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Abstract

Data ecosystems are increasingly central to organizational strategy as they promise to democratize data sharing and enhance
sustainability through collaborative models. Grounded in theories of decentralized governance, we examine how these
ecosystems evolve from a conceptual decentralized framework to a more centralized operational reality as they mature.
Employing an exploratory case study of four data ecosystems, based on 25 interviews and archival data, we investigate the
transition within data ecosystems from decentralized emergence to the governance trade-offs necessitated by their expan-
sion and increased complexity. Our findings depict a spectrum of governance adaptations: while some ecosystems develop
formal structures that lean towards centralization to facilitate scaling, others maintain their foundational decentralized
approach through self-regulation and technology-driven solutions. Our results contribute to the theoretical understanding
of the dynamic governance within data ecosystems, revealing the processual nuances of balancing decentralization with
operational centralization. This has implications for practitioners who must design flexible governance mechanisms capable
of navigating between decentralized ideals and the centralizing demands of ecosystem growth and complexity.

Keywords Data ecosystem governance - Decentralized governance - Data ecosystem emergence - Case study research -
Governance tensions

JEL Classification 032 - 033 - 039

Introduction

Organizations today face the challenge of addressing com-
plex issues, such as meeting sustainability goals or improv-
ing operational efficiency. These efforts increasingly depend
Responsible Editor: Boris Otto on data-driven collaboration among stakeholders, which
requires a foundation of equality and mutual trust to ensure
data is shared and utilized effectively to achieve collective
objectives (Curry & Ojo, 2020; Otto et al., 2020). In light of
these challenges, data ecosystems have emerged as a prom-
‘ ising model to decentralize and democratize how data is
ArzldreashH?m@ o ch shared among stakeholders (Azkan et al., 2022; Moller et al.,
andreasiemiunisg.c 2024; Otto & Jarke, 2019). Data ecosystems provide a uni-
fied, secure, and trusted space to share, use, and consume
data across stakeholders (Oliveira & Loscio, 2018).
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in the automotive value chain to contribute and access
standardized lifecycle data, facilitating transparency in
quality assurance, regulatory compliance, and carbon
footprint assessments (Catena-X Automotive Network,
2025). Similarly, in the healthcare sector, the HEALTH-X
datalLOFT initiative seeks to overcome longstanding data
silos by enabling citizens to contribute their health data
to scientific research and personalized health services. It
adheres to Gaia-X principles, ensuring data sovereignty
and user control despite cross-organizational data sharing
(HEALTH-X datalLOFT, 2025). In mobility, the Mobility
Data Space (MDS) facilitates decentralized data exchange
through a federated infrastructure and data catalog. By
connecting public and private data providers, MDS sup-
ports the development of services such as congestion
reduction and mobility optimization (Mobility Data Space,
2025).

Despite these examples’ promise, their implementation
reveals a pressing governance challenge. As data ecosystems
scale and diversify, the operational complexity of coordinat-
ing multiple actors, aligning data standards, and ensuring
security and trust grows significantly. In response, many eco-
systems have introduced new coordinating roles, such as app
store providers, orchestrators, or operating companies that
assume responsibilities for standard enforcement, certifica-
tion, and quality assurance (Azkan et al., 2022; Otto & Jarke,
2019). While such roles enhance operational manageability,
they also mark a structural departure from the original vision
of decentralization. These shifts risk undermining the foun-
dational principles of equal participation and mutual trust
by concentrating control in the hands of coordinating enti-
ties. The resulting tension between the need for centralized
orchestration and the aspiration for decentralized governance
poses a critical and unresolved dilemma regarding how data
ecosystems can sustain the ideals of decentralized data shar-
ing while ensuring operational viability at scale.

Research on data ecosystems has concentrated on their
initial development stages, highlighting the importance
of decentralized models for data management across sup-
ply and value chains (Gelhaar & Otto, 2020; Otto & Jarke,
2019). This work examines various aspects, including role
definition, trust-building, ensuring equal access to secure
participant engagement, and establishing consensus on legal
and governance frameworks (De Prieelle et al., 2022; Gel-
haar & Otto, 2020; Giel3 et al., 2023; Lefebvre et al., 2023).
However, as these ecosystems mature, they face increasing
complexity, often prompting a drift toward more centralized
governance structures (Aaser et al., 2020). The implications
of this drift for maintaining equal access and mutual trust
and the strategies data ecosystems can employ to balance
the demands of decentralization with the challenges of com-
plexity and centralization are still unresolved (Mdller et al.,
2024; Otto & Jarke, 2019). This unresolved question marks a
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significant gap in our understanding of the evolving dynam-
ics within data ecosystems.

While data ecosystems are grounded in decentralization,
which promises data sovereignty, fairness, and mutual trust
(Otto & Jarke, 2019; Schleimer et al., 2023), the increasing
complexity in practice often necessitates a drift toward more
centralized data governance and control models, for exam-
ple, by introducing operating companies. This shift from
decentralized ideals to more hybrid real-world practices has
important implications for the governance and evolution of
data spaces. Although the literature provides insights into
the structural and functional aspects of early-stage data eco-
systems, the emerging centralization-decentralization ten-
sion of evolving ecosystems remains underexplored (Azkan
et al., 2022; De Prieélle et al., 2022; Otto & Jarke, 2019).
Our research closes this gap by investigating how emerging
data ecosystems overcome the challenges of decentraliza-
tion by managing a centralization-decentralization trade-off.

To address this gap, we employed an inductive multi-
ple-case study, which is well-suited for exploring com-
plex, emerging phenomena and building theory from rich
empirical data (Eisenhardt, 1989; Eisenhardt & Graebner,
2007). Our sampling strategy focused on four data ecosys-
tems (Auto-Eco, Mobility-Eco, Aero-Eco, and Marine-Eco)
with varying degrees of centrality to observe their effects
on governance evolution. This variation allowed us to cap-
ture divergent approaches to managing the balance between
decentralization ideals and the practical necessities of cen-
tralization. We collected 25 semi-structured interviews with
consortium members and archival records for triangulation
and validity. Based on inductive coding (Strauss & Corbin,
1990), we derived insights on data ecosystem emergence
drivers, value co-creation opportunities, development of
standards, and operationalization tensions as factors influ-
encing the trajectory of data ecosystems from growth to
complexity. Following a cross-case analysis (Eisenhardt,
1989), we identified patterns in how these complexities led
to strategic governance shifts.

Consequently, our research delineates two distinct phases
of data ecosystem evolution: the decentralized emergence
and the subsequent governance trade-off. The initial phase
is hallmarked by ideation grounded in democratized and sov-
ereign data sharing, where ecosystems ambitiously set out
to develop a breadth of use cases underpinned by advanced
standards. However, this pursuit of decentralized ideals is
met with the complexities of orchestration, leading to what
we term the “operationalization tension.” At this juncture,
ecosystems confront the governance trade-off, navigating
the delicate balance between the foundational decentralized
principles and the centralizing forces that emerge as they
scale. Our findings reveal divergent approaches to this evolu-
tion. Ecosystems with broader and more complex aspirations
tend to form formal orchestration structures, shifting towards
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organizational centralization for scaling. Conversely, those
with a narrower focus use established standards and tech-
nical solutions to support a decentralized model reliant on
self-regulation. These differences underscore the contingent
nature of governance evolution in data ecosystems, where
specific operational contexts and strategic objectives shape
the extent and form of centralization.

From a theoretical perspective, the results contribute
to understanding data ecosystems (Gelhaar et al., 2021a;
Oliveira & Ldscio, 2018; Scheider et al., 2023) by delin-
eating the processual dynamics of governance evolution
within the context of centralization and decentralization
tensions. The model presented shows the dynamic govern-
ance adaptation within data ecosystems, bridging the gap
between decentralization ideals and the practical necessi-
ties of centralization for managing complexity and ensuring
sustainable scalability (Beverungen et al., 2022; Chen et al.,
2021). Practically, the study offers insights for practitioners
involved in the design, management, and evolution of data
ecosystems, suggesting that a flexible approach to govern-
ance that allows for shifts between decentralized and central-
ized models may be necessary to navigate the complexities
of ecosystem growth.

Theoretical background

We start the theoretical background by introducing the ten-
ets of data ecosystems, their relation to business ecosys-
tems, and decentralized governance. Next, we synthesize
research on the emergence and evolution of data ecosystems
to demonstrate the predominant focus on the early stages.
Last, we conceptualize potential tensions between an initial,
decentralized approach and a more centralized approach that
develops due to the increasing complexity that data ecosys-
tems face in later stages.

Data ecosystems as digital ecosystems

Originating from biological systems of interacting organ-
isms placed in a habitat, Moore (1993) introduced the con-
cept of “ecosystems” to the business literature. Iansiti and
Levien (2004) then used the concept to describe the mutual
dependencies of loosely interconnected actors in business
networks organized around keystone actors. This perspective
focuses on actors being affiliated with an ecosystem. From
a structural perspective, ecosystems can also be defined as
“the alignment structure of the multilateral set of partners
that need to interact in order for a focal value proposition
to materialize” (Adner, 2017, p. 42). In innovation ecosys-
tems, actors coordinate their non-generic complementarities
to create interrelated innovations (Jacobides et al., 2024).

