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Abstract

Digital Platform Ecosystems (DPEs) represent a distinct form of interorganizational relationship cultivated on digital infra-
structures. Although DPEs are researched extensively among management scholars, shortcomings in formalizing their emer-
gence remain. Particularly re-occurring patterns and temporal dimensions of emergence continue to be relatively unexplored.
We review existing literature in an integrative manner and shed light on DPE emergence by deriving a framework comprising
four distinct stages. We thereby sharpen the understanding of DPEs and bring convergence to an increasingly fragmented
field of research by accounting for industrial innovation management, organizational, market-based, and ecosystem-based
views. As a result, we present a classification of DPE emergence stages and related key activities contributing to the progres-
sion from a nascent digital platform into a wide-spanning DPE. Finally, we propose multiple avenues for future research.

Keywords Ecosystem - Platform - Emergence - Complementarity

JEL Classification M1

Introduction

Digital Platform Ecosystems (DPEs) build upon a focal digital
platform as the locus of control within a technology-based busi-
ness system (Cusumano & Gawer, 2002; Gawer & Cusumano,
2008) and incorporate complementarities from various actors
undertaking discrete actions to contribute to the platforms’
value proposition (Adner, 2017; Jacobides et al., 2018; Teece,
2018). Since 2007, when Apple introduced the first iPhone,
complemented by its ever-growing App Store, DPEs have
become integral parts of modern societies. DPEs not only mon-
etize already existing assets, such as Facebook monetizing the
social networks of individuals or LinkedIn monetizing their
professional networks, but also aim to create additional value
from previously underused consumer assets. DPEs sometimes
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even alter market compositions as a whole and are expected to
play a key role in future digitalization efforts (Cennamo, 2021).

The concepts of digital platforms and their surrounding
ecosystems also have become a vibrant research area, ranging
from technical designs in the information science literature
(Gawer, 2014) to their impact on organizations within the
management science literature (Cusumano & Gawer, 2002).
While researchers with an ecosystem perspective often pre-
sent simplified views of platforms (Adner, 2017), studies on
platforms are typically more distinct and can be separated
into different research streams (Thomas et al., 2014). DPEs
as exclusively digital infrastructures draw on previous stud-
ies from platform research but incorporate further dynamics.
Some of these dynamics have been researched extensively;
nevertheless, the overarching picture has not been drawn yet.
Significant research gaps persist foremost in explaining the
emergence of a nascent digital platform and its progression
into a wide-spanning DPE. Guiding review papers empha-
size the importance of conducting further studies investigat-
ing antecedents and patterns of DPE emergence (de Reuver
et al., 2018; Hein et al., 2020; McIntyre & Srinivasan, 2017).
Therefore, in this paper, we address the question of how pro-
prietary digital platforms emerge and eventually develop into
wide-spanning DPEs?

@ Springer
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Explaining emergence requires a dynamic approach to
establish a common language and way of thinking. Van de
Ven and Poole (1995) emphasize process theory to concep-
tualize how activities and events affect phenomena causing
constructs to emerge, evolve, or terminate over time (Clout-
ier & Langley, 2020; Langley, 1999). Like technology-based
organizations (Kazanjian, 1988), DPEs undergo stages of
creation, growth, persistence, and decline (McIntyre & Srin-
ivasan, 2017; van de Ven & Poole, 1995). As these stages
may vary in time and space, largely depending on complex-
ity, size, or reach of the respective DPE, a mechanistic pro-
cess approach would fall short of considering relevant impli-
cations. Thus, by following the notion of van de Ven and
Poole (2005), we derive a process narrative and embed DPEs
in an emergent flux. Within this flux, we take snapshots of
reoccurring patterns that we identify as distinct stages of
emergence (Cloutier & Langley, 2020; Tsoukas, 2017).

DPEs’ technological infrastructure enables platform-
based business models to quickly scale transactions between
numerous groups of users that interact on the platform. Hein
et al. (2020) distinguish between platforms owned by a peer-
to-peer community, a consortium, or a single owner. When
platforms are opened for the integration of third-party com-
plementarities, their overall value may increase even further.
This may lead to the emergence of a surrounding ecosystem
of complementors around the focal digital platform. Numer-
ous firms, such as Facebook and Uber, have proven that the
capability to successfully orchestrate an ecosystem around
their proprietary digital platforms significantly increases
their market capitalization (Hdanninen & Smedlund, 2021).
These platforms, which are among the most commercially
successful, follow the single-ownership archetype. Thus, in
this article, we focus on the emergence of DPEs in single
ownership. We thereby contribute not only to the scholarly
discourse but also provide guidance to managers seeking to
create digital platforms and orchestrate ecosystems.

In this article, we elaborate on different research streams,
each contributing to our understanding of DPEs. By con-
ducting an integrative review and theorizing, we further pre-
sent how DPEs emerge. We outline that a DPE may undergo
a maximum of four distinct stages during emergence and
highlight that the focal platform firm must successfully
execute certain key activities in each stage to let the DPE
advance into subsequent stages. Emergence is concluded
by the orchestration of a DPE incorporating multiple com-
plementarities.! In the following, we present our research

! We acknowledge that certain platform business models may hinder
the DPE to reach the final orchestration stage (Boudreau, 2012). In
addition, ultimately, the DPE may enter a stage of strategic or techno-
logical renewal or even end in decline or obsolescence (Ozalp et al.,
2018). These stages are, however, beyond the scope of this article.

@ Springer

methodology and elaborate on present research perspectives
from different domains, each contributing central aspects
shaping our understanding of DPEs. We then introduce our
DPE emergence framework and explain all stages in greater
detail. In the concluding section, we establish a problema-
tizing standpoint to the current state of DPE research and
outline avenues for future research.

Methodology

We chose an integrative review approach (Elsbach & van
Knippenberg, 2020) based on our aims to synthesize exist-
ing research on DPE emergence and to derive a framework
of DPE emergence as a theoretical contribution to the lit-
erature (Snyder, 2019). We thereby provide a broad review
of an emerging topic in need of initial synthesis and follow
the methodological recommendations for the management
field in general (Tranfield et al., 2003) and the information
systems literature in particular (Webster & Watson, 2002).
Since the terms “platform” and “ecosystem” are widely used
within various academic disciplines, we limit the investi-
gated journals to leading outlets in the management science,
information science, and economics literature. Specifically,
we included all management science, information science,
and economics journals that are ranked as 4 or 4* (the high-
est ranks) in the 2021 Academic Journal Guide (AJG) of
the Chartered Association of Business Schools.> Mid of
July 2022, we used the Web of Science database to con-
duct a full-text search without historical time constraints
for articles within these journals using the terms “platform”
or “ecosystem” (being mentioned in the title, abstract, key-
words, or article). This search yielded 1,303 articles pub-
lished until mid of July 2022.

We then screened these 1,303 articles in a two-step pro-
cess. We started by reading the titles, keywords, and abstracts
to identify the articles that cover the emergence, change, or
transition of platforms or ecosystems, either already being
digital or progressing from non-digital to digital. Whenever
it was not explicit, based on the title, keywords, or abstract,
whether the article covered these tenets, we opted for retain-
ing it in our sample to avoid losing insights. We thereby
reduced the number of articles to 168 articles. We then
carefully read all these 168 articles and further reduced the
sample by 26 articles that were not sufficiently focusing on
our topic. Among others, exclusion criteria were notions of
shared platforms instead of proprietary platforms or other
types of ecosystems not comprising platforms. This yielded
a sample of 142 articles that describe the emergence, change,
or transition within platforms or ecosystems.

