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Abstract

Knowledge graphs (KGs) promise machine-
readable semantics together with human-readable
labels and relations, yet domain experts struggle
to use them due to technical barriers, especially in
automatically constructed graphs with unlabeled
nodes and complex connections. While LLMs
enable KG interfaces such as retrieval-augmented
generation, their potential to leverage ontology
definitions to improve graph readability remains
unexplored. This research investigates LLMs as
ontology-aware verbalization interfaces that gener-
ate human-readable and usable textual information
encoded in the KG structure.

1 Problem, Motivation and State of the Art

Knowledge graphs (KGs) provide explicit semantic struc-
ture, support interoperability, and enable symbolic reason-
ing [Hogan et al., 2021]. However, their practical use by
non-technical users remains limited. Understanding and ex-
ploring ontology-based RDF graphs often requires exper-
tise in SPARQL, graph algorithms, and ontology engineering
[Hogan et al., 2021; DeLong et al., 2025]. As a result, there
is a gap between the formal expressiveness of KG and their
effective usability to domain experts and end users.

This thesis is motivated by two recurring obstacles to
human-centered use of KG. First, some semantically im-
portant nodes introduced during transformation pipelines do
not have human-readable labels, even though they represent
meaningful events or reified structures in the graph [Sequeda
etal.,2012]. Second, even when entities are labeled, the com-
plete set of meaningful connections between them may re-
main difficult to discover, as path-based exploration requires
technical query-writing skills or familiarity with graph search
methods [DeLong er al.,, 2025]. Therefore, 1 investigate
whether large language models (LLMs) can help translate
graph semantics and structure into natural language grounded
in local graph context and ontology definitions.

LLMs have recently been integrated with KGs for tasks
such as text-to-SPARQL translation, retrieval-augmented
generation, and ontology mapping [Sequeda et al., 2025]. En-
titySum, e.g., combines structural triple ranking with LLM-
based text generation for entity summarization [Trouli ef al.,
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2026]. Path-based reasoning methods compute paths between
entities and verbalizing them for explanation or multi-hop
reasoning [Ghafarollahi and Buehler, 2025]. However, most
approaches treat KGs primarily as retrieval indices or focus
on individual reasoning traces, while the context and gener-
alization allowed by the usage of ontologies remains largely
unexplored [Hogan et al., 2021].

The addition of ontological knowledge to KG-LLM
pipelines for improving KG usability is supported by two pre-
liminary studies'. The first investigates node-level readability
through automatic label generation for unlabeled event nodes
in a CIDOC-CRM cultural heritage KG using a LLM Gen-
erator—Judge pipeline; preliminary results show viable model
configurations achieve high coverage and semantic adequacy,
though performance varies significantly by model and valida-
tion design. The second investigates the readability at the
relation-level through OntoPathVerbalizer, which classifies
paths by ontology schema patterns and generates reports of
all different types of connection between entities. Together,
these studies support the thesis that the combination of LLMs
and ontologies can make graph semantics more legible to hu-
mans beyond standard question-answering interfaces.

2 Research Questions and Expected
Contributions

The research here described is based on the following re-
search questions:

* RQ1: Can LLMs generate appropriate labels for KG
nodes using graph context and ontology definitions?

* RQ2: Can LLMs comprehensively verbalize semanti-
cally distinct connections between two KG entities by
leveraging ontology-guided path classification?

* RQ3: To what extent can ontology-aware verbalization
improve access to KGs beyond existing paradigms such
as text-to-SPARQL and GraphRAG?

Fig. 1 presents a visualization of the proposed ontology-
aware LLM pipeline. The expected contributions of this the-
sis are threefold: a method for ontology-aware generation of
labels for unlabeled RDF nodes, a framework for verbalizing
all semantically distinct connections between entities, and a

"Papers describing such studies are currently under review, upon
acceptance will be included in cmera-ready version.
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Figure 1: Ontology-aware LLM pipeline for human-readable knowledge graphs.

broader account of ontology-aware verbalization as a com-
plementary LLM+KG paradigm that improves interpretabil-
ity and access to knowledge encoded in KG structure.

3 Methodology, Impact and Limitations

The central domain of this thesis is cultural heritage, how-
ever pilot studies are planned on the fields of medicine and
law. All research questions are addressed through the design
and experimental evaluation of ontology-aware verbalization
pipelines, followed by qualitative and quantitative assessment
of their faithfulness, readability, and usefulness for improving
human access to KG semantics.

Evaluation combines three forms of assessment: general
users, domain experts, and LLM-based evaluation. For label
generation, evaluators assess coverage, semantic adequacy,
readability, and consistency, including comparison with ex-
isting labels where available. General users will assess read-
ability and clarity, domain experts will assess semantic cor-
rectness and domain appropriateness, and LLM-based evalu-
ation will provide an additional scalable signal of faithfulness
and consistency. For path verbalization, evaluation is based
on faithfulness to the graph, completeness with respect to the
discovered path classes, understandability to non-technical
users, and usability for exploratory analysis.

This research aims to make KGs easier to understand and
use beyond technical expert communities. It may impact ar-
eas such as cultural heritage, digital humanities, biomedicine,
and enterprise settings, where important knowledge is often
available but difficult to access in practice. By making graph
content more understandable, the work could help a wider
range of users benefit from structured knowledge without re-
quiring advanced technical expertise.

Existing KGs to be used do not contain sensitive personal
information. Non-sensitive data will be collected from anno-
tators. To address ethical concerns, the study emphasizes re-
sponsible data handling, validation mechanisms, human eval-
uation, and transparency in methods and code. Risks related
to LLM use, such as hallucination and over-interpretation,
will be mitigated through these measures.
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