Journal of
Theoretical and Applied
Electronic Commerce Research

Article

Content Quality Assurance on Media Platforms with
User-Generated Content

Xingzhen Zhu (¥, Markus Lang 2*

check for
updates

Citation: Zhu, X; Lang, M.;

Dietl, H.M. Content Quality
Assurance on Media Platforms with
User-Generated Content. J. Theor.
Appl. Electron. Commer. Res. 2023, 18,
1660-1686. https://doi.org/10.3390/
jtaer18030084

Academic Editor: Ja-Shen Chen

Received: 21 April 2023
Revised: 30 August 2023
Accepted: 12 September 2023
Published: 18 September 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Helmut Max Dietl 3

Business School, Yangzhou University, Yangzhou 225127, China; xingzhen@njust.edu.cn
Institute of Sport Sciences, University of Lausanne, 1015 Lausanne, Switzerland
Department of Business Administration, University of Zurich, 8006 Zurich, Switzerland;
helmut.dietl@business.uzh.ch

*  Correspondence: markus.lang@unil.ch

Abstract: This paper develops a duopoly model for user-generated content (UGC) platforms, which
compete for consumers and content producers in two-sided markets characterized by network
externalities. Each platform has the option to invest in a content quality assurance (CQA) system and
determine the level of advertising. Our model reveals that network effects are pivotal in shaping the
platforms’ optimal strategies and user behavior, specifically in terms of single vs. multi-homing. We
find that when network effects for producers are weak, consumers tend to engage in multi-homing
while producers prefer single-homing. Conversely, strong network effects lead to the opposite
behavior. Furthermore, our model demonstrates that user behavior and network effects dictate
whether a platform is incentivized to incorporate advertisements and/or invest in CQA. Generally,
weak network effects prompt a platform to invest in a CQA system, unless both consumers and
producers engage in multi-homing. Our model’s results highlight the importance for platform
companies to evaluate the extent of network effects on their platform in order to anticipate user
behavior, which subsequently informs the optimal CQA and advertising strategy.

Keywords: UGC platform; two-sided market; multi-homing; network externalities; platform
investment

JEL Classification: C72; D85; L.14

1. Introduction

User-generated content (UGC) platforms represent a significant category of media
platforms that primarily host content created by content producers [1,2]. On UGC plat-
forms, content producers upload their self-produced content, which is then accessed by
consumers. With the advancement of communication technology, UGC platforms, such as
YouTube, Twitch, and TikTok, have experienced rapid growth in recent years. For instance,
YouTube’s user base has expanded from 0.8 billion in 2012 to 2.6 billion in 2021, making it
the second-most popular social media platform behind Facebook. Boasting over 122 million
active daily users worldwide, YouTube witnesses more than 1 billion hours of video con-
sumption daily [3], solidifying UGC platforms as essential channels for information and
entertainment consumption.

UGC platforms exhibit typical characteristics of two-sided markets [4]. For instance,
YouTube, Twitch, and TikTok facilitate interactions between content producers and con-
sumers, while cross-network effects drive the economics of such platforms. Each additional
participant on one side of the platform influences the platform’s appeal to participants
on the other side, and vice versa. Numerous researchers have explored the concept of
cross-side network effects within two-sided markets. Notably, refs. [5-7] have emphasized
the significance of these effects. They highlight that cross-side network effects are central to
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understanding how the returns on one side of a two-sided market are related to the partici-
pation size on the other side of the platform. As content producers generate more content
on a platform, the platform becomes increasingly attractive to consumers. Conversely, a
larger consumer base on a platform enhances its appeal to content producers.

Advertising serves as a primary revenue source for UGC platforms. For instance, in Q1
2022, YouTube’s worldwide advertising revenues reached USD 6.9 billion [8]. Advertising
revenue relies on the number of active users who visit the platform and engage with
its content. As consumers gravitate towards high-quality content and advertisers are
sensitive to inappropriate material, UGC platforms must prioritize ensuring that content
produced by content creators is both high-quality and suitable. To address this challenge,
some platforms have begun implementing content quality assurance (CQA) systems. For
example, in December 2017, YouTube’s CEO announced that the platform would employ
over 10,000 individuals to review content and train algorithms in response to several
companies removing ads from YouTube following the appearance of child abuse videos
online. These content reviewers, with the assistance of machine-learning algorithms,
remove videos that are sensitive, vulgar, inappropriate, or disseminate misinformation [9].
Generally, CQA systems help eliminate content that fails to meet quality and ethical
standards by reducing the presence of low-quality content producers on the platform.
The objective is to enhance consumer loyalty and boost platform revenues. However, the
implementation and maintenance of CQA systems can be costly due to labor, module
development, and maintenance expenses.

Prior research within the digital content industry has delved into multiple dimensions,
one of which is incentivizing content producers to generate high-quality material. For
instance, [10] have scrutinized various compensation mechanisms aimed at online content
creators, while [11] have examined the role of intrinsic and status-based motivations in
encouraging content producers to create high-quality work. The effects of competition and
entry in multi-sided markets have been examined by [12], while the role of advertising
in media markets has been explored by [13,14]. Research on platform competition for
advertisers and users has been conducted by [15], and the dynamics of two-sided markets
have been extensively studied by [5,6]. The importance of consumer multi-homing for
market performance has been analyzed by [16], and the strategies of media platforms in
content provision have been explored by [17]. Studies on specialized advertising media
and product market competition have been conducted by [18], and the impact of network
neutrality on the Internet has been investigated by [19]. This paper builds on these existing
studies by focusing on the implementation and maintenance of content quality assurance
(CQA) systems, a critical aspect in ensuring that content produced by content creators is
both high-quality and suitable.

Considering the significant role UGC platforms play in the digital content industry
and their reliance on high-quality content, it is crucial to understand the conditions under
which UGC platforms should implement a CQA system and how network effects impact
the optimal strategy and user behavior. To examine these issues, we develop a simple
duopoly Hotelling model [20] with cross-network effects. This model involves two UGC
platforms competing for consumers on one side of the market and content producers on
the other side. The network effects connect both sides of the market, creating a mutual
influence. Each UGC platform has two variables to consider: the investment in a CQA
system and the level of advertising on the platform. We will be examining four different
user behaviors, which include consumers and content producers on both sides of the
UGC platform. (Drawing on the study by [21], this paper categorizes both consumers
and content producers of UGC platforms as “users” within the context of these platforms).
These behaviors include single-homing on both sides, multi-homing on the consumer side
only, multi-homing on the content producer side only, and multi-homing on both sides.
Users either join one platform, called “single-homing”, or users join both platforms, called
“multi-homing” [22]. For example, consumers may access both YouTube and Twitch to
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watch videos, and content producers may upload their self-made content on both platforms
at the same time.

Our analysis reveals that cross-network effects significantly influence (i) the platform’s
optimal strategy and (ii) user behaviors. Specifically, we find that when network effects from
the consumer to the producer side are weak, consumers are multi-homing, and producers
are single-homing. Conversely, when these network effects are strong, consumers are single-
homing, and producers are multi-homing. Furthermore, our model demonstrates that user
behavior (single- vs. multi-homing) and network effects dictate whether a platform has
incentives to place ads and/or invest in a CQA system. Generally, weak network effects
prompt a platform to invest in a CQA system, except when consumers and producers are
multi-homing. Our model’s results suggest the necessity for platform companies to evaluate
the magnitude of network effects on their platform to anticipate user behavior (single-
versus multi-homing), ultimately determining the optimal CQA and advertising strategy.

