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Abstract
This paper examines the preconditions and processes necessary for multiplatform ecosystems to emerge, grow and prosper, with particular emphasis on how bottlenecks that constrain their scale-up can be overcome. Using a longitudinal case study, we track how China developed the world’s largest mobile payments industry based on multiplatform ecosystems. Unlike multi-sided platforms, multiplatform ecosystems provide mechanisms to realize complementarity between multiple platforms, sometimes across different industries, to co-create greater value than individual platforms can in isolation and to overcome barriers that stand in the way of mass scale-up. These barriers include: establishing an agreed market architecture; catalysing changes in user behaviour; and earning legitimacy in its socio-technical system. We show how the lead firms play an important role in overcoming these barriers to drive multiplatform ecosystem evolution, enabling the development of other businesses in the ecosystem, and promoting the accumulation of what we term ‘ecosystem goods’ that help the ecosystem create and capture value collectively. These findings enrich our theoretical understanding of the importance of complementary relationships and overcoming barriers to their formation in enabling multiplatform ecosystems to nurture the emergence and scale-up of a nascent industry. We also draw lessons for practising managers and policy implications. 
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Introduction
Nascent industries are an important phenomenon given their technological and economic contributions to society. The development of a nascent industry is a profound social process by which not only customers’ needs and behaviours are reshaped, but also production and transaction relationships, and governing institutions [1, 2]. This process is even more challenging if the nascent industry is embedded at the intersection of two or more value chains [3, 4]. Mobile payments is such an industry. The earliest mobile payment solution was introduced in 1997 and its potential benefits have long been recognised and accepted by many stakeholders including mobile operators, banks, credit card companies, merchants, and policymakers [5]. In many countries, ranging from the US through to developing nations, however, development of mobile payments to mass market scale has been slow or even stalled [6, 7]. In China, by contrast, the mobile payments industry has boomed to become the global leader in terms of both user adoption and transaction volume.[footnoteRef:1] These sharply varying experiences across countries raise an interesting, and broader, research question: How the barriers that stand in the way of an innovative nascent industry requiring complementarity across multiple platforms, such as mobile payments, can be overcome to reach mass scale? [1:  According to a report by iResearch, the total transaction value in 2019 reached over US$ 51 trillion, the largest in the world; and by CNNIC’s statistics (2020), the number of mobile payment users in China reached 765.1 million by March 2020, accounting for 85% of mobile phone users. ] 

Innovation studies emphasise  the critical role that entrepreneurial ventures play in the emergence of a nascent industry, often by introducing innovative technologies and business models [e.g., 8, 9]. While the insights developed in this stream of research are important in understanding the emergence of mobile payments systems, however, their development cannot be understood in isolation. This is because, while at their core is a platform connecting merchants and users in a two-sided market, the overall value they can create also depends on interactions with many complementary applications co-existing in a broader ecosystem [10, 11]. Value creation and capture in this ecosystem depends on interactions between multiple platforms and their related participants. Ecosystem theory, therefore, provides a promising lens through which to understand the emergence and development of innovative payments systems.
Extant studies on innovation however, particularly in the digital sphere, mainly focus on firm-level analysis [12], while studies at the ecosystem level are limited [13] so that despite recent progress [e.g., 14, 15-19], there are still many under-researched questions pertinent to the development of nascent industries. In particular, there is little understanding of the interdependencies between the platforms within an ecosystem and its evolutionary dynamics [20], and how ecosystem-level characteristics influence the realisation of interdependencies among multiple platforms. Teece [16] argues that the complex interdependence of an ecosystem and its components means that system-level behaviour determines the fate of the ecosystem. Nonetheless, there is a paucity of research into how individual platforms, especially those that provide ‘ecosystem goods’ necessary for the ecosystem to create value, appropriate value from the ecosystem, and influence system-level performance. These ‘ecosystem goods’ share some of the characteristics of public goods described in the economics literature [21]. In particular, they can generally be shared by all participants in the ecosystem such that their use by one participant does not significantly reduce its availability to others (and that this value may even rise the more participants use it as a result of positive network effects). In contrast to public goods, however, ecosystem goods are often based on assets that are proprietary to one or more participants, frequently the lead firms in an ecosystem, and may not be provided freely to all participants. One example in the current context would be the services of mobile payments platforms.
Existing research on mobile payments also suggests that there exist several bottlenecks that constrain mobile payments from reaching mass adoption that need to be better understood. These include the failure of a market architecture that defines and facilitates interactions across different domains to emerge [6, 22], the need to overcome the extra costs imposed to both merchants and users by mobile payment technologies [23, 24], and difficulties in changing users’ behaviour, so as to leave behind dominant habits of legacy payment infrastructure such as credit card payments [23, 25]. Most, if not all, of the dozens of mobile payment services available in European Union (EU) countries in 2002, for example, were discontinued by 2008 [26]. This was due, in part, to a failure to agree on a ‘market architecture’ [6] capable of enabling collaborations between the two incumbent players, mobile network operators and banks/financial institutions [22]. Merchants were also slow to accept mobile payments as a result of reluctance to invest in POS readers of near field communications (NFC) technology which had become a de facto industry standard for mobile proximity payments by 2007 [27] and the delayed development of NFC-enabled smartphones [10]. Moreover, users in the EU with already well-established payment systems proved slow to change their legacy behaviour compared with countries such as Kenya, Tanzania, Afghanistan, India and other low-income countries with little or no legacy of payments systems, avoiding the need for users to change their existing habits, which saw rapid adoption of mobile payments technology in the form of M-Pesa [25].
Another stream of research that can shed light on the barriers to scale-up draws on the institutional perspective to argue that technological innovation can successfully challenge the status quo of the existing institutional order, when they make previous transaction logics obsolete [9, 28, 29]. Subsequent changes in market architecture and industry structure therefore require legitimation within the broader institutional constituency [30].  In order for a nascent industry which sits at the intersection of different domains to succeed, it requires not just the convergence of diverse knowledge bases/technologies, but also the collaboration of a broader range of stakeholders in its socio-technical system [31, 32] especially where institutional settings play an important role in shaping the market [33]. The interactions between companies, users and policy makers in a socio-technical system will be critical in determining whether a nascent industry reaches mass-market scale [32]. Building the legitimacy of an emergent mobile payments system that challenges the status quo of existing institutional order [11, 34, 35] has also been identified as an important prerequisite. However, there is little consensus on how institutional change interacts with the evolution of an ecosystem, driven by interplay of multiple stakeholder collaborations and competition. 
	In this paper we seek to fill some of these gaps in current understanding by exploring the process of emergence and scale-up of China’s mobile payments industry, with particular focus on the lead firms that innovate and strategize the balance between cooperation and competition within and between the multiplatform ecosystems in which their mobile payments are embedded. The evolution of China’s mobile payments industry is potentially a particularly fruitful research context, both because of its size and dynamism and the fact that it developed on the back of a seemingly less sophisticated technology  -- Quick Response (QR) codes instead of Near-Field Communication (NFC) terminals and an institutional environment that is often rigid and tightly controlled by government. 
	Instead of acting as a ‘dominator’ [36] or a ‘value creation supportive’ role [37] as suggested by some other studies, we find that the core mobile payment platforms, and the companies that owned them, functioned more as providers of ecosystem goods. This is especially true in the emergent and early developmental stages. As such, these lead firms facilitated the development of interdependent multilateral relationships in their respective ecosystems. These relationships, in turn, drove the growth of the ecosystems by attracting more complementary platforms and users. In return, the ecosystems’ success triggered more users to change their behaviour and adopt the mobile payments in their daily lives. These changes signalled the market’s acceptance of mobile payments, and pushed the policymakers to legitimate the nascent payment technology. This development process enabled China’s super-platform firms, namely Alibaba and Tencent, to build, run and govern complementary multiplatform ecosystems centred on their core business platforms (e-commerce and social networking, respectively), supported by their related platforms, namely Alipay and WeChat Pay, that provided ecosystem goods. 
These findings enable us to expand our understanding of the scope of complementarity in ecosystems from multi-sided platforms to multiplatform ecosystems. In such ecosystems, interactions among multiple platforms involving different markets (e.g., games, e-commerce, social medial/social networks, and location-based service platforms, among others), instead of different sides in a single market (e.g., users and developers in Apple’s App Store or sellers and buyers in Amazon’s marketplace), are key to value creation. Lead firms in multiplatform ecosystems can function as centres of gravity, by utilising different ecosystem strategies at various stages to attract activities to interact with their core platforms, and adopt initiatives to influence the direction of ecosystem evolution. The findings from this case enrich our understanding of complementarity in ecosystem research, especially its effects on the development and legitimacy of a nascent industry. We also draw out managerial lessons and policy implications. 
Theoretical Background
In developing a framework to better understand the factors impacting the emergence of multi-platform ecosystems, we draw on four bodies of theory: that pertaining to ecosystems, socio-technical change, complementarity, and legitimacy, respectively.

