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Abstract

:

This study examines the dynamic interplay between platform providers and complementors in the context of digital ecosystems, focusing on the complementary factors of affordance, autonomy, and super-modularity. Using national survey data from the Korean digital industry, the study applied multivariate ordered probit and k-mode clustering models to analyze what determines these factors and how these factors are interrelated from the perspective of platform providers and complementors, respectively. The results indicate that platform providers with open APIs promote affordance, but providing an SDK inhibits affordance. In terms of complementors, choosing a platform providing APIs increases super-modularity. And affordance increases when using the platform for logistics and new product development. In addition, we found that affordance and autonomy have a trade-off relationship from the perspective of both platform providers and complementors. Finally, we classified platforms and complementors into subgroups with respect to affordance, autonomy, and super-modularity using cluster analysis and found that the size of a complementor’s firm, such as revenue and number of employees, influences which platform it chooses. Conversely, the size of a platform provider also influences how much autonomy and collaboration it offers. This study contributes to the understanding of digital platform ecosystems and provides insights for practitioners on how to leverage platform dynamics to enhance competitive advantage.
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1. Introduction


The interaction between platform providers and complementors has evolved beyond a simple supply and-demand relationship into a collaborative ecosystem [1]. This shift is especially significant for ICT companies including software-based start-ups, where open innovation through partnerships with digital platform companies is crucial for leveraging limited resources to enable rapid growth and development [2,3,4]. The trend towards collaboration with digital platform companies is gaining global attention among ICT companies as a method of innovation. Platform companies are offering alternatives to traditional hardware investments by providing services such as cloud infrastructure, software development, operational infrastructure, and intermediary function. In this environment, it is essential to scrutinize the platform as an ecosystem centered around participant interaction, allowing for mutual value creation. Such value creation can be created not only in financial terms, but also through user base expansion, idea commercialization, and the scale and pace of outputs resulting from interactions between platform providers and users like complementors [5]. These interactions are often technically supported by boundary resources such as Application Programming Interfaces (APIs) and Software Development Kits (SDKs) [6,7].



A critical factor for a digital platform’s success from an ecosystem perspective is the provider’s ability to cultivate complementary relationships with complementors, facilitated by the strategic deployment of boundary resources [8]. This complementary relationship consists of affordances, autonomy, and super-modularity. Affordance is particularly pertinent to the dynamics between platform providers who entities that own and operate the digital platform and complementors, such as third-party developers or companies that augment the platform’s value through the provision of additional services, applications, or products [9]. Affordances significantly influence how complementors can innovate, distribute, and monetize their contributions on a platform [10]. These affordances are determined by the platform’s architecture, governance policies, and other supporting tools provided by the platform [11]. Such resources encompass development tools and comprehensive support, including the quality and user-friendliness of these tools, alongside documentation and developer assistance. The criticality of understanding affordances stems from their direct impact on innovation levels and types within the ecosystem, as they empower platform providers to shape the diversity, quality, and innovation of ecosystem offerings [9,12].



Secondly, autonomy is critical interaction factor in digital platform ecosystem, which refers to the degree of freedom that complementors have in developing, offering, and managing their products or services within the platform [13]. Autonomy is closely associated with the openness of the platform, which can range from highly open systems that allow for a wide-ranging freedom to complementors, to more closed systems that impose strict controls and limitations [14]. Autonomy also plays a crucial role in the sustainability of a platform ecosystem. Too much control can stifle innovation and discourage participation, while too little control can lead to a fragmented user experience or issues with quality and security [15]. Despite the importance of autonomy, little is known about what determines the level of autonomy of each platform providers or what makes complementor select the platform which support certain level of autonomy.



Lastly, as a form of interaction between platform providers and complementors, super-modularity in digital platform ecosystems refers to the degree to which the value of a platform increases as more complementary products or services are added to it [16]. This principle is based on the idea that the platform plus its complementors’ offerings is more valuable than the sum of its parts [17]. Super-modularity underscores the interdependencies between the platform core and the complementary offerings, illustrating how each additional complement enhances the platform’s overall value and utility [18].



Despite its theoretical and conceptual rigor on affordance, autonomy, and super-modularity, empirical evidence on which factors them is very scarce, and how they are correlated in the real-world dynamics has thus far not yet been examined. In particular, the factors evaluated by the platform provider and the complementors using the platform are likely to be different for them. Moreover, these factors are likely to be highly interrelated in a firm’s decision-making process like other success factors of firms, rather than independent and exclusive. In other words, there may exist trade-offs relationship between these outcomes that constitute the complementary effect of a platform ecosystem, such as the pursuit of higher affordance at the expense of lower autonomy. It is therefore necessary to understand the process of determining the complementary effect comprehensively and simultaneously, rather than analyzing each variable independently.



To bridge the gap between theory and real-world dynamics, this study attempts to model which factors affect the affordance, autonomy, and super-modularity of platform providers and complementors, respectively, by employing multivariate-ordered probit and k-mode clustering models on Korean digital industry survey data, considering simultaneity. Specifically, the multivariate ordered probit model allows us to estimate the three difference equations simultaneously, taking into account the correlation between the three outcome variables, rather than estimating the equation independently for each of them. In addition, we employ the k-mode clustering method on platform providers and complementors to classify them into several subgroups based on the level of affordance, autonomy, and super-modularity, and the result of this analysis will provide information about stylized characteristics on platform providers and complementors.




2. Research Background


2.1. Theoretical Foundation on the Interrelationships between Platform Providers and Complementor


In a digital platform, participant interdependence is a significant factor influencing ecosystem stability and growth, and, in turn, value creation [19]. Platform ecosystem theory, from an academic standpoint, conceptualizes a dynamic and complex interplay among various participants within a value chain, emphasizing networking and co-evolution as pivotal elements [20,21]. Within this ecosystem, a platform acts as both a foundational technology and a business model, facilitating interactions among diverse stakeholders. Jansen and Cusumano [22] described a digital platform as the underlying technology for providing online services, and such underlying technology is characterized by the ability to bring together heterogeneous participants.