Our paper offers both theoretical and practical contributions. Theoretically, we en-
hance the existing literature on (i) operational strategies on media platforms, (ii) the impact
of user participation decisions in platform competition, and (iii) platform performance
investments. Practically, our findings provide guidance for platform company managers
on developing bilateral strategies, adjusting the proportion of users with different partici-
pation options, and determining the conditions under which investing in a CQA system
makes sense in order to reduce operating costs, optimize profits, and maintain sustainable
market development.

The rest of the paper is organized as follows. Section 2 provides additional related
literature. Section 3 introduces the model, complete with notation and primary assumptions.
Section 4 details the results for various user behaviors and compares the different scenarios.
Section 5 employs numerical analyses to validate and expand upon the findings. Lastly,
Section 6 highlights potential extensions and provides a conclusion to the paper.

2. Additional Literature

Our work primarily relates to the following three areas in the existing literature.

2.1. Media Platform Operational Strategies

Pricing strategies: As a form of media platform development, there are many simi-
larities between research related to UGC platforms and that related to media platforms,
where platforms can charge both advertisers and consumers directly [5,17,23]. For media
platforms, ref. [24] conducted an in-depth analysis of the impact of network externalities
on content pricing within digital platforms. They found that platforms often strategically
lower prices for low-quality content to attract more viewers, recognizing that increased
viewership can enhance the platform’s overall appeal and generate additional revenue
through advertising. This approach reflects a nuanced understanding of how content
quality, pricing, and network effects influence user behavior and platform success.

Ref. [25], on the other hand, took a broader view of content pricing strategies, in-
vestigating how platforms charge consumers for content subscriptions. Their research
considered various market structures, including both monopoly and competitive scenarios.
They discovered that platforms’ pricing strategies for content subscriptions remain consis-
tent, whether they operate in a monopoly or face competition. This finding suggests that
the decision to charge for content is driven more by the intrinsic value of the content and
the platform’s overall business model than by the competitive landscape. Together, these
studies provide valuable insights into the complex interplay between content quality, pric-
ing strategies, and market dynamics, contributing to a more comprehensive understanding
of how platforms can optimize their revenue streams.

Advertising models: Scholars such as [18] constructed an informative advertising
and price competition model, finding that when platforms are free to consumers, adver-
tisers place more ads, and the platform’s price per ad placement increases. This insight
has implications for platforms seeking to maximize advertising revenue. Ref. [26] deter-
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mined that the smaller the variation in video quality offered by media platforms, the more
advertisements will be placed. Ref. [15] demonstrated that heterogeneity in consumer
preferences for platforms affects the level of advertising placement by advertisers. UGC
platforms often profit from consumers through ad placement, a common business model in
platforms such as YouTube and TikTok. Our research builds on existing studies and focuses
on ad placement decisions in UGC platforms. Refs. [13,14] further explored advertising
pricing models in media markets, examining lump-sum versus per-consumer charges and
the effects of introducing advertising in pay TV. Their work provides insights into how
platforms can strategically price advertising to maximize revenue.

2.2. Impact of User Participation Decisions in Platform Competition

This area explores how users engage with one or multiple platforms. Single-homing
occurs when users engage with only one platform, whereas multi-homing typically refers
to partial multi-homing, which involves users participating in two or more platforms
concurrently. Ref. [6] discussed users” motivation for multi-homing, stemming from their
desire for better network externalities, while [12] studied the effects of cross-network effects
and multi-homing on competition and consumer behavior. Ref. [27] explored competitive
bottlenecks, leading to multi-homing for sellers and single-homing for buyers.

Ref. [16] used a classical product differentiation loop model to describe the advertising
investment problem in media markets with multi-homing of users. They showed that media
platforms can only charge value-added prices to advertisers but not more to consumers,
shedding light on pricing strategies in multi-homing scenarios. Ref. [28] have explored
platform competition in specific markets such as video game consoles, examining how
platforms strategically position themselves in the market. Their research merges both same-
side and cross-side network effects to compare equilibrium results, shedding light on how
platforms can leverage network externalities to gain competitive advantages. By analyzing
the interplay between platform owners, game developers, and consumers, they provide a
nuanced understanding of the dynamics that shape platform competition. Their findings
offer valuable insights into how platforms can optimize their strategies to attract both
developers and consumers, contributing to the broader literature on platform economics
and competition.

2.3. Platform Performance Investments

This area focuses on investments in value-added services, innovation incentives, and
the overall performance of the platform. Ref. [29] studied additional value-added service
investment and pricing strategies for one side of a bilateral platform and found that the
relative strength of the cross-side network effect measured the relative “importance” of the
two sides, with the platform subsidizing the price of the more “important” side in real time
to attract more users to the other side. Ref. [30] considered the impact of cross-side network
effects and value-added services on the utility of manufacturers and suppliers joining the
platform and found that as supplier cross-side network effects increase, the platform can
increase the level and price of value-added services for manufacturers and suppliers.

Ref. [31] investigated the conditions for innovation incentives by platforms under the
influence of network effects in the presence of bilateral platforms with multi-homing of
consumers and service providers and showed that subsidies to consumers were more effec-
tive in increasing the level of quality and technological innovation of platforms. Ref. [32]
studied multi-homing on both sides using the platform’s subsidy policy and argued that
when both sides use multi-homing, the common strategic proposal to subsidize one side in
order to maximize the total profit may be limited.

In the existing studies, the platform’s service investments all bring positive utility
to users on one side, while CQA investments not only bring positive utility to users on
one side but also generate negative utility to users on the other side, which makes the
platform’s investment strategy more complicated.
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3. Model Setup

Based on the Hotelling model, we construct a duopoly model of platform competition.
We consider two UGC platforms (denoted by subscripti € {A, B}) that compete for two
types of users: consumers (denoted by subscript c) and content producers (denoted by
subscript p). Consumers and content producers, who are of mass one, are uniformly
distributed along the unit interval. The two competing platforms are situated at the
extremes of the interval with platform A located at 0 and platform B located at 1. We
consider the Hotelling model with linear transport costs per unit of length, which are
denoted by ¢, > 0 and tp >0 for consumers and producers, respectively. Hence, the
two platforms are horizontally differentiated from the perspective of the users, and the
parameter ¢ can be interpreted as the differentiation parameter [33,34]. A lower value of ¢
means that the platforms are perceived as closer substitutes by the users. Each platform
has two strategic variables at its disposal: the level of advertising and the level of CQA.

Consumers can enjoy the platforms’ content for free, where V' > 0 represents the
consumers’ intrinsic value from consuming content on the platform [13,19], but they have
to watch the ads embedded in the content of the platform. We denote the amount of
advertising placed on platform i by a with i € {A, B}. We assume that consumers dislike
ads and watching ads will thus induce a negative utility. A potential negative externality
derived from ads could be that consumers want to watch videos, not advertisements. For
further discussion of this aspect, see [35-37].

The parameter § > 0 describes the extent to which consumers dislike advertising
because each advertisement produces a perceived nuisance cost of 5 by the consumers.
We based our choice for the parameter 8 on previous empirical studies that have explored
consumer attitudes toward advertising. Specifically, we drew inspiration from the work
of [38], who empirically assessed readers’ attitudes toward advertising in various magazine
segments. Their findings demonstrate that attitudes toward advertising depend on the
nature and informativeness of the advertisements, a concept we aimed to capture with our
chosen value for .

Moreover, we assume that advertising generates revenue for the platform, and the
parameter r > 0 captures how much revenue a platform can generate per ad a. We assume
that the advertising market is competitive and that the advertising price is exogenously
given. The parameter r can be interpreted as a measure of the effectiveness of advertising.
For tractability, we assume a linear specification of advertising revenue [14].

