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1. INTRODUCTION

Platform technologies and their ecosystems of external developers have gained central role in

today�s information economy. Hardware platforms like video game consoles, mobile systems,

personal computers, software platforms like SAP, or else digital platforms, are just a few

examples. Besides o¤ering core products or services and investing in their features and

performance, platform providers need to attract developers and end users (Armstrong 2006;

Parker and Van Alstyne 2005; Rochet and Tirole 2003) but also nurture an innovative

ecosystem (Cusumano 2010). Platforms that o¤ers superior quality or better consumption

experiences can be successful even when starting with a smaller user base (Shankar and

Bayus 2003; Zhu and Iansiti 2012). For example, Apple�s mobile iOS platform accounts for

less than 15% of the mobile market, yet the quality and value generated from app sales makes

the Apple iOS platform more valuable and pro�table than Android OS, that accounts for

almost 80% of the mobile market. Encouraging independent developers to exert innovative

e¤orts, and thus having better complementary products, can also stimulate the users to join

the platform and to transact more with the developers, leading ultimately to greater platform

value. Google News, the content aggregator, is valuable to users only to the extent that the

content generated by developers is relevant to them, as even Google�s chair acknowledges.

On Groupon, the digital platform that matches local merchants with local buyers, the limited

usage of the platform by most buyers has been largely attributed to the poor quality of the

deals. The videogame industry, in the early 1980s, crashed following low investments and

the in�ux of low quality games; to the opposite, in the 1990s Sony�s Playstation dominated

the console market thanks also to the large number of high quality games.
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Because the value of modern platforms depends critically on the quantity and quality

of complementary products, it is crucial to understand the incentives to innovate of inde-

pendent developers and the role of the platform strategy. In this paper, we set up a formal

model that sheds light on the co-creation of platform value when both the developers and the

platform provider "shape the rules of trade and reward sharing on the platform" (Alstyne,

Parker, Choudary 2016). We focus on platforms markets with an open governance, whereby

the developers maintain full autonomy to make investment and pricing choices about their

complementary products. For the purpose of the discussion, we contextualize the model to

the case of hardware platforms such as video game consoles. This is a good example because

the gamers�need for high quality products seems to be stronger than in other platform mar-

kets, and our theoretical �ndings match well with the pricing strategy commonly observed

in video games.

To illustrate, the developers supply complementary products (games), which can only

be used by the end users (gamers) in combination with the core hardware (console). The

independent developers decide autonomously how much to invest in the development of their

games, as well as the price charged to the gamers. The ecosystem of developers is formed

before the console is launched in the market; then, to join the platform the gamers purchase

the console and pay the price to the provider, and also decide which game to buy. The

platform provider also receives royalties from the developers that sell their games on the

platform market. Gamers are more willing to purchase a console with a larger library of

games and especially if more high-quality games are available (Binken and Stremersch 2009;

Cennamo and Santaló 2013; Kim et al. 2014).

Platforms like this have been investigated from di¤erent perspectives. The information
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system literature emphasizes a modular design, whereby the platform guarantees interop-

erability via standardized interfaces while exercising minimal control over the developers;

modularity allows to augment the core functionality and lets autonomous parties to special-

ize (Gawer 2014; Tiwana et al. 2010), creating more value for end users than integrated,

�rm-centric systems (Adomavicious et al. 2007; Boudreau 2010; Gawer 2014; Xu et al.

2010). This literature is not primary concerned with the role of platform strategies to en-

courage desiderable behaviors by independent developers. The economics literature instead

emphasizes the virtuous cycle fueled by indirect network e¤ects that link developers and

users, stressing the importance of volume (and variety) of complementary products (Arm-

strong 2006; Clements and Ohashi 2005; Corts and Lederman 2009; Evans 2003; Parker and

Van Alstyne 2005; Rochet and Tirole 2003; Shankar and Bayus 2003). By looking at the

relationship between the platform provider and the two sides of the market primarily as a

seller-buyer relationship, traditional models focus on fees for joining and transacting within

the platform in relation to adoption decisions. Little work takes the perspective of developers

beyond the decision to join a platform, to address the decisions about their complementary

products (but see Huang et al. 2013; Claussen et al. 2015).

Following standard reasoning, by granting access to the developers, platform providers

can open up a market for complementary innovations around the core product, attracting

then more end users. Yet, as revealed by our examples above, just solving the problem of

attracting the two sides to create a platform system might not be su¢ cient to create value.

In addition to the much emphasized quantity aspect, many platforms need to nurture and

innovative ecosystem to guarantee the quality of complementary products and stimulate high

usage from the end users (Binken and Stremersch 2009; Claussen et al. 2015). Moreover,
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a strategy that targets only quantity could also hasten competition among developers, with

ambiguous e¤ects on quality (e.g., Boudreau 2012; Cennamo and Santaló 2013) and ulti-

mately on platform value. Platforms in di¤erent contexts adopt alternative strategies to

control quality.

Sometimes platform providers rely on certi�cations of quality; for example, SAP�s inte-

gration and certi�cation centers conduct extensive testing of the products of independent

software vendors before endorsing the interoperability with the SAP platform. To the oppo-

site, Google�s Android remains open and lets developers innovate without approval, or else,

like in the example of Google Play store or Apple�s App store, platforms exclude only the

low-quality applications. Thus, in many contexts it may be too costly or even impossible

to control or to contract ex ante for innovative e¤orts and product quality. Thus, when

maintaining an open platform governance, quality is chosen autonomously by developers

that have their own, unique objectives when being active on a given platform market. To

encourage then desiderable behaviors by autonomous developers, platform providers leverage

both the platform architecture and interface (Anderson, Parker and Tan 2013) and the set

of rules, or governance, to establish protocols, rights, but also the pricing terms that govern

transactions (Tiwana et al. 2010; Alstyne, Parker, Choudary 2016).

For example, platform modularization calls for minimum control over modules, whereas

with an integrated system the platform maintains a strict control over the ecosystem aspects.

Research has focused on the bene�ts of a modular architecture with minimal control, i.e.,

open architecture and open governance for boosting variety of platform extensions and self-

evolvability. But these aspects are still much under-theorized, and have been identi�ed as an

important area for information system research where we hold yet limited knowledge (Tiwana
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et al. 2010). Also, although a modular platform architecture may accelerate complementary

innovation, it does not reduce interdependence with developers, who remain key for creating

more value, nor guarantee the proper level of investment in the extensions (Baldwin and

Clark 2006; Tiwana 2015). Overall, we still lack a proper understanding of the incentives of

external developers within a platform market with an open governance; how their choices

relate to the strategy chosen by the platform to attract the two sides of the market; and

how this interaction a¤ects the co-creation of platform value (e.g., Anderson et al. 2014;

Boudreau 2010; Cennamo and Santaló, 2013; Ceccagnoli et al. 2012; Claussen et al. 2015;

Huang et al. 2014; Wareham et al. 2014).