Ecosystem theory
Drawing on the perspective of ecology, Moore [38] introduced the idea of a business ecosystem defined as an economic community of interacting organisations and individuals, which produces goods and services of value to customers, who are also members of the ecosystem. Iansiti and Levien [36] argued that such a business ecosystem mainly consists of loosely connected companies that create and share value, by playing different roles in the ecosystem (i.e., keystone players, dominators, commodity and niche players). Similarly, taking an of organisation design perspective, Baldwin [39]  argued that business ecosystems, encompassing numerous corporations, individuals, and communities that might be individually autonomous but related through their connection with an underlying and evolving technical system, create value for both the group (ecosystem) and the components (individuals, firms, or communities). Coming from the perspective of strategy, Adner [15] defined a business ecosystem as the alignment structure for a multilateral set of partners that need to interact for a focal value proposition to materialise. 
All of these authors thus agree that business ecosystems are composed of interconnected networks of actors that form interdependent relationships in complex ways. Interdependence is at the very heart of an ecosystem, whereby the interaction of technology and social relationships creates value for users and enables participants to capture value from the ecosystem [e.g., 40]. Hence to understand an ecosystem, it is important to focus on the structure of this interdependence because the multilateral relationships that underlie a value proposition are not decomposable into multiple bilateral relationships [16].
Value creation and capture in ecosystems follow very different logics from those in traditional management theories such as value chain theory, resource-based theory, network theory and transaction-cost theory [e.g., 41, 42, 43]. Value creation in an ecosystem depends importantly on its ability to innovate [44], while value capture depends on the business models of participants within the ecosystem. The formation of ‘pathways’ between interlinked business models [45] that help realise the potential benefits of  complementarity among components and participants is vital for collective actions and value co-creation and co-capture. As a nascent industry evolves, the dynamic interactions among the participants in the ecosystem will, in turn, re-shape the patterns of value creation and capture and the distribution of contributions and rewards.
Socio-technical change perspectives
Literature on socio-technical systems (ST-systems) can also shed light on these issues of innovation and the emergence of nascent industries as the result of interactions between the production, diffusion, and uses of technology [32]. Looking beyond industry structure, Porter [55], for example, takes the inter-organisational community as the unit of analysis, emphasising the interactions between groups such as users, societal groups, regulators, and research institutes, as well as firms and industries, as important determinants of the way the system develops. The introduction of new technologies may therefore lead to new types of user behaviour and moves by policy makers to introduce new rules to regulate it. As a result, ST-systems co-evolve through multiple, dynamic interactions and feedback loops [32]. These interactions may take the form of coordination, but in other cases differences in the trajectories or cycles of changing behaviours by different actors can result in tensions and misalignments. Such tensions and mismatches may generate instability in the system, but equally, they may open up windows of opportunity for radical innovations to become mainstream.
 The ST-systems literature thus highlights the importance of understanding how the relationships between companies, customers, and regulators influence the emergence of multiplatform ecosystems [56]. Specifically, that success will often depend on the ability to induce customers to connect with and navigate these digital platforms in new ways, the strategic and competitive games between firms and their pricing strategies [57] and the actions of regulators (or the absence of them) that can have important implications for whether a new technology or business model is able to diffuse widely and reach mass-market scale.
Complementarity and multi-sided platforms 
Taking the roles of intermediary and focal point, platforms facilitate the interactions of different groups of actors [46]. Increasingly, in the digital age, platforms are becoming multi-sided, providing interfaces with and among two or more groups of economic actors on different ‘sides’ of a marketplace [14, 47]. Amazon’s marketplace, for example, is a typical two-sided market in which buyers and sellers are both components of its ecosystem in which its digital platform facilitates interactions between the two. 
Many researchers argue that firms providing a core platform within an ecosystem act as ‘keystone’ members [36] or ‘hub’ firms [48], so that they become ‘lead firms’ within the ecosystem [29]. These lead firms not only layout the architecture of an ecosystem but also set the rules, policies, and processes that govern the operations of the ecosystem. They therefore provide the foundations upon which other members can join the ecosystem by developing complementary components, technologies, products or services [49]. In order to maintain their leadership role, these lead firms need to continually innovate and upgrade their platforms’ contributions and the ecosystem’s governance rules and regulations to maintain a balance of cooperation and competition among the members [16]. In most cases, lead firms capture value from their efforts to innovate and maintain the core platforms within the ecosystem on which multiple actors interdependently create value [43, 50]. Examples include Wintel architecture in PC, Apple’s iOS mobile operating system, Uber in ride-sharing and Amazon in e-commerce transactions. 
Not all platform firms, however, can capture value from their efforts in creating and maintaining platforms that form part of an ecosystem. Building upon the original “profiting from innovation” thesis [52], Teece [16] explains the increasing challenges faced by innovators, especially those providing general purpose technologies or enabling technologies, in appropriating value from ecosystems. By their nature, such technologies are intermediate inputs in the value chain. Platforms not only act as intermediaries that link multiple actors [53]; platforms built upon such technologies can also integrate various complementors to extend the functionality of the ecosystem. As a result, they can act as providers of quasi- public goods that facilitate the workings of an ecosystem and value generation [16]. For example, in multi-sided ecosystems such as Apple and Google, mobile operating systems (iOS for Apple’s and Android for Google’s ecosystems), and in mobile communications ecosystems, standard technologies for networks (such as 5G standards), are ‘enabling technologies’ or ‘general purpose technologies’ in a specific ecosystem [54]. Given such technologies are often ecosystem specific, but that they share some characteristics of public goods described in the economics literature [21], we define them as ‘ecosystem goods’. Such ecosystem goods are often owned and maintained by lead firms in an ecosystem for the benefit of the entire ecosystem. 
Complementarity in multiplatform ecosystems
Some ecosystems bring together multiple platforms, each of which may have a sub-ecosystem around it. These multiple platforms can be provided by different participating firms or by a ‘super-platform’ firm that manages multiple platforms and develops complementary relationships among them. Super-platform firms include Facebook, Google, Amazon in the US, and Alibaba, Tencent and ByteDance in China, among others [e.g., 43]. While this phenomenon has created much discussion among practitioners, it has yet to receive sufficient academic attention. The few exceptions include Kwak, Kim and Park [18], who use the concept of ‘complementary multi-platforms’ to describe an innovation ecosystem for 3D printing technology.
In complementary multi-platform ecosystems [18], each platform is established independently but is interdependent with other platforms and thus works as an ecosystem in which value can be created and captured across platforms. The sharing of customers, suppliers, and resources and capabilities, across different platforms, enables cross-platform network effects. Most studies in this area focus on distributed multiplatform ecosystems comprised of lateral platforms that are loosely connected to create and share value, without any central ‘hubs’ and there has been little research on how value is co-created and co-captured in such ecosystems, and what the impacts are of such ecosystems on their individual platforms. Part of our contribution, therefore, is to shed light on these questions.
Platform legitimacy
A final body of relevant research concerns legitimacy. Classic research on technology management [e.g., 58] draws attention to the highly uncertain and risky nature of development of a nascent technological field. To overcome these challenges often requires a ‘high order of skills and ability’, that can harness the potential for nascent technologies to disrupt the existing market order and challenge the status quo of existing institutional arrangements governing the market [59, 60]. The institutional entrepreneurship literature offers insights into how firms that possess special status or occupy a unique position drive the institutional change to legitimate a nascent field [59, 60]. However, this stream of argument is inadequate in explaining how legitimacy is achieved by a nascent platform embedded in a complementary multiplatform ecosystem with the complexity of the interdependent multilateral relationships.
This inadequacy can be seen, for example, in the early development of a mobile payment solution in China. This initiative was  endorsed by the two dominant players in the mobile telecom and payment industries, but failed, despite their prominence and possession of valuable resources, such as policy support and user base [22]. Ozcan and Santos [6] draw attention to other instances where prominent and proactive firms fail to open up promising new markets for mobile payments, despite having resources, available technology, and customer demand. An important part of the explanation for these failures is the fact that nascent industries, especially those spanning different domains, often encounter institutional voids [61] in the form of  “fluid relationships, conflicting values and an absence of clearly identifiable norms” [62: 205]. This is especially true for nascent industries that emerge at the convergence of multiple domains, such as mobile payments but embedded in complex interdependent relationships with other platforms [11]. The failure of many early attempts to establish mobile payments as large-scale ecosystems can be attributed, in part, to the difficulty of managing institutional challenges. Yet, it is far from clear how such nascent industries involving complex, multiplatform ecosystems gain the necessary legitimacy to achieve scale.
In sum, we began with an over-arching research question: How does an innovative, nascent industry that requires complementarity across multiple platforms, such as mobile payments, take off to reach mass scale? Our analysis of the relevant existing literature identifies a number of important sub-issues that need to be considered in answering this question. First, what are the characteristics of the core platforms in a multiplatform ecosystem that enable these platforms to act as a foundation on which to scale up the ecosystem to realise the potential of a nascent industry such as mobile payments? Second, how do the lead firms go about promoting linkages and engagement between customers, suppliers, and providers of complementary products/services in these different platforms to enable innovation, value co-creation and co-capture in the multiplatform ecosystem? Third, what is the role of ecosystem goods in enabling the scale-up of the ecosystem and value co-creation and co-capture? Finally, how can the lead firms contribute to overcoming institutional constraints and building legitimacy for a multiplatform ecosystem necessary for it to successfully scale to serve the mass-market?
Methodology
To shed light on these questions we adopted a longitudinal case study (China’s mobile payments market) with two embedded cases (Alipay and WeChat Pay) spanning 2004 to 2019. Rather than a planned research endeavour it was the combined result of the phenomenon-driven research on China’s mobile payments during three periods (2004-2005, 2012, and 2018-2019). The dynamic nature of mobile payments in each period we studied led us to search for new analytical lenses to examine the phenomenon until it reached relative stability  by 2019. China’s mobile payments started with third-party payment platforms, led by Alipay in 2004. In 2012 WeChat Pay entered the market by introducing QR based payments, challenging Alipay’s dominant position. From 2017 to 2019, China’s mobile payments market reached relative maturity with Alipay and WeChat Pay dominating the market, enjoying market shares of 53.9% and 39.5%, respectively [63]. 
Data collection 
Data collection used two main methods: (1) interviews with relevant informants who were participants in or observers of the development of China’s mobile payments, and (2) secondary data. We conducted 33 semi-structured interviews over three periods. We also conducted extensive secondary research using policy analyses, industry reports, news articles, annual reports of the case firms, analytical and academic publications, and other archival data.
The data collection protocols and the focal issues for the interviews in each period summarised in Table 1. The longitudinal nature of the aggregated data covering three periods enabled us to develop an evolutionary view of China’s mobile payment market, including identifying critical bottlenecks and key responses from both the market and the government to those bottlenecks during its emergence and development. 
Table 1. Data Collection Protocol
	Research Period
	Phase I
(2004-2005)
	Phase II
(2012)
	Phase III
(2018-2019)

