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Abstract. The culture domain faces challenges in data interoperability due to heterogeneous data models, lack of standard-
ization, and fragmented datasets. Particularly in the performing arts sector, the provisioning of theater showtimes remains a
heterogeneous, labor-intensive, and time-consuming process, which limits the FAIRness (Findability, Accessibility, Interoper-
ability, Reusability) of play schedules (showtimes). This limits the full exploitation of showtimes data, reducing its potential to
drive innovative solutions. Consequently, this fragmented and ad-hoc approach negatively impacts occupancy rates, disappoints
audiences, and prevents the seamless operation of the sector. Moreover, there is currently no standardized mechanism or infras-
tructure to protect the rights and sovereignty of cultural institutions and artists. To address these issues, we introduce the Culture
Information Model (Culture IM), an extensible, ontology-based framework designed to enable structured data representation and
interoperability across performing arts theaters and beyond. Culture IM follows the Semantic Web and Linked Data principles,
integrating standards such as Schema.org and DCAT, while also supporting scenario-specific adaptations through application
profiles. Its application through the sovereignty-preserving data management infrastructure of dataspaces ensures data interoper-
ability, controlled data access, and compliance with FAIR principles.

This paper presents the Culture IM—consisting of building blocks such as ontologies, vocabularies, and application profiles
(APs)—and a novel iterative, user-friendly, and application-focused methodology, A P-first, that was followed for its development.
We outline the data modeling requirements for Culture IM derived from the German Datenraum Kultur (Culture Dataspace)
project, and demonstrate how application profiles support application-specific knowledge representation, particularly for theater
showtimes. We selected this use case as a pilot for the extensible Culture IM because our domain-expert partners—a theater
association representing multiple German theaters—covered diverse scenarios and embodied the main data modeling and sharing
challenges in the culture domain. Furthermore, we explore Culture IM’s conceptual integration and potential application within
a dataspace architecture, demonstrating its potential for sovereign data exchange. Culture IM provides a modular, scalable, and
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reusable foundation for digital cultural infrastructures. Future work will extend its application to domains such as museums and
music marketplaces, integrate access policy templates, and enhance tool support for non-experts.

Keywords: Information model, ontology, application profile, interoperability, dataspaces, culture domain, performing arts
theaters
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1. Introduction

The culture domain, which encompasses cultural heritage, the media and the creative industries, plays a vital
role in Europe’s economy and social fabric, driving innovation, employment, and socioeconomic development.
According to the Organisation for Economic Co-operation and Development (OECD), cultural and creative sectors
(CCS) have a substantial economic footprint, accounting for an average of 7% of all enterprises and 2.2% of the
total business economy gross value added (GVA) across OECD countries in 2018 [75]. Eurostat data for 2023
show that the cultural and creative industries employed 7.8 million people in the EU, equivalent to 3.8% of the
total workforce and representing over 2 million enterprises [41]. The cultural and creative industries contribute
significantly to the economy, accounting for approximately 4.4% of the EU GDP [38]. Despite methodological
uncertainties, a similar high level of performance has been consistently observed at the German national level for
years. With 1.2 million people employed in cultural professions, this sector often outperforms employment figures
in the automotive industry [50, 51], which is typically regarded as the leading industry sector in Germany. These
figures not only underscore the often underestimated economic relevance of the cultural domain but also highlight
its importance as a prominent research subject in the Digital Humanities, where the ongoing digitization of cultural
artifacts and practices opens up new possibilities for innovative business models and revenue streams.

1.1. Digitalization, Interoperability Challenges, and Lack of Standardization in Culture Domain

Digitalization is reshaping the cultural domain, including the performing arts theater sector [12, 59], introducing
new ways to engage with culture, fostering innovative business models, and redefining skill requirements. The
demand for digital cultural content has increased significantly, with household spending on recreation and culture
increasing by 18% between 2011 and 2019, twice as fast as the overall household spending across the OECD
countries [75]. Digital platforms such as Europeana provide access to more than 55 million digitized cultural heritage
records, demonstrating the domain’s shift toward digital engagement'.

The European Investment Fund’s 2021 report highlights key digitalization trends in CCS [39]. Cultural institu-
tions such as museums, libraries, and archives are increasingly making their collections available in digital formats
to enhance user experience and attract new audiences. Access and reuse of digital content provide new financial
opportunities, including licensing digital heritage content and generating alternative revenue streams beyond public
funding and ticket sales. In addition, cultural content is increasingly consumed through social networks, streaming
services, and emerging formats such as podcasts and virtual reality experiences.

While digitalization in various sectors within the culture domain offers new business opportunities, it also faces
significant challenges. For instance, performing arts theaters across Europe, particularly in Germany, face numerous
challenges in managing and disseminating their play schedules or showtimes, which are essential for ensuring
discoverability and improving occupancy rates. The current process is often manual and ad-hoc, relying heavily
on outdated content management systems (CMS) that hinder efficiency and responsiveness to change [68]. Theater
institutions typically manage their showtimes through manual, labor-intensive workflows, which, being ad-hoc, must
be repeated entirely when short-term changes occur, risking audience dissatisfaction due to outdated or incorrect
information [65]. Furthermore, many theaters still rely on siloed methods to provision their showtimes through a
mix of official websites, third-party ticketing platforms, printed programs, or third-party aggregator platforms. There
are a few exceptional digital pioneers such as Staatstheater Augsburg?, but even prominent theaters like Miinchner
Kammerspiele®, Theater and Orchester Heidelberg*, Thalia Theater Hamburg?, or the International Performing Arts
Center, Berlin® typically offer their showtimes or schedules on their official websites only. In most cases they do
not provide programmatic access to their showtimes or expose APIs (Application Programming Interfaces). Many

Thttps://pro.europeana.eu/about-us/mission
2https://staatstheater-augsburg.de/spielplan
3https://www.muenchner-kammerspiele.de/en/programm/
“https://www.theaterheidelberg.de/en/kalender/
Shttps://www.thalia-theater.de/en/programme/calendar
Shttps://www.berlin-buehnen.de/en/schedule?locations=58
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smaller theaters that lack the necessary digital infrastructure make use of third-party aggregator platforms such
as Eventim’, Ticketmaster®, Eventbrite”, Kulturis'®, or OWL-Live!'! to list their showtimes. This tight coupling of
showtimes and theater organization websites or third-party aggregator platforms, use of proprietary data formats, and
absence of well-documented APIs make unified querying across institutions challenging and limits discoverability
and integration with other domains such as tourism, mobility, or social networks.

These challenges point to a deeper issue: the lack of semantic data standards and interoperable data management
infrastructures in the theater sector. As Jarke [65] emphasizes, semantic data models deployed using dataspaces can
significantly simplify internal processes and enable seamless interoperation between cultural institutions. However,
analysis of some studies [59, 66] reveals a lack of awareness among theater leadership about the potential use of
Semantic Web technologies in theater data management for enabling interoperability and new business models.
For instance, the focus of a study by Karcz-Ryndak [66], which investigates theater directors’ perspectives on the
impact of the ongoing technological changes on theater management, is largely on Al (Artificial Intelligence), IoT
(Internet of Things), and AR (Augmented Reality), but not on Semantic Web technologies, Linked Data, or Knowl-
edge Graphs. In addition, a study of the European Theatre Convention (ETC) [59] analyzes data from 19 theatres
in 17 EU countries and various levels or types of digitalization in theaters from broadcasting traditional theater
performances on stage, broadcast of pre-recorded performances, and deeper integration of digital technologies in
live performances to engage with audiences, to digital-first performances and reports strategies and business models
followed by European theaters. However, it does not mention the use of Semantic Web technologies by theaters.
These technologies are essential for significantly enhancing discovery and interoperability, reaching new audiences,
and enabling new business models for theaters.

Furthermore, the theaters analyzed by the ETC study [59] report digitalization costs as major barriers. The facil-
itation of negotiation for usage contracts, licenses, and rights is reported to be a challenging task and a significant
contributor to the rising digitalization costs. While some theaters are exploring the outsourcing of certain roles to
other organizations, they are still faced with challenges concerning digital copyrights, and they report the need for
consistent governance guidelines to establish trust and help protect the rights of theater organizations, artists, and
technical partners.

1.2. Semantic Web and Dataspaces as Potential Solutions for Addressing Data Modeling and Sharing Challenges
in Culture Domain

Many cultural organizations operate with limited financial resources, outdated IT infrastructure, and insufficient
digital skills, which hinders their ability to fully embrace digital transformation. Simultaneously, intellectual prop-
erty concerns and the lack of robust mechanisms for fair revenue distribution hinder the sharing of valuable digital
content, particularly when this content is sensitive, licensed, or otherwise protected. To address these issues, it is
essential to adopt technologies that not only facilitate data exchange but also ensure the enforcement of access
and usage policies, thereby protecting the rights and sovereignty of institutions and artists. Semantic models and
dataspace infrastructures can be used to address these challenges [65].

Dataspaces [58, 76] are emerging as a promising architectural paradigm and technological infrastructure to meet
these requirements. As part of the European Digital Strategy'?, several initiatives—such as Europeana pro, Eu-
reka3D, SDculture, DE-BIAS, and Al4Europeana—have been funded by the European Commission to develop
common European dataspaces [36] for cultural heritage. These efforts aim to establish standardized data-sharing
frameworks that support interoperability, controlled access, and increased discoverability of cultural data assets
across institutions and borders. Semantic Web technologies play a crucial role in dataspaces [24, 71, 94]. They
have the potential to enable structured and machine-interpretable representations of cultural data, facilitating the

7https://www.eventim.de/en/events/kultur-2/theater- 10/
8hitps://www.ticketmaster.de/category/arts-theatre-tickets/10002?language=en-us
9https://www.eventbrite.com/b/germany/arts/theatre/

10nhttps://www.kulturis.online/de/kalender

Uhttps://www.owl-live.de/en-US/veranstaltungen

12EU’s Digital Strategy: https://commission.europa.eu/strategy-and- policy/priorities-2019-2024/europe- fit-digital-age_en
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provision of high-quality metadata and its unambiguous consumption, and supporting advanced querying and rea-
soning over distributed datasets. To enable an effective use of these technologies, a number of requirements must be
addressed.

First, the use of standardized semantic data models is essential for structuring data in an interoperable way. While
foundational ontologies such as CIDOC CRM [16] offer a valuable starting point, they often require extensions with
domain- and application-specific concepts to suit real-world scenarios, such as representing theater showtimes. Sec-
ond, there is a need for a systematic methodology for developing semantic data models that emphasizes on enabling
close collaboration between Semantic Web experts and cultural domain experts. Such a methodology should ensure
that the resulting models are technically sound, standards-based, and flexible, while also remaining practically us-
able in closed-world settings with guaranteed baseline interoperability. Finally, the employed digital infrastructure
must support institutions in exercising full control over their data, ensuring that both open and protected data can be
shared in a secure, trustworthy, and sovereign manner.

1.3. Key Contributions of this Paper

To address the above-mentioned challenges, this paper introduces the Culture Information Model (Culture IM),
an ontology-based framework designed to facilitate structured knowledge representation and interoperability within
the cultural ecosystem. Culture IM aligns with dataspace technologies, ensuring adherence to FAIR (Findable, Ac-
cessible, Interoperable, Reusable) principles [102]. By integrating Linked Data principles and existing semantic
standards, Culture IM provides a structured, modular, scalable, and extensible approach to cultural data manage-
ment. This paper outlines the methodological framework of Culture IM and its application across performing arts
theaters for the provisioning of their showtimes. We further demonstrate the applicability of Culture IM in datas-
paces architecture to realize real-world use case scenarios, thereby highlighting its role in fostering trusted data
exchange within the cultural domain.

The main contributions of this paper are as follows:

— The novel AP-first methodology for developing domain- and/or application-specific semantic data models (i.e.,
application profiles [22]) for representing metadata as building blocks of Culture IM for facilitating interop-
erability, provisioning of high-quality data, and discovery, that are tailored for use within dataspaces. AP-first
focuses on enabling an effective participation of domain-experts in the process.

— Reusable artifacts that serve as building blocks of Culture IM, including application profiles for theater show-
times, the modular and extensible Culture Ontology, and controlled vocabularies.

— Application of Culture IM in dataspaces to ensure data sovereignty.

It is important to note that, similar to the application profiles for representing metadata, the semantic data models
or templates for representing access and usage policies are also relevant for dataspaces [71]. However, this paper
focuses exclusively on the former, while the latter remains outside its scope.

The remainder of this paper is structured as follows: Section 2 reviews the relevant background and related work,
covering existing data modeling efforts in the culture domain, as well as current data infrastructures and approaches
to integrating Semantic Web technologies in dataspaces. Section 3 outlines the key requirements for digitalization,
data modeling, and sovereign data sharing, drawing on the specific use case of Smart Theater Services from the
Datenraum Kultur project. Section 4 presents the Culture IM and its building blocks, the AP-first methodology used
for its development, and the resulting semantic data models. Section 5 illustrates the exemplary application of the
Culture IM within a dataspace architecture and showcases practical use case scenarios. Section 6 offers a discussion
on current limitations, and future directions for Culture IM, including best practices for its application in dataspaces.
Finally, Section 7 concludes the paper.

2. Background and Related Work

In this section, first, we explore the existing data modeling and standardization efforts in the culture domain and
identify gaps that motivate the development of the Culture IM. Second, we introduce the concept of dataspaces,
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a state-of-the-art B2B data management paradigm. This is complemented by the exploration of existing Semantic
Web artifacts and standard ontologies needed for knowledge representation in dataspaces. Finally, we introduce
the Datenraum Kultur (Culture Dataspace) project, which provides real-world use case requirements and domain
experts to guide the development of Culture IM.

2.1. Data Modeling Efforts in the Culture Domain

The digital transformation of the culture domain has spurred the development of diverse data models, ontologies,
and infrastructures aimed at preserving, documenting, and sharing cultural information. The following review ex-
plores key state-of-the-art initiatives in the culture domain, emphasizing their semantic depth, interoperability, and
alignment with FAIR and CARE (Collective benefit, Authority to control, Responsibility, Ethics) principles [15].
Although the CARE principles are not explicitly addressed in this paper, the application of Culture IM through
dataspace technologies inherently supports aspects such as data sovereignty, authority to control, and responsible
data sharing.