The level of CQA on platform i is denoted by &' with i € {A, B}. We assume that im-
plementing and maintaining a CQA system is costly, with the cost given by the convex cost

function ¢ (") ? /2 with ¢ > 0. These costs can be interpreted as labor, module development,
and maintenance costs for the CQA system. We assume that the level of CQA induces a
disutility &' for the content producers but a utility vJ' for the consumers. On the one hand,
a CQA system raises the quality standard on the platform, which can be interpreted as
additional costs for the content producers. On the other hand, consumers benefit through
an improved quality of the content on the platform.

The parameter v > 0 describes the extent to which consumers value high-quality
content on a platform. For the parameter vy, we referred to the existing literature on content
quality and user engagement. Studies by [28,39] have explored the relationship between
content quality and consumer behavior in different platform contexts. These works provided
valuable insights into how consumers perceive and value high-quality content, guiding our
choice for the parameter .

Furthermore, we assume that network effects operate from one market side to the other
on the platform. Specifically, the more consumers are on the platform, the more attention
content producers receive for posting content; similarly, the more content producers are
present on the platform, the more content is on the platform from which consumers
can choose. Therefore, we assume that positive cross-network effects operate between
consumers and producers, which means that consumers’ access to the platform brings
additional utility to producers, and producers” access to the platform brings additional
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utility to consumers. We denote the cross-network effects that operate from the consumer
market to the producer market by 1, > 0 and the effects that operate from the producer
market to the consumer market by n. > 0. We also refer to n, as the network effects
obtained by producers and to . as the network effects obtained by consumers [40].
Finally, by denoting the number of consumers on platform i by Q% and the number
of content producers on platform i by Qi,, we can derive the profit function of platform i

as follows: )
. . . C .
n' = Qla'r — 2 (51) ) )
withi € {A, B}.
Table 1 provides a summary of the notation used in our model.
Table 1. Notation for parameters and decision variables.
Parameters
e Cross-side network effects obtained by 71,  Cross-side network effects obtained by
consumers (from producers) producers (from consumers)
te Cost of consumer preference ty Cost of producer preference
(transport costs) (transport costs)
L Number of consumers on platform i Q)  Number of producers on platform i
B Consumer’s disutility of advertising r Unit advertising revenue of the platform
%4 Reservation utility for consumers 0% Consumer’s utility derived from high
quality content
c Marginal cost of CQA investment U Profit function of platform i

Decision Variables

at Adpvertising level on platform i 5 CQA investment on platform i

4. Equilibrium Analysis

In this section, we derive the equilibrium outcomes. Given that users can choose to
access one platform (“single-homing”) or two platforms (“multi-homing”), we distinguish
the following four scenarios (we use abbreviations to refer to the different scenarios where
the first letter represents the consumers and the second letter the content producers):

1.  Consumers and content producers are both single-homing (S-S scenario).

2. Consumers are multi-homing, and producers are single-homing (M-S scenario).
3. Consumers are single-homing, and producers are multi-homing (5-M scenario).
4. Consumers and content producers are both multi-homing (M-M scenario).

For each of the four scenarios, we determine the optimal platform strategy by assuming
that both platforms simultaneously choose the level of advertising and the level of CQA
investment with the objective of maximizing their own profits. We then compare the
four scenarios to determine the conditions under which consumers and content producers
choose single-homing and multi-homing, respectively.

4.1. Single-Homing on Both Sides

We start our analysis by considering the scenario in which consumers and content
producers are both single-homing (S-S scenario). Figure 1 illustrates this scenario.
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Figure 1. User structure of the platforms in the S-S scenario.

As shown in Figure 1, both users only access one platform. For consumers and content
producers, there is a unique point on the Hotelling line denoted by x and y, respectively,
for which the users are indifferent between choosing platform A or B. All users that are
located on the left of the indifference points x and y decide to join platform A, and all users
located on the right of x and y will join platform B.

The utility obtained by the consumer on platform i € {A, B} is thus given by

ul = V- pat +n.Ql + 464 —tex, )
ub = v—pal+ nCQE + 968 —t.(1—x), ©)]

where V denotes the consumer’s intrinsic value from the content on platform i, and Ba

measures the level of consumers’ disutility from ads. The term nCQ;j reflects the increase in

consumer utility through network effects derived from the presence of content producers on

the other market side. The more content producers are present on the platform, the higher

the increase in utility. As mentioned above, the level of CQA on the platform increases

consumer utility by 74, and t.x and t.(1 — x) denote the cost of consumer preference.
The utility that content producers derive from platform i € {A, B} is

u,; = anf — 04— tpy, 4)

= npQF -6 —t,(1—y), (5)

< S

u

where 1,Q!, characterizes the increase in utility of the content producers through cross-
network effects derived from the presence of consumers on the other market side. As above,
the more consumers are present on the platform, the higher the increase in utility. The
disutility induced by the level of CQA is given by &', and the preference costs of the content
producer are t,y and t,(1 — y).

We can obtain the indifference points of consumers and producers from the conditions
of u = uB and u;j‘ = u}]f, respectively. Therefore, from Equations (2)—(5), the number of
consumers and content producers on platform i can be derived as

i (B =)+ (8 =) +tc) —ne (6" — & +np)
Qe = 2(tet, — neny) / 6)

te(tp + 0/ — 61) —np(B(a’ — al) +ne + (5 — &%)

Q = 2(tcty — nenp) ’ @)

withi,j € {A, B} andi # j.
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To ensure non-negative demand functions, we assume throughout the subsequent anal-
ysis that the cross-network externality parameters are small compared to the differentiation
parameters, i.e., t.t, —ncny > 0[7,27,31].

By substituting the demand functions (6) and (7) into the profit function (1) and solving
the maximization problem, we derive the equilibrium in the following proposition.

Proposition 1.

(i) The equilibrium exists and is unique if the consumers’ disutility from advertising is sufficiently
large with B > /3/1
(i) In equilibrium, the level of advertising on platform i is given by

giss _ fetp = ety
Bty

and the level of CQA investment on platform i is

5SS _ r(vtp —ne)
2cpty

(iii) In equilibrium, the number of consumers and producers on platform i is

: 1 ; 1
i,5S i,SS _
Qe = 5 and Qp =75

Proof. See Appendix A. O

Part (i) of Proposition 1 shows the condition for the existence and uniqueness of
an equilibrium in the S-S scenario: the consumers’ disutility from advertising must be
sufficiently large with g > ,3/1

Part (ii) presents the equilibrium level of advertising and CQA investment. We derive
that the platform will always place ads, i.e., a*5° > 0 since tety —neny > 0. However,
to ensure that the platform invests in CQA, i.e., 855 > 0, the cross-network effect 7.
obtained by consumers must be sufficiently weak with n, < «t,. Weaker cross-network
effects n. from producers to consumers diminish utility for the consumers and thus reduce
their demand. To counterbalance this effect, the platform has incentives to make CQA
investments in this case.

Part (iii) shows that consumers and producers on platform i share the market equally
since the S-S scenario is fully symmetric.

Next, we examine how cross-network externalities (1. and n,) and the sensitivity
coefficient y regarding the CQA investment impact the equilibrium solution of the platform.

Corollary 1.

(i)  As the cross-network effects n. obtained by consumers increase, both the CQA investment and
the level of advertising decrease, i.e.,
aJi,SS aai,SS

. < 0and an

<0.

(ii)  As the cross-network effects n, obtained by producers increase, the CQA investment is not
affected, but the level of advertising decreases, i.e.,

96458 — ound 9aisS

< 0.
anp anp
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(iii) As consumers’ sensitivity 7y to CQA investment increases, the CQA investment increases, but
the level of advertising is not affected, i.e.,

1,SS i,SS
9 o and

oy oy =0

Proof. See Appendix A. [

Parts (i) and (ii) of Corollary 1 reflect the fact that as the cross-network effect of
producers on consumers increases, platforms reduce the level of CQA investment. The
increase in network effects obtained by consumers increases consumer utility and thus
diminishes incentives for platforms to attract consumers through CQA investments, which
induces the platforms to reduce the level of CQA investment. As the cross-network effects
obtained by either consumers or producers increase, the platform reduces the level of
advertising since there is no incentive for the platform to increase CQA investment due
to the increase in network effects obtained by consumers or producers, and, in order to
remain attractive to consumers, the platform needs to reduce the level of advertising.

