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Abstract

Comprehensive and well-structured metadata annotation and documentation are essential for supporting the
reuse and maintenance of declarative mappings throughout their lifecycle. This paper presents a usability
evaluation of MetaSEMAP, a tool designed to facilitate the annotation of declarative mappings, including uplift
mappings, ontology alignment, and interlinking. The evaluation investigates MetaSEMAP’s ability to support
metadata annotation using real-world scenarios such as the Virtual Record Treasury of Ireland. Participants
provided feedback on the tool’s usability and their preferences for metadata representation, including RDF-star
and Named Graph. The results reveal both strengths and areas for improvement, offering valuable insights for the
development of more effective mapping annotation tools. This work supports efforts to improve interoperability
and sustainability in mapping practices, with alignment to FAIR principles as a longer-term goal.
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1. Introduction

Declarative mappings are essential for interoperability across diverse data ecosystems, helping to
resolve issues related to semantic heterogeneity and varying data structures [1]. These mappings
typically fall into three categories: ontology alignment, uplift mapping, and interlinking. However,
while declarative mappings provide a useful means of linking and transforming data, challenges arise in
managing, understanding, and reusing these mappings. Their lifecycles are complex, involving multiple
stakeholders, evolving formats, and shifting requirements, all of which complicate their reuse and
long-term sustainability [1].

The importance of metadata in addressing these challenges cannot be overstated. Metadata provides
the critical context needed to understand the purpose, domain, contributors, and technical characteristics
of declarative mappings. However, existing approaches often lack standardized metadata, offer limited
queryability, and provide only partial coverage of the mapping lifecycle. This makes essential tasks
such as reuse, maintenance, versioning, and governance difficult to carry out effectively.

To address these limitations, we introduce MetaSEMAP, a metadata-driven tool designed to help users
annotate declarative mappings in a structured and consistent way. MetaSEMAP is built upon a metadata
model that formalizes the lifecycle of mapping development, comprising five distinct phases: Analysis,
Design, Development, Testing, and Maintenance. Each phase is associated with specific metadata fields
relevant to its role in the lifecycle. The proposed metadata model not only improves consistency and
completeness but also enables automated validation and machine-readable documentation, supporting
the FAIR principles, especially in terms of interoperability and reusability.
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MetaSEMAP provides a simple, web-based interface through which users can annotate uplift mapping
(RML), alignment, or interlinking mappings using a guided form based on the proposed metadata model.
The tool supports both RDF-star and Named Graph representations to offer flexibility in metadata
expression. To evaluate the effectiveness of MetaSEMAP, we conducted a usability study with 50
participants, assessing perceived usability, task completion time, and collecting qualitative feedback on
the user experience. The remainder of the paper is structured as follows. Section 2 reviews related work
on metadata for declarative mappings and annotation tools. Section 3 introduces the different types of
declarative mappings and outlines the proposed mapping lifecycle. Section 4 presents the metadata
model that supports annotation across lifecycle phases. Section 5 describes the MetaSEMAP tool and its
implementation. Section 6 outlines the evaluation design and the metrics used to assess usability and
performance. Section 7 presents the results and insights from the study, including quantitative findings,
qualitative feedback, and representation preferences. Section 8 discusses the broader implications for
metadata design and usability. Finally, Section 9 concludes the paper with a summary of key findings
and future directions.

2. Related Work

Efforts to manage and share metadata for declarative mappings often focus on specific mapping types
or particular stages of the mapping lifecycle, rather than offering comprehensive solutions that support
documentation, traceability, and reusability across all phases.

For ontology alignment, OM2R introduced a dedicated vocabulary for expressing metadata related
to intermediate alignment results and validation activities [2]. Additionally, extensions to PROV-O
have been proposed to capture agents, processes, and decisions throughout the alignment lifecycle [3].
While these approaches improve transparency, they are domain-specific and do not generalize to other
mapping types such as interlinking or uplift.

The Simple Standard for Sharing Ontological Mappings (SSSOM) is a community-developed specifi-
cation for ontology and terminology alignments [4]. It defines rich metadata fields such as predicate,
confidence score, and justification to describe mapping assertions. However, SSSOM primarily focuses
on documenting the output of the alignment process and lacks support for capturing lifecycle metadata
such as stakeholder roles, tool usage, or quality assurance procedures.

In the interlinking domain, tools like Silk [5] and LIMES [6] support link discovery across datasets.
Although they are effective for generating RDF links, these tools do not incorporate features for
documenting metadata about the linking methodology, stakeholder decisions, or validation strategies.