2.1.1. CIDOC CRM: An Upper Ontology for Cultural Heritage

Nowadays, cultural heritage institutions are increasingly applying technologies designed for wider interoperabil-
ity on the Web. In the cultural heritage domain, CIDOC’s Conceptual Reference Model (CIDOC CRM) [16] is one
of the most widely adopted ontologies for representing museum and heritage data. As an ISO standard, CIDOC
CRM provides a rich semantic framework to describe entities, events, and relationships within the cultural heritage
domain [27]. Due to its broad scope and inherent complexity, implementation often requires further extensions and
tailored application profiles [69]. An application profile consists of classes and properties drawn from one more
ontologies, combined together and optimized for a specific application [22, 60]. While CIDOC CRM excels in
semantic expressiveness and interoperability, its technical depth can pose challenges for smaller institutions with
limited resources [69].

2.1.2. NFDlIcore and NFDI4Culture: A Modular Ontology Framework for Cultural Heritage Research Data

The NFDI4Culture Ontology (CTO) [95] is a domain-specific ontology developed within the NFDI4Culture
initiative, one consortium within Germany’s National Research Data Infrastructure NFDI. Built upon the NFDI-
core [101] mid-level ontology and aligned with the Basic Formal Ontology (BFO 2020), CTO ensures semantic
interoperability and ontological precision. It functions as the semantic backbone of a research data index, offering
a unified point of access to decentralized cultural heritage research resources. By means of a dedicated ETL (Ex-
tract, Transform, Load) pipeline, CTO supports the integration and semantic enrichment of heterogeneous research
metadata, enhancing both discoverability and cross-domain connectivity within the community.

2.1.3. GND: Integrated Authority File for Authoritative Naming of Cultural Resources

Advancing cultural heritage research in the digital age requires semantically rich metadata frameworks and au-
thoritative control systems that ensure consistent, interoperable data. The Gemeinsame Normdatei (GND)[52, 57]
(in English, Integrated Authority File), maintained by the German National Library in collaboration with institu-
tions across Germany, Austria, and Switzerland, has become a central infrastructure for authority data in the culture
domain. Originally a tool for library cataloging, GND now supports research, archives, and museums by linking
entities such as people, places, works, and organizations, enabling contextualization across diverse datasets. In par-
allel, key collaborative initiatives further strengthen this infrastructure. For instance, the cooperation between RISM
(Répertoire International des Sources Musicales)!* and GND focuses on enriching authority records for musical
works. Additionally, the Forum for Performing Arts addresses the unique challenges of modeling collective and
process-oriented aspects of performance-based heritage. It is important to note that GND’s focus is on providing
authoritative, unique, unambiguous, and persistent identifiers for cultural entities as well as multilingual preferred
and alternative names, rather than providing a comprehensive hierarchy of concepts and their interrelationships.

Bhttps://rism.info/
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2.2. Schema.org: Lightweight Metadata Schemas for Web Interoperability

Schema.org [13, 56] provides a lightweight and flexible vocabulary for structured data on the Web and
has been increasingly adopted in the cultural heritage (CH) domain for metadata representation [45]. Its core
structure centers on schema:CreativeWork and its specialized subclasses (VisualArtwork, Book, Paint-
ing, Sculpture), which align with the Europeana Data Model (EDM) [40]—a semantic framework for integrat-
ing cultural heritage metadata across institutions. For instance, the concept schema:CreativeWork specifi-
cally aligns with edm:ProvidedCHO, representing cultural objects with domain-specific properties. Similarly,
schema:MediaObject and its subclasses correspond to edm:WebResource, while schema:Person,
schema:Place, and schema:0Organization match EDM’s contextual classes. Schema.org’s extensibility
addresses specialized needs through the Bibliographic and Architypes extensions. The Schema.org W3C Com-
munity Group enables further refinements to these extensions. Although Schema.org lacks the semantic depth of
domain-specific ontologies such as CIDOC CRM, it is comparatively more user-friendly, and it offers better web
interoperability. It is, therefore, widely used in metadata aggregation scenarios, making it a valuable resource for
cultural heritage data representation on the web [45].

2.3. Background: Dataspaces for Efficient and Sovereign Data Sharing

A dataspace [58, 76] is a framework for managing data exchange and collaboration among multiple organiza-
tions in a trustworthy and sovereign manner. It is a multi-sided platform that is characterized by emphasis on data
sovereignty, decentralization, data-co-existence—where any kind of structured or unstructured data can be

loosely connected, eliminating the need for upfront data integration—and metadata-based discovery. A dataspace
enables diverse stakeholders or participants to share their data while maintaining complete control over it, where
participants include organizations functioning as data providers, consumers, and/or service providers.

Major initiatives that develop architectures and tools for dataspaces include the International Data Spaces Associ-
ation (IDSA)'* and Gaia-X'?, with complementary efforts from organizations such as FIWARE'®. Data sovereignty
and decentralization are core principles in dataspaces where providers maintain control over their data while en-
abling conditional sharing. The dataspaces architecture creates trusted environments for data exchange without
requiring centralized data storage, allowing organizations to participate in data economies while preserving control
over their valuable information assets.

Taking into account the needs of cultural institutions and artists, a culture domain dataspace would enable them to
share their digital assets—such as digitized artifacts, archival records, or other data—while maintaining fine-grained
control over these assets. This control is expressed through data access and usage policies that formalize permissions
(e.g., “allow only researchers to access digitized manuscripts”), prohibitions (e.g., “forbid commercial reuse”), and
obligations (e.g., “require attribution or anonymization”).

The semantic data models within the Culture IM are tailored for use within dataspaces. We present a dataspace
architecture in Section 5.1 and discuss an exemplary application of Culture IM through this architecture in Sec-
tion 5.2.

2.4. Core Ontologies for Knowledge Representation in Dataspaces

Dataspaces need to represent various types of information and knowledge, which include dataspace participants,
the resources they provide, where and how to access those resources, and what conditions must be met while
accessing and using these resources [71]. Various standardized data models exist for representing such domain-
agnostic knowledge. This section reviews such standard data models that are widely used within dataspaces. The
domain-specific dataspace initiatives typically need to extend these with specific ontologies from their domains.

4https://internationaldataspaces.org/
Bhttps://gaia-x.eu/
1ohttps://www.fiware.org/
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2.4.1. DCAT: Data Catalog Vocabulary

The Data Catalog Vocabulary (DCAT) [2] provides a standardized schema enabling interoperability between
web-published data catalogs. The W3C recommendation facilitates cross-catalog metadata consumption and ag-
gregation, enhancing dataset discoverability across diverse contexts. This standardization is especially valuable in
multicultural and multilingual environments, as exemplified by DCAT-AP.de [43], the German adaptation of the
European DCAT-AP (DCAT Application Profile) [74]. Currently in version 3.0 (2024), DCAT-AP.de demonstrates
cultural adaptability through balanced implementation—tailoring to German administrative structures while main-
taining cross-border compatibility. It incorporates specialized vocabularies for German geopolitical coding reflect-
ing the federal governance model, while its multilingual capabilities support parallel language versions of metadata.
Through controlled vocabulary standardization, DCAT-AP.de shows how semantic frameworks can accommodate
cultural differences while preserving structural interoperability, ensuring data catalogs remain locally relevant while
enabling cross-cultural discovery.

2.4.2. IDS IM: International Data Spaces Information Model

The International Data Spaces Information Model (IDS IM) [7] is an ontology designed to enable secure and
sovereign data exchange in digital ecosystems. It provides a standard-based vocabulary for describing actors, re-
sources, interactions, and usage policies in dataspaces. By extending standards such as DCAT, and ODRL (Open
Digital Rights Language) [78], the IDS IM ensures semantic interoperability while supporting data ownership and
usage control across the data lifecycle. A key innovation is its alignment with ODRL for representing machine-
comprehensible usage policies in dataspaces. For cultural dataspaces, IDS IM offers a framework that can accom-
modate the complex relationships between cultural institutions, their digital assets, and diverse stakeholder commu-
nities, while enforcing the necessary safeguards for culturally sensitive materials.

2.5. Current Approaches for Developing Semantic Data Models and Applying them in Domain-Specific
Dataspaces

This section examines the current approaches and methodologies for developing application-oriented semantic
data models, and for applying them in dataspaces to realize concrete use case scenarios. This review results in the
identification of gaps. Finally, we explain how we addressed these research gaps.

2.5.1. Existing Ontology Development Methodologies

Creation of ontology development methodologies is an active research area and many methodologies have been
published over the years. For instance, the Ontology Development 101 Guide [73] focuses on foundational methods
suitable for simpler ontologies. The eXtreme Design (XD) methodology [11] describes a collaborative, incremental,
iterative method for pattern-based ontology design. The NeOn (Networked Ontologies) methodology [91] suggests
a variety of scenarios and pathways for building ontologies and ontology networks, instead of a rigid workflow.
LOT (Linked Open Terms) [81] is an ontology engineering framework oriented toward industrial needs. It adopts
an overall and lightweight approach to building ontologies for Semantic Web applications, with an emphasis on
aligning ontology development with industrial, academic, and software engineering practices. It stresses on use of
tooling at various steps of ontology development, and creation and publication of ontology and its documentation
in a streamlined manner. This evolution highlights a shift towards more agile, iterative, lightweight, and industry-
oriented approaches for ontology development.

However, ontologies are designed for universal knowledge representation, whereas application profiles are re-
quired for application-specific knowledge representation [71]. Similarly, while developing mobilityDCAT-AP [86],
a mobility domain-specific extension of DCAT-AP, Scrocca et al. observed that although there are many similarities,
developing an application profile is not the same as developing ontologies [85]. Consequently, the aforementioned
ontology development methodologies are only partially applicable for creating application profiles. The challenges
encountered in applying “universal” semantics in practical, real-world settings are discussed in the following sec-
tion.
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2.5.2. Challenges in Applying Semantics to Application-specific Contexts

Verborgh et al. [99] highlight a disconnect between the promise of rich semantics and the effort required to
deliver them, leading to inconsistent, under-specified data on the Web. They point to an unconscious bias within
the Semantic Web community: a tendency to focus on solving the core 80% of a problem while assuming that the
remaining 20% can be addressed through “trivial” engineering. However, in practice, that dismissed 20% might
involve further research as well as engineering challenges, and could actually end up requiring up to 80% of the
total effort. They call for a shift from research prototypes to robust, production-grade semantic systems and urge
the community to explore what is truly required to make semantic technologies viable for real-world applications.
In line with this analysis, there is a pressing need for approaches in dataspaces that not only harness the richness
of semantics but also make them understandable and applicable by non-experts, such as developers, in practical,
real-world scenarios. In this section, we review how the current dataspace initiatives address this challenge.

2.5.3. Current Approaches for Integrating Semantics in Dataspaces

Approaches defined by dataspace development and standardization initiatives

While the IDSA defines a core dataspace-specific information model, it typically does not provide guidance on
how to extend this model with domain-specific ontologies and vocabularies, leaving such tasks to the “market” or
individual implementations [87]. Furthermore, the current de facto standard for implementing dataspaces in Europe,
the Data Spaces Blueprint v2.0 [29] published by the Data Spaces Support Centre (DSSC), recommends a top-down
approach in which a standard data model, typically developed by a Standards Development Organization (SDO),
is imposed on data providers. Moreover, the Blueprint’s co-creation method for dataspace operators currently out-
lines only a high-level process for developing and managing semantic data models. It suggests reusing or extending
standard models, adopting appropriate meta-standards for expressing them, and, if the models are based on exist-
ing standards, following the data model management processes provided by the corresponding SDOs. However,
achieving standardization via SDOs is not always feasible or reasonable [90].

In practice, domain-agnostic standard data models such as DCAT or foundational ontologies such as CIDOC
CRM rarely cover all real-world fine-grained data representation requirements and often require extensions to be
applicable to concrete use case scenarios. In domain-specific dataspaces, this becomes even more complex: cus-
tom data models must be developed to meet specific domain requirements while still reusing and integrating with
standard models. These custom models and their management processes must also be equipped to support evolving
application profiles and constraints.

SIM: A semantic information modeling framework for domain-specific dataspaces

In [22], we introduced SIM, a semantic information modeling framework, that focuses on application profiles
for enabling the practical application of semantics in domain-specific dataspaces for realizing real-world use case
scenarios. It defines building blocks such as ontologies, controlled vocabularies, application profiles (APs), and
access and usage policies for effectively integrating semantics in dataspaces.

The Culture IM follows SIM for designing the culture-domain specific layer of the Culture Dataspace introduced
in Section 2.6. SIM emphasizes various aspects concerning the lifecycle management of application profiles in
domain-specific dataspaces and outlines future research directions. These include conceptual model, language, and
syntax for specifying APs, AP development methodologies, collaborative AP development platforms, technical and
governance best practices, and user-friendly representations and tooling. This paper addresses some of these aspects
as detailed in Section 2.5.4 and Section 4.

2.5.4. Addressing the Methodological Research Gap

To address these challenges, a dedicated methodology is required for the development and management of such
application-oriented semantic data models called application profiles [22]. Such a methodology must also effectively
mitigate the potential unfamiliarity of domain experts with Semantic Web technologies, a concern identified as a
future topic by the DSSC Blueprint v2.0 [29]. In this context, this paper makes two key contributions:

— It introduces the AP-first methodology for developing application-oriented semantic data models, adopting an
application profile first approach to support real-world use case scenarios; and,

— It presents the perspective of the dataspace administrator, often referred to as the dataspace governance author-
ity [31], on applying this methodology to a domain-specific dataspace in the cultural sector, resulting in the

=W N

o 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

10 R.A. Deshmukh et al. / Semantic Data Modeling for Dataspaces: The Culture Information Model & the AP-first Methodology

Culture IM—a semantic information model designed for use in dataspaces, which is initially applied to the
modeling of theater showtimes.

2.6. Background: The Datenraum Kultur (DRK) Project within the Conceptual Framework of the EU Digital
Strategy

The European Union wants to become a pioneer in the global data economy by setting up specialized infrastruc-
tures for data exchange. The Datenraum Kultur (DRK) initiative represents a breakthrough in creating added value
through digital services in the cultural, media and creative sectors while protecting intellectual property rights.
Central to this project is an unwavering commitment to data sovereignty, giving content owners, creators and ser-
vice providers control over their digital assets. This principle manifests itself in the project’s innovative Culture
Dataspace architecture, which enables content to be shared directly between participants without relying on central
intermediaries. The Culture Dataspace is based on the IDS Reference Architecture Model (IDS RAM) [77] and
establishes a minimal dataspace system [65]. The architecture is described in Section 5.1.