Economically, digital platforms are often analyzed through the lens of two-sided market effects [23]. However, from a technological perspective, digital platforms serve as a foundational infrastructure attracting a broad spectrum of stakeholders, making the support for SDKs and open APIs crucial for understanding the platform ecosystem. SDKs are instrumental in aiding software developers to create applications efficiently [8]. By providing SDKs publicly, platform companies significantly enhance the efficiency of development process and success rate for utilizer companies [24]. Without SDKs, the development process becomes laborious, time-consuming, and resource intensive. For instance, SDKs, like Apple’s Xcode for iOS, encapsulate essential tools and libraries, facilitating seamless integration of device-specific features, thereby expediting development and troubleshooting. Similarly, APIs serve as vital conduits for interaction between different software or services, offering a standardized method for integrating platform features into various applications. The opening of APIs by platform providers not only expands their reach and influence, but also fosters service innovation and collaboration, strengthening network effects and enabling data-driven service development. The provision of APIs by platform companies is thus a strategic endeavor rooted in enhancing openness, fostering an ecosystem-centric approach, and gaining a competitive edge.



Several research has been conducted so far to examine the dynamics between platform providers and user companies in the digital platform. Haile and Altmann [25] used a system dynamics model to show that complementors’ revenue increases exponentially during a platform provider’s growth phase, but declines as the provider reaches maturity, with most ecosystem revenue accruing to the platform provider. Haile and Altmann [26] also simplified the participants in the platform ecosystem into platform providers, complementors, and users, and explicitly described the service delivery process and value distribution process between them. According to their analysis, the platform provider provides the technical environment for the utilizer to build the service, and the platform provider and the utilizer share the revenue paid by the user. Heimburg and Wiesche [27] conducted a review study on platform ecosystems and presented a diagram depicting the relationships between actors within a platform in six dimensions and nineteen relationships.



Open innovation theory was also frequently cited to explain collaboration between platform providers and complementors [2,3,4]. Open innovation is a strategy for digital companies to create new opportunities by actively utilizing external ideas and innovations and sharing internal ideas and technologies with others [2]. To promote open innovation, organizations are required to break down internal and external boundaries, allowing knowledge and technology to flow freely. In this process, collaboration and networking occurs between two organizations. The benefits of open innovation include (1) increasing the speed and scope of innovation [4], (2) reducing costs and spreading risk [1], and (3) improving market responsiveness [28]. The importance of open innovation in the digital platform ecosystem is largely related to the rapid changes in technology, the globalization of competition, and the shift to a data and network-driven economy [29].



In this environment, digital platform companies create and implement open innovation strategies in the following specific ways [2,30,31,32]. Firstly, platforms offer APIs [2,30]. As mentioned above, many platform companies make their APIs public so that external developers and platform users can utilize their platforms and services. This creates new applications, services, and business models in the digital world. Empirical analysis revealed that platforms providing robust SDKs and open APIs see a higher rate of innovation and a more diverse range of applications, underlining the strategic importance of boundary resources in ecosystem dynamics. Secondly, platform providers and complementors enter into strategic partnerships [31,32]. Platform providers gain access to new technologies and ideas through strategic partnerships with startups, universities, and sometimes competitors while complementors gain exclusive access to special features of the platform. These collaborations leverage complementary strengths to drive innovation.




2.2. Affordance, Autonomy, and Super-Modularity


Based on ecosystem theory and open innovation theory, the core mechanism of a digital ecosystem is the constant interaction between platform providers and third-party users. And value creation through interaction occurs through complementary mechanisms or complementary effect. The complementary effect can be classified affordance, autonomy, and super-modularity, according to the previous literature.



Affordance shapes how complementors can create, distribute, and monetize their offerings on a platform [9,33]. As Baym and Boyd [34] argued in their work on social network sites as a form of networked publics, affordances are shaped by four dimensions: persistence, replicability, scalability, and searchability. These affordances are dictated by the platform’s design, policies, and boundary resources such as the APIs and SDKs which platform providers offer [35]. Access to platform features affect the ability of complementors to integrate their services with core features of the platform. More actively, seamless technical support by platform providers is a strategy for increasing affordance level because the quality and ease-of-use of the development tools provided by the platform, as well as documentation and support for developers, is a core factor in choosing a platform from a complementor perspective [10,12].



The mechanisms and policies in place for complementors to generate revenue through the platform, such as sales, subscription models, advertising, or in-app purchases. According to the Hein et al. [36], the rules and guidelines set by the platform that dictate what is allowed and what is not, influencing the scope of what complementors can develop, is associated with affordance of digital platform. Understanding what determines affordance levels on digital platforms is important for a number of reasons. Firstly, in perspective of innovation creation, affordances directly impact the level and types of innovation that can occur within a platform ecosystem. By enabling or restricting certain actions, platform providers can influence the diversity, quality, and novelty of the offerings within their ecosystem. And it also influences on strategic decision-making for complementors. For potential third-party users looking to participate in a platform ecosystem, understanding the affordances is critical for strategic planning. It affects decisions regarding which platforms to invest in, how to design products or services, and how to navigate the competitive landscape within the platform. In the broader market, platforms compete not just on their core offerings, but also on the richness of their ecosystems. In this context, affordances are a key factor in attracting and retaining complementors, which in turn enhances the value of the platform to end-users [11]. Secondly, affordance is also important from a regulatory perspective, as it highlights how platform policies and technical capabilities can shape market dynamics, competition, and potentially raise concerns around issues such as data privacy, market power, and fairness. In summary, affordance in digital platform ecosystems play a pivotal role in shaping the interactions between platform providers and complementors, influencing innovation, competitive strategy, and the overall health and sustainability of the ecosystem [37]. Understanding these affordances helps stakeholders navigate and succeed in the increasingly complex and interconnected digital economy.



The concept of autonomy in the context of digital platform ecosystems refers to the degree of freedom that complementors (third-party developers, businesses, or service providers) have in developing, offering, and managing their products or services within the platform [7]. This is closely associated with the openness of the platform, which can range from highly open systems that allow wide-ranging freedom to complementors to more closed systems that impose strict controls and limitations [15]. For complementors, autonomy offers strategic flexibility, allowing them to pivot, adapt, and respond to market changes more swiftly. This agility can be a critical factor in their success and survival within the dynamic environment of a digital platform ecosystem. Theoretically, autonomy is directly associated with creative freedom and operational controls of complementors. With high level of autonomy by platform providers, complementors can integrate their services or products easily and deeply with the core features and functionality of the platform.



