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Abstract. Software platforms are extensible systems built on a core-periphery model, 
where the platform owner provides a foundational code base that third-party developers 
can leverage for complementary apps. This model incentivizes software platform owners 
to enlarge the overall value generated by the ecosystem, thereby increasing their share of 
the revenues, rather than competing directly with third-party developers by offering apps 
themselves. As part of this strategy, platform owners nevertheless intermittently expand 
their core to cover functionality that has once resided in the periphery. What are the drivers 
behind such core expansion into ecosystem niches? We meticulously assembled a large- 
scale data set of all Apple’s core expansions on the iOS platform from 2012 to 2020, encom
passing both stand-alone apps and features integrated into the core, to examine these 
drivers. The findings support our hypotheses that niches characterized by low user satis
faction, low levels of innovation efforts, and higher market concentration are more likely to 
be targets for core expansion. Core expansion through stand-alone apps manifests in niches 
with low levels of innovation efforts, whereas core expansion through integration of fea
tures into the platform core manifests in niches with low user satisfaction and high market 
concentration. Our study extends the software platform literature by hypothesizing and 
testing the drivers behind a platform owner’s core expansion into ecosystem niches.
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1. Introduction
Software platforms are extensible systems built on a 
core-periphery model, where the platform owner pro
vides a foundational code base (core) that third-party 
developers can leverage to design, build, and monetize 
complementary apps (periphery) (Tiwana et al. 2010, Yoo 
et al. 2010, Constantinides et al. 2018, Fuerstenau et al. 
2023). The core-periphery model emphasizes a notion of 
mutual prosperity, where both the platform owner and 
third-party developers benefit from maintaining a 
vibrant and ideally expanding1 platform ecosystem. 
Mutual success is critical for software platform owners 
as their revenue derives from commissions charged for 
third-party apps. This creates a strong incentive to sup
port value creation within the ecosystem.

At the same time, platform owners intermittently 
engage in a behavior that appears at odds with the 
notion of mutual prosperity; they expand the platform 
core to incorporate functionalities previously offered 
by third-party developers. Apple, for instance, has 
expanded the iOS operating system with features, 
such as flashlight utilities, screen-time tracking, or 
password managers, that had already been provided 
in the periphery. These core expansions raise the theo
retical question of how such behavior aligns with the 
notion of mutual prosperity that underpins the core- 
periphery structure of software platforms.

Surprisingly, extant research into this question is lim
ited, despite substantial studies exploring the boundary 
between the core and the periphery. These studies 
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include the resource provision at the boundary between 
the core and periphery (e.g., Ghazawneh and Henfrids
son 2013, Eaton et al. 2015, Karhu et al. 2018, Ye and 
Kankanhalli 2018), the design of the core to enable 
peripheral contributions (e.g., Brunswicker et al. 2019, 
Meng et al. 2022, Zhang et al. 2022), and strategies to 
encourage contributions to the periphery (e.g., Huang 
et al. 2013, Liang et al. 2019, Hukal et al. 2020). Several 
qualitative studies suggest that platform owners strate
gically manage relationships with third-party develo
pers to foster ecosystem growth (Gawer and Henderson 
2007, Sarker et al. 2012, Eaton et al. 2015, Huber et al. 
2017). However, in understanding platform owners’ 
decisions to expand the platform core, prior work has 
predominantly focused on the effects of such expansions 
on complementors rather than the drivers behind them 
(Foerderer et al. 2018, Wen and Zhu 2019).

Beyond its theoretical relevance, understanding the 
drivers of core expansions is also important from pub
lic policy and managerial perspectives. Expansions, 
like those undertaken by Apple, have become the sub
ject of a public policy debate about the role of dominant 
platforms in relation to peripheral innovation (Nicas 
2019, Romm 2020), particularly in light of recent regu
latory developments, such as the European Union’s 
Digital Markets Act (Cabral et al. 2021, Crémer et al. 
2023). Furthermore, peripheral developers face uncer
tainty about when their niches may experience core 
expansion. For these theoretical and practical reasons, 
it is diligent to better understand what drives software 
platform owners’ decision to expand the core with 
peripheral functionality.

We seek to address this research gap by investigating 
the drivers of core expansion. Drawing on the conceptu
alization of software platforms based on the core- 
periphery model and with the idea of mutual prosperity 
in mind,2 we surmise that core expansions are primarily 
driven by the need to address weaknesses in the ecosys
tem. We argue that core expansions seek to increase the 
overall value of the ecosystem, enabling platform own
ers to profit indirectly—for instance, through increased 
adoption rates and higher commissions generated from 
a larger number of apps—rather than relying solely on 
direct monetization of the core expansions. We develop 
hypotheses concerning the level of ecosystem niches in 
terms of functionally distinct areas of user demand and 
third-party development. We propose that platform 
owners are likely to target niches characterized by low 
user satisfaction, stagnating innovation efforts, and high 
market concentration. In addition, we examine the dri
vers that lead core expansions to take different forms, 
either as integrated features embedded directly into the 
platform core or as stand-alone apps distributed along
side third-party offerings.

To test these hypotheses, we assembled a unique 
data set that includes all 62 of Apple’s core expansions 

on the iOS platform from 2012 to 2020, encompassing 
both stand-alone apps and features integrated into the 
core. To identify the ecosystem niche that is affected 
by a core expansion, we relied on the Apple App 
Store’s category system, which groups apps into func
tionally similar domains, such as Health and Fitness, 
Navigation, or Finance. We constructed a monthly 
panel data set comprising data on app ratings, up
dates, and other relevant metrics across all categories 
in the store. Employing a panel fixed-effects logit 
model, we analyzed the relationship between user sat
isfaction, innovation efforts, and market concentration 
within each category and the likelihood of a subse
quent core expansion. Our results confirm the hy
potheses, providing robust empirical evidence that 
Apple’s expansions have systematically targeted un
derperforming niches in concordance with the hy
pothesized drivers.

We conduct an extensive set of robustness checks, 
particularly to address concerns over endogeneity 
and ensure the validity of our results. To mitigate con
cerns about omitted variable bias, we implement an 
approach in the spirit of matching techniques, a con
trol function approach, and perform a sensitivity anal
ysis using robustness of inference procedures. To 
account for possible measurement errors, we vary the 
time window used to assess niche characteristics, 
account for the potential reclassification of apps across 
categories, and demonstrate that the results remain 
consistent with alternative measures of niche charac
teristics. In addition, we address multicollinearity con
cerns and rule out key rival explanations to further 
strengthen our conclusions.

The paper is structured as follows. The next section 
outlines the core-periphery model of software plat
forms, reviews relevant literature, and develops the 
hypotheses. This is followed by a description of the 
empirical setting, methodology, and data. We then 
present the results of the hypotheses tests alongside 
descriptive evidence and dedicate a separate section 
to an extensive set of robustness checks. Subsequently, 
we discuss the findings before concluding the paper.

2. Conceptual Foundation and 
Hypotheses

2.1. The Core-Periphery Model of Software 
Platforms

Software platforms constitute an extensible software 
product system with core functionality that serves as a 
foundation for third-party complementary software 
(Tiwana et al. 2010, Yoo et al. 2010, Gawer and Cusu
mano 2014, Fuerstenau et al. 2023, Vial 2023, Leong et al. 
2024). For the purpose of this paper, we define a 
software platform as “the extensible codebase of a 
software-based system that provides core functionality 
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shared by the modules that interoperate with it and the 
interfaces through which they interoperate” (Tiwana 
et al. 2010, p. 657). As an entity responsible for the gov
ernance and development of the software platform while 
also profiting indirectly from a healthy ecosystem, the 
platform owner typically seeks to enlarge the overall 
value generated by the ecosystem. To achieve this, the 
platform owner enables independent third-party develo
pers to commercialize the platform’s periphery by creat
ing ancillary software, known as complements, that 
augments the platform’s functionality and features (Bran
denburger and Nalebuff 1996). At the same time, soft
ware platforms operate as multisided markets, offering 
third-party developers access to users through app stores 
or similar marketplace mechanisms (Parker and Van 
Alstyne 2005, Constantinides et al. 2018).

The definition of software platforms (see above) of 
Tiwana et al. (2010) manifests a core-periphery model. 
The platform core consists of foundational, highly reus
able functionality developed by the platform owner, 
whereas the periphery comprises functionality contrib
uted by third-party developers (Baldwin and Woodard 
2009, Yoo et al. 2010, Eaton et al. 2015, Wang 2021). The 
platform core components constitute a foundation upon 
which the periphery is built, facilitated by resources and 
interfaces provided at the boundary, such as Applica
tion Programming Interfaces, software development 
kits, and standards (Ghazawneh and Henfridsson 2013, 
Foerderer et al. 2019). The core and the periphery are 
interdependent, a mutual relationship underscored by 
network effects; the value of the platform to consumers 
increases with the availability of third-party apps, 
whereas the attractiveness of the platform to third-party 
developers depends on the size of the consumer base 
that can purchase their apps. The periphery consists of 
niches, which we define as functionally distinct areas of 
user demand and third-party development.

Extensive research focuses on various decisions made 
by platform owners regarding the core and the periph
ery, including the provision of resources at the core- 
periphery boundary (e.g., Ghazawneh and Henfridsson 
2013, Eaton et al. 2015, Karhu et al. 2018, Ye and Kan
kanhalli 2018), the design of the core to facilitate reuse 
(e.g., Brunswicker et al. 2019, Meng et al. 2022, Um et al. 
2023), and strategies to encourage contributions to the 
periphery (e.g., Huang et al. 2013, Liang et al. 2019, Foer
derer 2020, Hukal et al. 2020). However, less attention, if 
any, has been devoted to understanding and explaining 
decisions of platform owners to expand the platform 
core.