As a pioneering initiative within the framework of the German government’s National Digital Strategy [1], DRK
promotes the sovereign exchange of data throughout the cultural and creative ecosystem. The main task of the
project is to establish the Culture Dataspace as an intuitive, easily accessible digital infrastructure where different
stakeholders can negotiate sharing agreements and exchange content with enhanced security protocols in a trusted
network environment.

The DRK Use Cases: The project [21] defines four uses cases (Table 1) aimed at systematic digitalization,
interoperability, and sovereignty in the areas of cultural platforms, museums, theaters, and music marketplaces
within the culture domain and evaluate the viability of the Culture Dataspace technical framework and infrastructure
for enabling seamless data sharing. These use cases, derived from open stakeholder dialogues facilitated by the
German Academy for Technical Sciences (acatech)"’, illustrate how multiple actors can collaboratively enrich and
integrate their data resources while preserving their autonomy.

To manage the significant data heterogeneity of the data assets provided, and to facilitate the search for appropriate
data in the catalog, the project develops Culture IM and employs it through the Culture Dataspace.

Table 1

Overview of the Use Cases in the Culture Dataspace project.

Use Case Description

Connected Cultural Improving interoperability between urban or regional cultural platforms to enable

Platforms cross-regional event inquiries and integration with repositories such as the German
Digital Library.

Smart Museum Services Developing federated thematic web portals that collect and present information from

distributed sources, examining tensions in handling open and non-open data and
various rights constellations.

Smart Theater Services Creating machine-readable standards for theater showtimes to simplify the distribution
and reuse of updated information through semantic data standards and software tools.

Smart Music School Building a quality-assured platform for online music-making, providing of music

Services sheets and multimedia files, designed as a matching tool for musicians and teachers.

3. Data Modeling and Data Sharing Infrastructure Requirements

Taking into account the needs of cultural institutions outlined in Section 1, the approach to digitalization and data
modeling within the cultural domain must prioritize key requirements such as facilitating interoperability, providing

17https://en.acatech.de/project/the-culture-data-space
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high-quality data, enabling data discovery, and ensuring data sovereignty. In this section, we first break down these
key requirements into finer high-level requirements. We then outline the requirements necessary to make the Culture
IM applicable within a dataspaces setup. Finally, we elaborate the application-specific requirements informed by the
Smart Theater Services use case from the DRK project.

3.1. High-level Requirements for a Structured and Sovereign Approach to Data Management and Data Modeling
in Culture Domain

In this section, we define the key requirements for the structured representation, management, and governance
of cultural data. These requirements elaborate the need for domain-specific semantic data models and a structured
methodology, collaborative platforms and tools for their development, data sovereignty, and systematic knowledge
representation.

Requirement: A Structured Methodology for Developing Semantic Data Models

The development of domain- and application-specific semantic data models needs a structured and collaborative
methodology that ensures technical soundness and practical applicability. This requires identifying or developing a
lightweight, easy-to-follow methodology for the iterative development of semantic data models. The methodology
must emphasize on enabling an effective collaboration between Semantic Web experts and domain experts to ensure
that, while the resulting models follow Semantic Web communities’ best practices, they also address real-world
needs.

The aspect of effectively engaging with domain experts, especially in the later stages when the semantic models
mature and are formalized, is challenging because semantic representations are complex and non-experts find it dif-
ficult to comprehend them [24, 71, 86]. It is, therefore, a necessary requirement for the methodology to mitigate this
as much as possible by making use of platforms and tools with intuitive, user-friendly interfaces for representing
semantic models.

Requirement: Collaborative Platforms and Tools for Developing Semantic Data Models

A robust approach to data modeling must address two key requirements concerning collaborative platforms and
tools: (i) facilitating effective engagement with domain experts, and (ii) following best practices for the lifecycle
management and publication of semantic models.

Elaborating the first requirement, the collaborative platform must enable domain experts to understand and in-
teract with the semantic models being developed, allowing them to propose meaningful updates and refinements
to ensure relevance to real-world applications. Adherence to an inclusive and transparent modeling process helps
maintain the accuracy and usefulness of semantic models for cultural institutions.

The Semantic Web experts must ensure effective use of platforms for managing and versioning Semantic Web
artifacts, documenting discussions with domain experts, particularly, the design decisions, and adhering to best prac-
tices such as the FAIR principles for publishing the artifacts.

Requirement: Use of Dataspaces as a Data Sharing Infrastructure for Ensuring Data Sovereignty

Data sovereignty is a critical requirement in the cultural sector, where intellectual property, privacy rights, and
controlled access to sensitive information must be safeguarded. Many cultural organizations and artists require
mechanisms to control how their data is accessed and used. This requires [23, 33]: (i) a governance framework for
defining rules and trust mechanisms for lawful engagement of stakeholders; (ii) identity management; (iii) imple-
menting access control mechanisms for licensed or restricted content; and (iv) defining and enforcing usage policies
that specify who can use certain datasets and for what purposes.

Dataspaces not only fulfill these requirements but also can act as a bootstrapping infrastructure for data sharing.
The adopted development methodology must ensure that the semantic data models are tailored effectively for their
application within dataspaces.

Requirement: A Systematic Approach to Knowledge Representation
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The process of development of semantic data models for dataspaces must consider the representation of various
types of semiotics (syntax, semantics, and pragmatics) [71]. Specifically, multiple types semantic models need to be
developed to represent various kinds of data. These include: (i) ontologies for universal knowledge representation,
(i) controlled vocabularies or authority tables to standardize terminology across institutions, (iii) semantic applica-
tion profiles for defining contextualized metadata schemas for application-specific knowledge representation, and
(iv) formal representation of access and usage policy templates to regulate data sharing and rights management. A
structured approach to the development and lifecycle management of these semantic models is necessary to ensure
that they remain relevant, interoperable, and aligned with evolving requirements. It is important to reiterate here that
the development of data models for access/usage policies is beyond the scope of this paper.

Requirement: Balancing Global Standards with Real-World Usability

Semantic models must be rooted in universal knowledge representation paradigms such as ontologies [10] and
foundational standards [30], such as DCAT, and CIDOC CRM, which typically represent knowledge at a higher level
of abstraction, but, at the same time, they must ensure simplicity, practical usability, and applicability to modeling
real-world objects. This can potentially be addressed with the knowledge representation paradigm of application
profiles [71].

These high-level requirements must be addressed by Culture IM and the data management and sharing infrastruc-
ture of Culture Dataspace in order to establish a structured, sovereign, and collaborative framework for digitalization
in the cultural domain.

3.2. Dataspace-Specific Data Modeling Requirements

This section describes specific requirements emerging from the use of dataspaces concerning the classification,
modeling, and differentiated handling of different types of data.

Requirement: Separation of Metadata and Content Data

The use of dataspaces within the cultural domain to ensure data sovereignty, interoperability, and discoverabil-
ity poses some unique data modeling requirements—particularly, the requirement needing rigorous separation of
metadata (e.g., structured descriptors like authorship, licensing, and provenance) from content data (e.g., digitized
artifacts, and audio recordings). This distinction is critical:

— Metadata must be open and queryable, at least within the dataspace ecosystem. It should be machine-
comprehensible and adhere to the metadata model prescribed by the dataspace. Additionally, it must be stored
in the dataspace’s central or federated metadata catalog (called “Metadata Broker” in the IDS RAM) to facili-
tate compliance checks and discovery.

— In contrast, content data remains at the source and can follow any format, though standards-based formats are
encouraged. It is shared on-demand in a peer-to-peer manner between provider and consumer. Often, controlled
access and usage is required due to privacy, copyright, or institutional policies.

For instance, a museum might want to monetize photos of the paintings (content data) in its collection available
at different resolutions, while making them discoverable through metadata. This metadata may include the name
and address of the museum where the painting is located, the name and unique identifier of the artist, the photo
resolution, the painting’s genre, any related works by the same or different artists, the URL where the photo can be
downloaded, the associated licenses and access and usage policies, and the pricing information.

Requirement: Provisioning of High-Quality Metadata for Discovery

Without well-defined metadata specifications, identifying essential details such as publication dates, authorship,
licensing terms, and provenance becomes challenging. Moreover, metadata that is not machine-comprehensible sig-
nificantly hinders automated processing, data integration, and reuse. For instance, today, several cultural institutions
such as theaters and museums frequently embed such metadata in unstructured website text, rendering integration
with other data sources impossible. Furthermore, some cultural institutions use proprietary licensing formats that
hinder interoperability and consumption [26].
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The European Interoperability Framework’s (EIF) [37] recommendation 42 specifies:

“Publish open data in machine-readable, non-proprietary formats. Ensure that open data is accompanied by
high quality, machine-readable metadata in non-proprietary formats, including a description of their content,
the way data is collected and its level of quality and the license terms under which it is made available. The use
of common vocabularies for expressing metadata is recommended.”

In line with this recommendation, Culture IM must address these requirements concerning the quality and provi-
sioning of metadata and ensure that metadata is both human- and machine-comprehensible, high-quality, and FAIR.

Requirement: Enabling an Effective Use of Semantics in Dataspaces

To ensure the provision of high-quality data and enable semantic interoperability in dataspaces, a more effective
application of Semantic Web technologies is essential. This would allow various dataspace participants to discover
and consume each other’s data in an unambiguous and independent manner.

However, the full potential of semantics in dataspaces has yet to be realized [6, 24, 94]. For instance, a 2022
workshop report [62] involving around 45 dataspace experts on the topic of “Identifying and Specifying Gaps
regarding Interoperability in Data Spaces” concluded that interoperability is often limited to the metadata level,
with little consideration for the actual (content) data payload. It also noted the absence of industry-specific controlled
vocabularies and knowledge graphs.

To enable an effective use of semantics in dataspaces, Auer [6] similarly emphasizes the need for more intuitive
representations of data that are both machine- and human-readable to foster a common understanding of data within
dataspaces. Finally, to facilitate the adoption of semantics, Verborgh et al. [99] advocate for focusing on practical
implementations of semantics—such as using Schema.org annotations to enhance the discoverability of web content
by search engines—thereby solving real-world problems and addressing specific use cases.

3.3. Domain-Specific Requirements Derived from the DRK Project’s Use Case: Smart Theater Services

Among the four uses cases (Table 1) defined by the DRK project in the areas of cultural platforms, museums, the-
aters, and music marketplaces within the culture domain, in this paper, we focus on the Smart Theater Services use
case [19, 20], which is aimed at developing standardized, machine-comprehensible theater showtimes for seamless
integration and audience engagement. We selected the theater use case as the first pilot candidate for the following
reasons. First, our domain-expert partner for this use case was an association representing multiple theaters across
Germany, thus covering the needs of multiple theaters and thereby serving as a good representative of the majority
of general data modeling and data sharing challenges in the culture domain. Second, a clearer and more complete
set of requirements was already known in the initial phase of the project. Finally, the domain experts had already
created an initial version of a data model that we could build on. Therefore, we prioritized this use case with the aim
of creating a “blueprint” that could be followed for the other use cases.

Germany boasts one of the most diverse and decentralized theater and orchestra ecosystems in Europe. According
to the German Theater Association [20], Germany is home to over 1000 publicly and privately funded theaters, or-
chestras, festivals, and guest performance venues. A typical season sees about 7300 productions presenting around
5000 distinct works. This generates a significant volume of program and schedule data (showtimes) that must be
distributed to reach multiple audiences. However, this data is often provisioned in unstructured formats through dis-
parate content management systems or decentralized theater websites. The lack of standardization hinders efficient
processing, cross-institutional data reuse, cultural research, and the ability to reach broader audiences. Moreover,
last-minute changes in casts or showtimes must often be managed manually, making existing workflows labor-
intensive, error-prone, and inconsistent [65].

The Smart Theater Services use case, coordinated by the German Theatre Association (Deutscher Biihnen-
verein'®) in collaboration with the Academy for Theatre and Digitality'®, Augsburg State Theatre (Staatstheater

18https://www.buehnenverein.de/de/english- version.html
Yhttps://theater.digital/en/

=W N

o 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51


https://www.buehnenverein.de/de/english-version.html
https://theater.digital/en/

@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

14 R.A. Deshmukh et al. / Semantic Data Modeling for Dataspaces: The Culture Information Model & the AP-first Methodology

Core, domain-agnostic APs for
representing entities such
as Datasets and Data Services
(e.g. APs of DCAT)

\ x
bb, t
Controlled vocabularies \ \ t

including Countries,

New and existing ontologies
including the Culture
Ontology and Schema.org

Metadata:

General AP
(GAP) for the Theater
Use Case from the
DRK project

Common APs (For
discovery)

> Application Culture domain-
Languages, Theatrical bb— Culture IM —bb—> Profiles (AP) — specific APs ‘ derived from
Genres, and Production and
Event Types vocabularies / / t Specific AP
f t Contont Dato: (SAP) for a
- ontent Data: t particular theater
Technical and governance Access and usage Shared, community- organization
best practices such as policy templates driven APs
adherence to FAIR principles (Future work)

Fig. 1. Culture IM and its Building Blocks adapted from the SIM framework [22] to the Culture Dataspace, with a focus on Application Profiles.
These building blocks enable the effective integration of semantics in the Culture Dataspace. Legend: bb stands for building block, ¢ stands for
type, f stands for follows.

Augsburg)®’, and the Fraunhofer Institute for Applied Information Technology (FIT)?!, i.e., the authors of this pa-
per, addresses these challenges by defining technical and semantic standards for machine-comprehensible theater
showtimes. The initiative is closely aligned with the broader goals of the DRK project and supports the integration
of theaters into the sovereign, interoperable Culture Dataspace.

At the core of this use case is the development of standardized interfaces and semantic data models for reliably
publishing structured theater showtimes data. These interfaces and semantic data models aim at allowing showtimes
to be automatically ingested into digital calendars, tourism portals, event aggregators, and research databases. As a
result, real-time updates, including cast changes and cancellations, can then be communicated dynamically across
platforms, reducing manual coordination and increasing operational efficiency.

By enabling the structured and automated exchange of showtimes data, the use case aims to empower cultural
institutions to reach new and diverse audiences, even those with limited staff and in-house technical or communica-
tions capacity. It aims to support advanced filtering and personalized discovery—potentially integrating contextual
cross-domain factors such as public transport access—and lay the groundwork for tailored value-added services
in the cultural and creative industries. Furthermore, it aims to facilitate cross-platform content delivery and reuse,
ultimately fostering better audience development, stronger inter-institutional collaboration, and enhanced visibility
of cultural offerings across Germany and beyond.