Extending the structural view of ecosystems to the digital
realm, scholars have begun conceptualizing data ecosystems
as configurations where data, not just products or services,
becomes the core element of value creation and coordination
(Beverungen et al., 2022; Moller et al., 2024). Data ecosys-
tems are “a set of networks composed by autonomous actors
that directly or indirectly consume, produce or provide data
and other related resources (e.g., software, services, and
infrastructure)” (Oliveira & Loéscio, 2018, p. 4). Akin to the
structural perspective of ecosystems, they center on dynamic
inter-organizational data sharing based on common value
drivers instead of merely executing fundamental business
functions through bilateral data sharing enabled by inter-
organizational information systems (Moller et al., 2024).
Closely related to the concept of data ecosystems is data
spaces. Data spaces primarily focus on the technical infra-
structure that facilitates data sharing within their ecosystem
of autonomous actors (Giel3 et al., 2023). Foundational work
on data spaces has characterized them as a multi-sided data
platform often driven by alliances (Otto & Jarke, 2019), and
recent work has defined them as “decentralized data infra-
structures designed to enable data-sharing scenarios across
organizational boundaries by implementing mechanisms for
secure and trustworthy data sharing — such as distributed
data storage and the sharing of meta-data” (Moller et al.,
2024, p. 6).

Recent research on data ecosystems has investigated chal-
lenges to their emergence (Gelhaar & Otto, 2020), relevant
roles for value co-creation in data ecosystems (Azkan et al.,
2022), the role of data governance in such ecosystems (De
Prieélle et al., 2022), and the design of B2C data ecosystems
as opposed to industrial initiatives (Scheider et al., 2023).
Further research has aimed at creating a shared understand-
ing by developing taxonomies for data ecosystems (Gelhaar
et al., 2021a), data sharing within them (Gelhaar et al.,
2021b; Jussen et al., 2024), and their governance models
(Kari et al., 2025; Lis & Otto, 2021). A particular focus is
on the early stage and the implementation of a decentralized
architecture (Gelhaar et al., 2021a) to ensure transparency
and trust in data exchange between firms with intricate rela-
tionships characterized by simultaneous coopetition (Gel-
haar & Otto, 2020; Hein et al., 2019). Hence, this research
influences and is influenced by data ecosystem initiatives
such as the automotive data ecosystem Catena-X or the
mobility data marketplace MDS, which promote a decen-
tralized ideal and aim for more equitable control and data
sovereignty (Gelhaar et al., 2021a; Moller et al., 2024; Otto
& Jarke, 2019). Despite the importance of decentralized
governance models within these data ecosystem initiatives,
how these so-called alliance-driven data ecosystems and
the enabling digital infrastructure emerge and evolve is lit-
tle researched and understood (Gelhaar et al., 2023; Moller
et al., 2024; Otto & Jarke, 2019).

@ Springer
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Emergence and evolution of data ecosystems

Ecosystems do not emerge spontaneously but as the result of
a process. Initiating firms craft rules and shape the process
of ecosystem development to tie in complements and make
complementors abide (Jacobides et al., 2018). However, as
ecosystems emerge around a shared value proposition, their
design can only be planned to a certain extent (Adner, 2017).
Consequently, data ecosystems emerge through a complex
orchestration process that has to overcome competitive and
cooperative challenges (Gelhaar & Otto, 2020).

While the infrastructural foundation of a data ecosystem
may be either centralized or decentralized (Gelhaar et al.,
2021a), and both setups can lead to the successful imple-
mentation of data ecosystems (Kernstock et al., 2025), the
prevailing trend is toward decentralized structures inspired
by the ideals of the International Data Spaces (IDS). IDS
provides a reference architecture, a formal standard, and ref-
erence implementations and aims to establish standards for
trustworthy, sovereign, and self-determined data exchange.
Rather than a technical platform, IDS is a concept based on
peer-to-peer communication similar to the Internet (Lis &
Otto, 2021; Otto & Jarke, 2019). This means authority and
governance are not concentrated in a single locus within such
ecosystems but are distributed across multiple control cent-
ers. The decentralized structure is pivotal for providing a
unified, secure, and trusted space to share, use, and consume
data across stakeholders (Oliveira et al., 2019). Equal access,
data sovereignty, and mutual trust are crucial in the B2B set-
tings where data ecosystems emerge, as joining industry eco-
systems dominated by competitors is undesirable for most
organizations (Abbas et al., 2024; Gelhaar & Otto, 2020).
Thus, the decentralized conceptualization of data ecosystems
addresses the issues resulting from ecosystem actors simul-
taneously engaging in competitive and cooperative relation-
ships by ensuring equality and mutual trust (Adner, 2017).

Digital infrastructures like data spaces, which act as the
foundation of data ecosystems, possess the evolutionary
mechanisms of innovation, adoption, and scaling (Henfrids-
son & Bygstad, 2013). Otto and Jarke (2019) describe the
evolutionary path of IDS as an alliance-driven multi-sided
data platform leading from adoption to innovation to scal-
ing. While the decentralized tenet might hold in the adop-
tion phase through working groups, committees, and similar
efforts (Kari et al., 2025; Otto & Jarke, 2019), relying on
them to innovate and scale the platform might prove chal-
lenging as the decentralized structure leads to increasing
complexity with a growing ecosystem due to the absence of
an orchestrating entity (Jacobides et al., 2018; Parker et al.,
2017). Practical examples like Catena-X and MDS show that
increasingly complex data ecosystems shift towards estab-
lishing central institutions to govern the ecosystem’s emer-
gence and evolution. However, existing research on these
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alliance-driven data ecosystems contends they have a decen-
tralized, distributed organizational form aiming for fairer
control and data sovereignty (Gelhaar et al., 2021a, 2023).
Due to data ecosystems being a nascent practical phenom-
enon, research on their later evolutionary phases is scarce,
and existing research does not consider how the tenets and
roles of decentralized governance of data ecosystems might
change over time (Brée et al., 2024; Oliveira et al., 2019).

Centralization and decentralization in data
ecosystems

The trade-offs between centralized and decentralized gov-
ernance in digital ecosystems encompass complex tensions
that influence their evolution and performance (Constan-
tinides et al., 2018). Stability and evolvability are crucial
requirements for technology ecosystems, highlighting the
need for both homogeneity to benefit from standardization
and heterogeneity to adapt to changing market demands. The
inherent tensions concern the outputs (standard versus vari-
ety), actors (control versus autonomy), and identifications
(collective versus individual) of and within an ecosystem
(Wareham et al., 2014).

Centralized governance allows for decisively managing
these tensions and implementing effective governance pro-
cesses that enforce technical compatibility and quality con-
trol. Yet it may limit the ecosystem’s adaptability and the
variety of offerings (Chen et al., 2021; Hein et al., 2020).
Further, without appropriate checks and balances, there is
a risk of making decisions for the owners’ interests rather
than the ecosystem’s collective good. Conversely, decentral-
ized governance enhances participant power and inclusion in
decision-making, aligning platform design with the interests
of a broader community and potentially increasing the plat-
form’s welfare maximization (Chen et al., 2021; Ostrom,
2010). However, too much decentralization can be detrimen-
tal. When governance rights are excessively dispersed, the
ability to mobilize collective action diminishes, and reaching
consensus becomes challenging due to diverse participant
perspectives. A semi-decentralized approach with key par-
ties playing a role in governance can avoid such pitfalls,
fostering effective governance while incorporating varied
perspectives (Chen et al., 2021; Hsieh & Vergne, 2023).

In industrial data ecosystems, governance facilitates con-
trol and collaboration, which is essential for forging trust and
enabling secure data exchange (Lis & Otto, 2021). Participat-
ing actors must independently establish governance mecha-
nisms for their interactions. Thus, it is decentralized since the
underlying infrastructure does not mandate how particular
transactions are governed (Beverungen et al., 2022). Deci-
sion-making authority is dispersed among actors rather than
being the sole purview of a focal entity (Lis & Otto, 2021).
This open and inclusive approach to governance facilitates
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the integration of varied perspectives. Addressing the chal-
lenges of consensus-building around standards and legal
measures is crucial, as a lack of guidelines or cultural dispari-
ties among actors can often hinder this process (Fassnacht
et al., 2023; Gelhaar & Otto, 2020). Hence, decentralized
governance, supported by trust, decentralized architecture,
and data exchange transparency, is vital for the health and
progress of data ecosystems (Chakrabarti et al., 2018).

While the inherent tensions between centralized and
decentralized governance in digital ecosystems are acknowl-
edged in the literature, the mechanisms by which data eco-
systems reconcile these tensions during their formative
stages and form functioning governance modes for their
expansion remain ambiguous. Literature primarily focuses
on the emergent phases of data ecosystems (Gelhaar & Otto,
2020; Otto & Jarke, 2019), where governance structures are
not yet crystallized, foundational policies and norms are
being negotiated, and the ecosystem’s trajectory is still mal-
leable (Tilson et al., 2010). However, as examples such as
Catena-X illustrate, data ecosystems increased in complexity
over time and started incorporating centralized and decen-
tralized governance mechanisms. How well these decen-
tralized governance approaches can deal with the increas-
ing complexity of later stages of data ecosystems while
retaining their conceptual ideals remains to be understood
(Beverungen et al., 2022). While recent research has shown
that the governance structures of data ecosystems evolve
(Kari et al., 2025), this shift and the nuances of this central-
ization-decentralization tension remain underexplored and
inadequately understood from an academic perspective and
present a vital research gap for understanding the later stages
of data ecosystem development (Oliveira et al., 2019).

Research design

We employed an explorative multiple-case study approach
to investigate how emerging data ecosystems manage the
centralization-decentralization trade-off (Eisenhardt, 1989;
Eisenhardt & Graebner, 2007). This method is particularly
suitable for examining complex, dynamically evolving phe-
nomena within their real-life contexts (Siggelkow, 2007).
Given the emergent nature of data ecosystems and the identi-
fied theory gap, an explorative, inductive multiple-case study
enables us to generate new theoretical insights grounded in
empirical data, which is essential for building a nuanced
understanding of how varying degrees of centrality impact
governance evolution in data ecosystems. In addition, a mul-
tiple case study allows us to compare and contrast different
ecosystems, enhancing the robustness and generalizability of
our findings (Yin, 2018). Following a within and cross-case
analysis, we can identify patterns and variations across dif-
ferent settings, thereby strengthening theory development by

uncovering underlying mechanisms and contextual factors
(Eisenhardt & Graebner, 2007).

