequently, the demand and profit of firm i (i = A, B) in period 1 can be

computed:
B 1
Dpyr=71 = ?9(9 + pB1 *pAl)a (23)
1
Dpi1=1—-2; = ?9(9 +pa1 *pBl)- (Qb)

a1 = (par — ¢)Dar = (pa1 — ¢) 5 (0 + pB1 — pa1),

2

\th""

g1 = (pB1 — ¢)Dp1 = (pB1 — ¢) = (0 + pa1 — pB1)-

2

>
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Similarly, in period 2, we have:

Ua2(Z2) = v—0T2 —paz+ADas

v—9(1—f2)—p32+)\D31 :UBQ(:EQ). (4)

Substituting equations (2a) and (2b) into (4), we can readily obtain

1
Iy = 202 (92 + App1 —pa1) + pa2 —])Ag) .

Then, the demand and profit of firm ¢ (i = A, B) in period 2 can be com-
puted:

1
Dar =29 = 262 (92 + A(pB1 — pa1) + 0(pB2 — Pa2))

Dpy=1-23= 0% + AX(pai — pp1) + 0(paz — pp2)) -

292 (

1
ITaz = (paz —¢)Das = (pas — C)ﬁ (6> + A(pB1 — pa1) + 0(pB2 — Pa2))

g2 = (pp2 — ¢)Dp2 = (P2 — )292 (0 + X(pa1 —pB1) +0(paz — pB2)) -

The total profit in the two periods of firm i (i = A, B) is

Oy =14 + 01142 = (pa1 — C) (9 +pB1 —PA1)
0 (7a)
+ (paz — ) 575 (07 + Mps1 — pa1) + 0(pB2 — paz)) »

»—nm

IIp =1Ip1 + 0llpy = (pB1 — C)*g(‘9 +pa1 —pB1)
(7b)

)202 (02 + A(pAl pBl) + a(pAQ _pB2)) .

Here 6 (0 < ¢ < 1) is the discount factor.

+0(pB2 —

Based on the above model setting, we consider two pricing policies, Single
Pricing Policy and Dynamic Pricing Policy. To distinguish the scenario where
both firms adopt Single Pricing Policy from the scenario where both firms adopt
Dynamic Pricing Policy, their equilibrium results are denoted with superscripts

“S” and “D”, respectively.

10
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3.2. Single Pricing Policy

In this subsection, we consider the scenario where both firms adopt Single
Pricing Policy. In other words, each firm commits to sell at a fixed price in the
two periods, i.e., pa1 = pas = pa,pPB1 = P2 = pp. By analyzing the first- and
second-order conditions of the two firms’ profit functions, we can easily get the

equilibrium prices and profits, which are summarized in Proposition 1.

Proposition 1. Assuming both firms adopt Single Pricing Policy, for X > 0,

2
there exists a unique equilibrium, pi* = p%* = 9(41-:063-6& + c¢. The corresponding
S _ T7S% _ 7S+ _ 7S _ _ (1+8)6° S« _ 7S _ _(1+8)°6°
profits are 1177 = 115 = 1134 = 1135 = Pl E=IVE [ =1Ig" = 2(0+00+oX)

According to Proposition 1, the equilibrium price is a linear function of ¢,
while the total profit of each firm is unrelated to ¢. The monotonicity of the

equilibrium prices and profits is summarized in Corollary 1.

Corollary 1. When both firms adopt Single Pricing Policy, for i € A, B, we
have

(i) pP* increases with 6 and decreases with X or §; TI7* increases with 6 and
decreases with \.

(i5) If X < 0, TIT* increases with § for 0 < & < 1; if X\ > 0, 1I¥* increases

with & for i%g < 6 <1, and decreases with § for 0 < § < %,

Corollary 1 indicates that the sensitivity of consumers to product charac-
teristics, 6, has a positive effect on the equilibrium prices and profits. This is
expected because the products of the two firms will be more differentiated when
0 becomes larger, and this helps soften the competition between firms.

More importantly, Corollary 1 suggests that social influence will always do
harm to the firms under Single Pricing Policy. We observe that when both
firms adopt Single Pricing Policy, they obtain less profits in the presence of social
influence than the case without social influence. As the degree of social influence
increases, the demand in the first period would become more important for firms

(to capture a larger market share in the following period). This motivates firms

11
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to compete more fiercely on price, and leads to lower equilibrium prices and
profits.

Similarly, a larger discount factor § is also associated with lower equilibrium
prices. When § increases, the profit in period 2 weighs more in the total profit.
Due to the existence of social influence, both firms have incentives to decrease
their prices to obtain more sales in period 1. In terms of profit, when the
degree of social influence is relatively small in comparison to the sensitivity of
consumers to product characteristics (A < ), firms always benefit from a larger
discount factor. However, when the degree of social influence is sufficiently large

(A > 0) and the discount factor is relatively small (0 < § < firms may be

,\+0)
worse off as § increases. The underlying reason is that, in this parameter space,
the increase of the profit due to a relatively larger § cannot compensate for the

profit loss due to the intensified competition induced by strong social influence.

3.3. Dynamic Pricing Policy

In this subsection, we consider the scenario where both firms adopt Dynamic
Pricing Policy. In this scenario, firms decide their prices sequentially at each
period during the selling horizon.

Solving the game in Subsection 3.1 by backward induction, we can get Propo-

sition 2.

