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 Abstract  

To create attractive mobile apps in the competitive mobile market, developers 

increasingly leverage third-party software development kits (SDKs) in app development. 

However, little is known about how using third-party toolkits affects app performance. 

Drawing on the platform literature and the boundary object theory, we conceptualize 

third-party SDK utilization as a boundary-spanning activity. Based on this, we theorize 

its impact on app performance, considering the mobile platform and app developers as 

contextual factors. We examine the causal influence of third-party SDKs on app 

performance by conducting difference-in-difference-style analyses on a longitudinal 

dataset of mobile apps released on the Apple App Store and Google Play. We find 

empirical evidence supporting our theoretical conjectures that utilizing more third-party 

SDKs increases active users. More interestingly, platform updates and developer 

platform-specific experience attenuate this positive impact. This study contributes to the 

platform-based innovation and governance literature and provides managerial 

implications in mobile domains. 

Keywords: Daily Active Users, Boundary Object, Boundary Spanning, Third-party SDK,  

Platform Evolution, Platform Boundary Resources 

 

Introduction 

Mobile app innovations are rapidly growing with the provision of an effective development environment by 
major mobile platform companies such as Apple and Google (Karanam et al., 2022; Tan et al., 2020; Ye & 
Kankanhalli, 2018). Meanwhile, mobile apps face increasing challenges in retaining active users in the 
tremendously competitive mobile industry. It is reported that mobile apps could lose as much as 94.3% of 
daily active users (DAUs) within the first 30 days after installation (BusinessofApps, 2023). To retain active 
users, third-party software development kits (third-party SDKs) are emerging as an alternative source of 
technical support for mobile developers to enhance mobile app performance (Koetsier, 2017; Schechner & 
Secada, 2019). Millions of mobile apps on the two leading app stores (Apple App Store and Google Play) 
have installed at least one third-party SDK, such as Facebook SDK, according to Apptopia.  
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While the current literature regards platform toolkits as platform boundary resources and has well explored 
the role of platform toolkits in improving mobile app performance and innovation, very little is known about 
the impact of third-party SDK utilization on mobile app performance. Third-party SDKs are modular 
toolkits that contain a collection of technologies, tools, and services from third-party vendors outside the 
hosting mobile platforms. These vendors prepackage software templates, documentation, libraries, user 
interface builders, analysis and simulator tools, and debuggers into their toolkits and make them available 
for mobile app developers. With third-party SDKs, developers can quickly implement certain app features 
rather than develop them from scratch. On the one hand, one would expect that using third-party SDKs for 
mobile app development could enhance user experience due to their advantages in offering diverse 
resources and instituting professional engineering structure (Janakiram, 2019; Olson & Needleman, 2020; 
Wiggers, 2022). Others argue with anecdotal evidence that third-party SDKs are vulnerable to bugs, 
malicious codes, or technology compatibility issues, thereby causing app outages, crashes, and data security 
threats. As such, mobile app functionalities could be impaired, and user experience be harmed (Julia, 2022; 
Kwet, 2020; Olson & Needleman, 2020; Tau, 2020; Tau & McMillan, 2022). Based on the modular-
engineering perspective, existing studies have identified resource- and engineering-related benefits of 
platform toolkits (Karanam et al., 2022; Tan et al., 2020; Ye & Kankanhalli, 2018). However, third-party 
SDKs are provided by discrete external vendors and differ from platform toolkits in their technical 
standards, design principles, resource richness and diversity, and implementation costs. Thus, the research 
on platform toolkits may not sufficiently explain the impact of third-party SDK utilization. As such, it is 
important to have a clear understanding of the extent to which third-party SDK utilization affects mobile 
app performance in terms of active usage.  

We address this question by incorporating the boundary object theory (Aldrich & Herker, 1977; Levina & 
Vaast, 2005; Star & Griesemer, 1989) with platform-based software development literature to understand 
this research question. Drawing on the previous literature that conceptualizes platform toolkits as platform 
boundary resources (Eaton et al., 2015; Ghazawneh & Henfridsson, 2013; Karhu et al., 2018), we 
incorporate boundary object theory and conceptualize mobile apps as boundary objects that integrate the 
functional value of the platform and the external environment. In this sense, third-party SDK utilization 
can be analyzed as a boundary-spanning mechanism in the platform ecosystem context, which integrates 
one side of the boundary into the primary app codebase compatible with the platform, which is the other 
side of the boundary. Based on this argument, we argue that the more third-party SDKs an app uses, the 
more valuable external resources and expertise it incorporates in a standard and adaptable way. We propose 
that third-party SDKs help fulfill user needs and enrich user experience, leading to more active users. 

A further understanding of the impact of third-party SDKs on mobile app performance necessitates 
considering platform-side factors. Neither developers’ utilization of third-party SDKs nor users’ perception 
of SDK-related app functions can be independent of the platform-side environment (Ghazawneh & 
Henfridsson, 2013; Li et al., 2022; Tan et al., 2020; Tiwana, 2018; Ye & Kankanhalli, 2018). Drawing on 
the boundary object theory, the functional values of external components integrated with boundary objects 
are conditional on environmental factors and boundary spanners. Inspired by this, we consider the 
evolution of platform boundary resources and developers’ specific experiences as two platform 
environmental factors (Agarwal & Kapoor, 2022; Eaton et al., 2015; Kapoor & Agarwal, 2017, 2017; Song et 
al., 2018; Xue et al., 2019). Based on this, we propose the second research question: How will platform 
updates and mobile app developers’ experiences within the platform ecosystem influence the impact of 
third-party SDKs on mobile app performance?  

We test our research questions by conducting difference-in-difference-style (DID-style) analyses on a one-
year panel dataset of 335,952 mobile apps in 2017 on the Apple App Store and Google Play. By comparing 
the relative daily active users of mobile apps available on the two platforms, we quantify the impact of third-
party SDKs on mobile app performance without the concerns of the unobserved heterogeneity between 
apps. Our study yields key findings. First, utilizing third-party SDKs can increase mobile app performance. 
Our analyses show that utilizing more third-party SDKs increases app update frequencies for adding new 
features and fixing bugs. Second, platform updates and more platform-specific experiences attenuate the 
positive impact of third-party SDK utilization.   

Our study makes three main contributions to the literature. First, we contribute to the mobile app 
development literature by examining the performance impact of third-party SDKs. Based on the previous 
literature has well established the value of platform-provided development architectures and toolkits in 
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supporting platform-based software development and innovation (Cennamo et al., 2018; Li & Kettinger, 
2021; Soh & Grover, 2020; Tiwana, 2018; Ye & Kankanhalli, 2018), we enrich this literature by providing a 
novel and extensive perspective for understanding platform-based software development logic. In doing so, 
our study answers the call for future research to explore resources from external vendors (Brunswicker et 
al., 2019; Kapoor & Agarwal, 2017; Tiwana, 2015, 2018). 

Second, we contribute to platform ecosystem literature by extending the boundary object theory to 
conceptualize mobile apps as boundary objects and demonstrating how they are connected with the 
platform environment and external resources (third-party SDKs). Our finding reveals the value of such a 
boundary-spanning strategy in the platform ecosystem context (Jacobides et al., 2018; Li et al., 2022; Song 
et al., 2018). By drawing on the boundary-spanning mechanism, we offer a more context-specific 
understanding of the performance impact of a platform software development strategy. We also contribute 
to the strategy and management literature by shedding light on the condition under which the boundary 
object theory operates in the unique platform ecosystem context. 