Data sampling

Our sampling strategy focused on selecting data ecosystems
with varying degrees of centrality to observe their effects
on governance evolution. To achieve this, we applied three
sampling criteria for our multiple-case study (Eisenhardt,
1989; Eisenhardt & Graebner, 2007):

First, we selected data ecosystems based on three crite-
ria: they were established by multiple organizations, had
significant resource investments (multi-million Euro invest-
ments), and were either in the operationalization phase or
already live and scaling. These criteria ensured that the cho-
sen ecosystems had reached a level of maturity sufficient to
provide substantial insights. Ecosystems at the operational
or scaling stage are more likely to have encountered and
addressed the challenges associated with transitioning from
decentralization to centralization. Understanding their differ-
ent governance approaches to managing these challenges is
crucial for examining the trade-offs between these strategies.
By focusing on ecosystems with significant investments, we
ensured that any challenges identified were not merely due
to insufficient funding.

Second, we sampled data ecosystems based on their
degree of transition from decentralized ideals to centralized
realities. Including ecosystems with varying approaches
along the decentralization-centralization spectrum provides
essential variation for theory-building (Eisenhardt & Graeb-
ner, 2007). This diversity allowed us to identify patterns,
similarities, and differences in how different approaches
address the centralization-decentralization tension. We
began with Auto-Eco,' a purposeful sample (Siggelkow,
2007) representing the most prominent and well-funded data
ecosystem initiative currently operational, based on a strong
alliance of different automotive industry companies. Next,
we selected Mobility-Eco, another prominent example cen-
tered around one orchestrating company. Both cases revealed
a spectrum of approaches to building data ecosystems, rang-
ing from complete decentralization to greater reliance on a
keystone actor. It is important to note that, due to the general
conception of data ecosystems and their underlying infra-
structure, i.e., data spaces (Moller et al., 2024), even the
“more centralized” approaches in our sample are far from
being fully centralized as in traditional platform ecosystems;
all maintain values of trust and data sovereignty. We then
extended our case sample through Marine-Eco, which had
a setup between the first two cases on the spectrum, and

! Case names are pseudonyms to maintain the anonymity of cases
and interview partners.
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Aero-Eco, which relied even more on decentralization, with &
infrastructure components based on blockchain technology. 8 %“
Third, we selected only cases originating in Germany to g g .. ;
account for national and regulatory differences. By focusing g8 g g
on a single country, we controlled for variations in national é g:g g
regulatory environments that could otherwise confound kS %"S % g
our findings. This focus allowed us to isolate the impact £ g s ; 2
of the ecosystems’ internal governance approaches rather 82 g = E
than external regulatory factors. Through these criteria, we 9 :%D § ;?E, g %
aimed to capture nuances in how different data ecosystems ﬁ g @S Qgﬂ 2 8
deal with the centralization-decentralization challenge. g 3§ S 2 g R
Table 1 gives an overview of the sampled cases. S|1S535°7 35w
All selected cases started as German data ecosystem ini- 2
tiatives, initially involving 10 to 28 participating firms, and E Eg % 4 o
were actively under development at the time of writing. The % 2 % 3 g Li
ecosystems were in the automotive, mobility, aerospace, and g § = § 2 §'
maritime sectors. Since all cases emphasized their orienta- “% ‘ié g g Z
tion towards productive operation and came from different E § o :% E % g
industries, they fulfilled our requirements. While all selected _‘;30 E - —§ e 3;;) é.
initiatives adhered to decentralized ideals such as data sov- S8 5 = f:’ g3
ereignty, their approaches to the challenges of ecosystem o | 3 .%D z .g izg " S _%D
emergence and evolution lay on a spectrum concerning the S E; 3 3s é £ %3 e
degree of centralization (see Fig. 1). cleg 8258253 8§
< | < < < o
Data collection I
Q< 2
52873 Lt §
We collected data through 25 semi-structured interviews E % & § s; g‘
across four data ecosystems (Yin, 2018) between July 2023 g %" ; ;; -
and August 2024. The interviews aimed to capture the fac- & S gg 528
.. . 25 o9 ESER ==
tors driving ecosystem development, the strategic responses g g8 E 28 2
to emerging complexities, and the governance choices made _ g o = é ; £ ;5;
by firms in navigating between centralized and decentralized g | & s g Z 5 = ‘::: E
models. We developed the questionnaire for our semi-struc- [‘; é ;o R ;% ;?:
tured interviews based on existing guidelines for collecting Z | g :'g g g 5 z QE
qualitative data (Klein & Myers, 1999; Myers & Newman, S "g g° g8 S = £ o
2007). Drawing on seminal literature on digital ecosystems
by Adner (2017) and Jacobides et al. (2018), we designed our —c% 4
questionnaire to center around four key themes: (1) ecosys- '% o) _;9 % S
tem coordination, which includes questions on how differ- el gn ) g‘ g
ent actors join and align within the ecosystem; (2) ecosystem 5 £ g £z
collaboration, which includes questions on what roles actors -§ § E % %
play and how they interact with each other; (3) ecosystem g5 § &L;;) ;—::
value creation and capture, which includes questions of how ‘&5’ g3 § f‘;\
value is created and appropriated by the different actors; (4) . ) g & § g 5 .%
ecosystem governance, which includes questions on how the 2 E "é g § g ‘§ "é g
overall development and evolution of the ecosystem is steered. s|g|lc=EEs % SE
We strived to let our interview partners describe their S| E°T 27 =
world in their own words and varied the exact questions and % 3]
the focus of the interviews based on the interviewee’s back- § §
ground (Myers & Newman, 2007), e.g., when interviewing 2 2 E
with technical roles, we focused our questions on technical f_) > § g
aspects of governance (see Appendix 1). Table 2 provides 20y 2 § 3 E
an overview of the interviewees. All interview partners were eS| 2E g z
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More centralized approach

More decentralized approach

Mobility-Eco? Marine-Eco?® Auto-Eco’ Aero-Eco?®

Fig. 1 Sampling strategy (numbers indicate sampling order)

Table 2 Conducted interviews

Data ecosystem ID Line of business Position Length

Auto-Eco AUl Operating company Product Lead 33 min
AU2 Research institute Department Head Logistics 49 min
AU3 Multinational software provider A Head of Industry Business Networks 50 min
AU4 Multinational technology platform provider General Manager Digital Sovereignty 31 min
AU5 Automotive OEM A Product Owner 39 min
AU6 IT service provider Business Executive 46 min
AU7 IT consultancy Principal Project Manager 38 min
AU8 Multinational engineering company Project Director 46 min
AU9 Multinational software provider A Principal Architect 47 min
AU10 Automotive OEM B Head of Digital Production 43 min
AUI1 Automotive supplier Head of Data Space Development 35 min

Mobility-Eco MO1 Operating company Technical Expert 49 min
MO2 IT startup Business Development 21 min
MO3 IT startup CEO 42 min
MO4 German public transport company Team Lead 37 min
MO5 Operating company Managing Director 48 min

Marine-Eco MAI1 German internet service provider SVP Digital Ecosystems 38 min
MA2 German internet service provider Senior Lead Researcher 45 min

Aero-Eco AE1 German aerospace research institute Project Manager 32 min
AE2 Large system integrator Digital Transformation Manager 22 min
AE3 Aerospace service provider Project Manager 28 min
AE4 IT startup CEO 28 min
AES5 German research institute Research Fellow 35 min
AE6 German aerospace supplier Project Engineer 33 min
AE7 IT startup Software Engineer 44 min

part of companies that have participated in their respective
data ecosystem initiatives since their inception. Conse-
quently, they were able to offer insights into the journey
from the ecosystems’ emergence to their subsequent evo-
lution. Notably, the interviewees who worked for the later
emerging operating companies were involved in the respec-
tive ecosystem initiatives in the earlier stages as employees
of ecosystem member firms.

Archival sources, including public presentations, white-
papers, and technical documentation, supplemented our
data, providing a richer context for analyzing the strate-
gic maneuvers within these ecosystems (see Appendix 2).
We selected sources with direct pertinence to the cases
under study as they offer contextual depth, allowing us

to triangulate the insights extracted from the interviews.
Further, there is a lack of independent reports, making
the official documents essential to gather sufficient data.
This approach allowed for an in-depth examination of how
firms adjust their governance structures in response to the
challenges posed by evolving ecosystem dynamics.

Data coding and analysis

The iterations between data collection, within and cross-
case analysis, and comparison with existing literature guided
our research (Gioia et al., 2013). We coded the interviews
according to Ist-order concepts, 2nd-order themes, and
aggregate dimensions using MAXQDA. Following this
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inductive coding process (Gioia et al., 2013; Strauss &
Corbin, 1990), our analysis delineated the evolution within
data ecosystems, focusing on the nexus between ecosys-
tem expansion, resultant complexities, emerging tensions,
and the strategic drift towards centralized or decentralized
governance mechanisms. To ensure analytical coherence
and allow for deep immersion in the data, the first author
conducted the initial round of coding. Rather than conduct-
ing independent coding, we prioritized a dialogic process,
where the first author extensively discussed the coding struc-
ture, interpretations, and emergent patterns with the second
author. This iterative exchange helped critically challenge
and validate the initial codes, fostering a shared understand-
ing. Throughout each stage of the aggregation process, the
authors debated the relevance and accuracy of each code.
They reflected on the emerging themes, considering how
best to represent the nuances of the data. This collabora-
tive and iterative approach led to adjustments in the cod-
ing structure, ensuring it was comprehensive and coherent.
This approach aligns with established practices in induc-
tive research, including the Gioia methodology, where one
researcher often performs initial coding before collaborative
refinement, avoiding the risk of “going native,” i.e., being
too close to the case and adopting the informants’ perspec-
tives (Gioia et al., 2013). The constant comparison with the
cases allowed the authors to fine-tune the codes, making
them more precise and aligned with the data (Strauss &
Corbin, 1990). The collected secondary data was used to
validate and triangulate the insights from the interviews and
the developed codes (Yin, 2018).