2 https://charteredabs.org/academic-journal-guide-2021
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Table 1 Research perspectives

s Research perspective Conceptual Empirical Pivotal aspects
on digital platform and
€cosystem emergence Industrial innovation 9 articles (6.1%) 10 articles (6.8%) Platform architecture, generativity
management
Organizational 8 articles (5.4%) 14 articles (9.4%) Capabilities, governance
Market-based 40 articles (27.0%) 21 articles (14.2%) Competition, value-creation
Ecosystem 10 articles (6.8%) 36 articles (24.3%) Competition, governance, genera-

tivity, value-creation

Table 2 Notions of DPE emergence in the literature

Study Digital platform formation ~ Boundary resource creation Complementor integration  Ecosystem orchestration
Moore, 1993 Birth Birth Expansion Leadership
Tan et al., 2015 Nascent stage, formative Formative stage Formative stage Mature stage

stage

Svahn et al., 2017
Sandberg et al., 2020

Digital platform formation

Modular architecture
and device digitization
(Master)

Khanagha et al., 2022 Platform initiation and
momentum building

Boundary resource creation

Base service digitization
and integration (Avant)

Platform scaling (stand-
ardization and co-devel-

Complementor integration -

Decoupling service and
content (AIP)

Toward a platform ecosystem
(800xA)

Platform scaling (relin-
quishing exclusivity)

Platform scaling (signaling
distinctiveness and competi-

opment) tiveness
Stonig et al., 2022 Establishing an integrative ~ Gradually opening the Preparing for non-generic ~ Realizing non-generic
platform platform complementarities complementarities in the

ecosystem

We acknowledge that Moore (1993) also mentions a self-renewal stage. Since we limit our framework to DPE emergence, decline or self-renewal

is beyond the scope of this article

To identify further articles that foster fruitful discussions
specifically in the domain of DPE emergence, we cross-
checked the reference lists of our sample in a second itera-
tion and identified six promising articles published in the
two journals Communications of the ACM and Electronic
Markets. Adding these six articles, we concluded with a
final sample of 148 articles. We then coded and sorted these
148 articles into four research streams adapted from previ-
ous research in this area (Thomas et al., 2014). These four
streams consist of an industrial innovation management,
organizational, market-based, and ecosystem perspective.
When reading the articles, we also identified re-occurring
aspects mentioned in each stream. This was an iterative pro-
cess in which the author team discussed the key re-occur-
ring aspects and agreed on the best consolidated terms (i.e.,
aggregating rivalry and competition into one), in the end
six pivotal aspects. In Table 1, we provide an overview of
the relative distribution of the 148 articles across the four
research perspectives, classify the articles as conceptual
versus empirical, and highlight the pivotal aspects, which
are integral to our subsequently derived DPE emergence
framework. We provide detailed overviews of all journals
and articles in our sample in the appendix.

In Section 3, we present the four research perspectives
and the six pivotal aspects we identified in more depth and

integrate these in preparation for our DPE emergence frame-
work. In Section 4, we then build on these pivotal aspects
to derive the DPE emergence framework in rich detail. Par-
ticularly, we draw upon six empirical in-depth case studies
from our final sample that cover a longitudinal perspective
on DPE emergence, outlined in Table 2.

Research perspectives shaping our
understanding of digital platform
ecosystems

Insights from platform technologies, owners, markets,
users, and complementors shape our understanding of DPEs
and how they interact with each other. Depending on the
research area, the perceptions of digital platforms and their
surrounding ecosystems vary significantly. Drawing upon
previous groundwork presented by Thomas et al. (2014),
research perspectives span from an industrial innovation
management perspective over an organizational and a mar-
ket-based perspective to an ecosystem perspective. While
certain perspectives, such as the industrial innovation man-
agement perspective that includes research from non-digital
hardware product platforms and software (Gawer, 2014;
Jiao et al., 2007), address both non-digital platforms and

@ Springer
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digital platforms in parallel, platforms within the ecosystem
stream are mainly digital (Tiwana, 2014). We subsequently
pivot the literature and integrate the central aspects related
to each research stream, which feed into our framework of
DPE emergence.

Research perspectives

Platforms differ between product or non-digital platforms
and digital platforms (Gawer, 2014). From an industrial
innovation management perspective, a platform is a stable
core with a variable incremental periphery (Baldwin &
Woodard, 2009; Ghazawneh & Henfridsson, 2013; Tilson
et al., 2010; Tiwana et al., 2010). The stable core is usually
developed and governed by a single actor, while the variable
periphery offers space for modularization and diversified
development with several other actors (Baldwin & Clark,
2000; Henderson & Clark, 1990).

According to the organizational perspective, a platform
gives organizational order and guidance while storing core
competencies and capabilities (Thomas et al., 2014). Schilke
et al. (2018) present a comprehensive overview of dynamic
capabilities, without a direct link to the context of platforms.
The missing linkages and cross-references have also been
pointed out by Thomas et al. (2014), who define organiza-
tional platforms as a collection of capabilities and resources
that enables a firm to respond flexibly to market changes.
This aims to maintain a firms’ competitive advantage in
shifting market environments by treating the platform as
a container to generate, combine, re-orientate, and deploy
resources and capabilities.

The market-based perspective makes use of theoretical
studies from Rochet and Tirole (2002), analyzing com-
petition in the payment card industry. When a platform
brings together several user groups, matchmaking takes
place and network effects emerge. The underlying concept
assumes that the platforms’ usefulness and, therefore, value
is increased when the user base grows (Katz & Shapiro,
1985; Shapiro & Varian, 1998). Network effects can be
either direct or indirect. Network effects are direct, if the
platforms’ value depends on the number of users in the same
user group. In case of indirect network effects, the platforms’
value depends, however, on the number of users in a differ-
ent user group (Clements & Ohashi, 2005; Katz & Shapiro,
1985; Ohashi, 2003).

Within the management science, Moore (1993) initially
establishes the ecosystem perspective by drawing upon
ecosystems as a biological analogy for describing chang-
ing competitive environments. Based on this study several
research streams evolved, describing different types of
ecosystems. Teece (2007) defines business ecosystems as
a community of organizations, institutions, and individuals
that impact the enterprise and the enterprises’ customers

@ Springer

and suppliers. Adner (2006) focuses on innovation ecosys-
tems in which enterprises channel their individual offerings
into a coherent, customer-facing solution by making col-
laborative arrangements. A more recent study again brings
convergence by defining an ecosystem as “a set of actors
with varying degrees of multilateral, nongeneric comple-
mentarities that are not fully hierarchically controlled”
(Jacobides et al., 2018, p. 2264).

Pivotal aspects and perspective integration

We now elaborate on the six pivotal aspects and integrate
them across the four research perspectives.

Platform architecture

General or non-digital platforms often emerge as product
families following the notion of internal or supply-chain plat-
forms (Cusumano, 2010; Gawer, 2014; Gawer & Cusumano,
2014). The research on internal platforms anchors within the
areas of innovation and product development. Hereby, the
creation of product families results in variants addressing
different segments within a market (Jiao et al., 2007). Within
the machine tool industry, manufacturers often establish
internal platforms such that different tools build on platform
components, i.e., universal accumulators. Supply-chain plat-
forms expand this view on multiple actors along the supply
chain, which is common in the automotive industry. In this
context, one supplier often delivers components, for exam-
ple, engines, to several brands within an industrial conglom-
erate. There is, however, empirical evidence that internal or
supply-chain platforms digitize and eventually become DPEs
(Sandberg et al., 2020; Stonig et al., 2022).

