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Abstract. Data spaces are receiving an emerging interest in Information Systems
Research and industry practice. They are central to many European research ini-
tiatives and shape the data economy in Industry 4.0. Generally, they aim to create
secure environments for cross-organizational data management and sharing. Cur-
rently, there is considerable interest in developing new data spaces in Industry
4.0, also accelerated through regulatory changes. However, key questions about
what precisely characterizes a data space in Industry 4.0 remain unresolved.
Against this backdrop, we build a taxonomy of data spaces in the Industry 4.0
context. We identified nine distinctive dimensions and 40 corresponding charac-
teristics among the 19 data spaces analyzed. The taxonomy enables clearer clas-
sification and nomenclature of data spaces in this context. This short paper will
ignite planned further research on data spaces in Industry 4.0 and contribute to a
conceptualization of a taxonomic theory for interested researchers.
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1 Introduction and Problem Statement

In today’s interconnected world, data and data ecosystems are essential enablers of
digital innovation. This is particularly true for the industrial sector, where the concept
of Industry 4.0 has emerged. Industry 4.0 is defined by the real-time synchronization
of information flows and the ability to produce more personalized, smart products [1].
Effective data handling and exchange across organizational boundaries are central to
this development, yet they present considerable challenges. Transparency, monitoring
of indirect suppliers, regulations, and enhanced collaboration are all key requirements
that organizations increasingly face [2, 3].

To address these challenges, industrial data ecosystems are emerging. Within them,
data spaces facilitate secure, cross-organizational data sharing while preserving data
sovereignty. According to Moller et al. [3], data spaces are inter-organizational infor-



mation systems that implement both technical and organizational mechanisms to sup-
port trusted data exchange. They also play an intermediary role, helping companies
collaborate without losing control of proprietary information. From a technical stand-
point, data spaces are decentralized, do not rely on a shared database, are nested and
overlapping, and support data redundancy. These characteristics align well with the
distributed and even more data-driven nature of Industry 4.0. Furthermore, data spaces
promote interoperability and standardization, allowing systems across organizations to
integrate efficiently and operate seamlessly [4, 5]. Moreover, data spaces enable open
innovation by allowing businesses to co-develop products, optimize processes, and re-
spond quickly to market demands from an economic standpoint. Access to real-time,
high-quality data allows for better strategic decision-making, enabling companies to
refine production workflows, improve product quality, and gain a competitive ad-
vantage [6]. Despite their potential, data spaces also raise concerns, particularly around
data security and privacy. These concerns can hinder trust among participating entities.
Therefore, strong governance frameworks, technical standards, and access controls are
critical to ensuring secure and ethical data sharing [4].

While the concept of data spaces has been increasingly studied in information sys-
tems (IS) research, the literature remains fragmented, and a comprehensive taxonomy
specific to Industry 4.0 is lacking [3]. Prior studies by Giel et al. [7, 8] have developed
taxonomies for general data spaces and connectors, identifying relevant dimensions and
characteristics. However, they do not focus explicitly on the Industry 4.0 context. On
the other hand, existing taxonomies in Industry 4.0, such as those by Weking et al. [9]
and Azkan et al. [10], focus on business models or data-driven services, but do not
address data spaces. In addition, small to medium enterprises in Industry 4.0 refrain
from participating in data spaces based on restricted knowledge capabilities and per-
sonnel resources despite the chances that data spaces deliver [11-13]. As a result, a
clear, structured view of potential data space configurations and characterizations in
Industry 4.0 remains missing but could be of interest for practitioners and researchers
of data spaces in Industry 4.0. To date, such an overview is not present by previous
literature. A taxonomy will reduce the complexity of the market, structure knowledge,
and support both theoretical development and practical applications within a particular
business sector [14, 15]. We pose the following research question (RQ): What are com-
mon characteristics and dimensions among data spaces in an Industry 4.0 context?