Third, our study adds to platform technology governance literature. Previous studies have focused on how 
platform governance affects the participants’ behaviors and innovation outcomes (Song et al., 2018; Xue et 
al., 2019; Ye & Kankanhalli, 2018). Our study extends the literature by focusing on the interaction between 
two platform-related evolutionary factors and the utilization of external toolkit resources.  

Literature Review 

Software Development Resources and Mobile App Performance 

Mobile software development involves the extensive recombination and reuse of technologies and services, 
along with the boundless generation and expansion of product scope (Boudreau, 2012). Key mechanisms 
for establishing a unique advantage that can improve competitiveness include the provision of sufficient 
resource support and cultivating the capabilities of searching and leveraging developmental resources 
(Boudreau, 2012; Pervin et al., 2019; Tan et al., 2020). Serving as the backdrop and motivation for this 
study, our literature review highlights how platform owners and mobile app developers arrange resource-
related strategies to facilitate software development, and identifies the competitiveness and success factors 
of mobile apps. These issues have indeed become a main focus of research on platform governance and 
digital product innovation (Cennamo et al., 2018; Karanam et al., 2022; Kummer & Schulte, 2019; Li et al., 
2022; Tiwana, 2015a; Ye & Kankanhalli, 2018).  

Platform-based software development literature has recently established the resource- and engineering-
relevant benefits of platform toolkits in mobile app development and innovation (Agarwal & Kapoor, 2022; 
Soh & Grover, 2020; Xue et al., 2019; Ye & Kankanhalli, 2018). Research that investigated these various 
impacts of platform toolkit usage include the study of Ye and Kankanhalli (2018), who theorized and 
examined how toolkit support such as ease of use and design autonomy influences the quantity and quality 
of mobile app innovation. Xue et al. (2019) further proposed that releasing platform application 
programming interfaces (APIs) can foster the development of original and copycatting apps. Soh and 
Grover (2020) also revealed that mobile app integration with platform owners’ newly released toolkits could 
improve financial performance. Other studies have examined how the architecture attributes of mobile apps, 
such as modularity, affect their synergy with platform architectures and market competitiveness 
(Brunswicker et al., 2019; Tiwana, 2018). In addition, several studies have characterized platform resources 
and rules as platform boundary resources, and qualitatively analyzed how platform owners arrange these 
resources to support and control platform-based software development and innovation (Eaton et al., 2015; 
Ghazawneh & Henfridsson, 2013; Karhu et al., 2018).  

While these studies have built an important theoretical foundation for empirical research on the role of 
toolkit resources in mobile app development, the emergent and prevalent phenomenon of mobile app 
developers using third-party toolkits from vendors outside the platform boundary is largely unexamined 
(Tiwana, 2018). A burgeoning number of mobile industry researchers has called for future study of the 
usage of technical resources provided by technology companies or professional individuals located outside 
the platform (Li & Kettinger, 2021; Agarwal and Kapoor, 2022; Tiwana, 2018; Chen et al., 2022). And while 
leveraging technical resources from multiple sources is recognized as a crucial tactic to obtain high 
performance in the hypercompetitive software market, the strategy requires that software developers have 
a comprehensive understanding of the functional values of different resources and their synergies with 
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other platform contextual factors (Mehta & Bharadwaj, 2015; Tan et al., 2020; Rieger & Majchrzak, 2019; 
Jabangwe et al., 2018; Huber et al., 2017; Wareham et al., 2014). The lack of relevant knowledge on platform 
resource management can seriously hinder software innovation and the effectiveness of development 
strategies (Chen et al., 2022; Li & Kettinger, 2021). Hence, our study aims to address research limitations 
in the current understanding of platform-based software development and platform governance strategies 
by investigating the impact of third-party SDKs on mobile app performance. 

Third-party Software Development Kits (SDKs) 

Third-party SDKs are standard software toolkits provided by external vendors outside the platform 
boundary and are widely used in mobile app development and innovation (Chen, Tong, et al., 2022; Holzer 
& Ondrus, 2011; Julia, 2022). Like platform toolkits, third-party SDKs contain a collection of technologies, 
tools, and services, including software templates, documentation, libraries, user interface builders, analysis 
and simulator tools, debuggers, and so on (Chen, Tong, et al., 2022; Eaton et al., 2015; Ghazawneh & 
Henfridsson, 2013; Karhu et al., 2018). Developers can leverage third-party SDKs to add certain functions 
and quickly implement designs instead of developing them from scratch. 

Third-party SDKs differ from platform toolkits in three primary ways. First, technical standards and design 
principles of third-party SDKs can be diverse and heterogeneous because they are from different 
independent vendors. SDKs usually have a pre-set development environment and prepacked resource kits 
with certain programming languages, technical interfaces, supports, error-handling mechanisms, library 
version requirements, and pitching patterns (Holzer & Ondrus, 2011). As third-party vendors are typically 
independent of each other and the holding platform  (Chen, Tong, et al., 2022; Holzer & Ondrus, 2011; Julia, 
2022), they can have different technical standards and options when creating their software development 
kits (SDKs). Therefore, using third-party SDKs may involve working with diverse programming languages, 
documentation, libraries, and tools, which may be beyond standard architecture of current mobile platform 
hosts. Unlike platform toolkits, SDKs’ diverse and heterogeneous attributes and options provide developers 
with pre-set, uniform, and common tools and resources necessary to build attractive software applications.  

Second, third-party SDKs usually provide richer and more advanced features and functionalities for mobile 
apps, unlike platform toolkits that offer more basic and generalizable features and elements for certain 
functions (Li & Kettinger, 2021; McIntyre & Srinivasan, 2017). Because a third-party SDK vendor usually 
has specific technology or domain expertise, such fine-tuned offerings can be superior to standard platform 
tools, which necessarily serve the demands of developers in the whole platform ecosystem (K. J. Boudreau, 
2012; Eaton et al., 2015; Tan et al., 2020). Accordingly, third-party SDK vendors can update their offerings 
more quickly and efficiently, especially when they have a narrower focus and may not need to support as 
many use cases or devices as the platform. By adding, eliminating, or changing internal materials in their 
modular toolkits—such as codes and integrated services or data—third-party SDKs can provide new cutting-
edge technologies, tools, and services that are beyond the capabilities of the platform owner (Boudreau, 
2012; Li & Kettinger, 2021). As a result, the platform may need to make significant changes to its underlying 
architecture, APIs, and developer tools to advance its technologies or incorporate these new technologies.  

Third, the costs mobile app developers incur in searching, evaluating, and implementing third-party SDKs 
and platform toolkits can be different (Soh & Grover, 2022). As the platform toolkits commonly used by 
many developers are usually pretested and adjusted by the platform owners (McIntyre & Srinivasan, 2017), 
developers can leverage platform resources with less effort and risk (Boudreau 2012). In other words, the 
ease of platform toolkit usage and its property of being fundamentally compatible with platform 
architecture is the key premise for its enhancement of mobile app performance and innovation (Agarwal & 
Kapoor, 2022; Li et al., 2022; Ye & Kankanhalli, 2018). Third-party SDKs, however, are created by 
independent third-party vendors who may not have uniform technical standards and common interests 
(Chen et al., 2022). Due to the diversity of technical standards and design principles of different third-party 
SDKs, developers must devote more effort to managing the integration and dependencies of each third-
party SDK. Moreover, if third-party SDK vendors intentionally modify codes or involuntarily raise technical 
concerns in their toolkits, the volatility of the toolkit technology increases, which can disrupt software 
operations and user experiences (Barry et al., 2006; Karhade & Dong, 2021). Since the utilization of third-
party SDKs and their implemented app functionalities in mobile apps need to comply with platform 
technical standards (Eaton et al., 2015; Ghazawneh & Henfridsson, 2013), developers have to dedicate more 
cognitive load and maintenance efforts to maintain and adjust mobile apps.  
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Given these differences between third-party SDKs and platform-based toolkits, the current literature—
largely focused on the role of platform-provided toolkits and built on a platform boundary resource 
perspective—may not be comprehensive enough to fully explain the role of third-party SDKs in mobile app 
development and innovation. Hence, it is pertinent to investigate how third-party SDKs affect mobile app 
performance from a new perspective. We draw on the boundary object theory to explain how using third-
party SDKs as boundary-spanning activities in platform-based software development can increase user 
engagement of mobile apps, an under-utilized perspective in the platform ecosystem literature. 