A recent initiative, FAIR-IMPACT, has advocated for improving the FAIRness of mapping documenta-
tion. It promotes the use of structured metadata, persistent identifiers, and semantic enrichment to
enhance the findability and reusability of mapping artefacts across their lifecycle [7, 8]. As part of this
effort, FAIR-IMPACT recommends the use of the Simple Standard for Sharing Ontological Mappings
(SSSOM) and has proposed extensions to support additional metadata fields [4]. While these extensions
improve the ability to describe mappings with provenance and justifications, the focus remains largely
on output-level assertions. The proposed updates still do not fully capture the broader mapping lifecycle,
such as stakeholder involvement, design rationale, tool usage, or validation steps. As a result, manual
annotation support and integration into end-to-end mapping workflows remain limited.

Complementing these initiatives, Toledo et al. proposed RMLdoc, a tool that generates human-
readable documentation for RML mapping files [9]. While effective in increasing the transparency
of uplift mappings, RMLdoc does not extend to other mapping types such as ontology alignment or
interlinking, nor does it support full lifecycle documentation.

MetaSEMAP addresses these limitations by providing a unified, implementation-level metadata model
and annotation tool that supports ontology alignment, interlinking, and uplift mappings. It enables
users to document activities across all phases of the mapping lifecycle, such as stakeholder involvement,
design decisions, testing processes, and maintenance practices.



Table 1
Proposed Metadata Fields Aligned with Mapping Lifecycle Phases

Lifecycle Phase Key Metadata Fields

Analysis Stakeholder details (URI, name, background, role, organization); mapping
purpose (requirements, type, domain, assumptions, technical needs, risks);
input descriptions (URI, name, source, type, creator, format)

Design Final design decisions, justifications, and anticipated quality metrics

Development Mapping details (URI, name, start/end date, tools used, mapping method,
algorithm, format)

Testing Testing metadata (type, timestamp, results)

Maintenance Versioning information (publisher name, source, version number, date)

3. Declarative Mappings: Types and Lifecycle

Declarative mappings are central to achieving interoperability on the Semantic Web and, as previously
noted, can be grouped into three categories: ontology alignment, interlinking, and uplift mapping.
These processes support the transformation, linking, and semantic integration of heterogeneous data.
Figure 1 provides an illustrative representation of these mapping types.

This study addresses all three. Uplift mappings used to convert data into RDF, e.g. [10]. Interlinking
identifies relationships between entities across datasets [11], while ontology alignment establishes
correspondences between concepts in different ontologies to enable semantic interoperability [12].
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Figure 1: The three categories of mappings.

To structure these activities, we propose a mapping lifecycle inspired by prior models [13, 14, 1],
with the addition of a dedicated testing phase. The resulting lifecycle includes five stages: Analysis,
Design, Development, Testing, and Maintenance. This framework is designed to be applicable across all
mapping types, with phase relevance varying by context.

4. Metadata Model

Building on the proposed mapping lifecycle, we developed a metadata model to document key activities
across all phases. Metadata fields were designed to capture decisions and actions specific to each phase
of the lifecycle [15]. Table 1 summarizes the structure of the model, aligning metadata fields with
corresponding lifecycle stages.

To validate the model’s structure and the relevance of its fields, a survey was conducted with
participants from the Semantic Web and Linked Data community [16]. The goal was to assess the
applicability of the proposed metadata for two mapping-related tasks. Results showed strong agreement
with the selected fields, and participants also suggested additional useful metadata elements.

In the initial tool implementation (see next section), the model reused widely adopted vocabularies
such as FOAF (for stakeholder roles), and DCMI (for metadata about inputs like source, format, and
creator), along with a custom namespace for domain-specific fields (e.g., requirements, tools).



A more complete ontology is under development!, incorporating standard vocabularies including
PROV-0[17], DQV [18], and more recent vocabularies such as MQV [19] to formally describe provenance,
quality assessment, and validation metadata. A detailed specification describing each metadata field
and its usage is also provided in the same repository. This ontology will be integrated into the next
version of the tool and evaluated with knowledge engineers during the second development phase of
this project.

5. The Initial MetaSEMAP Tool

An earlier iteration of the tool described here, was introduced as MetaMap in [20], focused solely on
uplift mappings. It was subsequently renamed to MetaSEMAP to reflect its expanded capabilities and to
avoid naming conflicts with existing tools.

