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ABSTRACT

Data sharing and reuse are increasingly recognized as key drivers
of innovation, efficiency, and collaboration across domains. Data
ecosystems (DEs) provide a framework for enabling such value
creation, but their inherent complexity, spanning technical, organi-
zational, and social dimensions, makes them difficult to understand
and implement effectively.

This research addresses these challenges by developing a model
that draws from a life cycle modeling approach and is informed
by domain-specific experiences from supply chain and scientific
research use cases. The model captures the key stages of data shar-
ing in data ecosystems, such as data selection, preparation, and
indexing. For each use case, the steps are described in terms of
the involved tasks, roles, actors, requirements, and needs, enabling
a structured view of how data sharing unfolds across technical
and organizational boundaries in practice. This perspective aims
to support both the understanding and purposeful design of data
ecosystems with a specific focus on the processes they are intended
to facilitate.

The application of the life cycle modeling approach will be evalu-
ated based on its usefulness in analyzing and supporting real-world
data sharing processes. Prototype tools will be developed to address
specific, recurring challenges observed in selected stages of the data
sharing life cycle, such as data preparation and analysis, and will be
evaluated based on their relevance to practitioner needs and their
contribution to the success of the respective life cycle stage.

Through this work, the project aims to respectively contribute
to, and bridge the gap between, conceptual understanding and
practical implementation, supporting the development of value-
creating, scalable data ecosystems.
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1 INTRODUCTION

As the amount of data in organizations continues to grow, so does
the volume of data that remains unused or siloed. There is an in-
creasing interest in unsiloing, sharing, and (re-)using this data.
Combining data from different sources, especially those not previ-
ously considered together, can lead to new insights, to improved
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products and processes, and to deeper and more nuanced knowl-
edge.

The research of the Cluster of Excellence project “Internet of
Production”! highlights two domains where relevant use cases of
data sharing can be found.

The first is the domain of industrial production, which is the
main focus of the “Internet of Production” project. We take supply
chains as an example. Supply chains are susceptible to disruptions,
as shown during the Covid-19 pandemic. The ability to respond
more effectively to such events could be improved if companies
shared real-time information about the status of deliveries and
goods in transit [17].

The second domain is the academic context itself. Widely sup-
ported by research funders and institutions, there is a growing
interest, and mandates, in making science and research data more
open and reusable. When insights are shared, they can complement,
validate, or add to each other, and thus deepen existing, or generate
new, knowledge.

While the potential benefits and use cases of data sharing are
rather apparent, establishing data sharing is not trivial in practice.
Many questions arise: What are the incentives for sharing data for
data providers? How can potential data users find out what kind of
data is available for reuse? How can privacy and data ownership
be preserved, especially for sensitvie data? How can companies
share certain information without exposing business-critical de-
tails? What kind of infrastructure is required to handle the sharing
of very large amounts of data? Is the data that is shared compre-
hensible for both humans and machines?

Such environments centered around data sharing have been
coined in the literature with the term data ecosystem (DE) [14]. DEs
are highly complex, entailing both social and technical components,
which interact with and influence each other. To make DEs work
effectively, we need a better understanding of DEs in general, and
how they can be purposefully designed, adapted, and operated.

Current research on DEs follows, among others, the subsequent
three directions [19]:

The first direction revolves around creating a better understand-
ing of DEs. The works focus on developing theories and models.
The second direction studies use cases, including value creation in
DEs and exploring domain-specific characteristics. The third direc-
tion revolves around DE management and engineering, addressing
topics such as security and data integration.

While valuable work exists in all three areas, there are still gaps.
Some models are outdated or focus too narrowly on specific as-
pects. Generic approaches are often too abstract for real-world use,
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while practical solutions sometimes lack generalizability or a solid
conceptual foundation.