2.2. Platform Core Expansion
Several studies have documented that platform owners 
intermittently expand the platform core to encompass 
functionality that previously resided in the periphery, 
spanning a wide array of software platforms, including 

mobile apps (Foerderer et al. 2018, Kang et al. 2019, 
Wen and Zhu 2019), enterprise software (Sarker et al. 
2012, Huang et al. 2013), voice assistants (Shi et al. 
2023), and social media (Li and Agarwal 2017). We 
define platform core expansion as the strategic decision 
of a platform owner to incorporate new functionalities 
into the platform core that were previously provided 
by third-party developers in the platform periphery.

Platform core expansions typically focus on two 
types of software objects: stand-alone applications and 
features. Stand-alone applications are executable pieces 
of software that are offered as native apps to end users 
of the platform and distributed alongside third-party 
apps (cf. Ghazawneh and Henfridsson 2013). For exam
ple, Apple has expanded the core of its iOS platform by 
introducing Apple Maps as a stand-alone app. In con
trast, features are “distinguishing characteristic[s] of a 
system” that permit new actions or behaviors (IEEE 
2008, p. 9) and are integrated into the platform core, 
enhancing its capabilities. An example of a core expan
sion through a feature is Apple’s integration of flash
light functionality into iOS, enabling users to use the 
camera light as an electric torch.

Aligned with the core-periphery logic, the owner of 
a software platform has significant incentives to maxi
mize the overall value generated by the ecosystem. To 
achieve this, fostering an environment that supports 
third-party developer creativity and innovation is 
essential (Yoo et al. 2010, Eaton et al. 2015, Um et al. 
2023). Given the complementarity between the core 
and the periphery in generating platform value, it is 
critical for platform owners to nurture a symbiotic 
relationship between these two components (Bou
dreau 2012, Sarker et al. 2012, Wareham et al. 2014, 
Eaton et al. 2015). Numerous studies, often based on 
qualitative research involving software platform man
agers, have highlighted the deliberate efforts that plat
form owners make to cultivate relationships with 
third-party developers based on mutual prosperity 
(Sarker et al. 2012, Wareham et al. 2014, Huber et al. 
2017, Hurni et al. 2021). For example, Sarker et al. 
(2012) describe how the owner of an enterprise plat
form carefully engages in relationships with third- 
party developers to create or even cocreate value. This 
dynamic forms a delicate interplay that can easily be 
disrupted by poorly considered decisions regarding 
engagement at the core-periphery boundary. Early 
work by Gawer and Henderson (2007) based on longi
tudinal fieldwork with Intel found that Intel strategi
cally avoided competing with third-party developers 
to maintain ecosystem stability. Subsequent studies 
corroborate these findings, observing that when third- 
party developers anticipate competition with a plat
form owner, they refrain from joining a platform or 
safeguard against imitation—thus creating a counter
incentive to contribute value to the software platform 
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ecosystem (Ceccagnoli et al. 2012, Huang et al. 2013, 
Song et al. 2018).

2.3. Hypotheses
Core expansions enable platforms to increase their 
overall value by addressing and improving under
performing areas of the periphery. We, therefore, 
posit that core expansions will concentrate on under
performing niches—aligning with platform owners’ 
intent to develop these areas—while focusing less on 
well-performing niches.

One strategic driver of value creation arises when 
ecosystem niches show low user satisfaction. User sat
isfaction is crucial to platform value as it directly 
influences user retention and the adoption of the plat
form by new users (e.g., Xie et al. 2016, Lee et al. 2023). 
A platform’s appeal to users is, to a large extent, deter
mined by users’ satisfaction with third-party apps 
(Yoo et al. 2010, Ghazawneh and Henfridsson 2013). 
However, managing user satisfaction with third-party 
apps poses challenges for platform owners given the 
highly distributed and decentralized nature of devel
opment (Eaton et al. 2015), the large number of com
plements (Coughlan 2004, Boudreau 2012), and the 
arm’s length relationships with third-party developers 
(Tiwana et al. 2010, Wareham et al. 2014).

One cause of low user satisfaction is a lack of com
plement quality, which can stem from issues such as 
erroneous, fraudulent, or low-quality copycat pro
ducts (Coughlan 2004, Wang et al. 2018). These issues 
undermine the platform’s functionality and user per
ception, but they can be difficult to detect during app 
review processes (Lahiri and Dey 2013, Xie et al. 2016, 
Zhang et al. 2022). Another contributor to low user sat
isfaction is a lack of understanding. It might take consid
erable time for complementors to identify user demand 
for specific features, organize required resources within 
their constraints, develop the complement, and bring it 
to the market (Song et al. 2018).

We expect that platform owners are more likely to 
expand into niches with low levels of user satisfaction 
for several reasons. First, such expansions provide a 
clear incentive for users who may have been previ
ously dissatisfied along specific dimensions of the 
platform to re-engage. By addressing these deficien
cies, the platform owner’s presence directly improves 
the perceived quality of the platform, offering a more 
compelling proposition to potential and existing users. 
Moreover, the adoption of complements often relies 
on expectations of usefulness (Cennamo and Santaló 
2019). To this end, the platform owner’s expansion 
serves as a credible signal, reducing user uncertainty 
and enhancing trust in the platform’s ability to meet 
their needs (Hukal et al. 2020). Qualitative evidence 
supports this notion. For example, Gawer and Cusu
mano (2014) find how Intel’s expansion into the 

ecosystem niche for Universal Serial Bus (USB) con
nectors was driven by the need to enhance quality. 
Intel identified the niche as underdeveloped and lack
ing value for users, which then drove the decision to 
intervene.

When platform owners expand into niches with 
low user satisfaction, they are more likely to do so by 
introducing a feature into the platform core rather 
than stand-alone apps. This is because integrated fea
tures enhance the platform’s existing functionality 
and therefore, can improve the user experience with
out requiring additional effort to discover, download, 
or install a separate app (e.g., Ray et al. 2012). Unlike 
stand-alone apps, which must be discovered and 
installed, features can be rolled out to users through 
platform updates, thus allowing the platform to imme
diately address unmet needs. This also signals the plat
form owner’s commitment to proactively improving 
the quality of the ecosystem to users. A further reason 
is that integrated features enable platform owners to 
leverage their existing user base more effectively. By 
embedding solutions directly into the platform, the 
owner avoids requiring users to engage with addi
tional products. For instance, Intel’s enhancement 
of USB compatibility through platform functionality 
demonstrates how addressing dissatisfaction through 
integrated solutions can elevate the perceived value of 
the platform (Gawer and Henderson 2007). Based on 
these arguments, we propose Hypothesis 1.

Hypothesis 1. Software platform owners are more likely 
to expand into ecosystem niches characterized by low user 
satisfaction, and these expansions are more likely to be 
implemented through integrated platform features rather 
than stand-alone apps.

Because of network effects—and the resulting impor
tance of a large variety of complements—it is a strategic 
imperative for platform owners to encourage innova
tion efforts. Owners of software platforms are con
cerned with expanding the platform’s application 
spectrum to offer functional advantages over compet
ing platforms (Boudreau 2012, Parker et al. 2017, Hukal 
et al. 2020). Furthermore, success in emerging technol
ogy markets is often based on trial and error and on 
experimentation (Brown and Eisenhardt 1995). This 
necessitates encouraging complementors to engage in 
ongoing development to increase the potential for novel 
breakthroughs (Tiwana 2015). In other words, it is cru
cial for platform owners to ensure that complementors 
frequently enhance their existing third-party apps with 
new features as well as release entirely new apps.

We propose that software platform owners are more 
likely to expand into ecosystem niches where the inno
vation efforts of third-party developers are low. First, 
core expansion can stimulate greater innovation efforts 
by triggering competitive responses of complementors 
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(Tiwana 2015). After all, the platform’s expansion into 
a niche alters the competitive environment, encourag
ing third-party developers to intensify their innovation 
efforts to stand out from the platform and capture user 
attention (e.g., Derfus et al. 2008). Second, the plat
form’s core expansion sets a new standard for users, 
serving as a reference point against which to judge 
their apps and further compelling complementors to 
enhance their products. Finally, platform core expan
sions can amplify the visibility of a niche, from which 
both the platform and third-party developers benefit 
(Li and Agarwal 2017, Foerderer et al. 2018, Song et al. 
2018, He et al. 2020). Such attention spillovers also pro
vide third-party developers with valuable feedback for 
improvement and innovation. For example, Foerderer 
et al. (2018) observe that the release of Google’s first- 
party app Google Photos increased the overall attention 
for photo apps, ultimately fostering an environment 
conducive to innovation by providing user feedback 
and stimulating demand.

When software platform owners expand into niches 
with low innovation efforts, they are more likely to do 
so by releasing stand-alone apps rather than integrat
ing features. First, stand-alone apps allow the plat
form owner to establish a distinct product in the 
targeted niche, creating a direct competitor that can 
serve as a catalyst for competitive responses from 
complementors. By introducing a stand-alone app, the 
platform owner sets a new benchmark for quality in the 
niche, especially when the stand-alone app provides a 
clear solution to user needs. Second, stand-alone apps 
act as focal points for user attention as they are pre
sented as independent solutions that are highly visible 
to users. This increased visibility enables the aforemen
tioned spillover effects. By contrast, we expect that plat
form owners avoid feature-based core expansions. 
Features are part of the platform core and will not be 
able to generate the attention spillovers necessary to 
stimulate innovation as they lack distinct presence. Fur
thermore, features, which are integrated into the plat
form core, do not create the same competitive dynamic. 
Third-party developers are unlikely to compete directly 
with built-in features, and users are less motivated to 
seek third-party alternatives when the functionality is 
already embedded within the platform. Thus, we for
mulate Hypothesis 2.

Hypothesis 2. Software platform owners are more likely to 
expand into ecosystem niches characterized by low levels of 
innovation efforts, and these expansions are more likely to 
be implemented through stand-alone apps rather than inte
grated platform features.