We take these requirements into account while developing Culture IM, presented in the next section.

4. The Culture Information Model

This section presents the design and implementation of Culture IM (formerly known as Datenraum Kultur IM
or DRK IM), elaborating its building blocks, and the platform, tools, and methodology we used for its systematic
development. We describe the Culture IM’s semantic data models, including the Culture Ontology, application
profiles, and controlled vocabularies, and explain how the application profiles are systematically developed using the
AP-first methodology. Finally, we explain how we validated, documented, and published the Culture IM following
best practices such as adherence to FAIR principles.

4.1. Culture IM and its Building Blocks

Culture IM is a semantic information model that defines formal specifications of concepts, relationships, and
constraints within the Culture Dataspace, guided by use cases defined within the framework of the DRK project

20https://staatstheater-augsburg.de/
2 https://www.fit fraunhofer.de/en/
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in collaboration with domain experts. This formalization provides a structured framework for understanding and
organizing information within the Culture Dataspace. In addition, this forms a basis for representing information
in the Culture Dataspace in the form of a semantic knowledge graph with more advanced querying, inference, and
reasoning capabilities.

Culture IM provides a modular and extensible framework for modeling cultural data. Following the SIM frame-
work [22] (see Section 2.5.3), it incorporates several interrelated building blocks, each serving a distinct function
in ensuring interoperability, consistency, semantic clarity, and data sovereignty. As illustrated in Figure 1, these
include:

— The Culture Ontology: This is a core element that defines new concepts, relationships, and axioms not cov-
ered by other existing known ontologies. The Culture Ontology comprises common modules for cross-cutting
concepts (such as organizations, events, roles, and locations) and domain-specific modules (such as those tai-
lored to theater showtimes). The ontology is extensible and allows for the addition of new modules for sectors
such as museums or music marketplaces (see DRK project use cases in Section 2.6). The ongoing extensions,
as well as future work, are discussed in Section 6.1.

— Application Profiles: Application Profiles [22, 60] are used for application-specific knowledge representa-
tion [71], for instance in dataspaces [29], particularly for enforcing closed-world assumptions, thereby enabling
real-world use cases. This is in contrast to ontologies, which are used for universal knowledge representation.
In Culture IM, we distinguish two types of application profiles based on their scope and purpose:

+ General Application Profile for a Use Case: In Culture IM, for each use case, the initial step involves the
creation of a general application profile. It is initially represented by a visual UML Class-style diagram to
aid understanding and collaboration with domain experts. A general application profile may specify general
constraints that are foreseen to be applicable to all the specific application profiles that will be derived from
it. It constitutes a “convention-based” semantic data model that, informed by domain experts’ experience and
expertise, selects a certain subset of classes and properties that are expected to be applicable to a large subset
of use case scenarios. It acts as a bootstrapping artifact against a much larger pool of classes and properties
available from the reused ontologies and their inheritance structures. In that respect, it is similar to Spring
Boot from the Software Engineering domain, which adopts a convention-over-configuration approach for
enabling rapid application development, compared to the broader, highly configurable Spring framework
that it extends [8, 72]. Furthermore, a general application profile remains flexible, reducible, and extensible
as needed. An example of a general application profile could be a semantic data model for representing
showtimes for performing arts theaters across Germany.

+ Specific Application Profile for a Concrete Use Case Scenario: For implementing a specific use case sce-
nario with concrete data providers and data sources, a specific application profile is derived from the relevant
general application profile that includes constraints such as mandatory, recommended, and optional metadata
elements, cardinalities, and value constraints set to particular code lists for that scenario. An example of a
specific application profile could be a semantic data model for representing showtimes for a particular per-
forming arts theater provisioning its showtimes dataset via a defined API. For enabling actual data exchange,
a specific application profile is further materialized into a technology-specific data schema [29].

A core functionality enabled by application profiles is the validation of instances of semantic data models
against the defined constraints. This functionality is typically implemented using the Shapes Constraint Lan-
guage (SHACL) [100].

— Controlled Vocabularies: These controlled vocabularies or semantic authority tables provide standardized
value sets for representing enumerations and classifications—such as countries, languages, or theatrical
genres—ensuring semantic consistency and enabling alignment across datasets and institutions.

— Competency Questions: Competency questions [73] guide the scope and validation of the semantic data mod-
els by specifying what kinds of queries the model must be able to answer. They ensure that the resulting model
aligns with real-world information needs and use cases. In Culture IM, these are recorded as a part of the
documentation.
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— Example Instances and Queries: To facilitate understanding and adoption, the Culture IM includes represen-
tative example instances of semantic models in the Turtle and JSON-LD serializations of the RDF data model,
and SPARQL queries based on the competency questions. These examples help data providers understand the
model’s application and test their own data.

— Documentation and Provenance: Comprehensive, user-friendly documentation of the Culture IM also in-
cludes modeling discussions, design decisions, and any other records of collaboration. This is primarily cap-
tured in the form of Git commit history, and GitHub issues and pull requests. A comprehensive documentation
is provisioned as described in Section 4.5.

The development of these building blocks requires a systematic methodology, including a platform to support col-
laborative development, and the publication of semantic artifacts and various types of documentation. We describe
these aspects, followed by an elaboration of Culture IM’s building blocks.

4.2. Collaborative Platforms and Tools for Developing Culture IM

Development of Culture IM’s building blocks requires a collaborative platform that provides a source code repos-
itory with version control, pull request management, issue management, content management system for provision-
ing documentation, release management, CI/CD (Continuous Integration/Continuous Delivery) for automating val-
idation and publication workflows. For the development of semantic artifacts and standards, Auer [6] recommends
following an agile approach and using an agile collaboration infrastructure such as GitHub, which is followed by
several ontology and vocabulary development initiatives such as Schema.org, DCAT, and ODRL. Following these
recommendations, examples and availability of the required feature set, we manage Culture IM using a GitHub-
based public repository??.

Development of the Culture IM’s building blocks requires a close collaboration between Semantic Web experts
and culture domain experts. To effectively involve domain experts at various stages of data modeling, we use visual
representations of models similar to UML class diagrams. To enable collaborative editing of diagrams in pair de-
sign [11] sessions and also offline, we use a free, open-source Web-based diagramming tool called draw.io® (aka
diagrams.net). The visual models are maintained alongside their formal RDF representations and persisted as SVG
(Scalable Vector Graphics) files in Culture IM’s GitHub repository, which are editable using the draw.io tooling.

Furthermore, following the best practices in the Semantic Web community, we use W3ID?**-based unique, per-
sistent identifier for the Culture Ontology: https://w3id.org/drk. For abbreviating URIs of the ontologies
extended by the Culture Ontology to create prefixes, we use the Web-based prefix.cc? tool. Finally, for generating
and publishing the documentation, we used WIDOCO [47].

4.3. The AP-first Methodology: Prioritizing Application Profile Development in Semantic Information Modeling
for Dataspaces

The development of semantic information models such as Culture IM requires a methodology that is systematic,
agile, iterative, user-friendly, and enables effective collaboration between the stakeholders or actors, namely, Seman-
tic Web experts and domain experts. We developed and employed a custom IM development methodology, referred
to as ‘AP-first’ (short for Application Profile-First methodology), that fulfills these requirements while making an
efficient use of various functionalities provided by certain types of platforms and tools. This includes a collaborative
version-controlled repository management platform with features such as pull request management, issue manage-
ment, content management system for provisioning documentation, release management, and CI/CD for automating
validation and publication workflows, and a Web-based tool for collaborative editing of diagrams simultaneously in
pair design sessions involving multiple users. In the specific application of the methodology to the Culture IM, we
chose GitHub and draw.io as described in Section 4.2.

22Culture IM GitHub repository: https:/github.com/Fraunhofer- FIT-DS Al/drk-information-model
2https://www.drawio.com

2http://w3id.org/

ZShttps://prefix.cc
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The main focus of AP-first is to enable an effective collaboration between Semantic Web experts and domain ex-
perts, at various stages of the IM development lifecycle. It builds on various features and recommendations of mul-
tiple ontology development methodologies. It uses competency questions for scoping and validating ontologies as
recommended by the Ontology Development 101 methodology [73]. It is designed to be collaborative, and iterative,
and it makes use of the concept of pair design recommended by the eXtreme Design methodology [11]. Moreover,
AP-first uses pathways recommended by the NeOn methodology [91] particularly for reusing and reengineering
non-ontological and ontological resources. Furthermore, we make significant use of tooling for visualization, vali-
dation, and documentation as recommended by the LOT (Linked Open Terms) methodology [81].

In the remainder of this section, we describe the AP-first methodology as well as its application to the development
of Culture IM. By describing the methodology alongside its real-world application in Culture IM, we aim to enhance
understanding. AP-first involves certain preparations such as collecting initial data modeling information from data
providers (domain experts) and setting up platforms and tools as a prerequisite before commencing the iterative
development process.

4.3.1. Prerequisites and Initial Work

While developing the Culture IM, Semantic Web experts were designated as managers of the IM development
process and the resulting semantic artifacts. They identified certain prerequisites before commencing the iterative
development process which are described in this section.

First, they set up a GitHub repository for the Culture IM. This was followed by setting up other collaborative tools
such as draw.io. Second, before commencing the iterative development process, Semantic Web experts identified
certain tasks for both actors—themselves and domain experts. As a part of the tasks assigned to them, they created
a questionnaire for domain experts involved in the DRK project as use case partners to collect initial use case
requirements involving details such as use case scenario description, data source details, URLs to interfaces (GUI,
API, download link) at which the data source is accessible, data format (JSON, JSON-LD, CSV), URL to API
specification or API/dataset documentation including data model description, examples of data payloads or dataset
records, license, (desired) data access and usage policies, pricing information, and potential data consumers, if
known already, and their expected queries.

Third, while this information was being collected in a spreadsheet, Semantic Web experts did an initial horizontal
analysis of the existing ontologies landscape, identified ontologies and other data models from the areas of datas-
paces as well as culture domain, and structured them in the form of layers as illustrated in Figure 2. This is termed as
‘Existing Data Models Collection’. The bottom layer corresponds to the core, domain-agnostic ontologies, vocabu-
laries, information models, and other data models for dataspaces such as the IDS Information Model and DCAT. The
middle layer represents ontologies, vocabularies, and other data models that provide additional common function-
ality, such as ODRL for specifying formal access and usage policies and EU Controlled Vocabularies—especially
Authority Tables—for representing common elements such as countries, languages and currencies. The top layer
corresponds to culture domain specific ontologies, vocabularies, and other resources such as CIDOC CRM, GND,
and NFDI4Culture. The cross-cutting ontologies, vocabularies, and other resources that often provide terminolo-
gies, concepts, and axioms across these layers are represented separately, which also includes the Culture Ontology.
This layer also includes the Culture Ontology, foreseeing the need for extending existing ontologies and reengi-
neering non-ontological resources into ontological form. These layers correspond to the recommendations of the
European Interoperability Framework (EIF) [37]. Specifically, they align with the EIF’s Technical Level, which
covers the ‘generic data space information model” aspect, and the Semantic Level, which pertains to the ‘domain-
specific information models’ aspect. The Existing Data Models Collection is a living document that is maintained
and enhanced throughout the development process.

Forth, Semantic Web experts created a quickstart glossary?® to help domain experts understand the concepts of
Metadata and Content Data, and the distinction between them. Finally, each use case partner organization desig-
nated at least one person as a domain expert for participation in the iterative development process. In addition to
being a domain expert, this individual had a basic understanding of data model diagrams, graphs, APIs, and formats
such as JSON. With these prerequisites fulfilled, the main development process could begin.

26https://github.com/Fraunhofer- FIT-DS Al/drk-information- model#glossary
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CIDOC-CRM, GND,
NFDI4Culture, LIDO,
Custom data models/schemas, etc.

Culture domain-specific
ontologies, vocabularies
& resources

Culture Ontology & .
FOAF, DCTERMS, (?nttologﬁsl, atr;]dtother
More layers for common ODRL, E SKOS, OM, ata models tha
functionality (e.g., contract EU Controlled Vocabularies, DBpedia, represent common,

cross-cutting aspects

management) a11yJSON, etc. Schema.org, etc.

Core domain-agnostic IMs, IDS Information Model, E
ontologies, vocabularies & Gaia-X Ontology,
resources for dataspaces DCAT

Fig. 2. The result of an initial horizontal review of ontologies and other data models from the areas of dataspaces and cultural sectors done as a
prerequisite to starting the data modeling process, arranged in the form of layers. This is done to get an initial understanding of what exists and
can be potentially reused. This ‘Existing Data Models Collection’ serves as the first reference, and it is maintained and enhanced throughout the
development process as a living document.

Integrated Governance
On organization, arrangements and agreements.

Interoperability Levels Aspects
Legal Level
To ensure that data space participants share —s| = 0Onboarding (accession) agreement

data under agreed upon legal conditions.

» Data sharing agreement

Organizational Level
To let organizations align business processes,
responsibilities, expectations and goals.

= Aligned customer and operations processes
« Certification

* Service Level Agreements
A

Semantic Level
To ensure that format and meaning of shared
data is preserved and understood.

» Domain-specific information models

» Vocabulary provisioning

» Semantic management data apps e.g.
semantic conversions

Technical Level
Covering applications, services and
infrastructures for controlled, sovereign
and secure sharing of data.

» Identity, authentication, authorization (IA)
« Secure (peer-to-peer) connectivity

« Metadata brokering

= Generic data space information model

Fig. 3. The European Interoperability Framework (EIF) [37] (Figure sourced from [97]). The EIF defines four interoperability levels: Technical,
Semantic, Organizational, and Legal. Our approach aligns with the aspects of ‘generic data space information model’ and ‘domain-specific
information models’ within the Technical and Semantic levels respectively, as highlighted by us in blue.

4.3.2. Main Development Process

The AP-first methodology was designed to enable close collaboration between domain experts and Semantic Web
experts to co-create semantically rich data models that reflect real-world requirements. Below, we describe the five
essential steps of this methodology, as depicted in Figure 4, along with the roles of the participating actors.

Step 1 Identification of Concepts, Properties, and Relationships based on Data Sources in a Use Case
Actors: Domain experts (e.g., theater professionals), in coordination with Semantic Web (SW) experts
Description: The modeling process begins with the identification of core domain concepts, properties, and
relationships based on one or more real data sources from a general use case (e.g., “performing arts theaters
want to provision their showtimes data in a common, interoperable, and machine-comprehensible format to be
potentially consumed by other organizations such as cultural platforms”).