This PhD project addresses these gaps by applying a structured
life cycle modeling approach to data sharing in data ecosystems,
grounded in both modeling literature and real-world use cases from
supply chains and scientific research. It focuses on concrete steps
such as data selection, preparation, indexing, and exchange, along
with the associated actors, their requirements, and the organiza-
tional and technical contexts. Based on this foundation, targeted
tools will be developed to address challenges in these stages. The
following section positions this approach within the existing body
of research.

2 RELATED WORK

DE models. DEs are highly complex, socio-technical systems in-
volving a wide range of actors, technologies, and organizational
processes. Several modeling approaches have been proposed to
better understand and structure this complexity. For example, [15]
have introduced a meta-model that describes the core elements of
DEs, including actors, roles, resources, and relationships. Gelhaar
et al. have contributed to the conceptual understanding of DEs
through multiple works: analyzing how DEs emerge [10], develop-
ing a taxonomy of DEs [9], and examining relationships in DEs [8].
The International Data Spaces Associaton® has drafted a reference
architecture describing sovereign data exchange between industrial
partners [16]. Game-theoretic models have also been explored to
describe data pricing in data markets, modeling data as economic
goods [3]. A recent work with a life cycle modeling approach de-
scribes socio-technical processes in terms of sequential steps, roles,
and requirements [6]. Although originally developed for knowledge
graph ecosystems, it offers a transferable perspective that may also
be applied to processes in data ecosystems.

Applied perspectives on DEs. Various application areas reflect
distinct requirements and dynamics. [1] and [4] have studied data
sharing practices between businesses, highlighting both enablers
and barriers to collaboration. In the context of public administration,
[21] and [13] have examined how DEs can support data-driven
governance and public administration. [5] have investigated the
development of a mobility data space, focusing on the challenges
of cross-provider data integration in transportation systems. [20]
have contributed insights into the structure and governance of DEs
in industrial settings.

DE management and engineering. Another important area of re-
search addresses the enabling of DEs through appropriate manage-
ment and the engineering of DE solutions. Several works research
semantic interoperability [2, 22]. Other works focus on data inte-
gration [11] and analysis across distributed systems [22]. Further
works address the need for cross-organizational transparency and
data quality [7, 12]. Finally, [18] have examined DE governance
from an ethical standpoint, considering issues such as fairness and
accountability.

Despite the breadth of existing models and overviews of DEs,
the models are too abstract to be applied to real-world scenarios,
are not up-to-date, or focus only on certain aspects. Conversely,
domain-specific studies sometimes lack broader applicability or
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Figure 1: Data sharing life cycle with associated elements
and tool support.

theoretical grounding. Practical tools and methodologies that sup-
port the operationalization of DE concepts in concrete settings are
still scarce. There is a need for research that provides actionable
process models, grounded in representative use cases, capable of
guiding the analysis, design, and implementation of key operational
processes in data ecosystems.

3 RESEARCH OBJECTIVES AND QUESTIONS

The objectives of the PhD project are structured around the follow-
ing research questions.

RQ1: How can the steps and conditions of data sharing processes
in data ecosystems be modeled to support their implementation?

This question focuses on adapting and applying an existing life
cycle meta-model to describe the structure of data sharing processes.
The aim is to identify typical steps (e.g., data selection, preparation,
exchange), define their dependencies, and capture relevant actors,
roles, tasks, and conditions under which these steps take place.

RQ2: What challenges arise in the data preparation stage, and how
can they be addressed through targeted support?

Data preparation is a recurring bottleneck in data sharing. This
question aims to analyze technical and organizational challenges
observed in real-world settings and to develop tools that are cus-
tomized for meeting the requirements of the involved actors and
for effectively contributing to the success of this step.

RQ3: What challenges arise in the joint analysis and exchange
stage, and how can they be addressed through targeted supported?

This question focuses on identifying the requirements, con-
straints, and coordination needs involved specifically in the analysis
and exchange of data across organizations. Based on this under-
standing, tools or methods will be identified and developed to sup-
port the overall execution of this life cycle step.