Capabilities

Helfat and Raubitschek (2018) bridge the organizational
with the ecosystem perspective and identify relevant
capabilities for DPEs in general. Capabilities represent a
firms’ capacity to execute activities in a reliable or at least
a minimally satisfactory manner. Within firms, capabili-
ties develop over time through processes, such as learn-
ing and acquisitions (Helfat & Martin, 2015). Innovation
capabilities reside on both the individual and the organi-
zational level. In ecosystems capabilities do not necessar-
ily reside solely within one organization, but within many
ecosystem actors enforcing each other. Many organizations
have implemented standardized new product development
processes to bundle innovation capabilities, which could
ultimately foster the creation of entire DPEs. In these
processes firms gather experts from different domains,
consider network effects and differentiate between com-
ponents developed within the firm and acquired through
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complementors. As an example, an insurer may seek to
develop a health insurance product giving customers pre-
ferred access to a network of doctors complemented by tel-
emedical services. While the insurer focuses on the insur-
ance product, the additional services may be brought in by
complementors. Furthermore, scanning and sensing capa-
bilities enhance a firms’ awareness of new technologies
and market opportunities, resulting in either entirely new
product contexts or the transformation of existing business
areas. Integrative capabilities can typically be found within
firms being affiliated with complex supply chains. Hereby,
many actors have to be integrated into various processes to
create value. Similar situations can be found within DPEs.
In a DPE context, many complementors must be integrated
into the ecosystem and controlled, depending on the gov-
ernance decisions of the focal platform. DPEs represent a
particular challenge due to the presence of network effects
and network externalities. Decisions affecting one side of
the platform subsequently impact all other sides of the plat-
form as well (Helfat & Raubitschek, 2018).

Competition

In platform markets competition is present on both a plat-
form- and an ecosystem-level (Cennamo, 2021; Hinninen
& Smedlund, 2021). On platform-level different digital
platforms may compete for market share. On ecosystem-
level there may be competition between complementors in
the same ecosystem, between the focal platform firm and
its complementors, and between DPEs. On platform-level
platform firms may gain a competitive advantage by means
of technological superiority, market reach, or pricing (Ven-
katraman & Lee, 2004). An example are ride-hailing plat-
forms with a similar offering. Given a similar technology
and market reach, consumers are likely to prefer the plat-
form, which offers the lowest price. Thus, if there is little
room for technological differentiation and similar products
or services exist, platform firms usually seek to quickly
utilize network effects and achieve a high growth. After
establishing high market shares platform firms typically
seek to reduce internal costs. In consequence, platform
markets are prone to winter-take-all outcomes, in which
a dominant firm emerges driving competitors out of the
business (Katz & Shapiro, 1986). The picture looks dif-
ferent for competition on an ecosystem-level, where the
additional value from complementarities may outweigh
the technological properties of the focal platform (Hein
et al., 2019b). A prominent example is the mobile phone
industry, where the once existing dominant market position
of Nokia, largely based on its technological superiority,
diminished after the release of the Apple iPhone offering
an ecosystem of apps around its handheld (Vuori & Huy,
2016). Nowadays, in this industry competition has shifted

entirely to an ecosystem-level between Apple and Alpha-
bet Google DPEs. This development also led to a shift in
market architectures (Cennamo, 2021), letting these DPEs
seize revenues not only within communications, but also
within automotive, logistics, or healthcare. Finally, power-
ful complementors may also seek to challenge the position
either of other complementors or even focal platform firms
within an ecosystem (Cennamo & Santal6, 2019; Ozalp
et al., 2018; Stonig & Miiller-Stewens, 2019).

Generativity

Boudreau (2012) touches upon platform architecture
and considers a digital platform as an extensible code-
base with third-party modules fostering generativity
and complementing to the core. Other studies consider
digital platforms as providers of an essential function
or set of components (Ceccagnoli et al., 2012) to a
technological system, serving as a foundation upon
which complementary technologies, products, and
services can be developed according to the platform
architecture (Spagnoletti et al., 2015; Yoo et al., 2012).
Digital platforms thereby incorporate modern technolo-
gies, such as cloud computing and big data analytics, to
create products and services that operate on a variety
of devices (Hein et al., 2019a).

Governance

On platforms, social and economic interactions are medi-
ated or governed. In most cases, the platform leader takes
the role of governing the platform. However, there are also
cases where the platform community defines a set of rules
and builds on a consensus for strategic decisions found in
many online wikis or knowledge communities. Centralized
platforms are prone to monopolization issues for the cost
of the platform community and potential new entrants fac-
ing high entry barriers. Platforms eliminate bottlenecks for
all sides of the market and enhance the overall market effi-
ciency (Hagiu, 2006). In most cases, platforms do not take
ownership of the goods themselves (Hagiu & Yoffie, 2009),
although there are a few notable exceptions in the commer-
cial carsharing industry where the platform owner also has
the ownership of the cars.

DPEs represent a domain of innovation (Ceccagnoli
et al., 2012), which is orchestrated based on the plat-
forms’ modular architecture (Kapoor, 2018). The gov-
ernance between the digital platform and its surrounding
ecosystem is moderated by boundary resources, such as
Application Programming Interfaces (APIs) and Soft-
ware Development Kits (SDKs), that establish a common
toolset and interpretation standard for complementors to
build on (Benlian et al., 2015). The platform ecosystem

@ Springer
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concept therefore expands the scope from solely examin-
ing a digital platforms’ micro perspective over means of
communication and collaboration to a macro perspective
taking incentives, motivators, and controls for generative
complementors into account. Similar to digital and non-
digital platforms, there are presumably digital and non-
digital platform ecosystems. Non-digital platform ecosys-
tems are however deemed to be out of scope, and the focus
is thus narrowed down solely to DPEs in the following.

Most studies dealing with the autonomy of comple-
mentors within DPEs have focused primarily on the per-
spective of the platform owner balancing openness and
control (Tiwana et al., 2010). To balance openness and
control, the platform owner can use the design of boundary
resources (Eaton et al., 2015; Ghazawneh & Henfridsson,
2013) or establish governance mechanisms, which include
defining decision rights and review processes (Song et al.,
2018; Tiwana, 2014). For example, Facebook offers an
open authorization (OAuth) identity service for logging
into other services. Based on this service, other platforms,
such as shopping platforms, can be integrated into either
an existing ecosystem or connect two independent eco-
systems with each other to form more extensive digital
infrastructures. The creation and combination of APIs may
therefore create entirely new digital services, products, or
even ecosystems (Evans & Basole, 2016).

Value-creation

The platform design is represented by a one-sided, two-
sided, or multi-sided platform. On one-sided platforms,
which certain scholars, such as Tiwana (2014), do not
consider an actual platform, a platform leader offers
products or services to just one homogeneous group
of users. Based on the concept of two-sided markets,
which again makes use of network effects (Eisenmann
et al., 2006; Evans, 2003), two-sided platforms create
a common basis for two types of user groups that are
linked by the platform and obtain value by interaction
(Wright, 2004). Take payment cards as an example of a
two-sided market: the perceived value of using payment
card services is dependent on both sides of the market,
i.e., retailers accepting the payment card and consumers
using it for purchases in stores (Rochet & Tirole, 2002).
These findings have been generalized into the concept of
competition in two-sided markets (Evans, 2003; Rochet
& Tirole, 2003). The platform acts as an intermediary
or facilitator orchestrating transactions between the two
groups (Armstrong, 2006; Boudreau & Hagiu, 2009;
Eisenmann et al., 2006; Rochet & Tirole, 2006). Multi-
sided platforms facilitate transactions of more than
two groups of users (Evans, 2003). An example of a

@ Springer

multi-sided platform is Facebook, which incorporates
various groups of users and has the tendency to become
more valuable with an increase of registered users.