Higher levels of autonomy often lead to a more vibrant and diverse ecosystem. When complementors have the freedom to innovate and experiment, they can introduce novel solutions and fill niche markets, enhancing the overall value proposition of the platform to end-users. This can also affect the satisfaction and long-term engagement of complementors with the platform. Platform providers that offer greater autonomy might be more attractive to innovative developers and businesses seeking to leverage the platform’s capabilities without excessive constraints. According to Broekhuizen et al. [15], the level of autonomy provided by a digital platform can influence its competitive positioning in the market. Scholars also have shown that platforms that strike the right balance between openness and control can differentiate themselves and attract a larger and more diverse set of complementors, which in turn can attract more users [38,39,40,41]. Too much control can stifle innovation and discourage participation, while too little control can lead to a fragmented user experience or problems with quality and security. Hilkert et al. [42] stated that, in the long run, autonomy plays a critical role in the health and sustainability of a platform ecosystem. Boudreau et al. [39] also pointed out that finding the optimal level of autonomy is a key for maintaining a balanced and thriving ecosystem. Therefore, the degree of autonomy that platform providers grant to their complementors is a critical aspect of digital platform ecosystems, as it affects innovation, ecosystem diversity, complementor engagement, and competitive dynamics. Understanding and strategically managing autonomy is essential for both platform providers and complementors to thrive in the digital economy, ensuring the long-term health and growth of the ecosystem.



Modularity refers to interdependence, where the value of a digital platform increases significantly when it is integrated with complementary products or services [16]. Scholars emphasized what distinguishes ecosystems from other business constellations, including markets, alliances, or hierarchically managed supply chains, is their modularity [16,18,43]. In the same vein, super-modularity in digital platform ecosystem means that the value of the platform for each individual user drastically increases as the number of users or the number of services increases. This can lead to a virtuous circle of growth for the platform ecosystem. As more complementary products or services become available, they can add value to each other and to the platform [44]. Another facet of super-modularity is that it encourages innovation, as complementors seek to develop distinctive or superior products to stand out on the platform, thereby attracting more users and fostering a virtuous cycle of growth and innovation [45]. Within this ecosystem, the relationship between the platform provider and complementors is highly symbiotic, which means the platform relies on a diverse and high-quality range of complementary offerings to attract and retain users, while complementors benefit from a robust and popular platform to access a broader customer base [46]. Table 1 describes the operational definitions of affordance, autonomy, and super-modularity, as well as the questions in the survey. It should be noted that the survey questions in Table 1 refer to autonomy, affordability, and super-modularity as assessed from the perspective of the platform provider. Separately, from the complementor’s perspective, the survey assessed whether the platforms that complementors primarily use provide affordability, autonomy, and super-modularity.



Overall, this background lays the foundation for understanding the complex interplay between platform providers and complementors, emphasizing the significance of technological solutions and open innovation in shaping these relationships.





3. Methodology


3.1. Data


The data used in this study are from the 2022 Korean Digital Industry Survey approved by the National Bureau of Statistics. The 2022 Digital Industry Survey aims to monitor changes in the national industrial structure due to the acceleration of digital transformation, and to secure basic data for the establishment of digital industry policies. This survey focused on producing reliable statistics on the digital economy that meet international standards, such as those of the OECD. The Digital Industry Classification System according to the Digital Industry Survey is shown in Table 2. This survey followed the OECD guidelines to classify the digital industry into (1) digital-based industries and (2) digital platform industries. A complementor is a company in a digital-based industry that continues to use the platform for its business.



In particular, the 2022 Digital Industry Survey designed questions to measure affordance, autonomy, and super modularity from the perspective of platform companies and platform utilizers, respectively, to capture the platform ecosystem in line with digital transformation of Korea.




3.2. Model Specification


One of the main objectives of this study is to identify factors that influence affordance, autonomy, and super-modularity by considering simultaneity and trade-off relationships in the decision-making process of companies. In the digital industry survey, affordance, autonomy, and super-modularity were captured using ranked order data in a questionnaire. In order to achieve the research objectives, a flexible modelling framework for multiple ordinal measurements on the same subjects, a multivariate rank-ordered probit model, was applied, which takes into account the dependence among the multiple dependent variables by allowing error structures. This captures the heterogeneity in the error structure across subjects to be estimated, reflecting the relationship between affordance, autonomy, and super-modularity. The regression models for assessing the complementary effect of platform providers can be described as follows.


      Y  ~    A f f o r d a n c e   =   β   s u p p l   y   A P I , 1       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 1       X   s u p p l   y   S D K     +   β   P l a t f o r   m   I n f o , 1       X   p l a t f o r   m   I n f o     +   β   p l a t f o r   m   t r a n s a c , 1       X   p l a t f o r   m   t r a n s a c     +   β   p l a t f o r   m   c o n t e n t , 1       X   p l a t f o r   m   c o n t e n t     +   X   T     β   c o n t r o l , 1   +   ε   A u t o n o m y    



(1)






      Y  ~    A u t o n o m y   =   β   s u p p l   y   A P I , 2       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 2       X   s u p p l   y   S D K     +   β   P l a t f o r   m   I n f o , 2       X   p l a t f o r   m   I n f o     +   β   p l a t f o r   m   t r a n s a c , 2       X   p l a t f o r   m   t r a n s a c     +   β   p l a t f o r   m   c o n t e n t , 2       X   p l a t f o r   m   c o n t e n t     +   X   T     β   c o n t r o l , 2   +   ε   A u t o n o m y    



(2)






      Y  ~    S u p e r m o d u l a r i t y   =   β   s u p p l   y   A P I , 3       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 3       X   s u p p l   y   S D K     +   β   P l a t f o r   m   I n f o , 3       X   p l a t f o r   m   I n f o     +   β   p l a t f o r   m   t r a n s a c , 3       X   p l a t f o r   m   t r a n s a c     +   β   p l a t f o r   m   c o n t e n t , 3       X   p l a t f o r   m   c o n t e n t     +   X   T     β   c o n t r o l , 3   +   ε   S u p e r m o d u l a r i t y    



(3)







      Y  ~    A f f o r d a n c e    ,       Y  ~    A u t o n o m y    , and       Y  ~    S u p e r m o d u l a r i t y     are underlying latent variables of observed categorical variables which platform provider evaluates.     X   T     includes control variables which are sales in 2021, number of employees, and number of employees working in the ICT department of firm. Since dependent variables are rank-ordered data, each equation can be estimated using ordered probit model following McCullagh [47]. In this case, however, heterogeneity cannot be captured. By extending the univariate cumulative link model to a multivariate setting by assuming the existence of multiple latent variables with joint error distributions [48,49], we estimate three equations simultaneously and estimate the error structure in this study, which provides more reliable regression coefficients and information about the error structure.



