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Abstract. Many two-sided platforms (for example, eBay, Google, i0OS, Android, Twitter,
and Amazon) provide integration tools, such as modular interfaces, interactive devel-
opment environments, application programming interfaces, and help desks, to reduce the
costs and improve the functionality of third-party content developed for the platform. The
need for such investment is increasing with the rise of major new markets as the result
of technologies, such as the “Internet of Things.” Although crucial to platform success,
platform integration tools are costly to create. We develop an analytic model to explore the
key tradeoffs behind investment in integration tools and how that investment interacts
with pricing decisions in a two-sided market. We model these decisions for hardware/
software platforms as well as hybrid retail platforms and analyze them under various
scenarios, including monopoly and competition. Our results suggest that considering
integration investment can create market regimes in which the standard pricing results
from the extant platform literature no longer hold. For example, the tendency to reduce
prices to one side of a market in response to increasing the benefit of the network to the
other side may be suboptimal in the presence of integration investment. Therefore, in-
tegration investments must be well coordinated with pricing decisions made for both sides
of the market. In general, higher levels of investment by hardware/software platforms into
integration become desirable when the platform (1) has access to a large pool of content
providers and consumers, (2) is able to develop integration tools that are highly effective
in reducing third-party development costs, and (3) operates in a market in which content
providers earn a high-enough profit margin creating content that is highly valued by the
consumer market. Hybrid retail platforms often show similar behavior. However, there are
some nuances. For example, business to business platforms can make investments in
integration to facilitate participation by both sides of the market. We find that these in-
vestments are complements, not—as one might expect—substitutes. We conclude by
discussing this work’s implications for theory and practice.
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1. Introduction

begin to encompass sensors and actuators throughout

In the last two decades, many industries have been
transformed with the proliferation of two-sided plat-
forms that bring together consumers and content pro-
viders. Platforms are everywhere in the information
exchange and retail space, from shopping sites (e.g.,
Amazon.com and eBay) and social media (e.g., Face-
book and Twitter) to video games (e.g., Xbox and Wii)
and operating systems (e.g., iOS and Android). Now,
they are beginning to embed themselves even more
deeply into our lives as home automation platforms

217

the household to automate and control functions, like
thermostats, lighting, security, and home entertain-
ment. Eventually, this “Internet of Things” (IoT) is
forecast to extend even to urban functions, such as traffic
control and garbage collection (Barrie 2015, Shueh
2016), making the importance of platforms to society
ever more pronounced (Evans and Annunziata 2012).

In areas where platforms have gained traction, the
ability of a platform to encourage the development
of a variety of content (such as games, productivity
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applications, and videos) and integrate that content
into a seamless user experience has become crucial in
determining a platform’s success. Thus, it is in the best
interest of platform providers to make their platforms
attractive and effective development environments
for third-party content providers. The problematic ex-
perience of mobile application development for elec-
tronic healthcare record platforms, such as EPIC, shows,
however, that such a seamless environment for inte-
grating the content and functionality of third-party
content providers is not automatic (Lim and Anderson
2016). For example, one digital healthcare entrepre-
neur described how his engineers “tried valiantly to
integrate (hack) antiquated databases in order to get
our patient engagement software to speak securely
to legacy systems” (Kim 2015). Another startup chief
executive officer said, “Lack of [tools for easy inte-
gration] for electronic healthcare records programs
is killing mobile-health applications” (Anderson
2015). This difficulty suggests that, like any other
technical product, platforms must invest resources
and time in developing an environment that pro-
motes the easy integration of third-party content;
otherwise, their attractiveness to third-party con-
tent providers, and ultimately, customers will be
stunted (Anderson and Parker 2013b).

In the information exchange space, there are a
number of tools to promote such product integration

Figure 1. (Color online) Growth of the API Economy

(Anderson et al. 2018), the most obvious examples
being integrated development environments; self-
contained tasks with well-specified interfaces; stan-
dards; organizational structures (such as help desks);
software development kits (SDKs), which create spe-
cialized development environments; and application
programming interfaces (APIs), which improve plat-
form modularity. Among these tools, APIs have gained
significant traction in recent years (Figure 1). An APl is
a set of programming instructions for building soft-
ware applications for a platform and gaining access
to important data streams. Platforms ranging from
Amazon and eBay to YouTube, Twitter, and Netflix
have invested in providing powerful and user-friendly
APIs (Kane 2010). Platform providers offer publicly
available APIs to reduce third-party content pro-
viders’ cost of content development, which makes the
platform more attractive to the content provider
community (Benzell et al. 2019). A good APImakes the
platform more modular by providing well-defined
interfaces for the application to the platform, hence
reducing development costs for the third-party con-
tent provider. Furthermore, additional investment
in “bullet proofing” APIs can make the platform
more reliable and provide users with a more seam-
less experience. Other integration tools, such as SDKs,
also reduce costs to develop superior, well-integrated
content by providing essential building blocks and
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development environments, which further improve the
attractiveness of the platform for the content provider
community. When the content providers are on board,
consumers are more likely to follow.

Platform investment in integration tools (as shown
in the depiction of the growth of public APIs over time
in Figure 1) has been increasing rapidly over time. The
need for integration investment will likely only ac-
celerate with the arrival of IoT platforms. By 2020, as
many as 30 billion “things” are expected to connect to
each other over the IoT (MacGillvray 2016). For an IoT
platform to generate the benefits anticipated by in-
dustry experts (Reisinger 2015), physical device de-
velopers will need a low-cost way to exchange data
across the platform as well as give the platform the
means to control these devices. For example, a light-
switch manufacturer with products that generally
cost less than $2 will need a Wi-Fi transmitter and
software to hook up to a home IoT platform. It is also
argued that a mature IoT will require common stan-
dards within and across literally hundreds to thousands
of device types for communication and connectivity
and that translators will be needed to bridge the gap
between legacy devices and the ones designed with
IoT in mind (MacGillivray 2016). This will be expen-
sive for platform firms. However, the reason that they
need to do this is that low-margin developers, like the
light-switch manufacturer discussed above, cannot
afford to invest in mating up to multiple Wi-Fi and
software protocol standards. This is where invest-
ing in carefully crafted integration tools will be crit-
ical. With such tight developer margins, anything the
platform can do to reduce developer costs is of the
utmost importance, because an IoT platform can only
be as powerful as the number of third-party sensors
and actuators that integrate with it.

It is well known in the product development lit-
erature that the development of product integration
tools and organizational structures, such as modu-
larity, standards, and help desks, is expensive but of
decisive importance for market success (Baldwin and
Clark 2000). A notable example is Jeff Bezos’s famous
mandate at Amazon: “All teams will henceforth ex-
pose their data and functionality through service
interfaces. All service interfaces, without exception,
must be designed from the ground up to be exter-
nalizable. That is to say, the team must plan and
design to be able to expose the interface to developers
in the outside world. No exceptions” (Rosoff 2011).
Thus, the fact that platforms clearly make large in-
vestments in integration tools, such as APIs, SDKs,
standards, specifications, and help desks, to facili-
tate third-party content development is clearly docu-
mented. Yet, with a few exceptions (e.g., the empirical
study by Li and Agarwal (2016)), research in the two-
sided platforms literature that examines the level of

investment in integration tools is remarkably sparse.
Even more so is guidance on how to optimally co-
ordinate that investment with pricing decisions. Our
paper leverages the literature on product integration
(Iansiti 1998, Anderson and Parker 2013b) to begin to
fill this gap. By doing so, we hope to provide a guide
to platforms on how to better coordinate such de-
cisions with other strategic decisions, particularly as
platforms move out of the information exchange and
retail industries into newer, less forgiving fields, such
as healthcare and ultimately, IoT.

To investigate this crucial integration investment
decision at a deeper level, we build a strategic model
to analyze the optimal integration tool investment
by two-sided platforms. In order to delineate potential
differences in integration strategy between platforms
with significantly different business models, we de-
vote separate sections to two platform types: hardware/
software platforms (e.g., Android and PlayStation) and
hybrid retail platforms (e.g., Amazon, eBay, and Wal-
mart). Hardware/software platforms rely on third-
party content providers to extend the functionality of
their systems and provide content services for con-
sumers. Hybrid retail platforms rely on third-party
merchants to supply “long-tail” products that plat-
forms would otherwise find prohibitively expensive
tocarry. A firm like Amazon finds itself acting as both
a merchant reseller, taking inventory risk and prof-
iting from the spread between wholesale and retail
prices, and a platform that profits from fees levied on
completed transactions. Figure 2 illustrates the par-
ticipants in the ecosystem and the financial trans-
actions between the participants for these two plat-
form types.

We first examine decisions made by a monopo-
list hardware/software platform by focusing on the
interplay between integration tool investment and
pricing decisions. A number of interesting insights
emerge from this analysis. One important observation
is that, when integration investment is considered,
some standard results from the two-sided market
literature do not always hold. For example, a stan-
dard result from the two-sided market literature is
that, if the benefit of the platform’s network exter-
nalities to one side of the two-sided market increases,
then the price charged to the opposite side should
decrease (Parker and Van Alstyne 2000b, 2005; Rochet
and Tirole 2003). However, our results suggest that
it may be optimal to increase the content provider
participation fee when consumer utility from content
goes up. The reason is that investing in integration
tools and reducing the participation fee are partially
substitutable actions in terms of attracting content
providers. When integration investment is very ef-
fective in reducing content providers’ fixed costs, the
platform provider can increase both the participation
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Figure 2. (Color online) Transactions Between the Participants in the Platform Ecosystem
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fee and consumer price in response to increasing
consumer utility from content and still have higher
participation across content providers and consumers.
Our results also show that the optimal consumer price
may decrease when consumer utility from content
goes up, even though the existing literature would
suggest otherwise (Parker and Van Alstyne 2000b,
2005; Armstrong 2006). This is more likely to happen
when content price is high and consumer gross utility
from content is low. In such a setting, the cross-side
network effect is stronger for content providers. Thus,
it may be more profitable to increase both the con-
tent provider participation fee and integration invest-
ment in response to increasing consumer utility from
content rather than increase the consumer price. These
observations highlight the importance of considering
the effect of integration investment when making two-
sided pricing decisions.