The relationship between the platform owner and 
third-party developers is characterized by asymmetric 
organizational interdependencies, enabling them to 
cocreate value through two types of complementarities 

(Sarker et al. 2012, Huber et al. 2017, Jacobides et al. 
2018). First, unique complementarities arise from the 
functional reliance of complements on the platform 
core (Baldwin and Woodard 2009). This complementarity 
is unidirectional as the platform can function without 
complements, whereas the complements depend on the 
platform to operate. Second, supermodular complemen
tarities exist when the presence of complements enhances 
the overall value of the platform ecosystem to its users, 
creating network effects (Parker and Van Alstyne 2005, 
Jacobides et al. 2018). Maintaining both complementari
ties requires preserving the inherent power asymmetry 
between the platform owner and third-party developers.

Preserving this power asymmetry is crucial for sus
taining value creation within the software platform 
ecosystem (Wareham et al. 2014, Eaton et al. 2015, 
Leong et al. 2019, Hurni et al. 2022). A shift in power 
in favor of certain complementors can disrupt this bal
ance and jeopardize value creation (cf. Liu et al. 2025). 
For example, Eaton et al. (2015) describe how Apple’s 
decision to prohibit Adobe Flash on iOS was driven 
by the need to prevent a complementor from gaining 
excessive influence, which could compromise Apple’s 
control over the platform. Platform owners are, there
fore, likely to expand into ecosystem niches character
ized by high market concentration where one or a 
few third-party developers dominate. Such expansions 
allow platform owners to restore power asymmetry, 
preventing a transition from supermodular to unique 
complementarities, which could undermine the broader 
value of the ecosystem (Jacobides et al. 2018).

To address these highly concentrated niches, we 
expect that platform owners expand the core using 
features and avoid releasing stand-alone apps for that 
purpose for three reasons. First, stand-alone apps face 
adoption barriers. Users must first discover an app 
before they install it, which is particularly challenging 
to accomplish in high-concentration niches where 
attention is concentrated on a few well-established 
apps. A novel stand-alone app must compete for visi
bility (e.g., in an app store) and convince users to 
download the app (e.g., Ray et al. 2012). In contrast, 
integrated features are available natively and require 
no discovery, download, or installation. In markets 
dominated by a few peripheral apps, this seamless 
access can be a powerful mechanism to erode their 
market share. Second, even beyond discovery, a 
stand-alone app faces barriers to adoption in the form 
of user inertia. Users prefer known workflows, even 
when alternatives exist (e.g., Polites and Karahanna 
2012). Integrated features can subtly redirect behavior 
without requiring users to actively switch. For exam
ple, when Apple embedded Quick Response code 
scanning into the iOS camera, users no longer needed 
to open a new app because the function became part 
of what they were already using. Overcoming user 
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inertia is much harder with a stand-alone app as com
pared with integrating or adapting a feature. Third, in 
contrast to stand-alone apps, integrated features are 
less likely to signal appropriation. Stand-alone apps 
may be interpreted by developers as a sign that the 
platform owner is competing directly with third-party 
offerings as they appear in the store as separate pro
ducts, carry their own branding, and directly vie for 
user attention. In contrast, features are embedded into 
the platform core and typically introduced as part of 
system updates, subtly reducing reliance on powerful 
complementors without requiring overt, head-to-head 
competition. This distinction matters because comple
mentors may reduce their innovation efforts if they 
perceive a platform owner’s expansions as a threat 
(Ceccagnoli et al. 2012, Huang et al. 2013). Based on 
these arguments, we propose Hypothesis 3.

Hypothesis 3. Software platform owners are more likely to 
expand into ecosystem niches with higher concentration, and 
these expansions are more likely to be implemented through 
integrated platform features rather than stand-alone apps.

3. Empirical Context, Method, and Data
3.1. Empirical Context: Mobile Platform 

Ecosystem Apple iOS
We test the hypotheses using the Apple iOS software 
platform as our empirical context. Apple iOS is a 
mobile operating system for various devices of Apple 
(e.g., iPhone and iPad). It was released in June 2007 
together with the first-generation iPhone. In July 2008, 
Apple opened iOS to third-party developers, allowing 
them to develop add-ons for the operating system in 
the form of apps. The apps are distributed and sold 
over the Apple App Store. Since then, Apple has occa
sionally expanded the core of its platform either by 
releasing stand-alone apps or by integrating new fea
tures into the operating system iOS. Since September 
2019, iOS refers exclusively to the iPhone operating 
system, as Apple separated the iPad version.

The Apple iOS platform is well suited as an empiri
cal context to test our hypotheses for several reasons. 
First, Apple iOS is one of the largest and most influen
tial software platforms and comprises thousands of 
developers around the globe, therefore representing a 
highly relevant setting (e.g., Qiu et al. 2017). For exam
ple, in 2022, third-party apps generated over U.S. $1.1 
trillion in total billings, matching the Netherlands’ 
gross domestic product (Apple 2023). Second, the plat
form provides a distinct advantage in terms of data 
availability. Given that iOS was introduced in 2007, 
we are able to observe a reasonable number of core 
expansions. Moreover, we have access to monthly 
panel data over a multiyear period on all niches of the 
iOS app ecosystem, which enables a comprehensive 
analysis. Third, Apple iOS has been frequently studied 

in previous research, which allows for incorporating 
established measures and data filtering procedures 
and eases comparability (e.g., Wang et al. 2018, Foer
derer 2020).

3.2. Identifying Core Expansions
We begin by compiling a list of Apple’s core expan
sions for the iOS platform between 2012 and 2020.3 As 
core expansions, we consider all apps and features 
that Apple released for the iOS platform. As a first 
step, we identified Apple’s app releases using data 
from AppMonsta, an analytics company for mobile 
app stores. We obtained a list of all apps released by 
Apple and its subsidiaries together with further infor
mation, such as the release date. Next, we collected 
data on platform features by manually analyzing the 
official release notes of each update of the iOS plat
form. The release notes list all changes made to the 
platform, including the addition of new features. We 
condensed the release notes into a list of distinct 
changes that were made to the platform. We then 
removed any changes that represented bug fixes, main
tenance updates of existing features, or modifications 
targeting first-party apps. This procedure resulted in a 
list of all core expansions by Apple.

To identify the ecosystem niche that is affected by a 
core expansion, we use the App Store’s category system 
following prior research (Foerderer et al. 2018, Wen and 
Zhu 2019). The App Store classifies apps according to 
their functionality into different categories (e.g., Business, 
Music, and Weather). This approach seems to be well 
suited for the following reasons. First, apps within the 
same category are highly similar in terms of their func
tionality and compete against each other for visibility 
(e.g., Wen and Zhu 2019, Li et al. 2022). Also, within cat
egories, development requirements are similar (e.g., 
regarding hardware use and data access), whereas they 
vary considerably across categories (Ghose and Han 
2014, Li et al. 2022). Second, this approach is in line with 
extant research, which has extensively relied on the cate
gory system of the App Store to facilitate comparison or 
to create peer groups (e.g., Foerderer et al. 2018, Zhu 
and Liu 2018, Wen and Zhu 2019, He et al. 2020). 
Finally, categories are accurate in terms of reflecting an 
app’s functionality. App developers are required to 
assign a unique category that best describes the purpose 
and main features for each app. Although app develo
pers initially decide on the category for their app, Apple 
checks whether the classification is accurate and has the 
final word.4 Technically, an app can set a primary cate
gory and a secondary category. We use the primary app 
category because it is considered by both the developer 
and Apple to exhibit the highest fit with regard to the 
app’s characteristics and functionality.

To map Apple’s core expansions to categories, we 
proceed as follows. For Apple apps, determining the 
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category is straightforward because they are assigned 
to a category, similar to third-party apps. We obtained 
the information about Apple apps’ categories from 
AppMonsta as well. For features, a more elaborate 
process is necessary. We began by manually analyzing 
Apple’s description of the platform feature in the 
release notes. In particular, we compared the feature 
description with Apple’s official developer guidelines 
for choosing the appropriate category for their app 
(Apple 2024). Through reading, comparing, distin
guishing, and interpreting, we assigned the category 
that shows the closest content fit. For example, we 
assigned the feature battery health, which provides 
information about an iPhone’s battery capacity and 
usage, to the category Utilities, which comprises apps 
that “enable the user to solve a problem or complete a 
specific task” (Apple 2024). Another example is Audio 
recognition service via Siri (Shazam Support), which 
provides users with information on a song currently 
playing. We assigned this feature to the category 
Music, which labels apps “for discovering, listening to, 
recording, performing, or composing music, and that 
are interactive in nature” (Apple 2024). The full map
ping as well as empirical examples of the coding are in 
Tables A.1 and A.2 in the Online Appendix. The result
ing variables are Core expansion (app), which is one if 
the expansion manifested in the form of an app release 
by Apple and zero otherwise, and Core expansion (fea
ture), which is one if the expansion manifested in the 
form of a platform feature and zero otherwise.

Table 1 shows Apple’s core expansions by category.5
In total, we identified 62 core expansions between 2012 

and 2020, comprising 34 app releases and 28 feature 
releases. Of the 21 relevant categories, 15 experienced 
a core expansion. Most often affected was the niche 
Utilities, which contains apps that provide additional 
basic functionality for users, such as calculators, flash
lights, or password managers. This is followed by Pro
ductivity and Health and Fitness. The core expansions 
are spread out over time, a favorable characteristic for 
our forthcoming statistical analysis approach.

3.3. Measurement of Niche Characteristics
Next, we collected the data on the niche characteristics 
(i.e., User satisfaction, Innovation efforts, and Concentra
tion). The raw data set contains weekly snapshots of 
all apps in the Apple App Store between 2012 and 
2020, which we obtained from AppMonsta. It com
prises all information displayed in the App Store on 
these apps, including their rating, price, and updates.