Similarly, the regression models for evaluating complementor’s complementary effect can be described as follows.


      Y  ~    A f f o r d a n c e   =   β   s u p p l   y   A P I , 1       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 1       X   s u p p l   y   S D K     +   β   U s   e   R & D , 1         X   U s   e   R & D     +   β   U s   e   O M , 1       X   U s   e   O M     +   β   U s   e   O R , 1       X   U s   e   O R     +   β   U s   e   M a r k e t i n g , 1       X   U s   e   M a r k e t i n g     +     β   U s   e   L o g i s t i c , 1     X   U s   e   L o g i s t i c     +     β   U s   e   N P D , 1     X   U s   e   N P D       +   X   T     β   c o n t r o l , 1   +   ε   A f f o r d a n c e    



(4)






      Y  ~    A u t o n o m y   =   β   s u p p l   y   A P I , 2       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 2       X   s u p p l   y   S D K     +   β   U s   e   R & D , 2         X   U s   e   R & D     +   β   U s   e   O M , 2       X   U s   e   O M     +   β   U s   e   O R , 2       X   U s   e   O R     +   β   U s   e   M a r k e t i n g , 2       X   U s   e   M a r k e t i n g     +     β   U s   e   L o g i s t i c , 2     X   U s   e   L o g i s t i c     +     β   U s   e   N P D , 2     X   U s   e   N P D       +   X   T     β   c o n t r o l , 2   +   ε   A u t o n o m y    



(5)






      Y  ~    S u p e r m o d u l a r i t y   =   β   s u p p l   y   A P I , 3       X   s u p p l   y   A P I     +   β   s u p p l   y   S D K , 3       X   s u p p l   y   S D K     +   β   U s   e   R & D , 3         X   U s   e   R & D     +   β   U s   e   O M , 3       X   U s   e   O M     +   β   U s   e   O R , 3       X   U s   e   O R     +   β   U s   e   M a r k e t i n g , 3       X   U s   e   M a r k e t i n g     +     β   U s   e   L o g i s t i c , 3     X   U s   e   L o g i s t i c     +     β   U s   e   N P D , 3     X   U s   e   N P D       +   X   T     β   c o n t r o l , 3   +   ε   S u p e r m o d u l a r i t y    



(6)







      Y  ~    A f f o r d a n c e    ,       Y  ~    A u t o n o m y    , and       Y  ~    S u p e r m o d u l a r i t y     are also underlying latent variables of observed categorical variables which complementors evaluates. And these equations also can be estimated using multivariate rank ordered probit models.



Finally, we apply cluster analysis to classify platform providers and complementors in terms of their level of affordance, autonomy, and super-modularity. This analysis provides an empirical understanding of how digital platforms shape the affordance and autonomy of platform providers and complementors. As the variables used for clustering are categorical data, we use k-mode clustering instead of k-means clustering, which is used in the analysis of continuous variables. K-mode clustering is specifically designed for categorical data and overcomes the limitations of k-means, which is not suitable for non-numerical data types. The estimation algorithm is similar to k-means clustering, except for the updating criteria. The estimation procedure consists of three main steps: (1) selecting k initial modes, (2) assigning objects to modes, and (3) updating and iterating until the modes stop changing. The K-mode clustering algorithm can be more efficient than other clustering methods for categorical data because it uses simple matching dissimilarity measures and mode updates, which are less computationally intensive than the distance calculations and mean updates for continuous data.




3.3. Descriptive Statistics


The 2022 Digital Industry Survey sampled 420 platform providers, of which 242 had at least one boundary resource. These companies responded to affordance, autonomy, and super-modularity. For complementors, 1104 companies were surveyed, of which 728 used platforms that provided boundary resources, and only these companies answered affordance, autonomy, and complementarity are ranked as variables.



Figure 1 is a bar chart of complementarity effect comprising the dependent variables assessed by platform providers and complementors, respectively.



Table 3 and Table 4 show descriptive statistics and correlation of variables of platform providers and complementors. Supply APIs ask platform providers whether they offer an API, and the same question asks complementors whether the digital platform they primarily use offers an API. The provision of SDKs is similar. The results show that 68% of platform companies offer APIs and 29% of them offer SDKs. In contrast, 53% of complementors say their primary platform offers an API and 40% offer an SDK. Platform companies were asked whether the platform they offer is an information-based platform, an intermediary-based platform, or a digital content platform, and complementors were asked about the primary purpose of using the platform. The purpose of using the platform was categorized into six categories; (1) research and development (R&D), (2) organization management (OM), (3) operations management (OR), (4) marketing, (5) logistics, and (6) new product development (NPD). In terms of platform type classification, intermediary-based matching platforms were the most common (53%) among the three types, and information-based platforms (37%) followed. In terms of the purpose of using the platform, the platform was most commonly used by complementors for marketing (65%), followed by new product development (44%) and R&D (38%). And OR is the least (12%).





4. Results of Empirical Analysis of Platform Providers


Using firm-level data of platform providers, we analyzed dependent variables using multivariate ordered a probit model and k-mode cluster model. Table 5 shows the multivariate ordered probit analysis of the complementary effect by platform providers. Model 1 is an analysis based on whether the platform company provides APIs and SDKs, and Model 2 is an analysis based on the type of platform. Model 3 is a full model. Based on Model 3, it was found that platform companies that support APIs have a statistically significant higher affordance than companies that do not. This suggests that platforms that provide APIs are more proactive in helping complementors solve problems when they encounter problems using the platform than platforms that do not. In contrast, platforms that provide SDKs have a statistically significantly lower affordance than those that do not. This suggests that platforms that provide SDKs are less willing to support complements that use their platforms than those that do not. Next, we examined the complementor effect by platform type and found that intermediary-based platforms provide a higher degree of autonomy to complementors. In contrast, digital content delivery platforms provide higher levels of affordance and super-modularity to complementors, but lower levels of autonomy. In other words, digital content delivery platforms can be seen as controlling complementors. Intermediary-based platforms can be interpreted as having a strategy to increase the number of participants by giving complementors as much autonomy as possible in order to close more deals. Digital content based platforms, on the other hand, can be seen as increasing complementarity by actively collaborating with and controlling complementary firms that are the content creator.