Functions Third-party SDKs iOS toolkits Available 

Security Comodo: Solve the issue of legacy 
security solutions. 

SecurityKit: Secure and control 
the data access. 

2.0+ 

Social Share to Facebook: Enable 
people to post to Facebook from 
your app. 

Social: Post content to supported 
social network services using 
standard system interfaces. 

6.0+ 

Photo Agora.io Image 
Enhancement: Image 
Enhancement 

PhotoKit: Work with image and 
video assets  

8.0+ 

Notification Pusher: Send broadcast and 
targeted push notifications to iOS 
and Android. 

User Notifications UI: 
Customize the interface that 
displays local and remote 
notifications. 

10.0+ 

Augmented 
reality (AR) 

VIEWAR: Provide AR Indoor 
Navigation, AR Remote Assistance, 
AR Product Visualization, Industry 
4.0 & IoT 

ARKit: Integrate iOS device 
camera and motion features to 
produce augmented reality 
experiences. 

11.0+ 

Development 
tools (pdf) 

PDFTron: Bring PDF, CAD & MS 
Office capabilities to any software 

PDFKit: Display and manipulate 
PDF documents in your apps. 

11.0+ 

Table 1. Examples of Third-party SDKs and iOS Toolkits 

Note: The column “Available” indicates the iOS operating system version for which Apple has provided 
certain toolkits. 

Incorporating Boundary Object Theory into the Platform Ecosystem Context 

The boundary object theory provides an influential theoretical framework for understanding the influence 
of integrating resources from multiple domains (Huber et al., 2017; Star & Griesemer, 1989). In the IS area, 
the boundary object theory has been adopted in multiple contexts, such as knowledge integration in 
software outsourcing (Mehta & Bharadwaj, 2015), control in software outsourcing (Gopal & Gosain, 2010), 
supply chain partnership (Malhotra et al., 2007), and knowledge boundary and the geographic boundary 
between software engineers (Leonardi et al., 2019).  

According to the theory, a boundary is a defining characteristic of organizations (Aldrich & Herker, 1977). 
Boundaries impede the communication and integration of information, knowledge, and resources 
(Leonardi et al., 2019). Moreover, the boundary is enacted to filter or facilitate the information flow and 
knowledge exchange, which depends on the specific scenarios and the interests of the boundary creators 
(Aldrich & Herker, 1977). For example, to maintain their dominance in the control of the knowledge 
exchange process, the creators or enablers of the boundary may guard and reinforce the existing boundary 
through sentry and guard strategies (Levina & Vaast, 2005; Mehta & Bharadwaj, 2015). Regarding the 
existence of the boundary and its constraints, boundary objects are artifacts for facilitating boundary-
spanning practices, including communication, sharing, and interconnections across the boundaries (Dong 
et al., 2017; Leonardi et al., 2019; Malhotra et al., 2007; Star & Griesemer, 1989).  

Boundary-spanning activities can lead to the following benefits. First, boundary-spanning activities are 
built on the standardized syntax and joint interests of the players in different boundaries. Such a 
standardization process is the foundation of the utilities of modular architectures (Tiwana, 2015) and helps 
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to build common ground and reduce cognitive costs (Gopal & Gosain, 2010). Second, deploying 
modularized product architectures makes the software product better satisfy the demand and constantly 
changing requirements (Dong et al., 2017). Third, boundary-spanning activities increase the scope and 
flexibility of knowledge integration activities across different domains (Gopal & Gosain, 2010). The resource 
and knowledge integration helps improve the materialization and affordance of objects (Leonardi et al., 
2019). In particular, external resources can be utilized to overcome the inertia in product development and 
resource constraints and thus increase the flexibility and efficiency of boundary object design, development, 
adjustment, and enhancement (Ethiraj & Levinthal, 2004; Schilling, 2000). Moreover, boundary-spanning 
activities facilitate the coordination between different players, construct new knowledge for the future, and 
increase the adaptability of the products (Leonardi et al., 2019).  

We incorporate the boundary object theory to explain how third-party SDK utilization affects mobile app 
performance. We conceptualize third-party SDK utilization as a boundary-spanning process. Developers 
facilitate filtering and integrating the information and resources from the platform and the external 
environment by utilizing third-party SDKs. For the platform side, mobile apps seamlessly integrate with 
platform architecture. Conversely, mobile apps connect with the external environment using third-party 
SDKs (Huber et al., 2017; Um et al., 2022). In this sense, mobile apps are the key boundary objects 
connecting the platform ecosystem and third-party vendors.  

The boundary object theory also considers the influence of environmental factors on the boundary-
spanning practice (Gopal & Gosain, 2010; Levina & Vaast, 2005; Star & Griesemer, 1989). It here inspires 
us to consider the dynamics of the platform ecosystem systematically. In our research context, the mobile 
platform is the foundation and environment of mobile app development and operation (Li & Kettinger, 
2021; Tiwana, 2018; Tiwana et al., 2010). The platform boundary evolves as the architecture changes and 
developers accumulate platform-relevant experiences (Karhu et al., 2018). As a result, the environment of 
boundary-spanning activities changes dynamically. Based on the literature, we identify platform update 
and developer’s platform-specific experience as two contigent factors for the boundary-spanning activity by 
third-party SDKs, and further examine how they each will affect the impact of third-party SDK utilization 
on mobile app development outcomes. Next, we review the literature on the impact of platform evolution 
and developer experience accumulation on mobile app development.  

Platform Evolutionary Factors Caused Environment Dynamic 

Platform owners guard and reinforce platform boundaries through platform updates (Levina & Vaast, 2005; 
Mehta & Bharadwaj, 2015). Specifically, platform owners will release new versions of the platform operating 
system called platform updates (Eaton et al., 2015; Ghazawneh & Henfridsson, 2013; Xue et al., 2019). First, 
platform owners constantly improve their technologies and add new features by releasing new versions of 
the platform ecosystem (Eaton et al., 2015; Kapoor & Agarwal, 2017). In this way, platform updates mitigate 
the inefficiency of platform development resources. Second, platform updates are usually followed by 
adjustments to platform architecture, including interface standards and regulation rules (Song et al., 2018). 
These changes may interrupt interaction and interoperation between app components (Kapoor & Agarwal, 
2017). The apps not complying with platform regulations will be alerted and even removed.  