To shed light on these aspects, we build on existing formal analyses of platforms to o¤er

a broader picture of developers�incentives beyond the decision to join the platform. Also,

we account for the role of quantity and quality of complementary products to explain users�

decision to join a platform. We then o¤er a formal model that clari�es the importance of the

two indirect network e¤ects for the functioning of a platform market (Clements and Ohashi

2005; Corts and Lederman 2009; Evans 2003; Kim et al. 2014; Shankar and Bayus 2003). In

a platform market with an open governance, managing the platform ecosystem to induce the

supply of better complementary products and stimulate greater usage is equally, if not more,

important than solving the problem of having more complementary products and attract

the two sides of the market.

To illustrate the main ingredients and �ndings, consider our leading example. Gamers are

more willing to buy the console in the presence of a larger ecosystem of developers/games,

which is the standard quantity e¤ect. But gamers are also more willing to buy the console

if games of greater quality are available, especially if they sell at lower prices; this is the
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quality e¤ect. Starting with a demand for the hardware platform and for the complementary

products that accounts for these two indirect network e¤ects, our analysis emphasizes the

strategic relationship between a platform provider and the independent developers. Devel-

opers choose the quality and prices of games in full autonomy, and their choices are driven

by the competition for gamers. The platform provider sets the price of the console charged

to the gamers as well as the royalties charged to the developers when they sell their games

within the platform. The provider and the developers make (pro�t maximizing) choices

that determine the demand for the console and for the available games, and ultimately the

platform value. A key aspect of the analysis is the relative importance that gamers attribute

to quantity and quality of games, and how these two e¤ects drive the platform provider�s

and the developers�strategies. With this example in mind, we make the following steps for

studying a platform market with an open governance.

First, we determine the developers�pro�t maximizing choices that correspond to a given

pricing strategy chosen by the platform provider. This analysis allows to identifying two

scenarios. In contexts in which end users consider the quality of products relatively more

important than the quantity, a larger ecosystem of developers is associated with greater

quality products that are sold to the end users at lower prices. Therefore, quality and prices of

complementary products are negatively correlated along the quantity dimension. If instead the

quantity of products is relatively more important, price and quality of products are greater

in larger ecosystems; in this case, quality and prices of complementary products are positively

correlated along the quantity dimension. Thus, when competing in the platform market, if

users are mainly attracted by quality (quantity) of products available on the platform, the

developers have greater (smaller) incentives to invest in quality, and they supply cheaper and
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greater (lower) quality products. These �ndings speak to the above mentioned ambiguous

relationship between quantity and quality due to the hastened competition for users in larger

ecosystem (e.g., Boudreau 2012; Cennamo and Santaló 2013).

Second, we investigate the (pro�t maximizing) platform strategy. To do so, we study

the price of the core product (charged to the users) and of the royalties (charged to the

developers) set in anticipation of the developers� investment and pricing decisions. Like

previous studies, our model suggests that the end users are subsidized, i.e., they purchase

the hardware at a price below the marginal cost of production; in addition, the model reveals

that when the users value the quality of the complementary products more than quantity,

the platform provider lowers the price of the hardware. This move is needed to increase the

users�demand given that they are less attracted by the size of the ecosystem per se. Having

stimulated the users�demand, and hence the number of potential transactions within the

platform, the provider also increases the royalties charged to the developers to cover the

losses. This pricing prescription is fully in line with what we observe in videogames, where

the consoles tend to be priced below cost (see Eisenmann et al. 2016); thus, although

the users strongly demand quality, they are subsidized, whereas the developers that supply

games by making large investments in quality, are taxed with a royalty. Our model then

suggests that as quality e¤ects become relatively more important than quantity e¤ects, the

platform provider shifts the relative burden of price from the end users to the developers.

The model also reveals that, although the value jointly co-created by the platform

provider and the independent developers increases with the size of the platform ecosys-

tem, it is the platform provider that captures the lion�s share of such value; and whereas

the platform�s pro�ts increase, the developers�pro�ts decrease due to greater competition in
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the platform market. On the other hand, the platform value decreases when the users value

more the quality rather than the quantity of complementary products.

The remainder of the paper is organized as follows. Section 2 reviews the theoretical

and empirical literature most closely related to our framework. In Section 3, we introduce

the model of a platform market with open governance, explaining the role of the indirect

network e¤ects for the users�demand and how they a¤ects the decisions of the platform

provider and of the independent developers. In Section 4 we solve the model and obtain

our main theoretical implications, explaining the economic intuition behind. In Section 5,

we discuss the main limitations and comment on a few possible extensions, and Section 6

concludes.

LITERATURE REVIEW

Platform ecosystems coalesce when multiple players in distinct segments of an industry value

chain respond to a core innovation (the platform) by developing complementary products

(extensions, applications, content, etc.) that augment the platform�s functionality to users

(Adomavicious et al. 2007; Gawer 2014; Tiwana et al. 2010). Because of the interdepen-

dencies among the platform, its components and interfaces, and the extensions, scholars do

not just consider the core technology of a platform per se, but its entire ecosystem, or �the

network of innovation [that produces] complements that make a platform more valuable�

(Ceccagnoli et al. 2012: 263). A modular design can boost innovation at the �periph-

ery� of the platform and augments its core functionality by allowing independent parties to

specialize on the innovation of complements, with the platform exercising minimal control

while guaranteeing interoperability via standardized interfaces (Gawer 2014; Tiwana et al.
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2010). By harnessing heterogeneous knowledge and capabilities that reside outside a single

�rm, helping to extend the functionality of the platform and generate better solutions, plat-

form ecosystems can create more value for �nal users than integrated, �rm-centric systems

(Adomavicious et al. 2007; Boudreau 2010; Gawer 2014; Xu et al. 2010).