Table 6 is a correlation matrix of dependent variables as assessed by the platform providers. We found a statistically significant negative correlation between affordance and autonomy, and a statistically significant positive correlation between affordance and super-modularity. However, the correlation coefficient between autonomy and complementarity was not statistically significant. This suggests that there is a trade-off between affordance and autonomy in the decision-making of platform companies. Therefore, platform companies may provide a favorable environment for complementors to innovate while maintaining a high level of control, and these activities may lead to mutual innovation creation. Conversely, platform companies may give users as much autonomy as possible at the cost of limiting cocreation. In this case, the platform provider could expect more participation from potential users, and ultimately expect a network effect.



In the multivariate-ordered probit model, the outcomes are ordered categories, and thresholds are estimated to delineate the boundaries between these categories. The threshold estimates help to identify the points at which the probability of moving from one category to the next increases.



Table 7 shows the threshold coefficient estimates for the multivariate probit model of the complementarities of platform providers with the full model. The threshold coefficient indicates the points at which the predicted probability shifts from low to medium and from medium to high.



We then performed clustering analysis with respect to affordance, autonomy, and super-modularity. As each response variable is a categorical variable, we applied a K-mode clustering analysis. According to the silhouette index, which evaluates the model fit of clustering, we can see that the indicator has a maximum value when there are two clusters. Table 8 shows the centroids of the clusters. Cluster 1 represents a cluster with relatively high affordance, low autonomy, and high super-modularity, while cluster 2 represents a cluster with relatively low affordance and high autonomy. This means that platform providers in cluster 2 grant more autonomy to companies using their platform.



In order to examine the differences in firm characteristics between clusters, we performed independent t-tests. Table 9 shows the results of independent t-tests between clusters. The results show that cluster 2 is statistically significantly larger than cluster 1 for both 2020 turnover and 2021 turnover. The share of ICT expenditure in turnover shows that Cluster 2 spends statistically significantly more than Cluster 1. The number of employees is also statistically significant, with cluster 2 on average more than three times larger than cluster 1. We find that platform firms, which are relatively small in terms of number of employees and turnover, need to seek innovation through reciprocal relationships with complementors. This allows platform firms to maintain higher levels of affordance and control. It can be interpreted that relatively large platforms provide user firms with more autonomy while loosening the relationship with complementors compared to cluster 1. Looking at the difference in share by platform type, we found that cluster 1 has fewer intermediary platforms and more digital content platforms.



Platform providers with larger revenues or more employees tend to have more resources and stronger brands. They have an established position in the market and can offer a high degree of autonomy to encourage innovation and creative use. This can be a strategy to increase the flexibility of the platform, attract more partners, and expand the ecosystem. On the other hand, platform providers with relatively small revenues or number of employees may have limited resources and a relatively small market presence. If these companies want to quickly gain market share or a competitive advantage in a particular market segment through their platform, they may want to tightly control how their platform is used to ensure consistent quality and service. This is a strategy that focuses on building brand credibility and ensuring platform stability.




5. Results of Empirical Analysis of Complementors


Similarly, using firm-level data of complementors, we analyzed the dependent variables using multivariate ordered probit model and k-mode cluster model. Table 10 shows the results of the multivariate ordered probit analysis of the complementary effect that complementors value. Model 1 is an analysis based on whether the platform company provides complementors with APIs and SDKs, and Model 2 is an analysis model based on the purpose of platform usage. Model 3 is a full model. According to the result of the full model, in terms of complementors, companies using platforms that provide APIs show significantly more super-modularity, while companies using platforms that provide SDKs show less super-modularity but are statistically insignificant. One of the possible reasons for this result is that the technical differences between APIs and SDKs lead to differences in how they are used. In other words, APIs facilitate connections between the platform and external applications, allowing the leveraged companies to integrate the platform’s features directly into their services, but SDKs are a collection of more purpose-built development tools which are used to help complementors develop platform-specific applications.



Next, looking at differences by purpose of platform usage, we found that complementors’ super-modularity with the platform is higher when the platform is used for R&D purposes. On the other hand, when the complementor uses the platform for OM purposes, autonomy is highly valued but affordance and super-modularity are low. On the other hand, we found that if a complementor uses a specific platform for logistics or new product development purposes, affordance is high. In other words, when a platform is used for R&D, logistics, or new product development, complementors are more likely to receive ongoing management and support from the platform providers.



Table 11 is a correlation matrix of dependent variables as assessed by complementors. Similar to the results found in the analysis of platform providers, we found a statistically significant negative correlation between affordance and autonomy, and a statistically significant positive correlation between affordance and super-modularity. In addition, we found that autonomy and super-modularity were also negatively correlated. This suggests that there is also a trade-off relationship between affordance when complementors choose a particular platform, because platform companies that provide a lot of autonomy to complementors are less likely to have affordance with platform users, while platforms that limit complementors’ autonomy seek more innovation opportunities through collaboration with complementors.



Table 12 shows the threshold coefficient estimates for the multivariate probit model of complementary effect by platform provider with the full model. The threshold coefficient indicates the points at which the predicted probability shifts from low to medium and from medium to high.



As in the previous analysis of the platform providers, a clustering analysis was carried out based on the complementarity indicators assessed by complementors. We assessed the model fit using the silhouette index and found that the model fit is best when there are three clusters.



Looking at the centroid of each cluster in Table 13, we see that cluster 1 is relatively low in affordance, high in autonomy, and medium in complementarity. Cluster 2 is low in affordance, autonomy, and super-modularity. Cluster 3 is characterized by high affordance, high autonomy, and high super-modularity. The proportion of each cluster is not significantly different, with cluster 3 having the highest proportion of 35.3%.



An ANOVA was carried out to analyze whether there is a difference between the clusters in the variables related to the characteristics of the firms. Table 14 shows ANOVA results. It was found that there is a statistically significant difference in sales in 2020, with cluster 3 being the highest, followed by cluster 1 and cluster 2. It can be interpreted that there is a correlation between the sales volume of complementors and the type of platform that complementors choose. Cluster 2 spends the least of its turnover on ICT investments and has the lowest average number of employees.



