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Abstract

Open cultural heritage platforms like Europeana are widely used to store and share the rich history
of Europe. Access to such large collections of linked data is still not widely distributed due to
technical difficulties and the poor usability of semantic search interfaces. This paper proposes a
conceptual framework for improving information retrieval on cultural heritage knowledge
graphs. The model is built on the EDM and RDF Schema and introduces weighted semantic
relationships between resources. It encodes weights as contextual metadata on edges and uses
category-based weighting, external linked data sources (DBpedia, Freebase, etc. ), and optimized
graph traversal to improve the relevance and inclusivity of search results. By assigning relative
relevance to each graph edge based on the similarity of shared metadata categories, the proposed
method increases the accuracy of query results, while improving their coverage to include
semantically similar entities, allowing non-domain expert users, educators, and underrepresented
communities to browse and discover new information. This work is in line with efforts to create
an inclusive digital public sphere in communication studies by building on the idea of enhancing
active semantic and semiotic forms of participation rather than limiting users to passive and non-
inclusive forms of access. The paper is theoretical in nature, providing a proof of concept and
evaluating model characteristics; however, it also briefly describes the future evaluation strategy
and use cases beyond the cultural heritage context.

Keywords: digital cultural heritage, semantic search, weighted relationship, semantic search,
linked open data

INTRODUCTION

Digital libraries and archives are an increasingly important and active way to preserve and
share cultural heritage [1, 2]. The Europeana platform is among the largest in Europe and acts as
an aggregator for online museums, libraries, archives, and galleries, providing a unified interface
and linked data infrastructure based on the Europeana Data Model (EDM) [3]. Although the
semantic web technologies allow to semantically interlink the graph’s entities using RDF [4], data
accessibility and discovery is still a largely unsolved and often unaddressed problem, especially
for non-specialist users.
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This paper aims to explore how adding semantic relationships [3] to the entities in a cultural
heritage graph can make retrieval more intuitive, accurate, and inclusive.

The emergence of digital transformation has enabled a leap in progress for cultural
communities and their interest in their pasts. The rise of the open access cultural data has allowed
information sharing on an unprecedented scale [5]. However, current search technology is unable
to fully allow for inclusive participation in this form of digital communicaton due to the structural
nature of search and discovery algorithms which are designed for consistency and efficiency of
edge traversal over user-centered interface design. This creates a semantic divide that prevents
users from fully participating in cultural exploration.

Search and discovery on RDF graphs is already an ability built into most semantic data
browsers through the concept of linked data [4]. While users can follow graph edges in either
direction, RDF-based queries currently treat all relationships as equal in weight and do not build
upon the more or less obvious importance of some graph connections over others. This results in
flattened and “inelastic” navigation of graphs with little discrimination on search results for
relevance. The fact that users are not always able to find a string match for the names or metadata
of the information they are looking for or possess the necessary domain knowledge to know the
name of specific categories, metadata elements, or collections results in cultural information
systems that prevent full user participation in access.

Although entity relationships are well-defined in cultural knowledge graphs based on RDF
triples, traditional search engines do not usually weight the importance of individual RDF
predicates (relationships). This research seeks to address this issue by treating edge relationships
not as binary flags but as value-bearing connections.

BACKGROUND AND RELATED WORK

The Resource Description Framework (RDF) allows us to describe resources and their
relationship with other resources using subject-predicate-object triples [4]. EDM based on RDF
allows for the description of digital resources by creating a new resource. EDM ontologies [6]
currently represent many types of cultural entities and their metadata (author, title, location, time,
etc. ), but these ontologies do not have weights attached to the relationships between individual
types in order of semantic importance or category value for general retrieval.

A body of related work already exists on general RDF-based approaches [11] to graph
traversal using semantic search, which includes both the use of weighted categories or improved
graph traversal in a data model.

[7] detail the possibility of creating a semantic space dependency between nodes in a network
using a frequency-similarity distribution through relative grammatical distance. This work
applied the concept of semantic weighting in natural language rather than information systems or
metadata, but shows the possibility of ascribing differential weight to connections in a network.