Sw N

o 3 o U

10
11
12
13
14
15

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



@ J oy U W N

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

48
49
50
51

R.A. Deshmukh et al. / Semantic Data Modeling for Dataspaces: The Culture Information Model & the AP-first Methodology
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Use Case Validation of Semantic Knowledge
[Actors: Domain Data Models Graph'
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Initiation of Versioned
Semantic Publication of
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[Actors: Semantic Semantic Web
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Fig. 4. The main steps of the AP-first methodology for developing semantic data models—such as ontologies, application profiles, and controlled
vocabularies—for domain-specific dataspaces. AP-first involves two main roles or actors—Semantic Web experts and domain experts—and it
emphasizes on enabling an effective collaboration between them by leveraging tool support and visual models.

Domain experts preferably initiate this process by creating a GitHub issue that describes the modeling require-
ments. In practice, this can also be done by Semantic Web experts. For instance, in the case of Culture IM, the
domain experts provisioned their requirements differently, leaving it to the Semantic Web experts to transcribe
them into issues. These issues can include conceptual representations of their (desired) data models in various
formats, such as graphs, UML class diagrams, entity-relationship models, JSON Schemas (e.g., from OpenAPI
specifications), links to collaborative boards (e.g., draw.io, Lucidchart, Miro), or even pictures of hand-drawn
diagrams. Where applicable, domain experts are encouraged to reference existing ontologies, vocabularies, or
even non-ontological resources widely used in their domain that they are familiar with (e.g., Getty Vocabulary
for Union List of Artist Names® (ULAN) [64]; ISO 15511: International Standard Identifier for Libraries and
Related Organizations (ISIL) [103] and the related lookup services [61]). Any existing semantic data models
developed by domain experts or examples of their instances serialized using RDF/Turtle, TRiG, or JSON-LD
formats are also accepted.

An important aspect of this step is the definition of competency questions by potential consumers, which can
inform the scope of the semantic data model, which is the ultimate outcome of the entire process. This task is
straightforward when the potential consumers are identified within the project’s framework; however, it may
require some conjecture in other instances. Semantic Web experts guide the creation of these competency
questions and ensure their proper documentation in the relevant GitHub issue. Furthermore, the same com-
petency questions can subsequently be used for the validation of the semantic data models, at a later stage.
Competency question example: “A potential consumer should be able to search theater showtimes based on
branch, category, or genre, such as theater, opera, concert, dance performances, festivals, children’s and youth
theater (‘Kinder- und Jugendtheater’), musicals, etc.”

Step 2 Initiation of Semantic Modeling and Ontology Reuse Process

Actors: Semantic Web experts

Description: Once the initial data modeling needs are defined, Semantic Web experts employ their experience
and expertise for abstraction and generalization of the identified concepts and relationships. Furthermore, they
analyze and align the identified concepts with suitable existing ontologies and vocabularies from the Existing
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Data Models Collection (see Figure 2) identified earlier during the “prerequisites” stage. They analyze whether
some concepts overlap with or contribute to common modules that can be used across various use cases. A
pool of common modules is maintained and enhanced throughout the process.

Semantic Web experts create an initial visual representation of the data model, which will ultimately form the
general application profile for that use case. This model also highlights the reuse of ontologies and vocabu-
laries as supplementary information. This visual representation serves as a bridge between them and domain
experts collaborators, facilitating shared understanding.

Step 3 Iterative Review, Feedback, Collaborative Refinement, Formalization, and Validation of Semantic

Data Models

Actors: Semantic Web experts and Domain experts

Description: The draft visual model for the general application profile is collaboratively refined through a
series of iterative discussions between the actors involving pair design where a shared draw.io board is col-
laboratively updated. This stage ensures that the model meets both technical standards and practical domain
requirements.

Additionally, any general common minimum constraints, which are expected to be applicable to the derived,
concrete use case scenario-specific models, are identified and applied. This activity results in the creation of
a General Application Profile for that use case. Constraints may include cardinality restrictions, enumeration
values drawn from controlled vocabularies, and prescribed data formats (e.g., use of ISO 8601 format for
DateTime).

Upon consensus, the Semantic Web experts formalize the visual model using RDF for defining classes and
properties, and SHACL for expressing application profile constraints. Any new classes or properties are cre-
ated within the ontology namespace (Here, in the Culture Ontology namespace). These finalized models are
submitted as pull requests (PRs) to the main IM GitHub repository. Preferably, syntax checks are performed
in the CI/CD pipelines that are triggered by the submission of a new PR. After a peer review process, the PR is
merged into the designated branch of the repository, which is typically the main branch but could also be an
intermediate branch like develop. The SHACL shapes representing general constraints are stored separately
within the repository for use during data instantiation and validation. Visual models are kept continuously
synchronized with their formal semantic representations. The formal models are manually validated against
competency questions by the Semantic Web experts. Further quality checks can be performed using online
tools such as the OntOlogy Pitfall Scanner (OOPS!) [80].

Furthermore, when a specific use case scenario is known—including concrete data providers, their datasets,
and (optionally) potential consumers—a Specific Application Profile can be derived from the general applica-
tion profile, if needed, to suit the specific requirements of that scenario.

It is important to note that an application profile does not define new elements such as classes, properties,
or axioms. When such a need arises, new elements are developed as components of the ontology within its
designated namespace.

Step 4 Versioned Publication of the IM Building Block Artifacts

Actors: Semantic Web experts

Description: Before a formal release, a FAIR compliance check is performed on the release candidate. In
the case of Culture IM, we used the online FOOPS! (Ontology Pitfall Scanner for FAIR) tool [49] for this
purpose. The IM artifacts are versioned using semantic versioning (SemVer) [82] specification for tracking
stable releases. Each release snapshot is documented and published to support traceability, reuse, and long-
term maintenance. This can be accomplished using GitHub releases (as done by the Culture IM?’) or using
release-specific directories within the IM’s GitHub repository (as done by the mobilityDCAT-AP specifica-
tion?®). For publication of documentation, tools such as WIDOCO [47] can be used. Post publication, the

2Thttps://github.com/Fraunhofer- FIT-DS Al/drk-information-model/releases

28https://github.com/mobilityDCAT- AP/mobilityDCAT- AP/tree/gh- pages/releases
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Currently reused: GND, Kanzaki Music
Vocabulary
Planned to be reused: CIDOC-CRM, LIDO,
Minimum dataset recommendation for museums &
collections, MIMO (Musical Instrument Museums

Culture domain-specific
ontologies, and other

data models Online), Getty: Union List of Artist Names (ULAN), | Currently (re)used:
ISO 15511: International Standard Identifier for Culture Onto|ogy & Onto|ogies’ and other
Libraries & Related Organizations (ISIL) Controlled Vocabularies, | | data models that

Schema.org, DCTerms, represent common,
Currently reused: a11yJSON, EU Controlled | SKOS, FOAF, Wikidata, | | cross-cutting aspects

Vocabularies (ISO 639-1: Languages, 1SO 3166-1: DBpedia

Countries & Subdivisions, ISO 4217-1 Currencies)

More layers for common
aspects and representations

Core domain-agnostic IMs, Currently reused: DCAT
ontologies, and other data Planned to be reused: ODRL, IDS Information
models for dataspaces Model, Gaia-X Ontology

Fig. 5. The current state of the Existing Data Models Collection live document while writing this paper (June 2025). The figure additionally
shows Culture IM’s data models for completeness. The data models planned to be used refer to the extension plans for the Culture IM to other
cultural sectors.

unresolved issues identified pre release by the FOOPS!-based evaluation, such as publication in a metadata
registry, are addressed.

Step 5 Instantiation and Registration of Metadata for Assets and Knowledge Graph Construction
Actors: Domain experts, with optional support from Semantic Web experts
Description: Following model finalization, domain experts register their data sources as assets in the catalog
(Metadata Broker) component of the dataspace infrastructure. This registration process relies on the relevant
semantic data models defined in the information model. SHACL shapes are used for the validation of instances.
The metadata instances registered in the dataspace catalog result in the creation of a cohesive, queryable
Knowledge Graph.

Relevant semantic data models are thus created using the AP-first methodology. Some authors of this paper
served as Semantic Web experts during the development of the Culture IM version presented in this paper. This
direct involvement allowed for hands-on evaluation and iterative refinement of the AP-first methodology in a real-
world setting. The methodology proved effective in fostering collaboration between domain experts and Semantic
Web experts, as evidenced by our hands-on involvement in the process, which allowed us to assess the ability of
domain experts to follow the methodology, comprehend the models being built, and contribute effectively. This
conclusion is further supported by informal, verbal feedback received from the domain experts during the process,
indicating its practicality and usability. These initial results, in the form of semantically robust, interoperable, and
use case-driven models, provide the foundation for further refinement and reuse of the methodology across other
domains, as discussed further in Section 6.2.

4.4. Culture IM Semantic Data Models

In the context of Culture IM, the term Semantic Data Models refers to its core components: the Culture ontology,
general and specific application profiles, and controlled vocabularies. Following the AP-first methodology, these
semantic data models reuse various existing ontologies, vocabularies, and other data models such as Schema.org
and DCAT, in a soft reuse [42] manner.

Figure 5 presents an overview of the current state of the Existing Data Models Collection live document while
writing this paper (June 2025). It highlights both the data models currently in use and those planned for reuse across
the layers of domain-agnostic models for dataspaces (e.g., DCAT), cross-cutting models (e.g., Schema.org, SKOS),
common thematic models (e.g., EU Controlled Vocabularies, A11yJSON for accessibility), and culture domain-
specific models (e.g., GND, Kanzaki Music Vocabulary), as well as cross-cutting models (including Schema.org,
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SKOS). From the cross-cutting models layer, the Culture ontology uses Schema.org as its base vocabulary and
reuses various domain-agnostic as well as culture domain-specific concepts from it.

At present, data models from the culture domain and common aspects layers have been reused primarily within
Culture IM’s SKOS-based controlled vocabularies. The models marked as “planned to be reused” reflect our
roadmap to extend Culture IM to other cultural sectors.

This section starts with outlining the major design decision taken during the development of the semantic data
models and the reasoning behind them. It then presents and describes the semantic models developed thus far. For
illustration purposes, we provide concise models that depict only the classes and their interrelationships, omitting
lower-level details due to space and readability constraints. Comprehensive visual models are available in Culture
IM’s GitHub repository®.

4.4.1. Major Design Decisions for Culture IM’s Semantic Data Models

During the development of the Culture IM, several strategic design decisions were made to ensure that the re-
sulting framework becomes and remains scalable, extensible, and well-suited for real-world application scenarios
in the cultural domain. This section outlines two of the most important design choices and the rationale behind them.

Choice of Schema.org as the Base Vocabulary for the Culture Ontology

One major decision was to base the Culture ontology on Schema.org [13, 56] rather than CIDOC Conceptual
Reference Model (CIDOC CRM) [16, 27], GND Ontology [57], or the NFDI4Culture Ontology (CTO) [95].

While CIDOC CRM provides an upper-level ontology for representing cultural heritage knowledge, it operates
at a comparatively higher abstraction level, emphasizing temporal entities, spatial entities, and persistent items.
Direct application of CIDOC CRM to specific, operational use cases such as modeling theater showtimes would
require significant extensions, increasing complexity and limiting usability for non-expert stakeholders. In contrast,
the Culture IM adopts a more pragmatic, application-driven approach that prioritizes lightweight metadata, domain
understandability, and practical interoperability. Nonetheless, there is conceptual alignment, and Culture IM classes
suchas drk:0rganization,drk:Place,drk:PlayProduction,and drk:Event canconceptually map
to CIDOC CRM classes such as E74 Group, E53 Place,E12 Production,and E5 Event, respectively.

The focus of the GND Ontology [57] is to provide elements for the authoritative description of entities, offering
standardized identifiers for people, organizations, works, and subjects. It includes a vocabulary for the description
of differentiated persons, conferences or events, corporate bodies, places or geographic names, subject headings
(e.g., sport), and works. In contrast to Schema.org, which provides a structured vocabulary with hierarchical classes
and property relationships for describing concepts, GND primarily focuses on the identification and authoritative
description of entities, emphasizing factual attributes to ensure unambiguous identification, consistent naming, and
disambiguation rather than offering a comprehensive ontology of interrelated concepts. Thus, the GND ontology,
along with the associated knowledge graph [54] and metadata services [53] such as the Entity Facts service®,
can serve as complementary resources for the Culture IM. These resources are particularly useful for effectively
modeling authority and provenance data, areas where Schema.org and Culture IM currently lack strong support.

The NFDIcore Ontology [101] is a mid-level ontology designed to represent metadata related to resources within
the German National Research Data Infrastructure (NFDI), including individuals, organizations, projects, and data
portals. Building on this, the NFDI4Culture Ontology (CTO) [95] extends NFDIcore with a focus on facilitating
the modeling of cultural heritage research data and its integration into the NFDI4Culture Knowledge Graph [14].
CTO notably reuses Schema.org for describing concepts such as creative works and theater events, and its docu-
mentation®! highlights potential applications in the performing arts sector, particularly for enabling research data
indexing.

In that respect, CTO could have been a reasonable candidate to be extended for developing the Culture IM’s
Theater Showtimes module; however, after careful evaluation, we found Schema.org to be more detailed, widely
adopted, and closer to our objectives and scope. Thus, Schema.org was selected as a more fitting foundation for the

29https://github.com/Fraunhofer- FIT-DS Al/drk-information-model/tree/main/visual-models
30https://www.dnb.de/EN/Professionell/Metadatendienste/Datenbezug/Entity- Facts/entityFacts_node.html
31https://nfdi.fiz-karlsruhe.de/4culture/domain-examples/

=W N

o 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51


https://github.com/Fraunhofer-FIT-DSAI/drk-information-model/tree/main/visual-models
https://www.dnb.de/EN/Professionell/Metadatendienste/Datenbezug/Entity-Facts/entityFacts_node.html
https://nfdi.fiz-karlsruhe.de/4culture/domain-examples/

@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

R.A. Deshmukh et al. / Semantic Data Modeling for Dataspaces: The Culture Information Model & the AP-first Methodology 23

el Cafw- @R

Performing ~ Theater Music Music Music Music Song
arts theater event course school teacher instrument Cultural Knowledge
platform Graph

* rdih~
Actor Production e ﬁ & ) .a ' 1 Lo

. &'_‘_'e Crent . - NFDI4Culture Library of
UV reative wor Congress
% Organization ~ Place & Role People Kngwle:ge Knov?ledge

accessibility audience rap Graph
Showtimes
X
Person o E
Media  nffer & Ratinge& 2% proorom
biect _ Event atings service program
/1 =~ J.\ = onlee price reviews % 5
- )
&t 8]
Concert
- IR
o &
Al | & - 5
L@ Nelal -
‘ - e e Circus
Library Book Movie Director Cinema hall Exhibition event

Fig. 6. Various artifacts and concepts from the cultural domain, categorized into broadly accurate sectoral groups: performing arts theaters and
stages, museums and collections, music schools and marketplaces, libraries, movies, and diverse types of events. A brief analysis reveals that
these sectors share a set of common concepts—such as organizations, places, and creative works—which are depicted in the central box. These
are modeled as common modules of the Culture Ontology as detailed in the following sections. The figure also highlights cultural platforms and
knowledge graphs to indicate that linking to them can provide added value.