Indeed, when users decide whether or not to adopt a platform, they evaluate both the

platform and its complements (Anderson et al. 2014; Xu et al. 2010). This aspect has been

emphasized by the economics literature, that refers to platform ecosystems as peculiar (�two-

sided�) markets in which the platform matches �nal users with developers, and each member

a¢ liates with the platform to transact with the other side (Armstrong 2006; Caillaud and

Jullien 2003; Clements and Ohashi 2005; Rochet and Tirole 2006). Thus, in addition to

the so-called direct network e¤ects in communication markets (e.g., Economides 1996; Katz

and Shapiro 1986), two-sided platform markets are in�uenced by indirect network e¤ects

(Armstrong 2006; Evans 2003; Rochet and Tirole 2003, 2006) that arise between the two

sides of the market. These indirect e¤ects are crucial determinants of a platform�s strategy

(Clements and Ohashi 2005; Corts and Lederman 2009; Evans 2003; Shankar and Bayus

2003). Formal models suggest optimal pricing strategies in relation to the chicken-and-egg

problem of attracting members on the two sides (Caillaud and Jullien 2003), and defend the

use of freemium strategies to increase the size of the network (Eisenmann et al. 2006; Parker

and Van Alstyne 2005).

A typical approach in the economics literature is to start with a utility (or demand)

function for the members on the two sides that accounts for (indirect) network e¤ects, then

derive the number of members (that play the simultaneous coordination game or arrive in

a de�ned order) as a function of the (membership and usage) fees charged by the platform,

9



and �nally compute optimal fees (e.g., Armstrong 2006; Caillaud and Jullien 2003; Hagiu

2006; Rochet and Tirole 2003, 2006). This approach o¤ers deep insights about the role of

indirect network e¤ects, and provides a fair description of two-sided markets such as payment

systems (e.g., credit cards, Paypal), matching platforms (e.g., Match.com; InnoCentive), or

pure marketplaces (e.g., eBay.com), where the number and the variety of the transactions

that members can realize represent the main sources of platform value. But in platform

markets such as videogame or smartphone systems, or in software and digital platforms, the

quality of the complementary products is equally or even more important than the quantity.

In such cases, the information system literature highlights the importance of design of

the platform architecture and the governance of the platform ecosystem (Tiwana et al. 2010;

Wareham et al. 2014). The platform provider typically has no direct control over the ecosys-

tem�s output; nevertheless, it makes choices about the attributes and the performance of the

core technology, the interface and programming tools that would a¤ect the complementary

innovation by developers (Anderson et al. 2014; Gawer 2014). Also, it can set the licensing

policy to select who participate in the ecosystem and induce investment in greater quality.

Because complements are critical assets developed (and owned) by external, independent

developers, platform providers must design the architecture and the set of rules to enhance

developers�participation and innovation (Anderson et al. 2014, 2016; Boudreau 2010; Cen-

namo and Santaló 2013; Gawer 2014; Tiwana 2015). To this end, they typically build

system interfaces that structure their ecosystems as marketplaces (Boudreau and Lakhani

2009), setting standard selection policies for ecosystem participation while letting developers

free to decide which complementary extensions to develop, their price and quality. As ad-

ditional developers join the ecosystem, competitive pressure emerges, greater variation and
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experimentation would occur that should make the market self-regulating with developers

di¤erentiating their extensions and users selecting the most valuable one, and guarantee

ecosystem growth and evolvability. However, these areas have been underresearched so far

(Tiwana et al. 2010), with little work exploring platform provider-developers relationships

or intra-platform competition among developers (but see Huang et al. 2014; Tiwana 2015).

We know little about whether and how these e¤ects apply, particularly in contexts where

the quality of the complementary extensions is crucial for a platform to o¤er value to end

users.

Recently the literature has started investigating the relationship between the platform

provider�s decisions about platform features and performance and the developers�nonprice

decisions (e.g., Anderson, Parker, Tan 2014; Zhu and Iansiti 2012). For instance, how plat-

form quality in�uences platform adoption and ecosystem growth (Xu et al., 2010; Zhu & Ian-

siti, 2012), and when enhanced levels of platform performance can actually hinder innovation

e¤orts on the complements�side (Anderson et al. 2014; Claussen et al., 2015), undermining

the overall quality of the platform system. A few empirical studies have also considered the

trade-o¤between hardware attributes and availability of complementary products (Claussen

et al. 2015; Gretz 2010; Nair et al. 2004). Other studies have examined more directly de-

velopers�decision to join the ecosystem and their level of contribution as function of the

control/selection mechanisms and incentives set by the platform provider. Boudreau (2010)

studies how di¤erent levels of access to the platform ecosystem granted to independent de-

velopers (i.e., the degree of openness of the platform market for complementary components)

a¤ect its rate of innovation; he found that, for handheld computing system over the period

1990-2004, licensing approaches granting greater participation into the ecosystem boosted
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the rate of complementarity components�innovation.

Tiwana (2015) examines 342 platform extensions in Mozilla�s Firefox browser ecosystem,

and shows that competition among these extensions over a platform�s end users leads to

re�ned versions to better meet users�needs; yet, input control by the platform provider,

which is de�ned as the degree to which a platform provider adjudicates allowing revisions of

an extension into the ecosystem (2015: 269), is needed to guarantee greater complementarity

with the extension modularization, and enhance an extension�s market performance. Ware-

ham et al (2014) highlight the paradox of change that lies in the trade-o¤ between allowing

freer entry into the ecosystem and letting developers free to innovate to boost content vari-

ety and ecosystem evolvability, and exercising control over the ecosystem to avoid potential

fragmentation. Other studies have also highlighted how the level of competition within the

ecosystem and value capture concerns can limit the level of participation by developers and

complement variety (Ceccagnoli et al., 2012; Gawer & Henderson, 2007; Huang et al. 2014).

However, relatively little analysis exists on content quality. Binken and Stremersch (2009)

show that a technological platform is more valuable, and thus attractive to users, when there

are high-quality complements (compatible applications). Platforms in which developers face

intense competition can experience a decrease in the quality and rate of innovation of com-

plements (Boudreau 2012). Similarly, Cennamo and Santaló (2013) provide evidence that

enhancing competition among developers while also tying them in exclusivity deals to the

platform, actually can undermine the quality of the complements, and thus platform mar-

ket performance. However, it remains unclear when greater access to platform ecosystem

and thus greater levels of within-platform competition a¤ect positively or negatively plat-

form value, and how value capture tensions between the platform provider and developers
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ultimately a¤ect developers�incentives for greater quality investments.