	Issue orientation
	· A top-down approach in mobile payments endorsed by two industry leaders from payments and mobile operators 
· A bottom-up approach alternative driven by a start-up firm aiming to enable e-commerce transactions
	· NFC becoming a global technology standard for mobile payments
· QR code becoming a local sub-optimal alternative

	· Diverse offline payment scenarios of mobile payments 
· Interoperability and compatibility of payment solutions across platforms


	Secondary data
	· Policy documents
· Market statistics
· Company annual reports
· Industry reports
· Investment databases and analyses
· Academic papers
· News reports
· Archival data

	



Semi-structured interviews[footnoteRef:2] [2:  We did not have structured questionnaires for the interviews. Rather, we conducted the interviews orienting the issues in Table 1 in an informal fashion. For example, most interviews lasted between one and two hours over meals or coffee, with a few exceptions in which we conducted the interviews through Skype or WeChat. We interviewed several key interviewees more than once across different research periods. The list of the interviewees with their positions in their organization is available but, for confidentiality reasons, we will not be able to provide interviewees’ names. ] 

	Government agents 
	2
	none
	2

	
	Financial institutions
	2
	none
	none

	
	Mobile network operators
	2
	none
	none	

	
	Industry observers
	1
	1
	none

	
	Investors
	1
	2
	2

	
	Mobile payment platforms
	2
	3
	5

	
	Merchants
	1
	none
	3

	
	Users
	none
	none
	4

	
	Total: 33
	11
	6
	16



Although the entire mobile payment market is our the unit of analysis, we also investigated two comparative case studies as embedded cases. Comparing embedded cases within the ecosystem enabled us to explore dynamic relationships at multiple levels, including complementors, platforms, ecosystems and the government. This method also ensured that internal validity was enhanced [14]. Moreover, the case study approach allowed us to research the rich contextual factors in which the focal firms are deeply embedded, including policies, industrial development, demand conditions, and their interactions within the broader setting [64]. 
Data analysis
We used the temporal bracketing strategy proposed by Langley [65] to analyse the large qualitative dataset. This enabled us to decompose the data into different blocks of the development process. Specifically, we first classified the data into different categories using frequently appearing words and phrases, then we identified relationships among them [66, 67], and conceptualised vital constructs. In addition, we undertook axial coding [67] by reassembling the data for re-analysis and interpretation of the connections and interactions among the underlying platforms. After the generation of codes, we developed the construct categories based on our literature review.
This strategy allowed us to transform process data from the longitudinal study into a series of discrete, but connected, developmental stages. We identified significant bottlenecks in the development of China’s mobile payments during this process as well as identifying the case firms’ strategic responses to easing those bottlenecks by mapping the critical events in the industry and trajectory activities of the case firms [68].
Specifically, we used Excel to record the actors, milestones, key events and activities through secondary research, gradually adding depth with the interviews at each phase. With the interviewees’ consent, we transcribed the interview contents as field notes to ensure information accuracy and facilitate discussion. We followed an iterative approach by overlapping data collection with data analysis [69]. Preliminary analyses influenced the collection of subsequent data collection. Multiple sources of evidence helped triangulate the data [70], adding to the credibility of the findings. For example, we collected data from each side of the interaction between multiple sides of the platforms (users, merchants and complementors) to understand the interactions comprehensively. We paid particular attention to event sequencing, focal actors, and the context and interactions between these factors. 
Findings
Developmental stages of China’s mobile payments
We identified three stages in the emergence and development of China’s mobile payments. 
1. The emergence of mobile payments (2004-2011): Breaking the bottleneck created by a lack of market architecture for online transactions.
2. The transition of mobile payments (2012-2014): Breaking the bottleneck caused by a lack of complementary assets in mobile proximity payments.
3. The maturity of mobile payments (2015-2019): Breaking the bottleneck of changing customers’ payment behaviour for ubiquitous mobile payments.
The bottlenecks, critical events and trajectory-driving activities by various actors at each stage are reported in (Table 2). Critical events were those, such as a leading firm’s strategic responses to a bottleneck, that gave rise to significant shifts in the direction of the industry, while trajectory-driving activities were those that subsequently reinforced the effects of the critical events. 