The relation between integration investment and
the content provider participation fee deserves par-
ticular attention. Even though increasing integration
investment and reducing participation fees may be
partially substitutable, there is an important distinc-
tion between the two levers: integration investment is
a nonrival strategy in the sense that it is a fixed cost
that does not increase no matter how many content
providers join. In contrast, reducing participation fees
is akin to a variable cost, because the total impact in-
creases with the number of content providers joining
the platform. Thus, the decision to increase integra-
tion investment versus the decision to reduce content
provider participation fees is not entirely comparable.
This paper aims to provide guidance around how to
trade these decisions off, because not only is the level of
integration investment a crucial decision, but it is also a
decision that must be carefully coordinated with pricing

decisions in order to obtain its maximum benefit for
both consumers and content providers.

Next, we analyze how competitive pressures shape
the integration investment and the pricing decisions
for hardware/software platforms. We first confirm
that the interplay between integration investment
and participation fee described above still holds
under competition. However, for symmetric plat-
forms, consumer prices under competition respond to
the changes in market parameters differently from
those under a monopolist. Generally, competitive
pressure to attract the consumer side tends to create
scenarios in which potential gains to platforms from
increasing the “size of the pie” are competed away by
reducing the consumer price. We also demonstrate
that investing in better capabilities for facilitating
third-party development may be a significant success
factor for a platform under competition. Specifically,
if consumers value content highly and if integra-
tion tools are very effective in reducing content de-
velopment costs, a platform that is able to create a
more favorable integration environment can capture
a larger market share than a platform with a higher
standalone value but lower integration capability.
Indeed, aswediscuss inSection 3.2.2, better integration
capabilities played an important role in Facebook’s
victory over Myspace, because the latter had an ar-
cane architecture “hated by the developer commu-
nity” (Gillette 2011). Research in Motion, sponsor of
the Blackberry platform, also lost a dominant posi-
tion because of failing to mobilize a sufficiently com-
petitive ecosystem (Jacobides 2013). Based on our
prior discussion of IoT’s dependency on integrating
numerous actuators and sensors, we would expect
similar effects to play out in the IoT space, perhaps
with even greater magnitude.
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Additionally, we move our focus to hybrid retail
platforms. The main difference between the business
model of hardware/software platforms and hybrid
retail platformsis that the latter only charges the seller
side. We find that, although the integration invest-
ment strategy for hybrid retail platforms is similar to
that for hardware/software platforms, the interplay
between integration investment and seller participa-
tion fee shows some differences, particularly for mo-
nopolist hybrid retail platforms. For example, unlike
hardware/software platforms, any change in market
parameters that potentially increases buyer or seller
surplus always results in a higher seller participation
fee in the case of a monopolist hybrid retail platform.
This is mainly because hybrid retail platforms only
charge the seller side. In the absence of consumer price
as a strategic lever, it is no longer possible to reduce
the participation fee and recoup the loss through an
increase in consumer price. Thus, a hybrid retail plat-
form’s participation fee choice mimics one-sided pricing
decisions in a standard supply chain. To better un-
derstand the role of integration investment in the mo-
nopolistic hybrid retail platform setting, we compare
seller participation fee with or without the ability to
invest in integration. Not surprisingly, integration
investment enables the platform provider to set a
higher price for sellers. More importantly, we find
that, in the absence of integration investment, the
optimal seller fee does not depend on buyers’ cross-
side network benefits, which means that the platform
provider does not increase the seller participation
fee when buyers’ utility from content increases. In
contrast, in the presence of integration investment,
the platform is able to increase the seller participa-
tion fee and still obtain a higher market share on
both sides of the market. Thus, integration investment
restores an important strategic lever to hybrid retail
platforms.

We also analyze the strategic behavior of business
to business (B2B) platforms that can use a two-sided
integration investment strategy. For example, they
can invest in integration tools to increase not only
seller but also, buyer participation. We find that in-
tegration investment directed toward one side of the
market (seller or buyer) increases with the marginal
benefit of integration investment directed toward
the opposite side. This shows that there are spillover
benefits of integration investment from one side of the
market to the other side, implying that integration
investments on different sides of the market act as
complements rather than substitutes. Thus, integra-
tion investment helps the platform to better capture
the increased buyer surplus from cross-side network
effects. This spillover effect also shows that the necessity
to coordinate integration and pricing strategy becomes
even more urgent and complex in B2B platforms.

The remainder of the paper proceeds as follows.
Section 2 reviews the related literature. In Section 3,
we study integration investment for hardware/software
platforms in both monopolistic and competitive set-
tings, whereas in Section 4, we consider hybrid retail
platforms. Finally, policy implications of the results
are discussed in Section 5 along with the limitations
of this analysis and possible extensions. We conclude
the paper in Section 6. For ease of narration, proofs are
suppressed to the online appendix.

2. Literature Review

This paper contributes to the two-sided markets and
platform literature by analyzing the strategic choice
of platform investment in integration tools and re-
sources (e.g., APIs, SDKSs, technical specification, help
desks, etc.) to facilitate third-party content develop-
ment. The two-sided markets literature (Parker and
Van Alstyne 2000b, 2005; Rochet and Tirole 2003) exp-
lores novel strategies for two-sided platforms that
leverage network externalities, primarily cross-side net-
work effects that result in strategies that favor and
many times, even subsidize one side of the market in
order to attract the other side (Eisenmann et al. 2006).

The growing body of work on two-sided markets
has primarily focused on two-sided pricing strategies
(Parker and Van Alstyne 2000a, 2005; Caillaud and
Jullien 2003; Rochet and Tirole 2003, 2006; Armstrong
2006; Hagiu 2006; Weyl 2010). The key insight from
this body of research is that platforms should charge
lower prices to the side that derives less utility from
the presence of the other side. Either side of the
market may be subsidized depending on the relative
strengths of the cross-side network effects (Parker and
Van Alstyne 2000a, 2005; Armstrong 2006; Rochet
and Tirole 2006). For example, search engines, such
as Google, subsidize searchers while charging the ad-
vertisers, whereas operating systems, such as Win-
dows, may subsidize application developers while
charging consumers (Eisenmann et al. 2006).

There is also a burgeoning stream of research in
the two-sided markets literature that focuses on the
use of nonprice strategic levers by platforms (Gawer
and Cusumano 2002, Boudreau and Hagiu 2011,
Eisenmann et al. 2011, Parker et al. 2017, Parker and
Van Alstyne 2018). For example, Bhargava and
Choudhary (2004) analyze the product line design
problem of an information intermediary. Zhu and
Iansiti (2011) consider competition between an in-
cumbent and an entrant on the basis of platform
quality and installed base and show that installed
base does not necessarily present barriers to entry.
A number of recent papers study platform invest-
ments in contexts other than integration investment.
For example, Hagiu and Spulber (2013) analyze plat-
form providers’ investment into first-party content
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as a means to overcome unfavorable expectations
and thereby, attract buyers to the platform. Platform
papers on net neutrality examine internet service
provider (ISP) incentives for network capacity invest-
ment under different pricing schemes (Musacchio
et al. 2009, Pil Choi and Kim 2010, Cheng et al.
2011, Gupta et al. 2011, Economides and Hermalin
2012, Kramer and Wiewiorra 2012, Bourreau et al.
2015). Although this stream of net neutrality research
also studies the interplay between investment and
pricing decisions, its focus is on understanding the
welfare implications of neutral versus discrimina-
tory pricing regimes between ISPs and content pro-
viders. In contrast, our paper focuses on the impact
of platform integration strategy on two-sided pricing
decisions. In a study that is closer to this paper, Bakos
and Katsamakas (2008) analyze a platform’s invest-
ment into increasing the strength of network effects.
Although our paper is also looking at strategic in-
vestments to increase user participation, we treat the
per user level of network effects as exogenous in our
model and instead, analyze a platform’s investment
into integration tools that facilitate third-party devel-
opment, thereby increasing participation on both
sides of the market. In this way, platforms can affect
the aggregate impact of the network effect.

Our paper is most closely related to that of Anderson
et al. (2014), which explore how the choice of plat-
form performance (“quality”) level during a product
development cycle affects the amount of third-party
content created for that platform. The primary finding
of that paper is that, although increasing a platform’s
performance attracts more consumers by improving
one aspect of consumer utility, it also discourages the
entry of third-party content developers, which reduces
another aspect of consumer utility. Hence, the opti-
mal strategy is often “rightsizing” platform perfor-
mance so that consumers obtain both a reasonable
level of platform performance and a sufficiently large
ecosystem of third-party content. In contrast, we do not
model platform performance. Rather, the goal of this
paper is to focus on the choice of direct investments
into resources that facilitate third-party development
as a tool to increase participation on both sides of
the market and how these investments interact with
two-sided pricing decisions. Thus, we differ from
Anderson et al. (2014) by shifting from a focus on core
platform performance investment to a focus on eco-
system investment. This is facilitated by (1) ignoring
platform performance, (2) directly considering in-
vestment in platform integration that reduces third-
party content development costs, (3) making content
provider payments to the platform endogenous, and
(4) expanding the analysis to hybrid retail platforms
in addition to hardware/software platforms and

delineating the differences in platform strategy be-
tween the two platform types. Hence, our results are
generally orthogonal to that paper’s results. Impor-
tantly, our results sometimes revise or clarify the
prior literature. For example, one finding in this paper
is that allowing integration investment creates re-
gimes in which platform pricing decisions respond
to environmental parameter changes in a manner direc-
tionally opposite to what would be predicted by standard
two-sided network models.