Part (iii) of Corollary 1 reflects that the increase in the sensitivity to CQA investment
by consumers increases the incentives for platforms to increase CQA investment, as this
enhances the utility of CQA investment to consumers and increases the attractiveness of
platforms to consumers.

4.2. Multi-Homing Consumers and Single-Homing Producers

Figure 2 illustrates the user structure of the platforms when multi-homing occurs only
on the consumer side (M-S scenario).

Consumers
I T2 1
Single-homing Multi-homing Single-homing J
“—> —>
>
~— Bttt ooy Haa
]
Yy Y o____ :
|
Platform A | Platform B :
___________ [}
A A
|
-~ \,____________J___h‘
< > | < »

Single-homing Single-homing
0 y 1

Content Producers

Figure 2. User structure of the platforms in the M-S scenario.

In this scenario, there exists a proportion of consumers who join both platforms to
enjoy their content. Due to the presence of multi-homing consumers, total consumer
demand exceeds 1, i.e., Q2 + QF > 1. As shown in Figure 2, there are two indifference
points on the consumer’s Hotelling line: the marginal consumer, who is indifferent between
joining only platform A (single-homing) and joining both platforms (multi-homing), is
located at x;. Similarly, the marginal consumer, who is indifferent between joining only
platform B (single-homing) and joining both platforms (multi-homing) is located at x;.

The utility of a single-homing consumer joining platform i is the same as in the S-S
scenario given by Equations (2) and (3). The utility of a multi-homing consumer can be
expressed as

ul = v —pat+a®) +n(Qp+Qf) + (6% +0%) — 1, 8)
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The two indifference points for consumers u? = u® and ult® = u? can be obtained

from x; and xp. From Figure 2, we can observe that all consumers located on the left of x;
join platform A and all consumers located on the right of x; join platform B.
The demand functions of consumers on platforms A and B are thus given by

?,B _ x2_xlzl(7(51“+53>—ﬁ(aA—l—aB)—tc-i—(Q;\-FQg)”c)r )

te
1
A _ _ A A A
Q= m=p(nQ) —pat +19%), (10)
QF = 1—x1:1(n QB—ﬁaBJrry(sB). (11)
[ tc Cxp

As in the S-S scenario, the utility of a single-homing producer joining platform i is
the same as in Equations (4) and (5). Thus, the indifference point for producers joining
platform A or B can be expressed in the M-S scenario as

1 rAqa B A, B

All producers located on the left of y will join platform A, and all producers located
on the right of y will join platform B so that the producers’ demand functions are given by

1
QF = y:E(Qg‘nP—QEnP—(SAJHSBHp), (12)
B 1 /.4 B A, B
Qk = 1—y:1—g<anP—anP—(5 ) +tp). (13)
P

Combining (9)-(13), we can derive the number of consumers and content producers on
platforms A and B. By substituting these demand functions into the profit function (1) and
solving the corresponding maximization problem, we derive the following proposition.

Proposition 2.

(i)  The equilibrium exists and is unique if the consumers’ disutility from advertising is sufficiently
large with B > ‘3/2.
(i)  In equilibrium, the level of advertising on platform i is given by

JMS _ ctene(tety — nenyp)
cBtc(4tety —3neny) — ry(te(29tp — ne) — yneny)

and the CQA investment on platform i is

iMS _ rfc ('Y (Ztctp - ”cﬂp) — tcnc) '
2Pt (4tcty — 3neny) — 2ry (te (2yty — ne) — yneny)

(iii) In equilibrium, the number of consumers on platform i is

iMS _ cpne (2tety — neny)
¢ 2Pt (4tcty — 3neny) — 2ry (b (29ty — ne) — yneny)

and the number of producers on platform i is

; 1
i,MS __
Qp =

2

Proof. See Appendix A. [
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Similar to the S-S scenario, Part (i) of Proposition 2 shows that the disutility that
consumers obtain from advertising must be sufficiently large with g > ,8/2 to ensure the
existence and uniqueness of an equilibrium.

From Part (ii), we can derive that the platforms will always advertise, i.e., g MS >
because t.t, — ncn, > 0. Moreover, the platforms will invest in CQA if the network effects
obtained by consumers and producers are sufficiently weak, i.e.,

t 2t
P and np <=,
Y

. 2
SMS S 0 e n. < i

In addition, Proposition 2 shows that, unlike in the S-S scenario, the equilibrium
strategy of the platform in the M-S scenario is affected by both the cross-network effects
of bilateral users and the sensitivity coefficient of CQA investments, which is formally
derived in the following corollary.

Corollary 2.

(i) The cross-network effects n. obtained by consumers have an ambiguous effect on both the CQA
investment and the level of advertising, i.e.,

aéi,MS
S > 0er< s and v > Yy 1,
c
aai,MS
5 > 0er> s and v < Yy o-
c

(ii)  The cross-network effects n,, obtained by producers have an ambiguous effect on both the CQA
investment and the level of advertising, i.e.,

a(si,MS ,
an > O ~ ,Y > ,YMS,3’
P
aai,MS
> > 0er> his.a and v > Yys 4-
P

(iii) As consumers’ sensitivity v to CQA investment increases, both the CQA investment and the
level of advertising increase, i.e.,

i,MS i,MS
9 0 and

3y 3y > 0.

Proof. See Appendix A. [

Parts (i) and (ii) of Corollary 2 reflect the different nature of the M-S and S-S scenarios.
In the M-S scenario, the CQA investment of the platform is affected by both types of
cross-network effects 1. and n,. Specifically, as the cross-network effects 7. obtained
by consumers increase, the level of CQA investment on platforms increases when the
platform’s unit ad price r is below a certain threshold )¢, and the consumer’s CQA
investment sensitivity coefficient  is above a certain threshold 75\45,1' This means that
platforms will increase their CQA investment level with the increase in n, when the
profitability of the platform’s advertising is low, and the CQA investment made by the
platform can bring more efficient use to consumers. As the cross-network effects n,
obtained by producers increase, the CQA investment of the platform will increase when the
CQA investment sensitivity coefficient y of consumers is above a certain threshold 7/ 5.

In the M-S scenario, the platform’s advertising level is also affected by both types
of network effects n. and ny, but the effect is non-monotonic in this case. Specifically,
when one of the platform’s unit ad price and consumer sensitivity to CQA investment
is above a certain threshold and the other is below a certain threshold (r > 7;\/15,2 and
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Y < Ymso OF 7 < T'yis, and ¥ > 7js»), the level of advertising increases as the network
effects 1, obtained by consumers increases. When both  and y are above a certain threshold
(r> 1’5\/{5’4 and y > 75\/1514), the level of advertising increases when the network effects n,
obtained by the producers increases.

Part (iii) shows that in the scenario where consumers are multi-homing, platforms
will have an additional incentive to increase CQA investments to attract more consumers if
consumers’ preferences for high-quality content increase. As a result, the overall number
of consumers accessing the platform increases and, at the same time, platforms will engage
in more advertising to generate more revenue.

4.3. Single-Homing Consumers and Multi-Homing Producers

Figure 3 shows the user structure of the platforms when multi-homing occurs only on
the producer side (S-M scenario).