We focus on platform updates as it is an important form of platform evolution and usually accompanies by 
advanced platform resources and stricter governance (Agarwal & Kapoor, 2022; Eaton et al., 2015; Kapoor 
& Agarwal, 2017; Song et al., 2018; Xue et al., 2019). Several literature review papers analyze the evolution 
of platform boundary resources from engineering, economic, and organizational perspectives (Gawer, 2014; 
Jacobides et al., 2018; McIntyre & Srinivasan, 2017). When the platform owner updates its operating system, 
the following platform-level control and support adjustments affect the resource complementarity and 
functional interoperability between third-party SDKs and platform architecture.  

Previous research has examined how platform updates affect mobile app development and innovation 
(Agarwal & Kapoor, 2022; Kapoor & Agarwal, 2017; Song et al., 2018; Xue et al., 2019). On the one hand, 
platform evolution and developers’ accumulated experiences increase mobile app performance through 
enhanced resource support and increased capabilities (Kapoor & Agarwal, 2017). On the other hand, 
platform updates reduce the positive impact of platform technology utilization on app performance due to 
the interruption of existing app architecture and functionalities (Agarwal & Kapoor, 2022; Xue et al., 2019).  

Besides the evolution of platform resources, another evolutionary factor within the platform ecosystem is 
developers accumulative experiences through learning-by-doing and learning-by using process (Kapoor & 
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Agarwal, 2017; Pervin et al., 2019; Ye & Kankanhalli, 2018). The previous literature shows that accumulated 
experiences within the specific platform ecosystem help developers innovate mobile app design and 
improve mobile app performance (Kapoor & Agarwal, 2017; McIntyre & Srinivasan, 2017; Pervin et al., 
2019; Tiwana, 2018; Ye & Kankanhalli, 2018). It is because experienced developers understand the overall 
architecture and framework of the platform ecosystem and know better how to use platform resources to 
improve work routines and create more reliable connections and interactions with platform architecture 
(Kapoor & Agarwal, 2017; Tiwana, 2018). They can also comply with platform regulations to configure high-
performing and less risky development environments (Kapoor & Agarwal, 2017; McIntyre & Srinivasan, 
2017; Pervin et al., 2019; Tiwana, 2018). As a result, these experiences can help improve software 
performance (Kang et al., 2017). 

However, little scholarly attention has been paid to understanding how platform updates and developer 
platform-specific experiences affect the performance impact of the utilization of development resources 
outside the platform ecosystem. This gives us a unique opportunity to extend the platform literature on 
mobile app development by understanding how it jointly works with third-party SDK utilization. By 
examining how the impact of third-party SDK utilization is conditional on two platform-related 
evolutionary factors, this study furthers the understanding of platform technology governance and business 
strategies in a broader research boundary. 

Hypothesis Development 

Third-party SDK Utilization and Mobile App Performance 

Drawing on the boundary object theory, we conceptualize third-party SDK utilization as a boundary-
spanning practice and analyze how these toolkits can help fulfill user needs and enrich the user experience, 
hence increasing active users of mobile apps. First, boundary-spanning processes lead to the connection 
and interactions with multiple external resources through the boundary object, making the software 
product better satisfy the demand and constantly changing requirements (Gopal & Gosain, 2010; Leonardi 
et al., 2019). In a platform software development context, adopting or integrating with third-party SDKs 
allows mobile app developers to leverage heterogeneous module libraries, reusable software codebases, and 
knowledge unavailable within the platform boundary (Weigelt, 2009). For example, while AI features are 
popular yet hard to develop from scratch and unavailable in the platform in the short term, third-party 
SDKs with certain AI functionalities can implement AI-relevant app design. Moreover, from a platform 
ecosystem view, external toolkit resources can compensate for the limitations of platform technologies 
(Ghazawneh & Henfridsson, 2013; Kapoor & Agarwal, 2017). For example, while platform messaging 
functionalities can only serve to develop basic social functions in mobile apps, Facebook SDK allow users 
to log in with Facebook accounts and access social content. The richness and diversity of the resources allow 
developers to access a broad range of technologies, knowledge, and perspectives that can inform and inspire 
new features and enriches the functions of mobile apps.  

Second, boundary-spanning processes in software development facilitate the connection and collaboration 
among players in different domains, thanks to standardized syntax and joint interests. Such standardized 
connections and collaborations are crucial for improving efficiency and reducing cognitive efforts in 
knowledge transfer and sharing across domains (Gopal & Gosain, 2010; Levina & Vaast, 2005; Mehta & 
Bharadwaj, 2015; Nambisan, 2002). In our research context, utilizing third-party SDKs involves following 
specific interfaces in accordance with platform standards (K. J. Boudreau, 2012; Franke & Von Hippel, 
2003; Kapoor & Agarwal, 2017; Von Hippel & Ralph, 2002) to connect external resources with apps. Such 
standardization of development processes allows developers to simplify and modulize the development 
process, which, in turn, liberates them from complicated programming work (Cennamo et al., 2018; Xue et 
al., 2019; Ye & Kankanhalli, 2018).  

Third, boundary-spanning activities can benefit the adaptability in new-added or adjusted object design or 
technical arrangements (Gopal & Gosain, 2010; Leonardi et al., 2019). Software development is subject to 
sequent modifications to correct errors, adjust the design, or adapt to new technologies and market 
environments (Banker & Slaughter, 1997). According to the literature, software with a more modular 
internal architecture have higher compatibility, stability, and competencies (Jacobides et al., 2018; Tiwana, 
2018). It is because modular development methodology allows developers to devote themselves to 
sequential maintenance processes more easily with less time and effort (Dekleva, 1992). In our research 
context, third-party SDKs can be regarded as independent software components, which loosens the 
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couplings between different app components and integration with the platform architecture. Due to this 
loose coupling with the platform boundary, mobile apps can better satisfy the demand and constantly 
changing requirements, thus increasing product competitiveness (Krancher et al., 2018; Song et al., 2018). 
Due to the above benefits, mobile apps with more third-party SDKs can attract and retain more users, 
leading to greater user engagement. Therefore, we propose the following hypothesis. 

H1: Utilizing more third-party SDKs increases mobile app performance.  

Platform Update and Third-party SDK Utilization 

According to boundary object theory, environmental factors that cause the evolution of the boundary can 
affect the degree and efficiency of the transfers and inflows of external knowledge, information, and 
resources across boundaries (Gopal & Gosain, 2010; Karhade & Dong, 2021; Leonardi et al., 2019; Mehta 
& Bharadwaj, 2015). When incumbent players more strictly guard the boundary, the effectiveness of 
boundary-spanning practices may be undermined for the following reasons. First, this guarded approach 
might reduce the importance of external resources and information integrated through boundary-spanning 
activities (Leonardi et al., 2019; Mehta & Bharadwaj, 2015). Second, it can disrupt the current design and 
operation of boundary objects and thus hinder the functionalities and utilities created by boundary-
spanning activities (Leonardi et al., 2019; Levina & Vaast, 2005). Third, it will generate higher and stricter 
standardizations that require more cognitive and programming workloads when adjusting the current 
boundary object to meet these norms (Gopal & Gosain, 2010; Levina & Vaast, 2005; Mehta & Bharadwaj, 
2015; Nambisan, 2002). Drawing on this logic, we propose that the benefits of third-party SDK utilization 
as a boundary-spanning practice are contingent on platform updates for three reasons.  