Following this process, we developed and defined the six
aggregate dimensions (as depicted in Fig. 2). To verify the
robustness of our coding structure, the third author, unin-
volved in initial coding, deductively applied the aggregate
dimensions. This step served to validate the coding frame-
work from an independent perspective. The coding was dis-
cussed in case of ambiguity or differences to agree on coding
decisions and clarify definitions.

In the initial phase of our analysis, we conducted within-
case inductive coding, revealing that data ecosystems
emerged in a decentralized manner driven by specific fac-
tors. We identified open codes such as “more fairness in the
data economy” and “less centralized power of infrastructure
providers,” which illustrate the political ideals motivating
the emergence of these ecosystems. We combined these
codes under the axial code “political factors.” Addition-
ally, we found open codes like “higher resilience through
tightening of whole industries,” meaning that data exchange
strengthens cooperation across entire industrial sectors
beyond competitive relationships. These were grouped
under the axial code “ecosystem thinking.” As these eco-
systems evolved, we observed that increasing complexity
led to operational tensions. We identified open codes such
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as “extent of governance participation” and “enablement of
integration and connection to ecosystem,” illustrating the
direct outcomes of ecosystem expansion. We grouped these
codes under axial codes like “operational complexity” and
“governance fragmentation,” capturing the broader themes
of increasing intricacies and strain on existing governance
structures. Finally, we combined both axial codes under the
selective code “operationalization tension,” which addresses
the issues faced when scaling data ecosystems.

Building upon our initial findings, we conducted a cross-
case analysis to uncover variations in how each data eco-
system emerged and the extent to which they shifted away
from their decentralized ideals to manage growing com-
plexities. This analysis revealed patterns of similarities and
differences in how the evolution of these ecosystems led
to varying degrees of governance fragmentation and opera-
tional complexity, focusing on the four aggregate dimen-
sions developed in the decentralized emergence phase (Yin,
2018). For instance, in the Auto-Eco case, we observed that
the ecosystem grappled with integrating organizations of
varying sizes necessary to realize its use cases. Committed
to its democratic ideals, Auto-Eco made its core compo-
nents open source. However, this approach resulted in dif-
ficulties ensuring continuous and equitable financing for
the further development of these open-source components.
Conversely, Aero-Eco, being a smaller data ecosystem, had
to navigate the stringent regulations of the aerospace sec-
tor. It encountered obstacles with the Gaia-X framework
it relied on, ultimately leading it to adopt a new technical
infrastructure. Ultimately, we observed a common struggle
across all initiatives to transform their decentralized ideals
into operational reality.

As we advanced to the second phase of our analysis, we
focused our inductive coding on how previously identified
operational tensions led ecosystems to engage in governance
trade-offs. The within-case analysis uncovered open codes
such as “establishment of operating units” and “division
of powers and control,” highlighting the divergent strate-
gies ecosystems employed in response to the complexities
they faced. We refined these into axial codes like “operat-
ing model development” and “governance mechanism estab-
lishment,” depicting ecosystems’ dual paths to address their
internal challenges. The selective code “data ecosystem
operationalization” captures these diverging efforts to scale
the ecosystems. This coding phase illustrates a critical junc-
ture where ecosystems, confronted with the tensions brought
about by increasing complexity, made governance trade-
offs. Some shifted towards more centralized governance to
enhance efficiency and control, while others maintained their
decentralized ethos to preserve autonomy and inclusiveness.

Building on these insights, we conducted a cross-case
analysis of the four data ecosystem initiatives using our
established coding framework (see Appendix A4). This
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analysis focused on the two aggregate dimensions identified
in the governance trade-offs phase to identify variations in
the ecosystems’ responses to organizational tensions. While
all ecosystems grappled with the tension between centraliza-
tion and decentralization, they varied significantly in their
emphasis on evolutionary mechanisms such as adoption,
innovation, and scaling (Henfridsson & Bygstad, 2013). This
step enhanced the robustness of our findings by allowing
us to systematically cluster the ecosystems based on their
responses to organizational complexity and governance
fragmentation.

Results

The within-case analysis revealed six aggregate dimen-
sions, which we structure based on the decentralized
emergence and governance trade-off phases. The cross-
case analysis illustrates how the four data ecosystems
addressed the four dimensions of the decentralized emer-
gence phase and the two dimensions focusing on manag-
ing the trade-off between centralization and decentrali-
zation. While there were commonalities and differences
among all cases, the Auto-Eco and Mobility-Eco cases
were similar in that they built large-scale data ecosys-
tems to enable data sharing and usage across large indus-
trial sectors, and that this scale led to a stronger need to
mitigate the operationalization tensions through govern-
ance trade-offs. Auto-Eco and Mobility-Eco prioritized

innovation to navigate complexity, leading them to shift
towards centralized governance structures to streamline
decision-making and accelerate the development of new
solutions. These initiatives aimed to establish a de facto
standard data ecosystem for the entire automotive and
mobility sectors. The Aero-Eco and Marine-Eco cases
addressed a smaller set of actors while operating in
highly specialized industries, i.e., the aerospace industry
being highly regulated and the maritime sector having
highly specialized requirements hardly transferable to
other industries. Aero-Eco and Marine-Eco emphasized
a decentralized approach to preserve autonomy and foster
a participatory environment conducive to scaling. They
chose to adopt existing developments, such as data-shar-
ing standards or technological infrastructure, to address
challenges in their specialized environments.

We use the insights of the within and cross-case analy-
sis to structure the results along the two types of ecosys-
tem initiatives, i.e., large-scale and specialized, and along
the aggregate dimensions developed through the inductive
coding and structured by the decentralized emergence and
governance trade-off phases (see Table 3). Since the large-
scale and specialized data ecosystems shared similar pat-
terns regarding their decentralized emergence but differ sig-
nificantly in how they operationalized their ecosystems by
engaging in governance trade-offs, we structure the results
accordingly. First, we describe the shared patterns of decen-
tralized emergence. Second, we detail the divergent patterns
of governance trade-off.

Table 3 Summary of case study analysis divided by development phases and ecosystem clusters

Phase

Large-scale data ecosystems (Auto-
Eco, Mobility-Eco)

Specialized data ecosystems (Aero-
Eco, Marine-Eco)

Decentralized emergence Data ecosystem Emergence drivers

Emergence from a decentralized ideal of democratized and sovereign data

Governance trade-offs

Development of technical and
organizational standards

Value co-creation opportunities

Operationalization tension

Data Ecosystem Operationalization

Dissemination and Evolution of Data
Ecosystem

Managing Trade-off between Cen-
tralization and Decentralization

ecosystems

Development of advanced technical
and organizational standards

Development of large number of use
cases

Establishment of mutual trust and
data sovereignty

Growing complexity and orchestra-
tion effort leading to operationali-
zation tensions

Establishment of operating entities
for orchestration

Larger drift toward organizational
centralization to enable scaling

Developing scaling strategy and
launching go-to-market activities
Managing trade-off by balancing

organizational centralization and
technical decentralization

Adoption and usage of the developed
standards

Focus on a select number of use cases

Initial progress hits roadblocks through
context-specific issues not addressed
by existing standards leading to
operationalization tensions

Addressing challenges through tech-
nology

Smaller drift due to reliance on self-
regulation and informal structures

Realizing a select number of use cases
with reduced scale

Remaining closer to initial concept by
focusing on technical decentraliza-
tion

Less ecosystem scaling
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Shared patterns of decentralized emergence

The decentralized emergence of the data ecosystems was
characterized by adoption and innovation activities. In this
phase, the conceptual design was pushed by emergence
drivers that led to the setup of data ecosystem initiatives
and propelled a decentralized ideal. All ecosystem cases
were focused on decentralization in their technical realiza-
tion. Security, privacy, compliance, and freedom of choice
were crucial for all initiatives. Participants should all have
sovereignty over their data and decide whom to share it
with and under which conditions. These rights were
enforced contractually in the Auto-Eco, Mobility-Eco, and
Marine-Eco, ultimately relying on trust between the par-
ties. Aero-Eco went one step further, placing its infrastruc-
ture on top of blockchain technology and partially starting
with technical enforcement via smart contracts. With that
choice, Aero-Eco paved the way for complete decentraliza-
tion. At best, Auto-Eco aimed to eliminate any remaining
and arising centralities in its ecosystem over time. While
this decentralized ideal fostered mutual trust of coopeti-
tive ecosystem actors, e.g., different automotive suppliers
participating in Auto-Eco, and led to the establishment of
data sovereignty, operationalization tensions arose later
on as a consequence of the increasing complexity, the need
to mediate decentralized ideals and the operational neces-
sity of partial centralization.

Data ecosystem emergence drivers

The data ecosystems emerged through a set of emergence
drivers and motivational reasons of participants. The par-
ticipating actors collaborated and formed initiatives, driving
the data ecosystems' evolution. Specific drivers were already
based on a decentralized ideal, while others led to its con-
stitution through the necessary decisions to build a thriv-
ing data ecosystem. The data ecosystem initiatives initially
adopted the developed decentralized ideal and drove their
subsequent innovation activities.