Consumers
0 = 1
P Single-homing | Single-homing o
< > < >
~o 7
N T P
]
Yy Y o____ :
I
Platform A ' Platform B ’
___________ ]
T A
|
. _____ NN B

<« >|% . . > < - =
| Single-homing [ Multi-homing Single-homing

h Yo

Content Producers

Figure 3. User structure of the platforms in the S-M scenario.

As shown in Figure 3, consumers only join one platform, and the utility gained by
joining either platform A or B is the same as for consumers in the S-S scenario given by
Equations (2) and (3). The location of the consumer, who is indifferent between joining
platform A or B can be expressed in the S-M scenario as

e gy (r (O = @) a (5" =o%) (o )

All consumers located on the left of x will join platform A, and all consumers located
on the right of x will join platform B.

In the S-M scenario, there exists a proportion of producers who join both platforms to
provide content. As shown in Figure 3, the marginal producer, who is indifferent between
joining only platform A (single-homing) and joining both platforms (multi-homing) is
located at y;. Similarly, the marginal producer, who is indifferent between joining only
platform B (single-homing) and joining both platforms (multi-homing) is located at y,.

The utility of single-homing producers joining platform i is the same as in the S-S
scenario given by Equations (4) and (5). The utility of multi-homing producers can be
expressed as

=, (QCA n Qf) - (5A + 53) —t, (14)
The two indifferent points y; and y; of the producers can be derived from u;,f‘ = u?’B
and uﬁ'B = ug .
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From Figure 3, we can observe that all producers located on the left of y join platform
A and all consumers located on the right of y; = 1 — y; join platform B. The demand
function of producers on platforms A and B can thus be derived as

Q= p-n= ;((Q? + QE)”P —oh ot - tP)’ (15)
o = wmL(otn-s), 1
Q = l-n= tlp(anp _‘53)' 17)

To ensure the existence of multi-homing producers, i.e., Q‘;’B > 0, we assume that
ny > tp.
We can derive the number of consumers joining platforms A and B as

Q= x= g (te+ (O~ Q)67 %) - p(at o)), (18)
QF = 1—x:1—%<tc+(Qﬁ—Qg)nc+'y((5A—(5B)—ﬁ(aA+aB)). (19)

By combining (15)—(19), we can obtain the number of consumers and content producers
of platforms A and B. By substituting these demand functions into the profit function (1)
and solving the corresponding maximization problem, we derive Proposition 3.

Proposition 3.

(i) The equilibrium exists and is unique if the consumers’ disutility from advertising is sufficiently
large with g > ,Bll
(i) In equilibrium, the level of advertising on platform i is given by

ism _ tetp —menp

Btp

a

and the CQA investment on platform i is

§SM _ r(vty —ne)
2cpty

(iii) In equilibrium, the number of consumers on platform i is

i 1
QM = 5

and the number of producers on platform i is

e + tp(cpny, — ry)
2cpts ’

iSM _
Q=

Proof. See Appendix A. O

The condition that ensures the existence of an equilibrium is the same as in the S-S
scenario. Moreover, as in the S-S scenario, the platform will always place ads, i.e., asM > 0
since tct, — ncnp > 0. In addition, the platform invests in CQA, i.e., 5SM > 0 if the cross-
network effects 7. obtained by consumers are sufficiently weak with n. < yt,.

In the S-M scenario, the duopoly platforms have their own single-homing producers
and share the multi-homing producers in the market, while dividing the consumers equally.
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In this scenario, the platform’s equilibrium advertising and CQA investment levels are the
same as in the S-S scenario, but the platform has a larger number of producers, which leads
to Corollary 3.

Corollary 3.

(i)  As the cross-network effects n. obtained by consumers increase, both the CQA investment and
the level of advertising decrease, i.e.,
d (Si,SM P} az’,SM

anc <0andTm < 0.

(ii) As the cross-network effects n, obtained by producers increase, the CQA investment is
unaffected, but the level of advertising decreases, i.e.,

a&i,SM — 0und aai,SM

ony, ony, <0

(iii) As consumers’ sensitivity v to CQA investment increases, the CQA investment increases, but
the level of advertising is unaffected, i.e.,

95iSM 9aiSM
4 > 0and 4

5 5, =0

Proof. See Appendix A. [

Corollary 3 shows that the cross-network effects and consumers’ sensitivity coefficients
of CQA investment have the same effect on the level of platform advertising and CQA
investment in the S-M scenario as in the S-S scenario. As consumers’ sensitivity to CQA
investment <y increases, platforms will increase CQA investment, which will increase costs
for producers and cause a decline in the number of producers.

4.4. Multi-Homing on Both Sides

Figure 4 shows the user structure of the platforms when multi-homing occurs on both
market sides (M-M scenario).

Consumers
T Lo 1
Single-homing Multi-homing Single-homing
«———p| y | €E—————=>»
e el i o
|
Yy y____ :
1
Platform A ! Platform B |
_____ y N |
]
S P U B
hY
| Single-homing [ Multi-homing Single-homing
% Y2

Content Producers

Figure 4. User structure of the platforms in the M-M scenario.

As shown in Figure 4, consumers and content producers join both platforms. The
utility functions of consumers and producers who join both platforms are the same as in
Equations (8) and (14) from which we can derive the demand functions of consumers and
producers on platforms A and B. By substituting these demand functions into the profit
function (1) and solving the corresponding maximization problem, we derive Proposition 4.
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Proposition 4.

(i) The equilibrium exists and is unique if the consumers’ disutility from advertising is sufficiently
large with B > ﬁg
(ii) In equilibrium, the level of advertising on platform i is given by

a MM — cne(np — tp) (tetp — nenp)
tp (ry (7tp + 1c) — 2cB(tety — nenp))

and the level of CQA investment on platform i is

SIMM _ ryne(np — tp) .
ry(vtp 4+ ne) — 2cB(tety — neny)

(ii1) In equilibrium, the number of consumers on platform i is

N ry(vtp 4+ ne) — 2cB(tety — neny)

) cBnc(n, —t
QZC,MM IB C( p P)

and the number of producers on platform i is

gimm _ "ty (e +np) — cPnp (2tetp — ne(ty +mp))
g tp (ry (vt +ne) — 2eB(tety —nenp)) -

Proof. See Appendix A. [

Part (i) shows that consumers’ disutility from advertising must satisfy g > [%/3 to
ensure the existence of an equilibrium solution.
From Part (ii), we can derive that the platform invests in CQA, i.e,,

(2cBte — )ty

5i,MM
ry + 2cpt,

>05 n. > and n, > tp.

As a consequence, the platform will make CQA investments in the M-M scenario only when
the cross-network effects . and n, are both sufficiently large. Moreover, the conditions
np > tp and tct, — neny > 0 ensure that the platform will always place ads, i.e., atMM 0,

In the M-M scenario, multi-homing users are on both sides of the platform. The
equilibrium strategy of the platform is affected by both types of cross-network effects and

the sensitivity coefficient of CQA investment. We summarize these results in Corollary 4.

Corollary 4.

(i)  As the cross-network effects n. obtained by consumers increase, both the CQA investment and
the level of advertising level decrease, i.e.,

i, MM i MM
90 < 0and Ja

on, o, <0

(ii)  The cross-network effects n, obtained by producers have an ambiguous effect on both the CQA
investment and the level of advertising, i.e.,

) (51‘,MM

> 067> rym
ony ’

aai,MM

an, > 0& 1> rypoand ne < nypy .
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(iii) As consumers’ sensitivity v to CQA investment increases, both the CQA investment and the
level of advertising decrease, i.e.,

i, MM i, MM
8‘587 < 0and 2

Proof. See Appendix A. [

Part (i) reflects that as the cross-network effects 1. obtained by consumers increase
when multi-homing exists for both users, the level of CQA investment and advertising on
the platform decrease accordingly, which is the same result as in Corollaries 1 and 3.