Proposition 2. Assuming both firms adopt Dynamic Pricing Policy, for 0 <

A< ?,1 we have

()IfO< A< ( ) , there exists a unique equilibrium pRy = pBf =0+ ¢ —

2‘”‘, pRs = phs = 6+ c. The corresponding profits are 115y = 1157 = @,

MR; =155 = £, and MQ* = 115+ = 30H00-208

Zi
(is) If X > 0+C) , there exists a unique equilibrium pgi‘ =pBr =0, pis =

pP3 = 0+c. The corresponding profits are® I1QT =BT = -5, Iy = 1185 = g

1The condition 0 < X\ < \3/—% ensures that all the profit functions are concave and that the
equilibrium is unique.

2In (ii), the condition for this equilibrium is 0 < A < 39 and A >

3(6+c)
e 25

. Thus, we

12
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Dx _ 171D*x _ 660—c
and 17" = IIg* = <5<,

From Proposition 2, we can easily derive Corollary 2.

Corollary 2. Assuming both firms adopt Dynamic Pricing Policy, for 0 < A <

36

5 we have

(1) IfO< A< 3(9+c), pRy, pBr, IRy, By, 5", and IE* decrease with A

and increase with 0; pAl, pBl, HAl, and Hgf decrease with 0; H * and Hg*

increase with & when A < 3% and decrease with & when A\ > 3. All profits

2 2
are unrelated to c. Specially, when % <A< 3(02;”), the prices of both firms

in period 1 are positive but lower than the marginal cost c, leading to negative
profits in the first period.

(i5)If A > 92-:;-0) the prices of both firms in period 1 are zero, leading to

negative profits in the first period; the total profits of both firms decrease with c

but increase with § or 0.

Under Dynamic Pricing Policy, the sensitivity of consumers to product char-
acteristics (6) has a positive effect on the equilibrium prices and profits (see
Corollary 2), which is consistent with that under Single Pricing Policy.

Furthermore, from Corollary 2 (i) we can conclude that when both firms
adopt Dynamic Pricing Policy, the total profit of each firm in the presence of
social influence is less than the case without social influence, which is similar
to that under Single Pricing Policy. Proposition 2 and Corollary 2 also suggest
that firms may even sell below their marginal cost in period 1 when the degree
of social influence is sufficiently large (A > g—g). This is because strong social
influence motivates both firms to occupy a large market share in period 1 by
setting lower prices. Thus, social influence makes the competition more intense,
which leads to lower profits for both firms. Specially, if the marginal cost is
relatively low (0 < ¢ < 6(2v/§ — 1)) and the degree of social influence is large
)

enough (A > , firms may even set zero prices in period 1.

have HFE < 38 ¢ < 6(2V5 — 1), and IIR* = 1P = 202 > 1(56 — 6(2V5 — 1)) =

f1-v8?2>o.

13
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Moreover, when all the equilibrium prices are positive (i.e., interior solution,

0 <A< 3(02?)), a larger discount factor will also intensify the competition
in period 1, leading to lower prices. When the degree of social influence is
relatively small (A < 32—9), firms always benefit from a larger discount factor. On
the contrary, when the degree of social influence is sufficiently large (A > 3—29),
the increase of profit due to a larger § cannot compensate for the profit loss due
to the intensified competition in period 1. As a result, in this case two firms are
worse off as § increases.

Comparing Proposition 1 with Proposition 2, we can obtain Theorem 1.

Theorem 1 (Comparison of Single Pricing Policy and Dynamic Pricing Policy).
Under the conditions of Propositions 1 and 2, for i € {A, B}, we have
(i) For 0 < X < 3ke). s« ~ P+ jpa > EED0 g 115 < TP if
(64+1)0
A<

(ii) For x > 20t s+ > 1P+ if x < CEUOCED g 115+ < TIP* 4f

% 5(00—0)
(6+1)0(c+0)
A> G

When 0 < A\ < %7 interior equilibrium exists. In this case, if the degree
of social influence is relatively small (A < (542'7;)9), firms will be better off when
they both adopt Dynamic Pricing Policy than when they adopt Single Pricing
Policy. Compared to Single Pricing Policy, firms have more flexibility to adjust
their prices over two periods under Dynamic Pricing Policy. That is, firms can
strategically lower their prices in period 1 (to obtain more sales), and raise prices

in the following period (ph* < p{* < pB*,i € {A, B}) and take advantage of

social influence. If the degree of social influence is relatively large (% <
A< 3((;_6)), however, Single Pricing Policy can outperform Dynamic Pricing

Policy. This is because a relatively large degree of social influence induces firms
under Dynamic Pricing Policy to compete too fiercely on pricing in period 1
(and even set prices below the marginal cost), and hence the profit loss induced
by intensified competition is too large. As a consequence, Dynamic Pricing
Policy can be less profitable than Single Pricing Policy which will soften the

price competition in the first period.

14
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When A is very large (A > W), however, the competition is so intense
that there exists a boundary solution where both firms under Dynamic Pricing
Policy set zero prices in period 1. Under this circumstance, firms under Dynamic
Pricing Policy can benefit from social influence in period 2 without further
intensifying the price competition in period 1, since they are unable to further
decrease their prices. Firm profits under Single Pricing Policy, however, always
decrease with the degree of social influence (see Corollary 1). Thus, when A is
large enough (i.e., A > %), Dynamic Pricing Policy dominates Single
Pricing Policy.