Both large-scale and specialized data ecosystems were
significantly shaped by political factors, ecosystem think-
ing and innovation potential. Large-scale ecosystems
like Auto-Eco and Mobility-Eco were driven by regula-
tory mandates, particularly in the context of complex sup-
ply chains. The focus was on creating transparency and
meeting compliance standards, with Auto-Eco participants
expressing concerns about balancing openness with com-
petition-related risks.

It’s about how to open the supply chains without open-
ing competition-related issues. (AU1 — Product Lead,
Operating Company)

Specialized ecosystems, such as Aero-Eco, also
responded to regulatory drivers, emphasizing preventing
monopolization and fostering collaboration in highly regu-
lated sectors. Pursuing a decentralized governance model
was fueled by a collective desire for a less centralized
power structure, offering a fairer environment where neu-
tral entities, rather than dominant industry players, lead the
ecosystems.

They wanted it to be managed by a more neutral entity
than, for example, [a hyperscaler]. Yes, the idea behind
the whole Gaia-X concept is also a bit of democratiza-
tion to prevent any monopolization. (AE1 — Project
Manager, Aerospace Research Institute)

Ecosystem thinking reflected a collective mindset among
potential participants, which positively influenced collabora-
tion and was a driving factor behind the emergence of both
large-scale and specialized data ecosystems. This mindset
was particularly focused on increasing the resilience of
supply chains by tightening collaboration across industries.
Events like pandemics and natural disasters highlighted the
need for data access from distributed sources to effectively
manage disruptions. However, this collaborative ecosystem
approach sharply contrasted with the traditional relation-
ships in industrial sectors, historically dominated by asym-
metric power dynamics, for example, between aerospace or
automotive OEMs and their suppliers.

After nobody was able to solve the problems for them-
selves [...] a concerted action became apparent [...]
(AUS - Product Owner, Automotive OEM)

Innovation potential was also a shared driver, though
the scale and scope of these opportunities varied. Large-
scale ecosystems focused on creating industry-wide busi-
ness models and services, whereas specialized ecosystems
concentrated on niche innovations. Access to diverse data
sources that were not typically combined was seen as offer-
ing competitive advantages, protecting businesses from com-
petitors and securing market positions.

[...]if T have any business ideas, any use cases, I want
to implement, that I quickly get access to these [neces-
sary] data (MA1 — SVP Digital Ecosystems, Internet
Service Provider)

Thus, while both types of ecosystems offered signifi-
cant innovation potential, large-scale ecosystems aimed
for broader impact, and specialized ecosystems targeted
specific regulatory and industry needs. Decentralization
was critical in actualizing these perceived benefits and
striving for a fair and collaborative environment with
high transparency.
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Development of technical and organizational standards

Technical and organizational standards were critical for
both large-scale and specialized ecosystems, providing the
foundation for governance, operational protocols, and infra-
structure development. Large-scale ecosystems, particularly
Auto-Eco, played an active role in shaping these standards,
contributing to frameworks like the International Data Space
Association (IDSA). The adoption of standards has been
driven by the formation of reference implementations and
standards in recent years that guide data ecosystems, particu-
larly highlighting the technical aspects of realization. Adopt-
ing frameworks from the International Data Space Asso-
ciation (IDSA) and Gaia-X stood out due to their mature
and open nature, providing a foundation for decentralized
governance.

The IDS is a good foundation of what is needed to be
accomplished. So, IDSA was naturally quite theoreti-
cal but was a good fit from a theoretical perspective,
and it was open and standardized. (AU4 — General
Manager, Technology Platform Provider)

The specialized ecosystems like Aero-Eco and Marine-
Eco primarily adopted these standards without playing a
significant role in their development, instead tailoring them
to meet their specific industry needs.

We are familiar with IDSA, the International Data
Space Association, i.e. data spaces and data space
standards, and we are cloud infrastructure providers.
(MA1 — SVP Digital Ecosystems, Internet Service
Provider)

Architecture decisions refer to the architecture of a data
ecosystem, which serves as a technical core and is influenced
by the adopted standards. Yet it may diverge to accommodate
specific needs. Security, neutrality, and reliability surfaced as
critical attributes for later development, with neutrality being
vital for decentralized operations and governance.

But you need an infrastructure, which is secure, neu-
tral, [...] and it is also obvious that you need structures
which are industrial grade and reliable. (MO3 — CEO,
IT Startup)

Large-scale ecosystems required robust, neutral infra-
structures to manage complex operations, while specialized
ecosystems like Aero-Eco pushed the boundaries of decen-
tralization by implementing blockchain technology to man-
age transaction authorization. The cases followed a decen-
tralization approach and thus needed a brokering structure
that enabled the discovery of all the distributed data offers
to allow participants to successfully use the data ecosystem.
This, however, posed the risk of introducing some centrali-
zation as orchestration is needed. Further, the introduction
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of centralized elements, in the form of authoritative struc-
tures for participant authentication and transaction authori-
zation, highlighted a governance tension where the need
for simplicity may inadvertently steer ecosystems towards
centralization.

That is also a service, but that controls who is a partici-
pant in a federation and who is not. So, some authority,
deciding and controlling how the federation is com-
posed. And that is the central within the federation, the
central which governs and controls. (AE5 — Research
Fellow, Research Institute)

Organizational development activities created the organi-
zational fabric of data ecosystems, which is defined by the
roles and functions of the actors within and their mutual align-
ment, devoid of a definitive leader or governance model, focus-
ing instead on self-regulation. The necessity for roles such as
data providers, data consumers, and service providers emerged
from use cases, with each role bearing distinct responsibilities.

There are always use cases which strongly determine
which roles are necessary per use case. (MA1 — SVP
Digital Ecosystems, Internet Service Provider)

Large-scale ecosystems, like Auto-Eco and Mobility-Eco,
had to manage a more complex network of stakeholders,
while specialized ecosystems were simpler and relied more
on self-regulation. However, both recognized the potential
need for formalized governance structures as the ecosys-
tems grew, highlighting the tension between decentralized
governance models and the practical need for some level of
centralization.

Best practices that enhance the collective understand-
ing of functioning within data ecosystems were developed
as ecosystems evolved. These practices, born out of real-
world implementation and iterative learning, fed back into
the standards, enriching them.

We need to make sure that we standardize as many
data models, as many processes, that we ensure this
certainty [...], this reliability, this usage, that it really
reaches an official state. (AU5 — Product Owner, Auto-
motive OEM)

In large-scale ecosystems, best practices evolved to
ensure operational consistency across a wide range of par-
ticipants. In specialized ecosystems, best practices focused
on addressing industry-specific challenges, like regulatory
compliance in aerospace or maritime data management. It
also highlighted the strategic importance of early consensus
on architecture, which set a foundation for future interop-
erability and alignment with the ecosystem’s decentralized
governance principles. However, enforcing these developed
best practices in a decentralized setup became a frequently
mentioned issue.
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Technical and organizational standards were pivotal to these
ecosystems, acting as the backbone for integration and inter-
operability. The developed and adopted standards exemplified
the push towards open, neutral, and reliable frameworks that
are essential for decentralized governance. The decentralized
ethos was evident in the preference for neutrality in infrastruc-
ture and operation. Roles and responsibilities emerged organi-
cally from use cases without a predefined leader or governance
model. While this self-alignment was crucial to the ecosys-
tem’s functioning, it introduced complexity that necessitated
the later formalization of governance mechanisms.

Value co-creation opportunities

Data ecosystems must demonstrate their ability to forge clear
value-creation paths for all stakeholders.

Indirect value creation opportunities made up a signifi-
cant share of the use cases in the emergent phases of data eco-
systems. Use cases often focused on deriving benefits through
cost reduction and process enhancements enabled by shared
data. Large-scale ecosystems like Auto-Eco and Mobility-Eco
aimed to eliminate redundant processes and bureaucracy by
shifting from manual to digital, data-driven systems.

In the supply chain context, there is a high portion
of analog processes, manual tasks especially concern-
ing information exchange [...] (AUS — Product Owner,
Automotive OEM)

Specialized ecosystems, like Aero-Eco and Marine-Eco,
focused on improving process efficiencies in highly regu-
lated sectors, such as ensuring compliance or optimizing
data processing.

By collaborating, data ecosystem participants could
enhance and combine data, thus increasing its value. For col-
laboration to be consensual and successful, all participants
had to be clear about which data is exchanged, how exactly,
and with whom, and feel comfortable with the overall trans-
action. Consequently, data sovereignty and security in data
exchange played crucial roles in all value-creating activities.

[...] every participant in data sharing and the ecosystem
should feel certain that their data is always sovereign
and having full control over how the data is exchanged.
(MO1 - Technical Expert, Operating Company)

This transformation was elemental to the decentralized
ethos of the data ecosystem initiatives, emphasizing the
collective benefit and shared value creation over individual
gains. Realizing this freedom and preventing the mani-
festation of self-interest, decentralized architectures were
favored by ecosystem participants, as they formed the basis
for value co-creation and acted as a counterbalance to one-
sided power plays.

New revenue opportunities varied between large-scale
and specialized ecosystems. Large-scale ecosystems offered a
broader range of revenue models, including subscription-based
models, compensation for software development, and peer-to-
peer transactions for data exchange. In contrast, specialized
ecosystems like Aero-Eco and Marine-Eco focused on niche
revenue opportunities tied to specific industry needs. However,
incentivizing data sharing remained a debated topic within the
ecosystem, as it touched upon the governance tensions between
decentralized autonomy and the need for centralized mecha-
nisms to ensure fair compensation and economic viability.