2 Methodology and Data Collection for this Short Paper

For this short paper, we make use of the structured approach to taxonomy develop-
ment originally introduced by Nickerson et al. [14]. The procedure is suitable for sort-
ing a specific field and carving out characterizations and similarities. As a first step, we
determine the meta-characteristic of our taxonomy [15]. We define the meta-character-
istic of our objects as “documented data spaces designed for an Industry 4.0 context
from the perspective of its intended stakeholders.” In the second part, we define to fol-
low six objective and all subjective ending conditions as proposed by Nickerson et al.
[14]. We make use of three iterations, one conceptual-to-empirical (C2E) approach, and



two empirical-to-conceptual (E2C) approaches. and started with a C2E approach to re-
ceive a preliminary taxonomic structure that served as a suitable ignition for orientation.
For this, we make use of specific literature on data spaces and the Industry 4.0 context
[7, 10]. Our first taxonomy contained data space generic and Industry 4.0 specific di-
mensions and characteristics, like “Underlying Framework™ or “Application Area“,
without sorting any objects. To receive a meaningful list of data spaces in the Industry
4.0 context for the E2C iterations, we make use of two main data sources: (1) a publicly
available dataset on use cases and data spaces in Industry 4.0, which was published
within a third-party-funded project context in the Gaia-X universe [16] and (2) the Data
Spaces Radar Version 4 from March 2024 [17]. We searched both data sources for data
spaces with a clear context and purpose for Industry 4.0. As a result, we collected and
received a set of 19 objects to classify. Within two consecutive E2C iterations, we
sorted the identified data space into the taxonomic structure that we received from our
first C2E iteration and refined it. We selected three data spaces (n=3) for the first E2C
iteration to check the robustness of the preliminary structure derived from the first iter-
ation. We continued the taxonomic process since it violates several ending conditions.
Then, in the second E2C iteration, we sorted the remaining 16 (n=16) data spaces into
the taxonomy. The E2C iterations were conducted in a manner that more dimensions
and characteristics could be identified, merged, or added after screening more and more
data spaces that were investigated. To receive meaningful information about the dimen-
sions and characteristics, we read white papers, scientific papers, project homepages,
and/or case study reports about the respective data spaces, and constantly discussed the
results for appropriateness. After these three iterations, we identified that the taxonomy
met all objective and subjective ending conditions as chosen before. Figure 1 depicted
our research process described.

I 1. Determine meta-characteristic I

1. Meta-characteristic: Documented data spaces
designed for an Industry 4.0 context from the
perspective of its intended stakeholders.

subjective ending conditions.

[ 2. Determine ending conditions | <# 2. Ending conditions: We adopted all objective and

Empirical-to-conceptual Conceptual-to-empirical 3. Approach: During our research process and the
different iterations (three iterations), we used both
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subset of objects characteristics and dumnw:n of objects sources.
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Fig. 1. Research Process



We developed an online appendix, where the taxonomy, a check of the subjective
and objective ending conditions, definitions for each dimension, and data spaces are
documented. It can be found here! to provide transparency for the reader since the iter-
ations were briefly documented within this short paper, based on page restrictions. The
final taxonomy is presented in Figure 2. Numbers in brackets indicate the number of
occurrences identified in the 19 data spaces in the Industry 4.0 context. Bold character-
istics represent the most observed occurrence among a dimension.

3 Results Observed from the Taxonomy and Discussions

To answer our RQ in this short paper, “What are common characteristics and dimen-
sions among data spaces in an Industry 4.0 context?” we can make several observations
from our taxonomy: First, we identified nine dimensions among 40 distinct character-
istics. We sorted the nine dimensions into two meta-dimensions, namely, an economic
and technical one. This delimitation allows interpreting the data spaces in different di-
rections through their characteristics as identified.

Economic aspects. Generally, we identified five economic dimensions that charac-
terize the analyzed data spaces in Industry 4.0. We found a clear tendency in publicly-
funded Industry 4.0 data spaces, e.g., Manufacturing-X (n=18). Also, most of them have
a mainly economic value proposition, e.g., ColIMi (n=13). The key purposes of the
data spaces are quite diverse, including predictive maintenance, manufacturing optimi-
zation, and supply chain optimization; however, we found a small tendency (n=5) for
multiple key purposes, e.g., Boost 4.0. Only six data spaces (n=6) explicitly mention
that they are currently operational in the real world (dimension: real-world operation)
based on our observations, e.g., FLEX4RES, while some are purely conceptual, e.g.,
ColLoDaS (n=6) or have an unknown status, e.g., Pressious Data Space (n=7).