Aspect and perspective integration

All four research perspectives contribute pivotal aspects
to our understanding of what DPEs are. DPEs consist of
a focal digital platform, boundary resources, and third-
party complementarities. The digital platform represents
a technology-based business system, on which a focal
platform actor enforces control via a digital architecture
represented by an extensible codebase that can incor-
porate third-party modules complementing to its core
offering (Boudreau, 2012; Tiwana, 2018). The digital
platform channels a one-sided, two-sided, or multi-sided
market to enable matchmaking based on either direct or
indirect network effects (Eisenmann et al., 2006). Here
the focal platform actor requires specific capabilities to
form and orchestrate the surrounding ecosystem (Helfat
& Raubitschek, 2018), enforces governance principles
and fosters generativity, allowing the complementors to
undertake discrete actions to contribute to the platforms’
value proposition (Adner, 2017; Jacobides et al., 2018;
Teece, 2018).

Table 1 lists the outcome of our literature review. All
research perspectives deliver valuable insights that comple-
ment our understanding of DPEs. The industrial innovation
management research perspective contains studies dealing
with platform technologies and their technical properties.
A main avenue is research on modular digital platform
architectures that allow contributing parties to develop
complements that operate independently from each other
while utilizing a common set of resources (Tiwana, 2008).
Scholars determine which capabilities are required for
platform firms and how firms can react to market changes
(Helfat & Raubitschek, 2018). Platform markets are the
subject of the market-based perspective, in which research-
ers determine how network effects can be utilized and how
market transactions can be handled more efficiently by
introducing digital platforms (McIntyre & Subramaniam,
2009). The horizon broadens when exploring the surround-
ing ecosystem of a digital platform from the ecosystem
perspective. Independent actors deliver complements to
extend platform offerings and may enter or exit the eco-
system in given situations (Ozalp et al., 2018).

Digital Platform Ecosystem emergence

In an early contribution Moore (1993) already outlines
the transitional nature of ecosystems and elaborates on
four ecosystem stages: birth, expansion, leadership, and
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self-renewal. In the following decades, empirical studies
catching up on these thoughts to investigate the emer-
gence of digital platforms and their surrounding ecosys-
tems remained however scarce. An explanation is that
such investigations are closely linked to the focal platform
firms’ underlying corporate strategy. Disclosing details in
this area may lead to competitive disadvantages. However,
some notable exceptions exist.

Tan et al. (2015) study IS capabilities at the Alibaba.com
DPE and identify three distinct stages, a nascent stage, a
formative stage, and a mature stage, each requiring differ-
ent capabilities and strategies for success. In the nascent
stage, Alibaba created a hub and spoke platform between
buyers and sellers by developing trust and a unique value
proposition relying on strong IS infrastructures and technical
skills. The generation of momentum and the realization of a
critical user mass enabled the progression into the formative
stage, resulting in a networked platform that enables direct
transactions between participants. External relationship
management capabilities at Alibaba as the focal platform
firm realized enhanced interactivity and identity as well as
relinquishing control over interactions. In the mature stage,
Alibaba formed a symbiotic DPE and established platform
leadership by boosting complementors’ organizational capa-
bilities as well as introducing clusters of complementors that
represent similar offerings.

Svahn et al. (2017) present an in-depth case study con-
ducted at Volvo Cars, analyzing the creation of a new vehi-
cle-centered digital platform. During platform emergence,
Volvo Cars as an incumbent automotive original equipment
manufacturer (OEM) has been challenged by four compet-
ing concerns: existing vs. requisite capabilities, product vs.
process innovation, internal vs. external collaboration, and
control vs. flexible governance. These competing concerns
represent an initial but incomplete overview of relevant ante-
cedents that cover digital platform formation. From reading
the article, we interpret that the authors identify multiple
emergence stages. In the first stage, Volvo created the tech-
nical and organizational prerequisites to build their prod-
ucts and services based on a digital platform. Subsequently,
boundary resources were created to enable complementor
participation. With boundary resources in place, key com-
plementors were integrated to the platform, forming the sur-
rounding ecosystem.

Sandberg et al. (2020) present a longitudinal case study
conducted at ABB. They investigate how digitization
affects product platform transition into DPEs. At ABB,
waves of digitization impacted their product platforms ena-
bling digital components and functions. For the transition
over time the authors identify four distinct stages, Master,
Advant, AIP, and 800xA until a DPE had emerged. In the
first stage, ABB focused on modularization and adding new

functionality to facilitate interactions between the different
sides of their platform. In the second stage, ABB focused on
creating the technological prerequisites to enable participa-
tion of strategic complementors. In the third stage, ABB
formed an ecosystem utilizing the previously created APIs to
integrate certified complementors. Ultimately, in the fourth
stage, ABB opened their platform even further for a variety
of complementors.

Khanagha et al. (2022) present an in-depth case of Cisco
and its fog computing platform. Prior to creating its own
digital platform Cisco was active as a complementor in
another dominant DPE and gathered experience for its own
platform launch. After Cisco created the fog computing
platform it put emphasis on scaling the platform. Scaling
was achieved first by focusing on standardization and open-
ness for co-development, later by relinquishing exclusivity
and attracting a variety of complementors. Finally, Cisco
aimed to signal distinctiveness and competitiveness to fur-
ther potential complementors. Stonig et al. (2022) describe
similar stages of DPE emergence when studying a major
supplier of die-casting machines. In contrast to Cisco, how-
ever, this firm started from a non-digital product platform
gradually turning digital.

In Table 2, we integrate the notions presented in the lit-
erature and derive four distinct stages of DPE emergence.
These studies indicate the presence of a nascent stage in
which a platform actor forms a digital platform. Opening the
digital platform to third party complementarities requires the
subsequent creation of boundary resources. With the bound-
ary resources in place, the digital platform may expand and
integrate complementors that contribute to its offering and
form the surrounding ecosystem. Eventually, the platform
actor enters a mature stage where it orchestrates a wide-
spanning ecosystem of complementors.

Beyond these few longitudinal empirical studies investi-
gating the emergence process, researchers have made a lot of
progress in identifying various factors contributing to digital
platform growth and progression. In Table 3, we integrate
the pivotal aspects from the literature streams presented in
Table 1 into these four stages of DPE emergence and derive
key activities for the platform actor to focus on in each stage.

Figure 1 illustrates DPE emergence as a flux (Cloutier
& Langley, 2020). In the first stage of DPE emergence, the
future platform owner locates a business opportunity for a
platform-based product or service and forms a digital plat-
form. The firm makes fundamental design (Tiwana et al.,
2010) and governance decisions (Wareham et al., 2014). It
is also challenged to attract a viable number of users on the
respective sides of the platform to overcome the chicken
and egg problem (Caillaud & Jullien, 2003). In the sec-
ond stage, the platform firm creates boundary resources,
i.e., APIs and SDKs, which require formative input and
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Table 3 Classification of DPE emergence stages

Pivotal aspect Digital platform formation

Boundary resource creation

Complementor integration Ecosystem orchestration

Platform architecture Monolithic or modular Modular

Capabilities Innovation Innovation, sensing
Competition Platform-level Platform-level
Generativity Platform owner driven Platform owner driven
Governance Platform-level Platform-level

Value-creation Market efficiency and
power, pricing structure,

network effects network effects

Key activities Locate a business oppor-
tunity and attract users

based on network effects standards

Market efficiency and
power, pricing structure,

Define own platform stand-
ards or adapt industry

Modular Modular
Innovation, sensing, integra-  Innovation, sensing, integra-
tive tive, orchestration

Platform-level Ecosystem-level

Platform owner driven Complementor driven

Platform-level, ecosystem-
level

Platform-level, ecosystem-level

Market efficiency and power,
pricing structure, network
effects, knowledge manage-
ment

Market efficiency and power,
pricing structure, network
effects, knowledge manage-
ment, flexibility, cost savings