When somebody offers their data, they are also incen-
tivized in return. Meaning when I give you data, I get
money from you. (AU3 — Head of Industry Business
Networks, Software Provider)

Operating and developing an ecosystem was not an end
in itself for the participating actors. Its continuance and
self-sufficiency must be at least secured. Subscription and
participation fees provided a business model opportunity
for operators and developers. The decentralized governance
model allowed participants to form peer-to-peer agreements
for use cases without reliance on a central authority. Such
models reflected the ecosystems’ aim to balance collabo-
rative value creation with individual actor empowerment,
navigating the inherent tensions between centralized control
and decentralized innovation.

Operationalization tension

The decentralized emergence led to mutual trust within the
data ecosystems based on the actors retaining data sover-
eignty. However, they also increased complexity as the eco-
systems evolved and grew. Thus, as data ecosystems transi-
tioned from conceptual frameworks to operational entities,
the gap between strategic ideals and the realities of imple-
mentation, an operationalization tension, became evident.
Governance fragmentation describes the issues result-
ing from increasing expansion through joining actors. The
initial open invitation to a diverse array of firms, including
competitors, set the stage for complex participatory chal-
lenges that drove a fragmentation of governance structures.
In ecosystems like Auto-Eco, where major industry players
converged, antitrust considerations and the exchange of
sensitive information necessitated a robust framework for
compliance and trust. Whenever data was exchanged, trust
in enforcing regulations and data sovereignty was required.

When I now share my data, I might share it with you.
But can I be certain that you do not forward it? (AU2
— Department Head Logistics, Research Institute)

Contracts became pivotal for ensuring data usage rights,
yet the essence of trust in decentralized ecosystems hinged
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on the belief in mutual adherence to these agreements.
Technical solutions, such as those inspired by blockchain-
based smart contracts implemented by Aero-Eco, sought
to enforce these contracts programmatically. However, the
reliance on open-source contributions and the inherent
participation costs raised questions about power dynamics
and decision-making transparency within the ecosystem.
A few companies dominated governance and development
decisions, creating a big player circle within the broader
participant community.

Operational complexity for ecosystem initiators
resulted from manifold challenges concerning the opera-
tionalization of the initiatives. Establishing governance
mechanisms that balance decision-making authority and
control was crucial yet nontrivial. The debates around the
operator model, whether to adopt an independent operator
to avoid bias and promote inclusivity, reflected the ten-
sions between centralization and the decentralized ethos.

Who is operating the data space? Ideally somebody
independent else half the participants are excluded
because they do not want to join. (MA1 — SVP Digi-
tal Ecosystems, Internet Service Provider)

Trust among competing participants, effective policy
enforcement, and the realization of data sovereignty were
foundational to the ecosystems’ success. Yet these goals
were challenged by the personal interests that surfaced
when formal governance structures were introduced.

[...] the moment you have control committees, the
moment you have presiding structures, that moment
it gets instantly personal. (AU4 — General Manager,
Technology Platform Provider)

The aspiration for a fully decentralized ecosystem often
clashed with the current organizational and technical read-
iness states, revealing a tendency to start with centralized
architectures. While data ecosystems aimed to evolve into
decentralized platforms, the transition from the centralized
starting point to a decentralized end state proved complex.
Thus, the quest for decentralization was often at odds with
immediate operational needs and the vested interests of
participants.

We cannot build this completely decentralized from
one day to the next because the customers are not
ready yet. (AU1 — Product Lead, Operating Company)

Centralized entities, such as the operating companies
in the Mobility-Eco ecosystem or the Auto-Eco ecosys-
tem, emerged as intermediaries to facilitate governance
and orchestration. This revealed the practical push towards
centralization that contrasts with the decentralized govern-
ance model advocated by the conceptual frameworks. While
large-scale and specialized ecosystems shared these patterns,
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the scale, complexity, and industry-specific focus of each
type influenced how these dynamics played out. The tension
between decentralization ideals and practical governance
and operational needs was a recurring theme across both
types, setting the stage for the governance trade-offs in the
subsequent phase of ecosystem evolution.

Diverging patterns of governance trade-offs

The data ecosystems initiatives engaged in a governance
trade-off to address the arising complexities that led to
operationalization tensions. Organizational approaches
diverged notably across the cases studied. Governance was
approached distinctively by the large-scale and specialized
data ecosystems despite all encouraging open ecosystem
participation by being receptive to new members. Charac-
terized by scaling and continued innovation activities, more
substantial governance trade-offs in the form of centralized
elements became apparent during the operationalization of
the large-scale data ecosystems. The conceptual design of
the operational data ecosystems addressed the complexities
materializing in the emergence phase but introduced ten-
sions with the decentralized ideal.

Data ecosystem operationalization of large-scale data
ecosystems

In its emergence, Mobility-Eco leaned towards a more cen-
tralized structure, while Auto-Eco favored a decentralized
model with a more even power distribution captured in a
newly established association. Nonetheless, both under-
scored the importance of transparency, employing certifi-
cation, formalized rules, and controls. The shift towards pro-
duction and the growing complexities led to the setup of a
centralized entity within Auto-Eco, moderating the initially
strongly decentralized ideal by establishing a federated form
of governance, which relied on decentralized and centralized
aspects. Already firmly in their scaling process, both mature
cases were equipped with federated governance approaches
where decentralized approaches were mediated with estab-
lished organizational approaches.

Developing an operating model was crucial for the data
ecosystems’ further development and scaling, as it detailed the
technical operation, governance structure, ownership, and over-
arching design. Mobility-Eco and Auto-Eco emerged from pub-
licly funded projects, where the founding actors laid the ground-
work for standards, business logic, and use case development.

That is essentially the workbench. That are the firms,
they have weekly workshops, there are features
defined, there are use cases developed, which uses
cases are actually pursued and how does that work,
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how does the business logic behind that work, which
standards are needed. (AU3 — Head of Industry Busi-
ness Networks, Software Provider)

The project organizations frequently took on a governance
role, standardizing processes and certifying components and
participants, often through focus committees representing a
microcosm of the broader ecosystem. For instance, Auto-
Eco initiated a governance body early to ensure longevity
beyond public funding.

We started now with [operating company] for the Ger-
man market, but later, the idea is to have one operat-
ing unit and one association for each market. And of
course, you need someone to drive that in the new mar-
kets, but I don’t care if that is a company, like [Auto-
motive OEM], or an industrial association. (AU10 —
Head of Digital Production, Automotive OEM)

Both Auto-Eco and Mobility-Eco established infrastruc-
ture operating units, with Auto-Eco envisioning multiple
units aligned with its decentralized structure and Mobility-
Eco distributing ownership across firms. The ownership and
control of legal entities like governance bodies and operating
units often fell under a conglomerate of actors, setting the
stage for the respective ecosystem’s governance model.

Establishing governance mechanisms was pivotal for
steering the ecosystem’s progress, delineating boundaries,
and instituting rules and sanctions. The degree of openness
in governance participation was critical, as it determines
who can influence the ecosystem’s evolution. This open-
ness shifted over time, e.g., from exclusively funded project
beneficiaries to a more open dedicated governance body. For
decentralized ecosystems like Auto-Eco, balancing power to
avoid monopolies in operation was paramount. Reaching a
power balance and reducing the possibility of monopolies,
especially in the data ecosystem’s operation, were favored.

What a power would this one operating company have?
And to distribute this among multiple shoulders is
quite sensible. Else we are there, where we currently
are with the hyperscalers. (AU2 — Department Head
Logistics, Research Institute)

While not all ecosystem members could directly participate
in establishing all governance mechanisms, technical compo-
nents like open-source dataspace connectors and self-sover-
eign identities ensured some degree of influence on technical
standards, aligning with a decentralized or federated govern-
ance ideal. The formalization and extent of governance mech-
anisms were defined and set up in the early phases but con-
tinued to evolve. Generally, contractual agreements defined
governance participation and sanctions for deviation.

As the large-scale data ecosystems matured from public-
funded projects to self-sustaining entities, a strategic shift

towards a more centralized operating model became evident.
This shift addressed the need for structured governance and
coherent direction, reconciling the initial openness with the
practicalities of operation. A centralized governance body
emerged with the authority to direct and standardize pro-
cesses and sanction deviations, while balancing power to
prevent monopolistic tendencies. During their inception,
ecosystems like Auto-Eco and Mobility-Eco embraced open
participation, fostering diversity and power balance.

We try to represent a broad spectrum with the diversi-
fication of participants. (AUS — Product Owner, Auto-
motive OEM)

However, as they matured, the reliance on a more cen-
tralized operating company reflected the operational neces-
sity for a structured approach while striving to maintain the
decentralized vision through open-source contributions and
governance structures. Such an orchestrator enabled sustained
operation beyond the volatility of funding cycles, ensuring the
ecosystem’s evolution through formalized control structures.
The decentralized ethos was maintained organizationally by
including multiple entities in the governance body and techni-
cally through open-source contributions and technical govern-
ance measures such as self-sovereign identities.

Data ecosystem operationalization of specialized data
ecosystems

The specialized data ecosystem cases, Marine-Eco and
Aero-Eco, were marked by informal structures and self-regu-
lation, with an apparent inclination towards decentralization
and equitable power sharing. However, they also presented
more emergent cases of data ecosystem initiatives. Further
evolution of the ecosystems will show how they will imple-
ment fair governance and evolve in the post-project stage.
A transition akin to the mature cases may unfold as they
progress to production.

Their development of an operating model was influ-
enced by the idea of equitable distribution of power and
decentralization within the ecosystem. In the case of Aero-
Eco, its decentralized infrastructure had a significant influ-
ence on how the operating model was structured.

I would say we are mainly a technology provider, but
also, due to the way our technology is structured—
specifically with this decentralized aspect—we are
shaping how they will think about it in the end. Our
technology is more decentralized than other applica-
tions. (AE7 — Software Engineer, IT Startup)

However, the decentralized ideals presented challenges
when establishing governance mechanisms. The spe-
cialized data ecosystems oscillated between maintaining
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decentralized principles and introducing more centralized
management to ensure alignment and operational efficiency.

