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Abstract

Platform complementors (third-party software developers) play a critical role in
enriching platform ecosystems. As app development becomes more costly and time-
consuming, complementors must strategically allocate scarce resources, which includes
selecting the right platforms to target and identifying appropriate boundary resources,
such as software development kits (SDKs). Although complementors may aim to
maximize market reach by developing apps for different platforms (a practice known as
multthoming), multthoming can potentially spread resources thinly across different app
versions and compromise app quality. Multihoming SDKs offer a solution by enabling
app deployment across multiple platforms using a single codebase. However, this
approach can compromise app quality due to insufficient platform specificity. This
research examines the impact of adopting multihoming SDKs on app quality, providing
theoretical insights at the intersection of technical design and platform governance. In
addition, it provides practical guidance for complementors to navigate trade-offs when
aligning boundary resource selection with strategic goals.

Keywords: App development, boundary resources, software development kits, multihoming

Introduction

The current platform economy is supported by more than 3 million mobile apps, which are expected to
generate $526.3 billion in revenue in 2023 (Statista, 2021). These apps are created by thousands of
complementors, that is, third-party software developers, who play a crucial role in platform ecosystems by
bringing diverse apps to mobile platforms such as iOS and Android (Bianco et al., 2014). In the United
States alone, platform complementors and their affiliates directly and indirectly employ approximately 5.9
million people, whose efforts sustain a $1.7 trillion app economy (ACT, 2020).

To develop apps, complementors use software development kits (SDKs) and related application
programming interfaces (APIs), which are boundary resource provided by platform owners. Boundary
resources provide necessary tools for complementors to extend a digital platform by creating various apps
for the platform while also allowing a platform owner to control its platform. As such, boundary resources
are critical to balancing between openness and control in platform ecosystems (Eaton et al., 2015;
Ghazawneh & Henfridsson, 2013).

Over the years, mobile app development has become increasingly costly and time-consuming, forcing
complementors to strategically allocate their resources. This entails carefully selecting which platforms to
target and subsequently identifying appropriate boundary resources for app development. Complementors
often intend to distribute their apps across various platforms to broaden their market reach, reduce reliance
on a single platform, and to realize economies of scale by spreading technical and marketing costs over a
larger user base (Droge et al., 2004; Nagesh & Caicedo, 2012; Selander et al., 2013). This approach, known
as multihoming, can be accomplished by (1) creating parallel app versions using native SDKs on each
platform, or by (2) using cross-platform SDKs, which are gaining favor among complementors for their
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support of multiplatform development with a single codebase. These cross-platform SDKs are defined as
multihoming SDKs below. It is worth noting that using multihoming SDKs is one of the approaches to
developing multihoming applications.

Although multihoming would seem to provide numerous benefits, it can also present challenges such as
high asset specificity in app development, limited features, and reduced complement quality across
platforms (Anderson et al., 2014; Chen et al., 2022; Ozalp et al., 2018). A particularly powerful category of
cross-platform SDKs we call multihoming SDKs offers a potential solution to these challenges. We define a
multthoming SDK, such as Cordova, PhoneGap, or Xamarin, as a cross-platform SDK that enables
complementors to distribute an app on multiple platforms using a single codebase. By utilizing
multihoming SDKs, complementors can reduce development time and maintenance costs by implementing
reusable code (Amatya & Kurti, 2014; Charkaoui et al., 2014; Heitkotter et al., 2013).

However, complementors often approach multihoming SDK adoption cautiously, concerned about whether
they can maintain consistent quality across different platforms (Cennamo et al., 2018). While these SDKs
present opportunities for enhanced app development efficiency, faster innovation, and reduced platform
owner market power, their adoption may be disadvantageous if it results in substandard complements. This
could harm complementors' reputations, negating potential cost and time savings. Moreover, inconsistent
user experiences and inferior complements may have negative repercussions for platform providers,
leading to user dissatisfaction, increased monitoring and quality control costs, and weakened
competitiveness. Consequently, the primary challenge lies in balancing the potential advantages of
multihoming SDKs with the need to preserve app quality. To further explore this issue, our research
examines the following question: how does the adoption of multihoming SDKs impact app quality?