Attract and enable comple-
mentors

Harmonize offerings and
maintain quality throughout
the ecosystem

1. Digital platform

: Focal platform
formation stage

Side 1 Side n

Side ;\T’ Side 4

Side3

11. Boundary resource Q&

ary reso,
creation stage pou s

Focal platform

Side 1 Side n
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integration stage
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Side 1 4% Siden
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Fig. 1 Digital platform ecosystem flux

determine the guidelines for future complementor inter-
action. These interactions are often subject to standards,
which can be either industry-induced or defined by the
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focal platform firm itself (Jones et al., 2021; MclIntyre &
Srinivasan, 2017). Boundary resources rely on a suitable
platform architecture (Cennamo et al., 2018; Tiwana, 2014)
enabling future complementors to re-use components and
to generate additional value. Followed by the creation of
boundary resources, in the third stage, complementors can
be attracted and integrated, resulting in the formation of the
surrounding ecosystem. In this stage, the focal platform firm
must ensure that complementors are enabled to.contribute
to the platforms’ offering. Subsequently, in the fourth stage,
the focal platform firm starts to orchestrate the entire eco-
system, fostering value co-creation with complementors and
enforcing governance principles. In this stage, the firm must
harmonize the offering of numerous complementors and
assure their quality. After emergence is concluded, the DPE
is orchestrated and maneuvered through phases of techno-
logical change (Ozalp et al., 2018), sustaining its competi-
tive position against other ecosystems or powerful comple-
mentors within its own ecosystem (Zhu & Liu, 2018).

However, in certain situations the progression into a
comprehensive DPE is not viable or desired. Examples can
be found for platforms in the defense industry, in which
boundary resources would be exposed to security concerns,
or focal firms aim to incorporate all functionalities within
their platform, making complementary products infeasible.
Likewise, progress may be hindered, if the focal platform
firm cannot execute key activities in each stage in a satisfac-
tory manner.

A DPE may ultimately enter a stage of strategic or tech-
nological renewal, decline, or obsolescence. Technological
progress affects digital infrastructures and architectures,
making them less competitive with newer generations. At
some point, focal platform firms face the challenge of updat-
ing their platform architecture and subsequent technologies
(Brunswicker et al., 2019). Depending on the update, the
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firm can either update only the boundary resources or the
technological foundation of the whole platform. In either
case, the subsequent stages of the DPE flux are likely to
be shorter than the first cycle, because the focal platform
firm has already established ties with complementors and
acquired integration and orchestration capabilities (Helfat &
Raubitschek, 2018). Complementors may, however, seize an
opportunity to challenge the focal platform firms’ position
during the transition (Ozalp et al., 2018). In other situations,
the focal platform firm may miss the opportunity to renew,
thereby weakening not only its own strategic position but
also the strategic position of the entire DPE (Boudreau &
Hagiu, 2009). However, a detailed analysis of the conse-
quences is beyond the scope of this article.

Digital platform formation stage

The digital platform formation stage is the first stage of DPE
emergence. In this stage, the focal platform is created by either
a single organization or a consortium of multiple organiza-
tions based either on a monolithic or modular platform archi-
tecture (Gawer, 2014). Various groups of users then engage
in interactions facilitated by the platform. Literature dealing
with the digital platform formation stage focuses primarily on
competition in two-sided markets (Rochet & Tirole, 2003),
network effects, and the chicken and egg problem. Illustra-
tive examples are located within the video game industry and
the credit card industry (Belleflamme & Toulemonde, 2009;
Eisenmann et al., 2006).

Researchers start identifying the relevance of a firms’
dynamic capabilities in the context of digital platforms
(Helfat & Raubitschek, 2018). In the digital platform for-
mation stage, innovation capabilities consisting of coordinat-
ing, learning, reconfiguring, and new product development
capabilities are of particular importance. Digital platforms
usually incorporate new technologies, leading to a competi-
tive advantage (Belleflamme & Peitz, 2019; Belleflamme &
Toulemonde, 2009; Cennamo & Santald, 2013). With sev-
eral exceptions, however, it remains unclear how dynamic
capabilities can be acquired or extended in a digital plat-
form setting, calling for further empirical studies (Tan et al.,
2015).

While conventional inter-firm competition focuses on
moves and counter-moves as strategic actions that enable
rivaling firms to capture greater shares of a given market
value, platform competition reshapes markets as a whole
(Rochet & Tirole, 2003). Platforms alter how customers
access and utilize products and services by extending their
value and functionalities (Cennamo & Santal6, 2019). This
concludes either in increasing the market size or even in
creating entirely new markets. Researchers also investigated
how platforms use price (Parker & van Alstyne, 2005) or

subsidizations (Kretschmer & Claussen, 2016) as competi-
tive actions. A competitive advantage in platform markets
can be achieved by establishing a strong identity and dis-
tinctiveness, making the platform unique. Furthermore,
the platform size and control over the market composition,
sometimes called market architecture, comprises sources of
competitive advantage (Cennamo, 2021).

Platform governance consists of ground rules that regu-
late interactions either within one side or between multi-
ple sides of a digital platform (Cusumano & Gawer, 2002),
balancing different interests (Darking et al., 2008). Tiwana
(2014) describes platform governance as a composition of
the three dimensions decision rights, control mechanisms,
and pricing policies. Furthermore, the degree of openness
determines not only how easy it is for either new users to
join the platform or to decide if potential new sides should
be added to the platform, but also how the sides interact with
each other (Hagiu, 2014).

Researchers assume that network effects can be either
present or absent and successful platform formation may
only be possible in case they are present. This dichotomous
view is, however, beginning to change as a result of findings
from recent studies that introduce distinct antecedents and
mechanisms of network effects. Studies argue that network
effects can, to a certain extent, be created or altered in favor
of firms, and counters the pre-dominant view of treating
them as exogenous industry attributes (Mclntyre & Srini-
vasan, 2017; McIntyre & Subramaniam, 2009).

Key activities

In many platforms, at least one side of the platform must
be subsidized to overcome the chicken and egg problem
(Caillaud & Jullien, 2003; Hagiu, 2006) and enable growth
and subsequent adoption on the other side. A prominent
example is, again, video game consoles. In this example, the
focal platform firm usually develops and manufactures the
hardware. To attract the other sides of the platform, i.e., end
users and game developers, the hardware side is subsidized,
making it more appealing to end users to join the platform.
At a certain point, the adoption rate on one side reaches
its tipping point, resulting in the adoption of users on
other sides of the platform to skyrocket (Song et al., 2018;
Tiwana, 2014). While this phenomenon has been mostly
researched in the context of video game consoles, it remains
unclear whether subsidizing one side of the platform is the
only possibility to overcome the chicken and egg problem.
Furthermore, video game consoles usually still subsidize
one side of the platform, even if adoption on the other side
has already skyrocketed. Few studies, i.e., Cennamo et al.
(2018) and Kretschmer and Claussen (2016) try to explain
what happens to adoption if subsidies are cut or if there are
other means than pricing to be implemented.
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Boundary resource creation stage

As a prerequisite to reach the second stage of DPE emer-
gence, the focal platform owner has to create boundary
resources to enable future complementor integration (Ghaz-
awneh & Henfridsson, 2013). Boundary resource research
is a more focused area than the dynamics of platforms and
ecosystems (Ghazawneh & Henfridsson, 2015). Research
deals with boundary resources’ design (Eaton et al., 2015),
standards (Teece, 2018), and protection against exploitation
(Karhu et al., 2018).