Whether you build a closed ecosystem within the con-
sortium for the big players, or you build an open eco-
system with the goal of creating an entirely new data
economy where everyone can participate, that’s the
subtle but significant difference in mentality. (AE7 —
Software Engineer, IT Startup)

In Marine-Eco, the governance structure included entities
responsible for defining governance rules, such as what data
can enter the ecosystem.

Someone must be there, and of course, that someone
can also be a legal entity, who says, ‘Hey, I am the one
who represents this data space, and I also define the
governance rules for this data space.” So, what comes
in, what doesn't come in? (MA1 — SVP Digital Eco-
systems, Internet Service Provider)

Ensuring integrity within these ecosystems was critical.
In Aero-Eco, for instance, extensive due diligence was car-
ried out to guarantee that participants in the ecosystem were
trustworthy. If malicious activity is detected, the ecosystem
can trace it back to the company responsible and take cor-
rective actions.

Dissemination and evolution of large-scale data ecosystem

The conceptualized operational structures were then imple-
mented within the scaling and innovation activities of the
ecosystem. This expansion was propelled by the integration
of new actors and partners and the execution of go-to-mar-
ket strategies for the solutions crafted within the ecosystem,
all contributing to the formation of a widespread network.
Long-term scaling strategies ensured the overall progres-
sion of the ecosystem. Scaling the data ecosystems pre-
sented a complex endeavor where the decentralized ideal
often encounters practical tensions, for example, around
issues of mutual trust, equality, and data sovereignty. These
principles were fundamental to the ecosystems’ integrity
and sustainability but could conflict with the pragmatic
needs of expansion and integration of new actors.
Go-to-market activities became pivotal in expanding
the network and championing solutions developed within
as data ecosystems transition from emergence to scaling.
These activities often leveraged existing B2B relationships
established by consortium members to promote the ecosys-
tem within the industry. Industry-specific events and trade
fairs served as platforms for introducing the ecosystem to
a diverse audience, from large firms to SMEs. Targeted
approaches for SMEs addressed potential perceptions of
data ecosystems being tailored to the interests of “big
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players.” It ensured that the value proposition resonated
across the board, including addressing SMEs’ unique chal-
lenges and contributions within sectors like the automotive
industry and keeping the entry barriers for SMEs as low
as possible, for example, through providing open-source
software or simple integration into existing ERP (enter-
prise resource planning) systems.

That means low barriers to entry, making this
software open-source and available for use, free
of charge, not requiring major expenditure, which
means using existing ERP systems, for example.
Everything is important to keep the barriers low for
SMEs. (AUS — Product Owner, Automotive OEM)

Further, the actors that develop software solutions for
the ecosystems used their existing distribution structure
as go-to-market channels for their data ecosystem solu-
tions. This was mainly relevant for existing customers who
already use software solutions from the same provider.
For example, one software provider offering ERP software
components offered additional solutions for supply chain
transparency based on Auto-Eco.

We have our usual distribution structures. So that
means we surely also cooperate with our sales crew.
Naturally, they approach existing customers. (AU3
— Head of Industry Business Networks, Software
Provider)

A deliberate scaling strategy was essential for the steady
growth and maturation of the ecosystems. Initially, growth was
mainly confined within the boundaries of funded projects with
a select group of partners. However, opening up to new part-
ners was recognized as necessary to foster a decentralized net-
work’s value, which is directly related to its participant count.

That is the way with networks, especially in a decen-
tralized organization, the value is determined by the
number of participants. (AU7 — Principal Project
Manager, IT Consultancy)

Using partners already established in a market segment
allowed scaling operations more efficiently by leveraging
their existing reputation and business relationships, includ-
ing applying some contractual force to push suppliers into
the data ecosystem.

It is, of course, also an option to contractually encour-
age companies to join the ecosystem through supplier
agreements and terms and conditions. (AU10 — Head
of Digital Production, Automotive OEM)

The development and standardization of infrastructure
components within one ecosystem and their contribution to
broader standardization initiatives can lowered entry bar-
riers and, thus, further aided scaling efforts. Nevertheless,
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this development often revealed a centralization of influ-
ence, with the evolution of components such as open-source
data space connectors being dominated by a few large firms.
Despite the open-source nature intended to support a decen-
tralized model, the actual development reflected a concentra-
tion of control due to the limited diversity of contributors.

Dissemination and evolution of specialized data ecosystem

For the specialized data ecosystems, scaling strategies relied
more heavily on securing tactical partnerships to enable
growth. Unlike large-scale data ecosystems, which could
leverage their size and pre-existing relationships to scale, the
specialized ecosystems focused on attracting core partners
who brought strategic value to the ecosystem.

Go-to-market activities for these ecosystems often
included traditional dissemination methods, such as trade
fairs, technical presentations, and conferences, where the
existing ecosystem actors tried to convey their ecosystem’s
values and benefits.

‘We use the traditional methods of dissemination, such
as presence at trade fairs, demonstrations at the fairs,
and technical presentations at conferences. (AE1 —
Project Manager, Aerospace Research Institute)

Both specialized data ecosystems emphasized a scaling strat-
egy centered around the scalability of their use cases within the
ecosystems. As more use cases emerged, the platform attracted
further participation, thereby increasing the ecosystem’s scale
and reach. To achieve this, the ecosystems focused on attracting
key partners that bring strategic value to the ecosystem.

We ensure scaling by selecting tactical partners that
have strategic contributions to the ecosystem, like
[companies A and B] for wind turbines and for energy
data. (MA1 — SVP Digital Ecosystems, Internet Ser-
vice Provider)

The transition from a funded project to an independent,
self-sustaining entity was regarded as the key to the long-
term success of the specialized data ecosystems. The ability
to attract more partners over time through low barriers of entry
and scalable infrastructure was pushed to ensure the necessary
continued growth to move towards this self-sustaining state.

Managing the governance trade-off

Overall, these scaling efforts reflected the ecosystems’ prac-
tical adaptation to the interplay between their decentralized
vision and market and industry dynamics realities. As the eco-
systems grew, they encountered operationalization challenges
that necessitated some degree of centralization to manage
complexity and orchestrate the scaling of the ecosystem

initiative. The goal was to nurture an ecosystem that upholds
the core values of decentralization while accommodating its
participants’ diverse and sometimes competing interests. The
data ecosystems had to balance the influence of large, estab-
lished firms with the decentralized ideals that underpin the
ecosystem’s ethos. The dynamics of open-source development
in these ecosystems illustrate this tension. While open-source
software is inherently decentralized, the practical contributions
were often centralized among a few dominant industry players
who were able to afford to let employees spend time on the
development. This centralization can dilute the ecosystem’s
decentralized nature, as the resources and interests of these
major contributors steer the majority of development.

The trade-off was explicit for the development and
enforcement of standards. The standards supported the
decentralized ethos and were developed through working
groups and committees. However, their enforcement within
and dissemination beyond the ecosystem often required a
more centralized authority, as seen in the formation of gov-
ernance bodies and operating units within entities like Auto-
Eco and Mobility-Eco. Thus, while the ecosystems aspired
to a decentralized model promoting data sharing and open
participation, they had to navigate the centralization-decen-
tralization trade-off to operationalize effectively. The prag-
matic shift towards a structured approach to manage gov-
ernance, orchestrate participant interactions, and maintain
system integrity brought about a drift towards centralization,
even within fundamentally decentralized frameworks. This
evolution reflected the ecosystems’ adaptations to the com-
plexity of coordinating a diverse and dynamic network while
maintaining the core principles of the decentralized vision.

Discussion

Our study addresses the emerging tension between the ideal
of decentralization in data ecosystems and the operational
drift toward centralization due to increasing complexity.
Despite the recognized value of decentralization for pro-
moting equity, transparency, and mutual trust (Beverungen
et al., 2022; Otto & Jarke, 2019; Scheider et al., 2023), the
operational realities often necessitate a trade-off towards
more centralized governance structures to manage complex-
ity (Chen et al., 2022; Wareham et al., 2014). This research
shows how data ecosystems emerge through and with decen-
tralized ideals. With growing complexity, organizational
tensions arise that are mitigated by governance trade-offs
and lead to a federated governance approach that balances
the decentralization-centralization continuum. The results
provide insights into the dynamics of maintaining decen-
tralization principles amid growing complexities, thus con-
tributing to understanding governance structures in evolving
data ecosystems.
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Processual structure
of the centralization-decentralization trade-off

The inductive analysis of the multiple-case study allows us
to conceptualize the evolutionary mechanisms of innovation,
adoption, and scaling for digital infrastructures in a data
ecosystem context (Henfridsson & Bygstad, 2013). Early
research on data spaces developed through the IDS standard,
which acts as the technical foundation for the researched
data ecosystems, conceptualized them as an alliance-based
multi-sided data platform that starts its evolutionary trajec-
tory through the adoption mechanisms and then progresses
to innovation and scaling activities (Otto & Jarke, 2019).
Our research extends these insights to more mature phases
of data ecosystems, which are further along their evolution-
ary path, and shows the specific dimensions relevant to the
evolutionary mechanisms.

The results reveal a processual structure depicted in Fig. 3
that underscores the emergence of data ecosystems propelled
by a vision of decentralization. Initially, the formation of
these ecosystems is marked by a collective drive towards
this decentralized ideal, laying the groundwork for creating
technical and organizational standards alongside identifying
collaborative opportunities for value creation. Project con-
sortia play a pivotal role in fostering early adoption within
their networks and spearheading innovations. Within the
early innovation phases, the identification and development
of value co-creation opportunities interact with the develop-
ment of technical and organizational standards by creating
requirements that are then addressed and adopted through
the standards. Further, the standards are often instantiated
through specific use cases.

