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Abstract: The booming live-streaming commerce has significantly changed the traditional e-commerce model, thus at-
tracting much attention from both industry and academia. In recent years, an increasing number of scholars have applied
analytical models to explore live-streaming strategies for firms in different scenarios. However, the previous literature
mainly considers monopolists, while in the real world, competition is not rare. To fill this gap between the literature and
practical observations, this paper applies a game theoretical model to study live-streaming adoption and pricing strategy
for firms under competitive environments. The results show that, for competitive firms, the equilibrium strategy depends
on the relation between the commission rate and the intensity of the market expansion effect. Additionally, compared to
the case in which no firm adopts live-streaming, competitive firms do not always benefit from the adoption of live-stream-

ing selling. The paper also shows that competition plays a negative role in inducing a firm to adopt live-streaming.
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1 Introduction

The emergence of live-streaming sales has changed the tradi-
tional e-commerce model, and consumers are eager to pur-
chase from live-streaming sales. Live-streaming marketing
has now become a major force in retailing. According to
Bloomberg, live-streaming marketing allows almost anyone
(e.g., celebrities, influential people or local store owners) to
quickly create their own shopping television channel that is
also a social network and e-commerce platform for a tiny
fraction of the cost”. From China to North America and
Europe, an increasing number of firms, brand owners and re-
tailers have joined the trend of live-streaming sales. Accord-
ing to a report jointly issued by the Alibaba Research Insti-
tute and KPMG Consulting®, the overall scale of live-stream-
ing e-commerce exceeded one trillion in 2020.

Live-streaming sales are typically completed by manufac-
turers, retailers or firms who sign a contract with a celebrity,
influential person or professional salesman. We collectively
refer to these people as streamers. Streamers introduce the
characteristics and functions of the firm's products to con-
sumers through online live-streaming sale shows, and they
show consumers how to use the products by displaying them.
In addition, if consumers have any questions about the specif-
ic display product, then they can ask the streamer by sending
a "bullet screen", and the streamer can give the consumer an
instant response to this question; this quick interactive feed-
back process helps to reduce the uncertainty about the

@ https://www.bloomberg.com/news/features/2020-09-14/wh
at-is-livestream-shopping-it-s-the-future-u-s-e-commerce

@ https://home.kpmg/cn/zh/home/insights/2020/10/live-strea
ming-e-commerce-toward-trillion-market.html

product.

We summarize two key roles of live-streaming e-com-
merce. On the one hand, like commercial advertisements,
celebrity streamers can attract more consumer traffic to watch
and buy from live-streaming sales in a very short time; that is,
celebrity streamers can expand the market size of products.
According to McKinsey, in December 2020, Walmart piloted
a live-stream fashion event on TikTok that netted seven times
more viewers than expected and enabled it to add 25 percent
to its TikTok follower base®. On the Tmall platform,
L'OREAL invited over 60 top celebrities and famous influen-
cers to attend a live stream. The live stream gained eight mil-
lion views and over 800,000 new fans on Tmall in only four
days”. Moreover, as a basic function of live-streaming sales,
consumers can learn more details about the product by watch-
ing live-stream sales shows and interacting with streamers,
which reduces consumers' uncertainty about the products'’.
Streamers display and demonstrate products, explain features,
and answer consumers' questions on the "bullet screen" in real
time, which may help enhance consumers' trust in the
products and make them more likely to buy*.

The booming live-streaming marketing has also attracted
much attention from the academia. In recent years, an increas-
ing number of scholars have applied analytical models to ex-
plore live-streaming strategies for firms in different scenarios.

@ https://www.mckinsey.com/business-functions/mckinsey-d
igital/our-insights/its-showtime-how-live-commerce-is-trans-
forming-the-shopping-experience

@ https://www.loreal-finance.com/en/annual-report-2020/lore
al-worldwide-2-3-0/loreal-in-mainland-China-the-era-of-ac-
celerated-digitalisation-2-3-1/
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For example, Pan et al.’’ show that, regardless of the switch-
ing demand, a live-streaming strategy is profitable only if the
streamer's ability to sell is sufficiently high. Wang et al."”! ex-
amine the live-streaming strategy for a firm selling through a
platform with different distribution contracts. Jiang et al.l!
show that, when the seller offers a product line, the upward-
line extension can incentivize the adoption of live-streaming.
However, the above papers mainly consider monopolists,
while in the real world, competition is not rare. To fill in this
gap between the literature and practical observations, we ap-
ply a game theoretical model to study live-streaming adop-
tion and pricing strategy for firms under competitive environ-
ments. We wish to answer the following research questions.
First, how should competitive firms make their live-stream-
ing strategy decisions? Second, how does the adoption of a
live-streaming strategy affect firms' profit under a competit-
ive environment? Can firms truly benefit from the adoption of
live-streaming sales? Third, how does competition affect
firms' live-streaming strategy?

To answer the above questions, we assume that consumers
are uniformly distributed based on their ideal product taste
and choose to buy from a firm or its competitor based on
maximized utility. We assume that consumers can reduce
their uncertainty about a particular firm's product; our model
shows a unit mismatch cost reduction by watching the
product's live-streaming sale show. Furthermore, we allow for
some consumers who will always buy the product whether
live streaming exists or not. However, another fraction of
consumers buy the product only when live sales are available
in the market. For this type of consumer, the role of live
streaming is similar to informative advertising!”; the only way
that they become informed about a firm's product is through
its live-streaming sales show. The main results are as follows.
First, our paper shows that, for competitive firms, the equilib-
rium strategy depends on the relation between the commis-
sion rate and the intensity of the market expansion effect.
Second, compared to the case when no firm adopts live sales
or is not available in the market, we derive the profit implica-
tions for the firms that have the choice to use live-stream
selling. When in a competitive environment, we demonstrate
that the adoption of a live-streaming strategy may result in
more intense competition between firms and further lead to a
price war. Even when both firms adopt live-streaming sales as
an equilibrium outcome, firms may suffer a loss of profit at
the same time (i.e., a prisoner's dilemma occurs). Third, we
find that a higher unit mismatch reduction level caused by
live-streaming selling is beneficial for monopolists to adopt a
live-stream strategy. However, under competition, a higher
unit mismatch reduction level would restrain duopoly firms
from simultaneously adopting a live-stream strategy to avoid
fiercer price competition.

The rest of this paper is organized as follows: Section 2 re-
views the related literature. Section 3 introduces the model,
and Section 4 presents the main results. Section 5 concludes
the paper.

2 Literature Review

Our paper is related to the emerging literature on live-stream-
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ing marketing. With the rapid development of livestream
commerce in recent years, the literature has empirically stud-
ied livestream commerce from various perspectives. For ex-
ample, Xu et al.”? investigate three stimulus effects from
livestreaming on viewers' cognitive and emotional states and
the three subsequent responses. Wongkitrungrueng and As-
sarut’®! propose a comprehensive framework to explore the re-
lationships among consumers' perceived value of livestream-
ing, consumer trust and engagement. Kang et al.”’ develop a
research model using real-time data to study the dynamic ef-
fect of interactivity on customer engagement behavior
through tie strength in livestream commerce. Meanwhile,
there are also some analytical studies on livestreaming. For
example, Sun et al."” build a theoretical model to show that
factors such as the immediate visibility and availability of live
shopping and shopping experiences can increase consumers'
intention to purchase. Hou et al.”? develop a model to study a
firm's optimal livestream adoption strategy by incorporating
influencers' characteristics and consumer perceptions of
product quality. Qi et al."" investigate the capacity invest-
ment strategy of a manufacturer that sells a product on a
livestream shopping platform and find that overcapacity can
benefit the manufacturer by driving down the platform's com-
mission fees. Li et al.'”! build a stylized model to study when
the introduction of an influencer marketing channel can in-
crease a retailer's profit and social welfare with or without a
merchant live broadcast channel. Pan et al.”! show that, re-
gardless of the switching demand, a live-streaming strategy is
profitable only if the streamer's ability to sell is sufficiently
high. Wang et al." examine the live-streaming strategy for a
firm selling through a platform with different distribution
contracts. Jiang et al.”! show that, when the seller offers a
product line, the upward-line extension can incentivize the
adoption of live-streaming.