Using a large dataset from iOS applications, we employ a staggered difference-in-differences approach
combined with propensity score matching. Our aim is to contribute to the literature on boundary resources
by conducting an empirical investigation into the effects of multihoming SDKs on app quality and other
outcomes of interest. Our study contributes theoretically to IS research by addressing calls to examine the
"intersection of technical design (software engineering view) and governance (management view)" (Tiwana
et al., 2010, p. 686). Additionally, the study offers managerial insights concerning complementors'
decisions to participate in multihoming activities and the complex trade-offs they face when selecting
boundary resources that align with their strategic objectives.

v —_—

i0S Android r | i0S Android r |

Users Users \l_ J Users Users . J
Figure 1a. Using native SDK for each platform Figure 1b. Using multihoming SDK for multiple platforms

Figure 1. Development using (a) Native vs. (b) Multihoming SDKs

Literature Review
SDKs as Boundary Resources
Apps function as technical add-on modules to software platforms, which are defined as "extensible

codebases of software-based systems that provide core functionality shared by the modules that
interoperate with it and the interfaces through which they interoperate" (Tiwana et al., 2010, p.675). To fuel
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value creation through generativity in an ecosystem that revolves around a mobile platform, platform
owners provide boundary resources such as SDKs and related APIs to platform complementors
(Ghazawneh & Henfridsson, 2013). As such, platform boundary resources are described as “software tools
and regulations that facilitate the arm's-length relationship between platform owners and complementors”
(Ghazawneh & Henfridsson, 2013, p.174).

Although computer science and engineering research (Rieger & Majchrzak, 2019) have primarily focused
on the functionality and efficiency of APIs and SDKs, there is a dearth of studies on the managerial
implications of different types of boundary resources. Platform boundaries involve intricate issues wherein
technological and design aspects intersect with economic and organizational concerns (Gawer, 2014). To
this end, management scholars have introduced the concept of boundary resources to investigate the pivotal
role that diverse SDKs, APIs, and other resources at the platform boundary play in determining modularity
and integration, authority and governance, coordination, and value creation for the platform and its
stakeholders (Bender, 2021; Bonina et al., 2021; Eaton et al., 2015; Karhu et al., 2018).

Boundary resources enable complementors to develop apps based on standardized system architecture and
communication protocols (Bianco et al., 2014). From a platform owner’s standpoint, these resources are
essential for striking a balance between openness and control on the platform (Ghazawneh & Henfridsson,
2013). On one hand, boundary resources facilitate the integration of complementors and provide access to
core modules that enable software development on the platform. On the other hand, platform owners use
them to exercise control over mobile app development, aligning actors within the ecosystem with the
owners' strategic objectives (Ghazawneh & Henfridsson, 2013). In situations where diverse communities
need to collaborate, but interests differ, boundary objects are especially important (Star, 2010). Boundary
resources, when effectively deployed, play a critical role in mitigating the tension between innovation and
oversight in digital service systems (Eaton et al., 2015).

Complementors also often aim to make their applications available across multiple platforms. However,
developing apps for various platforms typically necessitates utilizing platform-specific programming
languages, APIs, development environments, and app stores. This results in a wide array of skills and
knowledge required to create applications targeting multiple platforms, often leading to higher
development and maintenance costs (Amatya & Kurti, 2014). Multihoming SDKs offer a potential solution
to this issue by enabling apps to be deployed on multiple platforms using a single codebase, eliminating the
need to develop distinct versions of the same application for different platforms (Charkaoui et al., 2014;
Heitkotter et al., 2013).

Multihoming SDKs

In the realm of mobile app development, a complementor that offers its app on both Google Play and the
Apple App Store is regarded as engaging in multihoming (Engert et al., 2022). Early investigations into
multihoming primarily adopted an economic standpoint, examining which party partakes in multihoming
and who reaps the majority of economic surplus from activities (Armstrong & Wright, 2007; Rochet &
Tirole, 2003). Moreover, contemporary research delves into the implications of multihoming on platform
competition (Boudreau, 2008; Landsman & Stremersch, 2011). Evidence indicates that multihoming has
vital implications for mobile ecosystems, as it influences the competitive dynamics among diverse platforms
and the nature of interactions between complementors and platform owners (Cennamo et al., 2018).

The adoption of multihoming development has surged in popularity for various reasons. First, it enables
apps to broaden their market reach by catering to users across multiple platforms (Bresnahan et al., 2015).
Second, it mitigates the complementor's reliance on a singular platform and its owner, which may prove
risky if platform governance and competition change in a way that is detrimental to complementors over
time (Hyrynsalmi et al., 2016; Selander et al., 2013). Lastly, multihoming can yield economies of scale by
dispersing technical and marketing expenses across a more extensive user base (Bresnahan et al., 2015).

Despite its potential advantages, multihoming presents significant challenges and concerns for
complementors (Chen et al., 2022). The primary issue stems from the costs involved in adapting various
complement versions to distinct platform architectures, resulting in potentially high asset specificity in app
development (Anderson et al., 2014; Ozalp et al., 2018). Consequently, multihoming may lead to limited
features and diminished complement quality across platforms, as multihoming complementors might
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struggle to accumulate necessary resources and manage the increased complexity associated with
developing apps for multiple platforms.