Table 2. The Emergence and Development of China’s Mobile Payments 
	Bottlenecks
	Critical events
	Trajectory-driving activities

	
A lack of legitimacy 

	2004: Alipay, as a third-party payment platform, was established by Alibaba, to facilitate online e-commerce.

	2005-2015: Over one thousand 3rd-party payment operators were established in China.
2005: Alipay built strategic partnerships with VISA, Agricultural Bank of China and Industrial and Commercial Bank of China, supporting B2C, e.g., online air tickets and online gaming.
2008: Alipay could be used to pay public utility bills and other B2B payments.

	
A lack of complementary infrastructure

	2012: Alipay launched NFC-based Quick Pay (together with UnionPay) to build a standard for 3rd-party payment services in an offline environment.
2013: Tencent, using its TenPay license, introduced QR-based mobile payments for P2P and O2O transactions.
	2013: Alipay introduced its own POS terminals to support Quick Pay in an offline context. 
2014: Tencent invested into JD.com (initially 15%, increased to 21.25%), marking Tencent’s entry into e-commerce market.
2014: Tencent acquired 20% of Dazhong Dianping’s shares, marking Tencent's plan to enter local lifestyle O2O services.

	
Difficulties in changing customers’ payment behaviour

	2014: Tencent introduced virtual ‘hong bao’ services through WeChat Pay during Chinese New Year (CNY), marking the beginning of P2P money transfer in China. 
2014: Teaming up with DiDi, WeChat Pay subsidised both passengers and drivers in ride-sharing; and, teaming up with KuaiDi (DiDi’s competitor in ride-hailing), Alipay subsidised both passengers and riders in ride-sharing. This marked QR-based mobile payments entering offline payment scenarios.
2015: WeChat Pay and Alipay became available in offline payment scenarios. 
	2015: Introduced ‘shake and win’ game on WeChat Pay during CNY and attracted 11 billion participations through over 1 billion ‘hong bao’.
2015: Together with sponsors of online and offline merchants, Alipay sent out over 4 billion RMB during CNY.
2016: Alipay signed 2 million small   offline merchants.
2016: WeChat Pay signed 10 million physical stores.



Stage 1. The emergence of mobile payments in China (2004-2011): Legitimation of third-party payment platforms
In 2003, China launched its first mobile payment application following a top-down approach [22]. China Mobile Corporation and UnionPay (the country’s top players in mobile communications and payments, respectively), facilitated by the State Council, co-invested and co-founded Union Mobile Pay (UMPay). In August 2004, UMPay launched its first ‘mobile wallet’ services in Beijing, enabling users to use their mobile phone account to pay for digital content. By the end of 2006, as a bundled application of China Mobile’s mobile services, UMPay’s ‘mobile wallet’ was rolled out in most provinces in China and expanded to cover purchases of lottery tickets and utility bill payments. However, despite UMPay’s marketing effort and the endorsement by the high-level players, its mobile payments solution never took off. The top-down approach legitimated a ‘market architecture’ that defined the cross-industry collaboration including specific roles and interdependent relationships in delivering value to customers, schemes for sharing profits and risks, and boundaries for the new market. However, a lack of complementary infrastructure and assets, including 3G mobile networks and smart phones, and a lack of payment scenarios in which customers could use the mobile payments, constrained the take-off of UMPay. By the end of 2019, after several rounds of ownership restructuring, UMPay accounted for less than 1% of China’s mobile payment market.
In parallel, back in 2003 Alibaba launched its e-commerce platform, Taobao, an online marketplace facilitating C2C and B2C transactions. A bottleneck constraining e-commerce was that China did not have a user credit system that could guarantee the safety of payments for online transactions between strangers. In December 2004, Alipay was created aimed at solving this problem. As Jack Ma, the founder of Alibaba, recalled in a media interview: “The lack of development in Chinese e-commerce was due to one missing piece – a mechanism that could facilitate trust between people. I believe that Alipay is the mechanism that can fill this gap. If Alipay wants to have value in China, it must establish a trust system. [...] Only with this system would it be possible for users to send strangers money and merchandise solely based on a picture and a few sentences posted online” [71]. 
Alipay’s solution was simple: it achieved strategic differentiation [72] by providing a platform that guaranteed the safety of the transactions between buyers and sellers online by receiving notification of a payment from a buyer for their online purchases, verifying the availability funds with the buyer’s bank, debiting the payment to the seller’s account, and only forwarding the payment to the seller when the buyer confirmed satisfactory receipt of the goods or services purchased. Unlike PayPal which pioneered the online payments model, however, Alibaba did not try to use Alipay itself as a source of profit for at the time. Instead, Alipay provided the service as an ecosystem good to enable trust-building necessary to facilitating the early-stage growth of e-commerce. This solution challenged China’s payments status quo which had been controlled by the government-backed banks and financial services institutions such that Alipay operated in a grey area of institutional void for years. This fcat was recognised by both industry observers and Alibaba’s staff such that in a self-recorded video, Jack Ma said “…I understand the regulatory risks associated with creating Alipay in China. If I have to go to jail for doing so, I will.”[footnoteRef:3] [3:  https://mp.weixin.qq.com/s/rUlsZweOyP8wRwnaAcu-ww. Accessed on February 14, 2020.] 

Alibaba’s third-party payment solution became a de facto industry standard for online transactions. Following Alipay, over 1,000 third-party non-financial payment operators emerged in two categories: tied providers similar to Alipay which operated as payment platforms for their own e-commerce transactions, and independent providers that facilitated online payments in niche markets such as the purchase of insurance policies or air tickets and paying utility bills. In November 2005, Tencent established its TenPay as a third-party payment platform for its online games although it remained a peripheral player in the emerging third-party payments. 
Because of the rapid development of third-party payments, especially Alipay, the value of e-commerce transactions increased from 0.93 trillion RMB in 2004 to 6.09 trillion RMB in 2011 [73]. Rapid growth indicated that the market accepted this payment scheme which operated in an ‘institutional void’ for six years. Since 2010, the government started to regulate and legitimize non-financial institutions as third-party payment operators by granting them licenses, including Alibaba and Tencent. 
Stage 2. The transition of mobile payments (2012-2014): Building complementary payment infrastructures and applications for mobile payments 
In 2012, Alipay launched its Quick Pay application, an app based on NFC technology with the aim of expanding its mobile payments into offline environments. Although the app acquired more than 100 million users, it did not generate many transactions due to the bottleneck created by the lack of NFC-based POS terminals in merchants, despite the fact that Alibaba subsidised them to install its proprietary NFC-enabled POS terminals. 
In January 2011, Tencent launched its WeChat mobile application. WeChat quickly became a ‘killer app’ in mobile social networks. By October 2013, Tencent had acquired over 600 million WeChat users. It then launched WeChat Pay, a mini-program embedded in WeChat, which enabled P2P money transfer among WeChat users. 
Tencent followed up with several marketing campaigns to promote WeChat Pay. During the 2014 Chinese New Year, WeChat Pay introduced a virtual ‘hong bao’[footnoteRef:4]. WeChat Pay even created a virtual ‘bidding game’ which allowed senders of ‘hong bao’ to create a lucky draw[footnoteRef:5] of the money to be shared by the groups. To participate in ‘hong bao’ games, users needed to link their bank accounts to their WeChat account.  As WeChat Pay users commented in our interviews: “Hong bao was a sensational app which locked millions of Chinese on their smartphones to bid for just a few RMB or less.” “Money transfer among family and friends goes viral on WeChat Pay.” For users, “It’s not about money; it’s about winning among friends and family.” “I added my bank account on my WeChat Pay to join bidding ‘hong bao’ games. It’s so natural. I didn’t need to think a second time. It turns out it has changed my life.”  [4:  ‘Hong Bao’ are red envelopes with money inside given by parents and grandparents to their children and grandchildren, or by seniors to juniors in organizations, during the Chinese New Year celebrations.]  [5:  In such ‘lucky draw’ games, each member could get a random amount of money, decided by his/her responding speed to the ‘hong bao’ and, of course, by luck.] 