Various delivery channels, i.e., software solutions, of the data spaces are used. Here,
we observe different solutions like applications, i.e., Metal Domain Data Space (n=1),
portals, i.e., Smértenance (n=1), and platforms, e.g., DV4CUL (6), while the majority
do not explicitly mention their delivery channel, e.g., Manuspace (n=7). We refrain here
from the term “data space connector” (for an overview of definitions see GieB3 et al. [7])
since we interpreted the documentation more like a delivery channel “only” on how to
carry the data space service, e.g., through a software frontend, to the participants with-
out explaining technical details and backend functionalities. Economic benefits are the
most frequently cited, e.g., UCIMU (n=13), but combinations like economic + envi-
ronmental value, e.g., e-CMR Hub (n=2) are also present. Our observed value propo-
sitions are somewhat in line with the already discussed one by Méller et al. [3].

! https://osf.io/ruzg4/?view_only=8c50397946a042219d3ee0616bd9a2c9



Dimension Characteristics
Funding Public (18) Public + Private (1)
(Predictive) Maintenance Upn‘ll'llZEiEl E-Signature Optimization (Supply
Manufacturing | Chs 1
Key Purpose @) ) (1) hain) (1)
o Data Sharing / Data Exchange (3) Monitoring (3) Multiple (5)
E Real World
S 7 . . Inknow:
£ Operation Yes (6) No, Conceptual (6) Unknown (7)
2
= Application(s) (1) Portal (1) Platform (6)
g Delivery Channel
Z Online Marketplace (1) Multiple (3) Not Explicitly Mentioned (7)
S
E Environmental (2) Economic (13) Economic + Environmental (2)
= Value Proposition
a Economic + Environmental + New Business Model (1) Unclear (1}
&
= Data Space Access Membership / Project Participation (18) Fee (0) Unknown (1)
Underlying Model IDS Reference Architecture Model (18) ‘ Not Explicitly Mentioned (1)
_5 Repository Data (2) | Resilience Data (1) | Process Control Data (3)
- Data Type Shared
- Historical Data (1) Not Specified (12)
2
- —— -
Artificial Intelligence (4) Blockchain (1) D|gua.} Twin Big Data Analytics (1)
Technical Enabler @)
Data Space (1) I Multiple (2) I Not Explicitly Mentioned (8)

Fig 2. Taxonomy of Data Spaces in Industry 4.0 (n=19)

Technical aspects. We found four technical dimensions in our corpus of data spaces
in Industry 4.0 that are of particular interest. Data space access is mainly based on
membership/project participation within the dimension of data space access, e.g.,
GlobShare (18). In contrast to GieR et al. [8], we did not find any fee access model
(n=0) showing a “structural hole” in our taxonomy. Also, we did not observe any pric-
ing models. This is somewhat in line with difficulties of data value assessment or the
distinction between data spaces and so-called data marketplaces, which are intended to
help companies trade data and data assets, as identified by previous literature [18, 19].
As a result, we see this issue as suggestion for further research in terms of data spaces
in Industry 4.0. The IDS Reference Architecture Model is the predominant underlying
model, e.g., within the data space Underpin (mentioned 18 times). This observation is
not surprising since the majority of investigated data spaces in Industry 4.0 are dedi-
cated to the standards provided by the International Data Space Organization.

Various data types that are shared and processed in the corresponding data spaces
were found. Here, we observed data types such as historical data, i.e., Pressious Data
Space (n=1) and process control data, e.g., UCIMU (n=3), though “Not Specified” ap-
pears most frequently, e.g., OSME (12 times), indicating no further information on the
processed data. This fuzziness is somewhat surprising since data space participants
should be aware of what data types can be shared in a data space. However, our taxon-
omy shows a smaller step towards clarity on data types than the two characteristics for
the same dimension examined by Giel? et al. [8]. Data spaces investigated articulated
(further) technical enablers that are used within the space. Commonly cited technolo-
gies include artificial intelligence, e.g., Underpin (n=4), blockchain, i.e., ColIMi (n=1),
and big data analytics, i.e., Boost 4.0 (n=1). “Not Explicitly Mentioned” appears most
frequently, e.g., CoLoDasS (8 times). Also, we found one data space that named the data
space itself as an enabler, i.e., the Metal Domain Data Space (n=1). As a result, we
identified a diverse mix of technological enablers without any explicit tendency.