Here, we investigate how a platform provider�s pricing decisions regulating access (mem-

bership) and trade (usage) in a open governance regime a¤ects developers�incentives, specif-

ically, the average quality level of the complements they supply. Our paper complements

this stream of research focusing on the developers� choices about quality of content. By

emphasizing the role of both content quality and content variety, we can derive a formal

model that highlights the links between the platform provider�s and the developers�strate-

gic choices a¤ecting platform value. Our analysis helps clarify when and why an increased

level of (within-platform) competition a¤ects content quality, negatively or positively. This

is an important aspect also for obtaining good empirical measures of the indirect network

e¤ects (Kim et al. 2014).

3. MODEL SET UP

In this section, we build a formal model of platform markets with an open governance, i.e.,

platforms with an ecosystem of developers that compete for the end users by making decisions

in full autonomy. As we said, the model targets hardware platforms such as videogame, but

it could also be extended to other settings. Here we are not concerned with the much studied

problem of attracting both sides of the market (simultaneously or sequentially). Instead, we

want to emphasize the problem of nurturing an innovative ecosystem and of increasing the

volume of trade. So, as a �rst step, we consider as a given the number of developers already

active on the platform market, before the end users arrive. In line with previous works on

two-sided markets, the end users are more willing to join a platform with a larger ecosystem

of developers, such that the demand for the core product increases with the number of
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developers/complementary products. Adding to the standard quantity e¤ect, the users are

also more willing to join the platform if complementary products of greater quality are

available (especially if they sell at lower prices). Thus, the demand of the core product

increases (decreases) with the average quality (price) of the complementary products.

Our formal model allows to study how the two indirect network e¤ects due to quality

and quantity shape the platform strategy (that aims to attract and sell the core product to

more users, and to stimulate them to transact more) and the strategy of the independent

developers (who compete to attract and sell their complementary products to the end users).

The model is centered around the strategic interaction between the platform provider and

the developers, examining how the platform strategy a¤ects the strategy of the autonomous

developers.

Main variables

The platform provider produces the core hardware at a constant marginal cost C > 0. In

line with previous literature (e.g., Anderson et al. 2014), in our model the platform provider

sets the price P that the users pay to purchase the hardware, and the royalty R that the

developers pay when selling their products through the platform. Following Rochet and

Tirole (2006), we refer to (P;R) as the platform�s price structure.3 The platform ecosystem

is made of a large number m of developers, each o¤ering one complementary product and all

competing for the end users that join the platform. Developer i = 1; : : : ;m supplies a product

of quality qi � 0 and sells it at a price pi � 0, incurring a cost of development, that is assumed

3 Rochet and Tirole (2006) distinguish between membership (ex ante) and usage (ex post) fees and note
that in two-sided markets, the volume of transactions between members on the two sides depends on the
structure not only just the overall level of fees charged by the platform.
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to be quadratic and equal to c
2
(qi)

2, c > 0, but no marginal cost.4 Let p = (p1; : : : ; pm)

and q = (q1; : : : ; qm) be the vectors of prices and qualities of the complementary products.

The platform is then fully described by (P;R; p; q), and all these variables are endogenously

determined by referring to the parties�pro�t maximizing decisions. With an open platform

governance, the investment and the pricing decisions about the complementary products are

fully under the developers�control, and are driven by the competition for the end users.

Demands and pro�ts

On the users� side, we distinguish between demand for the core hardware and demand

for the complementary products. The hardware demand is determined by the function

D(P;Q; p; q;m), whereD is decreasing with the price of the hardware P and the technological

attributes or functionalities of the platform Q; to account for the standard indirect network

e¤ects due to quantity, more users purchase the hardware if there are more developers, such

that D increases with m; and �nally, D is greater if the developers supply cheaper and

better applications, such that D decreases with pi and increases with qi, i = 1; : : : ;m, which

captures the quality e¤ect. As for the demand for each application that corresponds to the

total number of users that join the platform, developer i�s market share is a fraction si(p; q)

of D, where si is increasing (decreasing) with qi (pi) and increasing (decreasing) with the

price pj (quality qj) of rival developers, j 6= i. The functions D and si, i = 1; :::;m, are

well-behaved and admit �rst, second, and cross-order derivatives.

The pro�ts of the platform provider, �, correspond to the sum of the revenues from

selling the hardware to the users and of the royalties collected from the developers, less the

4 A �xed cost of production and a zero marginal cost of replication is a typical cost structure for infor-
mation goods.
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cost of production, which we write as

� = (P � C)D(P; p; q;m) +
Xm

i=1
Rsi(p; q)D(P; p; q;m) (1)

= [P � C +R]D(P; p; q;m).

Developer i�s pro�ts, �i, are instead given by the revenues from selling its product, net of

the royalties paid and the cost of development, which we write as

�i = (pi �R)si(p; q)D(P; p; q;m)�
c

2
(qi)

2. (2)

The developers�choices of the price and quality, (p; q), is set in response to the price structure

(P;R), and result from the competition for users in the platform market. The provider�s

problem then reduces to choosing the price structure taking the developers�incentives and

the users� purchasing behavior into account. To reveal the intuitions behind the formal

results of this analysis, we seek to provide closed-form solutions. To this scope, we use

speci�ed functional forms for the demand D and the shares si, i = 1; :::;m, and also make

symmetry assumptions in the model.

First, to capture the developers�competition for users, we refer to the users�attraction

for product i as a function that decreases with the price pi and increases with the quality

qi of the application, while imposing three properties. First, no user purchases a product i

that is not attractive at all, such that the developer i sells no products if its attraction is

zero. Second, to maintain symmetry in the model, we ensure that developers i and j that

sell equally attractive products end up having the same market share. Third, we require

that the equally attractive products i and j are a¤ected in the same way by changes in

the attraction of a third product k. As proved by Bell, Keeney, and Little (1975), these

three properties imply that the market share of each developer is a linear normalization of
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attraction. This is an example of a share-attraction framework familiar to marketing and

strategy scholars (e.g., Karnani 1985). Following a standard approach, we assume that the

attraction of developer i�s product is qip��i , where � > 1 is the price elasticity, and that

developer i�s market share is

si(p; q) =
qip

��
iXm

j=1
qjp

��
j

. (3)

Thus, a developer�s market share corresponds to the attraction of his complementary product

relatively to the overall attraction of the complementary products available on the platform.

Second, we account for the hardware demand using a speci�cation with two distinct

approaches, gleaned from di¤erent literature streams, that reduce to particular cases of our

setting. As for the complementary products, de�ne the hardware�s attraction as QP��,

where � > 1 is the price elasticity. To start, suppose that if the hardware is a stand-alone

product, the baseline demand corresponds to D = QP��. As is standard, in a two-sided

market, demand re�ects the indirect network e¤ects; we assume that the users�willingness to

join the platform increases linearly with the number of developers, such that D = QP��m.