In the above model, we assume that the market size remains constant across
the two periods and both firms adopt the same pricing policy. In the following
sections, we will relax these assumptions with some extensions. Particularly, in
Section 4, we examine the model where market size varies over the two periods
(Extension 1). In Section 5, we further compare Dynamic Pricing Policy and
Single Pricing policy to the Posted Pricing Policy with a reference price effect
(Extension 2). In Section 6, we allow the competing firms to adopt different
pricing policies, i.e., one firm adopts Single Pricing Policy and the other adopts

Dynamic Pricing Policy (Extension 3).

4. Extension 1: Model with market size varying over periods

In this section, we assume that the market size of the two periods is 1 and
B (8 > 0), respectively. In addition, this information is known to both firms.
To focus on social influence (\) and market size change (), without loss of
generality, we normalize 6 =1, § =1, and ¢ = 0.
According to Subsection 3.1, the profit of firm ¢ (i = A, B) in period ¢t
(t=1,2)1is:
ITa1 =parDar = %Pm(l +pB1—Dpa1),

1
g1 =pB1DB1 = 51031(1 +pa1 —pB1).

15
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1

Mo =pasDas = 51%25(1 + ApB1 — Apa1 + PB2 — Pa2),
1

Ilgs = pp2Dpo = 5?}323(1 + Apa1 — App1 +pas — pB2).

Then, the total profit in the two periods of firm i (i = A, B) is:

1
My =141 + 1140 = §pA1(1 +PpB1 — PAa1)

1
+ 51%;25(1 + ApB1 — Apa1 + PB2 — Pa2),

1
IIp =1l +1lpy = §p31(1 +pa1 — pB1)

1
+ 5?325(1 + Apai — App1 + pa2 — PB2)-

4.1. Single Pricing Policy

In this scenario, pa1 = pas = pa,Pp1 = P2 = pp- We can readily obtain

the equilibrium prices and profits, which are summarized in Proposition 3.

Proposition 3. Assuming both firms adopt Single Pricing Policy, when X\ > 0

and 8 > 0, there exists a unique equilibrium

Sx _ S% _ 1+8
PA =PB = T4p+Bx"

The corresponding profits are

Sx __ T7S* _ 14+ S« _ 175% — _ BA+B) Sx __ T7S* _ (1+8)2
a1 =51 = srsean 4 = Whs = smany 4™ = 15 = spasan -

From Proposition 3, we can easily derive Corollary 3.

Corollary 3. Under the conditions of Proposition 3, p?* (i = A, B) decreases
with both \ and 8, and Hf* decreases with A. If 0 < X\ <1, Hf* increases with
B; If A >1, Hf* increases with § when B > 2=%, and it decreases with  when

A+17
0<B<iT<L

Similar to the results of our main model, the presence of social influence (i.e.,
A > 0) intensifies competition and leads firms to charge lower prices and end up
with lower profits. When the market size in period 2 (3) increases, both firms
have the potential to obtain higher profits. In this circumstance, however, the

profit in period 2 weighs more in the total profit and hence firms have incentives
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to obtain a larger market share in period 2, which further motivates them to
decrease their prices in the presence of social influence. Thus, the equilibrium
prices under Single Pricing Policy decrease with 3 (see Corollary 3).

Whether firms can be better off with a larger 5 depends on the profit gain
owing to the increase of market size and the profit loss due to the intensified price
competition in the presence of social influence. Under Single Pricing Policy, firm
profits increase with 8 when the degree of social influence is relatively small
(0 < XA < 1), or when the degree of social influence is large (A > 1) but the
market size in period 2 is relatively large (8 > i—_ﬂ) However, when the degree
of social influence is large and the market size in period 2 is relatively small
A>1land 0 < 8 < i\—j& < 1), the profit gain brought by a larger 3 cannot
make up for the profit loss due to the intensified competition caused by social
influence. As a result, in this case firms will be worse off when 5 becomes larger.

Moreover, we can easily derive from Corollary 3 that when the market size
in the second period is no smaller than that in the first period (i.e., § > 1), firm
profits always increase with 8. The underlying reason is that when the market
size of period 2 is large enough, the profit increase due to a larger 8 is more than

the profit loss due to the intensified competition induced by social influence.

4.2. Dynamic Pricing Policy

When both firms adopt Dynamic Pricing Policy, they decide their prices in
the two periods sequentially at the beginning of each period. Solving the game

by backward induction, we can obtain Proposition 4.

Proposition 4. Considering the two-period pricing game, if both firms adopt

Dynamic Pricing Policy, when 0 < \ < % 3 and B > 0, we have

(i) If 0 <\ < %, there ezists a unique equilibrium p5y = pEf =1 — @,

pRs = pBs = 1. The corresponding profits are IF; = NE: = 3_5’6’\, ngs =

Dx _ B Dx _ 1yD* _ 34+B(3—=2))
HB2_§’HA _HB_ 6 :

3This condition ensures that all profit functions are concave and the equilibrium is unique.
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(is) If % <A< % (= B > i), there exists a unique equilibrium pRy =
pBr =0, pBs = pBs = 1. The corresponding profits are 1145 = TIEx = 0,

MR =185 = 2, and I5* =115* = 2.
Under Dynamic Pricing Policy, when the market size of period 2 is not too

3
28

to set zero prices in the first period. This finding is similar to that of our main

small (i.e., 8 > i), a strong enough social influence (A > =) will induce firms

model where market size remains the same across different periods.