To mitigate issues related to multihoming development, complementors pursuing a multihoming strategy
can harness multihoming SDKs (as illustrated in Figure 1b), instead of utilizing native SDKs for each
platform separately (as depicted in Figure 1a). Multthoming SDKs, such as Cordova, PhoneGap, or
Xamarin, are defined as cross-platform SDKs that enable complementors to distribute an app on multiple
platforms using a single codebase. To assist developers in making informed decisions about the SDKs best
suited for their multihoming strategy, we examine the impact of multihoming SDK usage on app quality.

The Impact of SDKs on App Quality

To evaluate the quality of apps, researchers typically rely on proxy measures such as average rating (Ali et
al., 2017; Mojica Ruiz et al., 2016; Siegfried et al., 2015), app store ranking (Cennamo et al., 2018; Kapoor
& Agarwal, 2017; Lee & Raghu, 2014), and user reviews (Ali et al., 2017; Khalid et al., 2015). Specifically,
prior research has investigated the connection between SDK characteristics and app success, using the
average app rating as the dependent variable (Bavota et al., 2015; Linares-Vasquez et al., 2013; Tian et al.,
2015). Aligned with this stream of research, we measure mobile app quality using their average rating on
the widely recognized five-point scale in the Google Play and Apple App Store (Bender, 2021). We plan to
enhance our findings in future studies by incorporating app store rankings and metrics derived from user
review texts as alternative dependent variables.

The adoption of multihoming SDKs may influence app quality. The advantages of multihoming SDK
adoption include accelerated development leading to reduced time-to-market, which can facilitate
capturing a considerable market share and reaching a broader audience (Droge et al., 2004). Furthermore,
multihoming SDKs provide the potential for additional revenue streams with minimal development costs,
thanks to reusable code (Amatya & Kurti, 2014; Charkaoui et al., 2014). However, developers must also
account for user expectations that complementary products be customized for each platform (Tiwana, 2015;
Yoo et al., 2010). Consequently, employing multihoming SDKs may introduce various performance
drawbacks, such as the absence of platform specificity, which can pose challenges in achieving consistent
quality across multiple platforms (Cennamo et al., 2018). Additionally, when apps lack specialized
functionality, it may prove difficult to deliver exceptional features that set the app apart from competitors
on each platform (Bosch & Bosch-Sijtsema, 2010).

Research Design
Data

We collected data from a major app analytics company, encompassing diverse information about more than
2 million iOS and Android apps. The comprehensive dataset granted access to an extensive array of app-
related information, such as average ratings, genre, publisher, version, price, and monthly active users
(MAU). In addition, the dataset was supplemented with installation history data for over 3,000 SDKs,
which recorded the app name, category, and installation date. This enables us to scrutinize the influence of
adopting various SDKs on app ratings. Taking into account the heterogeneity of mobile applications, we
restricted our analysis to apps with over 1,000 MAUs, ensuring that only applications with a substantial
active user base were included in the results (Ali et al., 2017). Moreover, to guarantee that our dependent
variable, the average rating, accurately represents the treatment effect, we excluded apps that were either
too new, possessing only a handful of ratings that fail to reflect the general consensus, or too old, with a
large number of ratings that may be influenced by significant events or changes in the app's lifecycle,
potentially contaminating the treatment effect (Li & Hitt, 2008). We choose to use data from September
2019 to September 2020, a period devoid of any iOS updates that might confound our treatment effect.
Though our primary focus is to evaluate app quality on the iOS platform, we intend to expand our analysis
to include the Android platform in the future.

Methods

In our study, we solely examine the apps that installed multihoming SDKs in their version updates, rather
than those that used multihoming SDKs in the initial development of the app. This approach allows us to
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observe the change in quality before and after the installation of multihoming SDKs. It is noteworthy that
the adoption of multihoming SDKs may occur at different times for different apps. Thus, we use a staggered
difference-in-differences (DID) approach, a method that has been previously used in IS research
(Greenwood & Wattal, 2017). This method allows us to estimate the average treatment effect by examining
treatments that occur at different times for apps in a treatment group (Boedeker, 2022). The treatment of
the study is an app's installation of a multihoming SDK, so our treatment group is the apps that installed
multihoming SDKs, and the control group is the apps that never installed multihoming SDKs.

To establish a control group, we employ propensity score matching (PSM), a method that facilitates the
selection of a comparable control group of apps. The criteria for matching include the app's genre, primary
device category, pricing model (free or paid), and app age, as proposed by Bender (2020). Furthermore, we
take into account the presence of in-app subscriptions, as identified by Eaton et al. (2015), and the number
of SDKs used, as described by Chen (2022) and Schilling (2000). The dependent variable of the study is the
cumulative average rating of apps, which is a widely accepted measure of the overall quality of mobile
applications (Cennamo et al., 2018). However, we will also collect additional data on individual ratings to
better capture the dynamic nature of rating changes due to the treatment effect. The inclusion of individual
rating data will provide a more nuanced understanding of how the adoption of multihoming SDKs affects
the quality of mobile applications.