In 2014, WeChat Pay introduced a QR-based mobile payment solution for offline payments. A QR code can be easily stored and displayed on a mobile device or even on a piece of paper from which it can be scanned by another mobile phone to transfer money transfer or make payments using bundled bank accounts. Merchants can receive money via WeChat Pay, without installing any mobile banking apps nor investment in extra hardware. 
QR based payments is a disruptive innovation [74] that takes advantage of the alternative technology’s ‘performance overshoot’ relative to the needs of potential mass-market customers. Though technically less sophisticated, QR-based solution opened a window of opportunity for WeChat Pay to catch up with Alipay in the offline payments [75]. It offered cost advantages [72], which enabled Tencent to break the bottleneck of a lack of payment infrastructure (i.e., NFC readers). As one investor we interviewed commented, “WeChat Pay created payment scenarios that triggered Chinese users to adopt mobile payments naturally and rapidly.” According to Tencent’s annual reports and various industry publications, leveraging its social networks, the number of WeChat Pay’s users grew from 30 million to 100 million in one month during Chinese New Year in 2014. By the end of 2014, WeChat Pay had been adopted by 400 million users, challenging Alipay’s dominant position in mobile payments. 
Stage 3. The maturity of mobile payments (2015-2019): Changing users’ behaviour in payments
During the Chinese New Year in 2015, Alipay joined WeChat Pay in online ‘hong bao’ competitions leading yet more consumers to link their bank accounts to their mobile payment accounts. By then, 90% of China’s internet users had access to the Internet through their smartphones [76]. To use Alipay or WeChat Pay on their mobile phone only required installing a mobile app to ensure the account information would be synchronised across devices. However, for users to change their behaviour in payments, especially in offline transactions, remained a bottleneck for both Alipay and WeChat Pay. 
To break this bottleneck, WeChat Pay created a payment scenario for ride-hailing services that combined online booking and payment but offline consumption. Teaming with DiDi (China’s equivalent of Uber, meaning taxi in Chinese), Tencent launched a campaign to subsidise DiDi drivers and passengers. Alibaba and its partner KuaiDi (DiDi’s competitor, meaning fast taxi), joined the fray, resulting in a  five successive price wars between January a and May 2015 in which the two providers competed on rebates to both drivers and passengers for those who settled payments via their mobile payment accounts. Pony Ma, the CEO of Tencent, said that his company lost an average of 20 million RMB per day in these price wars and 40 million a day their peak[footnoteRef:6]. This did, however, have the effect of accelerating the diffusion of mobile payments to become a mass-market phenomenon. Later in 2015, Alibaba and Tencent agreed to end these price wars and engineered the merger of DiDi and KuaiDi, which became DiDi Chuxing, one of the unicorns in China [77]. [6:  According to an industry analysis by ‘Huxiu’.  https://www.huxiu.com/article/104087.html, accessed on October 5, 2020.] 

Location-based lifestyle services proved another battlefield for offline payments through the two largest service providers: Meituan (in which Alibaba was an investor) and Dazhong Dianping (in which Tencent was an investor). Alipay and  WeChat Pay competed for users by providing rebates to consumers who used their mobile payment accounts for takeaway food orders and to suppliers, such as restaurants and food delivery services, that accepted mobile payments. After several rounds of fierce price wars, in 2017 Meituan and Dazhong Dianping merged to become Meituan Dianping [77], enabling customers to use Alipay or WeChat Pay interchangeably, but again the effect had been to drive up mobile payments volumes.
In 2016, both WeChat Pay and Alipay aggressively rolled out their QR based mobile payments in in-store scenarios, such as coffee shops, convenience stores, restaurants, gyms, hospitals, supermarkets, shopping malls, and even the wet markets that are commonly used by Chinese for daily food shopping. 
Both Alipay and WeChat Pay also used ‘scenarioization’ to encourage the adoption of mobile payments in a wide variety of user situations. As mentioned a venture capital investor in China’s mobile Internet mentioned during our interviews: “…scenarioization of payments played a significant role in the success of mobile payments in China. Through those payment scenarios, users changed their payment behaviour”. Virtual ‘hong bao’, riding hailing, and location-based lifestyle services are other examples of how scenarioization was deployed to change user behaviour in payments. As a lifestyle enabler, QR-based mobile payments quickly covered most high-frequency and low-value transactions in China’s consumer market so that by 2016 WeChat Pay was available in over 10 million such retail outlets, and Alipay was available in over 2 million outlets. By 2019, coverage had increased to 50 million and 40 million retail outlets, respectively.
The competition and collaboration between Alipay and WeChat Pay improved user experience in mobile payments as many interviewees testified: “Doesn’t matter you use WeChat Pay or Alipay; they are largely the same, and available in all kinds of payment scenarios.” “You don’t need to install any online banking apps on your phone. You only need to have a WeChat Pay or Alipay account with a bundled bank account from any Chinese bank, and you can live and travel in China without carrying cash.” “The payment scenarios are pervasive. You can pay your ride-hailing services, rent a bike, have your car cleaned, pay your house cleaning and dry cleaning, or your child’s school fees or hospital bills on your mobile phone.” An industry observer observed, “a mobile payment app is now a ‘must have’ Chinese.” 
By the end of 2016, in less than three years since WeChat Pay entered the mobile payments market, its market share reached 39%, compared to Alipay’s 54%, a market structure that remained relatively stable until the end of our research period. 
‘Platform of platforms’ in complementary multiplatform ecosystems
The success of their mobile payments relied on the ecosystems in which their mobile payment platforms provided ecosystem goods. Table 3 compares the key development milestones in mobile payments and the ecosystem structures of the two lead companies. 
Table 3. Comparison of Alipay and WeChat Pay
	
	AliPay
	WeChat Pay

	

Founding and key developments 
	· Alibaba Group was founded in 1999 by 18 people led by Jack Ma.
· Taobao (C2C) platform was launched in 2003.
· Alipay was established in 2004.
· Taobao Mall (B2C) platform was launched in 2008, and separated from Taobao and branded as Tmall in 2009.
· Cainiao logistic tracking platform was launched in 2013.
· Alibaba was listed on NYSE in Sep. 2014.
	· Tencent was established in 1998 by Pony Ma.
· Tencent was listed on the Hong Kong Stock Exchange in June 2004. 
· Tencent stayed as an online communication and gaming company until it launched WeChat social networking app in January 2011.
· WeChat Pay, as a mini program embedded in WeChat App, became available in 2013. 


	

Ecosystem structure
	· An ecosystem of multiple platforms in the digital economy. 
· Essentially, an e-commerce company with advanced technologies in big data analytics, AI, and algorithms.

	· A conglomerate covering social media, entertainment, gaming, e-commerce, technology and many related areas. 
· Essentially, a social networking company with advanced technologies such as big data analytics and AI.