This speci�cation captures the quantity e¤ect but does not account for users�actual bene�ts

from using the complementary products, which is instead a key aspect of the platform

markets we have in mind. Therefore, we augment the demand assuming that users are

more willing to join the platform if the developers supply cheaper and better products, and

the hardware demand D increases, at a decreasing rate, with the average attraction of the

complementary products, 0@Xm

j=1
qip

��
i

m

1A�

, � 2 (0; 1). (4)

17



Thus, the hardware demand corresponds to:

D(P; p; q;m) = QP��m

0@Xm

i=1
qip

��
i

m

1A�

= QP��m1��
�Xm

i=1
qip

��
i

��
. (5)

With this speci�cation, quality becomes increasingly more important than quantity for the

users as � increases. Intuitively, when both e¤ects are more prominent, there is a larger

hardware demand, but here we are concerned with the relative importance of these two

e¤ects, as captured by �. Note that our assumptions lead to the much used Cobb-Douglas

speci�cation, with the hardware demand being homogeneous of degree 1 with respect to the

characteristics of the ecosystem, i.e., the number of developers and the attraction of their

complementary products. Finally, in our speci�cation the demand D is linear with respect

to the hardware�s attraction, QP��, but concave with respect to the developers�products

attraction. Alternative speci�cations might entail di¤erent weights for the components of

the demand as to capture the relative importance of the hardware and the complementary

products.

With the speci�cation in Equations (3) and (5), the demand for application i becomes

si(p; q)D(P; p; q;m) =
�
QP��

� �
m1��� qip

��
i�Pm

j=1 qjp
��
j

�1�� (6)

This is consistent with the standard speci�cation used in share-attraction frameworks that

accounts for the so-called system e¤ect, whereby it is assumed that the total market size

is an increasing (concave) function of total attraction. Our setting augments the standard

formula with the term m1�� to account for the quantity e¤ect in a two-sided platform.

Finally, the platform�s and developer i�s pro�ts in Equations (1) and (2) can be rewritten

as

� = (P � C +R)
�
QP��m1��

�Xm

i=1
qip

��
i

���
(7)
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and

�i = (pi �R)QP��m1��

0B@ qip
��
i�Pm

j=1 qjp
��
j

�1��
1CA� c

2
(qi)

2. (8)

Equations (7) and (8) reveal the strategic interaction between the platform provider and its

developers on the one hand, and among the developers active in the platform market on the

other hand. Each party makes pro�t maximizing choices; the pro�ts of each party depend

on its choices, as well as on the choices of others. The equilibrium concepts that we use

for solving the model are subgame-perfect equilibrium and Nash equilibrium. The platform

provider chooses the pricing structure (P;R), and the developers then decide, independently

and simultaneously, the price and quality of their complementary products, such that the

vectors p and q are determined. End users make their purchasing decisions; they decide

whether to buy the hardware or not, which de�nes the demand D, and which product to

buy, which determines the market shares si, i = 1; :::;m.

4. SOLVING THE MODEL

We now compute the platform�s and the developers�equilibrium decisions, and the resulting

level of pro�ts. We �rst consider as given the price structure (P;R) and determine the

developers�equilibrium choices accordingly. Because we have maintained symmetry in the

model, we can focus on the symmetric Nash equilibrium. Then we use backward reasoning to

solve for the optimal price structure (P �; R�) and then �nd the resulting equilibrium values

p� and q�. As we proceed with this analysis, we also illustrate the comparative statics and

the di¤erent scenarios that can emerge.

The developers�choices

We start by determining the equilibrium price and quality of complementary products that
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correspond to a given price structure (P;R). For ease of exposition, the formal proofs and

the complete formulas of the equilibrium values appear in the Appendix. Below we report

propositions that reveal the main properties of the equilibrium values in relation to the key

parameters of the model, m and �.

When being active in the platform market, the independent developers participate in

the competition game to attract users that have joined the platform, and we can prove the

following:

Proposition 1. With an open governance, the price of complementary products in a

platform market decreases with the size of the ecosystem (m). Moreover, prices are lower

when the end users value more the quality of the complementary products rather than the

quantity.

To explain the intuition behind Proposition 1, it is useful to derive the well-known Lerner

pricing formula for the equilibrium price, p̂(R):

p̂(R)�R
p̂(R)

= L =
1

�

m

m� (1� �) . (9)

Equation (9) reveals �rst the intuitive fact that there is greater competitive pressure when

there are more developers competing for users within the platform, such that the equilibrium

price decreases with m due to the competition e¤ect. But as m increases, the equilibrium

price does not converge to the "marginal cost"R, as happens in standard oligopolistic models.

The negative competition e¤ect instead is compensated for by the market expansion ensuing

from the indirect network e¤ects due to the greater quantity of complementary products.

Thus, each developer maintains a local monopoly power in the platform market thanks to the

positive demand e¤ects, and though declining, the developers�price margin p � R remains
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positive in equilibrium as it converges to the standard condition for the single product

monopolist, with L = 1
�
. Note that Equation (9) coincides with this last standard pricing

formula in the limit case when � = 1, that is, when the indirect network e¤ects are purely

driven by the quality e¤ect. Thus, when � = 1, the greater competition for a given number

of end users is exactly compensated for by an increase in the number of users, and therefore

the market power of each developer active in the platform market remains unchanged.

Our second result pertains to the developers�incentives to invest and to the equilibrium

level of quality of the complementary products. We can prove the following:

Proposition 2. With an open governance, the quality of complementary products in a

platform market increases with the size of the ecosystem (m) if the users value enough more

the quality of products rather than the quantity, with � > 1
�
, and decreases otherwise.

Unlike price, the impact of the number of developers m on the quality of complementary

products is not straightforward. This ambiguity is not speci�c to our model. Standard

analyses of vertical di¤erentiation reveal that, for example, the level of quality in a perfectly

competitive benchmark can be greater or lower than the monopolist�s choice (see Tirole

1988). Our analysis reveals the main drivers of developers� choice of quality in platform

contexts. Similar to what happens with prices though, when the number of developers

increases, there is greater competition for users and also greater indirect network e¤ects

that raises the demand. The competition e¤ect does not always dominate over the demand

e¤ect, and so the comparative statics about the equilibrium level of quality reveals di¤erent

scenarios.