Preliminary Results

We assess the average treatment effect of multihoming SDK adoption on app quality using a model specified
by Equation 1 (Khurana et al.,2019).

AppRatingit = fo + fPostAdoption: + f-Treated; + 33 PostAdoption:*Treated; + Controls + & (1)

In the equation, the dependent variable, AppRatingi:, represents the cumulative average rating of app 1 at
time t, measured in weeks. PostAdoption: distinguishes between pre- and post-treatment periods, while the
variable Treated; differentiates between treated and control groups. The coefficient of interest, S, captures
the treatment effect. The treatment and control groups satisfy the parallel trend assumption. Based on
10,696 observations, the coefficient of Treated; is found to be -0.1194 (p-value = 0.000), indicating that the
treatment group is rated lower than the control group. In addition, the coefficient of PostAdoption:is 0.0716
(p-value = 0.002), suggesting that app ratings increase over time. Ultimately, the coefficient of
PostAdoption:*Treated; is 0.0793 (p-value = 0.017), indicating that multihoming SDK adoption is
associated with a higher average rating (refer to Table 1).

Variable App Rating
PostAdoption 0.0716%** (0.023)
Treated -0.1194%*** (0.023)
PostAdoption*Treated 0.0793%** (0.033)
Controls Yes
Constant 4.235%** (0.017)
Observations 10,696
R-squared 0.007
Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.
Table 1. Results of Difference-in-differences Estimation

Our initial results suggest a potential enhancement in app quality with the implementation of multihoming
SDK, thus warranting deeper inquiry into the underlying mechanisms influencing the effect and possible
moderating influences. For example, similar research to our study by Cennamo et al. (2018) found that
multihoming games exhibit inferior performance when played on a more complex console. It is important
to note that our study differs in that we examine the use of multihoming SDKs rather than the decision to
multihome or not. Nonetheless, this research has inspired us to investigate whether app genre could serve
as a moderating factor, thereby offering insight into the boundary conditions of the observed impact.
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In addition to genre, our study endeavors to incorporate several other potential moderating factors derived
from previous literature. These factors include platform policy and ecosystem complexity (Chen, 2022),
prior ratings and user expectations informed by expectation confirmation theory (Ali et al., 2017;
Bhattacherjee, 2001; Tian et al., 2015), launch sequence and cost (paid vs. free) (Ali et al., 2017; Cennamo
et al., 2018), and developer experience (Bavota et al., 2014). By scrutinizing these factors, our study aims to
offer a more holistic understanding of the impact of multihoming SDK adoption on app quality.

Discussion

In recent academic literature, the role of platform owners in governing complementors has been examined
extensively (Eaton et al., 2015; Rietveld et al., 2019). However, there is a relative scarcity of research
focusing on the behaviors, struggles, and decision-making processes of the complementors themselves
(Agarwal & Kapoor, 2017). As application development represents a multifaceted, costly endeavor,
developers frequently face challenging choices concerning the selection of diverse boundary resources in a
multihoming context. Although the concept of boundary resources has gained increasing interest within the
IS field since the publication of Ghazawneh and Henfridsson's (2013) seminal paper, empirical research
and thorough exploration of the concept continue to be limited. Our study seeks to enrich the platform
literature by delving into the quality trade-offs associated with utilizing multihoming SDKs.

Our research is distinct in that it introduces the multihoming SDKs to the IS literature accompanied by
managerial implications. While the concept has been previously explored in the realms of computer science
and engineering (Ohrt & Turau, 2012; Rieger & Majchrzak, 2019), it remains a relatively underexplored
area in the field of IS. The present study offers valuable insights into the decision-making processes of
complementors as they engage in multihoming activities, as well as the complex trade-offs they face when
selecting boundary resources that align with their strategic goals. By examining these trade-offs, we aim to
elucidate the challenges and opportunities complementors encounter in their pursuit of effective
application development and platform integration.

Future Work

In our future research, we aim to explore various moderating factors that may affect the primary effect.
Moreover, the empirical challenge of establishing the causal effect of multihoming SDK adoption remains,
as the adoption may be endogenously determined through self-selection. To tackle this issue, we will employ
instrumental variables to better isolate the causal effects of multihoming SDK adoption, as suggested by
Wooldridge (2010). Methodologically, a two-way fixed effect approach will be utilized to account for time-
varying and time-invariant unobserved factors (Boedeker, 2022). It is also important to note that different
measures of app quality may yield contrasting results. For instance, Bender (2020) found that cross-
platform availability positively affects app ranking but negatively impacts user satisfaction, as measured by
average app rating. Consequently, we will employ additional metrics, such as app store ranking, to more
comprehensively assess the impact of multihoming SDK adoption.
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