A modular platform architecture defining technological
interactions between actors is a fundamental prerequisite to
enable complementor integration (Kapoor, 2018). Architec-
ture is defined as the purpose and interaction of an underly-
ing set of technologies to create a conceptual blueprint. This
accounts for the property rights of individual apps and how
they interact with each other and with the platform itself.
Architectural choices are fundamental and almost irrevers-
ible in practice (Tiwana, 2014; Tiwana et al., 2010). However,
these decisions have a significant impact on DPE emergence.
Boundary resources must be ready before the first comple-
mentor is integrated into the ecosystem. Decisions on archi-
tecture must therefore be made in a short time, and mistakes
can turn out to be dramatic (Karhu et al., 2018; Nambisan
et al., 2019). The platforms’ architecture consequently deter-
mines market potentials prior to advancing into the following
stages (Saadatmand et al., 2019).

A modular platform architecture separates platform from
complement development and enables complements being
combined without restrictions or negative impacts on stabil-
ity, functionality, or performance (Hein et al., 2020; Saadat-
mand et al., 2019). As a result, design dependencies in the
development process are reduced and changes or updates of
complements do not affect the others. When creating bound-
ary resources, the focal platform owner must decide which
components are inherent to the platform and which better
remain outside of the platform. Usually, highly reusable or
generic methods and routines are essential to the platform
and can be easily adopted by complementors. The same
logic applies to platform interfaces and stable functionality.
Uncertain or special purpose functionality should, however,
remain outside of the platforms’ core functionality (Tiwana,
2014).

Successful boundary resource creation requires sensing
capabilities. The focal platform firms’ ability to sense and
predict new platform opportunities represents a crucial input
to decide what boundary resources must be added to the
platform. Sensing capabilities enable firms to identify new
or untapped technologies and indicate market potentials.
Sensing capabilities are strongly connected with underlying
mental processes of attention and perception on the level of
an individual. While the mental process of attention enables
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the individual to be highly aware of opportunities and threats
in the environment the individual pays attention to, the men-
tal process of perception allows the individual to extract and
interpret emerging patterns from unstructured data (Helfat &
Martin, 2015; Helfat & Peteraf, 2015; Helfat & Raubitschek,
2018). With this information boundary, resources are shaped
to act as barriers for future competitors and to secure the
lock-in of strategic complementors.

Key activities

Design and specifications of APIs and SDKs as manifes-
tations of boundary resources are highly dependent on the
context of the digital platform, and their creation may subse-
quently even create entirely new digital services, products,
and ecosystems (Evans & Schmalensee, 2016). Neverthe-
less, scholars argue that the focal platform owner has to put
empbhasis on the user-friendliness of future complements dur-
ing their development (Penttinen et al., 2018). Considering
standards is, however, more challenging. On the one hand,
standards form the technical environment of platform devel-
opment and safeguard complement compatibility. Already
in this stage, platform leaders often define their own stand-
ards to become standards for the entire future ecosystem or
the entire industry. Open standards foster higher levels of
complementor participation, potentially leading to a greater
variety of complements. Proprietary standards, however, give
the focal platform firm more control and may act as entry
barriers for future complementors and competitors (Mclntyre
& Srinivasan, 2017). On the other hand, focal platform firms
are often exposed to present industry standards to which their
platform must comply.

An illustrative example of the boundary resource
creation stage is Sony’s PlayStation 5 prior to its market
release. Sony as the focal platform firm faces the challenge
to form its digital platform, create boundary resources, and
integrate complementors before the device is released. The
particular challenge is to make these decisions without
direct customer feedback, which imposes a high risk of fail-
ure. If successful, the PlayStation 5 is, however, expected
to evolve into the subsequent complementor orchestration
stage in a short time.

Complementor integration stage

In the third stage, platform firms are concerned with attract-
ing the first complementors to form the surrounding ecosys-
tem. Research on complementor integration covers various
aspects. Particularly well researched is the multihoming
effect causing complementors to engage in multiple eco-
systems (Cennamo & Santald, 2013; Koh & Fichman, 2014;
Mclntyre & Srinivasan, 2017). Furthermore, a large body
of studies investigated how interactions between the focal
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platform firm and complementors are governed (Saadat-
mand et al., 2019; Wareham et al., 2014; Zhang et al.,
2022). From an emergence perspective, it is, however, less
researched how the chicken and egg problem for the ecosys-
tem is overcome in the sense of attracting the first comple-
mentors to make the ecosystem attractive to further joiners.

Integrative capabilities in a DPE context expand the scope
from solely examining the focal platform firm to the entire
ecosystem. These integrative capabilities support interac-
tions and relationships between the focal platform firm and
complementors, enabling the alignment of activities, prod-
ucts, services, and resources, as well as firm internal coor-
dination. This alignment is of particular importance for a
DPE’s success, since success and failure depend not only on
actions of the focal platform firm but also on the surround-
ing complementor ecosystem (Helfat & Raubitschek, 2018).

While platform governance focuses on the interac-
tions within a single user group or between different user
groups, ecosystem governance regulates interactions both
between complementors and between complementors and
the focal platform firm. This contains ownership, deci-
sion rights, control mechanisms, service levels, pricing
structures, and penalties for misbehavior (Tiwana, 2014).
A central aspect of ecosystem governance is the ownership
of the focal platform. Ownership decisions affect both the
distribution of power and the relationships between actors
in the ecosystem, leading to a vertical, horizontal, or
modular system. Vertical ecosystems are represented by a
high core-extension coupling and allocated decision rights
at a single actor that mediates the relationship between
the actors within the ecosystem. In contrast, a horizon-
tal ecosystem is based on a low core-extension coupling
and power is distributed among complementors. Modular
ecosystems consist of parallel configurations embracing
different forms (Bakos & Katsamakas, 2008; Saadatmand
et al., 2019; Tiwana et al., 2010).

Multihoming of either platform user groups or com-
plementors may occur, leading to the participation in
more than one platform ecosystem (Tiwana, 2014). While
multihoming of end users is highly related to the DPE
offerings, multihoming of complementors depends on
competition. Particularly in markets with high platform
competition, complementors seek to reach out to the
entire end user population by offering their products and
services to multiple platforms (Corts & Lederman, 2009).
Consequently, DPEs are likely to consist of a mix of com-
plementors either being exclusively engaged or seeking to
multi-home in competing ecosystems to boost sales (Cen-
namo & Santal6, 2019). Well-known examples are credit
cards. Since multihoming costs are low in this industry,
most users have multiple cards from different payment
services, such as Visa and Mastercard, making them par-
ticipate in both ecosystems. The same mechanism applies

to app developers developing apps for both the iOS and
Android platform, making them also part of their sur-
rounding ecosystems.

Furthermore, the focal platform owner can deploy knowl-
edge management efforts to establish an information base for
potential complementors and enhance collaboration. Knowl-
edge management within DPEs is of particular relevance to
achieve innovation leverage and create economies of scope
from component reuse (Gawer, 2014). Focal platform firms
have several possibilities to exchange knowledge with com-
plementors. One possibility is the standardized broadcasting
of information via transferable objects, i.e., handbooks or
guidelines, or wikis. Complementors can access this knowl-
edge without direct interaction with the focal platform firm.
Second, knowledge brokering provides meta-knowledge
and takes place for a subset of complementors via dedicated
and semi-formalized interaction, i.e., helpdesks and account
managers. Third, knowledge bridging targets an individual
complementor with specific knowledge transfers, i.e., one-
to-one assistance and coaching (Foerderer et al., 2019;
Huang et al., 2018; Zhang et al., 2022).