Figure 1 summarizes the life cycle model, the associated elements,
and the targeted tool support. The following section outlines the
methodology used to address these research questions.

4 METHODOLOGY

The methodological approach is divided into two main parts: first,
the application of a life cycle modeling framework to describe and
analyze data sharing processes in selected use cases; second, using
these models to guide the development of tools that address specific
challenges within individual life cycle stages.

In the first part of the methodology, we apply an existing life cycle
modeling framework [6]. While originally developed for knowledge
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graph ecosystems, we adapt this framework to the context of DEs,
focusing specifically on the life cycle of data sharing.

Modeling is carried out directly on two representative use cases:
one from the domain of industrial supply chains, focusing on joint
KPI calculation, and one from scientific research, focusing on data
sharing for collaborative research. For each case, we identify the rel-
evant steps in the data sharing process such as data selection, prepa-
ration, indexing, analysis, and exchange, and describe them using
the elements provided by the life cycle framework. This structured
representation supports the analysis of dependencies, bottlenecks,
and coordination needs across actors and organizations.

For modeling the elements characterizing each step, we consider
different modeling languages, such as UML or i* to model actors
and their goals and needs, or Business Process Model and Notation
for modeling roles and tasks.

In the second part of the methodology, the life cycle models de-
veloped for the two use cases are used to identify specific technical
and organizational challenges in the data sharing process.

To prioritize areas for tool support, tasks within each step are
examined with respect to their complexity, frequency, and relevance
across both use cases. Particular attention is given to activities
that require substantial manual effort, involve cross-organizational
infrastructure, or depend on specialized knowledge. Based on this
analysis, and following a design science research methodology,
prototype tools are developed for selected steps in the data sharing
life cycle. These include, for example, support for standardized data
annotation, development of cross-organizational data catalogs, and
distributed analysis.

The development of the tools follows an iterative process aimed
at aligning functionality with the specific needs and constraints
identified during the first part of the research.

The following section outlines the evaluation strategy used to
assess the developed models and tools.

5 EVALUATION

The evaluation of this work is structured along three dimensions:
applicability, actionability, and usefulness.

Applicability examines whether the life cycle model can be ef-
fectively applied to diverse use cases. The evaluation will assess
whether the model captures relevant steps, roles, and dependencies
in actual use cases. This will be conducted by applying the frame-
work to the two use cases from the domains of supply chains and
scientific research. It will be further explored whether the model
can be adapted to other domains or life cycles such as data reuse.

Actionability assesses whether the modeling outputs provide
practical guidance for system developers and decision-makers. Eval-
uation will focus on whether the models offer clear guidance for
designing and organizing data sharing processes. This will be done
through structured feedback sessions with domain experts and prac-
titioners who will assess the clarity and usefulness of the models
for guiding real decisions.

Usefulness evaluates the effectiveness of the developed tools in
supporting selected life cycle steps. This includes their relevance
to practitioner needs, their potential to reduce manual effort, and
their support for coordination tasks. Tools will be tested through

task-based evaluations and interviews with practitioners involved
in the use cases.

Together, these evaluation activities aim to assess whether the
modeling approach and tools are transferable, practically informa-
tive, and effective in supporting data sharing processes in real-world
settings.

6 CONCLUSION

The research of this PhD project aims to advance the understanding
and practical implementation of data ecosystems by applying a life
cycle modeling approach to real-world data sharing use cases and
developing tools to support selected process steps. By combining a
use case—driven modeling approach with design science research,
the project aims to contribute to advancement in both the concep-
tual understanding and practical operationalization of DEs. The
planned evaluation ensures that the outcomes are applicable and
transferable to different domains, provide a practical guide for DE
implementation, and effectively support data sharing. Ultimately,
the project seeks to contribute to more efficient, value-creating, and
scalable data sharing practices across organizations.
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