First, updated platform resources can better serve mobile app development needs, as the new version of 
platform resources and architecture incorporates new features, and fixes known issues in the context of 
advanced platform development environments (Song et al. 2018; Kapoor & Agarwal 2017; Eaton et al. 2015; 
Ghazawneh & Henfridsson 2013). Correspondingly, platform toolkits in the new generation can substitute 
for or mitigate the values of third-party SDKs with similar functions. For example, Apple added more 
features and utilities to its iOS 10 operating system to facilitate app development. In 2009, it presented a 
new technical module named “Push Notifications,” which can help push user-facing notifications to mobile 
devices. FaceID, CoreML, and ARKit were introduced in iOS 11, launched in 2017 (Soh & Grover, 2020). All 
these developments caused by platform updates can lead to the advancement of certain platform-based 
software development environments (Xue et al., 2019; Huber et al., 2017; Ghazawneh & Henfridsson, 2013; 
Tiwana et al., 2010), wherein functional values provided by third-party SDKs may be reduced.  

Second, changes in platform architecture can disrupt connections and interactions between the architecture 
and its integrated third-party SDKs (Song et al., 2018; Tiwana, 2018; Wareham et al., 2014; Ye & Ye & 
Kankanhalli, 2018; Eaton et al., 2015). As the platform updates its technical components and architecture 
that connect with the mobile app codebase, various third-party SDKs incorporated into the mobile app may 
not be compatible with these updates. Developers would thus need a time buffer and more workloads to 
resolve these issues, such as reconfiguring their software to comply with the new technical standards and 
platform architecture rather than focusing on product development and innovation (Song et al., 2018). Due 
to fewer efforts and attention given to product innovation, the benefits of third-party SDKs in overcoming 
development inertias or inadequacies may be undermined as the platform updates.  

Third, after platform updates, platform governance strategies, and rules usually become stricter for security 
and competition reasons (Eaton et al., 2015). Responding to valid social or user concerns, in this case, may 
hinder the scope and flexibility of knowledge integration activities across different domains, thus 
hampering the role of third-party SDK in improving software product adaptability. In this case, the 
effectiveness of certain third-party SDKs might be constrained, or more maintenance efforts may be 
required to adjust the usage or integration of some SDKs. As such, we argue that the advantages of third-
party SDKs used in apps can be diminished after platform updates and propose the following hypothesis: 

H2: Platform update weakens the positive impact of third-party SDKs on app performance. 

Ecosystem-specific Experience of Developers and Third-party SDK Utilizations 

The literature on boundary-spanning practices has indicated that the characteristics or actions of boundary 
spanners can impact the visibility or prominence of the boundary, which can result in the reduced 
significance of boundary-spanning activities (Barrett et al., 2012; Leonardi et al., 2019). First, boundary 
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spanners may prefer the knowledge or resources from one dominant side of the boundary and devote fewer 
efforts to other boundary-spanning activities (Rosenkopf & Nerkar, 2001). Rosenkopf and Nerkar 
(2001:288) categorized these preferences as “first-order” and “second-order” competence in that boundary 
spanners follow the “path-dependence” exploration pattern when they conduct boundary-spanning 
activities. This implies that boundary spanners often prefer to explore their resources locally without the 
boundary-spanning risks and costs of external exploration (Lee et al., 2019). Also, those with capabilities 
and skills exploiting and exploring dominant resources would become more competent and connected over 
time. Such capabilities and networks can lead to new work practices based on the resources of the dominant 
boundary side, thus diluting the importance of resources from boundary-spanning activities (Leonardi et 
al., 2019). As a result, the boundary created by the dominant side is enhanced, and if the same boundary-
spanning activities are still employed, their function and values will attenuate.  

Based on this logic, we speculate that the prominence of the platform boundary may be enhanced when 
mobile app developers stay longer in the platform ecosystem, as they would engage in more units of 
development work to accumulate more platform-specific experiences (Kapoor & Agarwal, 2017; Pervin et 
al., 2019; Ye & Kankanhalli, 2018). When mobile app developers work longer within this ecosystem, they 
are more likely to prefer exploring and exploiting existing platform resources with high competency levels. 
They may subsequently devote less effort or lack the creativity to exploit and explore third-party SDKs and 
approaches that help enforce the existing boundary. Hence, we propose that developers with more platform 
experience will enjoy fewer benefits from third-party SDKs in their efforts to improve mobile app 
performance. The platform-specific experiences of developers can thus impact the efficacy of third-party 
SDK utilization on app performance based on the length of platform engagement and competency concerns. 

Moreover, as developers have higher capabilities and competence when utilizing platform toolkits that 
fulfill their development demands, the benefits they gain in using third-party SDKs could diminish. Because 
processes based on learning by doing or using make developers more proficient and knowledgeable about 
platform capabilities and regulations, they could explore and exploit platform development technologies 
and resources more effectively than less-experienced developers (Kapoor & Agarwal 2017; Fong et al. 2007). 
That is, developers with more platform-specific experience can better understand the architecture and 
framework of the platform ecosystem and become more familiar with platform revolutions and 
uncertainties, such as compatibility issues. Experienced developers also have more opportunities to 
communicate and interact with other developers within the same platform ecosystem (Jiang et al., 2019; 
Boh et al., 2007), which will give them a better sense of market trends and user preferences (Ye & 
Kankanhalli, 2018; Boh et al., 2007). For example, experienced developers can more easily and quickly 
recognize what app features and functionalities may be popular and which apps currently provide the 
popular ones in the digital market (Boudreau, 2012). Importantly, they can further facilitate their leverage 
of platform resources, thus increasing the synergies between app modules and platform architecture while 
significantly enhancing app stability and quality (Tiwana, 2018). The diminishment of third-party SDK 
value for experienced developers is similar to the situation where boundary-spanning practices may be less 
beneficial when external resources and information are deemed less important (Mehta & Bharadwaj, 2015). 
We thus propose the following hypothesis:  

H3: The platform-specific experiences of developers weaken the positive effect of third-party SDK 
utilization on app performance. 

Methodology 

Data and Research Sample 

Our data is from a leading mobile intelligence firm Apptopia (https://apptopia.com/). Since founded in 
2011, it has kept tracking and archiving app downloads and daily active user information for the mobile 
apps on several dominant app stores. It provides up-to-date insights into SDK utilization by scanning the 
source codes of mobile apps daily. Famous media outlets have cited market reports based on Apptopia’s 
intelligence (Olson & Needleman, 2020; Schechner & Secada, 2019). Research articles analyze the dataset 
from Apptopia (Chen, Tong, et al., 2022). These facts manifest the reliability and validity of our data source. 

We first collect information on nearly all the available apps available on both Apple App Store and Google 
Store on January 1, 2017, in the United States market. We gain generic app information (e.g., developer id, 
app category, release date, etc.), monthly app performance information, monthly update records, and third-
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party SDKs installed. Since our model compares the same apps across the two platforms to mitigate the 
quality and design differences caused by differential development strategies (Cennamo et al., 2018), we 
ensure that the same app on the two platforms has almost the same life cycle stages. Specifically, we do not 
consider the apps whose release date on the two platforms gap over 30 days. The final research sample 
includes 335,952 mobile apps.  