Integration tools, whether APIs and other invest-
ments in increasing platform modularity, SDKs
and other dedicated information systems, specialized
organizational structures, or better specifications, etc.,
all provide a means to facilitate the integration
of third-party applications more effectively into the
platform. There is a stream of research that focuses
on the issues surrounding integration when “knowl-
edge work” (such as product, process, or software
development) is distributed across multiple orga-
nizations (see the review by Anderson and Parker
2013). Coordinating complex knowledge work proj-
ects that span organizational boundaries is more
difficult than coordinating those that remain within
an organization’s boundaries (Parker and Anderson
2002, Sosa et al. 2004, Amaral et al. 2011). The liter-
ature on integration suggests that investing in inte-
gration tools and capability increases a firm’s over-
all performance (lansiti 1995a, b, 1998; Dyer and
Singh 1998; Frohlich and Westbrook 2001; Gopal
and Gosain 2010; Anderson and Parker 2013a; Davies
and Joglekar 2013). However, none of the papers
in this literature focus on quantifying the optimal
amount of investment in these capabilities, and they
do not examine these questions in a platform context
with the exception of the empirical study by Li and
Agarwal (2016). Their work analyzes the impact of
integration of an application by a platform on the
application ecosystem as a whole. However, they pri-
marily focus on how platforms manage the tension
between first-party content and third-party content
and do not quantify the optimal amount of invest-
ment in integration capabilities. We attempt to bridge
this gap in the literature by analyzing how much a
platform should optimally invest in integration tools
in order to facilitate the integration of third-party
applications.

Providing publicly available integration tools,
such as APlIs, is a common way to open a platform
to the content provider side (Parker and Van Alstyne
2009); thus, the integration investment decision is a
part of the platform’s “openness” strategy. In addi-
tion to the vast literature on open source software
(Lerner and Tirole 2001, 2002, 2005; Johnson 2002; Lee
and Mendelson 2003; von Hippel and von Krogh 2003;
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Economides and Katsamakas 2006), there is a grow-
ing stream of research that studies open platforms
(Gawer and Cusumano 2002, West 2003, Gawer and
Henderson 2007, Eisenmann et al. 2009, Boudreau
2010, Parker and Van Alstyne 2018). Eisenmann et al.
(2009) define openness of a platform as placing no
restrictions on participation, development, or use
across the platform’s distinct roles whether it in-
volves the content provider side or the end user side.
A firm considering whether to open its platform faces
a tradeoff between adoption and appropriability
(West 2003). One way to reconcile this tradeoff is to
“partially” open the platform; for example, publicly
providing APIs partially opens a platform’s source
code but retains the concept of platform owner
(Boudreau and Hagiu 2011). Parker and Van Alstyne
(2018) build one of the few mathematical models
that studies the decision to partially open a plat-
form. Specifically, in their dynamic model of plat-
form openness and innovation, the platform provider
chooses the percentage of code base to open and
the length of the period of proprietary developer
protection. Our paper is different from these studies,
because we do not focus on the tradeoff between
adoption and appropriability. Instead, we assume
that the platform provider has already decided to
grant access to third-party content providers and ex-
amine the optimal level of integration investment to
facilitate content provider participation.

3. Hardware/Software Platforms

In this section, we analyze a hardware/software plat-
form’s strategic investment in integration tools in co-
ordination with its pricing decisions. We first start with
the monopoly model and then, analyze competing
platforms.

3.1. Monopolistic Hardware/Software Platforms
In line with the two-sided markets literature (Armstrong
2006, Hagiu and Spulber 2013, Anderson et al. 2014),
we first formulate the utility function for the con-
sumers and the profit function for the content pro-
viders. Then, we calculate the participation on both sides
of the market for a given set of platform decisions.
Following Anderson et al. (2014), we adopt an ad-
ditive form for the consumer utility function. Spe-
cifically, we divide the value that a consumer obtains
from purchasing a platform into two additive com-
ponents: available content and the base value of the
platform before addons (V). For simplicity, we as-
sume that each content provider develops one unit of
content; thus, the number of content providers that
join the platform, Np, is equivalent to the amount of
content available on the platform. A consumer gains a
net utility of a(g) from an additional unit of content,

where g represents content price (equivalently, con-

tent providers’ profit margin as described below).

Intuitively, a(;;g) < 0. For simplicity, we assume a lin-

ear form of a(g) = a — g, where a > g." In addition to
utility from access to content, the platform provides
a standalone value independent of the number of
third-party content providers that join the platform.
For example, a computer game console, such as Sony
PS4, delivers some value to users through the utility
of Blu-ray DVD playback even in the absence of
applications or games

We assume that consumers differ in their prefer-
ences for certain attributes. We model this heteroge-
neity using a framework that is akin to the Hotelling
linear city model (Hotelling 1929). Specifically, we
assume that consumers are uniformly distributed
along a unit interval based on a taste parameter. The
platform is located at one end of the interval.” The
greater the distance between a consumer’s location
and the platform, the bigger the disutility from un-
matched preferences. Analogous to the transportation
cost parameter in the Hotelling model, we define f as
the mismatch cost, which measures the disutility per
unit deviation from the ideal product. A higher t rep-
resents a market where consumers feel more strongly
about their preferences being matched. Without
loss of generality, assuming that the platform sits
at 0 on the interval, a consumer with location z €
[0, 1] obtains the following utility by purchasing the
platform:

Uz)=V —tz+(a-g)Np —p, (1)

where p is the consumer price for the platform. Let
z" be the consumer who is indifferent between pur-
chasing and not. Assuming an outside option value
of v,, z* is given by z*=(V—-v,+(a —g)Np —p)/t.
Consumers with z < z* will purchase the platform.
Given that z is uniformly distributed over [0,1], we
can calculate the participation rate of consumers
as z'. Assuming that there are a total of N potential
consumers in the market, consumer market size be-
comes Nz".

Third-party content providers are assumed to be
profit maximizers. Again following Anderson et al.
(2014), we assume that content providers each have
one title over which they have a local monopoly.
Hence, each content provider sets its content (title)
price at g; that is, a content provider earns g from each
unit of content sold, which is also a proxy for the unit
profit margin, because the variable cost is normalized
to zero.” Without loss of generality, we assume that
consumers purchase every unit of content developed
for the platform, though this assumption can easily
be relaxed without directionally affecting the results
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by assuming that each consumer on average buys a
certain fraction of the available content. The platform
provider charges the content providers a participa-
tion fee of w to join the platform.* Note that, in some
cases, w may be negative, indicating a direct subsidy.
Content providers incur a development cost, which
varies from content provider to content provider as a
result of differences in engineering efficiency. Spe-
cifically, the fixed cost of development f is assumed to
be uniformly distributed on [f — F/2,f + F/2], where
fmin =f —F/2>0. To model the effect of platform
investment in integration tools (e.g., APIs and SDKs),
we assume that such investment reduces content
development cost (in man-hours). Not all integration
tools are equally effective in reducing content pro-
viders’ costs; the benefit depends on the functionality
provided within the tool. Thus, in our model, the
platform provider chooses the integration tool func-
tionality level to invest in. Specifically, for an integration
tool functionality level of x, a content provider’s fixed
cost is reduced by Bx, where § is integration tool ef-
fectiveness with respect to cost reduction.” Realisti-
cally, even the highest possible level of integration
tool functionality cannot completely eliminate the
fixed cost of content development. For simplicity, we
assume that the cost reduction benefit fx cannot ex-
ceed the minimum possible development cost, fmin.
This implies that integration tool functionality x* is
bounded above by fnin/f. Consequently, the profit
function of content provider i is given by

7i(Ne, x,w) = gNc —w — (f; — x), (2)

where N¢ is the number of consumers who join the
platform and f; is the content provider i’s fixed cost,
which is uniformly distributed on [ f — F/2,f + F/2] or
equivalently, in [ fmin, F + fmin]. We normalize the out-
side option value for content providers to zero. As-
suming that there are a total of Mp content providers
in the content provider community, the number of
content providers that join the platform as a function
of consumer participation and platform decisions is
given by

ND(Nc, w, x) = max{MD(ch —-w _fmin + ﬁx)/F, 0}
®3)

Similarly, assuming that there are a total of N po-
tential consumers in the market, the number of con-
sumers who join the platform as a function of content
provider participation and platform decisions is
given by

Ne(p,Np) = max{N Voot (at— $)ND - p,O}. (4)

Solving (3) and (4) simultaneously gives Np(x, w,p)
and Ne¢(x, p, w):
Ne(x,w,p)

= max N(MD(Of _g)(_fmin - w+ﬂx) +F(V_P _vo)) .
Ft_gMDN(O(—g) 7

5)
Np(x,w,p)

. {MD(gN (V = p = 00) + H{~famin = w + B)) 0}
Ft —gMpN(a - g) e

(6)

The platform provider enjoys two revenue streams:
purchases of the platform by consumers at price p and
the participation fee w charged to each content pro-
vider thatjoins the platform. In addition to the pricing
decisions, the platform provider has to decide how
much to invest in integration tool functionality. We
assume that it is increasingly costly to provide in-
tegration tools that have higher functionality. Thus,
the fixed cost of providing integration tools is a con-
vex increasing function of integration tool functionality
x specified as kx?. The platform monopolist chooses
price p, participation fee w, and integration tool func-
tionality level x to maximize its profit given by

I(x,w,p) = (p — c)Nc(x, w, p) + wNp(x, w, p) - kx?,
()

where c is the marginal cost of production for the
platform, and Nc(x, w, p) and Np(x, w, p) are given by
(5) and (6), respectively. Accordingly, the platform
provider’s optimization problem is as follows:
maxIT(x,w,p) = (p — ¢)Nc + wNp — kx?. (8)

x,w,p

Summary of Notation and Assumptions. The notation
related to the base model is summarized in Table 1.
A summary of model assumptions is as follows.