MetaSEMAP is a web-based application that guides users through the structured annotation of
declarative mappings. As shown in Figure 2, the initial implementation of the main interface presents
users with two primary options: to annotate a new mapping or to reuse an existing one. This homepage
serves as the starting point for all user workflows within the system.
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‘Welcome to MetaSEMAP

MetaSEMAP is a software application that allows
you to annotate and reuse mappings in an easy and
efficient manner.
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Figure 2: MetaSEMAP main interface. Users can begin either by annotating a new mapping or reusing existing
mappings through the corresponding options on the homepage.

The annotation process in MetaSEMAP unfolds through four key steps. First, users upload a mapping
file in RDF format. As illustrated in Figure 3, the system displays the file name and content, preparing
the user to annotate it.

Next, users complete structured metadata fields aligned with the mapping lifecycle. These fields
prompt users to document key aspects of the mapping, such as its purpose, input file, development
method, and associated stakeholders. As shown in Figure 4, the form is organized into sections that
correspond to each lifecycle phase. Some fields are scenario-specific and optional, while others are
required to ensure metadata completeness and consistency.

To assist users in understanding each metadata category, contextual help was provided via tooltips.
As illustrated in Figure 5, hovering over a question mark icon revealed a short explanation about the
purpose and expected input for the associated metadata section. This feature was especially useful for
non-technical users and helped ensure more consistent and accurate annotations.

After completing the metadata form, users are presented with a review screen (Figure 6) summarizing
all the fields they have entered. This confirmation step was designed to promote careful review and
reduce input errors before submission. Once the confirmation is done, the tool generates machine-

'https://github.com/SarahAlzahranitcd/MetaSEMAP-Metadata
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Figure 3: MetaSEMAP Step 1: Upload and preview of mapping file before annotation.
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Figure 4: MetaSEMAP metadata annotation interface. Users complete structured fields organized by lifecycle

phases, including purpose, input metadata, design, development, testing, maintenance, and stakeholder informa-
tion.

readable metadata in either RDF-star or Named Graph format. Users can preview and download the
output for further use or publication.

MetaSEMAP integrates several key technologies. It supports SPARQL 1.1[21] for querying and RDF
representation. The backend is built using Flask, a lightweight Python web framework [22, 23], which
handles user input and RDF graph generation. The frontend is developed using HTML and CSS[24, 25],
providing a clean, responsive interface for both technical and non-technical.
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Figure 5: Tooltip example: Metadata field explanations appeared when hovering over category labels.

Please review the metadata fields you have inserted then click submit:

* Main purpose: convert county information from the historical domain, using the data file
data_county.csv.

Type of Mapping: Uplift Mapping

Mapping Domain (Medical, Educational ...etc): Historical

Input URI : data_county.csv.

File Format (eg: csv, xml ..etc): csv

Final Design Decisions: create new mapping

Quality Metrics (metrics to consider during the development): Completeness
Development starting date: 2025-06-01

Development End date: 2025-06-06

Mapping Method: Automatic

URI of the resulting mapping: http://virtualrecordtreasury.ie/uplift_mapping_v1.0
Testing Type: Validation

Testing Date: 2025-06-08

Testing Result: seccessful

Publisher Name: VRTI

Publisher URL: https://virtualtreasury.ie

Version Number: (01

Version Date: 2025-06-08
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Figure 6: Review screen: Before submission, users are shown a summary of the metadata fields they completed,
allowing them to confirm or correct entries.

6. Evaluation Design

To evaluate usability and the effectiveness of the metadata model for declarative mappings, we designed
a controlled user evaluation of the initial MetaSEMAP implementation, guided by the following research
questions:

« RQ1: How usable is the MetaSEMAP tool for annotating different types of declarative mappings?

« RQ2: How effectively can users complete metadata annotation tasks using the proposed metadata
model?

« RQ3: Which metadata representation (Named Graph or RDF-star) do users find easier to read
and interpret?

6.1. Participants

Fifty MSc students enrolled in a knowledge and data engineering course participated in the user
evaluation study. They had introductory knowledge of mapping processes but varied in technical
expertise. The study was approved by the institutional ethics committee, and participation was voluntary,
anonymous, and online. Participants used the public MetaSEMAP platform (MetaSEMAP Experiment)
asynchronously.


https://metasemap-1-sarah-alzahrani.replit.app/

Table 2
Summary of Scenarios in the Usability Experiment

Mapping Type Summary of Scenario

Uplift Mapping Convert county information from historical data into RDF triples. The data
file data_county.csv was used to map county IDs, names, and geographic
details to enrich the VRTI Knowledge Graph.

Ontology Alignment  Align person entities (e.g., historical figures) between the VRTI Knowledge
Graph and external datasets. Features such as relationships, affiliations, and
roles were matched using the file person_alignment.rdf.