Corollary 4. Under the conditions of Proposition 4, fori € {A, B}, we have
(i) If0 < A < %, pR* decreases with both \ and 3; IP* decreases with \;

IP* increases with 3 when 0 < X < %, and it decreases with B when A > %
(i1) If% <AL %, IP* increases with B.

According to Corollary 4 (i), the equilibrium total profit of each firm de-
creases with A, indicating that social influence will always hurt the firms under
Dynamic Pricing Policy. Moreover, when 8 > 1, from Corollary 4 (i), we have
0<A< % < 3. Therefore, combining with Corollary 4 (ii), we can conclude
that when the market size in the second period is no smaller than that in the
first period (i.e., § > 1), the total profit of each firm always increases with .
This result is similar to that under Single Pricing Policy.

Corollary 4 (i) also indicates that when the market size in period 2 increases,
firms have incentives to decrease their prices to capture a larger market share
in period 1 (so that they can take advantage of the social influence in period
2). When the degree of social influence is relatively small (A < 2), firms always
benefit from a larger market size in period 2. However, when the degree of social
influence is relatively large and the market size in period 2 is relatively small
A > % and 3 < 1), firms are worse off as 8 becomes larger. The underlying
reason is that in this case the profit increase due to a larger 8 cannot compensate
for the profit loss due to the intensified competition in period 1 induced by social
influence.

Comparing Proposition 3 with Proposition 4, we can obtain Theorem 2.
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Theorem 2 (Comparison of Single Pricing Policy and Dynamic Pricing Policy).
Under the conditions of Propositions 3 and 4, fori € {A, B}, we have
(i) For B < 2: TI* < TIP* if 0 < A < 2 or X > L2 18 < T1P* 4f

2[3 ﬁ27
1+8 1+
W<)\< B2

(ii) For B > 2: II¥* < IIP~.

When the market size in period 2 is not very large (i.e., 8 < 2), the key

conclusions are similar to those of our main model. Specifically, if the degree of

social influence is relatively small (i.e., 0 < A < %), Dynamic Pricing Policy

outperforms Single Pricing Policy. If the degree of social influence is relatively

large (i.e., % <A< 1;25 ), relatively strong social influence would make the

competition too intense under Dynamic Pricing Policy so that Single Pricing

Policy dominates. Moreover, if the degree of social influence becomes very large

(ie., A > lgf ), firms under Dynamic Pricing Policy set zero prices in period 1

and Dynamic Pricing Policy may dominate Single Pricing Policy again.

When the market size in period 2 is sufficiently large (i.e., 8 > 2), Dynamic
Pricing Policy always outperforms Single Pricing Policy. Different from the
case when [ is relatively small, a sufficiently large market size in period 2 would
induce firms to decrease their prices sharply in period 1 to occupy large market
shares, so that they can benefit from social influence and obtain more profits
in period 2. In this case, under Dynamic Pricing Policy, even though relatively
strong social influence may intensify the competition and hurt firm profits, the
profit gain from a sufficiently large market size can more than compensate for
the profit loss, and firms can always benefit from flexibly adjusting prices over
two periods. Under Single Pricing Policy, however, firms have limited room to

adjust the prices over two periods, and thus they obtain less profits.

5. Extension 2: Model with Posted Pricing Policy and reference price

effect

In this section, we further compare Single and Dynamic Pricing with another

commonly adopted policy in practice named “Posted Pricing Policy” (or “Pre-
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announced Pricing Policy”). Under Posted Pricing Policy, the firm announces
all the prices at the beginning of the selling horizon (Dasu and Tong, 2010;
Papanastasiou and Savva, 2017), i.e., consumers in period 1 are informed of
the prices in both periods. Consequently, the price information in the follow-
ing period might serve as a reference and affect consumer purchase decision in
the current period*, known as the reference price effect in the marketing and
economics literature (Kopalle et al., 1996; Fibich et al., 2003; Hu et al., 2016;
Zhang and Chiang, 2018). Reference price is the price expectation that con-
sumers form, which is used to judge the current selling price. When the current
selling price is lower than the reference price, consumers are likely to perceive
a gain. Contrarily, when the current selling price is higher than the reference
price, consumers are likely to perceive a loss. Prior research has provided plenty
of empirical support for the existence of reference price effect (Krishnamurthi
et al., 1992; Raman and Bass, 2002; Kopalle et al., 2012).

Note that in online shopping websites, the prices across periods under Posted
Pricing Policy are only posted in the initial period. When the second period
starts, the price of the previous period is no longer available to consumers. This
is because it is not wise for firms to inform the consumers of the price increase
in comparison to the previous period. Therefore, we only consider the reference
price effect for consumers in the first period.

We consider the scenario when the market size remains the same in different
periods and assume ¢ = 1, 8 = 1, ¢ = 0 without loss of generality. Note that
there is no reference price effect under Single Pricing Policy or Dynamic Pricing
Policy, and the results are the same as those in Propositions 1-2. Next, we
consider the game when both firms adopt Posted Pricing Policy. The equilibrium

results in this scenario are denoted with superscript “P”.