Assumption 1. Consumers are uniformly distributed along
a unit line according to a taste parameter.

Assumption 2. Content providers” fixed cost of develop-
ment is uniformly distributed in [f — F/2,f + F/2].

Assumption 3. Consumers purchase every unit of content
developed for the platform (this assumption can easily be re-
laxed without directionally affecting the results by assuming
that each consumer on average buys a certain fraction of the
available content).

Assumption 4. Content providers are homogenous in the
benefit that they gain from integration investment (this can
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Table 1. Notation

Decision variables and model primitives

Decision variables

x Integration tool functionality level
p Price of platform paid by the consumer
w Participation fee charged to content providers or sellers

Integration tool functionality level for integration on the buyer side

Model primitives

g Content providers’ marginal profit per consumer

a Consumer gross utility from an additional unit of content

alg=a-g>0 Consumer (net) utility from an additional unit of content

\% Maximum standalone value for the platform

U, The value of outside option for consumers

N Total number of consumers in the market

B Fixed cost reduction per unit of integration tool functionality

f Average fixed cost incurred by content providers

fmin Minimum possible fixed cost incurred by content providers in the absence of
integration tools defined as f — F/2

F The range of fixed cost incurred by content providers, the fixed cost being

uniform in [ fmin, F + fmin]
Total number of content providers in the market

Platform’s variable cost of production
Mismatch cost (that is, the disutility per unit deviation from the ideal product)

Mp

k Platform’s cost per unit of integration tool functionality squared
c

t

4

Effectiveness of integration investment on the buyer side

easily be relaxed by assuming that there are two content pro-
vider types with different benefit levels) (see Section A.2.1
in the online appendix).

Assumption 5. Consumers are homogenous in their utility
from content (this can easily be relaxed by assuming that
there are two consumer types with different utilities from
content) (see Section A.2.5 in the online appendix).

Assumption 6. Cost reduction benefit from integration is a
linear function of integration functionality level (see Sec-
tion A.2.2 in the online appendix for an analysis where this
assumption is relaxed).

Assumption 7. The platform charges content providers a
participation fee (see Section A.2.3 in the online appendix
for an extension based on a transaction fee model).

Assumption 8. Throughout the analysis in the next sec-
tion, it is assumed that x* is an interior solution, satisfying
J% > x* > 0. In the online appendix, conditions necessary
to ensure f“‘TL“ > x* > 0 are derived, and boundary conditions
are discussed.

Assumption 9. Content price (g) is exogenous and constant.

By simultaneously solving the first-order conditions
for x, w, and p, we obtain the optimal decisions for the
platform provider stated in Lemma 1.

Lemma 1. The optimal integration functionality level and
two-sided pricing decisions for a monopolist hardware/
software platform are given by

. MpB(Na(V —c=v,) = 2fumint)
*HS =) (4Fkt - kMpNa? — Mptp?)
(2k(cFN (v — 28) = 2 fminFt + afminMpN(a — g)
. FN(2g—a)(V —v,)) +p*MpN(a—g)(V —c —1,))
HS = 2(4Fkt —kMpNa? — Mptf?)
(2k(2t(F(V + ¢ = 0o) + fmingMD)
—aMp(gN(V = c=0,) + fmint)
. _ —a’cMpN)—B*MpH(V +c—1,))
PHS =5 (4Fkt — kMpNa? — Mptp?)

We note that, if the fixed cost of even the most ef-
ficient content providers, fmin, is very high (i.e., fmin >
W), then the platform provider cannot profit-
ably attract third-party content providers. Under
that scenario, the platform fails to build a content
provider ecosystem, but as long as the maximum
standalone value of the platform, V, is high enough
(V > ¢+ o), the platform provider can still serve the
consumer side.

Next, in Proposition 1, we analyze the effect of im-
portant market parameters on the integration invest-
ment strategy.
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Proposition 1. Based on the optimal solution described in
Lemma 1,° the following hold.

(i) Integration investment increases in consumer gross
utility from additional content, .

(ii) Integration investment increases in integration tool
effectiveness, .

(iii) Integration investment decreases in consumers’
outside option value, v,, and content providers’” minimum
fixed cost, fmin.

(iv) Integration investment decreases in the mismatch
cost, t.

Proposition 1 presents important observations about
the nature of the integration investment strategy. The
optimal functionality level of integration tools always
increases with consumer gross utility from content and
integration tool effectiveness. Note that an increase in
any of these parameters potentially increases the size of
the pie that the platform can capture in the market and
may allow the platform to charge higher prices. Thus,
the platform provider gets a higher return on integra-
tion investment, which triggers a higher level of invest-
ment. In contrast, an increase in consumers’ outside
option value v,, content providers” minimum fixed
cost fmin, Or mismatch cost t makes it harder to attract
consumers and content providers, shrinking the po-
tential size of the pie. As a result, optimal integration
investment goes down.

The effect of content price g on the integration in-
vestment strategy is not as straightforward. An in-
crease in g increases content providers’ profit margin
but reduces consumer net utility from content, a(g). In
the base model where a(g) is defined as a — g, these
opposite effects balance each other out such that a
marginal increase in ¢ does not change the potential
size of the pie. As a result, the integration investment
decision is unaffected. The two opposite effects of g
may not always balance out, however, if net utility
from content a(g) has a different structure. For exam-
ple, we find that, if a(g) = a/g, integration investment
may increase or decrease in content price depend-
ing on the sign of a/g — g: that is, depending on the
relative strength of the cross-side network effects.
Similarly, if a(g) = a — bg, integration investment in-
creases in g if and only if b < 1.” Note that, if b <1
(similarly, if a/g < g), when g increases, the marginal
increase in content provider profit margin is higher
than the marginal decrease in consumer net utility
from content. Thus, the potential size of the pie is
growing. As a result, the return on integration in-
vestment is higher, which triggers a larger integration
investment. The opposite is true for b < 1 (similarly, for
a/g < g). Integration investment increasing in ¢ may be
counterintuitive at first glance; one could argue that,
because content providers are already doing better
thanks to the higher marginal profit, there is less need

to invest in integration tool functionality. However, by
increasing the integration investment in these instances,
the platform provider can generally charge a higher
participation fee, compensating for the investment cost.

Finally, through numeric analysis as shown in
Figure 3, we find that, if the variability in content pro-
viders’ fixed cost (F) increases, the platform provider
tends to invest less in integration tool functionality
as long as the average cost f is not prohibitively high
and consumer utility from content « is strong. This
is mainly because with a smaller variance in the cost
distribution, a unit increase in integration tool func-
tionality results in a larger increase in the content
provider participation rate. Thus, the return on inte-
gration investment is higher when the variability in
content providers’ costs is lower, and as a result, in-
tegration investment decreases as the cost variabil-
ity increases. When the average cost is very high and
cross-side effects (o and g) are somewhat low, how-
ever, an increase in cost variability puts the platform
in a tough spot in terms of attracting content pro-
viders. Thus, the platform provider is better off in-
creasing integration investment so as to guarantee
content provider participation and then, relying more
on the consumer side to make money.

We also uncover interesting observations about the
interplay between integration investment and two-sided

Figure 3. (Color online) Integration Investment Can
Increase or Decrease with Content Providers” Fixed Cost
Variability
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pricing decisions through numeric analysis as summa-
rized in Remark 1.

Remark 1. The following observations can be made
about two-sided pricing decisions for a monopolist
hardware/software platform in the presence of in-
tegration investment as an additional strategic lever.

(i) Content provider participation fee w may in-
crease or decrease with a, consumer gross utility from
content.

(ii) Consumer price p may increase or decrease with
a, consumer gross utility from content.

Remark 1 shows that integration investment may
result in two-sided pricing policies that are not seen
in the extant literature as explained in Section 1. For
example, an increase in consumer gross utility from
additional content, @, implies that consumers now
care more about content provider adoption. When
this is the case, the previous two-sided markets lit-
erature suggests that the platform provider should
cut the content provider participation fee in order to
increase content availability (Parker and Van Alstyne
2005, Armstrong 2006). However, as Figure 4 shows,
it may be optimal to increase the participation fee
instead (later, for the competition model, we derive
the exact conditions for this result). This is because in
our model, the platform provider has an extra lever:
integration investment. Investing in integration tool

functionality and reducing the participation fee are
partially substitutable actions in terms of attracting
content providers. As a result, the platform provider
can increase the participation fee in response to in-
creasing consumer utility from content and still have
higher participation across content providers and
consumers. This is more likely to happen if the con-
tent provider profit margin (g), the potential content
provider market size (Mp), and the integration tool
effectiveness (B) are high, all of which increase the
potential return on integration investment. As a result,
increasing integration investment becomes a viable
substitute for reducing the content provider partici-
pation fee.