[8] discuss the Linked Open Data of cultural institutions in particular and connectedness as a
proxy for relevance by providing weights for semantic connections through usage and co-
occurrence statistics. [9] use the Smithsonian American Art Museum as an example of entity
resolution and mapping through DBpedia in order to connect their datasets to the Linked Open
Data (LOD) cloud.

The MARiIMbA (Metadata to Resources for Museums and Galleries in RDF- Any) framework
and tool [10] as a possibility for cultural institutions to automatically convert their metadata into
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RDF by using a shared vocabulary for cultural heritage is already an extant piece of
technology. The use of weighted edges in traversal or auto-optimized or “elastic” graph
algorithms are currently not implemented, making this paper and proposed methods relevant for
RDF based knowledge graphs.

While this work details relevant RDF triples and graphs on the semantic web, it does not add
any computational detail or specific model to the existing approach of weighting metadata and
edges for RDF triples or expanded graph search.

CONCEPTUAL FRAMEWORK
The proposed model is a category-based weighted graph approach for information retrieval
in RDF-based system. In this model:
e Vertices (nodes) represent entities of cultural significance (paintings, sculptures,
artists, historical periods, geographic locations, etc).
o Edges (relationships) represent RDF predicates linking the vertices (e.g., createdBy,
influencedBy, belongsToMovement).
e Weights (edge-values) quantify the semantic relevance of the relationships between
vertices using shared metadata categories.

The fundamental equation used to calculate a relationship weight (r) is:

n

r=Zcixwi

i=0

Where:
e ¢; represents the presence (1 or 0) of a shared metadata category between nodes.
e w; is the assigned importance or relevance score of that category.

Once the relationship weight r is computed, it is compared to a threshold T. If r > T, the edge
is added to the graph. Otherwise, the relationship is excluded. This threshold acts as a semantic
filter to retain only meaningful and contextually significant links between entities.

The benefit of this model is that it is able to both prioritize more relevant edges to follow
through graph traversal and to improve the quality and relevance of retrieved connections when
edges are followed with a search query. For example, a search for “Baroque” will return not only
direct matches (paintings tagged with “Baroque”), but also semantically similar concepts in
higher weight edges, such as other paintings or artistic movements from the same time period, the
artist’s painting style, or other events related to the concept.

METHODOLOGICAL STRATEGY

While this is a conceptual paper, a high-level overview of an evaluation strategy is included
for the purpose of practical application in future research. This will be completed using the
following components.
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1. Data Acquisition and Integration:
Europeana’s RDF data will be used as a primary dataset and will be integrated
with external linked data sources such as DBpedia [12], Freebase [13], and other
public cultural heritage graphs.

2. Edge Construction and Weight Assignment:

Metadata will be parsed from RDF triples to discover shared metadata
categories. Each category is weighted using a linear distribution [14] based on
frequency, user behavior data, or by heuristic or expert-based rules. Edges are
constructed between entities only if their relevancy score exceeds a threshold value.

3. Graph Optimization:

Graph pruning methods [15] are used to remove excess nodes and eliminate
unnecessary cyclic paths. The implementation may also use various graph
optimization techniques such as shortest-path caching or batch traversal indexes to
ensure system scalability.

4. Evaluation Plan:

Manual validation: Domain experts are used to compare the enriched query
results against a gold standard or benchmark.

Quantitative metrics: Precision, recall, and mean average precision (MAP) are
calculated based on predefined benchmark queries.

User studies: User testing and public studies from both non-expert general users
and researchers provide qualitative feedback on usability using scenario-based
search tasks.

The methodology was selected based on the task of implementing the conceptual model
presented in this paper in the real world and existing in an information system. It was chosen for
the simplicity of using a publicly available cultural heritage dataset as well as extant graph pruning
techniques and a rigorous combination of automated and human-in-the-loop evaluation methods.