Our paper is also related to the literature on social opera-
tions, in which the effects of social influence on decisions
have been explicitly modeled. Earlier attempts in this field
mainly focus on measuring social influence intensity and ex-
amining differences between different types of social influ-
ence!". In recent years, scholars have paid more attention to
exploring how social influence affects managerial decisions.
For example, Godes!"”! analyzes how social communications
affect optimal product quality and shows that quality might
either increase or decrease as social communication expands.
Chong et al.'! analyze the roles of online promotional mar-
keting and online reviews in predicting consumer product de-
mands via Big Data. Choi!'” studies how social media affects
a quick-response fashion supply chain and shows that the ma-
nipulation of comments left on social media could benefit the
manufacturer under a surplus sharing contract. Kuksov and
Liao"* analyze how a firm should adjust its product variety in
the presence of opinion leaders in social networks and show
that this adjustment might be either upward or downward.
Orji et al.'"” study the critical success factors involved in us-
ing social media for supply chain social sustainability in the
freight logistics industry. Ji et al.”” examine how social com-
munications affect an upstream firm's product line design in
the platform economy and find that social communications

DOI: 10.52396/JUSTC-2022-0171
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can increase the product line length while decreasing the
product price and quality.

Unlike existing studies, our work complements the literat-
ure in the following ways. First, this paper analyzes live-
streaming selling strategies for competitive firms. By examin-
ing profit implications, this work uniquely reveals that com-
petitive firms do not always benefit from the adoption of live-
steaming selling. Second, as live-streaming selling is a spe-
cial kind of social-commerce, our work highlights the role of
competition in reducing firms' incentives to adopt social oper-
ations.

3 Model

We assume that consumers are uniformly distributed on the
Hotelling line between [0,1]. A consumer's location x de-
notes his or her relative ideal preferences toward the product
of a firm, parameter V indicates the basic value of the
product, and ¢ represents the unit mismatch cost of the
product compared to consumers' ideal taste. As a brand new
mode of retailing and marketing, we summarize two key fea-
tures of live-stream sales as follows. First, the market expan-
sion effect and live-streaming sales can attract consumer
traffic and expand the demand of the potential market scale.
Second, with the mismatch cost reduction effect, consumers
can reduce the uncertainty of the product by watching both
the product display and the introducing streamers.

To capture the market size expansion effect of live-stream
selling, in a competitive duopoly case, we assume that the
products offered by two competitive firms are completely ho-
mogeneous. Furthermore, live-streaming is endowed with
preferences over product attributes, and then, consumers
know the type of products that exist and their characteristics.
That is, the role of live-streaming for products is to convey
information about existing products and their attributes so
that an originally uninformed consumer can evaluate his or
her degree of preference for the products and choose between
two competing homogeneous products to make a purchase.
Specifically, we normalize the market size to 1 when both
firms in the market adopt live selling, the market size is re-
duced to 1 —« when one firm adopts live selling and the oth-
er firm does not, and the market size is further reduced to
1 —2a when live selling is not available. Accordingly, the «
fraction of consumers makes purchases only when a live
stream exists, and a higher @ means a stronger market expan-
sion effect caused by the live stream.

Parameter ¢ captures the unit mismatch cost of the con-
sumer. When a firm decides to use live-streaming selling, by
the sophisticated display of the streamer, consumers will ob-
tain a unit mismatch reduction. Specifically, if one firm ad-
opts live-streaming selling and consumers buy from this firm,
then they will obtain a unit mismatch cost 7,; otherwise, they
will obtain #,. Without loss of generality, we assume that
t, = 1 and that 7, > 1. A higher unit mismatch cost ¢, means a
higher unfit cost to the consumer regarding how the product
matches his or her personal ideal preference. That is, when
the difference between ¢, and ¢, is greater, the reduction of
consumer uncertainty by live-stream sales is greater.

We assume that there are two competitive firms in the mar-
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ket named A and B. They are horizontally differentiated on
the Hotelling Line, with Firm A's location at L, = 0 and Firm
B's location at Ly = 1. Each firm i, i = A, B, has some basic
value V; of the product that it offers, and each firm charges a
price p, to consumers. Without loss of generality, we assume
that V, = V, = V means the homogeneity of their product, and
V is large enough that all consumers will buy the product.
Specifically, when consumers watch the live stream of firm i,
they will obtain utility U, =V —t, X|L, — x| — p,, where ¢, = 1.
Otherwise, they will obtain utility U, =V —t,X|L,—x|—p,,
where ¢, > 1. Consumers will compare the utility of firms (A
or B) to make a purchase.

The firms decide whether to open a live-stream shopping
show for consumers. If the firms open live-stream shopping,
then the live stream could increase brand attractiveness and
reduce the uncertainty about the firms' product to consumers.
However, the firms will pay extra costs for streamers. Typic-
ally, the cost for hiring a celerity streamer consists of two
parts. Streamers hired by firms typically charge an upfront fee
to secure a slot on a live-stream session and a commission
from the total sales”. To simplify our analysis and obtain
clear results, in our model, we assume that if the firms adopt
live-stream selling, then streamers will take r percent from
the firm's live-stream sales profit as a commission.

The sequences of events are as follows. In stage 1, the
firms simultaneously decide to choose a live-stream strategy
(L strategy) or a nonlive-stream strategy (N strategy). In stage
2, the firms then simultaneously decide the price of product
p;. In stage 3, consumers make purchase decisions, and they
choose to buy a product from one of the firms. We summar-
ize the main parameter and decision variables in Table 1.

4 Results

In this section, we first analyze the live-streaming strategy for
competitive firms. Then we compare the results to the case
where both firms do not adopt live-streaming to obtain the
profit implications for firms. We accordingly investigate the
benefits and disadvantages of live-streaming adoption. Addi-
tionally, we explore how competition affects live-streaming
adoption by incorporating a monopoly case as a reference.

Table 1. Parameters and decision variables

Symbols Definition
Vv Consumer's base utility
In Consumer's unit mismatch disutility without live-streaming
L Consumer's unit mismatch disutility with live-streaming
X Consumer's ideal taste location
a Market expansion coefficient
r Commission rate
pi Price set by firm i
D; Demand for firm i
IT;

Profit of firm i

@ https://kr-asia.com/chinas-e-commerce-merchants-eschew-
livestreaming-as-costs-eat-into-profits
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4.1 Live-streaming Strategy for Competitive Firms

We first consider the subgame when no firm adopts live-
stream sales. When no firm adopts the live-stream strategy
(NN strategy), the total market size is only 1 -2, and the
firms separately set their prices as p". Superscript NN indic-
ates the price when the firms adopt the nonlive-stream
strategy. Under the NN-case, the utility of a consumer buy-
ing from firm i is as follows:

UJ‘ZV—IN,X—[)XN (1)
U,=V—-ty,(1-x)—pi~
By solving equation U!=U!, we obtain %" = %+
-ty
2ty
consumers buying Firm A's or Firm B's products at this point.
Recall that the market size is 1 —« in this case; then, we ob-
tain the demand of the two firms given by D" = (1 -2a)x,"",
DYV =(1-2a)(1-%"").
Therefore, the profit function of Firm A and Firm B under
this subgame is as follows:

, which means that there is no difference between

2ty

1 J
Y :Dﬁ”>x<pf{”:(l—2a)*(§+—“‘ L )*p’AYN

@
1 NN _ NN
M =Dy =200 5 4 252

Each firm determines its price p}¥ to maximize its own
profit, and we summarize the equilibrium price and profit in
the lemma below.