Culture Ontology.

Modularity and Extensibility by Design

Another design choice was to structure the Culture IM, and especially the Culture ontology, in a modular and
extensible way. Although modularization introduces initial investment in terms of effort and complexity—requiring
identification of reusable common modules and careful separation of sector-specific models, which may have
overlaps—it ensures long-term flexibility and scalability. This design makes it easier to extend the Culture IM
incrementally across different cultural sectors while maintaining coherence.

The Culture ontology includes several common modules, based on standard vocabularies such as Schema.org and
DCAT, which are reused by the sector-specific Theater Showtimes module.

This design decision is line with our plans for extending Culture IM with new modules for various sectors within
the culture domain such as museums and collections, and music marketplaces. Future work concerning such en-
hancements is described further in Section 6.1.

4.4.2. Culture Ontology Common Modules

The Culture ontology is designed to be modular and extensible considering the diverse data modeling require-
ments of the culture domain. Figure 6 illustrates various artifacts and concepts from various sectors—such as per-
forming arts theaters and stages, museums and collections, music schools and their offerings, libraries, movies and
cinema halls, and specialized events—within the cultural domain. A brief analysis of such artifacts revealed com-
mon, reusable concepts, depicted at the center of the figure, which can be modeled as common modules and reused
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Fig. 7. Concise visual model of the Organization and Place modules of the Culture ontology. To model these concepts, the Culture ontology
extends Schema.org and reengineers A11yJSON for accessibility related concepts. The Place module also uses Culture IM’s Controlled Vocab-
ulary called Personal Profile for Accessibility to describe with what personal profile—such as Visuallmpairment, MobilityImpairment—is the
place accessible.

across various sector-specific modules. In line with this, the Culture ontology defines core common modules for
organizations, places, creative works, events, roles, and data services, which are described in this section.

Organization and Place Modules:

These modules build on the concepts of Organization and Place defined in Schema.org. We extend the
schema:0Organization class to add the property drk:associatedDataService to link it to DCAT’s
dcat:DataService class. Moreover, we specialize the drk:0rganization class further to represent
drk:CulturalOrganization, which acts as a parent class to all the sector-specific organization classes such
as drk:TheaterOrganization, which is in line with some specializations that already exist in Schema.org
itself such as EducationalOrganization, MedicalOrganization, and NewsMediaOrganization.

In the Culture ontology, we extend the schema :Place class to link it to describe accessibility related features
associated with that place. For this purpose, we reuse and re-engineer a subset of the non-ontological resource
A11yJSON, which is an open standard to describe the accessibility of the physical world [89]. This results in the
creation of drk:PlaceAccessibilityFeature, drk:WheelchairPlaces and drk:AnimalPolicy
classes and associated properties. The drk:PlaceAccessibilityFeature class provides a property
drk:accessibleWith to describe the administrator-rated accessibility of a place from a disability profile per-
spective such as accessible with blindness, mobility impairment, or hearing impairment, etc. For facilitating this,
we created the Personal Profile for Accessibility Vocabulary based on A11yJSON.

CreativeWork, Event, and Role Modules

We extend the schema:CreativeWork class to be able to describe creative artifacts such as Theatrical Pro-
duction or Museum Artifact. Moreover, we extend the schema:Event class to add further properties such as
drk:intermissionCount and drk:eventType, and to link it to the drk : Role class.

Finally, the Role module consists of the drk : Role class that links a role to its performer, which is in line with
the commonly used “Agent-Role” ontology design pattern [46]. Roles can, in general, be of various types such
as character roles, production roles, event roles, onstage roles, offstage or behind-the-scenes roles. Examples of
role names include creator, writer, playwright, actor, protagonist, puppeteer, singer, cameo, costume designer, stage
designer, choreographer, makeup artist, understudy, funder, and sponsor.
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Fig. 8. Concise visual model for CreativeWork, Event, and Role Modules of the Culture ontology. The CreativeWork and Event modules are
based on Schema.org, while the Role module is custom built into the Culture ontology.

The drk:Role class has subclasses drk :CharacterPerformanceRole and drk:ProductionRole.
The drk:CharacterPerformanceRole class links a character to its performer. Characters can be from a cre-
ative work such as a Play. Examples of characters include Romeo from Romeo and Juliet by William Shakespeare,
and Kermit the Frog from The Muppet Show.

The drk:ProductionRole class links a production role to its performer. Production roles can, in general,
include creator roles, non-character roles, offstage or behind-the-scenes roles. Examples of production roles in-
clude creator, writer, playwright, costume designer, stage designer, choreographer, makeup artist, understudy, usher,
funder, and sponsor.

The fine-grained classes, drk : Character and drk:Performer, are used to capture more details for char-
acters in a creative work or during an event and performers of a role in a creative work or event respectively. Char-
acters can include persons, animals, puppets, robots, inanimate objects, or even imaginary entities, and performers
can include persons, animals, organizations, puppets, robots, inanimate objects, or even computer-generated im-
agery (CGI). Performers can include persons, animals, organizations, puppets, robots, inanimate objects, or even
computer-generated imagery (CGI) in a creative work or during an event.

Data Service Module The core, domain-agnostic Data Service module (Figure 9) reuses classes from the DCAT
ontology to represent a service provided by an Organization to provision its data, and how this data is served and
distributed. We extend the dcat : Dataset class to add the property drk : containsRecord for linking it to a
specific drk :DatasetRecord. The drk:DatasetRecord class can be further extended to represent specific
types of records from specific sectors such as drk : TheaterShowt imesRecord.

Offer and PriceSpecification Module This module (Figure 10) provides the basic classes and properties for
representing offers associated with events and data services. It is based on Schema.org.

4.4.3. Culture IM’s Theater Showtimes Model

Culture IM’s Theater Showtimes model consists of the Culture Ontology’s Theater Showtimes module as well
as the associated Theater Showtimes general application profile (TS-GAP). The Theater Showtimes model, built
upon widely adopted standards such as Schema.org and DCAT, defines formalized concepts, relationships, and con-
straints for describing theatrical productions, events, performances, venues, and associated roles in a structured and
interoperable way. We started the development process using an initial data model for theater showtimes (Theater-
spielplan)? created by domain experts as a base. This model reused concepts such as schema : Creat iveWork,
schema:Event, schema:Organization, and schema:Place from Schema.org. Starting directly with this

32 https://github.com/Fraunhofer- FIT-DS Al/drk- information- model/commit/a8e870697d2c3e696bde 1 5b39c0a7006ccc7£5d5
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Fig. 9. Concise visual model for the Data Service module of the Culture ontology. This module extends DCAT for linking a Dataset to Dataset-
Records.

Legend DataService Event
Offer &
PriceSpecification
CreativeWork &
Event —offers—— Offer «—offers——
DataService ‘
priceSpecification

PriceSpecification

Fig. 10. Concise visual model for the Offer and PriceSpecification modules of the Culture ontology. These are based on Schema.org.

model helped speed up the development process of Theater Showtimes model and the associated theater-specific
controlled vocabularies elaborated in the next section.

The Culture ontology’s Theater Showtimes module extends the common modules of the Culture ontology—
such as Organization, Place, CreativeWork, Event, and Role with specialized classes and properties for mod-
eling theater showtimes-specific entities. Key classes include drk:TheaterOrganization to represent
a performing arts theater institution that creates theatrical productions and/or organizes theatrical events,
drk:PlayProduction to capture the entire lifecycle of a theatrical work (excluding the play perfor-
mance event), drk:TheatricalEvent to represent an actual theatrical (play) performance event, and
drk:PerformingArtsTheater to model the theater venue itself. The module reuses the Role module to
express fine-grained concepts such as drk : Character, drk:Role, drk:CharacterPerformanceRole,
and drk :ProductionRole, as well as properties such as drk : characterRole, drk:creatorRole, and
drk:eventRole to distinguish between onstage and offstage contributions. This module contains two prominent
classes: drk:TheatricalProduction and drk:TheatricalEvent.

The drk:TheatricalProduction class represents the creation and development of a theatrical work, en-
compassing all production activities such as writing, casting, and rehearsals, but excluding the final public perfor-
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Fig. 11. Concise visual model of the overall Theater Showtimes module. It reuses common modules such as Organization, Place, CreativeWork,
Event, Role, and Offer and PriceSpecification. The figure also illustrates the use of controlled vocabularies for representing enumerations.

mance, which is modeled separately as an event. This class extends schema:CreativeWork and describes key
aspects such as the title, description, theatrical genre, production type, involved characters and production roles,
languages, audience type, accessibility features, and source inspirations. This structured metadata enables cultural
organizations to uniformly describe theatrical productions, enhancing discoverability, and facilitating interoperabil-
ity.

The drk:TheatricalEvent class models the actual public presentation of a theatrical production work, ex-
tending schema: TheaticalEvent, and linking back to its corresponding drk : TheatricalProduction
via the schema : workPerformed property. It captures event-specific details including venue, start and end dates,
door opening times, event duration, intermissions count, ticket offers, languages spoken and subtitled, character per-
formances, and production roles involved. Standardized through controlled vocabularies and ISO formats, this class
ensures consistent, machine-comprehensible representation of showtimes across theater organizations. In addition,
we developed a general application profile for theater showtimes, which defines a subset of classes and proper-
ties from the Culture ontology’s Theater Showtimes module, enriched with minimal constraints such as prescribed
use of designated controlled vocabularies and formats such as ISO 8601 format for DateTime and Duration. This
general application profile supports common minimum requirements across many theater institutions and aims to
enable rapid derivation of specific application profiles tailored for individual concrete use case scenarios, such as the
provisioning of showtimes by a particular theater. Figure 12 illustrates an excerpt of the general application profile
for theater showtimes. The comprehensive general application profile®® is not produced here due to space and read-
ability constraints. Thus, the Culture IM complements ontological modeling with application profile mechanisms
balancing adherence to global standards with practical applicability to real-world use case scenarios.

3https://raw.githubusercontent.com/Fraunhofer-FIT-DS Al/drk-information-model/refs/heads/main/visual-models/
theater-showtimes-model.drawio.svg
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drk:Organization
(extends schema:Organization)

schema:name : schema:Text

drk:TheaterOrganization

drk:hasT!

(extends schema:TheaterGroup)

lassOf

drk:CulturalOrganization
(extends drk:Organizati

schema:description : schema:Text

schema:address :
schema:PostalAddress

schematlogo : schema:URL

drk:TheatricalProduction
drk:hasTheatricalEvent : drk:TheatricalEvent

drk:Event
(extends schema:Event)

drkhasTheatricalProduction

drk:TheatricalProduction
(Includes all Production activities such
as creating literature for a Play, except

for presentation of work, i.e., Event) | gychasThentricalEvent

(extends schema:CreativeWork)

\assO(J
drk:Performer

(Note: Performers can include persons,

(Note: Specify official website)
schema:url : schema:URL

drk:associatedDataService :
dcat:DataService

Note: Specify Wikipedia page,
GND URI, Wikidata/dbpedia entry,
etc.)

schema:sameAs : schema:URL

drk:Role
(extends schema:Role)

(Note: Examples:

actor, protagonist, puppeteer, writer, makeup
artist, understudy, funder, sponsor, etc.)
schema:roleName : schema:Text || schema:URL

drk:performer : drk:Performer

Frcvs subclassovj qu!s subC\assOL‘

animals, izations, puppets, robots,

(Note: Use DRK controlled
vocabulary: theatrical genres
subPropertyOf schema:genre)
drk:theatricalGenre : schema:URL

schema:name : schema:Text

schema:alternativeHeadline :
schema:Text

schema:abstract : schema:Text
chema: : schema:Text

inanimate objects, or even comp:
generated imagery (CGl), etc.)
(extends schema:Thing)

schema:name : schema:Text

(Note: Use DRK controlled vocabulary:
performer types)
drk:performerType : skos:Concept

schema:sameAs : schema:URL

(Note: Use DRK controlled
vocabulary: theatrical production

types)
drk:productionType: schema:URL

drk:intermissionCount:
xsd:nonNegativelnteger

drk:eventRole : drk:ProductionRole

drk:eventType: schema:URL

rdfs:subClassOf

|

drk:TheatricalEvent
(extends schema: TheaterEvent)

schema:name : schema:Text
schema:workPerformed :
drk:PlayProduction

schemaxlocation : schema:Place ||
schemaVirtualLocation

(Note: Use ISO 8601 format [-JCCYY-
MM-DDThh:mm:ss{Z|(+-)hh:mm]

Example: 2024-10-25T12:30:35)
schema:startDate : schema:DateTime

:endDate : schema:DateTime

schema:accessibilitySummary :
schema:Text

(Note: Use DRK controlled

drk:Character
(Note: Characters can include persons,
animals, puppets, robots, inanimate
objects, or even imaginary entities)
(extends schema:Thing)

y: Languages ISO639-1)
schema:inLanguage:
schema:Language

schema:audience
schema:PeopleAudience

(Note: Use this property instead of

(Note: character name)

schema:name : schema:Text

(Note: Use DRK controlled vocabulary:
character types)

drk:characterType : skos:Concept

s : schema:URL

drk:ProductionRole drk:Cl

chema.
drk:characterRole :
drk:CharacterPerformanceRole

(Note: Use this property instead of
schematcreator, schema:creator,
schemaxfunder, schema:sponsor,

tc.)
drk:creatorRole : drk:ProductionRole

schema:workPerformed

schema:doorTime : schema:DateTime

(Use ISO 8601 duration format:
P(n)Y(m)M(n)DT(n)H(n)M(n)S
Example: P1Y10M5DT12H30M20S)
schema:duration : schema:Duration

drk:intermissionCount:
xsd:nonNegativelnteger

schema:url : schema:URL

(Note: Use DRK controlled vocabulary:
Languages 1S0639-1)
schematinLanguage:
schema:Language

(Note: Use DRK controlled vocabulary:

Languages ISO639-1)
drk:subtitieLanguage :

o — chammer4T

drk:character : drk:Character schemaisBasedOn : schema:Language

schema:CreativeWork

T—schema wsBﬁedOnJ

schema:associatedMedia

schema:offers : schema:Offer

(Note: Use this property instead
of schema:performer)
drk:characterPerformanceRole :

drk:CharacterPerformanceRole
schemarrecordedAt

drk:MediaObject drk:eventRole : drk:ProductionRole
(extends schema:MediaObject,

which extends schema:CreativeWork) (Note: Use DRK controlled vocabulary:

theatrical event types)
drk:eventType: schema:URL

yy:property : zz:value_type

dfssubClassOr (Note: Use schema.org controlled
i vocabulary: EventStatusType)

schema:eventStatus :

schema:EventStatusType

<<classes>>
schema:3DModel, schema:AudioObject,
schema:imageObject,
schema:MusicVideoObject,
schema:TextObject, schema:VideoObject

(Note: To be used for rescheduled or
cancelled events)
schema:previousStartDate :
schema:Date

J

eventR

Fig. 12. Excerpt from the visual representation of the General Application Profile for Theater Showtimes. The visual model is represented using a
UML Class-style diagram depicting classes, their properties, and interrelationships. In addition, it shows the namespace of classes and properties
and general constraints such as use of certain controlled vocabularies and ISO based value formats.