These results can be explained in two ways: (1) resource availability, and (2) entry strategy. Firstly, firms with lower revenues and fewer employees are likely to have limited resources. They may choose a platform with greater autonomy to increase their access to external resources and to pursue rapid innovation. This gives them more flexibility to respond to market changes and strengthen their own innovation capabilities. On the other hand, large companies with high revenues and scale may seek complementary relationships with platforms to create synergies based on the resources and internal capabilities that they already have. They may have a strategy of using platforms to improve their products or services and further extend their market dominance. Secondly, in terms of market entry strategy, if small firms want to enter a new market or grow rapidly, a platform with a high degree of autonomy allows them to experiment and innovate. For them, autonomy is key to responding nimbly to market changes and creating differentiated value quickly. Large companies want to strengthen their market position and increase complementarities by collaborating with platforms as part of their strategy for steady growth. They may want to explore new market opportunities or strengthen their existing business by collaborating with platforms based on their established market position and brand equity.




6. Summary


This study empirically investigated the interplay between affordance, autonomy, and super-modularity in digital platform ecosystems from the perspectives of both platform providers and complementors using firm-level survey data from the Korean digital industry. By applying multivariate ordered probit and k-mode clustering models, the study examined the factors influencing these complementary dimensions and how they are interrelated.



The findings revealed that platform providers offering APIs enhance affordance, while those providing SDKs may limit it, highlighting the need to balance enabling innovation and maintaining platform coherence. A significant negative correlation was found between affordance and autonomy for both platform providers and complementors, suggesting a trade-off in their decision-making processes. Cluster analysis showed that the size and resources of firms influence their strategic choices regarding autonomy, affordance, and super-modularity.



The study contributes to the growing literature on digital platform ecosystems by empirically examining the complex relationships between key complementary factors and the role of strategic choices made by platform providers and complementors in shaping these dynamics. The insights gained can inform platform providers in strategizing resource allocation for cultivating innovation and guide complementors in selecting platforms aligned with their goals.




7. Implication and Conclusions


The findings of this study contribute to the growing body of literature on digital platform ecosystems by empirically examining the interplay between affordance, autonomy, and super-modularity from the perspectives of both platform providers and complementors. The results expand our understanding of how these factors influence each other and how they are shaped by the strategic choices made by platform providers, such as the provision of APIs and SDKs.



The study confirms the importance of boundary resources, such as APIs and SDKs, in enabling collaboration and value creation within digital platform ecosystems, as highlighted by previous research [6,7,8]. However, the findings also reveal a more nuanced relationship between these resources and the complementary factors. While providing APIs enhances affordance, offering SDKs may limit it. This suggests that platform providers must carefully consider the trade-offs involved in their design choices to strike a balance between enabling innovation and maintaining platform coherence.



The negative correlation found between affordance and autonomy for both platform providers and complementors aligns with the findings of Broekhuizen et al. [15], who emphasized the need for platforms to balance openness and control. This study extends this notion by highlighting the trade-off between affordance and autonomy in the decision-making processes of both platform providers and complementors. Platform providers may choose to provide a conducive environment for complementor innovation while maintaining a high level of control or grant more autonomy to complementors at the cost of limiting co-creation opportunities.



The cluster analysis reveals that the size and resources of platform providers and complementors influence their strategic choices regarding autonomy, affordance, and super-modularity. This finding is consistent with the work of Cenamor and Frishammar [13], who suggested that openness in platform ecosystems is related to the innovation strategies of complementary products. The present study extends this idea by demonstrating how firm size and resources shape the way platform providers and complementors navigate the trade-offs between these factors. Additionally, the association between firm size and complementary effect can be interpreted from the perspective of resource availability and entry strategy. Firms with limited financial resources and human capital, as evidenced by lower revenues and employee counts, may opt for platforms that offer greater autonomy. This choice allows them to leverage external resources and pursue accelerated innovation, enabling them to adapt swiftly to market dynamics and enhance their innovative capabilities. Conversely, larger enterprises with substantial revenues and scale may pursue complementary partnerships with platforms to generate synergies by capitalizing on their existing resources and internal capabilities. Their strategic objective may involve leveraging platforms to enhance their offerings and further solidify their market dominance.



From a market entry perspective, smaller complementors seeking to penetrate new markets or achieve rapid growth may find platforms with higher levels of autonomy more appealing, as they provide the freedom to experiment and innovate. For these firms, autonomy is crucial for responding agilely to market shifts and quickly creating differentiated value propositions. On the other hand, larger complementors may aim to bolster their market position and increase complementarities by collaborating with platforms as part of their steady growth strategy. Their goal may be to explore new market opportunities or strengthen their existing business by leveraging their established market position and brand equity through platform partnerships.



However, the study has several limitations that should be considered when interpreting the results. First, the focus on the Korean digital industry may limit the generalizability of the findings to other contexts. Future research could explore these dynamics in different geographic and industry settings to validate and extend the insights gained from this study. Second, the analysis relies on cross-sectional survey data, which limits the ability to establish causal relationships and address potential endogeneity issues. Future studies could employ longitudinal designs or panel data to better capture the dynamic nature of these relationships over time. Additionally, while the study provides valuable insights into the interplay between affordance, autonomy, and super-modularity, it does not fully explore the mechanisms through which these factors influence innovation outcomes and ecosystem performance. Future research could delve deeper into these mechanisms and examine how they relate to specific measures of innovation, such as the quantity, quality, and diversity of complementary products and services.



Despite these limitations, the study makes important contributions to our understanding of digital platform ecosystems by empirically examining the complex relationships between key complementary factors and by highlighting the role of strategic choices made by platform providers and complementors in shaping these dynamics.
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Figure 1. Evaluation of complementarity between platform providers and complementor: (a) evaluation of platform providers, (b) evaluation of complementors. 
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Table 1. Operational definitions of affordance, autonomy and super-modularity and question in the survey.
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	Dimension
	Operational Definitions and Question in the Survey
	Research





	Affordance
	
	-

	
The opportunities and constraints that a digital platform offers to its users, with a particular focus on the interaction between platform providers and complementors that add value to the platform through additional services, applications, or products.




	-

	
Does your platform check for technical issues with complementors from time to time and do its best to support uninterrupted use?




	➀

	
None




	➁

	
Support in case of technical issue




	➂

	
Support complementors irregularly regardless of technical issue




	➃

	
Support complementors regularly regardless of technical issue












	[9,12,33]



	Autonomy
	
	-

	
The degree of freedom complementors have in the development, delivery, and management of their products or services within the platform.




	-

	
How much control does your platform have over its users?