Key activities

After boundary resources have been created, complementors
must be attracted to the platform to foster ecosystem genera-
tion (Adner, 2017). Like the chicken and egg problem for
platforms, whether it is about challenging the focal platform
firm to attract a certain user base on one side of the platform
or whether it is about encouraging users on other sides to
adopt the platform, there is a similar challenge that forms
the surrounding ecosystem. In many cases, complementors
lack a solid information base, which makes it more difficult
to evaluate collaborations with potential ecosystems (Dat-
tée et al., 2018). Particularly for emerging or fast-changing
DPEs, the information base may be vague or non-existent
(Hannah & Eisenhardt, 2018). The integration of comple-
mentors leads to additional platform offerings. These new
offerings may even attract completely new groups of users
to the platform, which then interact with other sides on the
platform (Boudreau, 2012). As a consequence, the platform
adds new sides to its offering increasing the overall transac-
tions and, in many cases, the platform value. This effect is
also illustrated in Fig. 1.

Temporary gatherings are a possibility to overcome
the information deficit between focal platform firms
and potential complementors. An example of temporary
gatherings is hackathons where developers meet either
physically or virtually and create applications in a certain
timeframe. This gives focal platform firms the chance
to act as sponsors and convince complementors of their
technologies and strategies. Fang et al. (2021) provide
empirical evidence that temporary gatherings foster social
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learning knowledge exchange as well as coordination
around an emerging technology. A striking example of the
positive impact of temporal gatherings is Apple’s World-
wide Developers Conference, fostering collaboration and
generativity between complementors (Foerderer, 2020).

DPEs cope with high product or service complexity
by successful complementor integration and ecosystem
expansion. Nambisan and Sawhney (2011) argue that suc-
cessful integration relies on successful management of
modularity, network stability, knowledge, as well as inno-
vation appropriability, coherence, and leverage. Complex-
ity is arguably higher in the context of enterprise software
due to a broader range of functionalities, architectures,
and interfaces. In contrast, consumer software generally
covers a narrower set of functionalities (Foerderer et al.,
2019; Ghazawneh & Henfridsson, 2013). Higher product
and service complexity represent a challenge for the focal
platform firm to integrate complementors that are capa-
ble to cope with sophisticated requirements of enterprise
clients. While downtimes of digital services are usually
not critical to consumers, processes in enterprises criti-
cally depend on continuous availability of IT resources
and services. As a result, complementors can be made
reliable for service-level agreements demanding hotfixes
and support according to customer needs.

Ecosystem orchestration stage

Platform firms reach the fourth stage after the successful inte-
gration of complementors (Nambisan & Sawhney, 2011). Since
the value proposition of DPEs is based on a mix-and-match
customization, which builds on a general component that ful-
fills the need of an average customer combined with special-
ized components tailored to specific needs of certain custom-
ers, complementors move into the locus of attention (Tiwana,
2014).

Throughout the fourth stage, the focal platform owner
requires strong orchestration capabilities to maintain
governance principles as well as an adequate level of
openness. While a too closely governed DPE may reduce
attractiveness for complementors, too open DPEs may be
vulnerable to strategic exploitation (Karhu et al., 2018).
In many cases, the focal platform firm does, however,
demonstrate goodwill toward complementors (Sarker
et al., 2012). To further increase attractiveness for cer-
tain complementors, the focal platform firm can apply
selective promotion to boost visibility of promoted com-
plements (Rietveld et al., 2019). On the other hand, com-
plementors may seek to influence strategic decisions of
focal platform firms over time (Hein et al., 2020; Huber
et al., 2017). In case of feared non-compliance with
established governance principles, focal platform firms
are forced to react. A recent example is the banning of
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the game Fortnite from the Apple App Store over a dis-
pute concerning the distribution of profits.

Ecosystem competition directly influences the degree
to which a complementor identifies with shared values and
goals or pursues its own agenda across multiple ecosystems
(Cennamo & Santald, 2019; Wareham et al., 2014). Espe-
cially during phases of significant technological change, the
interplay between the focal platform firm and its comple-
mentors highly affects its strategic position against compet-
ing ecosystems. In these phases, boundary resources have to
be updated and improved, fundamentally incorporating new
technologies. In industries with longer product lifecycles,
such as video game consoles, transitions between techno-
logical generations may even imply complete obsolescence of
previous complements. During transitions, incumbents may
see their once dominant market positions topple, opening the
doors for both other ecosystems to challenge their market
positions and complementors to turn into direct competitors
(Ozalp et al., 2018; Zhu & Liu, 2018).

DPEs offer complementors access to markets that would
not have been accessible for them acting as standalone ven-
dors. This is achieved by building on modularity and loose ties
for value creation and delivery (Nambisan et al., 2019), chang-
ing the view from traditional inter-firm competition toward
coopetition, i.e., a simultaneous competition and cooperation
(Hein et al., 2019b). The value of DPEs is determined not
only by the quality of individual complements but also by
interactions between complementors (Adner & Kapoor, 2010;
Rietveld et al., 2019). When competition is strong within the
ecosystem, complementors might crowd out and prefer to join
DPEs with less competition and higher odds to monetize their
products (Boudreau, 2012). To counter this development, the
focal platform firm should instead encourage cooperation by
investing in long-term relations (Zhang et al., 2022).

Further central DPE governance aspects are the application
review time and the platform updating frequency (Song et al.,
2018). The application review time determines the temporal
lag for complements until they are made available to users.
During the review, the focal platform firm wants to make sure
that the complement complies with platform requirements
and governance principles. Review times affect complemen-
tors’ internal development processes and schedules as well
as users’ waiting times until new features or bug fixes are
released. In contrast, the platform updating frequency deter-
mines how often the focal platform itself is enriched with new
features or bug fixes. If new technologies that are not compat-
ible with their predecessors are introduced, updates may affect
all sides of the platform as well as complements.

Key activities

Together with ownership and the distribution of deci-
sion rights, property rights play an important role in
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complementors’ decisions to partner with the focal plat-
form owner and to join the ecosystem (Huang et al., 2013).
Especially in the context of digital piracy, the unauthorized
copying and distribution of digital products may cause
severe damage to DPEs, diminishing overall revenues and
hindering innovation (Miric & Jeppesen, 2020). Strong
and enforceable property rights are, however, a measure
to lower piracy risks by providing firms with exclusive
control over created technologies. Empirical evidence on
the impact of piracy on DPEs is, however, limited due
to considerable discretion in terms of the focal platform
firms’ government actions. As one of the few examples,
Boudreau and Hagiu (2009) present insights from the
video game industry that led to the downfall of Atari.
Poor policies encouraged copycats to swamp the market
with low-quality video games, causing the ecosystem to
collapse. In other empirical cases, uncontrolled entry of
low-quality complementors caused a negative effect on the
ecosystems’ overall innovation output (Boudreau, 2012;
Miric & Jeppesen, 2020). The focal platform firm there-
fore has to constantly assure the quality that complemen-
tors offer, and harmonize the offerings as a whole.

Complementors have often been treated as black boxes,
with only a few studies investigating the internal dynam-
ics of complementors (Tiwana, 2018). However, for creat-
ing complex products and services, complementors may
engage with other firms. These complementors act as sub-
complementors representing additional layers to the eco-
system without directly interacting with the focal platform
firm. This leads to an onion analogy, with multiple layers
incorporating dynamics that are currently not in the scope
of most researchers.