4.4.4. Controlled Vocabularies

Controlled vocabularies play a crucial role in the Culture IM by ensuring consistency and interoperability in the
representation of enumerated values during semantic model instantiation. Without controlled vocabularies, varia-
tions in literal values for the same concept (e.g., “Germany” vs “Deutschland” vs “DE”) would severely hinder
interoperability, machine-readability, searchability, and cross-institutional data integration. By enforcing the use of
standardized identifiers (URIs) from controlled vocabularies, the Culture IM ensures that data remains unambigu-
ous, interoperable, and suitable for integration into knowledge graphs and dataspaces.

The Culture IM follows a two-step strategy for the use of controlled vocabularies:

First, wherever authoritative vocabularies already exist, especially those that have been standardized and made
available in RDF format by official bodies, the Culture IM mandates their reuse. For example, it prescribes the use
of EU controlled vocabularies for standard representations of codes such as countries (ISO 3166-1), currencies (ISO
4217-1), and languages (ISO 639-1), accessible through the EU Vocabularies Portal [83]. These resources offer
stable persistent identifiers and standardized code systems, ensuring high-quality, and consistency. In addition, the
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portal offers a user-friendly user interface to browse the vocabularies as simple tables along with a search and filter
functionality, suitable for non-experts.

Second, for culture domain-specific concepts where no suitable controlled vocabularies exist, we develop new
controlled vocabularies within the Culture IM’s namespace in the form of simple SKOS concept schemes, which
are lightweight, easy to understand, and easy to use. The following controlled vocabularies were created within the
Culture IM:

Theatrical Genres Vocabulary: lists and describes theatrical genres such as Ballet, DigitalTheater, Musical,

and Opera.

Theatrical Production Types Vocabulary: captures types of theatrical productions such as WorldPremiere,

Revival, and LanguagePremiere.

Theatrical Event Types Vocabulary: describes types of theatrical events, for instance, LastPerformance and

Premiere.

Character Types Vocabulary: defines types of characters in creative works, including Person, Animal, Puppet,

Robot, InanimateObject, and ImaginaryEntity.

— Performer Types Vocabulary: lists types of performers such as Person, Animal, Organization, Puppet, Pup-
peteer, Robot, InanimateObject, and CGI.

— Personal Profile for Accessibility Vocabulary: based on the A11yJSON initiative, this vocabulary identi-

fies personal accessibility profiles including Blindness, GuideDog, Hearinglmpairment, Learninglmpairment,

MobilityImpairment, Muteness, Visuallmpairment, and Wheelchair.

4.5. Culture IM Semantic Models: Validation, FAIR Publication, Documentation, and Guidelines

A comprehensive documentation is crucial for semantic data models such as ontologies as it ensures clar-
ity, enhances understanding, and promotes reuse. For the Culture ontology (with prefix and namespace drk:
http://w3id.org/drk/ontology/), we published a comprehensive documentation®* following the estab-
lished best practices [48]. We utilized WIDOCO (Wlzard for DOCumenting Ontologies) [47] as the primary docu-
mentation tool, which automatically extracted metadata from the ontology and generated structured documentation
with integrated visualization support through WebVOWL.

Moreover, to validate ontology’s functionality, we verified it against competency questions implemented as
SPARQL queries, ensuring it satisfies its intended requirements and use cases. Quality assessment was conducted
using the OntOlogy Pitfall Scanner (OOPS!) [80], which identified and helped address potential design issues. The
documentation strictly adheres to W3C Best Practices for Publishing Linked Data (2014), Best Practice Recipes for
Publishing RDF Vocabularies (2008) [92], and Linked Data principles [9], enhancing accessibility and usability for
potential users.

For persistent identification, we implemented W3ID persistent identifiers (PID), ensuring long-term stability and
accessibility of our ontology resources regardless of potential hosting changes. The ontology is publicly avail-
able through this persistent identifier (https://w3id.org/drk/ontology/) and has been archived in Zenodo’s long-term
preservation repository with a Digital Object Identifier (DOI) (https://doi.org/10.5281/zenodo.15294907) [67] to
ensure long-term accessibility and proper citation.

Furthermore, we employed FOOPS! [49] to evaluate and ensure compliance with FAIR principles (Findable,
Accessible, Interoperable, Reusable), making the ontology more discoverable and reusable by both humans and
machines. The Culture ontology is released under the Creative Commons Attribution 4.0 International license,
allowing for broad reuse while ensuring proper attribution to the DRK project team. Finally, we deposited our
ontology in Zenodo® to provide long-term preservation and citability, completing a documentation approach that
ensures our ontology remains accessible, understandable, and extensible for future applications.

3https://fraunhofer-fit-dsai.github.io/drk-information-model/
3Shttps://zenodo.org/records/15294907
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Fig. 13. The IDS Reference Architecture Model (IDS RAM) 4.0 sourced from [77] illustrating the core components of dataspaces. The Culture
Dataspace architecture is based on IDS RAM. Here, we show only the IDS RAM architecture to explain the core dataspace components for
simplicity.

5. Application of Culture IM in Culture Dataspace

This section explores the conceptual application of Culture IM’s semantic application profiles within the Culture
Dataspace. We start by providing an overview of the Culture Dataspace architecture, emphasizing its core compo-
nents. Subsequently, we present four specific use case scenarios where theaters aim to share their showtimes data
under varying conditions, highlighting the application profiles’ role in data representation and illustrating how these
scenarios can be implemented within the Culture Dataspace framework.

5.1. Culture Dataspace Architecture

The Culture Dataspace offers a framework for data sovereignty, empowering cultural institutions to retain control
over their data. It facilitates an ecosystem where data remains decentralized—stored and managed by the origi-
nal data owners—yet accessible for sharing under clearly defined terms. Utilizing this framework, the Culture IM
ensures that data providers maintain fine-grained control over their digital cultural assets. The Dataspace Culture
builds upon the core components of the IDS RAM 4.0 [77]. These components are illustrated in Figure 13 and
briefly introduced below:

Connector: The Connector is a core building block that enables data exchange between participants in a datas-
pace. Dataspace participants interface with a dataspace through a Connector. Thus, data assets or offerings as well
as their metadata are provided and consumed through Connectors. Connector interfaces are used for defining and
enforcing access and usage policies, ensuring sovereignty and trust in a dataspace ecosystem. In Culture Datas-
pace, the IDS Connector is realized using a customized version of the Eclipse Dataspace Components Connector
(EDC) [35].
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Metadata Broker: The Metadata Broker serves as an intermediary catalog that enables matchmaking between
data providers and consumers. It provides functionalities for lifecycle management and discovery of metadata. Data
providers create metadata for their assets adhering to the relevant semantic data models given by the Culture IM and
register it with the Metadata Broker, while data consumers typically query the Metadata Broker to discover data of
interest and obtain access URLSs, enabling them to retrieve the desired content data. In the Culture Dataspace, the
Metadata Broker is implemented using the Eclipse Cross Federation Services Components (XFSC) Catalogue [5,
34].

Sovereign Contract Management and Enforcement Framework: A dataspace provides a governance frame-
work and a robust technical infrastructure encompassing standardized contract templates and automated logging
and compliance monitoring (Clearing House) to ensure data sovereignty throughout data exchange processes. The
framework incorporates granular definition and enforcement of access control policies and usage restrictions through
programmatic verification mechanisms.

Base Infrastructure: A dataspace provides a bootstrapping infrastructure to facilitate identity management, au-
thentication, authorization, and the development and adoption of community-driven vocabularies (Vocabulary Hub)
and data processing applications (App Store) for participants. Some components delivering these functionalities are
not shown in the figure for simplicity.

Unlike data lakes or warehouses, which centralize data storage, the Culture Dataspace establishes a decentralized
architecture where data remains under the control of its original custodians while being accessible to authorized
actors via standardized protocols and governance frameworks. This model ensures that cultural institutions retain
physical and legal sovereignty over their digital assets.

A rich semantic metadata layer supported by the Culture IM allows for data discovery by describing available
assets without exposing the underlying data. Crucially, dataspaces embed policy enforcement mechanisms that
operationalize governance rules through technical means. Fine-grained access control allows data providers to
specify who may access which data, under what conditions, and for what purpose. Beyond initial access, usage
control mechanisms impose constraints on downstream data processing—e.g., permitting analysis while restricting
redistribution. Machine-comprehensible digital contracts automate compliance, minimizing the need for manual in-
tervention. Transparent audit trails document all data interactions, reinforcing accountability and trust across the
ecosystem.

It is important to note that the tools implementing these conceptual components are currently at varying Technol-
ogy Readiness Levels (TRLs) and may not yet offer a complete set of functionalities. This includes the EDC and
XFSC Catalog used in the Culture Dataspace. As a result, we provide only a conceptual application of Culture IM’s
semantic data models within the Culture Dataspace setup.

5.2. Theater Showtimes Use Case Scenarios

In this section, to illustrate Culture IM’s conceptual application in the Culture Dataspace, we present exemplary
use case (UC) scenarios for four different performing arts theater organizations, T1, T2, T3, and T4, wanting to
share their showtimes. All four follow the Theater Showtimes general application profile (TS-GAP) to derive their
respective specific application profiles (TS-SAP) to structure their metadata which is mandatory, as well as their
content data, which is optional and recommended, and done voluntarily by them. The concrete UC scenarios are as
follows:

— T1 wants to share its complete showtimes dataset as open or public data.
Metadata: Here, we treat the complete dataset as metadata for simplicity.
Content data: None.

— T2 wants to share its complete showtimes dataset, but only with non-profit organizations (access policy). Con-
sumers can use the dataset, but only until 31 December 2025 (usage policy).
Metadata: Here, only the minimal mandatory subset of TS-GAP is registered as metadata for facilitating dis-
covery, potentially involving only the Organization and DataService modules.
Content data: The complete dataset.
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— T3 wants to offer its complete textual showtimes dataset as metadata for facilitating discovery, but wants to
monetize the associated multimedia objects such as behind-the-scenes footage, rehearsal photos and videos,
trailers, teasers, posters, and multimedia artifacts such as performance recordings and pictures from past events
(access policy). Consumers can use the multimedia objects only if their current location is Germany (usage
policy).

Metadata: The complete dataset.
Content data: Multimedia objects.

— T4 wants to offer a subset of its data as metadata for facilitating discovery, but wants to monetize the full dataset
that includes additional details such as real-time availability of tickets and seats, detailed seat and venue maps,
full cast and crew details, subtitles in various languages, and ratings and reviews—making it a richer, and a
more comprehensive and valuable dataset (access policy). Consumers can use the dataset, but must not share it
with others (usage policy).

Metadata: The desired subset of the dataset. For instance, a dataset that does not include details such as full
cast and crew details and detailed seat and venue maps.
Content data: The complete dataset accessible over a single or multiple APIs.

The domain experts from the theater organizations start with the TS-GAP and follow the AP-first methodology to
derive TS-SAPs for their use case scenarios, for representing metadata as well as content data, with help from Se-
mantic Web experts designated by the Culture Dataspace. It is important to mention that the TS-GAP may not cover
every requirement of creating TS-SAPs. For instance, while creating TS-SAP for content data for T4, representation
of ratings and reviews is required, which is not covered by the TS-GAP. In such cases, the existing properties (such
as the inherited properties) not included in TS-GAP are examined and used. If they do not exist, the domain ex-
perts can create a new GitHub issue requesting to add new properties within the namespace of the Culture ontology
triggering the process. In practice, the Semantic Web experts can also support the domain experts in this step for
formulating the exact requirements and creating a new issue with that information. In this particular case, properties
from Schema.org such as schema:aggregateRating and schema: review can be used.

Moreover, the required ODRL-based access and usage policy specifications are developed.

Once all resources have been developed, the theater organizations instantiate their metadata models (i.e., TS-
SAPs for metadata) and provision it while registering their data sources providing content data. These data sources
are registered as Assets through their Connectors to the Culture Dataspace’s Metadata Broker. During registration,
the ODRL-based access and usage policies are “attached” to the respective Assets.

Consumers discover these Assets by querying the Metadata Broker through their own Connectors. After fulfilling
the access policies including payment for access, the consumers can consume the Assets. The dataspace’s gover-
nance framework together with the Connectors enforce the usage policies on the usage of Assets and the Clearing
House logs transactions and monitors compliance.

6. Discussion and Future Work

In this section, we first discuss the current scope and limitations of the Culture IM, outlining future plans for
enhancements. We then discuss the reusability and ongoing refinement of the AP-first methodology, emphasizing its
adaptability. Furthermore, we address the limitations imposed by current dataspace principles, identifying areas for
improvement. Lastly, we examine the current state of semantic integration within dataspaces, highlighting existing
challenges and exploring potential directions for advancement.