Similarly, Figure 5 shows that an increase in con-
sumer utility from content (through an increase in «)
may result in a reduction in consumer price, even
though the existing literature would suggest other-
wise (Parker and Van Alstyne 2000b, 2005; Armstrong
2006). This is more likely to happen when content
price (g) is high relative to consumer gross utility from
content (a), which means that consumer net utility
from content a — g is low. In such a setting, the cross-
side network effect is weaker for the consumer side;
thatis, consumers derive less value from the presence
of content providers than the value content providers
derive from the presence of consumers. As a result,
the consumer side is harder to attract. Thus, when a

Figure 4. (Color online) Content Provider Participation Fee May Increase or Decrease with Consumer Utility from Content
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Figure 5. (Color online) Consumer Price May Increase or
Decrease with Consumer Utility from Content
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increases, it may be more profitable to increase the
content provider participation fee and integration
investment rather than increase the consumer price.
In a high-g setting, increased consumer participation
owing to lower price coupled with increased inte-
gration investment because of higher a can easily
compensate for the increased participation fee.

Next, we look at the effect of other parameters on
the two-sided pricing strategy in Corollary 1.

Corollary 1. Based on the optimal solution described in
Lemma 1, the following hold.

(i) Consumer price decreases and content provider partic-
ipation fee increases with content provider marginal profit g.

(ii) Content provider participation fee w increases
with integration tool effectiveness, p, if and only if 2Ft >
MpNa(a - g).

(iii) Comsumer price p increases with integration tool
effectiveness, B, if and only if o — g > g.

Corollary 1(i) shows that the effect of content price
on the two-sided pricing strategy is in line with the
extant literature. An increase in content price implies
that content providers now gain more value from the
participation of the consumer side. When this is the
case, similar to the results in the literature, our model
suggests that the platform provider should cut the
consumer price in order to increase consumer adop-
tion and should compensate by increasing the content
provider participation fee. Note that, when the effect
of content price on consumer net utility from content,

a(g), is more complex than that in the base model
(such as when a(g) = a/g or a(g) = a — bg), it is pos-
sible to find optimal two-sided pricing strategies that
go against this intuition.

Corollary 1, (ii) and (iii), looks at the effect of in-
creasing integration tool effectiveness ff on the pricing
decisions and shows that, in response to an increase in
integration tool effectiveness, prices on either side of
the market can go up or down. Recall that, when g
increases, integration investment always increases.
Therefore, one would expect that the developer side
would always be charged higher as a result in re-
sponse to a higher 5. Corollary 1 shows that this is not
always the case. If consumer net utility from content
a — g is large enough, it may be more profitable to
reduce participation fee and increase the consumer
price instead.

The interplay between two-sided pricing decisions
and integration investment highlighted in this section
shows the importance of considering pricing and in-
tegration investment simultaneously when forming
a platform strategy. In the next section, we analyze
the same interplay between pricing and integration
decisions in a competitive setting.

3.2. Competing Hardware/Software Platforms

In this section, we study competition between two
platforms building on the model concepts developed in
Section 3.1. We first start with symmetric platforms.

3.2.1. Symmetric Duopoly. In this section, we assume
that content providers may choose to affiliate with
more than one platform or “multihome,” whereas con-
sumers join at most one platform or “single home.”
This scenario fits a number of important industries.
For example, for smartphones, app developers typi-
cally release their applications on both Android and
iOS (VisionMobile 2014), whereas most consumers
affiliate with only one of these platforms. Similarly,
in the video game industry, game developers tend to
develop for multiple consoles (Corts and Lederman
2009), but a majority of consumers choose one console
in a given generation.

Content providers decide whether to join a platform
independent of their participation decision for the other
platform (ignoring any budget constraints), because
they are able to multihome. Thus, the content provider
demand is derived the same way as in Section 3.1:

_ Mp(gNE ~ fomin + X — ;)

Nb(xi/pi/ wi,Né) = fa . (9)

Consumers, however, must decide which platform
to join, thus creating competition between the plat-
forms to attract them. Depending on the consumer
prices (p1,p2), participation fees (wi,w,), and inte-
gration tool functionality (x,x;) set by platforms 1
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and 2, platform i gets N- consumers and N}, content
providers (i = 1,2). The prospect of these market sizes
plays a major role in determining which platform is
chosen by consumers.

Similar to the monopoly model, we assume that
consumers differ in their taste parameter, which trans-
lates into different preferences for each platform. These
preferences can arise from multiple sources that in-
clude having a library of compatible content or be-
longing to a community that has adopted a specific
platform. In other words, keeping prices and content
availability the same, each platform would still have
a different appeal to each consumer. Specifically, we
use a common competitive market model, Hotelling’s
linear city, to capture this effect. Similar to the mo-
nopoly model, consumers are uniformly distributed
along a unit interval according to their ideal specifi-
cations, and the platforms are located at the opposite
ends of the interval. The greater the distance between
a consumer’s location and a platform, the bigger the
disutility of unmatched preferences. Let t be the mis-
match cost as before. In the competition context, the
variable t can be a proxy for the degree of horizon-
tal product differentiation between the platforms
in attracting consumers. Note that low ¢t implies less
product differentiation and thus, a higher degree of
competition. Without loss of generality, assume that
platform 1 is located at point 0, whereas platform 2 is
located at point 1. Accordingly, the net utility from
joining platform 1 for the consumer z with taste z €
[0,1]is U1(z) = V + (@ — g)NL — p1 — tz = ug — tz.

By locating the marginal consumer who is indif-
ferent between the two platforms and using the fact
that consumers are uniformly distributed on a unit
interval, the number of consumers who join platform
i (i=1,2) can be calculated as

Né(xir Pi/ Wi, X—iy P=i, W—i, Nb/ NBI) = N(1/2 + mio u_i)

2t
(10)
We substitute (9) into (10) to get

i
N¢ (i, pi, wi, x_i, p—i,w—)

_ (F(t=pi+p-i) = Mp(a—g)(gN +w; —w; - B(xi - x))))
2(Ft-gMpN(a~g)) '

(11)

Accordingly, platform sponsor i’s (i = 1,2) decision
problem is as follows:

2
i

max IT(x;, pi, wi; x—i, p—i, w—i) = (pi — ¢)NG + wiNp, — kx

Xi,Pi, Wi

(12)

Summary of Assumptions. In addition to the assump-
tions highlighted in Section 3.1, throughout this sec-
tion, we assume the following.

Assumption 10. Consumers single home, whereas content
providers potentially multihome.

Assumption 11. Platforms enter the market simultaneously
such that both platforms make their decisions without ob-
serving the competitor’s decisions.

Assumption 12. Consumer market is covered (see Section
A.2.4 in the online appendix for an extension where this
assumption is relaxed).

Under these assumptions, the resulting equilibrium
is symmetric, with both platforms setting the inte-
gration tool functionality level, price, and participa-
tion fee as specified in Lemma 2.

Lemma 2. In a symmetric duopoly with content providers
multihoming and consumers single homing, the platforms
choose the following integration tool functionality and price
levels:
. BMp(Na — 2fmin)
€7 2(4Fk - Mpp?)

_ gkMp(Na = 2fmin)  gMpN(a —g)

PC =" 4Rk — Mpp? T
e 2 Ng—a) | FR(Na — 2fnin)
¢ 2 4Fk — Mpp?

Next, we analyze the effect of market parameters
on the optimal decisions.

Proposition 2. Based on the equilibrium described in
Lemma 2, the following hold.

(i) Integration investment always increases and consumer
price p always decreases with o, consumer gross utility
fromadditional content. Content provider participation fee
w increases with a if and only if 4Fk > Mpp?* > 2Fk.

(ii) Integration investment and content provider par-
ticipation fee w increase, whereas consumer price p de-
creases with p, integration tool effectiveness.

(iii) Content provider participation fee w increases with g.

The integration investment chosen at equilibrium
in a symmetric duopoly is qualitatively similar to the
choice of a monopolist; it increases with consumer
gross utility from content a and integration tool ef-
fectiveness f. Again, similar to the monopolist’s strat-
egy, integration investment is not affected by con-
tent provider marginal profit g under the a(g) = a — ¢
formulation but may increase or decrease with g
under more complex formulations for a(g), such as
a(g) = a—bg or a(g) = a/g.® Finally, similar to the
monopoly case, expectations from the extant litera-
ture (Parker and Van Alstyne 2005, Armstrong 2006)
may not hold when consumer gross utility from con-
tent, a, increases. Specifically, the participation fee
w increases when consumer gross utility from con-
tent, a, increases as long as MDﬁ2 > 2Fk. This is again
because of the partial substitutability of integration
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investment and participation fee reduction. Table 2
summarizes these results.

The pricing decisions of a duopolist on the con-
sumer side, however, present some differences from
those of a monopolist. Mainly, competitive pressure
to attract the consumer side tends to create scenarios
in which any potential gain in the size of the pie is
competed away by reducing the consumer price.
For example, when consumer gross utility from addi-
tional content, a, increases, a monopolist may increase
the price, whereas a duopolist always reduces it.
To understand this, first note that, in response to an
increase in consumer utility from content, the mo-
nopolist tends to increase its integration investment
at a faster rate compared with the duopolist (because
the former has a higher surplus from integration in-
vestment compared with the latter). In other words,
when «a increases, competing platforms fail to ramp
up content provider participation as much as a mo-
nopolist would. Thus, they engage in a price war to
stay competitive in attracting consumers. The result
is a reduced consumer price. Note that this price war
result is partly because pf the nature of competition
portrayed in the Hotelling model. Because the market
size is fixed, platforms cannot expand the market
strategically and are more likely to engage in a price
war. As discussed in Section 5 and Section A.2.4 in
the online appendix, when the Hotelling model is
extended with the possibility of market expansion,
potential gains in the size of the pie are not always
competed away by reducing the consumer price,
though price war still remains a common outcome.