We filtered the data as follows. First, we excluded 
games from the sample to increase comparability. In 
contrast to other apps, games are an artistic creation 
as well as an entertainment product. Games have 
different development costs, audiences, and revenue 
models, which hinder a comparison with apps; addi
tionally, Apple has never expanded into this category. 
We also excluded apps from the kids category because 
it was more a curated collection than a traditional cat
egory and exhibited overlaps with games, education, 
and entertainment. Second, to further increase compa
rability, we solely retained English-language apps in 
the sample (i.e., as determined by the user language 
attribute and the language of the app description). 

Table 1. Core Expansions Between 2012 and 2020 by Category

Category 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total

Books 0
Business x x x x 4
Education x x 2
Entertainment x x x x 4
Finance x 1
Food and drink 0
Health and fitness x x xx x x 6
Lifestyle x xx 3
Medical 0
Music x x x x 4
Navigation x 1
News x xx x 4
Photo and video 0
Productivity xx x x x x 6
Reference 0
Shopping 0
Social networking xxxx 4
Sports x 1
Travel x x 2
Utilities xxx xx xxxxx xx xx xx xxx 19
Weather x 1
Total 5 4 7 11 9 8 9 7 2 62

Notes. Apple’s core expansions between 2012 and 2020 are given by App Store category. Each x denotes one core expansion.
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Third, we aggregated apps from categories Developer 
Tools with Utilities, Graphics and Design with Photo and 
Video, and Magazines and Newspapers with News. These 
categories show relatively few apps, and therefore, to 
ensure comparability with the rest of the categories, 
we merged them. Fourth, we removed nonprofes
sional apps from the sample. The App Store also lists 
nonprofessional apps (for instance, those developed 
by hobbyists or students), and the behavior of these 
developers differs considerably from that of profes
sional developers (Qiu et al. 2017, Boudreau 2018). To 
remove nonprofessional apps, we followed existing 
research and dropped apps with zero ratings (Kang 
et al. 2019, Lueker et al. 2022). In addition, a very brief 
app description hinted at nonprofessional apps, and 
therefore, we dropped apps with descriptions shorter 
than 250 characters (D’Heureuse et al. 2012, Harman 
et al. 2012, Boudreau 2018).

We then collapsed the data at the category level and 
created the variables.6 To measure User satisfaction, we 
followed extant research in our context and used the 
valence of user ratings (e.g., Wen and Zhu 2019). The 
App Store allows users to rate apps on a five-star 
scale, with more stars indicating a better rating. The 
variable User satisfaction holds the average user rating 
of apps in category i. For Innovation efforts, we fol
lowed extant research that has inferred innovation 
from app update behavior (e.g., Tiwana 2015, Foer
derer et al. 2018, Wen and Zhu 2019). The decision to 
innovate an app is a strategic one and should not be 
determined by behavior at one single point in time. 
We, therefore, followed existing research and use the 
frequency of app updates (e.g., Tiwana 2015, Wen and 
Zhu 2019). The variable Innovation efforts contains the 
average number of updates of apps (since their release) 
in category i. We normalized the app update frequency 
by an app’s age in months to adjust for older apps hav
ing more time to release updates. We log transformed 
the variable to account for skewness. Regarding Con
centration, there exist no prior measures readily avail
able for our empirical context. We, therefore, turned to 
research that sought to understand the concentration of 
industries, where the dominant measure has been the 
four-firm concentration ratio in terms of the market 
share of the four largest firms in an industry (Cohen 
and Levin 1989, Scherer and Ross 1990). We transferred 
this logic to our context and defined Concentration as 
the market share of the top four apps in a category. 
Because neither market shares nor download statistics 
were publicly available, we followed existing research 
and approximated the market share from the total 
number of times that an app had been rated by users in 
terms of the quantity of ratings (e.g., Ghose and Han 
2014, Foerderer 2020, Deng et al. 2023). Based on this, 
Concentration of category i is the total count of ratings 
of the top four apps divided by the total count of 

ratings of all other apps in a niche. To address skew
ness, we log transformed the variable.

Relating niche characteristics at time t to core expan
sion at the very same time t could be invalid because it 
does not account for the fact that Apple likely decided 
to enter the niche before t. This is because core expan
sion requires time: for example, for defining the require
ments, developing the user interface and logic, testing, 
and rollout. Although Apple does not disclose details 
about its product development process, information 
from market observers and news websites suggests a 
cycle between 6 and 12 months given a major update 
release cycle of around one year (MacWorld 2024), 
which also corresponds to typical industry estimates for 
app development (e.g., Forbes 2022). In addition, given 
the extensive network of suppliers, partners, and 
employees involved in Apple’s development, there is 
the possibility of information leakage. Rumors and 
speculations often circulate within tech circles and 
media outlets (e.g., Economist 2012, TechCrunch 2023). 
These leaks can influence the behavior of app develo
pers; for instance, they might reduce their investments 
into their apps, which further distorts the estimation. To 
overcome, we measured User satisfaction, Innovation 
efforts, and Concentration long before the actual core 
expansion took place. We measured niche characteris
tics over a 5-month window, which starts 11 months 
before the core expansion (i.e., the release date of the 
app or feature) and ends 7 months before the expansion 
(see Figure A.1 in the Online Appendix for an illustra
tion). In Section 5, we demonstrate that the results of the 
hypotheses tests are consistent when varying the time 
window. We used a window of several months instead 
of a snapshot in order to avoid biases from a one-time 
observation and in order to use fixed effects to control 
for unobserved confounders as we explain in the fol
lowing. For observations that experienced a core expan
sion, we coded the niche characteristics for the next five 
months as unobserved (missing) in order to avoid carry
over effects to subsequent core expansions. The final 
sample contained 2,324 category-month observations.

Table 2 shows the descriptive statistics. Table A.3 in 
the Online Appendix reports the correlation matrix.

3.4. Estimation Model
We tested the hypotheses by relating characteristics of 
the ecosystem niche (i.e., measured before the expan
sion) to the fact of whether the niche experienced a 
core expansion (Angrist and Pischke 2009):

Yi,t � β0 + β1Xi,t (pre) + βkControlsi,t (pre) + ϑi + φt + ɛi,t,
(1) 

where Yi,t is the dependent variable in terms of Core 
expansion (app) and Core expansion (feature) observed 
for category i in month t. X refers to the particular 
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independent variable associated with Hypothesis 1, 
Hypothesis 2, and Hypothesis 3 (i.e., User satisfaction, 
Innovation efforts, and Concentration, respectively), 
whereby the coefficient of interest is ß1. We included 
control variables to account for potential time-varying 
confounders but also, to increase the accuracy of the 
obtained estimates as represented by the term Controls. 
Our choice of the control variables seeks to account for 
theoretically relevant relationships and at the same 
time, to avoid multicollinearity with the predictors of 
the hypotheses. We controlled for the number of apps 
(Number of apps) in category i to adjust the estimates 
for growth or decline in categories (Xue et al. 2019). 
We also controlled for firm size, which we inferred 
from the average number of apps published by devel
opers in category i (Firm size). Further, we controlled 
for unobserved heterogeneity within categories (υi) 
and time (Φt) by including fixed effects. Category fixed 
effects mitigate static variations within categories over 
time, ensuring that category-specific differences, such 
as development costs or revenue models, do not con
found estimations. For instance, they help to account 
for variations in development costs between catego
ries, like Utilities (relatively lower development costs) 
versus Medical (relatively higher development costs). 
Further, category fixed effects help account for differ
ences in revenue models. In some categories, revenue 
models are mostly based on advertisement (e.g., Social 
Networking), whereas others predominantly rely on 
subscriptions (e.g., Music). Moreover, by incorporating 
time-unit fixed effects, we controlled for static varia
tions within these temporal units. They, for instance, 
mitigate demand spikes around events like Christmas 
or variations across years. Consequently, the inclusion 
of time fixed effects provided additional control over 
the drivers of core expansion.

We estimated the model using two separate condi
tional logit models. Conditional logistic analysis differs 

from regular logistic regression in that the data are 
grouped and the likelihood is calculated relative to 
each group; that is, a conditional likelihood is used 
(Greene 2018, chapter 18). This modeling choice closely 
maps our theoretical conceptualization in terms of 
integrated features and stand-alone apps representing 
two distinct forms of core expansion rather than mutu
ally exclusive choices among a single set of options. 
Moreover, the conditional logit estimator allows for 
the accounting of the binary structure of the depen
dent variable, and it can incorporate unit and time 
fixed effects.7 We estimated the regressions with Stata 
17. We used the Stata package clogit to estimate the 
conditional logit models, which is identical in our case 
to using the standard Stata command but computa
tionally more efficient. Category fixed effects were 
implemented via the group attribute; time fixed effects 
were implemented by adding dummies.8

4. Results
4.1. Descriptive Evidence
Our main argument laid out in the hypothesis devel
opment is that core expansion is targeted toward 
underperforming niches and helps to increase the 
overall health of the ecosystem. Before delving into 
the hypothesis tests, we seek to build intuition for the 
subsequent hypothesis tests and to ground our inter
pretation of the results in observable patterns by 
reporting descriptive evidence.