4We thank the anonymous reviewers for their insightful comments, which inspire us to
further examine Posted Pricing Policy with the reference price effect, and compare it with

Single and Dynamic Pricing Policies.
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In period 1, the location of indifferent consumers satisfies
Uar(®1) = v—21—par+a(paz —pa1)
= v—(1-21) —pp1 +a(ps2 —pB1) = Up1(71).
In the above equation, a represents the reference price effect. It immediately
follows that
_ 1
=5 (1= (14 a)(pa1 — pB1) + a(paz — pB2)) -
Then, the demand and profit of firm i (i = A, B) in period 1 can be readily

obtained:

Dy =71 =5 (1—(1+a)(pa1 — pB1) + a(paz — pB2)), (11a)

N |

Dpy=1-21 =5 (1+ (14 a)(par — pB1) — a(paz —pe2)). (11b)

N |

1
g1 =parDay :pA1%(9+pB1 —Dpa1)s

1
IIg1 =pp1DB1 = pm%(@ +pa1 —pB1)-

Similarly, the location of indifferent consumers in period 2 satisfies
Uaz(Z2) = v—23—paz+ADa

= v—(1—-22) —pp2 + ADp1 = Upa(T2), (13)

Substituting equations (11a) and (11b) into (13), we immediately obtain

To = % (I+ A1+ a)(pB1 — pa1) + (1 — aX)(pB2 — paz)) -

Thus, the demand and profit of firm 4 (¢ € A, B) in period 2 can be computed:

1+ A1+ a)(pp1 —pa1) + (1 — aX)(pB2 — pa2))

N =

Dyps =Ty =

Dpy=1-725 = % (1 =A1+a)(pp1 —pa1) — (1 = a))(pB2 — pa2)) -

1
ITy2 =pasDaz = Pa2g 1+ X1+ a)(pB1 —pa1) + (1 —aX)(pp2 — pa2)),

1
IIp2 = pp2Dp2 = B2 (I1-X1+a)(pp1 —pa1) — (1 —aX)(pB2 — pa2)) -
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Then, we can get the total profit of firm i (i = A, B) as follows:
s = a1 + 4o,
{ g =1Ip; + lps.
By analyzing the first- and second-order derivatives of II; with respect to p;;

and p;2 (i € A, B), we can obtain Proposition 5.

Proposition 5. If both firms adopt Posted Pricing Policy, when 0 < A\ < 2 and

2-A-2+2v2F2
OSQ<W,5 we have
(i) If A < ﬁ, there exists a unique equilibrium pis = pb% = %,
phy = pbs = 111—20? The corresponding profits are 1157 = TIET = %j{ja),

Px _ 17P*x _ 142« Px _ 17Px _ 2(1+a)—(14+2a)A
Iy = Ip; Iy =" = “—Sma

T 2(1+4a)’ 2(1+a)
(i) If A > Hﬁ’ there exists a unique equilibrium pis = pEi =0, pls =
phs = 7==x. The corresponding profits are 115 = 1151 = 0, ITh3 = 1155 =
1 Px __ Px __ 1
2(1—an)’ and ITy* = Tp* = IA—an)

Furthermore, we can derive the monotonicity of firms’ equilibrium prices and

profits with regard to A and «, respectively.

Corollary 5. Under the conditions of Proposition 5, for i = {A, B},
(i) If A < ﬁ, piy, OE* and IP* decrease with both A and o; pl, and T15*
increase with a.

(ii) If A > ﬁ, phr, TIL*, and TIP* increase with both A and «.

According to Proposition 5 and Corollary 5, if the degree of social influence

1

m), the price competition between firms is not

is relatively small (i.e., A <
too intense and all the equilibrium prices are positive. The changes of firms’
equilibrium prices and profits with regard to A\ are similar to the results when
both firms adopt Dynamic Pricing Policy (see Corollary 2). That is, as the

degree of social influence increases, the market share in the first period would

5This condition ensures that all the profit functions are concave and that the equilibrium
is unique, and is equivalent to i(a()\ —1)+A)2+ (1 +a)(ar—1) < 0. In addition, from this

condition we can obtain a\ < 1.
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become more important for firms (to capture a larger market share in the follow-
ing period). This motivates firms to compete more fiercely on price in the first
period, leading to lower prices in period 1 and lower total profits. In addition,
as the reference price effect (o) becomes stronger, firms have more incentives
to take advantage of it (by enlarging the price difference between two periods)
to increase their market share in period 1. This motivation becomes especial-
ly strong in the presence of social influence, because a larger market share in
period 1 will further help firms take advantage of social influence in period 2.
Thus, in this case firms lower their prices in period 1 and increase their prices
in period 2. As a result, the profit in period 1 of each firm decreases and the
profit in period 2 increases with . However, the profit gain in period 2 cannot
make up for the loss in period 1, so the total profit decreases when a becomes
larger.

On the other hand, when the degree of social influence is sufficiently large

(e, A > , price competition between two firms is rather intense, and

T72a)
hence the equilibrium prices in period 1 are zero. Interestingly, under this
circumstance firms may even benefit from a larger degree of social influence.
The underlying reason is that, when the degree of social influence becomes
larger, firms have incentives to capture a larger market share in period 1 but
there is no room for them to decrease their prices in the first period. At the
same time, the presence of reference price effect can accelerates the acquisition
of market share in period 1 when firms charge higher prices in period 2. Thus,
as the degree of social influence becomes larger, its synergy with the reference
price effect induces firms to charge higher prices in period 2, which leads firm
profits to increase with A. This finding is different from models without the
reference price effect, in which firms are always worse off with a larger degree
of social influence.