Lemma 1 In the duopoly NN-subgame, each firm charges

t
price pM =ty and obtains profit II'" = EN(l —2a).

Next, we analyze the subgame of both firms when they ad-
opt a live-stream strategy (LL strategy). Since both firms
choose to adopt live selling, the market size expands from
1-2a to 1, and the firms separately set their prices as p*“.
Superscript L[, indicates the price when both firms adopt the
live-stream strategy. Under the LL-case, the utility of a con-
sumer buying from firm i is as follows:

Ul=V-t,x-pi 3)
Ur=V-1,(1-x)—pi

By solving equation U} = U;, we find that the marginal

Stage 1

Stage 2

consumer is indifferent to buying from Firm A or B
1 _pLl 4 plL
—1IL " Ps T Ps

X, = 3 > . Recall that the market size is ] in this
case; then, we obtain the demand of the two firms as given by
~LL ~LL

DY =x," DY =(1-Xx).
Therefore, the profit function of Firms A and B under this
subgame is as follows:

1 _pll 4 plt
HﬁL=DjL*p§L*(l—r)=(§+ pAzpB

1 LL _ o LL
HéL:DéL*pZIN*(l_r):(E+pA 2173

)*piL*(l—r)

Jertva-n
@)

Each firm determines its price p** to maximize its own
profit, and we summarize the equilibrium price and profit in
the lemma below.

Lemma 2 In the LL case, each firm charges price pi* =1

1
and obtains profit 11" = 5(1 —=r).

Finally, we examine the asymmetric subgame in which
only one firm adopts a live-stream strategy (LN and NL
strategies). Without loss of generality, we assume that Firm A
adopts a live-stream strategy and that Firm B does not. Since
only one firm adopts live selling, the market size under this
circumstance is 1 —«, and the firms separately set their prices
to pi¥ and p4". Superscript LN indicates the price when Firm
A adopts the live-stream strategy while Firm B does not. Un-
der an asymmetric subgame, the live-streaming adoption firm
could increase its market share by a low unit mismatch cost;
meanwhile, it generates new sales by increasing the demand
of the product category. Therefore, under the LN case, the
utility of a consumer buying from firm i is as follows:

U,=V-t,x-pY )
U,=V-t,(1-x)—p¥

By solving equation U} = U}, we obtain the marginal con-
sumer who is indifferent to buying from Firm A or B
—wv PP 1y L )
X = —1a Recall that the market size is 1 —« in

N

this case; the newly informed consumers evaluate their de-
gree of preference for the specific product category due to the
live-streaming selling show by Firm A and then compare the
products between the two competing firms to make a pur-

Stage 3

Firms decide whether Firms simultaneously
set selling price.

adopt live-streaming
strategy.

Fig. 1. Model timeline

Consumers choose to
buy from two firms.
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chase. Therefore, we obtain the demand of the two firms as
DY =(1-0)%", Dy = (1 -a)(1-%"),

Therefore, the profit function of Firm A and Firm B under
this subgame is as follows:

-pi¥+p+ty

Hﬁ”:DﬁN*ij*(l—r):(l—a)( Ta1
N

)*Pﬁ”*(l—r)

LN
B

—pIN 4 pIN 4
HgszéN*péN:(l_a)(l_M)*

1+1ty

(6)

Each firm determines its prices p;* and p%" to maximize its
own profit, and we summarize the equilibrium price and
profit in the lemma below.

Lemma 3 In the LN case,

1421
Firm A charges price pt = —=" and obtains profit
1+2t)
W= (+26) (I-a)1-r).
91 +1ty) rat
Firm B charges price pt==—= and obtains profit
Q+1ty) 3
M= _—"—(1-a).
TS

We have obtained the firms' equilibrium price decisions
under each subgame (NN, LL and LN). Consumers usually
believe that when they buy through online live-stream sales,
they will always get lower prices in contrast to when they do
not buy through the live-selling channel. However, the an-
swer is negative; we summarize our findings in the Corollary
below.

Corollary 1 Under the competitive duopoly case, the firms'
price is pi" > ptN > piV > pit.

Corollary 1 answers the question of whether consumers
will always obtain a lower price if they buy in a live-stream
shopping show. On the one hand, compared to the NN-sub-
game, the existence of live streaming shows in the market can
indeed result in a price reduction. The display and introduc-
tion of products by streamers is always beneficial to con-
sumers. On the other hand, we notice that under the asymmet-
ric subgame (LN and NL cases), when Firm A adopts live
streaming, it can always set a higher price than Firm B. To
some extent, live streaming acts as a special form of advert-
ising, and it can help a firm both increase its market power
and support a high price. Therefore, if Firm A adopts live
streaming while Firm B does not, then Firm A has enough in-
centive to set a higher price due to the advantages brought by
live selling in a competitive environment. Corollary 1 also
warns consumers that the price of brands in a live sales room
will be even higher under the asymmetric strategy. Instead of
following the trend to buy in live-stream sales, rational con-
sumers should give more attention to the products of compet-
itors that have not adopted live sales.

Table 2. Equilibrium profits for the competitive firms

In the above analysis, we studied the competitive firms'
equilibrium price and profit under each subgame. Then, we
explore the equilibrium strategy decision for duopoly firms
by using backward induction. We summarize the equilibrium
profits of Firm A and Firm B in each subgame and obtain the
profit matrix of the duopoly case in Table 2 below.

Due to the symmetry of the firms, we need to compare only
IT}" with IT}¥ and IT}* with IT to identify the equilibrium of
the game. Define A, =II}Y —II}" and A, =II}* —II}*, where
A, captures a firm's incentive to lead the adoption of a live-
stream strategy if its competitor is not using live streaming;
A, captures a firm's incentive to follow the adoption of a live-
stream strategy if its competitor has already adopted live
streaming. If neither Firm A nor Firm B can improve its profit
via unilateral deviation, then the outcome will be a Nash equi-
librium.

First, by solving the inequality A, >0, we obtain a
threshold of the market expansion  parameter

3 oty —2
"0 + 108, -2
. 2a-10at;, + 1, — 10aty +ty—2
== 2a— D)2+ 1)
poly case, only if « is higher than the threshold and r is lower
than the threshold does the firm have enough incentive to take
the lead to first make a live-stream decision when its compet-
itor does not use live streaming. Then, by solving the inequal-
ity A, > 0, we obtain two other thresholds of a market expan-

26—ty —1
262 + 8ty + 8
Ba+2at, — 26+ 8aty + 1y + 1

9ty +9

the duopoly case, only if @ is higher than the threshold and r
is lower than the threshold does the firm have enough incent-
ive to follow its competitor to make a live-stream decision.
Therefore, we derive the best reaction for the firm when it ob-
serves its rival's live-streaming adoption strategy.

Proposition 1 (@) When a rival company adopts a nonlive-
streaming strategy (N strategy), the firm will adopt a live-
streaming strategy (L strategy) if and only if a>d, and
r <7, otherwise, the firm will also adopt a nonlive-stream-
ing strategy (N strategy).

(b) When a rival company adopts a live-streaming strategy
(L strategy), the firm will also adopt the live-streaming
strategy (L strategy) if and only if a > @, and r < F,; other-
wise, the firm will adopt the nonlive-streaming strategy (N
strategy).