The �rst scenario corresponds to the case in which the users are highly sensitive to the
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prices of complementary products and/or they value much the product quality rather than

their quantity, such that �� > 1. This is the case when the negative e¤ects of competi-

tion dominate the bene�ts of market expansion resulting from indirect network e¤ects. As

prescribed by Proposition 1, developers charge lower prices as m increases, and the greater

competitive pressure is such that they also increase the quality of their products to make

them more attractive for users. Ultimately, in this scenario we observe a negative correlation

between prices and quality when the platform ecosystem gets larger. (We will focus on this

scenario when analyzing the platform�s optimal pricing strategy.)

The second scenario corresponds to the case when users value much the quantity of

products rather than the quality, and/or users are not too sensitive to the price of products,

such that �� < 1. In this case, the competition e¤ect is dominated by the market expansion

due to indirect network e¤ects, and because the users are mainly attracted by the quantity

of developers/products, there are fewer incentives to invest in quality. Therefore a larger

number of developers is associated with lower quality products, and now price and quality

covary as the ecosystem gets larger.

The preceding discussion assumes that the price structure is given. As we said, the

developers make their investment and pricing decisions responding to the observed price

structure chosen by the platform provider. To fully reveal the functioning of the platform

market, the last step is to endogenize P and R.

The platform provider�s choices

Having determined the developers�equilibrium choice of the price and quality of complemen-

tary products that correspond to a given price structure, the next step is to close the model
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and consider the price of the core hardware and the royalty that are chosen in anticipation

of the equilibrium outcome described in Propositions 1 and 2. This last step allows us to

provide di¤erent insights into the platform�s pricing strategy. The analysis refers to the

case �� > 1 (i.e., strong quality e¤ect), when the platform�s pro�ts are well de�ned and the

�rst-order conditions characterize the optimal strategy.

The �rst result pertains to the optimal price of the core hardware:

Proposition 3. With an open governance, the end users in the platform market are

subsidized and the price that they pay for the core hardware is lower when they value more

the quality of complementary products rather than the quantity, with P � = �
�+���1C < C.

As is standard, in a two-sided market the platform provider can expand the platform market

and the number of transactions by reducing the price burden for one side (Parker and Van

Alstyne, 2005; Rochet and Tirole 2006). This inducement also can happen without any

competition among platforms. Yet, as we said, the driving force behind Proposition 3 is not

the standard chicken-and-egg problem of attracting the two sides simultaneously. Here the

number of developers m is given, so that one side of the market is already in place when

the members on the other side arrive; then, the end users make their decision to join the

platform based on the observed choices made by the platform provider and the developers.

Therefore, the market expansion induced by subsidizing the core hardware aims at changing

the incentives of the m developers as to modify their equilibrium choices. Thus, holding

as �xed the quantity and quality e¤ects, the expectation of a greater demand induces the

developers to invest more in quality in equilibrium; and a reduction in the price of the core

hardware ultimately allows the platform provider to leverage on the quality e¤ect.
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Note that, because the core hardware is sold at a loss, the burden of the price transfers

from the end users to the developers, that have to pay royalties. To complete the analysis of

the platform�s pricing strategy, we must consider how the platform charges the developers,

and the �nal e¤ects on their equilibrium choices. This leads to our last proposition.

Proposition 4. With an open governance, the developers in the platform market pay

greater royalties when the users value more the quality of complementary products rather

than the quantity, with R� = �(2���1)
2(�+���1)C > 0.

The platform provider subsidizes the end users by selling the core hardware at a loss, but

then it makes money by charging the developers a royalty R� > 0; in order to recover the

losses, the platform provider needs to charge greater royalties the larger the marginal cost C.

The increase in the royalties induces changes in the developers�equilibrium behavior that

dampen the market expansion e¤ect due to the users�subsidization; thus, the developers

respond to an increase in the royalties by increasing the price and investing less in the

quality of their complementary products, such that the overall attraction of their products,

and hence the hardware demand, is now reduced. We o¤er a more detailed analysis of the

equilibrium outcomes next.

Understanding quantity, quality, and competition e¤ects5

Having fully solved the model, we can now look at the details of the functioning of the

platform market. Speci�cally, this section seeks to address how the relative importance of

quantity and quality e¤ects, and the e¤ect of competition among developers, in�uence the

platform�s pricing strategy, (P �; R�), and the corresponding price and quality of applications,

5 The assumption of homogeneity is the key reason for our result that the optimal price structure does
not depend on the number of developers. We comment on this later on.
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(p�; q�).

First, we can note how the price structure (P �; R�) re�ects the relative importance of

the quality e¤ect �. Consistently with the market expansion induced by the subsidization of

the users, the platform provider decreases the price of the core hardware when the product

quality is valued more than the quantity, such that the users are less attracted by the size

of the ecosystem per se; then, the platform provider asks for greater royalties to recover the

losses. This means that the relative burden of price shifts from the users to the developers,

as it can be immediately noted by checking that the ratio P �

R� =
2�

�(2���1) decreases with �.

The full resolution of the model further reveals that the quality e¤ect is also a key driver

of the equilibrium price and quality of complementary products, as illustrated graphically

in Figure 1a below.6 Particularly, as the platform provider increases P � and R� when �

increases, the developers react mainly increasing the prices in equilibrium, while they react

less when modifying the product quality.

Figure 1 about here.

Second, we can also note that the size of the ecosystem does not play a major role

in explaining the equilibrium price structure and the price and quality of complementary

products. According to Propositions 3 and 4, the platform strategy does not depend on m,

and whereas the developers�s choices in response to a given price structure depend on m

(Propositions 1 and 2), the full resolution of the model con�rms that the quality e¤ect � is

the main driver of the price and quality of complementary products, as illustrated graphically

in Figure 1. As we comment above, this �nding that the size of the ecosystem explains much

6 In Figures 1 and 2 we have set � = � = 2, c = 1, C = 10, Q = 100.
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less of the variation in all the key variables stems from the properties of the demand function.

Particularly, it is driven by the assumption that the demand D(P; p; q;m) is homogeneous of

degree 1 with respect to the size of the ecosystem and the overall attraction of the available

products. Nevertheless, the sizem plays a crucial role in determining the platform provider�s

equilibrium pro�ts. Figure 2 illustrates graphically how the size m and the quality e¤ect

in�uence the platform provider�s and the developers�equilibrium pro�ts, �� and ��.

Figure 2 about here.