	➀

	
Constant monitoring and control




	➁

	
Face-to-face contracts with complementors and authorization processes exists




	➂

	
Face-to-face contracts with complementors




	➃

	
No control and free access












	[7,15]



	Super-

modularity
	
	-

	
The degree of interdependence between the platform provider and the complementors in terms of value co-creation.




	-

	
Do you think your platform is synergistic with the complementors who use it?




	➀

	
Not at all




	➁

	
Some




	➂

	
A lot












	[16,18]










 





Table 2. Classification of digital industry in the survey.
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Classification

	
Definition

	
Sub Dimensions






	
Digital-based industry

	
Industries that produce or provide a digital foundation, such as equipment, telecommunications, broadcasting, and software technologies that enable the production or sale of products and services using digital technology.

	
Digital-based devices and components

(communication devices, semiconductors, etc.)




	
Digital-based Service Infrastructure Services

(Telecom, Broadcast, Cloud, information, SW)




	
Digital

platform

industries

	
Industries that provide information services, such as portals and social media, to a large number of users through digital technology, or that act as intermediaries for producers and consumers to trade in products and services they want, and industries that provide digital services that plan, aggregate, and deliver digital information to a large number of users for trading.

	
Information platforms

(Portals, Social media, Communities, Messengers)




	
Intermediary platforms

(E-commerce, Delivery, hospitality, travel, real estate)




	
Digital content platforms

(Video, Music, Webtoon, E-book, Online game)











 





Table 3. Descriptive statistics and correlation of variables of platform providers.
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N = 242

	
Mean

	
S.D.

	
Correlation Matrix




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11






	
1. Affordance

[min = 1, max = 4]

	
3.07

	
1.08

	
1

	
−0.29

	
0.16

	
0.18

	
−0.15

	
−0.2

	
0.05

	
0.2

	
−0.14

	
−0.16

	
−0.13




	
2. Autonomy

[min = 1, max = 4]

	
2.43

	
1.27

	

	
1

	
−0.09

	
−0.08

	
0.03

	
0.02

	
0.28

	
−0.35

	
0.18

	
0.13

	
0.13




	
3. Super-modularity

[min = 1, max = 3]

	
2.45

	
0.71

	

	

	
1

	
−0.03

	
−0.09

	
−0.14

	
−0.1

	
0.3

	
0.03

	
−0.02

	
0.00




	
4. Supply_API

[no = 0, yes = 1]

	
0.68

	
0.47

	

	

	

	
1

	
0.19

	
−0.1

	
−0.11

	
0.22

	
0.03

	
0.02

	
0.05




	
5. Supply_SDK

[no = 0, yes = 1]

	
0.29

	
0.45

	

	

	

	

	

	
0.12

	
−0.08

	
−0.02

	
0.13

	
0.14

	
0.16




	
6. Platform_info

[no = 0, yes = 1]

	
0.37

	
0.48

	

	

	

	

	

	
1

	
−0.4

	
−0.27

	
−0.01

	
−0.04

	
−0.01




	
7. Platform_intermediary

[no = 0, yes = 1]

	
0.53

	
0.50

	

	

	

	

	

	

	
1

	
−0.44

	
0.2

	
0.15

	
0.15




	
8. Platform_content

[no = 0, yes = 1]

	
0.26

	
0.44

	

	

	

	

	

	

	

	
1

	
0.07

	
0.10

	
0.14




	
9. Sales 2021

	
2823

	
11,159

	

	

	

	

	

	

	

	

	
1

	
0.72

	
0.80




	
10. Employ

	
528

	
2334

	

	

	

	

	

	

	

	

	

	
1

	
0.92




	
11. Employ_ICT

	
244

	
827

	

	

	

	

	

	

	

	

	

	

	
1











 





Table 4. Descriptive statistics and correlation of variables of complementors.
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N = 728

	
Mean

	
S.D.

	
Correlation Matrix




	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13

	
14






	
1. Affordance

[min = 1,max = 4]

	
2.79

	
1.15

	
1

	
−0.2

	
0.18

	
0.05

	
0.03

	
−0.01

	
−0.08

	
0

	
0.04

	
0.09

	
0.1

	
0.02

	
0.07

	
0.05




	
2. Autonomy

[min = 1, max = 4]

	
2.72

	
1.19

	

	
1

	
−0.34

	
−0.06

	
0.02

	
−0.02

	
0.11

	
0.06

	
0.01

	
0.00

	
−0.07

	
0.03

	
0.02

	
0.01




	
3. Super-modularity

[min = 1, max = 3]

	
1.91

	
0.77

	

	

	
1

	
0.15

	
−0.01

	
0.07

	
−0.12

	
−0.02

	
−0.02

	
−0.02

	
0.1

	
0.02

	
0.02

	
0.01




	
4. Supply_API

[no = 0, yes = 1]

	
0.53

	
0.50

	

	

	

	
1

	
0.17

	
0.15

	
−0.02

	
0.01

	
−0.05

	
−0.02

	
0.09

	
0.05

	
0.07

	
0.06




	
5. Supply_SDK

[no = 0, yes = 1]

	
0.40

	
0.49

	

	

	

	

	
1

	
0.06

	
0.13

	
0.08

	
−0.03

	
0.05

	
0.03

	
0.04

	
0.04

	
0.05




	
6. Use_R&D

[no = 0, yes = 1]

	
0.38

	
0.49

	

	

	

	

	

	
1

	
0.21

	
0.09

	
−0.21

	
−0.07

	
0.03

	
0.05

	
0.05

	
0.07




	
7. Use_OM

[no = 0, yes = 1]

	
0.36

	
0.48

	

	

	

	

	

	

	
1

	
0.17

	
−0.03

	
0.01

	
0.02

	
−0.03

	
−0.02

	
−0.01




	
8. Use_OR

[no = 0, yes = 1]

	
0.12

	
0.33

	

	

	

	

	

	

	

	
1

	
−0.03

	
0.24

	
−0.04

	
0.12

	
0.13

	
0.14




	
9. Use_Marketing

[no = 0, yes = 1]

	
0.65

	
0.48

	

	

	

	

	

	

	

	

	
1

	
0.09

	
−0.08

	
0.02

	
0.00

	
0.00




	
10. Use_Logistic

[no = 0, yes = 1]

	
0.18

	
0.39

	

	

	

	

	

	

	

	

	

	
1

	
0.1

	
−0.01

	
0.00

	
0.01




	
11. Use_NPD

[no = 0, yes = 1]

	
0.44

	
0.50

	