Part (ii) reflects that as the cross-network effects 1, obtained by producers increase, the
CQA investment on the platform increases when the platform’s unit advertising revenue
r is above the threshold r), m1- The conditions that need to be satisfied for the platform’s
advertising level to increase with 7, in addition to r being above or below the threshold
r MM.2/ require 71, to be below or above the threshold #/ MM.1-

Part (iii) shows that CQA investments as well as the level of advertising on the platform
decrease when the consumers’ sensitivity to CQA investment increases.

4.5. Comparison

In this section, we compare the four scenarios and determine the conditions under
which users have preferences for single-homing and multi-homing, respectively. We derive
the following proposition.

Proposition 5.

(i)  Consumers are multi-homing and producers are single-homing (M-S scenario) if the network
effects obtained by producers are sufficiently weak, i.e.,

te(2tp (cB(2tc — nc) — ry?) + ryne)
ne(cp(3te —ne) —rv?) .

(ii)  Consumers are single-homing and producers are multi-homing (S-M scenario) if the network
effects obtained by consumers are sufficiently strong, i.e.,

tp(ry +cB(ty —mp)) _

r

N

(iii) Consumers and producers are multi-homing (M-M scenario) if the network effects obtained by
consumers are sufficiently weak and the network effects obtained by producers are sufficiently
strong, i.e.,

(2cBte — ry?)ty

ry + 2cpty

r
B

(iv) In all other scenarios, consumers and producers are single-homing (S-S scenario).

and ny, > + tp.

Proof. See Appendix A. [

Proposition 5 characterizes the conditions under which consumers and producers
choose to join platform A, platform B, or both platforms. We find that the user’s decision
depends on the strength of the cross-network effects. Part (i) shows that in the case of
sufficiently weak cross-network effects 1, obtained by producers, platforms can reduce the
level of advertising to attract more consumers to the platform to maintain the number of
producers on the platform, and, thus, consumers have incentives to join both platforms.
When, on the other hand, the cross-network effects . obtained by consumers are strong
(Part ii), the platforms provide less CQA investment, which reduces the negative utility of
producers and thus increases incentives for producers to choose multi-homing. Part (iii)
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illustrates the case of multi-homing on both market sides: When the cross-networking
effects n. obtained by consumers are weak, platforms realize more CQA investments,
which makes them more attractive to consumers and less attractive to producers. At the
same time, when the cross-network effects 1, obtained by producers are strong, the larger
number of consumers implies that producers can obtain greater cross-network utility, which
increases the platform’s attractiveness for the producers. The simultaneous occurrence of
these two conditions results in multi-homing behavior for both sides of users.

5. Numerical Analysis

In this section, we conduct several numerical analyses that enable us to illustrate our
results graphically. In Figure 5, we examine the impact of the cross-network effects on the
platforms” CQA investment levels in the four scenarios. The parameters are set to {, = 1,
tp=05,r=07,=05c=0.6,and y =05.

(c) M-M scenario

Figure 5. Impact of network effects on CQA investments.

Figure 5a confirms that in the S-S and 5-M scenarios, the platforms” CQA investments
decrease monotonically with the cross-network effects 1. obtained by consumers, but they
are not affected by the cross-network effects n, obtained by producers. Figure 5b reflects
the non-monotonic effect of 1. and 1, on the CQA investment of the platforms in the M-S
scenario. Specifically, the figure shows that the CQA investments of the platforms first
increase and then decrease as 7. increases. Figure 5c shows that in the M-M scenario, the
CQA investments of the platforms are monotonically decreasing with 7. The effect of 1,
on the CQA investments of the platforms is non-monotonic. These results are consistent
with Corollaries 1-4.

Figure 6 extends our results by examining the impact of the sensitivity coefficient
7 and the cross-network effects obtained by the respective users on the users” demand.
In particular, the impact on consumer demand is illustrated in panels (a) and (c), while
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producer demand is displayed in panels (b) and (d). The parameters are set to t, = 1,
tp=05,1r=06,=02andc=1.

0.890

0'6000.160 04800550

(c) M-M scenario (1, = 0.8) (d) M-M scenario (n. = 0.3)

Figure 6. Impact of network effects and sensitivity coefficient of CQA on user demand.

Figure 6 shows that in the M-S scenario, the platforms attract more consumers if
the sensitivity coefficient vy increases and the network effects 7. obtained by consumers
decreases (Figure 6a), whereas, in the 5-M scenario, the platforms attract fewer producers
if the sensitivity parameter vy increases and the network effects 1, obtained by producers
decreases (Figure 6b). In the M-M scenario, a higher sensitivity coefficient -y decreases
demand on the consumer side (Figure 6¢) but increases demand on the producer side
(Figure 6d). The opposite is true for stronger network effects.

6. Conclusions

Media platforms facilitate interaction between two or more market sides, with user-
generated content (UGC) platforms being a notable category that primarily hosts content
produced by content creators. Network externalities characterize competition among UGC
platforms since participants on one side of the platform derive significant utility from partic-
ipants on the other market side(s) [5,7]. We developed a model to analyze the competition
between two UGC platforms to enhance our understanding of such platform competitions.

In our model, each platform can choose its level of investment in a content quality
assurance (CQA) system and its level of advertising. CQA investment is an essential tool
for improving the quality of user-generated content on UGC platforms. However, cross-
network effects complicate the situation, as the operational strategies of the platforms and
bilateral user engagement decisions are no longer independent: investing in CQA systems
may benefit consumer attraction but place an additional burden on content producers. This
is an essential difference between our paper and studies such as [29,31] that only consider
investments that impact users on one side. In contrast, CQA investments in this paper will
simultaneously impact users on both sides.
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Our findings indicate that network effects are crucial in determining the platforms’
optimal strategies regarding CQA investment and advertising levels and user behavior
(single- vs. multi-homing). First, our research has identified distinct patterns in user
behavior related to network effects. Specifically, when network effects for producers are
weak, consumers tend to use multiple platforms (multi-home), and producers prefer to
use only one platform (single-home). In contrast, when network effects for consumers are
strong, consumers are more likely to single-home, and producers are inclined to multi-
home. These findings reveal a complex interplay between network effects and user behavior,
where the strength of network effects for different user groups (consumers and producers)
influences their platform choices. Understanding these dynamics is essential for platforms
as they navigate the competitive landscape of UGC platforms. The tendency of users
to single-home or multi-home has direct implications for platform strategies, including
content curation, advertising, and user engagement.

Second, our research indicates that platforms will invest in CQA if the network effects
for consumers are weak, except when consumers and producers join multiple platforms.
This result highlights the importance of CQA as a strategic investment to ensure content
quality and user satisfaction. Thus, the decision to invest in CQA is not merely a quality
control measure but a strategic response to the platform’s network dynamics. When
network effects are not strong enough to retain users, CQA investment becomes vital
to attract and keep users engaged. Ensuring content quality can enhance the platform’s
reputation, increase user trust, and foster a more vibrant and engaged community. It also
helps in compliance with legal and regulatory requirements related to content moderation.

Based on our results, we can derive several recommendations for UGC platforms:

(i) Platforms should invest in data analytics to understand consumers’ and produc-
ers’ preferences and behaviors. This includes identifying the factors that influence their
tendency to single-home or multi-home. Based on the insights gained from user behavior
analysis, platforms can tailor their content and advertising strategies to align with user
preferences. For example, if consumers are likely to multi-home, platforms may need to
offer unique content or features that differentiate them from competitors.

(ii) Platforms should continuously monitor the strength of network effects and adjust
strategies accordingly [41]. If network effects for producers become stronger, platforms
may need to shift their focus to attract and retain more consumers, and vice versa.