Another difference in pricing is the response to an
increase in integration tool effectiveness . As dis-
cussed in Corollary 1, in a monopolistic hardware/
software platform, developer participation fee may
decrease with 8, because under some market condi-
tions, it is better to increase consumer price instead.
For competing platforms, increasing consumer price
is rarely optimal as discussed above. Thus, developer
participation fee always increases and consumer
price always decreases with increasing . Finally,
numerical analysis shows that consumer price p can
increase or decrease with the content price, g, largely
depending on the size of the network effects a — ¢
versus g.

3.2.2. Asymmetric Duopoly. In this section, we extend
the analysis to asymmetric platforms. When plat-
forms are differentiated, we observe richer market
segmentation scenarios. However, the model quickly
becomes intractable; thus, we resort to numerical
analysis to gain insights. Figure 6 illustrates an ex-
ample with two platforms that have different costs for
providing integration tool functionality (k) and dif-
ferent standalone values (V). The disparity between
integration tool capabilities may stem from previous
experience in providing and managing these tools,
from having a better software development team, or
from having a more amenable platform architecture.
For example, one of the reasons Myspace failed to keep
up with Facebook was its arcane architecture that was
based on .NET, which contributed to its inability to
rely on third-party content providers for features or
other content. As David Siminoff of the dating website
JDate put it (Gillette 2011), “Using .NET is like Fred
Flintstone building a database. The flexibility is mini-
mal. It is hated by the developer community.”

Although Facebook reaped the benefits of opening
its platform to outside developers, Myspace ended up
doing everything itself as explained by Chris DeW-
olfe, cofounder of Myspace (Gillette 2011): “We tried
to create every feature in the world and said, ‘O.K., we
can do it, why should we let a third party do it?"”

Intuitively, the platform with higher integration
capabilities has an advantageous position in attract-
ing content providers with all else being equal. Sim-
ilarly, the platform with higher standalone value has
an advantage in attracting consumers. Suppose that
platform 1 has a higher integration capability but a
lower standalone value than platform 2. We analyze
which platform is the market leader under different
parameter settings. The horizontal axis in Figure 6
represents consumer utility from additional content
(@), whereas the vertical axis in Figure 6 represents
integration tool effectiveness in reducing content pro-
viders’ fixed costs (f).

In the absence of integration investment as an ad-
ditional lever, platform 1 would never gain a bigger
market share on both sides of the market. However,
Figure 6 illustrates that platform 1is the market leader
when consumer utility from content (a) and inte-
gration tool effectiveness (B) are very high. This is

Table 2. Comparative Statics for Competing Hardware/Software Platforms

Integration Content Consumer

investment provider fee price
Consumer gross utility from content, o T Torl !
Content provider profit margin, g — T Torl
Integration tool effectiveness, f8 T T l
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Figure 6. (Color online) An Example of Market Segmentation in a Duopoly with Multihoming Content Providers and Single-

homing Consumers
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Notes. k1 =28, kp =6, V1 =166, Vo =17, Mp =2, N =1, g = 05, fmin = 0.5, F =5, and ¢ = 0.05. In the left panel, f =1, and in the right

panel, t = 0.75.

because in markets with high «, content availability
becomes key. Because platform 1 can afford to pro-
vide more integration tool functionality, it has an
edge in such cases as long as integration investment
is effective enough. For moderate to high values of «
and f, we observe that platform 1 gets a bigger share
of the content provider market owing to its advantage
in providing integration tool functionality, whereas
platform 2 gets a bigger share of the consumer market
owing to its higher standalone value. Finally, for low
tomoderate values of @ and 8, platform 2 is the market
leader, because platform 1’s higher integration capa-
bility does not give it an edge in these market settings.

In the right panel of Figure 6, the degree of prod-
uct differentiation is lower compared with the base
case, implying more intense competition to attract
consumers—a situation that puts platform 1 at a dis-
advantage, because the standalone value that it offers
is lower than that of platform 2. Even though the pa-
rameter region in which platform 1 is the marketleader
does not change between the two panels, the region
where platform 1 wins only the content provider side
is significantly smaller in the right panel of Figure 6.
This is because if platform 1 has a hard time attract-
ing consumers, it will also have a hard time attracting
content providers. Indeed, platform 1 is able to secure a

bigger share of the content provider market only when
integration tool effectiveness is very high.

4. Hybrid Retail Platforms

In this section, we analyze the integration investment
strategy for retail platforms that bring buyers and
sellers together. We focus on hybrid retail platforms,
like Amazon, which hold their own inventory in ad-
dition to providing access to third-party sellers. This
modeling choice facilitates a more direct comparison
with hardware/software platforms, because similar to
hardware/software platforms, hybrid retail platforms
also offer (standalone) value to buyers even in the ab-
sence of third-party sellers. Hybrid retail platforms are
becoming more important in the retail economy as
evidenced by recent moves by Walmart to acquire
properties, such as Jet.com, to improve its online
market reach (Nassauer 2016, Wolfe 2018). Firms are
making significant investments in APIs to provide
“contextually intelligent real-time experience across
all the channels [that firms] sell through” (Columbus
2017). Zhu and Furr (2016) describe Amazon’s tran-
sition and how other firms are likely to follow suit with
their own hybrid business models. By directly focus-
ing on hybrid platforms, our study complements the
literature that delineates the differences between a pure
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retail platform (“marketplace”) and a reseller (Hagiu
and Wright 2013, 2014).

4.1. Monopolistic Hybrid Retail Platforms

The major difference between a hybrid retail platform’s
business model and a hardware/software platform’s
business model is that hybrid retail platforms typi-
cally do not charge a fee to buyers.” Thus, we adjust
buyers’ utility function as follows:

U(z) =V —tz+ (a - g)Np, (13)

where z is uniformly distributed over [0,1]. Note that,
in a hybrid retail platform, buyers gain a standalone
value from both the core platform and the presence
of additional sellers who affiliate with the platform.
The seller-side model is kept the same as in Section 3.1.
We normalize the variable cost per buyer to zero.
Accordingly, the platform provider’s optimization
problem becomes'”

max IT(w, x) = wNp — kx> (14)
w,x

To summarize, in addition to the assumptions high-
lighted in Section 3.1, throughout this section, we
assume the following.

Assumption 13. Buyers do not pay any fees to join the
platform.

Assumption 14. Platform provider’s variable cost per buyer
is normalized to zero.

Lemma 3 describes the optimum solution for this
problem.

Lemma 3. In a monopolistic hybrid retail platform, the plat-
form provider chooses the following integration tool function-
ality and seller participation fee:

X = ﬁMD(gN(V - vo) _fmint)
KM 4k(Ft — gMpN (@ — g)) — Mpp2t

= 2k(gN(V = 0,) — fmint) (Ft — gMpN (o — g))
KM Hdk(Ft — gMpN(a — g)) — Mpp2t)

Next, we analyze the effect of market parameters
on the optimal decisions.

Proposition 3. Based on the optimal solution described in
Lemma 3, the following hold.
(i) Integration investment and seller participation fees
increase in consumer gross utility from additional content, av.
(ii) Integration investment and seller participation fees
increase in integration tool effectiveness, 5.

Proposition 3 provides insights into the integration
investment strategy for hybrid retail platforms. We
find that, despite the different formulation, the in-
vestment strategy is similar to that for hardware/
software platforms. However, the pricing strategy for

monopolistic hybrid retail platforms is quite different
from that for hardware/software platforms, primar-
ily because the platform no longer engages in fwo-
sided pricing. In the absence of consumer price as a
strategiclever, a hybrid retail platform’s participation
fee choice is closer to traditional one-sided pricing
decisions; the seller participation fee tends to increase
whenever there is a change in market parameters that
could increase buyer or seller surplus (for example, an
increase in integration tool effectiveness 5 or consumer
gross utility from content «). That is because it is no
longer possible to reduce the participation fee and re-
coup the loss through an increase in consumer price,
such as was the case in the hardware/software model.'!

Another difference from the hardware/software
monopolist is the effect of content price g. Recall that,
in the base model with a(g) = a — g, content price does
not have an effect on the optimal integration invest-
ment. For a hybrid retail platform, however, integra-
tion investment may increase or decrease with content
price. In the absence of consumer price as an additional
lever, the two opposing direct effects of increasing g
(namely, higher marginal profit for sellers but lower
consumer net utility per content) do not cancel out.
Numerical analysis suggests that integration invest-
ment typically increases with g except for when a -
¢ > 0is small and g is relatively high. This is because
when a —g¢ is already small, higher content price
makes it very hard to attract the consumer side. Thus,
the size of the pie tends to shrink, which reduces
the return on integration investment and leads to
lower investment. Our numerical analysis also shows
that the seller participation fee may decrease with g
under these circumstances in contrast to the result
in hardware/software platforms. This is because the
adverse effect of higher ¢ on the buyer side as well as
the effect of lower integration investment on the seller
side may need to be compensated for by a lower
participation fee for the sellers.

To better understand the role of integration invest-
ment in the monopolistic hybrid retail platform setting,
we solved for the optimal seller fee in the absence of
integration investment and found it to be w(x =0) =

W. It is easy to show that, under market con-
ditions that guarantee a positive integration invest-
ment (xi,,>0), this fee is always smaller than wy,,.
Thus, not surprisingly, integration investment en-
ables the platform provider to set a higher price for
sellers. Additionally, one can see that, in the absence
of integration investment, the optimal seller fee is
not a function of a, which means that the platform
provider does not increase the seller fee when buyer
utility from content increases. In contrast, in the pres-
ence of integration investment, the platform is able to
increase the seller fee and still increase participation on
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both sides. Thus, integration investment makes it easier
to capture the increased buyer surplus.