Alipay and WeChat Pay began working independently as third-party payment providers. After the third-party payment business model became a de facto standard and was ‘endorsed’ by the government through licensing, they started to compete on acquiring users by creating different payment scenarios and via price wars. Then, once their services reached mass market scale, they began to work together to improve users’ experience. Inter-platform compatibility and availability in all payment scenarios was key to the success of mobile payments in China. To achieve this, the two firms invested in businesses that generated payments transactions in which each had originally specialised. For example, Tencent acquired shares in JD.com and Pinduoduo, e-commerce competitors to Alibaba. Alibaba acquired shares in Sina Weibo and Momo, a social media and social networking competitor to Tencent [77]. By means of these investments, both companies catalysed the development of a multiplatform ecosystems around their payments platform. As one interviewee commented:
From the ecosystem perspective, such cross-investment activities made a lot of sense. Through cross investments and partnership portfolios, both companies run multiplatform ecosystems covering information, social networking, e-commerce and O2O platforms. The battle for market share between mobile payments is less to do with profits – charges barely cover costs especially during ‘price wars’ – but more to do with expanding their business ecosystems, in which mobile payments are a utility platform that enables such super-platform firms to share user base and other resources, including user data generated in customer spending habits and financial transactions, across other platforms in their respective ecosystems. This process was an effective way to direct online ‘traffic’ – customer flows – from one platform to another, and from online to offline environments. 

Neither Alipay nor WeChat Pay, for example, focused on generating profits from their payments platforms at the time but rather used them to enable the development of other businesses in their ecosystems. As one interviewee (a former Alibaba employee) commented:
Alibaba runs the largest digital infrastructure in China. Their multiple platforms compete with one another, but the ecosystem around such different but overlapping platforms has an aggregating effect. Despite overlapping, these competing platforms complement one another, especially with the rise of utility platforms, such as payments and logistics, and Ali Cloud.

‘Utility platform’, is a term mentioned by several interviewees to describe mobile payment platforms. It is a type of ‘platform of platforms’[footnoteRef:7] that intermediate interdependent relationships of the overlapping platforms in their ecosystems. From an ecosystem perspective, the more actors their mobile payments can attract, the greater value in their ecosystems. The contrast with PayPal is informative here. PayPal is an independent entity whose core business is based on charging commissions on transactions through its platform. Alipay’s core business is to enable e-commerce and facilitate the development of a large ecosystem [71]. The key role of Alipay and WeChat Pay is to facilitate value creation across a multi-platform ecosystem. [7:  The concept of ‘platform of platforms’ first appeared in discussions among practitioners of the Internet of Things. For example, IBM, through its Watson IoT portfolio, is looking to be ‘a platform of platforms’. Its goal is to act as the epicentre for platform providers. More can be found on https://iotslam.com/wp-content/uploads/2016/06/IDC-Study-IoT-Platform-of-Platforms.pdf (accessed on September 29, 2020).] 

Alibaba’s and Tencent’s ecosystem strategies were demonstrated in their corporate venture capital (CVC) activities. As one interviewee commented:
One critical factor in decisions about CVC investment, especially from Alibaba and Tencent, is the way it plays a critical strategic role in their entire business ecosystems. In other words, missing an opportunity to expand in a certain area of technology is a much bigger concern than investing in a wrong company or technology. 

According to ITjuzi.com, a VC investment database of China’s technology market, Alibaba’s accumulated investment between 2105 and 2018 amounted to 505 billion RMB, and its accrued return reached 138.7 billion RMB. During the same period, Tencent’s four-year accumulated investment amounted to 406 billion RMB, with an accumulated 47.6 billion RMB return. In 2018 alone, Alibaba’s investment reached around 180 billion RMB, and Tencent’s approximately 90 billion RMB. Table 4 lists the numbers of investment projects by Alibaba (Ant Group) and Tencent in 2018. 

Table 4. Investment Portfolios (Tencent vs Alibaba + Ant Group) in 2018
	Investment area
	Tencent number of investments
	Alibaba + Ant Group[footnoteRef:8] number of investments [8:  Ant Group (until 2020 known as Ant Financial Group) is the financial arm of Alibaba, which spun off from Alipay in 2011, but which runs Alipay and other technological financial services. ] 


	2B services
	19
	11 + 7

	Automobile & transport services
	9
	7 + 7

	Healthcare & medical services
	4
	6 + 2

	Education
	9
	0 + 1

	Hardware
	3
	5 + 3

	E-commerce
	13
	11 + 3

	Culture & entertainment
	49
	7 + 0

	Finance 
	10
	2 + 8

	Logistics
	5
	

	Sports
	5
	1 + 0

	Location-based lifestyle services
	4
	6 + 5

	Games
	12
	0

	Software tools
	4
	0 + 3

	Real estate 
	2
	3 + 0

	Advertising
	1
	1 + 1

	Agriculture
	0
	1 + 0

	Social media
	0
	0 + 1


Source: itjuzi.com and CB Insights (2019)
Although adopting different investment philosophies and strategies, both Alibaba and Tencent invest to build and expand their digital ecosystems. Alibaba’s investment strategy is to maintain controlling stakes, especially in those ventures that are critical complementors to its core e-commerce business. According to Cai Chongxin, the founder of Alibaba’s investment arm, “venture investment is like playing the game of Go – every piece should have a purpose on the board, and it’s up to the player to determine where it should go to maximise the return at the aggregate level.”[footnoteRef:9] The structure of Alibaba’s ecosystem is illustrated in Figure 1. In its ecosystem, mobile payments as core “connector” in the network providing ecosystem goods that help invested ventures grow by empowering them with shared resources, including its user bases and online traffic generated through its Taobao and TMall e-commerce platforms. Whether its payments platform generates profits is a secondary concern to its role in promoting interconnectedness within the ecosystem and helping to reap the benefits of  potential complementarity between ventures in the network.  [9:  Cai’s speech on Alibaba’s 2018 Investors’ Day.] 

Figure 1. Alipay as a ‘platform of platforms’ in Alibaba’s multiplatform ecosystem
[image: ]

Tencent, on the other hand, adopts a more hands-off investment strategy: it does not seek controlling stakes, rather it allows the invested ventures to grow on their own, and execute independent an initial public offering (IPO) if possible. Liu Chiping, an executive director of Tencent, commented: “Tencent focuses on what we are good at. That means we will not seek controlling power in our invested ventures. We expand our ecosystem through building partnerships with our invested firms.”[footnoteRef:10] This strategy allows Tencent to enter into new areas through its investments. Between 2010 and 2020, Tencent invested in about 700 start-ups, of which 63 have been listed on stock exchanges, and 122 have achieved a market valuation of more than US$1 billion (ITjuzi.com). As shown in Figure 2, as a social networking super platform, Tencent is at the centre, surrounded by many small clusters (platforms), each operating independently to form its multi-platform ecosystem. The closer a platform is to Tencent’s core businesses of social networking and gaming, the more influence Tencent has over that platform. WeChat Pay enables interactions between platforms and provided ecosystem goods, facilitating sharing of user bases and infrastructure resources, to drive value creation.  [10:  Liu’s speech at Tencent’s 2019 annual investment conference.] 

Figure 2. WeChat Pay as Tencent’s ‘platform for platforms’ in its multiplatform ecosystem
[image: ]

Both Alibaba and Tencent thus used ecosystem strategies for growth. Their ecosystems are based on co-specialised and complementary multiple platforms but organised around mobile payments.
The role of an adaptive and responsive policy approach
Third-party payments largely emerged, institutional void [78, 79] where innovations were ahead of institutional arrangements for payment services by non-financial institutions. In Table 5, we summarise the critical policies that gave rise to directional changes in the industry and trajectory drivers that influenced the level of competition and collaboration in the market during the development of China’s mobile payments.
Table 5. Critical Policy Guidance and Trajectory Policies
	Policy approach
	Critical policy guidelines
	Trajectory policy implementations

	A relaxed approach – encouraging experimentations in business models
	2002: UnionPay as an inter-bank card consortium was established, marking China’s entry to card-based payments.
2010: 3rd-party payments but non-financial institutions were legitimised. 
	 2011: PBOC issued 101 3rd-party payment licenses to non-financial institutions, including Alipay and TenPay.
2012-2015: Additional 3rd-party payment licenses were granted to non-financial institutions (96 in 2012, 53 in 2013 and 19 in 2014 and 1 in 2015). 