Then, we calculate the general equilibrium of the game
when two competitive firms adopt their strategy simultan-
eously. Notice that the equilibrium outcome of competitive
firms depends on the values of A, and A,. The NN strategy is

and a threshold of commission rate

S

. We show that in the duo-

sion parameter @, = and a threshold of commis-

sion rate 7, = . We show that in

Firm B nonlive (N)

Firm B live (L)

Firm A nonlive (N)

(I-a)Qiy+4? v (=) -ty +2)

1 1
IV = Zpv(1-2a), IV = Z1y(1 -2« 't =
A =gt 5 = a2 4 6y +1) B 36(y + 1)
Firm A live (L) v = (L= =y +2)2 oy _(-a)@y +4)2 e = 0= r)’ e - W =r)
4 36ty + 1) B 36(ty + 1) A 2 B 2
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L-strategy

L-strategy

(a) rival adobts N-strategy

Fig. 2. Firm's response to the rival's strategy

an equilibrium if and only if A, <0 and A, <0. In contrast,
the LL strategy is the equilibrium combination if and only if
A, >0 and A, > 0. Otherwise, the equilibrium outcome will
be an asymmetric strategy (LN and NL strategy).

By comparing the values above the thresholds, we find that
the equilibrium outcome depends on the relation among r, ty
and «@. Specifically, when « is rather small, the NN strategy is
the single equilibrium outcome. With the increase in «, a
symmetric equilibrium outcome (LN and NL strategy) will
occur. Eventually, when a becomes sufficiently high, the
equilibrium outcome contains all three situations: no firm ad-
opts the live stream (NN strategy); both firms adopt the LL
strategy; and only one firm adopts the LN and NL strategies.
We summarize our findings and give the equilibrium strategy
decision for duopoly firms in the proposition below.

Proposition 2 The result of competitive firms' equilibrium
outcome is as follows:

(a) No firm adopts a live-stream strategy (NN strategy) in
the following cases: (i) 0<a<d, and (ii) & <a<},
A<r<lL

(b) Only one firm adopts a live-stream strategy (LN or NL
strategy) in the following cases: (i) @, <a<d, 0<r<7r;
and (i)) @, <a < =, A <r<h.

(¢) Both firms adopt a live-stream strategy (LL strategy)
only when @, <a <3, 0<r<#.

To build the intuition behind the strategic decision for com-
petition, we first investigate the role of the market expansion
effect. Note that parameter @ captures the market scale, and
an increase in o means that the live stream can attract more
consumers. When « is sufficiently small (i.e., @ <d,), the
market scale effect by live stream is not very significant, and
the live stream is not attractive to consumers, although they
could enjoy a lower price compared to the NN case. The in-
crease in additional sales opportunity cannot offset the profit
loss caused by the sales price reduction. Therefore, the firm
does not have an incentive to open a live-stream sales show;

-6

(b) rival adoI;ts L-strategy

thus, the NN strategy is a single equilibrium combination.
With an increase in @, the market scale gives firms an incent-
ive to open a live-stream show. In addition, the expanded
market leads to more intense price competition for the firms,
and the price of Firm A or Firm B is lower than p*. When
@, <@ <d, and r < 7, due to the advantage of the first move,
the firm that adopts a live-stream can set a higher price than
the other firm (i.e., p%" > pi). That is, for the decision maker,
as long as the streamer that they hired can attract enough con-
sumer traffic, they have sufficient incentive to take the lead in
adopting live sales. However, the firm has an incentive to be
the first mover to adopt the live stream, but the second mover
will not follow. If the second mover does follow the step, then
the limited market scale is not enough to compensate for the
reduction in revenue caused by price competition. In this cir-
cumstance, the equilibrium will be an asymmetric strategy
outcome. If @ is sufficiently high (i.e.,@ > d&,), then the com-
mission is relatively low. For the second mover, when it no-
tices that its competitor has already adopted live-streaming
selling, it will still follow the step, although this action will
lead to intensified price competition. When the additional
market increase scale is sufficiently large, the increase in de-
mand will offset the potential price downtrend, and the profit
increase caused by market expansion will dominate the profit
decrease caused by the unit price reduction. In the meantime,
consumers could enjoy an extremely low price.

We next focus on the role of the mismatch reduction effect.
In the monopoly case, we show that an increase in ¢, will in-
duce the monopolist to adopt live-streaming selling (i.e.,

a;.‘

oty
pact of the unit mismatch cost is rather complicated. In fact,

as shown in Figure 3, the thresholds of the commission rate in

. o . or,
competition decrease with increasing e <0,
aF, 5

™ < 0), and the thresholds of @ decrease with increasing 7
N

> 0). However, in the duopoly case, we find that the im-

(ie.,
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NN-strategy ’
o] - NL and LN-
A strategy
r2

LL-strateg

Fig. 3. Equilibrium strategy for competitive firms

. 0 od, . . .

(i.e., ? >0, E > 0). However, the impact of unit mis-
N . N . . . . . . .

match reduction on live-streaming adoption decisions is still

unclear. We answer this question in the last section.

The intuition behind Proposition 2 is an alarm to the de-
cision maker of competitive firms when he or she makes ma-
nagerial decisions. This is the era of live streaming where it is
becoming increasingly prevalent, and an increasing number of
firms and manufacturers are embracing the trend of live-
streaming sales. However, if all consumers are rational
enough, then two competitive firms adopting live streaming
are not always wise strategic actions. If all firms adopt a live-
stream strategy, then live sales act as combative advertising,
which can lead to intensified price competition. Moreover,
under certain conditions, if one firm has noticed that its com-

petitor has adopted a live-stream strategy, then at this time,
"do not act" is the optimal decision. To avoid fierce price
competition, this type of "do not act" is the best response for
the decision maker of the second mover. Accordingly, in Pro-
position 2, we identify how the key factors work together to
affect the strategy decision of duopoly firms to adopt live-
stream selling in a competitive environment. Our findings
provide clear guidelines for decision makers.

4.2 Profit Implications for Competitive Firms of Live-
streaming Adoption

In the above subsection, we summarized the equilibrium
strategy combination for firms. However, although the frame-
work of the equilibrium strategy selection is shown in Propos-
ition 2 and Figure 3, compared to the case in which no live
streaming exists in the market (NN strategy), whether the
firm's profit has been improved is still unclear. In this part, we
want to answer the question concerning whether both firms
always benefit from the adoption of live-stream sales in the
LL case. In the asymmetric case, does a firm that adopts live-
streaming always benefit, and does the other firm always
lose? We hope to explore the impact of live-stream sales ad-

option on firms' profits.
Proposition 3 /n the duopoly case, compared to the NN
strategy, when the equilibrium outcome is an LL strategy,
tv—1 76, +1y—8

thresholds @& = "=~ @, = :
renOtas s = T T 16+ 101, — 8

7y =2aty—ty+1

and t, exist:

(a) (Lose—Lose) Both firms adopt and lose from the adop-
tion of the live-stream strategy when ty <ty (i) d, <a <d,,
O<r<Aand(ii) ds<a<d, /iy <r<r.

(b) (Win—Win) Otherwise, both firms adopt and benefit
from the live-stream strategy when (i) ty <fty, &;<a<d,
O<r<# or (ii) ty<ty, a>ad, 0<r<Pp, and (iii) ty > ty,
a>d, 0<r<p.

Proposition 3 and Figure 4 indicate that two competitive

o T T T T T . o T T T T T T T T T .
1 1 F it ¥l /
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Fig. 4. Profit implication for competitive firms
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firms will not always benefit from the adoption of live-stream
sales. When the unit mismatch cost is not sufficient and the
additional market increase scale is relatively medium, then
the two firms can be trapped in a prisoner's dilemma. Spe-
cifically, when a > d,, for any value of ¢, and r < 7, in equi-
librium, both firms choose the LL strategy, and profit is bet-
ter. However, if the unit mismatch is below 7, then the
thresholds of market expansion parameters ¢; and d, exist,
and both firms that choose the LL strategy may suffer a loss
of profit at the same time.

