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ABSTRACT The heterogeneity of cultural heritage data can be illustrated

Digital Heritage and Cultural data are an important information
source for researchers in the social sciences and humanities. Re-
search infrastructure projects, such as CLARIAH!, invest in making
such data sets, which are typically maintained by a number of in-
stitutions in the Cultural Heritage sector, available to scholars. We
see that activities in the fields of digital research infrastructures,
and digital infrastructures in cultural heritage are converging, in
particular regarding FAIR [2] use of data. This is particularly the
case for Linked (Open) Data, which emphasizes the interoperability
of data sets - how easily they can be exchanged, combined and
used.

Researchers often need to combine and aggregate data from dif-
ferent data sets, sometimes hosted by different institutions. Linked
Data principles?, help to uniquely identify concepts —from basic
concepts such as persons, organisations and locations, to complex
ones such as works of art and television productions — across dif-
ferent data sets, and describe their properties and the relationships
between them in a way that is understandable for both humans
and computers. This can assist researchers in finding relevant data
and combining them ((semi-)automatically), providing new ways
to acquire knowledge and insights.

Cultural heritage linked data in practice. Putting Linked Data
principles into practice in cultural heritage collections is, however,
far from trivial. Adhering to standards is an important step in
making data interoperable. At the same time, to make linked data
truly applicable, it is necessary to tackle user scenarios that do
justice to the real-life situation in archives that often deal with
vast amounts of data, frequently heterogeneous in terms of their
medium (text, images, audiovisual), metadata, and accessibility
(open, sensitive, copyright).

The CLARIAH Media Suite® aims to bring theory and practice
together in a digital virtual research environment (VRE) that makes
data from media archives (e.g., newspaper collections, radio & tele-
vision broadcasts, oral history) findable, accessible, interoperable
and reusable, and provides tools for researchers to interact with
this data (searching, inspecting, analyzing, visualizing, annotating).
Interoperability concerns both the data within the Media Suite
infrastructure (e.g., linking newspapers to broadcast news), and
external data (e.g., enriching broadcast news metadata with infor-
mation from Wikidata %). The Media Suite is an ideal testbed for
investigating linked data in a real-life environment.

!https://clariah.nl
Zhttps://www.w3.org/Designlssues/LinkedData html
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using the Sound and Vision archive as an example, a Media Suite
collection that contains more than 2 million items important to
Dutch cultural heritage. The heterogeneity of this archive is be-
cause (i) the archive items vary greatly, from wax rolls to costume
props to TV programmes; and for each type, different metadata
is applicable; (ii) the descriptive metadata has been produced at
different times, by different institutions, under different policies
and by a range of sources, from humans to Al algorithms; and (iii)
the purposes for which the metadata was originally collected are
equally diverse - from production information for broadcasters, to
technical specifications for archive owners, to historical context for
the Sound and Vision museum.

This heterogeneity presents us with a significant challenge - how
do we preserve this richness while promoting interoperability? Us-
ing standardised schemas such as Dublin Core® or schema.org® dras-
tically improves interoperability, but at the same time, inevitably
leads to loss of data and meaning, as such schemas only cover a
portion of the metadata. Some institutions, such as musoW’ and the
Dutch Royal Library®, address this by using multiple standardised
schemas. While this helps the coverage of the data, the schemas
won’t necessarily have sufficient granularity to cover the detail of
the data. Moreover, using multiple models requires that researchers
working directly with the linked data be familiar with all these
models in order to understand the data. After conversion to linked
data, the metadata must be published in such a way that cultural
heritage users can find data collections (e.g., in data set registries
such as that of the NDE?, or Europeana!®), get an overview of what
is available in the collection, query or import the data and rely on
access to that data continuing to exist into the future. At the same
time, the rights of data owners must be protected.

Applying linked data to cultural heritage use cases. Once cultural
heritage data has been successfully published as linked data, this
does not automatically mean that researchers will be able to utilise
it successfully. To work with linked data, a researcher usually needs
programming skills and knowledge of Linked Data technologies
such as the RDF format!! and the SPARQL query language!?. This
knowledge is not widespread in the cultural heritage community.
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While attention is being paid to growing such skills'® [1], we assert
that linked data should be usable for simpler tasks without requiring
such expertise. Advanced users can work with the data directly,
while other users can be given tools that find, select and combine
the linked data for a given use case, presenting it in a user-friendly
way. While concealing the technical details of linked data can aid
usability, for research it is essential that data is transparent. The key
question posed in our research is therefore: how can we apply linked
data in tools that support researchers in finding, understanding and
combining data, in a transparent way?

Sustainable Linked Data as a Use Case. In this paper, we first de-
scribe the conversion of cultural heritage data to linked data, using
the Sound and Vision archive as a specific case. This linked data can
be used by advanced users, and also as a source for the additional
tools described later. Converting archive metadata to linked data
required a concerted effort from a multidisciplinary team, a data
modeller to model the data, a copyright specialist to check legal
issues, a data architect to design and build prototype infrastructure
to retrieve, transform and publish data, and a software architect
to implement this infrastructure in a robust and production-ready
environment.

We discuss the available metadata schemas, compare these to the
Sound and Vision metadata, and justify our choice to develop our
own metadata schema to preserve the richness and diversity of the
original data. We describe how we handle the heterogeneity prob-
lem by delivering different views on our linked data for different
use cases. Each view is tailored to a use case, and is therefore less
heterogeneous than the entire archive. It is thus more likely that
an appropriate standard schema exists to model the relevant data,
optimising interoperability for that case. If a use case demands a
specific schema (e.g., when delivering data to aggregators), then
we can accommodate that. For niche use cases where no suitable
schema exists, we can use our own schema. Our infrastructure com-
bines on-the-fly data mapping with profile negotiation'* to create
views. This means that we can support multiple schemas - and use
cases - with the same data using the same infrastructure and, within
a use case, allow advanced users to choose the most appropriate
schema. Example queries are supplied to help the advanced user
quickly get to grips with the data.

For archives that contain copyrighted material, filtering of sensi-
tive information and eventual delivery of data under the applicable
license is essential. We explain how we ensured this when pub-
lishing the data. We outline ongoing work to make the linked data
findable, e.g., by using the data set registry of the NDE digital
cultural heritage network.

Second, we describe how we exploit Linked Data in a research
environment for cultural heritage researchers without the technical
skills to “program with data”. We present the use case of researchers
interested in persons, including the problems such researchers cur-
rently face in finding relevant search results for persons in search
tools such as the Media Suite. We combine our archive metadata
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Figure 1: Providing extra information using Linked Data
while browsing data in the CLARIAH Media Suite

with our GTAA thesaurus!® and person data in Wikidata to pro-
vide richer information about the persons in the archive (see also
Figure 1). Further, we explain how the Media Suite uses this infor-
mation to enhance its search functionality. Autocompletion, dis-
ambiguation and query expansion with alternative names provide
more —and more relevant— search results, while the enriched infor-
mation provides more details about the persons appearing in search
results, to help the researcher better understand who these persons
are and what their role is in the search result (e.g., a guest in a
programme, or the producer). The researcher benefits from linked
data without bothering with technical details, while transparency
is ensured by links to the original source data.

Finally, we evaluate our approach, reviewing the challenges and
limitations. We discuss future work on both our linked data and its
application in tools. For example, to support more use cases, to link
to more collections, and to support users in more tasks that require
combining data, such as analysis of persons based on characteristics
such as gender and nationality.
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