4.2. Two-sided Integration Strategy

In the previous section, we focused on platforms’ in-
vestment into tools to improve seller-side integration,
but in a B2B setting, platforms also need to ensure
buyer-side integration. In this section, we are looking
at the optimal investment level for integration tools
directed toward the buyer side as well as the seller
side. Some examples of hybrid B2B platforms that will
be familiar to readers include CISCO, Salesforce.com,
and SAP. In each of these examples, the core platform
provides significant standalone value that is then ex-
tended by the presence of a content provider commu-
nity. The model is the same as the hybrid retail platform
model described above except that the consumer utility
and platform profit functions are adjusted as below:

Uz)=V+(a—g)Np+yy—tz
I1(w,x,y) = wNp — ka® — ky?,

where y is the integration tool functionality on the buyer
side and y is buyers’ benefit from integration invest-
ment. To provide a concrete example of increased
buyer utility from platform integration investment,
consider the rapidly growing market research firm
Lucid (https: //luc.id). The firm connects providers of
survey respondents with brand firms, such as Coca-
Cola and Ford, that wish to survey specific buyer
segments. By automating the marketplace through
the use of APIs, Lucid has dramatically lowered the
costtobuyers to participate in the market and procure
survey responses.

For simplicity, we assume that the platform incurs
the same unit cost k for integration on the buyer side
and the seller side. Accordingly, the platform’s op-
timization problem becomes

- 2 2
E&g;(n(w,x,y) = wNp — kx* — ky”.
Lemma 4 describes the optimum solution to this
problem.

Lemma 4. In a monopolistic retail platform, the platform
provider chooses the following participation fee for the sellers

and the integration tool functionality levels for sellers and
buyers:

Xor = MDtﬁ(gN(V_UO) _fmint)
KU 2 (Mpf? — 4Fk) + g2 MpN (y*N — 4kt) + 4agkMpNt
S gMDNy(gN(V_UO) _fmint)
YRT =2 (Mpf? — 4FK) + §?MpN (2N — 4kt) + 4agkMpNt
o = 2K(EE=gMpN(a=g))(gN(V ~05) ~ fmint)
KO H4k(Ft - gMpN(a —g)) - Mptp?) — $2MpN2y2

The effect of market parameters on the optimal so-
lution is qualitatively the same as the effects summarized
in Table 3. One new insight obtained from this model
is the complementarity relation of the two integration
investments as highlighted in Corollary 2.

Corollary 2. Integration investment toward the seller side
increases in the effectiveness of buyer-side integration tools
(y), and integration investment toward the buyer side in-
creases in the effectiveness of seller-side integration tools ().

Corollary 2 shows that integration investment on
one side of the market (seller or buyer) increases in
the marginal benefit of integration on the other side.
For example, when integration tool effectiveness for
sellers (B) increases, not only integration investment
on the seller side x} but also, integration investment
on the buyer side y3; increase. This cross-side effect
shows that there are spillover benefits of integration
investment from one side of the market to the other
side. This result shows just how important it is for
platforms in B2B settings to take a holistic view in
their integration investment strategy in order to fully
take full advantage of the spillover benefits from one
side of a two-sided market to the other.

Next, we analyze which side of the market (seller
or buyer) receives a higher integration investment
under different market conditions.

Proposition 4. Integration investment toward the seller side
is greater than the integration investment toward the buyer
side (i.e., Xgr = Ygy) if and only if p > gNy /t.

Proposition 4 shows that the platform should put
a bigger emphasis on integration of the seller side
if B/y > gN/t. In other words, for the seller side to

Table 3. Comparative Statics for a Monopolistic Retail Platform

Integration investment

Seller participation fee

Consumer gross utility from content,
Seller profit margin, g
Integration tool effectiveness,

7 T
Torl Torl
7 T
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receive a larger integration investment, the cost re-
duction benefit of seller-side integration () must be
large enough relative to the benefit of buyer-side
integration (y). Note that the condition f/y > gN/t
is more likely to hold if gN is small. That is, if sellers
have a small revenue basis, they are likely to get more
integration support than buyers in order to ensure
seller participation. Finally, a large mismatch cost ¢
makes the seller-side investment more favorable,
because the return on investment on the consumer
side is smaller under high t. To sum up, higher in-
tegration investment tends to be devoted to the side
with potential utility that is smaller (small gN) or
integration investment benefit that is higher (high f
versus high y).

4.3. Competing Hybrid Retail Platforms

In this section, we analyze competing hybrid retail
platforms. We modify the duopoly model in Section 3.2
to the hybrid retail platform environment by elimi-
nating consumer price and normalizing variable cost
per buyer to zero. All other assumptions remain the
same as stated in that section. Note that, as in the base
model, integration investment is directed only to the
seller side. Lemma 5 describes the optimal solution
for this problem.

Lemma 5. In a symmetric duopoly of hybrid retail plat-
forms, the platform providers choose the following integra-
tion tool functionality and seller participation fee levels:

Xpe =
BMp (N —2finin) (2Ft —gMpN(ar —g))
AFK(4Ft —3¢gMpN (a —g)) — 28*Mp (2Ft — gMpN(a - g))

Wre =
2FK(gN = 2fumin) (F£ —gMpN (o~ g))
2FK(4Ft—3¢gMpN(a—g)) + PAMp(§MpN(a —g) —2Ft) -

Next, we analyze the effect of market parameters
on the optimum decisions.

Proposition 5. Based on the equilibrium described in
Lemma 5, the following hold.

(i) Integration investment increases in consuimer gross
utility from additional content a.

(ii) Integration investment decreases in the degree of
platform differentiation t .

(iii) The seller participation fee decreases in buyers” gross
utility from content a if and only if Mpf?* > 2Fk.

(iv) The seller participation fee decreases in the degree
of platform differentiation t if and only if MpB? > 2Fk.

There are a few observations to make about in-
tegration investment decisions in a symmetric du-
opoly of hybrid retail platforms. Similar to monop-
olistic hybrid retail platforms, integration investment
always increases in the buyers’ gross utility from

content, . Numerical analysis suggests that inte-
gration investment increases with integration in-
vestment effectiveness, 5, and content price, g, as well.
We also see in Proposition 5(ii) that integration in-
vestment decreases with the degree of platform dif-
ferentiation, t. In other words, as the intensity of
competition between platforms weakens, platforms
choose to invest less in integration. Though not surpris-
ing on its own, we note that, for symmetric hardware/
software platforms, integration investment is not af-
fected by the intensity of competition, because that
effect is completely absorbed by the consumer price
decisions. For symmetric hybrid retail platforms, com-
petition intensity does affect the integration investment
and participation fee decisions, because there is no fee
for buyers that could absorb the effect of changing
competition intensity.

Proposition 5 also highlights some interesting ob-
servations on the optimal seller participation fee. As
the intensity of competition goes down (i.e., f in-
creases), one would expect the seller participation fee
(wge) to increase in the absence of a buyer fee to
absorb the effect. However, Lemma 5 shows that the
seller participation fee decreases if Mpp* > 2Fk. To
understand why this happens, note that integration
investment always goes down when the effect of
competition weakens. In an environment with high
integration effectiveness, f, a reduction in integration
investment could hurt seller participation signifi-
cantly. Thus, when Mpg? > 2Fk, competing platforms
reduce the seller participation fee instead of increas-
ing it in response to weakening competition intensity.
Lemma 5 also shows that, similar to hardware/software
platforms, the seller participation fee may decrease or
increase with the buyers’ gross utility from content («).
This is again owing to the partial substitutability of
reducing the participation fee and increasing inte-
gration investment.

5. Discussion and Limitations

It is well known in the product development literature
that investment in integration tools that reduce the costs
of third-party content providers and provide a more
seamless user experience decisively influences the suc-
cess of products in the market place (Iansiti 1998). In-
formation platforms (e.g., eBay, Google, Facebook,
Nintendo, Android, etc.) are no exception. Some in-
tegration tools, particularly APIs, have been used to
create thousands of applications: so much so that
more than half of the traffic to major platforms, like
Twitter and eBay, comes through APIs (Woods 2011),
and now, “API as a business strategy” has become
part of the platform vocabulary (Jacobson et al. 2011).
Platforms that fail to invest in such integration tools, such
as the majority of current electronic healthcare records
platforms, deter complementary content application
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development by third parties (Lim and Anderson
2016). However, integration investment will almost
certainly impact the success of IoT because of its
dependence on third-party content providers. Yet,
a formal analysis of investment in integration tools
by platforms remains, to the best of our knowledge,
absent in the literature.

The key insight from our study is that investment into
tools that facilitate content development not only is of
crucial importance but also, must be well coordinated
with pricing decisions to both sides of the market in
order to obtain the maximum benefit. Moreover, the
possibility for integration investment may create regimes
that depart from traditional results in the platform lit-
erature. For example, the standard result obtained from
strengthening the network benefit to one side of the
market is to increase the price charged by the platform to
that side and reduce the price charged to the opposite
side. However, our results suggest that, under many
market conditions, prices to both sides of the market
should optimally increase.

For example, with respect to hardware/software
platforms, when consumer utility from content goes
up, it may be optimal to increase the content provider
participation fee in addition to increasing the con-
sumer price. The reason underlying this and many
other nonstandard results is that investing in inte-
gration tools and reducing content provider partici-
pation fees are partially substitutable actions in terms
of attracting content providers. There is an important
distinction between the two levers, however. Inte-
gration investment is a fixed cost that does not in-
crease as more content providers join. In contrast,
reducing participation fees is akin to a variable cost,
because the burden increases with the number of
content providers joining the platform. Thus, the de-
cision to increase integration investment and the de-
cision to reduce content provider participation fees
are not entirely comparable. Guidance around how
to trade these decisions off is critical to both senior
managers who must make the decisions and investors
who must evaluate these decisions.