The intuition behind Proposition 3 is the interaction
between the effect of market expansion @ and the effect of the
price downtrend caused by ¢,. Recall our conclusion of price
comparison in Corollary 1; when both firms adopt the live-
stream strategy, the price p** will be lower than the NN
strategy pY". If the market expansion effect is strong enough,
then the effect of the market plays a more significant role, and
both firms can always obtain a profit through a win—win scen-
ario. However, when the additional market increase scale is
rather small and the unit mismatch cost is above the
threshold, the two firms have to charge a lower price to con-
sumers, and the profit increase caused by market expansion
dominates the profit decrease caused by the unit price reduc-
tion. These two forces drive both firms to suffer losses with
the adoption of live-stream sales, and a prisoner's dilemma
occurs. That is, although the LL strategy is a Nash equilibri-
um, in fact, in this circumstance, the adoption of live-stream
sales is detrimental for the two firms. If the live-streaming
sales show is limited to attracting consumer traffic, then to
some extent, live sales act as combative advertising, and the
adoption of live-stream sales can intensify price competition
such that an "advertising war" leads to a "price war" and
eventually hurts the interest of the firms.

Our findings provide insights for decision makers. When
firms join the trend of live-streaming sales, they need to con-
sider both the market expansion effect and the price down-
trend effect. Notably, When the consumer traffic attracted by
live sales is not sufficiently large, live-stream sales could res-
ult in a profit reduction and lead to a lose—lose situation. In
fact, it is a Pareto improvement for the two competing firms
to simultaneously abandon the use of the live-stream strategy
to avoid the intensified "price war" at this time.

We have summarized the profit implications of firms un-
der a symmetric strategy combination. Next, we devote atten-
tion to the asymmetric strategy subgame to reveal the impact
of live sales, and we compare the profits of the two firms
when only one firm adopts live sales to the benchmark case.
Our findings are concluded in the following proposition.

Proposition 4 In the duopoly case, compared to the NN
strategy, when the equilibrium outcome is an asymmetric
76 +1y—8

strategy (NL and LN strategy), thresholds @, = m

and fy exist:

(a) (Win—Lose) The firm that adopts live-streaming bene-
fits and the nonlive-streaming firm loses when (i) ty <fty,
@ <a<d,0<r<p, (ii)ty<ty, d,<a<d, /, <r<r, and
(iii) ty > £y, 0<a <d, 0<r<#p.

(b) (Win—Win) Otherwise, the firm that adopts live-stream-
ing and the nonlive-streaming firm both benefit when (i)

-8

ty<ty, a>ad, A<r<p, (ii) ty>t, &, <a<d, 0<r<p,
and (iii) ty > fy, @ > d,, A, <r < f.

Proposition 4 and Figure 4 indicate that under an asymmet-
ric equilibrium, the firm that adopts live sales can always gain
an advantage in the competition and thus obtain a profit in-
crease compared to the NN strategy. Interestingly, if the ef-
fect of market expansion is sufficiently large and the commis-
sion rate is relatively medium, then the nonadopting firm can
also obtain a better profit compared to the NN strategy.

To analyze and determine the above result, we isolate the
impact of unit mismatch cost reduction and the market scale.
Let us first consider the effect of parameter z,; when only one
firm adopts live sales, without loss of generality, we assume
that Firm A adopts and Firm B does not adopt. Because of the
advantages brought by live-stream sales, Firm A can obtain a
much greater market share and can also charge consumers
higher prices (i.e., pi¥ > pi" and D" > D). With an in-
crease in fy, Firm A obtains stronger market power p.", and
D' increases monotonically. For Firm B's market demand
D" decreases monotonically with 7, because of its weak
status. However, with an increase in the unit mismatch cost,
Firm B could follow the step of Firm A and charge a higher

LN
price to consumers (i.e., opy
oty

> 0). The increase in profit by

the price increase effect is stronger than the decrease in de-
LN

£ >0.
Iy

mand, and we have

Then, let us consider the effect of the market scale; para-
meter a captures the fraction of consumers who make pur-
chases only with the existence of live sales. A larger @ means
a smaller-scale market in the NN case, and the role of con-
sumer traffic attractiveness in live streaming is more promin-
ent. For Firm B, the profit difference between the LN and NN
opy' —ry")
—_ >

oa

Therefore, as shown in Proposition 5, a threshold of @ exists
when «a > @, for any ¢y, and Firm B will always be better off.
According to the aforementioned monotonicity of the two
firms' profit functions, when ¢, is sufficiently large, Firm A
has enough incentive to set an extremely high price, and Firm
B could follow and set a higher price (that is slightly lower
than Firm A), although the demand will decrease. As a result,
the equilibrium outcome will be a win—win situation com-
pared to the NN case. Intuitively, people believe that the non-
adopting firm will obtain a loss of profit due to its disadvant-
aged status in the competition. However, in certain specific
parameter ranges, the nonadopting firm can also obtain a
profit increase compared to the benchmark case. That is, the
firm with the nonlive-stream strategy can free ride on its com-
petitor.

cases monotonically increases with « (i.e., 0).

4.3 Comparison and Analysis

In the above section, we derived the equilibrium outcome of
the monopoly and duopoly cases. We now turn our attention
to an investigation of how competition affects firms' live-

D See https://www.ceibs.edu/new-papers-columns/livestream
ing-e-commerce-lasting-buzz-or-will-it-go-bust
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streaming strategies. Before proceeding, we incorporate the
monopoly case as a benchmark reference.

In the monopoly case, we assume that there is only one
Firm A in the market that sells one product to consumers.
Located at L, = 0, Firm A first decides whether to adopt a live-
stream selling strategy (L strategy) or a nonlive-stream selling
strategy (N strategy) and then decides the price that it charges
consumers (p} or p%). If Firm A does not adopt live-stream
selling, then consumers who buy from Firm A will obtain
utility U = V —1, X |L, — x| — pY. If Firm A decides to use live-
stream selling, then consumers who buy from Firm A will ob-
tain utility U =V —1, X|L, — x| - p%. Consumers will make a
purchase if U > 0. For the market size expansion effect, we
normalize the market size to 1 —«@ when the monopolist ad-
opts live-streaming selling; otherwise, the marker size is re-
duced to 1 —2a. The sequences of the monopoly game are as
follows. In stage 1, the firm chooses a live-stream strategy (L
strategy) or a nonlive-stream strategy (N strategy). In stage 2,
the firm then decides the sale price of the product (p} or p%).
In stage 3, consumers make purchase decisions.

We first consider the subgame in which a monopoly firm
does not adopt a live-streaming selling strategy (N strategy).
Under this circumstance, the utility of the consumer who buys
from the firm is U =V —tyx—py. Let U =0; we obtain the
— Pw
Iy
purchase. Then, we obtain the demand function of the mono-
poly firm D" = (1 - 2a)min[x",1].

Therefore, the monopoly firm's profit function under

strategy N is
V—pw ’ ]] P
Iy

The monopoly firm determines its price p" to maximize its
own profit, and we summarize the equilibrium price and
profit in the lemma below.

Lemma 4 In the monopoly case, when a firm adopts non-
live-streaming selling (N strategy),

if V< 2ty, then the firm charges price p" =
the profit.

If'V > 2t,, then the firm charges price p" =V —ty and ob-
tains the profit ITI" = (V —ty)(1 - 2a).

Then, we consider the subgame in which a monopoly firm
adopts a live-streaming selling strategy (L strategy). Under
this circumstance, the utility of the consumer who buys from
the firm is U=V-t,x—p,. Let U=0; we obtain the
V-p.