Discussion and conclusion

DPE emergence consists of four distinct stages starting from
the creation of a digital platform and concluding in a plat-
form firm orchestrating an ecosystem that contains numer-
ous complementors. During digital platform formation, the
focal platform firm focuses on establishing a platform-based
product or service, creating fundamental technologies, and
attracting users on various sides of the platform (Caillaud
& Jullien, 2003; Hagiu, 2006). To further increase cus-
tomer value, the firm creates boundary resources aiming
to attract third-party complementors. Boundary resources
rely on a suitable platform architecture (Cennamo et al.,
2018; Tiwana, 2014) and standards (McIntyre & Srinivasan,
2017) enabling future complementors to reuse components
and to generate additional value. With boundary resources
in place, the focal platform firm integrates complementors
and enforces governance mechanisms (Wareham et al.,
2014). Emergence is concluded by the focal platform firm

orchestrating the DPE. The firm then maneuvers the DPE
through phases of technological change (Ozalp et al., 2018)
to sustain its competitive position against other ecosystems
or powerful complementors within its own ecosystem (Zhu
& Liu, 2018).

With this article, we contribute to the ongoing discus-
sion about the emergence of DPEs. First, we present four
research perspectives dealing with digital platforms, with
each perspective contributing to our understanding of
DPEs. Second, the four-staged framework and the related
stage classification help both researchers and managers to
account for shifts in required capabilities, competition, gov-
ernance, and value creation along DPE emergence. Third,
certain key activities must be performed in each stage to
enable the transition from a nascent digital platform to a
wide-spanning DPE.

For conceptualizing DPE emergence, we have limited
this article to proprietary platforms where the focal plat-
form firm makes fundamental architectural and governance
decisions prior to engaging complementors. Shared plat-
forms are, however, owned by a consortium or a peer-to-
peer community (Hein et al., 2020) and may show different
key activities in each stage or even an entirely different
emergence pattern. There are further anomalies affecting
DPE emergence. For instance, it may be the case that the
focal platform firm does not manage to attract enough users
on the platform to overcome the chicken and egg problem.
In such a case the digital platform would remain in the
first stage, before declining or ending in obsolescence. It
may also be the case that the focal platform firm does not
manage to make complementor participation viable, and
therefore does not reach the fourth stage. Platform-markets
are also prone to consolidation and winner-take-all dynam-
ics. A major actor may purchase rival digital platforms or
drive them out of the market. In these cases, valuable com-
plementors are often transferred to the dominant platform,
while other platforms end in obsolescence. There are mani-
fold examples in the food delivery or ride hailing industry
(Garud et al., 2022). In addition, there may be instances
where deliberate management decisions have impacted
emergence and resulted in alternative stages. Examples are
digital platforms that incorporate a monolithic platform
architecture composing all elements together and limit-
ing external impact (Tiwana, 2014), DPEs orchestrated by
government bodies (Addo, 2022) or geographical resist-
ance against a DPE (Carrasco-Farré et al., 2022). Despite
the anomalies successful DPE emergence eventually con-
cludes in the ecosystem orchestration stage, utilizing a
digital platform, boundary resources, and complementors.
At a certain point in time, DPEs may, however, enter a
stage of strategic renewal,decline, or even obsolescence.
These stages are expected to be induced from significant
technological change (Cennamo, 2018; Ozalp et al., 2018)
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Table 4 Digital platform ecosystem research agenda

Aspect

Avenue for future research

Emergence of shared platforms

DPE decline and obsolescence

Network effects

Platform-based business models

Sub-complementor engagement and coopetition

Complementor exit and re-positioning

DPEs as boundaryless organizations

Complementor influence

Capabilities

Insights from other research domains

DPE emergence from supply-chain platforms
and in non-manufacturing industries

Shared platforms are substantially less researched than proprietary platforms (Tiwana, 2014).
It is expected that they show a different emergence compared to proprietary platforms
since they often originate from already existing communities. In a more recent study Lee
et al. (2018) outline the need for further studies to determine emergence of shared market
infrastructures

Like other digital products and infrastructures, DPEs are expected to decline and reach
their technological obsolescence at a certain point in time. Apart from Ozalp et al. (2018),
relatively little is known about the underlying strategic actions required to manage such
transitions

Mclntyre and Srinivasan (2017) outline that network effects can be manipulated in a firms’
favor. There is, however, a lack of comprehensive frameworks describing the implications of
these strategic actions and a lack of empirical evidence

Boudreau and Lakhani (2009) present three distinct platform-based business models. There
are, however, only a few empirical studies investigating how incumbents successfully
transform their pipeline business models into platform-based business models (Evans &
Schmalensee, 2016). More recent studies still emphasize the need for additional platform-
based business model research (Cennamo, 2021)

Complex platform-based products and services often require complementors to engage with
other complementors, making them contribute to the overall value proposition. These
interactions follow the notion of coopetition but remain little researched overall (Hein et al.,
2019b)

In certain situations, complementors can be pushed out of a DPE or deliberately choose to
leave it (Zhu & Liu, 2018). We lack insights on the prospects and strategic re-positioning of
such complementors

Complementors often become integral parts of the DPE’s common value proposition, making
the boundaries between physical organizations fade. In academia, there are substantial short-
comings in investigating new platform-based organizational forms and knowledge transfers
in such constructs (Kretschmer et al., 2022)

Cennamo (2021) and Hein et al. (2020) outline the impact key complementors have on the
focal platform firms’ strategic decisions. However, studies that empirically confirm previous
theoretical assumptions remain scarce

Helfat and Raubitschek (2018) bridge the perspective of dynamic capabilities with DPEs.
There is, however, a need for further research in determining industry-depending frame-
works and empirical confirmation (Thomas et al., 2014)

Research on digital platforms and ecosystems is not limited to the management and informa-
tion science literature. Integrating views from the marketing literature (Perren & Kozinets,
2018) may open various avenues for future research

DPE emergence is mainly researched in the areas of manufacturing (Sandberg et al., 2020;
Stonig et al., 2022) and digital marketplaces (Tan et al., 2015; Zhu & Liu, 2018). There is,
however, a lack of studies investigating how platforms in other supply-chains transition into
DPEs. Further, there is a lack of evidence for DPE emergence in other industries such as
insurance

or through a loss in profitability or growth opportunities
(Zhu & Liu, 2018). These aspects are not in the scope of
this article but may, however, deliver valuable insights for
future studies.

While researchers have made a lot of progress in
investigating platforms as digital infrastructures (Gawer,
2014), the concept of ecosystems is still relatively new
(Kapoor, 2018). Table 4 lists major avenues for promising
future research to obtain a better understanding of DPE
dynamics and implications. In addition to the table we
elaborate on the most promising avenues in more detail.
Overall, there is a re-occurring pattern of lacking in-depth

@ Springer

longitudinal empirical evidence to confirm theoretical
assumptions (Jha et al., 2016; Saadatmand et al., 2019).
Furthermore, it becomes evident that complementors not
only contribute to the focal platform firms’ value proposi-
tion, but also actively shape the entire DPE through their
actions (Hein et al., 2020).

Scholars outline promising paths to further investigate
antecedents, drivers, and mechanisms leading to the for-
mation of network effects across various industries (Mcln-
tyre & Srinivasan, 2017). Research on network effects and
the chicken and egg problem has primarily focused on the
video game industry. In other settings, it appears promising
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to investigate what means other than pricing can be used to
subsidize one or multiple sides of a multi-sided platform.
For instance, we anticipate that an exclusive or early access
to specific content may have a positive impact on participa-
tion on preferred sides of the platform.

Scholars often treat complementors as black boxes, and
the complementors’ underlying dynamics remain relatively
unexplored. Studies should shift their focus to complementors
and determine which capabilities are required to participate
or actively shape a DPE (Helfat & Raubitschek, 2018). For
instance, strong sensing capabilities at complementors may
lead to a better anticipation of DPE requirements and therefore
better complement quality. Within a DPE, it further appears
promising to investigate the strategic actions, based on rivalry,
that complementors undertake. With certain strategic actions,
dominant complementors may affect the distribution of power
in the entire ecosystem, causing leverage over other comple-
mentors or even the focal platform firm (Ozalp et al., 2018).
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