First, software platforms usually earn a considerable 
share of their revenue from a commission model, 
where the commission rates are much higher than on 
pure transaction platforms. For example, during our 
observation period, Apple charged a commission of 
30% on all app sales or in-app transactions. In some 
cases, such as for small developers, a reduced rate of 
15% has been applied in recent years. Moreover, Apple 
earned through brokering in-app advertisement as 

Table 2. Variables and Descriptive Statistics

Variable Description Mean SD Min Median Max

1 Core expansion 
(app)

1 if category i is affected by a core expansion 
via app release and otherwise 0

0.06 0.23 0.00 0.00 1.00

2 Core expansion 
(feature)

1 if category i is affected by a core expansion 
via feature integration and otherwise 0

0.04 0.20 0.00 0.00 1.00

3 User satisfaction Average user rating of apps in category i 3.60 0.23 0.29 3.59 4.78
4 Innovation efforts Average update frequency defined as the count 

of updates of apps normalized by Age in 
category i

5.80 0.23 0.00 4.90 22.65

5 Concentration Number of user ratings of the top 4 apps 
divided by the total number of ratings of all 
apps in category i

0.31 0.14 0.07 0.28 1.00

6 Number of apps Number of apps in category i 7,408.86 4,416.91 1.00 6,209.50 23,988.00
7 Firm size Average number of total apps published by 

developers in category i
27.14 24.72 3.80 21.23 280.29

Notes. Summary statistics are based on the sample (N� 2,324). SD, standard deviation.
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well as sponsored search results in the App Store. This 
provides software platforms, such as Apple, an incen
tive to enlarge the overall pie of value (and take a 
share) rather than focusing on directly selling comple
ments. Supporting this argument is the fact that as of 
2020, the App Store was home to about 2 million apps. 
The overall revenue generated by apps in the App 
Store has more than tripled in size between 2015 (U.S. 
$21 billion) and 2020 (U.S. $64 billion) as measured by 
estimates of total billings from third-party developers 
(Caminade and von Wartburg 2022). Because Apple 
takes a share of this revenue, the firm’s revenues from 
the App Store have likely risen over that period corre
spondingly. Second, Apple has not expanded into par
ticularly profitable niches as one would expect if the 
core expansions were not driven by the goal to 
enhance the ecosystem. For example, Apple decided to 
abstain from entering the gaming app market, despite 
its substantial profitability and the company’s capacity 
to do so. The gaming market has been the most lucra
tive segment of the App Store, accounting for 62% of 
global App Store spending (Statista 2023). For several 
further markets, Apple’s core expansions have directly 
supported third parties in creating value. For example, 
in Books (comprising 2% of the global App Store spend
ing), Apple has supported e-book collection, reading, 
and purchases with its Apple Books app. For several fur
ther profitable markets, no Apple app existed. For 
example, Apple has not expanded into the Dating (e.g., 
Tinder and Bumble), Travel (e.g., Booking and Kayak), 
or Food (e.g., NYT Cooking and BBC Good Food) cate
gory. Finally, complementary hardware sales (iPhone, 
iPad, Watch, and Mac) benefitted from the availability 
of third-party apps. For example, Apple’s iPhone rev
enues have more than doubled over the observation 
period, rising from U.S. $23 billion in 2012 (quarter 1) 
to U.S. $55 billion in 2020 (quarter 1) (Statista 2024).

4.2. Hypotheses Tests
Table 3 summarizes the results of the hypotheses tests 
as estimated from Equation (1). Column (1) in Table 3
indicates the results for core expansion through the 
release of a stand-alone app, and column (2) in Table 
3 indicates the results for core expansion through the 
integration of a platform feature. To ease readability 
and for reasons of logical consistency, we invert the 
coefficients for User satisfaction (Hypothesis 1) and 
Innovation efforts (Hypothesis 2). This means that for 
these predictors, a more positive coefficient corre
sponds to a lower value of the predictor in our model. 
Moreover, to ease readability, we mark the coefficients 
corresponding to the hypotheses in bold in Table 3.

We begin with the test for Hypothesis 1. We begin 
with column (2) in Table 3 because it reports the 
hypothesized association between User satisfaction and 
Core expansion (feature). In column (2) in Table 3, we 

observe a statistically significant positive coefficient 
on (inverted) User satisfaction. The positive coefficient 
on (inverted) User satisfaction suggests that lower user 
satisfaction in a niche is associated with higher odds 
of core expansion through a feature, which is in line 
with Hypothesis 1. More specifically, a one-standard- 
deviation-lower User satisfaction increases the odds 
of a core expansion with a feature by a factor of 
e4.081� 59.204. Moreover, in line with Hypothesis 1, 
we observe a positive but insignificant coefficient on 
(inverted) User satisfaction in column (1) in Table 3. 
Taken together, this evidence confirms Hypothesis 1.

We proceed with the test for Hypothesis 2. We 
begin with column (1) in Table 3, which shows the 
hypothesized association between Innovation efforts 
and Core expansion (app). In column (1) in Table 3, we 
observe a statistically significant positive coefficient on 
(inverted) Innovation efforts. The positive coefficient on 
(inverted) Innovation efforts suggests that lower innova
tion efforts in an ecosystem niche are associated with 
higher odds of a core expansion with an app, which 
confirms what Hypothesis 2 had suggested. In particu
lar, a one-standard-deviation-lower Innovation efforts 

Table 3. Results of the Hypotheses Tests

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2)

(inverted) User satisfaction 1.291 4.081***
(0.704) (0.954)

(inverted) Innovation efforts 3.683* �4.333**
(1.584) (1.431)

Concentration �1.564*** 1.901***
(0.457) (0.506)

Controls
Number of apps �0.500 �0.279

(1.050) (0.978)

Firm size �0.287 1.015**
(0.396) (0.383)

Fixed effects
Unit (category) x x
Time (month) x x
Log likelihood �223.8 �133.8

Notes. Coefficients for User satisfaction and Innovation efforts are 
inverted to align the interpretation with regard to the formulation of 
the hypotheses. For example, in column (2), the lower the User 
satisfaction is, the more likely a core expansion is. Conditional coefficients 
corresponding to the variables tested in Hypotheses 1–3 are presented in 
bold to facilitate interpretation. Conditional logit estimates are given. 
Standardized coefficients in log-odds notation are shown. Standard 
errors are in parentheses. Observations are in category-months. 
Parameters are estimated using the sample of N� 2,324 category- 
months, with 1,189 category-months effectively entering the 
estimation in column (1) and 814 category-months effectively 
entering the estimation in column (2). DV, dependent variable. “x” 
indicates that the respective fixed effects have been included.

*Significance at the 5% level; **significance at the 1% level; 
***significance at the 0.1% level.
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increases the odds of a core expansion with an app by 
a factor of e3.683� 39.766. In column (2) in Table 3, we 
detect a statistically significant negative coefficient on 
(inverted) Innovation efforts. The negative coefficient on 
(inverted) Innovation efforts suggests that lower user sat
isfaction in a niche is associated with lower odds of 
core expansion through a feature, which further con
firms Hypothesis 2. A one-standard-deviation-lower 
Innovation efforts decreases the odds of a core expan
sion with a feature by a factor of e�4.333� 0.013 on 
average. We conclude that Hypothesis 2 is supported.

Finally, we test for Hypothesis 3. We begin with col
umn (2) in Table 3 because it reports the hypothesized 
association between Concentration and Core expansion (fea
ture). In column (2) in Table 3, we observe a positive coef
ficient on Concentration. The coefficient is statistically 
significant. The positive coefficient on Concentration sug
gests that higher concentration in a niche is associated 
with higher odds of core expansion through a feature, 
which confirms Hypothesis 3. More specifically, a one- 
standard-deviation-higher Concentration increases the 
odds of a core expansion with a feature by a factor of 
e1.901� 6.693 on average. In line, in column (1) in Table 3, 
we observe a negative and statistically significant coeffi
cient on Concentration. The negative coefficient on Concen
tration suggests that the higher the concentration is in an 
ecosystem niche, the lower the odds are of a core expan
sion with an app, which is also in line with Hypothesis 3. 
More precisely, a one-standard-deviation-higher Concen
tration decreases the odds of a core expansion with an 
app by a factor of e�1.564� 0.209. Taken together, we con
clude that the data support Hypothesis 3.

5. Robustness
5.1. Endogeneity
5.1.1. Omitted Variable Bias. We conducted several 
robustness checks to rule out endogeneity biasing our 
estimates. The primary potential source of endogene
ity is the presence of omitted variables (Rutz and 
Watson 2019). If our model omits important variables 
that are correlated with the probability of a core 
expansion in a category and the included variables, 
then there is the possibility of omitted variable bias, 
which would render our hypotheses tests potentially 
spurious. To meet this challenge, our model included 
fixed effects for the panel unit and time to account 
for time-invariant omitted variables and further con
trol variables suggested by the literature (e.g., Xue 
et al. 2019).

We conducted several additional tests to approach 
this issue. In a first test, we sought to reduce omitted 
variable bias through enhancing the comparability 
between categories before a core expansion using an 
approach in the spirit of matching techniques.9 We 
compare only those categories that have not experi
enced a core expansion at the time of observation. By 
doing so, we strived to enforce similar levels of an 
unknown confounder that might correlate with a cate
gory not having experienced a core expansion yet. 
The results are reported in columns (1) and (2) in 
Table 4, where we enforce that a category is not used 
for comparison if it has seen an expansion within 
the past two years. The analysis corroborates the 
results of the hypotheses tests. In further analyses, not 
reported for the sake of brevity, the results were 

Table 4. Checks on Omitted Variable Bias

Matching Control function approach

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2) (3) (4)

(inverted) User satisfaction 2.328 3.321** �2.215* 25.320***
(1.319) (1.038) (0.905) (1.245)

(inverted) Innovation efforts 15.987*** �6.491** 21.085 �5.891***
(3.533) (1.840) (2.264) (1.662)

Concentration �5.322*** 2.164** �1.802*** 2.271***
(1.186) (0.661) (0.500) (0.590)

Controls x x x x
Fixed effects x x x x
Log likelihood �103.3 �91.8 �210.8 �121.0

Notes. Coefficients for User satisfaction and Innovation efforts are inverted to ease interpretation with regard to the formulation of 
the hypotheses. The coefficients corresponding to the hypotheses are marked in bold to ease readability. Conditional logit 
estimates are given. Standardized coefficients in log-odds notation are shown. Standard errors are in parentheses. Observations 
are in category-months. Parameters are estimated using the sample of N� 2,324 category-months, with 1,189 category-months 
effectively entering the estimation in columns (1) and (3) and 814 category-months effectively entering the estimation in 
columns (2) and (4). DV, dependent variable. “x” indicates that controls and fixed effects have been included.