6.1. Current Scope and Limitations of the Culture IM, and Future Plans for Enhancements

Culture ontology common modules: vertical and horizontal extensions

The current version of Culture IM focuses primarily on supporting the interoperable and sovereign provisioning
of performing arts theater showtimes. While it provides a structured and extensible semantic foundation, there is
still room to address additional aspects specific to the cultural domain. In particular, the current version of the
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Culture Ontology does not comprehensively cover dimensions such as authority control (e.g., use of authoritative,
standardized entity identifiers across datasets) and provenance (e.g., tracking the history, ownership, or modifications
of a creative work or dataset). These dimensions are essential for ensuring trust and attribution in the cultural
domain. While these aspects are partially covered by the dataspaces governance framework, the culture domain’s
unique requirements need to be examined, followed by extending the Culture Ontology to support them.

To address these gaps, we plan to investigate further the unique requirements posed by various sectors within the
culture domain, and extend and align the Culture IM with established ontologies and vocabularies to support those.
Specifically, in collaboration with the German National Library and their ontology experts, we plan to align the
Culture Ontology with the GND Ontology and their integration services, enabling us to link to the associated GND
knowledge graph [54] and metadata services [53] such as the Entity Facts service. This integration will allow us to
effectively model authority and provenance data within the Culture IM, enhancing data reliability. Discussions be-
tween the Datenraum Kultur (DRK) project and GND representatives from the German National Library to identify
such synergies for a potential collaboration are currently in progress.

Culture domain-specific modules: Extensions across diverse cultural sectors

In the future, our work will concentrate on extending the Culture IM across additional cultural sectors such as
museums and music marketplaces. This expansion will involve developing new modules and application profiles
tailored to the specific needs of these sectors, while reusing common modules wherever possible to maintain in-
teroperability across the cultural landscape. The initial working versions® of these planned modules already point
towards the reuse of the existing common modules, reinforcing the modularity principle and supporting the gradual
evolution of the information model across the broader cultural domain. This approach acknowledges the diversity
within the culture domain while facilitating interoperability across various sectors within the domain.

Development of new controlled vocabularies

We plan to develop new controlled vocabularies to represent terms such as role names (e.g., author, producer,
actor, makeup artist). Additionally, we aim to explore existing knowledge graphs, such as the GND Knowledge
Graph, the NFDI4Culture Knowledge Graph, and the Getty ULAN Vocabulary, for names of well-known characters
and performer artists and link those to the ones in the Culture Knowledge Graph.

6.2. Adoptability and Ongoing Refinement of the AP-first Methodology

The AP-first methodology demonstrates significant potential for reuse in the development of information models
and application profiles across a wide range of domain-specific dataspaces. The European Commission’s index of
Common European Data Spaces [36] currently lists over 50 such initiatives across 14 domains, highlighting the
growing need for systematic, collaborative, and ontology-driven modeling practices that are tailored to dataspaces.

Within the scope of the DRK project, the AP-first methodology is already being applied to extend the Culture
IM beyond the performing arts theater use case to other cultural sectors such as museums and collections, and
music marketplaces. Beyond the cultural sector, AP-first is planned to be employed for the development of a default
application profile for SemTS, an ontology for the semantic categorization of time series knowledge [3, 55], for
facilitating its application in practical settings. Moreover, AP-first is being adopted for the development of the Tool
Metadata Catalog (TCAT) Ontology and application profiles as part of the Dataspaces Toolbox within the Data
Spaces Support Centre (DSSC) project [28]. It’s planned to refine AP-first further based on learnings from the
development of SemTS and TCAT.

These use cases from across various dataspace ecosystems not only validate the adoptability of the AP-first
methodology, but also provide valuable feedback and insights for its further evolution.

6.3. Best Practices for Applying Semantic Data Models in Dataspaces
An effective application of Culture IM’s semantic data models requires adherence to best practices from both the

data provider and data consumer perspectives. These practices are essential to fully realize the potential benefits of
Semantic Web technologies, including improved discovery, interoperability, and reasoning capabilities.

36https://github.com/Fraunhofer- FIT-DS Al/drk-information- model/tree/main/visual-models
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Semantic data should ideally be consumed using “RDF-aware” libraries such as Apache Jena®’, or Eclipse
RDF4J8, These libraries are capable of correctly interpreting the underlying RDF graph structure serialized in
formats such as JSON-LD or Turtle, allowing applications to exploit capabilities such as hierarchical reasoning,
semantic search, advanced SPARQL querying, and cross-domain interoperability.

Although JSON-LD can be consumed as plain JSON by conventional tools, consuming it in a non-semantic way
introduces potential challenges. Even though the RDF graph structure behind JSON-LD is deterministic, multiple
syntactic representations of the same graph are possible. In other words, a JSON-LD with the same semantics
may be produced in ways that are synfactically different from each other. Such syntactic variations can occur due to
different context definitions (inline vs. remote contexts), different serialization forms (such as expanded, compacted,
flattened, or framed JSON-LD), and different methods of representing blank nodes (explicit blank node identifiers
of “_:” versus object embedding). This kind of flexibility is beneficial; however, it may cause inconsistencies if
JSON-LD is processed as “plain JSON” without regard for its underlying RDF semantics.

To mitigate these issues in non-semantic consumption scenarios, it is recommended that data providers apply
preprocessing techniques, such as using a fixed context, consistently compacting or flattening the JSON-LD, and
standardizing blank node handling. Nevertheless, the best practice remains to consume JSON-LD semantically using
RDF-aware libraries, ensuring that the meaning of the data is preserved and correctly interpreted.

The use of semantic technologies can provide significant advantages. Semantic search and reasoning enhance
discovery by enabling retrieval based not only on literal matches but also on conceptual relationships and infer-
ence. Ontologies support hierarchical reasoning, allowing consumers to navigate class and property hierarchies.
Advanced querying using SPARQL enables powerful, graph-based data retrieval. Moreover, cross-domain interop-
erability becomes feasible, allowing cultural data to be integrated with other domains such as tourism, mobility,
and education [24]. Semantics also ensure unambiguous interpretation of data, foster machine-readability, machine-
understandability, and enable extensibility of the data models without disrupting existing integrations.

Progressing from basic syntax-level interoperability in dataspaces toward semantic interoperability follows the
semiotic knowledge representation pyramid [71], as illustrated in Figure 14: from machine-readable formats such as
CSV or JSON, to machine-interpretable metadata structures, to machine-comprehensible semantic models based on
shared ontologies, and ultimately to machine-integratable data ecosystems based on common standards and linked
knowledge graphs.

Syntactic interoperability, such as agreeing on the JSON format and a JSON Schema-based syntax, facilitates
basic data exchange. However, it is semantics and pragmatics, enabled by Semantic Web technologies and the use
of application profile mechanisms to enforce closed-world assumptions in dataspaces, that allow for meaningful
integration, effective reuse, and Al-based exploitation of data, thereby enabling informed decision-making in datas-
paces [71].

6.4. Limitations Caused by the Current Dataspace Principles

While the use of dataspaces facilitates the creation of core data-sharing infrastructures and frameworks for in-
teroperable, scalable, trusted, and sovereign data exchange, it also introduces unique requirements concerning the
management and categorization of data into metadata and content data, as explained earlier in Section 3.2. Within
the dataspace ecosystem, metadata is treated as open and public and is primarily used for the discovery of assets
(resources or offerings) that deliver content data, which may itself be either open or protected. To ensure scalabil-
ity and sovereignty, only the metadata is stored in a central Metadata Broker (catalog) and made discoverable and
queryable. In contrast, content data remains at the source, and it can be in any format—structured, semi-structured,
or unstructured—and not queryable through the dataspace components.

While this principle introduces no major problems for semi-structured or unstructured content data, it poses
limitations in the case of structured and semantically-annotated content data, particularly when such data is open
and public. In these cases, it would be highly beneficial if both metadata and the associated open content data were
queryable to enable richer and more meaningful discovery capabilities, something that is not currently supported

3Thttps://jena.apache.org/
38 https://rdfd].org/
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Fig. 14. Adoption of the DIKW Pyramid for Knowledge Representation in Dataspaces (Figure sourced from [71]). The figure illustrates how var-
ious types of semiotics (syntax, semantics, and pragmatics) contribute to gradually enriching raw data, though information, to knowledge which
has various facets that improve machine-understandability and machine-interpretability, thereby ultimately enabling informed decision-making
in dataspaces.

under the current dataspace principles [32, 77, 79]. Additionally, having such an advanced discovery functionality
will incentivize [24] the other data providers to also provide high-quality semantically-annotated content data.

Handling open, semantically-annotated data in dataspaces: To address this limitation, one option is to treat
the entire dataset of open, structured, semantic data as metadata and register it in the central Metadata Broker.
However, this approach can potentially “overwhelm” the Metadata Broker with excessive data volume and velocity,
thereby ultimately creating a scalability bottleneck. Another, potentially more sustainable, approach would be to
keep the open semantic data at source (at provider’s side) or in a cloud-native database-as-a-service solution of-
fered by a dataspace intermediary [31], while making it queryable. This could be achieved using federated querying
techniques, such as federated SPARQL queries across multiple semantically-enabled provider data sources along-
side the Metadata Broker. Yet another approach could involve enabling fully distributed queries across a dataspace.
We plan to further investigate and evaluate such options, including their feasibility, scalability, and implications for
performance and trust in dataspace ecosystems.

6.5. Current State of Integration of Semantics in Dataspaces: Challenges and Directions

A majority of dataspace initiatives advocate for the integration of semantics in dataspaces; however, the actual
implementations of core dataspace components currently lack comprehensive support for semantics [24, 94]. For
instance, while the Eclipse Dataspace Components Connector (EDC) [35] aims to support expanded JSON-LD
representations of assets [93], the underlying vocabulary for representing core concepts such as—dataspace partic-
ipant, asset or offering, data service and API, license, contract offers, access and usage policies, and content data
format and schema—remains only implicitly stated [4] and is not currently published, maintained, and enhanced in
a systematic manner. The current EDC namespace https://w3id.org/edc does not resolve correctly [4], as
recommended by the best practices in accordance with the Semantic Web and Linked Data principles [17].

A 2024 workshop report [63] on the theme of “Semantic Interoperability in Data Spaces” stresses the need for
vocabulary hubs and metadata catalogs as crucial steps for enhancing semantic interoperability in dataspaces.

The Eclipse Cross Federation Services Components (XFSC) Catalogue, originated as the implementation of the
Metadata Broker component in the Gaia-X ecosystem, does not currently offer native support for RDF/SPARQL [5].
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The XFSC Catalogue also provides limited vocabulary hub support via its schema management facilities, which
support basic lifecycle management and consistency checking for SHACL shapes, OWL ontologies, and SKOS
concept schemes. The DSSC Toolbox [18] currently lists three vocabulary hubs, out of which, two are open source:
Semantic Treehouse [96], and Smart Data Models [44]. However, reports on their widespread adoption across vari-
ous domain-specific dataspaces and insights into their practical usage currently remain limited.

Furthermore, many articles report that Semantic Web technologies are often too complex for average devel-
opers, domain experts, and end-users [24, 94, 99], which affects their widespread adoption, and effective usage.
Researchers highlight the need for simpler solutions and practicality [99], human-centricity and natural language
interfaces [94], more intuitive representations of semantic data [6], and use of the use of low-code development
environments combined with Large Language Models (LLMs) [24] for the effective inclusion of non-expert users.

In this regard, one limitation of the AP-first methodology is, while it enables effective collaboration with domain-
experts through the use of user-friendly visual models, the creation of these visual models and the corresponding
formal RDF representations remains a manual work. We plan to develop a user-friendly tool that offers a visual
drag-and-drop style user interface for creating semantic data models and dynamically generating formal RDF rep-
resentations from them. We further plan to integrate a generative Al-based chat interface that will allow non-experts
to better understand and interact with semantic data models, make changes to them, and understand the effects of
those changes. The integration of LLMs (Large Language Models) will also allow Semantic Web experts to get
recommendations for reusing existing ontologies while creating and/or updating their semantic data models, which
is currently done manually, and is regarded as a complex and time-consuming task [81].

7. Conclusion

The culture domain faces significant challenges with regards to the lack of interoperability, siloed data manage-
ment and publication practices, legacy IT infrastructures, heterogeneous data models and formats, and a general
lack of standardization. Particularly, performing arts theaters struggle with the structuring, provisioning, sharing,
and agile updating of their showtimes, thereby directly affecting audience engagement and venue occupancy.

Overall, a broader analysis of the culture domain reveals the need for application-oriented, standardized, and
interoperable data models that are both rooted in widely-accepted standards and applicable to practical, real-world
use case scenarios. Some standard ontologies such as CIDOC CRM provide a rich foundation; however, because of
their high level of abstraction, they often need to be extended for application to real-world use cases and specific
applications. Additionally, there is a pressing need in the culture domain to employ innovative, sovereignty-aware
data sharing infrastructures. These infrastructures must allow cultural organizations and artists to share digital assets
while retaining full control over their access and usage.

To address these challenges, in this paper, we derive specific data modeling and data sharing requirements from
the above-mentioned challenges in the culture domain as well as from real-world use cases provided by the German
Datenraum Kultur (Culture Dataspace) project. We explore the use of Semantic Web technologies and how they
can be integrated into the sovereignty-preserving data-sharing infrastructures of dataspaces.

In this paper, we introduced our three key contributions: (i) the Culture Information Model (Culture IM): a mod-
ular, extensible semantic framework that includes reusable components such as ontologies, application profiles, and
controlled vocabularies; (ii) the AP-first (Application Profile-first) methodology: a novel approach that emphasizes a
close collaboration between Semantic Web experts and domain experts for creating semantic data models tailored to
dataspaces. The methodology addresses the gap between universal knowledge representation (through ontologies)
and application-specific knowledge representation (through application profiles) for practical, real-wold scenarios.
This methodology builds on standard, well-established ontology development methodologies such as Ontology De-
velopment 101, eXtreme Design, NeOn, and LOT; and (iii) a conceptual application of the Culture IM within a
dataspace architecture, specifically for enabling sovereign data sharing of theater showtimes in the performing arts
sector.

In the future, we aim to extend the Culture IM to other cultural subdomains, including museums and music
marketplaces, while also enhancing its alignment with authoritative ontologies such as GND for improved represen-
tation of authority control and provenance. We also plan to refine the AP-first methodology by applying it in diverse
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domains and improving tooling support. This includes the adoption of low-code development platforms equipped
with generative Al-based interactive interfaces to make the data modeling process more user-friendly, reduce man-
ual overhead, and increase the adoption of Semantic Web technologies in practical data sharing ecosystems such as
dataspaces.
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