I

threshold of the consumers X" = 14 who will or will not

¥ =D"p"=(1- 2&)min[ @)

L and obtains

threshold of consumers x* = who are indifferent

between purchasing and not purchasing. Then, we obtain the
demand function of the monopoly firm D" = (1 — @)min[x",1].
The market size turn to 1 -« denotes the additional con-
sumer traffic brought by live-stream selling.

Therefore, the monopoly firm's profit function under
strategy L is

V_pL

L

HL:DLpL(l—r):(l—a/)(l—r)min[ ,l]pL (8)

The monopoly firm determines its price p* to maximize its
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own profit, and we summarize the equilibrium price and the
profit in the lemma below.

Lemma 5 In the monopoly case, when a firm adopts live-
streaming selling (L strategy),

if V<2, then the firm charges price p* =% and obtains

Vz
profit 11* = E(l —a)(1-r).
L

If 'V > 2t, then the firm charges price p* =V —t, and ob-
tains profit 11" = (V —t,)(1 —a)(1 —r).

Then, we investigate the equilibrium strategy decision for a
monopoly firm. To avoid trivial cases and focus our main res-
ults, we assume V >2t, to ensure that the product of the
monopolist will cover the full market. To conclude, in the
equilibrium strategy decision of a monopoly firm, we define
A =TI —TI". A captures the monopolist's incentive to choose
a live-streaming selling strategy. By solving the inequality
A > 0, we obtain the threshold of commission rate r, and we
summarize our finding in the proposition below.

Proposition 5 A monopoly firm adopts live-streaming
selling (L strategy) if and only if the commission rate is lower
a(V-=2ty+1)+1ty—

d-a)v-1)
when r<r, the monopoly firm adopts live-streaming
selling, and the firm sets an equilibrium price p* =V —t, and
obtains profit II' = (V—1t,)(1 —a)(1 —r).

When r >, the monopoly firm does not adopt live-stream-
ing selling, and the firm sets an equilibrium price p" =V —ty
and obtains profit II' = (V —t,)(1 = 2a).

Proposition 5 indicates that a monopoly firm will adopt live-
stream selling when the commission rate paid to the streamer
is not sufficiently high. As shown in Figure 5, we notice that

— 1
than the threshold ¥ = . Specifically,

ar ar
6_r > 0 and that # > 0, which implies that with the increase
a N

in the market expansion effect and the unit mismatch reduc-
tion effect of live-stream selling, monopoly firms have more
incentive to adopt the L strategy.

P 8 L UL S S B S S B S S S S S S Sy BN S S S S B S S e e |

N-strategy

L-strategy

n s " a 04 05

Fig. 5. Equilibrium strategy for a monopoly firm
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Note that in the monopoly case, the firm will adopt live
streaming as long as the commission rate is lower than the
threshold 7. However, in the duopoly case, live streaming can
exist in the market only when the commission rate is lower
than threshold 7 and the market size increment level is high-
er than d&,. Moreover, we show that the two thresholds of
commission rate 7 are larger than 7, which implies that in the
monopoly case, the firm has more incentive to adopt live-
stream selling compared to the duopoly case, and we con-
clude our findings with the following proposition.

Proposition 6 Competition reduces a firm's incentive to
adopt live streaming compared to the monopoly case. Spe-
cifically, compared to monopoly live streaming, under a duo-
poly of competition,

(a) No firm adopts a live-stream strategy (NN strategy)

when (i) 0<a<d, 0<r<7 or (ii)d, <a< 5 A<r<T.

(b) Only one firm adopts a live-stream strategy (LN or NL
strategy) in the following cases: (i) &, <a<d, 0<r<#p;
and(iz)a?2<a<§, A <r<p.

(c) Both firms adopt a live-stream strategy (LL strategy)
only when @, < a < > O<r<#r.

The result of Proposition 6 shows that competition reduces
a firm's incentive to adopt a live-streaming strategy. We show
that interestingly, it is possible for a firm to choose to live
stream in a monopoly case but not in a competitive environ-
ment (for example, Region-2 in Figure 6). The intuition is
that compared to the benchmark monopoly case, competitive
firms' live-streaming decisions are more sensitive to the mar-
ket expansion effect and commission rate. Although live
streaming could enlarge the market share, it can also lead to a
lower price in a competitive environment. Only when live
streaming can attract enough consumer traffic and the com-
mission rate is not too high will there be live-streaming
selling in a competitive market.

7\
a
@,
©)
=)
[I\)

Fig. 6. Equilibrium comparison between the monopoly and duopoly cases
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5 Conclusion and managerial
tions

implica-

In this paper, we develop an analytic model to study live-
streaming selling strategies for competitive firms. We cap-
ture the key characteristics of live-streaming selling, the ef-
fect of market scale expansion and the effect of unit mis-
match cost reduction. Our main results are as follows. First,
our paper clearly shows when firms should embrace live-
streaming selling under a duopoly situation. That is, for com-
petitive firms, the adoption of a live-streaming strategy is
much more complicated and depends on the market expan-
sion scale and the relative mismatch reduction level brought
by live sales. Specifically, no firm adopts live sales when the
additional market share brought by the streamer is limited and
the commission rate is relatively high; both firms adopt a live-
sale strategy only when the market expansion effect is strong
enough and the commission rate is relatively low.

Second, our results also shed light on the profit implica-
tions of adopting a live-streaming strategy for firms. Com-
pare the profit of competitive firms under different strategy
combinations with the case in which live-stream sales do not
exist or are not available in the market. We demonstrate that
firms will not always benefit from the adoption of a live-
stream sales strategy. When the unit mismatch cost is below a
certain threshold and the additional market increase scale is
medium, then the two firms can be trapped in a prisoner's di-
lemma. That is, when one firm has enough incentive to take
the lead in adopting live sales, its opponent will follow, al-
though this will result in a worse profit. As Professor Chen
from CEIBS points out, high customer acquisition costs, in-
cluding high commissions for live-streaming platforms, can
squeeze brands' profits from live-streaming deals, and brands
must not bet everything on live-streaming e-commerce”. Our
finding alerts the advocates of live-streaming selling, al-
though it is helpful in acquiring new customers and growing
sales volume in a short time. Higher marginal costs, includ-
ing a high commission rate for live-streaming streamers and
platforms, can lead to a price war and eventually damage
firms' profits.

Finally, by comparing the equilibrium outcome between
the monopoly and duopoly cases, we show that competition
reduces a firm's incentive to adopt live-streaming selling.
That is, monopolists always have more incentives to adopt
live streaming than duopolists have. Furthermore, we notice
that a higher unit mismatch reduction level caused by live-
streaming selling makes it beneficial for the monopolist to ad-
opt a live strategy. However, under competition, with the in-
crease in the unit mismatch reduction level, duopoly firms'
decision makers would discourage the implementation of a
live strategy at the same time to avoid fiercer price competi-
tion.

This research can be extended in several directions. First,
in this paper, we assume that the products of the two firms are
homogeneous. An interesting direction for future research is
to study the case of two firms with product quality differenti-
ation and consumers with heterogeneous preferences for qual-
ity. Second, in this paper, we weaken the role of the supply
chain. In future research, one could provide a more systemat-
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ic study by taking upstream or downstream decision makers
into consideration. Third, it is feasible to model a multiperiod
live-streaming decision process under monopoly and duopoly
situations, where consumers are repeat buyers, and firms can
adopt live-streaming selling in several periods. Over such a
long term, live sales may play a more sophisticated and com-
plicated role in a multiperiod repeated game between mono-
polist and competitive firms.
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decisions.