As these initiatives progress to operationalizing data
ecosystems for production and scalability, they encounter
operationalization tensions. These tensions stem from the
need to balance the decentralized ethos with the practical
necessities of centralized orchestration that addresses the
growing complexity (Parker et al., 2017; Gawer, 2014).
The step towards operationalization inadvertently softens
the decentralized ideal, with the emergent operating models
creating a drift towards more centralized structures. Despite
technical features, such as self-sovereign identity, that
inherently resist centralization within the data ecosystem,
the practical realization of establishing operating units and
other organizational facets creates a discrepancy between
the aspiration for a decentralized operating model and the
actual implementation. This highlights an underlying tension
between the inherent technical characteristics that support
decentralization and the organizational strategies required
for the data ecosystems to function effectively.

The setup of an operating model and governance mecha-
nisms drives the efforts to disseminate and evolve the data
ecosystem, which acts as an innovation and scaling mecha-
nism. Both dimensions also interact. For example, the setup
of a robust operating model helps scale the ecosystem
through onboarding new partners. These new partners must
then be governed, leading to governance mechanisms suit-
able for the initial alliance members and a wide range of
potential ecosystem actors.

In contrasting large-scale data ecosystems, Auto-Eco and
Mobility-Eco, with specialized data ecosystems, Marine-
Eco and Aero-Eco, a clear differentiation emerges across
the processual structure. During the decentralized emer-
gence phase, complex data ecosystems are driven by broad,
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ambitious ideation that centers on establishing a democ-
ratized, sovereign data-sharing environment. In special-
ized data ecosystems, the emergence is more restrained,
focusing on utilizing existing standards for a select number
of use cases. As these ecosystems grow in complexity and
orchestration effort, complex data ecosystems often show
a growing disparity between their decentralized ideals and
the operational reality. This leads to a more significant
drift toward organizational centralization to facilitate scal-
ing. Specialized data ecosystems address these challenges
through technological means and rely on self-regulation and
informal structures, resulting in a smaller drift from their
initial decentralized stance and keeping close to the original
concept of decentralized data exchange.

As data ecosystems are a nascent practical phenomenon,
research on their emergence and evolution is still scarce,
especially considering how structure and governance evolve
(Kari et al., 2025; Oliveira et al., 2019). We show that the
tenets and roles of decentralized governance of data eco-
systems change over time. While the decentralized tenet
acts as an emergence driver and is crucial for creating a
shared vision in the adoption phase through working groups,
committees, and similar efforts (Otto & Jarke, 2019), the
more mature data ecosystem initiatives do not rely upon full
decentralization to innovate and scale the platform as the
increasing complexity of the ecosystems requires careful
orchestration.

Decentralized governance in data ecosystems faces
challenges as they grow more complex (Beverungen et al.,
2022). Balancing the ideals of decentralization with the
practical need for some central control and orchestration is
a delicate act, leading to data ecosystem initiatives manag-
ing a centralization-decentralization trade-off. Technological
measures like self-sovereign identities and the decision to
develop the data space connector as an open-source project
reflect a commitment to distributed power. However, creat-
ing centralized units within these ecosystems can streamline
operations and foster innovation and scaling. This echoes
findings in blockchain research, where a mix of central and
decentralized governance often works best (Chen et al.,
2021). Likewise, the governance of communal resources,
such as open-source projects, benefits from a polycentric
approach (Ostrom, 2010). This setup allows multiple inde-
pendent participants to coordinate and govern themselves
within a shared framework of rules, leading to ecosystems
that serve individual interests and contribute to the collec-
tive good (Mindel et al., 2018). Such polycentric governance
practices allow the effective steering of the development
of an ecosystem where participants also contribute to the
development of a wider good and not only their individual
benefits, echoing the ideals of the studied data ecosystem
initiatives.

Theoretical and practical implications

Our study advances the theoretical understanding of data
ecosystems by addressing the underexplored dynamic
between decentralized ideals and the pressures toward cen-
tralization that emerge as ecosystems mature. Building on
prior research that primarily focuses on the foundational
stages of data ecosystems (Gelhaar & Otto, 2020; Oliveira
et al., 2019), our contribution to a more nuanced, proces-
sual understanding of how governance configurations adapt
across different phases of ecosystem evolution is threefold.

First, our findings reinforce and extend the notion of
data ecosystems as complex socio-technical arrangements
(Moller et al., 2024; Otto & Jarke, 2019), showing that
governance tensions are not static but evolve as ecosys-
tems scale and operationalize. In doing so, we contribute to
recent efforts to theorize data spaces as meta-organizations
(Guggenberger et al., 2025) or network-driven platform
ecosystems (Kari et al., 2025). These perspectives concep-
tualize ecosystems as configurations of multiple, legally
autonomous stakeholders that require a negotiated and
evolving governance logic. Our study adds to this view by
empirically identifying how different ecosystems transition
between decentralized and centralized governance, depend-
ing on their strategic objectives, participant diversity, and
technological maturity.

Second, we extend Kari et al.’s (2025) conceptual distinc-
tion between inner and outer governance of the data ecosys-
tem by showing how these layers of governance can shift
in emphasis during the evolution of an ecosystem. While
early-stage ecosystems may emphasize inclusive, participa-
tory governance mechanisms to foster legitimacy and trust
(O'Mahony & Karp, 2022), our study illustrates that matur-
ing ecosystems often require new roles and institutions, such
as operating companies or app-store-like intermediaries,
that reintroduce hierarchy and control (Beverungen et al.,
2022). These shifts demonstrate how ecosystems may need
to engage in a trade-off to reconcile conflicting logics: a
decentralized structure that promotes fairness and autonomy
and a centralized setup that enhances operational viability
and scalability.

Third, our findings contribute to a growing literature on
platform governance and data sharing (Bodendorf & Bayr,
2025; Fassnacht et al., 2024) by demonstrating that introduc-
ing central governance roles is not merely a departure from
full decentralization but often a strategic necessity to cope
with increasing inter-organizational complexity and man-
age uncertainty. This complements recent work that high-
lights how organizational structures and network dynamics
co-evolve with data-sharing practices and shows that gov-
ernance flexibility is not only a managerial challenge but a
theoretical lens through which to view ecosystem resilience
and adaptability (Fassnacht et al., 2024).
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From a practical perspective, our findings offer guidance
for organizations building and managing data ecosystems.
As ecosystems evolve, governance should not be seen as
a static blueprint but as a dynamic capability. Practition-
ers should deliberately design governance frameworks that
allow for flexibility and gradual transitions. This includes
building mechanisms that enable role evolution, decision-
making adjustments, and introducing orchestration functions
without compromising the ecosystem’s foundational ideals
of decentralization and trust.

Notably, the governance mechanisms should be aligned
with the ecosystem’s ambition and the scope of its use cases.
Ecosystems with broader and more heterogeneous objec-
tives will likely need more formal coordination structures,
whereas more focused initiatives may rely on lightweight,
goal-oriented governance models. Across both, early efforts
to foster legitimacy by increasing participation through
inclusive boards or transparent decision-making are crucial
to sustain engagement and mitigate future conflicts.

Finally, organizations should treat shared standards and
infrastructure as technical enablers and strategic tools for
preserving decentralization at scale. Investments in reusable
services, common frameworks, and usage policies can sup-
port interoperability and trust even as the ecosystem grows
more complex and necessitates more central orchestration.
In this way, governance becomes a key driver of long-term
sustainability and collective value creation.

Limitations and future research

Our study acknowledges the inherently evolving nature of
data ecosystems, which presents certain limitations. Firstly,
the dynamism within these ecosystems implies that the
derived governance patterns and configurations are subject
to continuous change. Therefore, while our findings provide
a snapshot, they may only capture part of the trajectory of
data ecosystem evolution. Secondly, our data sample focuses
on initial members of the data ecosystem initiatives and thus
includes a large number of IT and software organizations.
A larger sample of manufacturing organizations, especially
SMEs, might be needed to create better generalizability of
our findings for companies that share and use data in the
ecosystems rather than developing components for it.
Future research should focus on a longitudinal analysis to
derive patterns and configurations of governance modes and
operating models across a broader range of data ecosystem ini-
tiatives. While our qualitative approach allows for an in-depth
exploration of complex phenomena, quantitative investigations
that dissect the development process of large numbers of data
ecosystem initiatives will be crucial to verify the results and
create a more detailed understanding of their governance struc-
tures and operational models. Moreover, future research could
draw on the emerging literature on business models in data
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ecosystems (Ammann & Hess, 2025) to investigate the impact
of governance setups and changes on the business models of
ecosystem actors. Combining these dimensions could offer
deeper insights into how specific governance decisions not
only influence the development and operation of data ecosys-
tems but also the strategies and business models of participat-
ing actors (O'Mahony & Karp, 2022).

Conclusion

Our study sheds light on the transformative journey of data
ecosystems as they evolve from decentralized, ideal-driven
models to structured governance approaches that balance
a trade-off between centralization and decentralization. By
conducting a multi-case analysis across different sectors, we
identify critical dimensions that influence the governance of
emerging data ecosystems. We observe the tension between
maintaining the decentralized ideals of equality, trust, and
autonomy and the operational necessities imposed by the
increasing complexity of these systems. Despite the com-
plexities and challenges encountered as ecosystems mature,
the adaptability of governance models indicates a vibrant
future where a balance between centralization and decen-
tralization can be achieved. By integrating insights from
multiple cases, this research underpins the importance of
adaptive governance structures that can withstand the test
of time and scale. The positive trajectory of data ecosystems
suggests that with continued attention to their evolving gov-
ernance needs, they can effectively support the democratiza-
tion of data, drive sustainable growth, and spur new waves
of digital innovation.
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