Comparing the results under Posted Pricing Policy with those under Single
Pricing Policy and Dynamic Pricing Policy (recalling Theorem 1 and assuming

0=1,0=1, ¢c=0), we can obtain Theorem 3.
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Theorem 3 (Comparison of Three Pricing Policies). When 0 < XA < 2 and

2-2=X’+2V/2+2 6
0<a< =7 5

(i) For 0 < o < 1: IOP* > max{IIJ* II7*} if 0 < A < 1; O* >

we have

max{IIP* TI7*} if 1 < A < H%" 7 > max{IIP*, TI7*} if 1+24a <A<
2v1ta—a
1+a .

(ii) For a > %: IIP* > max{II{* IIF*} if 0 < A < 1iSa=yitdes W; e >

Dx* Sx -r 14+3a—+1+9a2 2v/1+a—«a

As shown in Theorem 3, without reference price effect (i.e., « = 0), Post-
ed Pricing Policy is always the worst choice for firms (Note that the condition
l-s-%a <AL Nf# cannot be satisfied for & = 0 in Theorem 3(i)). When
the reference price effect is relatively small (0 < a < i), any of the three pric-
ing policies can dominate. In particular, when the degree of social influence
is relatively small (0 < A < 1), Dynamic Pricing Policy is the most profitable
pricing strategy for firms since it allows firms to adjust their prices strategical-
ly to take advantage of social influence. When the degree of social influence
is relatively large (1 < A < H%), Single Pricing Policy dominates. This is
because, compared with the other two pricing policies, it limits the room for
firms to adjust prices and hence the price competition is relatively less intense

under the strong social influence. When the degree of social influence further

2 2v/1+a—a
T <A< .

increases ( ), however, Posted Pricing Policy will dominate
because of the synergy between social influence and the reference price effect as
explained below Corollary 5.

When the reference price effect is relatively large (o > i), however, Single
Pricing Policy can never be an optimal pricing strategy. In this case, again, Dy-
namic Pricing Policy can make firms better off if the degree of social influence is

relatively small (0 < A < HSO‘*T v1+%‘2), while Posted Pricing Policy is optimal

I43a—v14+9a? - y 27\/14-0—@)

when the degree of social influence is large ( o e

The underlying reason is that, when X is relatively small, the prices under Sin-

6This condition is equivalent to 0 < a < 2 (1 + \/§> and 0 <A< %
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gle Pricing Policy are less adjustable than those under Dynamic Pricing Policy,
while when A is relatively large, firms under Single Pricing Policy can not take
advantage of the synergy between social influence and the reference price effect

as those under Posted Pricing Policy.

6. Extension 3: Model with firms adopting different pricing policies

In previous sections, we examine the cases where both firms adopt the same
pricing policy. In this section, we consider the scenario where two firms adopt
different pricing policies. Without loss of generality, we assume that firm A
adopts Single Pricing Policy (decides p4 ), while firm B adopts Dynamic Pricing
Policy (decides pp1 in period 1 and ppe in period 2). We will further show the
results when two firms can freely choose either one of the two pricing policies.
To focus on social influence and make our analysis more concise, without loss of
generality, we assume that § = 1, # = 1, and ¢ = 0. Such a normalization will
not change our key conclusions qualitatively. The equilibrium results in this
scenario are denoted with superscript “SD”.

In this scenario, the location of indifferent consumers in period 1 satisfies
Uar(z1) =v—21 —pa=v—(1-21) —pp1 = Upi1(Z1).
It immediately follows that

Ty =-(1—pa+pB1).

DN | =

Consequently, the demand and profit of firm ¢ (¢ = A, B) in period 1 can be

obtained:
1
DA1:£1:§(1—pA+pB1)7 (17&)

1
D31:17f1:§(1+pA*[)B1). (17b)

1
Mg =paDa = Pag (1 —pa +pB1),

1
IIp; = pp1Dp1 = pB1S (1+pa —pB1)-
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In a similar vein, the location of indifferent consumers in period 2 satisfies

Ua2(T2) = v—2T3—pa+ADa

= v—(1—22) —pp2+ ADp1 = Upa(Z2). (19)

—~

Substituting equations (17a) and (17b) into (19), we immediately obtain

o = - (1 + ApB1 —pa) + P2 —pa).

l\.’)M—l

Thus, the demand and profit of firm i (¢ = A, B) in period 2 can be com-
puted:

(1+XpB1 —pa) +pB2 —pa),

l\.’)\»—~

DAQ—Q?

1
Dps=1-25 =5 (1= Appi —pa) —pp2+pa).

1
a2 =paDas = pa; (1+ A(pB1 —pa) +pB2 —pa), (21a)
1
IIgs = ppaDpar = PB2; (1 —XpB1 —pa) —pB2+Dpa). (21b)

Then we can readily obtain the total profit of each firm II; (i = A, B) as
follows:
[Ta =1la1 + Tao, (22a)
{ g =1lp1 + lpa.
The sequence of the game is as follows. In stage 1, firm A and B decide pa
and pp1, respectively. In stage 2, given p4 and pp1, firm B decides pgs. Solving

the game by backward induction, we can obtain Proposition 6.