In the duopoly case, when no firm adopts a live-streaming strategy, the utility of consumer buying from firm i is

Ul =V—tyx—p¥" and U, = V—1,(1 —x)— p¥. Let U} = U}, and we obtain the consumer x;"" = >

N 1+—p2“”+p2”

who is indiffer-
2ty
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ent to buying from Firm A or B. Therefore, the profit functions of the two firms under this subgame are

L —p"+py" L " -p"
Iy = —2a)(§ + T)p”"’ and IT}"V = DYV piV = (1 - 2a)(§ + T)p , and Firm A decides p}", and Firm B de-
N N NN oIl NN
cides p}" to maximize their profits. With the first-order conditions (FOCs) apz”’ =0 and —— I =0, we obtain the equilibrium
2HNN 2 IltN
price of the two firms p}" = p} = t,. Moreover, we have ——— ) <0and —— i NN)Z <0, and we also ensure that all second-order

conditions (SOCs) are satisfied. Therefore, under the duopoly NN subgame, each firm charges price p}" = pi¥ =, and obtains
t
profit I\ = TIMY = 5”(1 -2a).
Proof of Lemma 2:

In the duopoly case, when both firms adopt a live-streaming strategy, the utility of consumer buying from the firms is

] _ 1 ZpiL 4 pli o
U>=V—t,x—pand U=V —1,(1-x)-pi. Let U2 = U2 =0, and we obtain the consumer X, = 5+ % who is indif-

ferent to buying from Firm A or B. Therefore, the profit functions of the two ﬁrms under this subgame are

1 —pi"+py 1 pi—py :
xpla(l—r)= (s +——=—"")xpil=« r) an s« piN s r)=(= #* pttw(1-r), and Firm
IT4 = D s pltse (1 —r) (2+ 3 Yxpitx(1—r) and I15 = DY« piV«(1—-r) (2+ 7 )« pit«(1—r), and F A
LL 6 LL
decides p’", and Firm B decides p4" to maximize their profits. With the FOCs I =0 and 3 2 = (), we obtain the equilibrium
Py

L [T
R
fied. Recall that we assume that ¢, = 1; therefore, under the duopoly LL subgame, each firm charges price p% = pi =1 and ob-
tains profit IT}" = IT%" = ;(1 —r).

Proof of Lemma 3:

In the duopoly case, when Firm A adopts a live-streaming strategy while Firm B does not, the utility of the consumer buying
from the firms is U} =V —1,x—p.¥ and U} =V —1,(1 —x)— p%", and we obtain the consumer o= M who is indif-

1+¢
ferent to buying from Firm A or B. Therefore, the profit functions of the two firms under At/his subgame are

—pN 4 ptN 4t —pIN 4 pIN 4
2 = DX s pt s (1—r) = (1 — )(M)*P «(1=r) and T2 = D& % p = (1 —a)(1 — Dy tDp t
1+ty 1+1y

LN a LN
A decides p’", and Firm B decides p" to maximize their profits. With the FOCs =0and I

1421, 2+1y "I1; Pige 5
um price of the two firms p’" = = and p%’ = ——. Moreover. and <0 When the SOCs are satisfied.

3 apry <V 500y

price of the two firms p% = pi* =1t,. Moreover, we have <0, and we also ensure that all SOCs are satis-

)*p , and Firm

=0, we obtain the equilibri-

Proof of Proposition 1:

Define A, = I[T}" —II5", where A, captures a firm's incentive to lead the adoption of a live-streaming strategy when its rival

(—2a+2(a—Dr2ty+ 1)+ (10— )63 + (10a — D)ty +2)
18(1 +1ty) ’

does not adopt it. From the expression of IT}" with I1}, we obtain A, =
(2a+2(a—-Drty+ 17+ (10a - 1)t3 + (10 — D)1, +2)

Note that P =2(a—1)2ty +1)* <0, which implies that A, linearly de-
creases with . We prove that when , approaches 1, lljrll A =9Qa—Diy(ty+1) <0 always holds.2 When r approaches 0,
I}I?A‘ = =2a+(10a - 1)}, + (10a — 1)ty + 2, this expression is positive if and only if « is larger than 2(;;2;21) If the condi-
tion of « is satisfied, then solve the equation of A, =0, and we then obtain the root of r. Therefore, there exists a threshold of
R Lo+ty—2 . 2a-10at;, +6,—10aty + 1y -2 . . )

a, = m and A = o D)0On 1) ; when a rival company does not adopt a live-streaming strategy, the

firm will choose to adopt an L strategy if and only if @ > @&, and r < 7; otherwise, the firm will also adopt an N strategy. This
proves Proposition 2(a).
Define A, = IT4 —I1)*, A, captures a firm's incentive to follow the adoption of a live-streaming strategy when noticing that its

8a—9rty —9r+2aty, — 265, + 8aty + 1ty + 1
rival has already adopted it. From the expression of IT5* with IT)*, we obtain A, = z AN L Note

18(ty + 1)
0Ba —9rty —9r+2at;, - 26, + 8aty + 1y + 1
that (Ba ~9rty ~9r +2a aiytivt 1) =-9(1 +1ty) <0, which implies that A, linearly decreases with . We prove that

or
when r approaches 1, 11m A, =2(a—1)(ty +2)* <0 always holds. When » approaches 0, 11m A, =8a+2(a— 1), +8aty +1ty+ 1,
2
- tN —

2(N 2y

this expression is positive if and only if « is larger than . If the condition of « is satlsﬁed, then solve the equation of

26—ty —1 8 +2(— 1)t +8aty +1y+ 1
A, =0, and we then obtain the root of . Therefore, thresholds of &, = m and 7 = a+2(a 9()t l)oz vty exist
when the rival company has already adopted a live-streaming strategy, and tﬁve firm would choose to follow the L strategy if and
only if @ > @, and r < /; otherwise, the firm will adopt the N strategy. This proves Proposition 2(b).

Proof of Proposition 2:
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According to the analysis of Proposition 3, we obtain the thresholds of conditions &,, d,, 7 and 7, where for any 7, > 1,
&=, =O1+6,)(1+1,))/ 22 +ty)’ (=1 + 5ty +5£;)) > 0 is obvious, and we then check the value of 7 and 7. Because

0
M <0, 7, —F is a convex function of @. When a approaches zero, we have o ; A) <0, and when « approaches : 3 we
9y s, . S
have —— (h~#) > (. Therefore, a value of @ exists where 7, — 7 takes the global optimal minimum value. Take @ such that
1%
oA — 1)

. . . 1%
= 0 into function, and algebraically show min (%, — 7)) > 0. Thus far, we prove that for any ¢, <y < 7 we have &, > d,

I<a<l1/2

and 7, r2 > 7; then, we conclude the equilibrium outcome of the game.
When A, > 0 and A, > 0, the firm has enough to take the lead of live-streaming selling, and its rival would follow to adopt. The

result of the game is that both firms adopt a live-streaming strategy. That is, when @, < @ < 3 and 0 < r < 7, the equilibrium out-
come will be the LL strategy, and both firms set price p%* = p% =1 and obtain profit [T} =TI} = 2(1 —r). In contrast, when
A, <0 and A, <0, a firm does not have enough to take the lead of live-streaming selling, and its rival would not follow to adopt;
. . . . . . 1
the result of the game is that neither firm will adopt a live-streaming strategy. That is, when 0 < a < &, and when &, < a < >

t
7, < r < 1, the equilibrium outcome will be the NN strategy, and both firms charge price 7, and obtain profit EN(I —2a). Other-

wise, when A, >0 and A, <0 a firm would have enough to take the lead of live-streaming selling while its rival would not fol-
low, and the result of the game is that only one firm adopts a live-streaming strategy and the other firm does not. That is, when
&, <a<d, 0<r<# and when &, <o < 3 7, <r <7, the equilibrium outcome will be an asymmetric outcome (LN or NL

142ty ?
strategy). The firm that adopts live-streaming sets price — and obtains profit ﬁ(l —a)(1—r), and the other firm sets
. 2+t _ 2+ 1,) N
price Y and obtains profit ﬁ(l —-a).