*Significance at the 5% level; **significance at the 1% level; ***significance at the 0.1% level.
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consistent when setting the threshold for longer peri
ods (four years).10

In a second test and in the absence of an instrumen
tal variable estimator for logit models with endoge
nous continuous regressors, such as ours, we follow 
the recommendation of the methodological literature 
and implement the control function method to further 
account for endogeneity (Blundell and Powell 2004, 
Petrin and Train 2010). We follow prior research in 
information systems (e.g., Benaroch and Chernobai 
2017, Saldanha et al. 2020, Wu et al. 2021) and con
struct the control function using lags of the regressors. 
The idea is that these lagged variables create exoge
nous variation by separating the cumulative effects 
of past category characteristics from immediate 
unobserved factors that might align with Apple’s 
expansion. For example, past User satisfaction cap
tures established consumer preferences and app 
quality, which influence current levels of that vari
able within a category (for instance, through repeated 
use or loyalty) yet will only influence Apple’s expan
sion decisions through their influence on current 
User satisfaction. Crucially, these lagged variables 
introduce exogenous variation by isolating the cumu
lative impact of prior category dynamics from imme
diate, unobserved factors that could correlate with 
Apple’s expansion.11 The results using the control 
function approach are reported in columns (3) and 
(4) in Table 4. The resulting coefficients are consistent 
in direction, although the coefficient on Innovation 
efforts drops below the significance level. We alterna
tively estimated the model using the same regressors 
and instruments using Stata’s instrumental variable 
probit estimator (ivprobit), which likewise confirms 
the hypotheses. The results are reported in Table A.4 
in the Online Appendix.

Last, we conducted a sensitivity analysis to quantify 
how endogeneity—manifested through an unobserved 
confounding variable—could turn the hypotheses tests 
insignificant. We follow the so-called robustness of 
inference to replacement (RIR) approach (Frank et al. 
2013, Xue et al. 2019, Busenbark et al. 2022). RIR esti
mates how much of a data set had to be altered to hypo
thetically invalidate the inference, and it is analogous to 
the impact threshold for a confounding variable analysis 
adapted for dichotomous dependent variables (Frank 
et al. 2013, Huang et al. 2018, Whitaker et al. 2019).

The results of the procedure demonstrate that for 
Hypothesis 1, an omitted variable would need to 
overturn the relationship in 54.10% of the cases (i.e., 
more than half of the data set), which seems unlikely. 
For Hypothesis 2, an omitted variable would have to 
overturn 35.17% of the cases, and for Hypothesis 3, an 
omitted variable would have to overturn 47.70% of 
the cases. Taken together, an omitted confounder 
would need to overturn between one third and one 

half of the data set to invalidate the results. Few stud
ies can currently serve as benchmarks; among them, 
Gleasure (2024) reports values ranging from 20.26% to 
50.99% for its Ordinary Least Squares (OLS) models, 
and Wang et al. (2023) report values between 27.90% 
and 53.60%. Our values fall within the range of these 
and therefore, appear sufficiently robust.

5.1.2. Functional Form. Another source of endogene
ity bias can arise from the incorrect specification of a 
model because of the use of an inappropriate functional 
form. The literature recommends constructing this rela
tionship on the basis of a logit model, which we have 
followed. We also estimated the results using OLS (i.e., 
resulting in a so-called linear probability model).12 The 
outcome of this exercise is reported in Table 5. The 
hypotheses tests are consistent concerning the direction 
of the coefficients, but the coefficients associated with 
Hypothesis 1 (User satisfaction) and Hypothesis 3 (Con
centration) fall below statistical significance.

5.1.3. Measurement Error. Aside from omitted variable 
bias, another source of endogeneity arises when the 
explanatory variables of a model exhibit measurement 
errors, which we assessed in four robustness checks.

First, measurement error could arise from develo
pers changing the categories of their apps. Apple vali
dates developers’ changes to ensure that they are 
appropriate. Given the large number of apps within 

Table 5. Alternative Estimation Using a Linear Probability 
Model

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2)

(inverted) User satisfaction 0.160 0.361
(0.305) (0.259)

(inverted) Innovation efforts 0.158*** �0.042
(0.057) (0.050)

Concentration �0.089*** 0.022
(0.024) (0.020)

Controls x x
Fixed effects x x
Estimator LPM LPM
Adjusted R2 0.0379 0.0381

Notes. Coefficients for User satisfaction and Innovation efforts are inverted 
to ease interpretation with regard to the formulation of the hypotheses. 
The coefficients corresponding to the hypotheses are marked in bold to 
ease readability. Fixed-effects OLS estimates are given. Standard errors 
are in parentheses. Observations are in category-months. Parameters 
are estimated using the sample of N� 2,324 category-months, with 
1,189 category-months effectively entering the estimation in column (1) 
and 814 category-months effectively entering the estimation in column 
(2). DV, dependent variable; LPM, linear probability model. “x” 
indicates that controls and fixed effects have been included.

***Significance at the 0.1% level.
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each category, the impact of a small number of apps 
changing categories is likely negligible for our estima
tion. Nevertheless, we assessed the impact of this pos
sibility. We created a second data set, departing from 
the data on the app level as before but excluding apps 
from the sample that change their category. Using this 
data set, we re-estimated the model. Columns (1) and 
(2) in panel A of Table 6 document the results. The 
coefficients are consistent in direction and significance 
with our main results. Second, we assessed the sensi
tivity of our results to variations in the pre-event win
dow used for measuring niche characteristics. We 
re-estimated the model using alternative windows 
(from 12 to 8 months before the core expansion and 
from 11 to 6 months). The results are reported in 

columns (3)–(6) in panel A of Table 6. The results are 
consistent with the hypotheses tests in terms of the 
direction of the coefficients. However, for Hypothesis 
2 (Innovation efforts), the coefficient falls below the 
level of statistical significance. Third, we explored var
iations in the measure for Concentration by calculating 
it based on the top 8 and top 20 apps within a cate
gory. The results are reported in columns (1)–(4) in 
panel B of Table 6. We conclude that our hypotheses 
tests are consistent across these variations. This pro
vides further support for the robustness of our find
ings across different variations of Concentration based 
on this measure. Last, to bolster our choice of the four- 
firm concentration ratio as a measure of Concentration, 
we used the widely adopted Herfindahl–Hirschman 

Table 6. Tests for Measurement Error

Panel A: Measurement of niche characteristics

Apps that change 
categories excluded

Alternative time 
window [�11, �6]

Alternative time 
window [�12, �8]

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2) (3) (4) (5) (6)

(inverted) User satisfaction 1.541* 3.690*** 1.028 2.911*** 1.358 2.891**
(0.640) (0.905) (0.653) (0.819) (0.782) (0.982)

(inverted) Innovation efforts 2.967* �3.046** 2.094 �3.800** 0.919 �3.872**
(1.276) (1.121) (1.503) (1.221) (1.893) (1.419)

Concentration �1.664*** 1.934*** �1.343*** 1.831*** �1.385** 1.947***
(0.460) (0.511) (0.397) (0.470) (0.456) (0.529)

Controls x x x x x x
Fixed effects x x x x x x
Log likelihood �223.4 �134.4 �284.8 �178.7 �234.1 �145.4

Panel B: Alternative measurement of Concentration

Measurement of Concentration 
based on top 8 apps

Measurement of Concentration 
based on top 20 apps

Measurement of Concentration 
using Herfindahl–Hirschman Index

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2) (3) (4) (5) (6)

(inverted) User satisfaction 1.266 3.951*** 1.176 3.934*** 1.232 4.454***
(0.721) (0.964) (0.693) (0.962) (0.719) (0.972)

(inverted) Innovation efforts 3.933* �4.631** 4.059** �4.370** 3.724* �4.195**
(1.609) (1.455) (1.562) (1.462) (1.590) (1.431)

Concentration �2.227*** 2.189*** �2.231*** 2.070*** �1.510** 2.325***
(0.565) (0.511) (0.608) (0.574) (0.470) (0.556)

Controls x x x x x x
Fixed effects x x x x x x
Log likelihood �221.3 �131.7 �222.6 �135.5 �224.4 �130.1

Notes. Predictors for User satisfaction and Innovation efforts are inverted to ease interpretation with regard to the formulation of the hypotheses. The 
coefficients corresponding to the hypotheses are marked in bold to ease readability. Conditional logit estimates. Standardized coefficients in log-odds 
notation. Standard errors in parentheses. Observations are category-months. Panel A estimations use the sample of N� 2,324 category-months, with 
1,189 category-months effectively entering the estimation in Column (1), 814 in Column (2), 1,271 in Column (3), 954 in Column (4), 1,242 in Column (5), 
and 925 in Column (6). Panel B estimations use the sample of N� 2,324 category-months, with 1,189 category-months effectively entering the estimation 
in Columns (1), (3), (5), and 814 in Columns (2), (4), (6). DV, dependent variable. “x” indicates that controls and fixed effects have been included.

*Significance at the 5% level; **significance at the 1% level; ***significance at the 0.1% level.
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Index (HHI) as an alternative (Scherer and Ross 1990, 
Mithas et al. 2013, Pan et al. 2018). The HHI assesses 
concentration by accounting for the market share dis
tribution across all competitors rather than focusing 
solely on the top firms. Using the HHI, we re-estimated 
the models. Columns (5) and (6) in panel B of Table 6
report the results, which are consistent with the 
hypotheses and therefore, further corroborate the mea
surement of niche concentration.13

5.2. Multicollinearity
The levels of User satisfaction, Innovation efforts, and 
Concentration could be correlated, causing multicolli
nearity. High multicollinearity can inflate standard 
errors, making it difficult to discern the individual 
effects of these variables on core expansion. To assess 
this issue, we followed the standard procedure in the 
literature and calculated variance inflation factors 
(VIFs) (Cohen et al. 2003, Hair et al. 2006). Multicolli
nearity is considered present when the VIF exceeds 
a value of 10 (Cohen et al. 2003, Hair et al. 2006). The 
VIFs for the variables in our model are far below that 
threshold: VIFUser satisfaction� 1.74, VIFInnovation efforts� 1.77, 
and VIFConcentration� 1.17. Thus, multicollinearity is not 
biasing our estimates. In a complementary test reported 
in Table A.5 in the Online Appendix, we further assess 
concerns over multicollinearity by reporting a stepwise 
test of the hypotheses. The coefficients are consistent in 

direction and significance, further refuting concerns 
over multicollinearity biasing our tests.