Proposition 6. Considering the two-period pricing game, if firm A adopts
Single Pricing Policy and firm B adopts Dynamic Pricing Policy, when 0 <
A < 2, we have

(i) If 0 < X < ¥YO9B=T ~ 1.3420, there exists a unique equilibrium p3P* =

6(2-2) SDx __ _ 22-TA=7)\> Dx __ 2245X1—\? * 184+A—4X2 )8
10-2—a22 PB1 = [@FA)10—r—r2)’ DB = TN a0—A—22)7 1 = 30242 (10-A—A2) ’
% _ 18+11XA—5A%2—2)3

2 = 224N (10-A=A2) -

The corresponding profits are
3(2—2) (18+A—4A2—)%) [ISD* — (22-7A—72%)(224150—222—7%)
(2+N)(10-2=X2)2 7 "Bl 2(24+1)2(10—2—)2)2 ’

SDx __
37 =
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- : 2
SD+ _ 3(2-2)(18+11A-522—2)%) SDs _ (22+51-22) ]
A2 (2+2)(10-A-A2)2 7 B2 2(2+N)2(10-A—12)2’
[ISD* — 9C2=N)?(3+)) SDx _ 484—44A—139A>4+8A> 472"
A (10-x—x2)2 7 B 2(24+2)(10—A—A2)2

(is) If 7@2_7 < A < 2, there exists a unique equilibrium

SDx __ 5 SDx __ 0 SDx __ 1147\, % __ 142X * _ 134+
Pa™ = 3@ty Pt =Y PB2 = Ta7ans 1 = 1214x T2 = 2a%8x-

The corresponding profits are
5(142X 5(134+A 1147))2

— 8(3+XN)2 T 16(3+N)27 — 32(3+N)27
ISD* — __25 _ [[SD* _ (114702
A T16(3+N)7 TTB T 32(8+M)2

From Proposition 6, we can observe that when the degree of social influence

e, A > Y8BT

is sufficiently large ( , the firm adopting Dynamic Pricing Policy

will set its price at zero in period 1 (pE}* = 0). Furthermore, we can easily

derive Corollary 6.

Corollary 6. Assuming \g =~ 0.5596 is the first root of \* — 10\3 — 73\% —
92\ + 76 = 0, under the conditions of Proposition 6, we have

(i) I5P* < TIEP*; ATl = 1I3P* — TI5P* increases with \.

(i3) p3P*, ISP* 155", and I5P* decrease with \; pEt* and IEP* decrease

with A when 0 <\ < ¥ 6?2_7; pE5* and IIZE* decrease with A\ when 0 < X\ < \g

and increase with A when A\g < A < 2; H%D* decreases with X when 0 < A <
ST SET ) <,

and increases with A\ when
(iii) x5 decreases with A when 0 < X < 7@’2_7 and increases with X when

'6(15277 < A < 2; x5 increases with A when 0 < A < Ao and decreases with A

when A\g < A < 2.

Corollary 6 (i) indicates that when two firms adopt different pricing policies,
the firm adopting Dynamic Pricing Policy (i.e., firm B) will always be better
off than the one adopting Single Pricing Policy (i.e., firm A). This finding is
intuitive, since Dynamic Pricing Policy allows firm B to more flexibly adjust its
prices and take advantage of social influence. Furthermore, the profit advantage
of the firm adopting Dynamic Pricing Policy relative to its competitor that
adopts Single Pricing Policy will be more remarkable when the degree of social

influence becomes larger. Corollary 6 (i) and (ii) also indicate that when the
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degree of social influence is large enough (A > Ay ~ 0.5596), the equilibrium
price, demand (D = 1 — 3), and profit in period 2 of the firm adopting
Dynamic Pricing Policy will increase with A. Particularly, when the degree of
social influence is sufficiently large (A > @ ~ 1.3420), the total profit of
the firm adopting Dynamic Pricing Policy will also increase with .

According to Theorem 1, when the degree of social influence is relatively
large, firms will be better off if both of them adopt Single Pricing Policy than
if they both adopt Dynamic Pricing Policy. The underlying reason is that
Single Pricing Policy helps alleviate the price competition and thus is better
than Dynamic Pricing Policy. As a result, a natural question is whether firm B
would be better off by switching from Dynamic Pricing Policy to Single Pricing
Policy, given that firm A adopts Single Pricing Policy. Comparing Proposition

6 and Proposition 1, we obtain Theorem 4.

Theorem 4. Assume that firm A adopts Single Pricing Policy. Comparing the
profit of firm B under Dynamic Pricing Policy (IIZP*) with that under Single
Pricing Policy (II%*), for 0 < X < 2, we have TI3P* > TI3*.

Theorem 4 indicates that it is always more profitable for firm B to stay
with Dynamic Pricing Policy. The underlying reason is that, given that firm
A adopts Single Pricing Policy, adopting Dynamic Pricing Policy gives firm B
more room than its competitor to adjust its prices over the two periods. In
addition, assuming that firms can freely choose either one of the two pricing
policies, this theorem also indicates that the case where both firms adopt Single
Pricing Policy cannot be an equilibrium since either firm could be better off by
changing its pricing policy to Dynamic Pricing Policy. Furthermore, combining

Proposition 1-2 with Proposition 6, we can obtain Theorem 5 as follows.

Theorem 5 (Comparison of different pricing schemes). Define Ay ~ 0.4716
as the second root of 24 — 56\ 4+ 10A% + 2X\3 — X\* + X5 = 0. Assuming firms

can freely choose either Single Pricing Policy or Dynamic Pricing Policy, when
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0 < \<2,7 we have

(i) If 0 < X\ < Ay, there exists two asymmetric equilibria where one firm
adopts Single Pricing Policy and the other adopts Dynamic Pricing Policy.

(i) If X > Ai, there exists a unique equilibrium where both firms adopt

Dynamic Pricing Policy.