IMPLICATIONS FOR INCLUSIVE DIGITAL ACCESS

A core feature of the proposed model is its focus on inclusivity. By encoding metadata
relevance directly into the form of the knowledge graph, users are not required to perform
complex, obscure, or technical queries. This feature is especially impactful for the following
groups of users:

e Non-specialist and casual users such as students or novices that do not have domain-

specific language or vocabulary.

e Diverse and underrepresented communities by allowing the model to also return content

related to broader or adjacent topics instead of searching only for a string match.

e Multilingual or non-English language speakers, potentially by also being applied to

multilingual linked data datasets.

This feature will support the goal of creating a more democratic and equitable public sphere
of cultural communication by bridging the technical data structures and abstract concepts inherent
in the data with an interface that aligns more closely with the intuitive models users have when
searching and browsing in the real world. Adopting such models in the future can increase
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accessibility to museums, especially for marginalized groups, improve educational outcomes and
traffic for lesser-known works, and promote trans-cultural information exchange.

As digital libraries and cultural heritage collections continue to grow and expand with new
digital objects, more scalable and context-aware solutions such as those proposed by this paper
will be increasingly necessary to support open and equitable cultural access, especially for
marginalized voices.

CONCLUSION AND FUTURE WORK
This paper proposes a conceptual model of weighted relationships for cultural heritage

knowledge graphs in order to allow for more accurate and inclusive retrieval of linked metadata.It
formalizes the concept of weighted graph traversal in the form of encoded contextual relevance
within the network itself.

Future work will be required to build this model in a real environment, for example in the
Europeana platform or other dataset, which will consist of several tasks. This will include the
development of automated methods of weight assignment for graph edges, refining and
calibrating the threshold value, and the extension of the model for culturally adaptive and
multilingual metadata categories.

Long-term user studies will also be required to measure the impact of this and other similar
models on user behavior, discovery mechanisms, and the perceived inclusivity of cultural
information platforms. This work combines technical and user-centered design considerations in
order to propose a model that has the potential to create a more inclusive digital space for cultural
participation.

ETHICAL AND TECHNICAL CONSIDERATIONS

While the proposed model opens up exciting avenues for enhancing semantic retrieval in our
domain, it is imperative to consider a range of ethical and technical issues that could surface
during real-world deployment. Addressing these concerns from the onset will not only ensure the
responsible implementation of the model but also contribute to its effectiveness and acceptance
in diverse contexts.

Ethically, the assignment of weights to different metadata categories is a practice that could
inadvertently perpetuate existing biases present in cultural heritage data. If certain cultures,
periods, or well-documented collections are favored in the weighting scheme, there is a risk that
lesser-known or underrepresented entities might be systematically excluded from search results.
This calls for a carefully curated approach to ensure that diverse metadata are given appropriate
weight and that the system does not replicate historical imbalances. The involvement of cultural
experts in designing and reviewing the weight assignment process could mitigate such risks.
Additionally, the automatic linking of entities based on shared metadata could lead to unexpected
or culturally insensitive connections. It is crucial to have mechanisms in place to filter, review, or
moderate such links to maintain contextually relevant and culturally respectful results.

On the technical side, the incorporation of external linked data sources (DBpedia, Freebase)
and the dynamic nature of RDF datasets introduce challenges related to data consistency, version
control, and system reliability. The model needs to accommodate frequent updates to RDF
datasets, which may necessitate recalculating edge weights and updating the graph structure,
potentially impacting system performance. Users may also require explanations or justifications
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for the relationships suggested by the system, particularly when indirect links between entities
lead to unexpected or surprising results. The system should provide a form of explainable traversal
path or metadata visualization to support this requirement.

Future implementations will have to consider trade-offs between inclusivity and
computational efficiency, and they need to adopt scalable, context-aware, and culturally sensitive
approaches. By proactively considering these ethical and technical dimensions, the system can be
designed to not only be effective but also responsible and inclusive, setting a solid foundation for
broad application in digital cultural heritage access.
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