Variables 

Following previous research (Ghose & Han, 2014; Kapoor & Agarwal, 2017; Kummer & Schulte, 2019; Lee 
& Raghu, 2014), we operationalize mobile app performance with the monthly average of daily active users 
(𝐷𝐴𝑈𝑖𝑡). For the robustness check, we also measure performance with monthly downloads (𝐷𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑖𝑡). 
We measure how many third-party SDKs have been installed in the app by the end of each month (denoted 
as 𝑆𝐷𝐾𝑖𝑡).  Platform update refers to introducing a new generation of platform operating systems associated 
with improving platform technical architecture, resources, and regulations (Kapoor & Agarwal, 2017; Song 
et al., 2018). In our one-year observation period, Apple and Google have updated their operating systems. 
Specifically, on September 19, 2017, Apple updated its iOS operating system from iOS 10.3 to iOS 11. On 
August 27, 2017, Google updated its Android operating system from Android 7.1 to Android 8. We use a 
dummy variable that takes a value of one within three months after the platform update. By referring to the 
previous literature (Kankanhalli 2015; Ye & Kankanhalli 2018; Kapoor & Agarwal 2017), we measure the 
platform experiences of developers with the months they joined the platform. Informed by previous 
research (Ghose & Han, 2014; Lee & Raghu, 2014), we control app ages manifested by the number of days 
after the app was released on a certain platform and word of mouth (WOM) manifested with accumulative 
rating counts (denoted as 𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡  ). Table 2 presents the summary statistics for the main variables 
of interest in our data in January 2017 and December 2017.  

 January 2017 December 2017 

 iOS Google iOS Google 

Daily Active Users 
20,619.040 

(8,203,734) 

8,244.208 

(477,160.6) 

20,583.370 

(8,760,524) 

5946.219 

(382,498.8) 

Bug-fixing updates 
0.055 

(0.290) 

0.029 

(0.224) 

0.023 

(0.188) 

0.013 

(0.150) 

Adding-feature updates 
0.070 

(0.316) 

0.036 

(0.247) 

0.030 

(0.218) 

0.019 

(0.186) 

Total third-party SDKs 
1.908 

(4.244) 

1.837 

(4.904) 

2.124 

(4.557) 

2.115 

(5.379) 

Platform experiences 
41.394 

(23.130) 

31.250 

(16.126) 

52.394 

(23.130) 

42.250 

(16.126) 

App Age 
17.122 

(12.386) 

17.238 

(12.358) 

28.122 

(12.386) 

28.238 

(12.358) 

Rating Volume 
28.331 

(1,465.577) 

784.572 

(37,651.710) 

43.216 

(2,314.691) 

1,048.355 

(54,690.710) 

Fraction of apps with SDKs 0.28  0.22  0.30  0.24  

Number of observations 335,952  335,952  335,952  335,952  

Table 2. Summary Statistics of Variables 

Analyses And Results 

Model Specification 

Our baseline specification to analyze the causal relationship between app performance and third-party SDK 
utilization is based on the panel regression model, which allows us to tackle the unobserved heterogeneity 
of mobile apps by using an app-fixed effect (𝑓𝑖) and time-fixed effect.  
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𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡 =  𝛼1𝑙𝑜𝑔𝑆𝐷𝐾𝑖𝑡 + 𝑋𝑖𝑡
𝐴Π𝐴 + 𝑓𝑡 + 𝑓𝑖+𝜀𝑖𝑡  (1) 

However, our model (1) does not consider the influence of unobservable app time-variant characteristics 
we indicate as 𝑓𝑖𝑡 (capturing app time-variant effects, such as new app design and app-specific discounts). 
Drawing on prior literature (Chevalier & Mayzlin, 2006; Feng et al., 2019; Kummer & Schulte, 2019), we 
adopt a difference-in-differences-style (DID-style) model to identify the causal impact of third-party SDK 
utilization on mobile app performance and maintenances by accounting for app time-variant characteristics 
indicated by 𝑓𝑖𝑡.  

The model includes two types of differences. The first is the difference between the same app across the two 
platforms; thus, we can cancel out unobservable app time-variant characteristics. The second difference is 
for the same app over time; thus, we can control unobservable app time-invariant factors for performance 
and maintenance. We first consider two models on Apple App Store (A) and Google Play Store (G), 
respectively, in the month t period for the app i. That is,  

𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡
𝐴 =  𝛼1

𝐴𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡
𝐴 +  𝑋𝑖𝑡

𝐴Π𝐴 + 𝑓𝑡 + 𝑓𝑖 + 𝑓𝑖𝑡 + 𝑓𝐴 + 𝑓𝑡
𝐴 + 𝑓𝑖

𝐴  +   𝜀𝑖𝑡
𝐴 (2) 

𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡
𝐺 =  𝛼1

𝐺𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡
𝐺 + 𝑋𝑖𝑡

𝐺Π𝐺  +𝑓𝑡 + 𝑓𝑖 + 𝑓𝑖𝑡 + 𝑓𝐺 + 𝑓𝑡
𝐺 + 𝑓𝑖

𝐺  +   𝜀𝑖𝑡
𝐺  (3) 

The variable 𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡
𝐴 is the logarithmic transformation of the monthly average of daily active users on 

Apple App Store. The variable 𝑙𝑜𝑔𝑆𝐷𝐾𝑖𝑡
𝐴 is the logarithmic transformation of third-party SDK numbers on 

Apple App Store. The variables 𝑋𝑖𝑡
𝐴 are control variables. Drawing on the previous research on mobile app 

performance (Lee et al .2014; Han et al. 2015; Sun et al. 2017), we control for the effects of word-of-mouth 
(𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡). We also control the age of the mobile app 𝐴𝑝𝑝𝐴𝑔𝑒𝑖𝑡, reflecting the life cycle of mobile 
apps. Variables 𝑓𝑡 , 𝑓𝑖 , and 𝑓𝑖𝑡  capture time fixed effect, app fixed effect,  and app-time fixed effect, 
respectively. Due to considering more than one platform, our model also incorporates platform-related 
fixed effects, including variables 𝑓𝐴 (capturing platform-fixed effects, such as platform business model and 
user preference), 𝑓𝑡

𝐴 (capturing platform-time effects, such as platform update and dynamic platform user 

base), and 𝑓𝑖
𝐴 (capturing app-platform-fixed effects, such as platform-oriented app design, business model, 

and user preference), respectively. Equation (3) consists of the same measures for Google Play.  

Following the prior literature  (Chevalier & Mayzlin, 2006; Feng et al., 2019; Kummer & Schulte, 2019), 
we use a two-way panel model with time-fixed effects to conduct the second differencing concerning time. 
By taking the differences across the two platforms, we get the following Equation (4): 

∆𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡 =  𝛽1
𝐴𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡

𝐴 − 𝛽1
𝐺𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡

𝐺 + 𝑋𝑖𝑡
𝐴Π𝐴 − 𝑋𝑖𝑡

𝐺Π𝐺 + 𝑓𝐴 − 𝑓𝐺 + 𝑓𝑡
𝐴 −  𝑓𝑡

𝐺 + 𝑓𝑖
𝐴 − 𝑓𝑖

𝐺  + 𝜀𝑖𝑡
𝐴 − 𝜀𝑖𝑡

𝐺      
(4) 

We simplify Equation (4) and present it with Equation (5) : 

∆𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡 =  𝛽1
𝐴𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡

𝐴 − 𝛽1
𝐺𝐿𝑜𝑔𝑆𝐷𝐾𝑖𝑡

𝐺 + 𝑋𝑖𝑡
𝐴Π𝐴 − 𝑋𝑖𝑡

𝐺Π𝐺 + 𝑓𝐴−𝐺 + 𝑓𝑡
𝐴−𝐺 + 𝑓𝑖

𝐴−𝐺 + 𝜀𝑖𝑡
𝐴−𝐺      (5) 

where, 𝑓𝐴−𝐺  is a constant term that captures the fixed difference between the two platforms. As the variable 
𝑓𝑡

𝐴−𝐺   indicates the fixed difference between the two platforms at time t, which we can capture by controlling 
the time-fixed effects in regression, so our model can also rule out potential bias caused by unobservable 

time-variant platform differences. Similarly, as the variable 𝑓𝑖
𝐴−𝐺   indicates the fixed difference of the app i 

across two platforms, which we can capture by controlling the app-fixed effects in regression, so our model 
can also rule out potential bias caused by unobservable app-platform variables, such as differences of the 
app design, business model, and development expertise across the two platforms. The model can also be 
extended by including interactions between third-party SDK utilization and two moderators.  