Interestingly, when the degree of social influence is relatively small (0 < A <
A1), the cases where one firm adopts Single Pricing Policy and the other adopts
Dynamic Pricing Policy can be the equilibria (see Theorem 5 (i)). From the
perspective of the firm adopting Single Pricing Policy, though it has a disad-
vantage compared to its competitor that adopts Dynamic Pricing Policy, the
disadvantage is relatively small because of the relatively weak social influence
(Corollary 6). If it chose to adopt Dynamic Pricing Policy (rather than Sin-
gle Pricing Policy), however, the price competition would become more fierce,
which leads to lower profits for both firms. As a result, it would be better for
the firm to stay with Single Pricing Policy.

On the other hand, when the degree of social influence is very large (A >
A1), both firms adopting Dynamic Pricing Policy is the unique equilibrium (see
Theorem 5 (ii)). In this case, social influence is so strong that both firms
have incentives to dynamically adjust their prices and take advantage of social
influence (Note that when faced with strong social influence, if one firm chose
to adopt Single Pricing Policy, it would have a huge disadvantage compared
to its competitor that adopts Dynamic Pricing Policy.). As a consequence,
firms prefer to compete head-to-head and both adopt Dynamic Pricing Policy.
Remember that when social influence is relatively strong, both firms adopting
Single Pricing Policy can lead to higher profits than adopting Dynamic Pricing
Policy (see Theorem 1). Thus, when firms freely choose pricing policy, they may

be caught in a dilemma that makes them both worse off.

"This condition ensures that the two firms have a unique equilibrium under different pricing

policies.
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7. Conclusion

In this paper we construct a two-period pricing model in the presence of
social influence, and consider different pricing policies for two competing firm-
s. We get some interesting findings which have not been stressed in existing
literature. Main results are summarized as follows.

First, assuming two firms adopt the same pricing policy (either Single Pricing
Policy or Dynamic Pricing Policy), firm prices and profits always decrease with
the degree of social influence. When the degree of social influence is large
enough, the competition under Dynamic Pricing Policy would be so intense
that firms will set the prices lower than the marginal cost or even at zero in the
first period. In addition, firms prefer Dynamic Pricing Policy when the degree
of social influence is relatively small or sufficiently large (boundary solutions).
Otherwise, Single Pricing Policy is more preferable.

Second, when considering the cases where the market size varies across two
periods, Dynamic Pricing Policy always outperforms Single Pricing Policy if the
market size in period 2 is sufficiently large. Otherwise, either pricing policy
may dominate, which is similar to the results of our main model. When the
market size in the second period is smaller than that in the first period and
social influence is strong enough, under either pricing policy, a larger market
size is period 2 may intensify price competition and make both firms worse off.

Furthermore, Dynamic Pricing Policy dominates when social influence is
relatively weak, while Posted Pricing Policy with a reference price effect out-
performs both Single and Dynamic Pricing Policy when social influence is suf-
ficiently strong. When both firms adopt Posted Pricing Policy, under certain
conditions (such that the equilibrium prices in period 1 are zero due to fierce
competition), firms can benefit from a larger degree of social influence or a larger
reference price effect because of the synergy between these two.

Finally, when two firms adopt different pricing policies, the firm adopting
Dynamic Pricing Policy is always more profitable than the one adopting Single

Pricing Policy, and the profit difference will be more remarkable when the degree
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of social influence becomes larger. Moreover, when firms can strategically choose
either one of the two pricing policies, as long as the degree of social influence is
relatively small, asymmetric equilibria exist where one firm adopts Single Pricing
Policy and the other adopts Dynamic Pricing Policy. On the other hand, when
the degree of social influence is very large, both firms adopting Dynamic Pricing
Policy is the unique equilibrium.

This study provides several implications for competing firms’ multi-period
pricing strategies in the presence of social influence. First, while many firms
try to take advantage of social influence, they may have overlooked its dark
side. When a firm adopts the same pricing policy with its competitor, social
influence can intensify the price competition, and thus make both firms worse off.
Second, in markets where firms are likely to make a similar move (i.e., adopting
the same pricing policy), it would be wise for firms to adopt Dynamic Pricing
Policy (rather than Single Pricing Policy) when facing either relatively weak or
sufficiently strong social influence. Otherwise, Single Pricing Policy would be
a better choice. Third, in markets where consumers are highly susceptible to
both social influence and reference price, Posted Pricing Policy would be more
profitable than either Single or Dynamic Pricing Policy. Only with its synergy
with a reference price effect can social influence benefit firms in a competitive
setting. Finally, in markets where firms change their pricing policies frequently
and may not make similar moves (i.e., freely adopting either pricing policy), it is
more profitable for the firm to take the lead in adopting Dynamic Pricing Policy
if the social influence is relatively weak. In this case, adopting Dynamic Pricing
Policy would help the firm obtain a competitive advantage, leaving the other firm
the only option to adopt Single Pricing Policy. Moreover, when facing a market
with relatively stronger social influence, both firms adopting Dynamic Pricing
Policy is the unique outcome, though both firms adopting Single Pricing Policy
might lead to higher profits. Thus, when firms freely choose pricing policy, they
may be caught in a dilemma that makes them both worse off.

There are various related directions to be explored in future research. First

of all, we can investigate two asymmetric firms which produce two vertically
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differentiated products or with different marginal costs. In addition, we can also
consider a variable marginal cost that is related to quality and study the quality
decision of two competing firms. Finally, we can also examine the competing

duopoly with social influence from the perspective of supply chain management.
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