5.3. Falsification Checks
A few rival explanations exist that we sought to 
exclude in a series of falsification checks. First, the results 
could be driven by an imbalance in the number of 
expansions across categories. As evident from Table 1, 
the category Utilities was most affected by core expan
sions. One concern, consequently, could be that the find
ings are driven by an overrepresentation of these core 
expansions in our sample. In a further check, we, there
fore, excluded core expansions into the category Utilities 
from the data entirely and re-estimated the model. Col
umns (1) and (2) in Table 7 report the results. We find 
that the hypotheses are confirmed; thus, the results are 
not driven by core expansions into the category Utilities 
alone but reflect a larger underlying relationship present 
in the data.

Another rival explanation could be that the results 
are distorted by carryover effects in terms of past core 
expansions influencing the likelihood that a niche 
experiences a core expansion in the future. To assess it, 
we included a control that considers prior core expan
sions in a category. More specifically, Core expansionpre 
is a binary variable indicating whether category i was 
affected by a core expansion—app or feature—within 
the last two years. Columns (3) and (4) in Table 7

Table 7. Falsification Checks

Core expansions into Utilities excluded Control for carryover effects

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

DV�Core 
expansion (app)

DV�Core 
expansion (feature)

(1) (2) (3) (4)

(inverted) User satisfaction 1.027 2.795** 1.545* 4.089***
(0.750) (1.050) (0.731) (0.956)

(inverted) Innovation efforts 4.539** �6.081*** 1.810 �4.326**
(1.701) (1.684) (1.705) (1.431)

Concentration �1.716*** 2.243*** �1.225** 1.906***
(0.471) (0.595) (0.457) (0.508)

Core expansionpre �7.251 0.039
(392.226) (0.267)

Controls x x x x
Fixed effects x x x x
Log likelihood �204.0 �107.2 �207.3 �133.8

Notes. Predictors for User satisfaction and Innovation efforts are inverted to ease interpretation with regard to the formulation of the 
hypotheses. The coefficients corresponding to the hypotheses are marked in bold to ease readability. There are smaller numbers of 
observations in columns (1) and (2) because of excluding the category Utilities. Conditional logit estimates are given. Standardized 
coefficients in log-odds notation are shown. Standard errors are in parentheses. Observations are category-months. The coefficients 
in columns (1) and (2) are estimated using the sample of N� 2,213 category-months, with 1,143 category-months effectively 
entering the estimation in column (1) and 766 category-months effectively entering the estimation in column (2). The coefficients in 
columns (3) and (4) are estimated using the sample of N� 2,324 category-months, with 1,189 category-months effectively entering 
the estimation in column (1) and 814 category-months effectively entering the estimation in column (2). DV, dependent variable. 
“x” indicates that controls and fixed effects have been included.

*Significance at the 5% level; **significance at the 1% level; ***significance at the 0.1% level.
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report the results. The thereby obtained coefficients 
are consistent in direction and significance, with the 
exception of the test for Hypothesis 2, which falls 
below the significance level.

Last, there could be the concern that two core expan
sions occur in close succession and therefore, cause 
attribution issues for the estimation.14 We, therefore, 
conducted a robustness check, in which we excluded 
the small number of core expansions that temporally 
overlap and re-estimated the regression models. Table 
A.6 in the Online Appendix reports the results, which 
are consistent to our main findings. To conclude, prior 
core expansions do not distort the results of our 
hypotheses tests.

5.4. Unit of Analysis
To validate the robustness of our approach in aggregating 
app-level data to the category level, we conducted an 
additional robustness check using the raw app-level data 
prior to its aggregation. Specifically, we re-estimated the 
model at the app level using the same independent and 
dependent variables as specified in the primary analysis 
but measured directly at the level of the app. The results 
from the app-level estimation, which are reported in Table 
A.7 in the Online Appendix, are consistent with those 
obtained using the aggregated category-level data. The 
coefficients retain similar directions, magnitudes, and sta
tistical significance. To conclude, the aggregation process 
did not distort the analysis and supports the validity of 
our category-level analysis.

6. Discussion
6.1. Theoretical Contributions and Implications
The core-periphery model of software platforms com
bined with commission-based revenue generation 
incentivizes platform owners to maximize the overall 
value generated by their ecosystem. With these incen
tives, it becomes crucial for platform owners to develop 
strategies by which the platform ecosystem can grow 
and generate more value. Prior research on the growth 
of software platform ecosystems has primarily focused 
on providing resources for third-party developers at 
the core-periphery boundary of the platform (Ghazaw
neh and Henfridsson 2013, Eaton et al. 2015, Karhu et al. 
2018, Ye and Kankanhalli 2018), designing the platform 
core to promote reuse (Brunswicker et al. 2019, Meng 
et al. 2022, Um et al. 2023), and encouragement mecha
nisms (Huang et al. 2013, Liang et al. 2019, Foerderer 
2020, Hukal et al. 2020). The research reported in this 
paper complements this stream of research by investi
gating the drivers behind software platform owners’ 
decisions to expand their platform core into ecosystem 
niches. Core expansion aims at addressing underper
forming niches within the ecosystem that fail to contrib
ute meaningfully to the platform’s overall value.

We propose the hypotheses that platforms are more 
likely to expand into ecosystem niches characterized 
by low user satisfaction, reduced innovation efforts, 
and high market concentration. To test these hypothe
ses, we constructed a novel and comprehensive data set 
capturing Apple’s core expansions on the iOS platform 
between 2012 and 2020, comprising both stand-alone 
apps and features integrated into the core. Testing these 
hypotheses presents significant challenges as it requires 
an empirical setting with variation in core expansions, a 
meticulous and labor-intensive process to identify these 
core expansions, and robust measures to accurately 
characterize the affected niches.

Our research offers several contributions. First, on a 
general level, the findings statistically evaluate and 
extend the qualitative insights of prior research on 
software platforms (Gawer and Henderson 2007, Sar
ker et al. 2012, Wareham et al. 2014, Eaton et al. 2015, 
Huber et al. 2017), which all in one way or another 
highlight the platform owner’s management of third- 
party developer relationships in increasing the overall 
value of the platform ecosystem. Our findings confirm 
the overarching hypothesis that software platforms 
strategically expand into underperforming ecosystem 
niches. We extend this hypothesis by finding that 
expansions are driven by low user satisfaction, reduced 
innovation efforts, and high market concentration. By 
systematically linking platform core expansions to mea
surable niche deficiencies, our study moves beyond 
anecdotal evidence to establish a robust statistical asso
ciation. This association has been rigorously validated 
through extensive robustness checks, including tests for 
endogeneity regarding omitted variable bias, measure
ment error, and functional form specification, as well as 
by ruling out important rival explanations. Second, our 
work situates platform core expansion into the broader 
framework of platform governance mechanisms. We 
demonstrate that platform owners actively engage with 
the periphery, moving beyond the traditional reliance 
on interfaces, rules, and quality control mechanism for 
managing third-party contributions as suggested in 
early work (Tiwana et al. 2010, Yoo et al. 2010). Our 
research resonates well with the more recent under
standing that platform governance manifests in com
plex behaviors (Song et al. 2018, Hukal et al. 2020, 
Wang 2021, Alhauli et al. 2023, Leong et al. 2024). Third, 
our findings offer new insights into the balance of 
power within platform ecosystems (Wareham et al. 
2014, Parker et al. 2017, Hurni et al. 2022, Hunt et al. 
2025, Liu et al. 2025). By demonstrating that high 
market concentration drives platform core expansions 
aimed at preserving power asymmetry, it highlights 
how software platform owners strategically safeguard 
supermodular complementarities in their ecosystems. 
This perspective reframes platform core expansions not 
as moves that disrupt competition but rather, as 
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deliberate strategies to maintain a healthy balance of 
power. Finally, our findings not only highlight where 
software platform owners intervene with core expan
sions but also, how these interventions take shape. We 
introduced the notion of core expansions implemented 
through stand-alone apps versus integrated features, 
advancing prior research that has not differentiated 
between these forms (e.g., Gawer and Henderson 2007, 
Foerderer et al. 2018, Wen and Zhu 2019). Our results 
show that the choice of the expansion form is systemati
cally linked to the characteristics of ecosystem niches. 
This confirms that the distinction is a significant factor 
in platform owners’ decisions regarding the boundary 
between the platform core and the periphery. More
over, our findings highlight that the form of platform 
core expansion is chosen depending on specific ecosys
tem deficiencies. This distinction provides a deeper 
understanding of why platform core expansions take 
different forms and emphasizes the strategic considera
tions underlying these decisions.