Proof of Proposition 3:
Considering the equilibrium case when both firms choose live streaming, both firms will suffer a revenue loss when IT}* < II}Y,
and this inequality is true only if r > 7/, = 2aty —ty + 1. 7, is positive only if @ > @5 = ’g' recall the condition of the LL strategy

combination of equilibrium in Proposition 3 (e, d,<a<; and 0<r<7). When a<d; the difference in

—(ty =Dy - Dy +1 1%
d&—ad, = (t 2t)((tN +2))(2N ) ; is positive only when #, </, =4, where the upper bound of t, equals 7= =5, and the lower
N\'N

bound equals ¢, = 1. Therefore, when t, < £y for any d, < @ < d, and 0 < r < 7, both firms adopt and suffer losses from the adop-

Tty +1y—8
&y —d, = (=9(ty —4)(ty — D(ty + 1))/ (2(ty + 2)* (8% + 5ty —4)). The condition of &, > d, is also satisfie when ty < fy. Therefore,
when ty <7, for any &5 <a <d, and 74, <r <7, both firms adopt and suffer losses from the adoption of live streaming. This
proves part (a) of Proposition 4.

From the above analysis, we know that r > 74, and t, <y are the necessary conditions for a prisoner dilemma to occur. There-
fore, by contrast, when r < 7, or t < f,, the equilibrium will be a win—win result. Specifically, if ¢y < 7, then both firms adopt
and benefit from the live-stream strategy when @5 < @ < d,, 0 < r < 74, and when a@ > @,, 0 < r < 7. If 1, > £y, then for all paramet-
ers that are in the range of the LL equilibrium outcome, i.e.,a > d,, 0 < r < 7, both firms adopt and benefit from the live-stream
strategy. This proves part (b) of Proposition 4.

Proof of Proposition 4:

We consider the case when only one firm adopts live streaming in equilibrium, and without loss of generality, we assume that
Firm A adopts while Firm B does not; then, we only need to focus on the LN strategy combination. Obviously, A, > 0 is a neces-
sary condition of asymmetric equilibrium, which implies that Firm A will always obtain better revenue compared to the NN sub-
game. We give our attention to the profit of Firm B, and we have IT}" —IT}" = (=8a + 16at;, — 71}, + 10at, —t, + 8)/18(1 + ). This

Tt +1y—8
2(82 +5ty—4)
value between &, and d&,. According to the previous analysis, d, > d, is satisfied when t, <7, and d, < d, is satisfied when
ty > fy. Therefore, for the asymmetric equilibrium case when t, <7, Firm B will lose if &, <a<d,, 0<r<p; d,<a<d,,
A <r<#, and Firm B will gain if & > d,, A <r <#. When t, > £y, Firm B will lose if 0 <@ < d,, 0 <r </, and Firm B will
gainifd, <a <d,, 0 <r<r;a>d,F, <r<Fr.Proposition 5 is proved.

Proof of Lemma 4:

When the monopoly firm does not adopt a live-streaming strategy, the unit mismatch cost is 7y, and the market size is 1 - 2a.
The utility function of the consumer is U =V —t,x— py. In solving the equation of U =0, we obtain the indifferent point of
—DPn
ty

tain the profit function of the firm under this case IT" = D"p" = (1 —Za/)mm[
2 N

v . . . Vv \% .. .
A = (0, we obtain the optimal price of firm p" = 0 and profit [TV = F(l —2a), and we need V < 2¢y. Otherwise, if X" >=1 (i.e.,
N

tion of live streaming. When @ > d@;, by inequality 7 <7, we obtain the threshold of @, = , and we have

expression is positive when a > @, = In recalling the condition of Proposition 3(c), we need to compare the

whether the consumer buys the product of firm X" = . Because consumers are uniformly distributed between [0, 1], we ob-

,l]pN . If ¥¥ <1, then in solving equality

apN
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V > 2t,), then the profit function is IT" = D¥p" = (1 - 2a)p". Let U =V —t, — p" = 0; the firm will set price p* =V —1, and ob-
tain profit [TV = (V —,)(1 — 2a) to extract all consumer surplus.

Proof of Lemma 5:

When the monopoly firm adopts a live-streaming strategy, the unit mismatch cost is #,, and the market size is 1 — . The utility
function of the consumer is U = V —t,x — p,. In solving the equation of U = 0, we obtain the indifferent point of whether the con-
sumer buys the product of firm X'= ;—pL The profit function of the firm wunder this case

L

11
¥ 11pY(1-r), if ¥ < 1, solves equality (;

L

V- . . .
I =D'p*(1-r) = (1 —a)min| =0, we obtain the optimal price of firm p* = —

N
and profit IT* = 4—(1 —a)(1-r), and we need V <2f,. Otherwise, if X*>=1 (i.e., V>2r,), then the profit function is
I* =D pt=(1 —a/)pL(l —r). Let U =V -1, — p* =0, and the firm will set price p* = V —1, and profit IT* = (V—1,)(1 —a)(1 —r) to
extract all consumer surplus.

Proof of Proposition 5:

In the main text, we assume that V > 21, to ensure full coverage of the market, and the monopolist compares (V —1ty)(1 —2a)
between IT" = (V —1,)(1 —a)(1 —r) to decide whether to adopt a live-streaming strategy. To capture the firm's incentive to adopt
the L strategy, deﬁne A=V-1)1-a)1-r)—(V-1t,)(1-2a). Obviously, A monotonically decreases with increasing commis-
sion rate r (i.e., 2 <0). In addition, when r approaches 0, we have hmA V-t)1-a)—(V-ty)(1-2a)>0, and when r ap-

proaches 1, we have limA = —(V —1y)(1 —=2a) < 0. Therefore, a threshold of the commission rate must exist. In solving the equa-
r—1
— 2y + D +1y—1
tion A =0, we obtain 7 = Q(V(l N;( )+1N
equilibrium price p* = V —1t, and obtains profit IT" = (V —1,)(1 —@)(1 — r). Otherwise, when r > 7, the monopoly firm would not
adopt live-streaming selling, and the firm sets an equilibrium price p* = V —t, and obtains profit IT" = (V —1)(1 — 2a).

Proof of Proposition 6:

. When r <7, the monopoly firm adopts live-streaming selling, and the firm sets

1 \%4
For the threshold of the commission rate in the monopoly and duopoly cases, for any 0 < @ < 5 and t, < 7 the difference
Qa-D(ty—1D)B +ty(V+T)+2v)
2@- D2t + 12(v—1)

between r—7, =

is positive and always holds. That is, in the monopoly case, a firm has more

incentive to adopt live-streaming selling. Specifically, as shown in Figure 6, different thresholds of parameters divide the space
into four regions. Region-1: When r >7, whether under the competition or monopoly case, the firm does not adopt a live-stream-

. . — 1 — . .

ing strategy. Region-2: When 0 <a <d,, 0<r<7 and @, <a < > 7 <r<r, the firm adopts the live-streaming strategy under
1

the monopoly case but not in the duopoly case. Region-3: When ¢, <a <d,, 0<r<A and d, <a < = > 7 < r< P, the firm ad-

opts the live-streaming strategy in the monopoly case, and only one firm adopts it in the duopoly case. Region-4: When

&, <a< > 0 < r <7, the firm adopts the live-streaming strategy in the monopoly case, and both firms adopt it in the duopoly
case.
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