(iii) Platforms should design and implement robust CQA systems that include both
automated algorithms and human review [42]. Automation can efficiently handle large
volumes of content, while human judgment ensures nuanced understanding and interpre-
tation of quality standards. This ensures that content meets quality standards, adheres to
community guidelines, and meets legal requirements.

(iv) Platforms should engage content creators in the quality assurance process, pro-
viding them with clear guidelines, feedback, and support to enhance content quality.
Collaboration fosters a sense of ownership and alignment with platform standards. More-
over, platforms should clearly communicate the platform’s quality standards, moderation
policies, and CQA processes to content creators and consumers. Transparency fosters trust
and helps users understand what to expect from the platform.

(v) Platforms should implement mechanisms to gather and analyze user feedback on
content quality. User feedback is a valuable source of insights for continuous improvement
and alignment with user expectations.

In summary, maximizing profits and improving content quality requires a multifaceted
approach that considers content pricing, advertising optimization, quality assurance collab-
oration, and innovation. Balancing the interests of content creators and consumers demands
a thoughtful strategy that fosters collaboration, feedback, incentives, transparency, and
continuous monitoring. Together, these strategies contribute to a thriving UGC platform
that aligns with the interests of all stakeholders and positions the platform for long-term
success in a competitive market.
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While specific in its focus, our research on UGC platforms offers insights and princi-
ples that can be applied to a broader context, encompassing various two-sided markets
and regulatory considerations [43]. The dynamics of network effects, user behavior, and
platform competition explored in our research can be applied to online marketplaces, such
as Amazon and eBay [44]. Understanding how buyers and sellers interact and how pricing
and quality assurance strategies influence behavior can inform more effective marketplace
management. Similarly, our findings on content quality, user engagement, and advertising
strategies can be translated to social media platforms, such as Facebook and Twitter, where
the balance between content relevance, user experience, and monetization is a universal
challenge in two-sided platforms. Our research also shows how network effects can lead to
platform dominance, where a single platform captures a significant market share. This has
implications for antitrust regulation, as regulators must consider how network effects influ-
ence competition and market entry. Insights into platform competition, pricing strategies,
and user behavior can inform regulatory strategies that promote fair competition, protect
consumer interests, and foster innovation [45]. Understanding the nuanced dynamics of
two-sided markets is essential for effective regulation [46].

Furthermore, our exploration of CQA has broader implications for content moder-
ation and platform governance [42]. How platforms balance quality control, freedom of
expression, and legal compliance is a universal challenge in the digital age. Insights into
user behavior and platform strategies must also be considered in the context of data privacy
and security [47]. Ethical handling of user data and transparent communication are vital
for trust and sustainability [48].

Our model presents several limitations, primarily due to the simplifying assumptions
we have incorporated. For example, we have assumed that the return on advertising
(or advertising price) is exogenously determined, and advertisers face no restrictions on
the amount of advertising space they can purchase at this price. This contrasts with real-
world scenarios where advertisers often encounter constraints in the volume of advertising
they can secure, leading to complex interactions with consumers and producers. Another
limitation is our assumption that the two UGC platforms are symmetric, overlooking
potential asymmetries between platforms, such as variations in service cost, quality, or
consumers’ intrinsic value for content. Furthermore, in platforms such as YouTube, the
producer’s revenue is derived from the platform’s share of advertising revenue, a factor
not considered in our model. Future research could explore these aspects, allowing for
heterogeneity and vertical differentiation between platforms to provide a more nuanced
understanding of platform CQA investment strategies and reflect a more realistic setting.

In summary, our model serves as a basic framework for further analysis of UGC
platform competition in two-sided markets. There is a wide range of potential applications
and model extensions. The challenges surrounding UGC platform competition remain a
fertile and vital area of inquiry for economics, business, and management.

Author Contributions: Conceptualization, X.Z., M.L. and H.M.D; methodology, X.Z. and M.L;
software, X.Z. and M.L.; writing—original draft preparation, X.Z. and M.L.; writing—review and
editing, X.Z., M.L. and H.M.D; supervision, M.L and H.M.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



J. Theor. Appl. Electron. Commer. Res. 2023, 18 1680

Appendix A. Proofs
Appendix A.1. Proof of Proposition 1

In the following, we derive the proof of Proposition 1 in the S-S scenario.
Part (i): The maximization problem of platform i is given by

2
max = Qla'r — (@) .
(ai, 5’) 2

By substituting the demand function Q. glven by Equation (6) into the profit function,
we derive the first-order partial derivatives of 77’ with respect to a’ and &' as follows:

o7t o rﬁaitp T(,Btp(aj — ai> + tctp — neny + 51’(,”’7 N nc) i (”c _ ’)’tp))
aal B ZtCtp - annp ZtCtp — 2]’1C1’1p 7
ot ral(yty—ne)

A%t 2tcty —2neny :

From the second-order derivatives of 7t with respect to a' and ¢’, we derive the Hessian
matrix as
. r,Btp r('ytp—nf)
tetp—nicty — 2(tcty—ncny)

Hgs =

r('ytp—nc)

Z(tctpfncnp) ¢

To ensure the existence and uniqueness of an equilibrium, the Hessian matrix Hgg
must be a negative definite matrix. Thus, all the leading principal minors of even order
must be positive and all leading principal minors of odd order must be negative, which
translates into the following conditions:

2
rBt, r<4c,8tp (tety —nenp) —r(yty —ne) )
fetp = et (2tety —2ncmy)

> 0.

We derive that these conditions are satisfied if

r(vty — nc)2
ety (tety —neny)”

tetp —nenp > 0and B > 5/1 =

Part (ii): To derive the optimal level of advertising a"°> and the optimal level of CQA
investment 6”°5, we solve the above system of first-order conditions for a’ and &'. We derive

(ai,SS 51‘,55) _ [ tetp —neny r(vty —ne)
’ Bt T 2Bty '

p

Part (iii): By substituting the equilibrium solution (a"*°,6"°%) into the demand

functions (6) and (7), we obtain
11
i,SS i, SS - 2
(e.0) = (33)
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Appendix A.2. Proof of Corollary 1

To verify the comparative statics results of Corollary 1, based on the equilibrium
solution of Proposition 1, we derive

1,SS i,SS
L A A LA 2
one 2cpty one Bty
1,55 i,5S
agn = Oand Lgn = _ﬁVch <0,
p p p
a(gi,SS r aai,SS*

Appendix A.3. Proof of Proposition 2

Given that the derivation of the equilibrium solution for Proposition 2 (M-S scenario)
is similar to Proposition 1 (S-S), we will not repeat the calculations here.