Regression Results and Discussion 

Third-party SDK Utilization and Daily Active Users 

The estimation results for the impact of third-party SDK utilization on daily active users and bug-fixing 
updates are shown in Table 3. Column (1) in Table 3 represents the estimation of daily active users, 
excluding third-party SDK utilization and its interaction with two moderating variables. Column (2) of 
Table 3 includes third-party SDK utilization. The coefficient for third-party SDK utilization in the Apple 
App Store is positive and statistically significant (coefficient= 0.095, p<0.001). The coefficient for third-
party SDK utilization is negative and statistically significant in Google Play (coefficient= -0.018, p<0.01). It 
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suggests that utilizing more third-party SDKs leads to a relative increase in its daily active users, indicating 
that H1 is supported. Note that since our dependent variable denotes the difference between paired app in 
the Apple App Store and Google Play, the results thus represent the relative changes in app performance.  

DV: ∆𝑙𝑜𝑔𝐷𝐴𝑈𝑖𝑡  Model 1 Model 2 Model 3 Model 4 Model 5 

log (𝑆𝐷𝐾𝑖𝑡
𝐴 + 1)  0.094*** 

(0.007) 
0.098*** 
(0.007) 

0.327*** 
(0.024) 

0.304*** 
(0.027) 

log (𝑆𝐷𝐾𝑖𝑡
𝐺 + 1)  -0.018** 

(0.006) 
-0.020*** 

(0.006) 
-0.233*** 

(0.018) 
-0.161*** 
(0.022) 

log (𝑆𝐷𝐾𝑖𝑡
𝐴 + 1) * 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐴 

 
 

-0.012*** 
(0.001) 

 
-0.007*** 

(0.002) 

log (𝑆𝐷𝐾𝑖𝑡
𝐺 + 1) * 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐺  

 
 

0.008*** 
(0.001) 

 
0.015*** 
(0.002) 

log (𝑆𝐷𝐾𝑖𝑡
𝐴 + 1)*  

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐴 + 1) 

 
  

-0.067*** 
(0.006) 

-0.060*** 
(0.007) 

log (𝑆𝐷𝐾𝑖𝑡
𝐺 + 1) * 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐺 + 1) 

 
  

0.066*** 
(0.005) 

0.041*** 
(0.007) 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐴 0.035*** 

(0.002) 
0.035*** 
(0.002) 

0.042*** 
(0.003) 

0.036*** 
(0.003) 

0.007*** 
(0.002) 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐺  -0.026*** 

(0.002) 
-0.026*** 

(0.002) 
-0.030*** 

(0.002) 
-0.026*** 

(0.002) 
0.029*** 
(0.003) 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐴 + 1) 0.033** 

(0.011) 
0.032** 
(0.011) 

0.031** 
(0.011) 

0.042** 
(0.011) 

0.048*** 
(0.011) 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐺 + 1) -0.077*** 

(0.011) 
-0.080*** 

(0.011) 
-0.079*** 

(0.011) 
-0.089*** 

(0.011) 
-0.080*** 

(0.011) 

𝑙𝑜𝑔(𝐴𝑝𝑝𝐴𝑔𝑒𝑖𝑡
𝐴 + 1) 0.096*** 

(0.028) 
0.095*** 
(0.028) 

0.094*** 
(0.028) 

0.094*** 
(0.028) 

0.087*** 
(0.028) 

𝑙𝑜𝑔(𝐴𝑝𝑝𝐴𝑔𝑒𝑖𝑡
𝐺 + 1) -0.112*** 

(0.028) 
-0.113*** 
(0.028) 

-0.114*** 
(0.028) 

-0.113*** 
(0.028) 

-0.158*** 
(0.032) 

𝑙𝑜𝑔(𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡
𝐴 + 1) 0.338*** 

(0.012) 
0.332*** 
(0.012) 

0.334*** 
(0.012) 

0.334*** 
(0.012) 

0.334*** 
(0.012) 

𝑙𝑜𝑔(𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡
𝐺 + 1) -0.040*** 

(0.005) 
-0.044*** 

(0.005) 
-0.044*** 

(0.005) 
-0.044*** 

(0.005) 
-0.045*** 

(0.005) 

Observation number  4,031,368 4,031,368 4,031,368 4,031,368 4,031,368 

App number 335,952 335,952 335,952 335,952 335,952 

Adj. R-square 0.7823 0.7824 0.7824 0.7824 0.7824 

Table 3. Third-party SDKs and Daily Active Users 

Notes: *, **, and *** indicate p<0.05, p<0.01, and p<0.001, respectively. Robust t-statistics are in 
parentheses. The regressions have included the dummy variable manifested by app fixed effect and 
monthly time fixed effect. 

Column (3) in Table 3 includes third-party SDK utilization and its interaction with the moderating 
variable platform update. Column (4) in Table 3 includes third-party SDK utilization and its interaction 
with another moderating variable, developer experiences. We also add the two interactions in Column (5). 
The coefficient for the interaction between third-party SDK utilization and platform update is negative 
and statistically significant in the Apple App Store (coefficient= -0.016, p<0.001 in model 3; coefficient= -
0.007, p<0.001 in model 5), and it is positive and statistically significant in the Google Store (coefficient= 
0.023, p<0.001 in model 3; coefficient= 0.015, p<0.001 in model 5). This result suggests that the impact 
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of third-party SDKs on the daily active users of mobile apps reduces after the platform update. The 
negatively significant coefficients for the interactions between third-party SDK utilization and the 
developer’s platform-specific experience also suggest a reduced impact of third-party SDKs on daily active 
users as developers have more experience. For robustness check, we measure app performance with 
monthly downloads (𝐷𝑜𝑤𝑛𝑙𝑜𝑎𝑑𝑖𝑡) and the results are consistent. The regression results are available for 
inquiry. 

Plausible Mechanism 

Our theoretical arguments for the positive impact of third-party SDK utilization on mobile app performance 
are that they can improve mobile app development process standardization and enhance mobile app 
affordance (adding more new features) and adaptability (adding more new features and fixing bugs). We 
validate this theoretical mechanism by providing more evidence on how third-party SDKs affect developers’ 
development behaviors and outcomes. Specifically, we replace the dependent variable in our main model 
with two new variables, the frequency of mobile app updates with new features added and the frequency of 
mobile app updates with app bugs fixed. In this way, we examine whether utilizing more third-party SDKs 
allows developers to improve their apps more frequently. The results are shown in Table 4.  