Note �rst that an increase in the size of the ecosystem has opposite e¤ects on �� and ��.

As already noted, a greater m induces both increased competition in the platform market,

holding the number of users on the platform as �xed, and a market expansion, given that

the products�price/quality combinations o¤ered by a greater number of developers attract

more users. The developers only bear the cost of increased competition, because they sell,

at a lower price, applications of greater quality, and �� is always decreasing with m, though

at a decreasing rate. The greater average attractiveness of products makes the users more

willing to purchase the core hardware, so the platform provider can appropriate the bene�ts

of a larger base of users, and �� increases with m.

As for the role of the product quality, both �� and �� decrease with �, because the size

of the ecosystem is relatively less attractive, and it is interesting to to highlight again the

mechanism. According to Propositions 1 and 2, for a given price structure (P;R), a larger �

should correspond to a lower price and greater quality of products. Yet P � and R� change

with �; as the quality e¤ect becomes more important, the platform reduces the price of the

hardware, but then it also increases the royalties, as in Propositions 3 and 4. Thus, with
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greater � the platform provider transfers the price burden from users to developers, and

the developers react to the increased royalty mainly by increasing the price p�, rather than

reducing the quality q�.

The last remark looks at the overall e¤ect on pro�ts, focusing on the value jointly created

by the platform and its developers, �� +m��, and how it gets distributed. The combined

e¤ect of a larger ecosystem of developers is such that the overall value of the platform market

increases, because it drives users�adoption. Moreover, when more users join the platform,

the platform provider manages to appropriate an increasing share of the overall pro�ts.

Thus, in addition to the tension highlighted above, according to which the platform provider

and the developers�pro�ts move in opposite directions as m increases, we further clarify

that the developers are at disadvantage relative to the platform provider, because the latter

obtains a large and increasing share of overall pro�ts.

DISCUSSION, LIMITATIONS AND EXTENSIONS

A key learning point of our model is that the e¤ect of product quality, rather than the quan-

tity per se, is the main driver of the platform strategy and of the choices of the independent

developers. This is not a trivial point; most studies of platform markets emphasize solely

the importance of the number of members on the two sides and the indirect network e¤ects.

This has also implications for the empirical strategy adopted to measure indirect network

e¤ects. Thus, previous works use count of complementary products (e.g., Clements and

Ohashi 2005; Corts and Lederman 2009), but as shown by Kim et al. (2014), this measure-

ment can result in biased estimations if it does not account also for variations in product

quality. Our model sheds light on the role of indirect network e¤ects, disentangling the role
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of quality and quantity e¤ects.

Another �nding with implications for empirical studies relates to whether the quality of

complementary products is greater in platforms with a larger ecosystem of developers. Our

model suggests that this could happen in contexts where product quality is relatively more

important than quantity, like in videogames. Yet, developers may also su¤er from increased

competition that eventually reduce their incentives to provide high quality complements to

the platform (e.g., Boudreau 2012; Cennamo and Santaló 2013) or prevent from contributing

at all to the platform (Huang et al. 2013). Empirical studies have started to document these

tensions, but more research is needed to uncover the underlying dynamics and e¤ects of

the strategic interaction between developers and the platform provider. We believe that the

propositions advanced herein o¤er a good theoretical foundation for such future work.

Related, the end users may value more the quantity of complementary products at certain

stages of platform evolution, while quality may be more important at other stages. Gaining

a sizeable user base (and developers) might be more important in early stages, to show the

value of the platform; at later stages, once the platform has a well-established and installed

base of users and developers, what they do on the platform likely becomes more important

and contributes more to platform value than does adding additional new members from

both sides. Following this interpretation, our model suggests that pricing and other strategies

devised by developers and by the platform provider need to change. In contexts where quality

and usage e¤ects are relatively stronger than quantity and membership e¤ects, developers

may decide to keep supplying high quality products to platforms with a larger ecosystem,

i.e., with high levels of within-platform competition. To the extent that users value quality

more than quantity, developers can attract users mainly on the basis of the quality of their
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products, which may explain why, in highly competitive platform markets such as those

for videogames or smartphone applications, we still observe an in�ux of �hit� products.

However, our model also predicts that the platform provider appropriates an increasing

share of the total value created, such that developers thus may su¤er value capture concerns

that eventually reduce their incentives to provide high quality products. Empirical studies

have started to document these tensions (e.g., Ceccagnoli et al. 2012), but more research is

needed to uncover the underlying dynamics and e¤ects of the strategic interaction between

developers and the platform providers.

Our model could also be extended to investigate other levers that platform providers

can use to a¤ect indirectly the developers�incentives. For example, a platform could decide

to invest in technological infrastructures or development kits that lower development costs

(the variable c in our model) and facilitate the production of higher quality complementary

products. When it entered the video game industry, Microsoft provided its development kit

for free to early developers that committed to its Xbox console. Similarly, Apple provides

a development kit to developers of apps, which allow them to build apps that can perfectly

integrate within the iPhone operating system and run smoothly. Platform providers can also

invest to increase the technical quality of the platform (the variable Q in our model), that

can be a critical determinant of platform value and performance (Zhu and Iansiti 2012).

(For a formal analysis of the e¤ect of investments in platform technology vs. supporting

tools for developers, see Anderson et al. 2014). These investments could also be valuated

in relation to the pricing strategy of subsidizing one side of the market; though it might be

theoretically e¤ective, it also could require heavy cash allowances, specially when platform

needs to subsidize a large installed base of users. Within the framework of our model, it
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would also be possible to allow for di¤erent e¤ects of the attraction of the core hardware

(QP��) and of the complementary products (qp��). Exploring the di¤erent sources of quality

and their relative impacts on platform value would greatly enrich our knowledge of platform

value creation and extend the range of strategies available for platforms to create value.

As a �rst step to study the strategic interaction between the platform provider and

the independent developers that are active in the platform market, our analysis refers to

monopoly platforms and focuses on within-platform competition among homogeneous de-

velopers. Our formal model could be extended to account for other interesting aspects.