	

	

	

	

	

	

	

	

	

	
1

	
−0.02

	
−0.01

	
−0.02




	
12. Sales 2021

	
6964

	
76,642

	

	

	

	

	

	

	

	

	

	

	

	
1

	
0.86

	
0.92




	
13. Employ

	
864

	
5446

	

	

	

	

	

	

	

	

	

	

	

	

	
1

	
0.97




	
14. Employ_ICT

	
579

	
4816

	

	

	

	

	

	

	

	

	

	

	

	

	

	
1











 





Table 5. Analysis of multivariate ordered probit model of platform providers.
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Model I

	
Model II

	
Full Model




	
Affordance

	
Autonomy

	
Super

Modularity

	
Affordance

	
Autonomy

	
Super

Modularity

	
Affordance

	
Autonomy

	
Super

Modularity






	
Supply_API

	
0.575

(0.174)

***

	
−0.244

(0.163)

	
−0.026

(0.185)

	

	

	

	
0.47 (0.183)

**

	
−0.065

(0.17)

	
−0.223

(0.192)




	
Supply_SDK

	
−0.477

(0.169)

***

	
0.075

(0.166)

	
−0.262

(0.18)

	

	

	

	
−0.406

(0.183)

**

	
0.06

(0.18)

	
−0.206

(0.188)




	
Platform_info

	

	

	

	
−0.206

(0.236)

	
0.064

(0.207)

	
−0.271

(0.236)

	
−0.141

(0.224)

	
0.05

(0.209)

	
−0.304

(0.236)




	
Platform_intermediary

	

	

	

	
0.338

(0.241)

	
0.435

(0.233)

*

	
−0.048

(0.259)

	
0.338

(0.236)

	
0.432

(0.236)

*

	
−0.098

(0.258)




	
Platform_content

	

	

	

	
0.682

(0.261)

***

	
−0.878

(0.238)

***

	
0.884

(0.284)

***

	
0.607

(0.251)

**

	
−0.866

(0.244)

***

	
0.897

(0.281)

***




	
log(Sales_2021)

	
0.01

(0.058)

	
0.015

(0.059)

	
0.065

(0.057)

	
−0.053

(0.063)

	
0.073

(0.064)

	
0.002

(0.056)

	
−0.037

(0.062)

	
0.07

(0.065)

	
0.003

(0.059)




	
log(Employ)

	
−0.041

(0.144)

	
0.145

(0.118)

	
−0.185

(0.128)

	
−0.038

(0.141)

	
−0.048

(0.119)

	
−0.093

(0.127)

	
−0.044

(0.148)

	
−0.046

(0.12)

	
−0.103

(0.129)




	
log(EmployICT)

	
−0.056

(0.134)

	
−0.064

(0.107)

	
0.113

(0.12)

	
0.02

(0.128)

	
0.029

(0.1)

	
0.104

(0.117)

	
−0.013

(0.135)

	
0.032

(0.103)

	
0.127

(0.121)








Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.













 





Table 6. Correlation matrix of affordance, autonomy, and super-modularity of platform providers.
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	Affordance
	Autonomy
	Super-Modularity





	Affordance
	1.000
	−0.362 ***
	0.171 **



	Autonomy
	−0.362 ***
	1.000
	−0.037



	Super-modularity
	0.171 **
	−0.037
	1.000







Notes: ** p < 0.05; *** p < 0.01.













 





Table 7. Threshold estimation result of a multivariate ordered probit model of platform providers.
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	Coeff.
	S.E.
	z-Value
	p-Value
	





	Affordance 1|2
	−1.177
	0.309
	−3.814
	0.000
	***



	Affordance 2|3
	−0.584
	0.304
	−1.923
	0.054
	*



	Affordance 3|4
	0.063
	0.301
	0.211
	0.833
	



	Autonomy 1|2
	−0.124
	0.285
	−0.435
	0.664
	



	Autonomy 2|3
	0.436
	0.280
	1.554
	0.120
	



	Autonomy 3|4
	0.783
	0.280
	2.796
	0.005
	**



	Super-modularity 1|2
	−1.348
	0.347
	−3.891
	0.000
	***



	Super-modularity 2|3
	−0.320
	0.349
	−0.919
	0.358
	







Notes: * p < 0.1; ** p < 0.05; *** p < 0.01.













 





Table 8. Centroid of clusters of platform providers and their share.
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	Affordance
	Autonomy
	Super-Modularity
	Share





	Cluster 1
	4
	1
	3
	0.554



	Cluster 2
	3
	4
	3
	0.446










 





Table 9. Independent two-sample t-test results between clusters.
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	Variables
	Mean of Cluster 1
	Mean of Cluster 2
	p-Value





	Sales 2020
	1038.783
	3946.463
	0.028 **



	Sales 2021
	1428.035
	4554.411
	0.046 **



	Sales 2021_digital
	1320.857
	3194.208
	0.110



	Share_B2C
	47.045
	52.176
	0.328



	R&D_investment
	261.994
	471.744
	0.263



	Share_ICTexpenditure
	16.91
	28.648
	0.039 **



	Employ
	270.194
	847.093
	0.086 *



	EmployICT
	168.142
	337.926
	0.147



	Share_digital_order
	68.955
	73.639
	0.292



	Share of information platform
	0.373
	0.361
	0.848



	Share of intermediary platform
	0.463
	0.620
	0.014 **



	Share of digital content platform
	0.299
	0.204
	0.089 *







Notes: * p < 0.1; ** p < 0.05.













 





Table 10. Analysis of multivariate ordered probit model of complementors.
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Model I

	
Model II

	
Full Model




	
Affordance

	
Autonomy

	
Super

Modularity

	
Affordance

	
Autonomy

	
Super

Modularity

	
Affordance

	
Autonomy

	
Super

Modularity






	
Supply_API

	
0.109

(0.086)

	
−0.144

(0.086)

	
0.338

(0.087)

	

	

	

	
0.085

(0.088)

	
−0.108

(0.089)

	
0.289

(0.09)

***




	
Supply_SDK

	
0.07

(0.087)

	
0.052

(0.087)

	
−0.081

(0.089)

	

	

	

	
0.084

(0.09)

	
0.02

(0.089)

	
−0.048

(0.091)




	
Use_R&D

	

	

	

	
0.071

(0.091)

	
−0.133

(0.093)

	
0.23

(0.095)

	
0.058

(0.092)

	
−0