	An adaptive approach – responding to market development by standardising technological standards, sharing schemes and operational boundaries of mobile payments
	2012: PBOC approved NFC as a short-range transmission standard for proximity mobile payments.
2016: PBOC approved the use of QR as a standard for mobile payments.

	2013: The NDRC issued a regulation adjusting bank card fees charged on merchants in mobile payments. The fee should be allocated following a formula of 7:2:1 (70% to the card-issuing bank, 20% to 3rd-party acquiring institutions and 10% to UnionPay).
2013: PBOC issued the first 17 licenses to 3rd-party payment operators, including Alipay and TenPay (WeChat Pay), in cross-border e-commerce transactions.

	A regulative approach – regulating the safety and security of mobile payments
	2017: NetUnion Clearing Corp (NetUnion), a unified platform between 3rd-party payment operators and banks, was established, marking the end of money-making scheme of 3rd party payment operators profiting from customers’ deposits.
2017: PBOC issued a document mandating the end of unlicensed payment businesses.
	2017: PBOC issued a regulation mandating all non-financial third-party payment institutions to settle payments through NetUnion, which demolished all direct links between such institutions and banks.
2017: PBOC issued a notice to transfer online customers’ deposits at non-bank payment institutions to a central reserve account at PBOC, marking more regulation of 3rd-party payments.
2017: PBOC issues more documents to regulate payment innovations to prevent fraud and further enhance security in mobile payments.


Note: PBOC – People’s Bank of China (Central Bank), NDRC – National Development and Reform Commission.

Policy evolved through three stages. First, the policies were essentially very liberal when a plethora of third-party non-financial payment services emerged, following Alipay’s lead in 2004. An industry observer commented, “regulators were trying to balance innovation and progress with potential risk when things were very unclear.” In 2010, the government took more focused action when the market accepted this payment method as a de facto standard for online transactions, and relevant government regulators issued a series of policies, targeted at regulating third-party payment services  provided by non-financial payment institutions. After appraisal and evaluation, in 2011, 101 third-party payment licenses  were granted by PBOC (including Alibaba’s Alipay and Tencent’ TenPay), 96 in 2012, 53 in 2013, 19 in 2014, and the last one in 2015. Those that were not granted a license were forced out of business, so that these licences were critical in legitimising a business model that had been operating in a ‘grey area’ for six years. 
Second, once NFC became a global standard for proximity payments, the government took the initiative and approved NFC as a short-distance transmission technology for offline mobile payments. Alipay started to explore the applications of NFC-based payments. However, NFC-based payments did not take off. In 2016, when QR-based mobile payments reached the mass market, PBOC officially approved QR as a standard for mobile payments. 
Third, in 2017, when mobile payments reached a relatively mature stage with a stable market structure, mobile payment operators began to profit from their mobile payments, but mainly through a large amount of user deposits between transactions, policymakers started to impose ‘rectifications’ on third-party and mobile payments. During 2017 and 2018, several policies were issued. The most significant one was the establishment of NetsUnion Clearance Co. in August 2017, which sits between the third-party payment platforms and the banking clearance platform of UnionPay, operating a central reserve account for user deposits. This policy ended the profits earned by non-bank payment institutions (including Alipay and WeChat Pay) from user deposits. “We can’t make profits by arbitrating on different interest rates anymore, as we are cut off from the direct links with any banks. All transactions have to go through NetUnion now,” commented by one of the mobile payment operators. At this stage, the government took a regulatory approach to mitigate risks exposed in mobile payments. 
Thus, policymakers adopted a pragmatic and adaptive approach, maintaining an open attitude towards new trends in technologies and business models, especially conscious of potential market reactions to regulatory change. Once a nascent technology/platform was accepted by the market, policymakers subsequently aimed to guide its development with detailed policies. As the market matured, the regulation tightened in especially areas such as payment security and fraud prevention. As one government official commented, “a regulatory framework to balance technological innovation and social stability is our top priority.” 
In this process, institutional intervention followed a recursive process, through micro-level innovations, growingin scope and scale from bottom-up, and ultimately driving institutional reforms that, in turn, directed the market development, in a ‘zigzag’ pattern, as shown in Figure 3. 