First, a platform provider eventually might produce the needed complementary products

in house, as demonstrated in reality on many platforms (e.g., Apple or Google in mobile

operating systems, or Microsoft or Nintendo in videogame console systems). Such a strategy

might create con�icting incentives for developers (Gawer and Henderson 2007), that would

face an additional source of (asymmetric) competition (Zhu and Liu 2015). Thus, the de-

velopers�choices would also be in�uenced by the platform�s choice of the price and quality

of its own products (Gil and Warzynski 2009). To account for this additional source of

strategic interaction between the platform and its developers, we might augment the share

attraction framework presented herein by adding a number n of �rst-party complementary

products to the number m o¤ered by the independent developers. Again, developers could

respond to the increased competition in the platform market by limiting their investments

in quality or deciding not to join the platform. Second, the assumption of homogeneous

developers allows us to keep the model tractable and to provide closed-form solutions that

highlight the main economic intuitions. Yet, in practice high quality games or �superstars�

contribute most to a console�s adoption by gamers (Binken and Stremersch�s 2009). Here
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we only highlight that our framework could also be considered as a kind of winner-take-all

competition among developers, if we interpret the function si not as a market share but as

the probability that developer i�s product becomes the killer app that all the end users buy

after having joined the platform. Future work might analyze the functioning of platform

markets with heterogeneous developers, allowing for variation in product quality. Third, an

important extension to our formal model would be to allow for competition in the market for

platforms �for example, having two platforms. To create value, platforms must compete to

attract the users and the developers. This leaves open the question of how platform strate-

gies a¤ect product quality when across platform competition is added to the within-platform

competition. Although many models study this setting, to the best of our knowledge, none

of them consider how platform competition a¤ects the quality of complementary products

provided to competing platforms, or the platform capacity to create value through usage

e¤ects. This case is technically more demanding but also highly interesting. This setting

would also acknowledge the possibility that end users and developers are active on multiple

platforms and might engage in multi-homing. We leave such extensions to future studies.

CONCLUSIONS

Most extant theorizing about platforms has focused on how to solve the problem of attracting

end users and developers at early stages of platform evolution. Mainstream theory about

two-sided platforms mainly assumes that the value of a platform increases with the members

joining the platform on each side due to indirect network e¤ects, and focuses on platform

pricing strategies that attract the two sides. On the other hand, the works that emphasize a

modular design with minimal control over the developers are not concerned with the role of
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platform strategies and the incentives of independent developers. Yet, the value of modern

platforms depends critically on the quantity and quality of complementary products, and

platforms that aim to nurture an innovative ecosystem must encourage the developers to

exert innovative e¤orts. Our goal in this paper is to bring into the picture the incentives

of autonomous developers that are active in the platform market, emphasizing the role of

quality of the complementary products in addition to the much studied quantity and variety

e¤ects. By capturing this distinction, our model sheds a light on the role of indirect network

e¤ects in two-sided platform markets.

We consider the quality (and price) of complementary products as an important compo-

nent of platform value, which the platform provider that chooses an open governance can

only a¤ect indirectly through a strategic interaction with the autonomous developers. One

implication from our theory is that what platforms do to in�uence the developers�incentives

and the transactions with the end users is equally important than (and can contribute to)

solving the problem of attracting the two sides of the market. This aspect adds to the com-

plexity of the well-explored coordination problem associated with matching the two sides

of the market when managing a platform system. Our �ndings then describe the function-

ing of platform markets di¤erently from a standard view, and reveal that the relationship

between platform strategy, the size of the ecosystem, the developers� incentives, and the

co-creation of platform value is more nuanced then previously thought. Gaining a better

knowledge of these relationships is crucial to understand the functioning of platform markets

and, ultimately, how to design platform strategies.
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Appendix

Proof of Proposition 1

Proof. By deriving Equation (8) with respect to pi, neglecting the constant termQP��m1��,

the �rst-order condition can be written as

qip
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j=1 qjp
��
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Imposing the symmetry condition qi = q, pi = p, i = 1; :::m, Equation (A1) becomes

qp��

(mqp��)1��
� �(p�R)qp���1
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= 0. (A2)

After simplifying, the equilibrium price is

p̂(R) = R
� (m� (1� �))

� (m� (1� �))�m = Rl(m). (A3)

For the second-order condition, deriving Equation (A1), we obtain
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which at the symmetric equilibrium reduces to
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and after simplifying,
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such that it is always satis�ed.

Proof of Proposition 2

Proof. By deriving Equation (8) with respect to qi, the �rst-order condition can be written

as
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Imposing the symmetry condition qi = q, pi = p, i = 1; :::m, Equation (A6) becomes
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Substituting Equation (A3) into (A8) and solving for q, the equilibrium level of quality is
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For the second-order condition, deriving Equation (A8),

QP��m1��(pi �R)p��i

264
�
p��j � (1� �)p��i

� �Pm
j=1 qjp

��
j

�2��
�Pm

j=1 qjp
��
j

�4�2� (A10)

�

hPm
j=1 qjp

��
j � (1� �)qip��i

i
(2� �)p��i

�Pm
j=1 qjp

��
j

�1��
�Pm

j=1 qjp
��
j

�4�2�
375� c < 0,

which at the symmetric equilibrium becomes

QP��m1��(p�R)p��
"�
p�� � (1� �)p��

� �
mqp��

�2��
(mqp��)4�2�

(A11)

�
�
mqp�� � (1� �)qp��

�
(2� �)p��

�
mqp��

�1��
(mqp��)4�2�

#
� c

=
QP��(p�R)p�2�

m (qp��)2��

�
(1� �)(2� � �m)

m

�
� c < 0,

which is always satis�ed.

Proof of Proposition 3 and 4.

Proof. Substituting p̂(R) and q̂(P;R) into Equation (7), the platform provider�s pro�ts

reduce to

� =
�
(P � C +R)P�2�R1�2��
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. (A12)

Neglecting the constant terms, the �rst-order condition for P and Q can be written as

P : P�2� � 2�P�2��1 [P � C +R] = 0,

�! P � C +R
P

=
1

2�
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and

R : R1�2�� + (1� 2��)R�2�� [P � C +R] = 0. (A13)

�! P � C +R
R

=
1

2�� � 1 (1)

Solving for P and R, we obtain

P � =
�

� + �� � 1C < C, and (A14)

R� =
1

2

2�� � 1
� + �� � 1C > 0. (A15)

It can be easily checked that the second-order conditions are satis�ed, provided that

�� > 1.
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1a: The equilibrium price and royalties P* and R* as a function of m (left) and θ (right). 

1b: The equilibrium price and quality p* and q* as a function of m (left) and θ (right). 

Figure 1: The equilibrium values of the main variables.  
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2a: The equilibrium profits Π* as a function of m (left) and θ (right). 

2a: The equilibrium profits π* as a function of m (left) and θ (right). 

Figure 2: The equilibrium values of profits. 
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