6.2. Managerial and Policy Implications
There are at least four managerial implications of our 
research. First, third-party developers or complemen
tors must recognize that underperformance in their 
niche—manifested as low user satisfaction, reduced 
innovation efforts, or high market concentration— 
may prompt platform core expansions. To mitigate 
potential risks that can arise from that, third-party 
developers should prioritize continuous innovation, 
enhance competitive differentiation, and proactively 
address user satisfaction to maintain their relevance 
within the ecosystem. Second, platform owners should 
view expansion into underperforming niches as a 
strategy to enhance the overall ecosystem rather than 
as a short-term opportunity for rent extraction. By 
addressing issues, such as low user satisfaction, stag
nating innovation, and high market concentration, 
platform owners can strengthen network effects and 
foster ecosystem growth. The case of Apple—a leading 
software platform owner—illustrates this approach. 
Apple’s focus on expanding its core into underper
forming niches rather than extracting immediate rents 
highlights the strategic importance of fostering long- 
term value creation. This observation is particularly 
significant as it demonstrates that even dominant plat
forms prioritize ecosystem development over short- 
term revenue generation from selling complements. 
Third, platform owners need to align the form of core 
expansion—stand-alone apps or features—with speci
fic ecosystem deficiencies. They must recognize that 
not all underperforming niches require the same type of 
expansion. High market concentration is best addressed 
through feature integration as it helps limit the influence 
of dominant complementors. Conversely, stagnant inno
vation in niches is more effectively addressed by 

introducing stand-alone apps to stimulate competitive 
responses and drive innovation. Tailoring these strate
gies ensures that expansions are well suited to the 
unique challenges of each niche. Finally, regulators 
should reconsider the prevailing assumption that core 
expansions primarily serve as a means for platform 
owners to extract rents. Our findings demonstrate that 
core expansions often target underperforming niches in 
an apparent attempt to develop these areas. This insight 
suggests that core expansions play a constructive role, 
which calls for a more nuanced perspective that moves 
beyond blanket assumptions of anticompetitive moves.

6.3. Future Research
Although our findings provide support for the 
hypotheses, they also raise an important question for 
future research. Do platform core expansions achieve 
their intended objectives? Likely, the actual outcome 
of core expansion will depend on a variety of factors, 
including the degree of functional overlap between 
the platform’s core expansion and existing peripheral 
complements, platform owner’s communication, and 
prior expansion activities. For example, under some 
conditions, developers might interpret core expan
sions as an appropriation and reduce their innovation 
efforts (Ceccagnoli et al. 2012, Huang et al. 2013). 
However, if a platform owner clearly signals that its 
expansion is intended to complement rather than 
replace third-party innovation, it has the potential to 
mitigate fears of appropriation and can be very effec
tive. In line, core expansions could have unintended 
consequences. For example, when Apple introduced 
Apple Maps in 2012, the move was likely intended to 
restore power asymmetry in the niche for navigation 
apps on iOS, which had become heavily concentrated 
around Google Maps (e.g., Forbes 2012). However, 
the launch of Apple Maps was plagued by technical 
issues and inaccuracies, leading to widespread criti
cism and a loss of user trust, whereas Google Maps 
retained its dominance and even fortified it by acquir
ing and integrating Waze. This example illustrates 
how various conditions and counteractions can affect 
the outcomes of the core expansion. Studying whether 
and under what conditions core expansions achieve 
their objectives was infeasible because it requires a 
research design capable of accounting for the pre- 
existing differences observed here and identifying 
counterfactual niches that can serve as control bench
marks for those affected by core expansions. This chal
lenge is underscored by the fact that prior research on 
the consequences of platform core expansions has 
been limited to the investigation of one or few indi
vidual cases (Foerderer et al. 2018, Wen and Zhu 2019, 
Kang and Suarez 2023). Future research would benefit 
from systematically studying postexpansion outcomes 
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to understand under which conditions the objectives 
are achieved.15

In addition, future research is needed to compre
hend when platform owners treat the two forms of 
core expansion modes (i.e., features versus stand- 
alone app) as substitutes in terms of actively choosing 
one form while avoiding the other. Understanding 
this distinction logic behind not only whether to 
expand but how and when to refrain from a particular 
form has the potential to offer valuable insights into 
considerations, such as ecosystem stability or avoid
ing regulatory attention.16

6.4. Limitations
Understanding the patterns that drive platform core 
expansions is empirically challenging as researchers 
must rely solely on observational data. The motives 
behind these expansions cannot be directly observed, and 
even with access to decision makers, the reliability of their 
statements may be questionable, especially given the 
heightened regulatory scrutiny in this domain (e.g., Bhar
gava et al. 2022, Li and Wang 2024). To address this em
pirical challenge, we adopt an indirect approach by 
statistically testing for associations between the hypothe
sized drivers and core expansions. Importantly, these 
associations should be interpreted as evidence of statistical 
consistency with the theorized mechanisms rather than 
implying that every individual expansion complies with 
the theorized mechanisms. To ensure the robustness of 
these findings, we implemented a series of tests for endo
geneity bias, including an approach in the spirit of match
ing techniques, which is a control function approach; 
performed a sensitivity analysis using robustness of infer
ence procedures; assessed measurement errors in a series 
of tests; and varied the functional form. We tested for mul
ticollinearity and ruled out key rival explanations. How
ever, as with any nonexperimental study, we cannot fully 
rule out the possibility of omitted variable bias. We, there
fore, refrain from framing our study as causal and instead, 
interpret our results as predictive and whether they are 
consistent with the hypothesized theoretical drivers.

7. Conclusion
This study advances our understanding of the strategic 
drivers behind core expansions initiated by software 
platform owners, providing valuable results into both 
the where and how of core expansions. Through an anal
ysis of Apple’s core expansions on its iOS platform, we 
have been able to demonstrate that platform owners 
target underperforming niches—characterized by low 
user satisfaction, reduced innovation efforts, and high 
market concentration of complementor offerings—as a 
strategy to address ecosystem weaknesses. Further
more, we have revealed that the form of these expan
sions varies systematically, with stand-alone apps 

and integrated features tailored to specific ecosystem 
conditions.
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Endnotes
1 Extension and expansion are oftentimes used interchangeably. We 
use expansion to capture the fact that over time, the platform core 
will not only be enhanced within the confines of the original scope 
of the platform but also, be expanded with entirely new functionali
ties (e.g., Apple Health was not envisioned in the original platform 
core of iOS).
2 It should be mentioned that the literature on the economics of 
platforms presents an alternative explanation. For instance, the the
oretical work by Farrell and Katz (2000) suggests that firms, like 
Apple, have an incentive for expanding the core to extract rents— 
either by charging a higher price for the platform itself or by creat
ing additional revenue streams through the sale of complements. 
Platforms have the advantage of access to valuable information 
about successful complements, the capability to imitate them, and 
the market power to effectively sell them.
3 Our data provider covers historical data on the Apple App Store 
only from 2012 onward.
4 We considered but discarded alternative approaches to using the 
category system. One approach had been to analyze the app 
description either through manual coding or through a machine 
learning classification. However, manual coding proved to be 
impractical because of the large volume of apps to be analyzed. A 
machine learning approach necessitated a sizable training data set 
that relied heavily on the accuracy of the app descriptions. Another 
option considered was leveraging the App Store’s similar apps 
recommendations (e.g., Mayya and Viswanathan 2025), but the lim
ited number of suggestions available did not suffice for an analysis 
in our very setting.
5 We use niche to denote the theoretical concept and category to rep
resent the measure.
6 The category level is the intuitive data structure given the hypoth
eses and the measures. The app level, on the other hand, allows for 
utilizing the complete information available for each app within a 
niche without the need for averaging. We appreciate the guidance 
by the review team to conduct the analysis at the category level.
7 We considered two alternatives: a multinomial model and a 
nested logit model. We discarded the multinomial logit because it 
assumes independence of irrelevant alternatives across expansion 
modes, an assumption unlikely to hold in our setting where the 
choice between “integrated feature” and “stand-alone app” likely 
depends on whether the platform chooses to expand at all (Cam
eron and Trivedi 2010, chapter 18). Although the nested logit model 
relaxes this assumption by modeling the expansion decision hierar
chically, no fixed-effects estimator was available at the time of our 
study. We, therefore, opted for conditional logit estimation.
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8 Note that all categories were included in the data set, even if they 
do not experience any core expansion throughout the observation 
period. However, the conditional logit estimator used for our analy
sis excludes these niches from the estimation because the outcome 
variables (i.e., Core expansion (app) and Core expansion (feature)) do 
not vary over time for these categories (i.e., they are always zero). 
This is a characteristic of the estimator as it relies on variation 
within groups (in this case, categories) to estimate the coefficients.
9 Classical matching (e.g., propensity score matching and coarsened 
exact matching) is usually applied for achieving balanced comparison 
groups before an intervention: for instance, the treatment and control 
groups in a difference-in-differences design. Such an approach is not 
applicable in our case because we predict the likelihood of a core 
expansion; matching on niche characteristics would eliminate the dif
ferences across niches that our hypotheses tests aim to uncover. We 
thank an anonymous reviewer for suggesting this discussion.
10 We cannot exclude a category permanently from the analysis 
once it has been affected as it would reduce the sample size to a 
level where no estimation is possible.
11 Aside from the lags, suitable instruments are limited in our case 
because there exist few isolated sources of exogenous variation that 
are correlated with individual categories and their levels of User sat
isfaction, Innovation efforts, and Concentration and not immediately 
correlated with platform owners’ propensity for core expansion. As 
part of this, we considered but discarded, for instance, using Goo
gle’s core expansions as an instrument because prior research has 
documented a direct influence of core expansions across platforms 
(Wen and Zhu 2019). We also discarded activities of large comple
mentors because they are indirectly captured already in our mea
sure of Concentration and Innovation efforts, which would cause a 
spurious correlation.
12 This estimator allows us to include category and time fixed 
effects without potential bias arising from the incidental parameter 
problem that can affect nonlinear fixed effects models, like logit, 
when the number of groups is large relative to the number of obser
vations (Greene 2018, chapter 18). Moreover, although conditional 
logit drops all categories that exhibit no within-group variation in 
the outcome variable, a linear probability model allows us to utilize 
the full sample.
13 We thank an anonymous reviewer for the idea to use the 
Herfindahl–Hirschman Index.
14 Note also that we coded observations as missing for categories 
that had experienced an expansion for the five months after a core 
expansion to prevent any given data point from influencing more 
than one window within the same category (see Section 3.3). We 
thank an anonymous reviewer for suggesting investigating this issue.
15 We thank an anonymous reviewer for suggesting this idea.
16 We are grateful to a reviewer for prompting this line of thought.
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