Our study also highlights the role of integration
investment under competition. Specifically, we illus-
trate that a platform that offers a lower standalone
value to consumers than its competitor may become
the market leader if it better facilitates third-party con-
tent development. This happens in a market in which
integration investment is very effective in reducing
content provider fixed costs, consumers highly value
content availability, and the content provider profit
margin is high enough. As discussed in Section 3.2.2,
better integration investment indeed played a role in
Facebook’s victory over Myspace, because the latter
had an arcane site architecture “hated by the de-
veloper community” (Gillette 2011).

To summarize, our results suggest that higher
levels of integration investment in hardware/software
platforms become optimal if the platform has access to
a large pool of potential content providers and con-
sumers, is able to develop integration tools that are
highly effective in reducing third-party development
costs, and operates in a market where content pro-
viders earn a high-enough profit margin while creat-
ing content that is highly valued by the consumer
market. Furthermore, the possibility of integration in-
vestment may push markets into different outcomes
from those that have been observed under the stan-
dard results in the platform literature.

In addition to hardware/software platforms, we
also examined the role of integration in hybrid retail
platforms. In many ways, the two behave similarly,
but there are some important differences in pricing,
because hybrid retail platforms use a one-sided pric-
ing strategy. An interesting result in our study is with
respect to B2B platforms (e.g., CISCO, Salesforce.com,
and SAP) that can invest in integration tools to facilitate
both seller and buyer participation. Integration in-
vestment on one side of the market (seller or buyer)
increases in the effectiveness of integration for the
other side. For example, when integration tool ef-
fectiveness for sellers increases, not only integration
investment on the seller side but also, integration
investment on the buyer side increase. Hence, there
are spillover benefits of integration investment from
one side of the market to the other side. In other
words, integration investment directed to buyers and
integration investment directed to sellers are com-
plements, not substitutes as one might expect.

There are a number of limitations to our study. In
our model of multihoming content providers, we
make a simplifying assumption that content providers
do not experience decreasing fixed costs when trans-
planting content to a different platform. Although this
simplification is done for mathematical convenience,
spreading fixed costs across both platforms does not
qualitatively change our results. When platforms are
symmetric, a content provider that develops for one
platform also develops for the other. Thus, if content
providers experience decreasing fixed costs when they
multihome, in effect their overall fixed costs are reduced.
This reduction would change the optimum levels of the
decision variables, but it does not change the structure
of the optimum strategy for integration investment.

Throughout the analysis, we assume that all con-
sumers gain the same utility (o —g) per additional
unit of content. To check the robustness of our anal-
ysis with respect to this assumption, we extended the
model such that there are two types of consumers:
high-type customers who derive more utility from
content and low-type customers who derive less.
As analyzed in Section A.2.5 in the online appendix,
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all of the results from the original model still hold
qualitatively under this extension. Thus, our results
seem to be robust with respect to the assumption of
homogenous utility from content. We also assume
that consumers purchase every unit of content de-
veloped for the platform, though this assumption can
easily be relaxed by assuming that each consumer on
average buys a certain fraction of the available con-
tent. A potential avenue of future work would be
extending the model to incorporate consumer pref-
erences over heterogeneous content.

In our analysis of competing platforms, we use the
Hotelling model, which is frequently used in the
two-sided markets literature (Parker and Van Alstyne
2000a; Armstrong 2002, 2006; Rochet and Tirole 2003;
Anderson and Coate 2005; Kaiser and Wright 2006;
Armstrong and Wright 2007; Anderson et al. 2014).
The Hotelling model in its basic form divides a fixed
market size between two firms. Because the market
size is fixed, platforms cannot expand the market
strategically by lowering prices or increasing in-
vestment. As a result, pricing or investment decisions
only matter in terms of the price or investment dif-
ferential between the platforms rather than the actual
magnitude of the decisions. This inherent limitation
makes it difficult to fully account for strategies that
might expand or fail to attract the total market. To
examine the robustness of our results with respect to
this fixed market size assumption, we performed a
numerical analysis using a modified version of the
Hotelling model that includes “hinterlands” for each
platform (Armstrong and Wright 2009). That is, each
platform has a local monopoly over a segment of the
population. Under this model specification, potential
market size is not fixed, because platforms can stra-
tegically expand through their hinterlands. Our anal-
ysis, summarized in Section A.2.4 in the online ap-
pendix, shows that adding hinterlands ends up further
coupling the decision variables. As a result, some of
the findings in the base model, such as integration in-
vestment level being independent from content price,
no longer hold. However, the key model results on
integration investment strategy are generally robust to
this specification. Consumer price decisions present the
biggest differences. Specifically, under the fixed market
size assumption, consumer price always decreases in
integration tool effectiveness (8) and consumer gross
utility from content («), whereas under the modified
version, consumer price may increase in these param-
eters if the size of the hinterlands is large enough. In
other words, having the local monopoly over the hin-
terlands softens the intensity of competition between
the platforms such that they can appropriate some of
the increasing consumer surplus by increasing prices.

Another limitation of our model is that the quality
of content as well as content price are the same across

content providers, and thus, consumers gain the same
utility from each additional content regardless of its
provider. To see if our results are robust, we extended
the base model to include heterogeneity in content
quality and price. We modeled two types of content
providers: high-type providers that create content
with higher quality and low-type providers that de-
velop content with lower quality. We numerically
verified that our main results still hold under this
extension. We also found that, in general, integration
investment increases with the fraction of high-type
content in the market. This is primarily because of
network externalities; when the average quality of
content is higher, the platform is more attractive to
consumers, resulting in a bigger surplus from inte-
gration investment.

In our analysis of retail platforms, we focus on
hybrid retail platforms, like Amazon, which hold
their own inventory in addition to providing access
to third-party sellers. This modeling choice facili-
tates better comparison with hardware/software plat-
forms, because similar to hardware/software platforms,
hybrid retail platforms also offer value to buyers even
in the absence of third-party sellers. However, as a
result of this choice, the results from our analysis do
not directly apply to pure retail platforms (market-
places), such as eBay, which have no value to consumers
without independent sellers. Similarly, our analysis
setting does not apply to retailers, such as Best Buy,
that take ownership of their inventory and then, sell it
directly to consumers. This is because in the Best Buy
case, there is only core value and no ecosystem value.

Finally, our model covers only a single period. Future
work might analyze the interplay between integration
investment and pricing in a dynamic framework. For
example, an initial investment in integration may en-
able the platforms to charge higher prices in mul-
tiple periods, which would create a stronger case for
investing in integration to facilitate third-party content
provider participation.

6. Conclusion

To conclude, we have developed models of hardware/
software and hybrid retail platforms to explore the
key tradeoffs behind investment in integration tools
and how that investment interacts with pricing de-
cisions in a two-sided market. Our results provide
guidance to firms on how to better internalize the
network effects inherent in two-sided markets and
make integration investment decisions that are well
coordinated with content provider and consumer
pricing decisions.
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Endnotes

"Most results remain qualitatively the same when a(g) = a/g. Ex-
ceptions are discussed in Section 3.1.

2Results are similar if the platform is located in the middle of the
interval instead.

¥ Note that the base model can easily be extended to a setting where
there are two types of content providers with contents that are sold at
different price points, gy and g; . Such an extension would not change
the qualitative results.

*In many industries, content providers pay a royalty per each trans-
action instead of or in addition to a participation fee. Numerical anal-
ysis summarized in Section A.2.3 in the online appendix confirms that
our major results still hold qualitatively for a model with royalties.

¥ We assume that all content providers obtain the same cost reduction
benefit from integration tool functionality, even though in practice,
some content providers may benefit more from integration tool
functionality compared with others. It is straightforward to extend
the current model to a setting where there are two types of content
providers such that high types benefit more from integration invest-
ment (i.e., high ) compared with low types (i.e., low f). As shown in
Section A.2.1 in the online appendix, such an extension would not
change the qualitative results. We also assume that the cost reduc-
tion benefit is a linear function of integration tool quality (x). A
specification with diminishing returns to the integration benefit (8v/x)
coupled with a linear cost of integration (kx) gives qualitatively simi-
lar results based on numerical analysis as shown in Section A.2.2.

8 Unless otherwise stated, we use the words increasing and decreas-
ing to refer to weakly increasing and decreasing functions, respectively,
throughout the paper.

"The proofs for the a(g) = a —bg and a(g) = a/g formulations are
available from the corresponding author on request.

8The proofs for the a(g) = a —bg and a(g) = a/g formulations are
available from the corresponding author on request.

‘We acknowledge that some pure retailers, such as Sam’s Club and
Costco, do levy an annual consumer charge, but those are typically
pure retailers that are making buyer-side fixed versus variable pricing
decisions.

""For many retail platforms, sellers pay a transaction fee instead of or
in addition to a participation fee. The optimal integration investment
remains the same if we switched to a transaction fee framework, and
our major results still hold qualitatively as shown in Section A.2.3 in
the online appendix.

"nterestingly, our numerical analysis summarized in Section A.2.3
in the online appendix shows that, when sellers pay a transaction fee
instead of a participation fee, the optimal seller fee may go down with
buyers’ gross utility from content. This is because even though the
platform charges only the seller side, the total revenue is a function of
buyer participation, because the transaction fee is collected per each
transaction between sellers and buyers. As a result, just like in the
hardware/software model, it may be optimal to reduce the seller
participation fee when buyers’ utility from content increases.
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