Discussions and first contributions. As a theoretical contribution from this short
paper, currently, data space or data ecosystem researchers in general and Industry 4.0
researchers in particular, interested in the dimensions and characterizations, can use the
taxonomy to receive an initial look at this phenomenon. An overview of data spaces in
Industry 4.0 remains missing with this short paper we close the call for further investi-
gations on the fragmentation of the data space market in this particular sector [3].

In this short paper, we make use of the process of taxonomy development by Nick-
erson et al. [14]. As an implication for research, we can conclude that the process was
suitable to some extent to provide meaningful dimensions and characteristics in the
context of data spaces and Industry 4.0. However, most problems came up with the
diverse quality and depth of information provided by the data spaces, resulting in char-
acteristics like “Not Explicitly Mentioned” or “Unclear” which are sometimes the most
common ones inside the dimensions provided. We were able to achieve mutually ex-
clusiveness within the dimensions and characteristics provided by adding a “multiple”
characteristic to some dimensions. For example, the value proposition provided by the
usage of the data pace was mentioned in a fuzzy way by the data spaces and within the
documents. Economic values were proposed with no concrete measurement. Therefore,
no further refinement through more explicit characteristics was possible. As a limita-
tion, validity of the taxonomy is somewhat restricted based on the information found
and further interpreted.

Also, it was surprisingly difficult to verify if a data space was productive in an in-
dustry environment or not, by the documentation of the data space provided. Here, as
an implication for data space providers, we argue that a clearer and more standardized
communication of use cases and values, e.g., economic ones are necessary for outreach
and external communication.

Taxonomies order the complexity and serve as a foundation that can lead to future
research and serve as a nomenclature on a specific phenomenon [14]. Therefore, IS
researchers can use the taxonomy provided as inspiration for their research inquiries
and clearer classification of data spaces in Industry 4.0. Practitioners, like small and
medium enterprises in Industry 4.0, can use this taxonomy as a general and initial back-
ground for discussing patterns and similarities of data spaces to participate in them (or
not) with data space providers or other sector representatives.

4 Next Steps and Conclusions

We plan to conduct the following next research steps towards ICSOB and for the
ultimate goal of a journal article: First, our objects were chosen from two databases,
and the data space market is constantly changing. For some data spaces mentioned in
the two databases, no information was available anymore. An update of possibly more
data spaces that will emerge is necessary. As the topic of data spaces is a vital research
field, we will first revise the taxonomy based on completeness and potential new
knowledge for dimensions and characteristics from recent literature [20] after the con-
ference in November 2025, since the taxonomy provided in this short paper was devel-
oped in July 2025.



Second, as Design Science Research artefacts [14], taxonomies should be further
evaluated in terms of their completeness and appropriateness for their intended pur-
poses as solution-building instruments [15]. Examined classifications, e.g., through
clustering techniques, can lead to higher theorizing, and will allow us to provide a more
unified view of the data space context in Industry 4.0 [3, 21]. We expect that classifi-
cations and provided clusters would carve out interrelations and connections between
services bundles within data space. This will show a more nuanced overview on the
data spaces market and what is currently offered to interested participants in Industry
4.0. Here, we will recent developments on adequate clustering methods designed for
taxonomy data [22] and suggestions for taxonomy evaluation, e.g., through interviews
with data space providers [15].

Third, with this more comprehensive overview and clusters of other data space re-
searchers will have a foundation for stronger theoretical contributions to the conceptu-
alization of data spaces toward a taxonomic theory. This theory is useful in developing
testable propositions and relationships between dimensions and characteristics pro-
vided, researching the phenomenon towards a theory for analysis. It will equip IS re-
searchers to describe novel Information Technology-related phenomena with eloquent
knowledge [21, 23]. To the best of our knowledge, such an investigation and proposi-
tion of a taxonomic theory has not been conducted so far for data spaces. Our package
of planned research outputs will be contributed to a subsequent journal article.
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