From the second-order derivatives of 77/M5 with respect to a' and ¢, we derive the
Hessian matrix as

r/S(ZtCtpfncnp) r(tc(Z'ytpfnc)f'yncnp)
te(tetp—nenyp) 2t (tety—nenyp)

Hyps =
r(tc (Zwtp —nc) —’yncn,,)
2t; (tctpfncnp)

—C

To ensure that Hys is a negative definite matrix, the following conditions must
be satisfied:

1B (2tcty — ncny)

0,
te(tety — nenyp)
2
r<4c,8tc (tety — nenp) (2tcty — neny) — r(te (27t — ne) — yneny) ) .
5 .
412 (tety — nenp)
We derive that these conditions are satisfied if
2
' r(2ytety — tene — ynenp)
tety —neny, >0and B > By, = .
cr Ty p> P2 4cte(tety — nenp) (2tcty — nenyp)
Appendix A.4. Proof of Corollary 2
Part (i): From the equilibrium solution of Proposition 2, we calculate
oot MS crBtityne (2t — ynyp)
- 2
one (2cBtc (4tcty — 3nenp) — 2ry (ke (2yty — ne) — ynenp))

N r(y(2tcty — neny) — tene)
2Pt (4tcty — 3neny) — 2ry (tec(29ty — ne) — yneny)

and derive ]
o) 51,MS

5 — >0er< ms1and ¥ > Yirs 1,
c
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with
/ cBte (’y (Stctp (tety —nenp) + Bn%ni) — tene (8tcty — 3ncn,,))
TMs1 = 5 ,
Y (te(2yty — ne) — yneny)
, tene (8tety — 3ncny)
TMS1

Similarly, we calculate

dai-Ms _ cte(cPtc (2tcty — 3neny) (2tcty — neny))
one (cBtc(4tcty —3nenp) — roy(7y(2tcty — nenp) — tcnc))2
ct (r ( ( tot, — 2 _opp2 2
c(rr (v ( (2tcty — neny) 212ty ) + tengny

(cBtc(4tety —3neny) — ry(7y (2tcty — nenp) — tcnc))2

and derive that

aai,MS , , , ,
o >0 (r> "msp and 7y < ’YMs,z) or (r < "msp and 7y > ’YMs,z)/
C

with
’)’/ tcngnp
MS,2 27
21213 — (2tcty — ncnyp)
, B cBtc(2tcty — 3neny) (2tcty — neny)
"Ms,2

5 .
'y('y((ZtCtp —nenp)” — Zt%t%) + tcn%np)
Part (ii): From the equilibrium solution of Proposition 2, we calculate

05-MS crBt2 (2, — 3nc)n?

ony 2(cptc(4tcty — Bneny) —ry(te(2ytp — ne) — ’yncnp))z

and derive that

a(silMs>0<:> > gy = o
anp Y 7MS,3 - 2tp .
Similarly, we compute
daMS ct?n2((ry* — cBte)ty — rync)

on, (cBtc(4tcty —3neny) — ry(te (2t —ne) — 'yncn,l,))2
and derive that

JalMS C,Btc tp

n
>0 r>thgy=———+t—andy >y = —.
o, MSA = D e ) Ms4

tp

Part (iii): From the equilibrium solution of Proposition 2, we obtain

95iMs _ e (v (2tetp — nenp) — tene) (2ry (2tcty — nenp) +2r (te (29t — ne) + yneny))
Y (2cBtc(4tcty —3neny) — 2ry (ke 27ty — ne) — yneny) )2
rig (2tcty, — neny)
_l’_
2Pt (4tcty — 3neny) — 2ry (te(2yty — ne) — yneny)
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and can show that

Moreover, we compute

daiMS _ chene (tety — nenp) (ry (2tcty — neny) +r(te (29t — ne) + yneny))

. A > 0.
Y (cBtc(4tety —3neny) — ry(te(2ty — ne) — yneny))

Appendix A.5. Proof of Proposition 3

From the second-order derivatives of 7
Hessian matrix as

iSM with respect to a' and &', we derive the

_ TRty r(rtp—ne) r(vtp—ne)
tetp—ncnp Z(tctp—ncnp) Z(tctp—ncn,,)

Hsm =
r('ytpfnc)
Z(tctp—ncnp)

and we see that Hgp; = Hgg. Thus, similar to the S-S scenario, the Hessian matrix Hgy; in
!
the S-M scenario is negative definite if g > f;.

Appendix A.6. Proof of Corollary 3
Part (i): From the equilibrium solution of Proposition 3, we derive

a5iSM 7 daSM _oomy
one  2cPty on. Pty

Part (ii): We compute

i,SM i,SM
9 :0andaa :f£<0
ony ony Btp
Part (iii): We calculate that
a(si,SM r aai—SM

Appendix A.7. Proof of Proposition 4

From the second-order derivatives of 7t
Hessian matrix as

MM with respect to a’ and &', we derive the

2rpty rytp
T Ltp—neny  febp—neny
Hym =
Yty
tctp—neny -

Similarly, Hpsy is a negative definite matrix if the following conditions are satisfied:

__ 2Bl ang Mpl2ePUely —nemy) - r’ty)
tetp —nenp (tety —nenyp)

> 0.

We derive that these conditions are satisfied if

r'yztp

tctp—ncnp >0andﬁ>ﬂ3:m
ctp citp
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Appendix A.8. Proof of Corollary 4

Part (i): From the equilibrium solution of Proposition 4, we derive that

oMM ry(2cBte — ry* )ty (np, — tp) —0
onc (ry (vtp + nc) — 26B(tety — neny))?
and
da MM B c(2cBte — rv?) (np — tp) (tetp — neny)
e (ry(yty + ) — 20B(tety — nemp))?
cnc(np — tp)np < 0

B tp(ry(vtp +nc) — 2cB(tety — neny))

From the condition in Proposition 4 that ensures a negative definite matrix, we derive
that 2c(tctp — nenp) — r’yztp > 0 and compute

2cBtcty — r'yztp > 2¢B(tcty — nenp) — r')/ztp > 0.
Part (ii): Similarly, we calculate

96 MMpync (ry (vt + ne) — 2cBty(te — ne))

ony (ry (vtp +nc) — 2cB(tctp — nC”P))z

and derive

06MM 2cB(t; — ne)t
a >0<:>r>75\/IM,1:—‘32(C C) p
ny Yot + e

Moreover, we compute that

9qMM  ce (r'y (vtp + nc) (tp(te +nc) — 2nenp) — 2cB(tety — ncnp)2>

n, b (2 = 20Bte)ty + e (ry + 2¢Bm, ) )
and derive that ]
aal,MM , /
> O =r > rMMz and nc < nMMl/
ony ’ ’
with
2
g 2cB(tcty —nenp) /
, vY(vtp +ne) (bp(te + ne) — 2ncnyp)
/ _ ey
MM 2np, —t,
Part (iii): We derive that
QMM rne(my — ) (2B {tety — memy) +19%1y) _
9y (ry (vtp + 1) —2¢B(tcty —nenyp) )2 ’
da MM ene (ryty +r(vtp + 1)) (np — tp) (tetp — nenp) <0
oy ty (ry (vt + ne) — 2cB(tety — neny) )’

Appendix A.9. Proof of Proposition 5

Part (i): To show that consumers are multi-homing and producers are single-homing
(M-S scenario) when cross-network effects obtained by producers are sufficiently weak,
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we proceed as follows. From Proposition 2, we know that the number of consumers on
platform i is given by

iMS _ cpne(2tety —neny)
¢ 2Pt (4tcty — 3neny) — 2ry(te(2yty — ne) — ynenp)

If Qf{Ms > %, then there are consumers who have chosen to use both platforms, i.e.,
there are multi-homing consumers. We derive that

te(2ty (cB(2te — ne) — ry?) + ryne)
ne(cf(Bte —ne) —ry?) '

Part (ii): For the producers, we can derive a similar condition to ensure that there
producers, who have chosen to join both platforms. Specifically, we compute that

; 1
i, MS
> 5 ey <

e + tp(cpny, — ry) - 1 - ty(ry 4+ cB(ty —nyp))
c .

2cBt3 2 r

iSM _
Q=

Part (iii): Consumers and producers are multi-homing if

i MM _ cpnc(np —tp) S 1
¢ ry(vtp 4+ nc) — 2cB(tety — neny) 2
and
giMm _ "y (e +np) — cpny (2tety — ne(ty +np)) 1
P tp(ry (vt +ne) — 2cB(tety — nenyp)) 2°
We derive that

. 1 . 1 2cBt, — ry2)t
< IC'MM>andQ;;MM>>(:>nC<( Pte 7)pandnp>g—|—tp.

2 2 ry + 2cpty cB
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