 DV: ∆𝑙𝑜𝑔𝐴𝑑𝑑𝑁𝑒𝑤𝐹𝑒𝑎𝑡𝑢𝑟𝑒𝑖𝑡 DV: ∆𝑙𝑜𝑔𝐹𝑖𝑥𝑏𝑢𝑔𝑖𝑡 

 Model 1 Model 2 Model 3 Model 4 

log (𝑆𝐷𝐾𝑖𝑡
𝐴 + 1) 

 
0.010*** 
(0.001) 

 
0.006*** 
(0.001) 

log (𝑆𝐷𝐾𝑖𝑡
𝐺 + 1) 

 
-0.013*** 

(0.001) 
 

-0.010*** 
(0.001) 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐴 0.002*** 

(0.001) 
0.001* 
(0.001) 

0.005*** 
(0.001) 

0.005*** 
(0.001) 

𝑃𝑙𝑎𝑡𝑓𝑜𝑟𝑚𝑈𝑝𝑑𝑎𝑡𝑒𝑡
𝐺  -0.002*** 

(0.000) 
-0.002*** 

(0.000) 
-0.001*** 
(0.000) 

-0.001*** 
(0.000) 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐴 + 1) 0.008*** 

(0.002) 
0.008*** 
(0.002) 

0.018*** 
(0.002) 

0.018*** 
(0.002) 

𝑙𝑜𝑔(𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑡
𝐺 + 1) -0.028*** 

(0.002) 
-0.028*** 

(0.002) 
-0.029*** 

(0.002) 
-0.029*** 

(0.002) 

𝑙𝑜𝑔(𝐴𝑝𝑝𝐴𝑔𝑒𝑖𝑡
𝐴 + 1) 0.041*** 

(0.005) 
0.041*** 
(0.005) 

0.006 
(0.005) 

0.006 
(0.005) 

𝑙𝑜𝑔(𝐴𝑝𝑝𝐴𝑔𝑒𝑖𝑡
𝐺 + 1) -0.047*** 

(0.005) 
-0.047*** 
(0.005) 

-0.020*** 
(0.005) 

-0.019*** 
(0.005) 

𝑙𝑜𝑔(𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡
𝐴 + 1) 0.001 

(0.002) 
0.001 

(0.002) 
-0.000 
(0.002) 

0.000 
(0.002) 

𝑙𝑜𝑔(𝑅𝑎𝑡𝑖𝑛𝑔𝑉𝑜𝑙𝑢𝑚𝑒𝑖𝑡
𝐺 + 1) -0.005*** 

(0.001) 
-0.004*** 

(0.001) 
-0.004*** 

(0.001) 
-0.003*** 

(0.001) 

Observation number  4,031,368 4,031,368 4,031,368 4,031,368 

App number 335,952 335,952 335,952 335,952 

Adj. R-square 0.1394 0.1396 0.1465 0.1466 

Table 4. The Plausible Mechanisms (Adding new features and fixing bugs) 

Notes: *, **, and *** indicate p<0.05, p<0.01, and p<0.001, respectively. Robust t-statistics are in 
parentheses. The regressions have included the dummy variable manifested by app fixed effect and 
monthly time fixed effect. 

Column (1) in Table 4 represents the estimation of update frequency for adding new features, excluding 
third-party SDK utilization. Column (2) includes the variable of third-party SDK utilization, which shows 
how it affects the frequency of updates for adding new features across two platforms. The coefficient for 
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third-party SDK utilization in the Apple App Store is positive and statistically significant (coefficient= 0.010, 
p<0.001). It suggests that utilizing more third-party SDKs in the app in the Apple App Store leads to a 
relative increase in update frequency for adding new features. The coefficient for third-party SDK utilization 
is negative and statistically significant in Google Play (coefficient= -0.013, p<0.001). Columns (3) and (4) 
represent the results of the estimation of update frequency for fixing bugs. Specifically, the coefficient for 
third-party SDK utilization is positive and statistically significant in Apple App Store (coefficient= 0.006, 
p<0.001) and Google Play (coefficient= -0.010, p<0.001). It suggests that utilizing more third-party SDKs 
in the app in the Apple App Store leads to a relative increase in update frequency for fixing bugs. 

Conclusion 

By drawing on the boundary object theory to conceptualize the utilization of third-party SDKs as boundary-
spanning activity, this study investigates how it affects daily active users of mobile apps in the mobile 
platform context. Based on a DID-style model specification, our empirical analyses show that utilizing more 
third-party SDKs in mobile apps increases daily active users and downloads. We also find that platform 
updates and developers’ platform experience mitigate the value of third-party SDKs in improving mobile 
app performance. These findings suggest that external toolkits can bring about values as alternative 
development resources in consideration of mobile platform and app developer as platform-based software 
development contextual conditions. In this way, our study provides a holistic picture of modular design and 
development resource configuration and comprehensively understands the role of external toolkits in 
platform-based software development processes. 

This study has three main contributions to the digital platform literature. First, we add to mobile app 
development and digital product innovation literature. Since the previous studies focus on the role of 
platform boundary resources, our study examines the utilization of toolkit resources from third-party 
vendors. Since mobile app development and success rely on integrating multiple sources of resources and 
technologies, our research on external resources can provide a foundation for future research to 
comprehensively explore how mobile app developers conduct development strategies and examine the 
synergies among multiple development resources. For example, the study of Tiwana (2018) highlights that 
the design of modular internal app architecture can help developers to leverage platform resources better. 
His study considers internal app architecture as a whole and does not distinguish app elements built on 
third-party toolkits and internal app components developed from scratch by app developers. 

Second, our study enriches the literature on platform governance. While previous studies have focused on 
how platform technology governance affects the participants’ behaviors and innovation outcomes in the 
platform ecosystem (Song et al., 2018; Xue et al., 2019; Ye & Kankanhalli, 2018), our study extends to 
investigate how platform technology governance strategies affect the values of external toolkit resources. 
By establishing the interaction between the platform ecosystem and external resources, future studies can 
explore whether and how the other platform governance strategies affect the values of external toolkits. 
Future research can test the generalization of our findings in other digital platform contexts, such as e-
commerce, where the sellers on the platform both use the platform and third-party toolkits for multiple 
additional functionalities and services. 

Third, we contribute to the strategy and management literature by shedding light on the condition under 
which the boundary object theory operates in the unique platform ecosystem context. By conceptualizing 
mobile apps as the boundary object that connects the platform ecosystem and external environment, we 
construct a novel theoretical framework for understanding boundary-spanning activities. By considering 
platform updates and platform-specific experiences as two conditional factors, we can identify the indirect 
influence of boundary evolution and properties of boundary spanners in boundary-spanning activities. As 
such, study results further our understanding of the boundary-spanning concept and provide a point of 
departure from the strategy and management literature by extending it to a platform ecosystem context to 
explain mobile app performance. Future research could further investigate the indirect role of platform 
evolution factors and developer properties. 

This study provides important managerial implications for the key players in the mobile industry. First, our 
findings provide guidance to developers on how to properly configure effective strategies to mitigate the 
challenges of improving their app performance. Specifically, according to our findings, developers could 
benefit from having a large volume of third-party SDKs in their mobile apps, especially for those without 
too much platform experience. Second, our findings guide platform owners in designing an efficient 
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development environment. For instance, our findings suggest that besides creating and advancing platform 
technologies, platform owners can also analyze the third-party SDK usage data and profile mobile apps 
regarding their dependence on external toolkit resources compared to the industry norm. 

Moreover, platform owners can build an online portal presenting popular third-party SDKs, through which 
developers can search for third-party SDKs and learn their functionalities more easily. In this way, platform 
owners can better satisfy the development needs of developers by exploiting the values of external toolkit 
usage. They thus can save budgets and costs in improving platform technologies. In addition, our study 
suggests that third-party SDK providers can pay attention to platform changes, avoid overlapping platform 
functionalities, and ensure compliance with platform regulations. Future research can test the 
generalization of our findings in other digital platform contexts, such as e-commerce, where the sellers on 
platforms use both the platform and third-party toolkits for additional functionalities and services. 
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