Figure 3. Dynamic interplays between business and policy
[image: ]
Discussion
In this paper, we laid out how China developed the world’s largest mobile payment market using a less-sophisticated technology than that deployed elsewhere and facing what is often characterised as a rigid, top-down institutional environment by analysing lead firms’ ecosystem strategies and the government’s pragmatic and adaptive policy approaches. This case surfaces the following implications.
Implications for theory
Complementarity from multi-sided to multiplatform ecosystems
Literature has focused on ecosystems where a multi-sided platform lies at the centre [e.g., 6, 14, 46]. more recently, researchers have begun to look into complementary multiplatform ecosystems. However, most studies in this area have explored how distributed multiplatform innovation ecosystems, loosely connected laterally, create and share value (e.g., [18]). These platforms are not owned or governed by a single entity, nor are they mediated by a central utility platform that plays roles such as keystone and/or dominator [36] or the provision of ecosystem goods, in a multi-sided platform ecosystem. 
Our findings from China’s mobile payments begin to fill this gap by providing insights into complementary, multiplatform ecosystems and the roles played by firms such as Alibaba and Tencent that link multiple platforms. Unlike other complementary multiplatform ecosystems, such as the 3D printing innovation ecosystem [18], the lead firms in our cases, Alipay and WeChat Pay, play a central role in connecting multiple, complementary platforms and generating ecosystem goods, especially the legitimacy, which nurtured the growth of their digital ecosystems. Hence our findings are an important addition to the theory of complementarity in ecosystems, extending the level of analysis of interdependent relationships from complementary components to complementary platforms.
As in multi-sided platform ecosystems in which platform leaders derive an architectural advantage from their positions as a bridge or a hub enabled by the complementarity across different sides in a marketplace [51], we find that leaders of multiplatform ecosystems, such as Alibaba and Tencent, benefit from enabling the benefits of complementarity across different platforms to be reaped. Some of the enabling technologies and platforms they deploy may not capture value directly, but instead intermediate and enable value co-creation in the ecosystem, generating what we term ecosystem goods. Specifically, they allow the ecosystem leaders to (1) empower more complementary platforms to connect and grow in their ecosystems, and (2) perform a function that is essential to broaden the scope of value co-creation in the socio-technical system. Becuase they own and manage platforms that deliver ecosystem goods, the ecosystem leaders have the incentive to maintain ecosystem sustainability by carefully designing the governance structure to balance different roles played by multiple platforms. In these systems, value creation and capture at the platform level give way to value co-creation and co-capture at the ecosystem level.
The ecosystem leaders enabling platforms, such s Alipay or WeChat Pay, the role of ‘bridging’ demand and supply and enables interactions across platforms within a multiplatform ecosystem by resource reconfiguration [41]. They can also be described as pathways where interlinked business models can be experimented with and developed in their respective ecosystems [45].
Just as in the case of a platform envelopment strategy [47], a complementary multiplatform strategy can nurture the development of a new platform by leveraging shared user bases and other resources across platforms. However, a complementary multiplatform strategy is different from a platform envelopment strategy, with the former focusing on expanding the functionality of an ecosystem by adding new platforms in parallel with its existing ones, while the latter focuses on entering a new market by incorporating new platforms, typically from competitors, along with its existing ones [18, 47].
Analogous to a platform leader in a single platform ecosystem, firms leading a multiplatform ecosystem can be seen as an extension to Parker et al.’s [80] model that a platform leader provides an architecture which hosts complementary offerings using a holistic-based strategy in value co-creation and co-capture. They help break the bottlenecks that would otherwise stand in the way of interactions between different platforms. Based on the evidence from China, we extend Adner’s [15] thesis that, from a holistic perspective, a focal (or lead) firm’s ecosystem strategy can operate to align the complementary platforms in which each platform plays a unique role in a complementary multiplatform ecosystem. This strategy allows the lead firms to manage imbalances in value creation and capture in such ecosystems. However, this strategy imposes increasing demands on the lead firms to play governance role and the need to invest in the maintenance of the ecosystems in which they play a leadership role [43].
The impact of multiplatform ecosystems on the legitimacy of individual platforms
Most research on the relationship between ecosystems and their components focuses on the impact of innovations at the component level on system-level performance. For example, the more innovation there is by a complementor, the more value it creates for the platform and its users via network effects, creating a cumulative advantage for existing platforms [e.g., 49]. However, the literature does not pay sufficient attention to the impact of the collective performance of ecosystems on their components, especially those that may not find immediate and direct ways to capture value, such as enabling technologies or platforms [e.g., 16, 20]. Our findings suggest that ecosystem-level performance can influence complementor-level (be it components or platforms) performance. 
This performance enhancement operates through a number of mechanisms. First, when there is ecosystem-to-ecosystem competition, adoption and commercial success is likely a function of which ecosystem can recruit the most (and the best) complementary platforms, as suggested in the ‘price wars’ between Alipay and WeChat Pay. As argued by Teece [16], in single-platform ecosystems this advantage belongs to the platform leaders that set the rules in the manner most likely to benefit the system as a whole and not just their short-term interests. This principle can also be applied in complementary, multiplatform ecosystems. But our findings suggest that such multiplatform ecosystems are not the result of central planning. Instead of being a ‘master designer’ for the ecosystem, they started with a core platform (in Alibaba’s case an e-commerce platform and in Tencent’s case a social networking platform) that was then able to accommodate multiple complementary platforms. The final ecosystem structure that would emerge was either unknown ex-ante or incompletely specified. In the cse of the emergence and growth of the Alibaba and Tencent ecosystems illustrated in Figures 1 & 2, the design process was inverted: starting with a core platform to which was then subsequently augmented by other platforms and participants. 
Second, we find that the most significant contribution made by ecosystems to individual platforms, especially those utility platforms such as mobile payments, lies in their signalling the ‘legitimacy’ of the market architecture [6] embedded in those platforms. An important role of the digital ecosystem in the development of mobile payments was that it signalled the market’s acceptance of the emergent payments, which, in turn, triggered policymakers to ‘endorse’ innovative payments and adjust the institutional arrangements in support. Pinpointing this impact of ecosystems on their platforms or components enriches the literature on how collective identity, endorsement of users, and standardisation of technology, among other things, may help legitimate nascent industries [e.g., 59], contributing to the literature on institutional entrepreneurship by showing that the holistic performance of ecosystems may serve as a force of institutional entrepreneurship that drives institutional change precipitated by technological innovation. 
Implications for business and policy
Our findings suggest that complementary, multiplatform ecosystems follow an evolutionary growth pattern. For platform owners, although an element of central control is necessary, maintaining an open platform strategy is more important, as new platforms may emerge and complement the existing system. Platform owners also need to maintain a holistic mentality because, while some platforms may not participate directly in value creation, they contribute ecosystem goods that enhance system-level performance. From the ecosystem perspective, platform firms also have a strategic incentive to nurture emerging complementary platforms. 
For policymakers concerned with promoting nascent industries, our results suggest that a top-down approach may not work, but instead, that a dialogue with the market around emerging technologies or business models may be required. However, policymakers should be aware of the potential danger of ecosystem leaders accumulating excessive power based on the leverage that comes from as complementarity between their multiple platforms leading them to constrain further innovation and disadvantage users. For policymakers to encourage and nurture the growth of nascent fields, it is therefore necessary to have an open-minded and adaptive approach, which drives the institutional arrangements in a recursive and dialectic pattern taking into consideration market and technological trends. During this process, building a dynamic interplay with industry innovators, allowing for evolution at the ecosystem level, is key.
Generalisability: What is different in China? 
Given our reliance on cases studies, it is important to consider the generalisability of our results by identifying the contribution of the China’s unique environment to the success of its multiplatform ecosystems. First, mobile payments developed unincumbered by a legacy payment system in China. From the consumers’ perspective, the switching costs involved in adopting new consumption behaviour in payments are a critical success factor [81]. Before mobile payments, many Chinese consumers, especially those in less developed cities and rural areas, had little or no access to banking services, let alone credit card-based payments [22]. Mobile payments enabled China to bypass card-based payments and go directly to mobile phone-based payments. The emergence of third-party payment platforms allowed users to settle online transactions without having credit cards, which solved the bottleneck issue of a lack of trust in e-commerce. In Western developed countries, where credit cards have long been accepted as a mainstream payment instrument, for customers to change their payment behaviour carries high switching costs. Thus, mobile payments often encounter greater resistance, requiring a longer period of adaptation in the developed countries than in markets without such legacy systems [10, 26].
Second, China’s mobile payments developed from QR technology thanks to its easy application without extra costs for both users and suppliers. By contrast, the predominant technology elsewhere in the world, consumers have to use NFC enabled smartphones, and merchants have to update their POS terminals to include an NFC reader, which significantly delayed its diffusion. QR codes, although an inferior technology to NFC, provided a low-cost and straightforward payment solution which solved the bottleneck issue of investing in extra hardware [82]. 
Third, the political and institutional environment in China is such that the government can rapidly mobilize necessary resources to achieve ambitious goals with supportive industrial policies. As we saw in mobile payments, the policy framework often follows an adaptive and responsive approach. But rapid, bottom-up innovation and entrepreneurship in nascent industries can disrupt incumbent practices, circumvent existing institutional constraints, and sometimes, challenge existing institutional frameworks. In China, entrepreneurial firms, even those as influential as Alibaba and Tencent, are never as powerful as policymakers [83]. Instead of using political and social influence and skills to persuade policymakers of the virtues of their innovation, such as mobile payments [84], Alibaba and Tencent championed the development of their ecosystems to legitimize their platforms. The recent government’s push back on Ant’s (the parent company of Alipay) IPO showed its determination to control risks involved in microlending on high leverage,[footnoteRef:11] and demonstrated its determination to curb the power of monopoly of ecosystem leaders.  [11:  According to Ant’s IPO prospectus, it makes about 40 per cent of its revenue from ‘microlending technology’ in which customer credits to 500 million consumers contribute 80 per cent of the revenue with the rest from supply lending to 20 million SMEs and micro enterprises.] 

In such an institutional setting, however, the pervasive adoption of mobile payments generated a positive feedback loop for its development, which not only provided a market architecture [6] for multiple stakeholders to collaborate and compete but, more importantly, signalled the legitimacy [11] of mobile payments as show in Figure 3. 
Limitations and future research agenda
These unique characteristics of China may limit the generalisability to other countries. For future research, understanding the influence of the characteristics of different types of platforms and the network characteristrics of those platforms on innovation can add further depth to our study. We also recommend similar studies in other highly regulated countries undergoing a similar development of mobile payments. Cross-country comparisons examining country-specific nuances may offer further insights into the impact of multiplatform ecosystems on institutional changes in the payment industry. 
Conclusions
This paper makes two main contributions. First, using empirical evidence from the world’s largest mobile payment system, the paper enriches our understanding of complementarity in ecosystems by moving from multi-sided platform ecosystems to multiplatform ecosystems. We identified the role played by a novel type of platform supplied by ecosystem leaders that facilitated interactions between different platforms and generated ecosystem goods in complementary, multiplatform ecosystems. Although it is difficult to predict the evolutionary direction of multiplatform ecosystems, certain platform firms can function as centres of gravity, by utilising different ecosystem strategies at various stages, to attract activities towards such centres, and influence the direction of the ecosystem evolution. This paper also contributes to institutional entrepreneurship theory. By revealing the process by which multiplatform ecosystems and policy interventions interact to drive institutional change in a socio-technical system, and the importance of the legitimacy of platforms that provide ecosystem goods, the paper shows that technology entrepreneurs can drive institutional change by building an ecosystem which hosts an array of co-specialised and complementary platforms to grow and develop interdependently. 
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