Interlinking Connect Irish historical figures to their corresponding Wikidata entries using
owl:sameAs relationships. The project enriched VRTI records with biographi-
cal and contextual data using the file interlinking. rdf.

6.2. Tasks and Scenarios

Each participant was randomly assigned one of three scenarios representing a different declarative
mapping type: uplift mapping, ontology alignment, or interlinking. These scenarios were grounded in
the Virtual Record Treasury of Ireland (VRTI) knowledge graph [26]. VRTI is a historical knowledge
graph designed to digitally reconstruct Ireland’s archival heritage, offering structured, domain-rich data
suitable for metadata annotation experiments. Each scenario included a mapping file and contextual
metadata. Participants were instructed to:

Read the scenario and download the provided mapping file.

Upload the file to MetaSEMAP.

Annotate the mapping using the tool’s metadata fields, referencing the scenario.
Review the generated metadata in both RDF-star and Named Graph representations.

AN

Complete a survey reflecting on usability and representation preference.

The scenario summaries are listed in Table 2.

6.3. Evaluation Metrics

To assess the study goals, we employed a mix of quantitative and qualitative metrics. These included:

« System usability and satisfaction measured via the Post-Study System Usability Questionnaire
(PSSUQ), based on a 1-7 Likert scale survey.”

« Task completion time tracked from start to metadata submission.
« Representation preference captured through survey feedback.
« Thematic feedback from open-ended responses.

The anonymized survey responses and the mapping files annotated by participants during the study
are available in the MetaSEMAP project repository.”

7. Results and Discussion

7.1. System Usability and User Satisfaction

System usability was evaluated using the Post-Study System Usability Questionnaire (PSSUQ), based on
a 1-7 Likert scale (lower is better). Out of 50 participants, 46 completed the questionnaire. The overall

#PSSUQ Survey: https://docs.google.com/forms/d/e/1IFAIpQLSdRhBPxzCQwrQyi3zmMPdP-EeON7zqFAG5tR620Sd0UnXuMXQ/
viewform
*GitHub Repository: https://github.com/SarahAlzahranitcd/MetaSEMAP-Metadata
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average score was 2.6, indicating good usability. Around 70% rated the tool positively, citing ease of use
and effective support for metadata annotation.

System Usefulness scored 2.4, reflecting user confidence and successful error recovery. Information
Quality received a score of 3.4, suggesting moderate satisfaction, particularly with error message clarity.
Interface Quality was rated at 2.3, pointing to a generally intuitive and consistent layout. Table 3
summarizes these scores.

Table 3
Average Scores for Each PSSUQ Category
Category Average Score
System Usefulness 24
Information Quality 3.4
Interface Quality 2.3
Overall Usability 2.6

Metadata Added Successfully

Your metadata has been successfully added. Please review your results below and then proceed to the survey for
feedback. Your insights are essential for improving the tool.

Metadata Hepresentation View Download
MNamed Graph View Dowmload
RDF-Star View Downlosd

Your Unigue Anonymous Code: B89S
Important: Please enter this code in the survey as a required field at the beginning of the

survey. This code will help us link your participation with in the expariment with your feadback,
confirming your successful completion of the experiment.

Complete the Survey

Copyrights 2024 |, Sarah Alzahrani salzahra®ted ie

Figure 7: MetaSEMAP interface showing post-annotation confirmation with metadata representations and
survey instructions.

7.2. Task Completion Time

Participants completed annotation tasks based on one of three mapping types. The initial average
completion time was 44 minutes. To ensure the results reflected realistic task durations, outliers were
excluded using empirical thresholds: submissions under 5 minutes (likely rushed or incomplete) and
those exceeding 200 minutes (suggesting prolonged interruptions or technical issues). After removing
these outliers, the adjusted averages were: 32 minutes for Uplift Mapping, 39 minutes for Ontology
Alignment, and 33 minutes for Interlinking,.



7.3. Preferred Metadata Representation

Participants reviewed both RDF-star and Named Graph outputs generated from their annotations. A
majority (74.4%) expressed a preference for Named Graphs. In contrast, 25.6% preferred RDF-star.

One potential influencing factor was the representation setup: RDF-star annotations were included in
the same file as the mapping (see Listing 1), and participants may have found them harder to interpret
without prior exposure to the syntax. Named Graph metadata, on the other hand, was presented in
a separate file (see Listing 2). This physical separation may have enhanced the perceived readability
and organization of Named Graphs. Additionally, inconsistencies in prefix usage between the two
representations may have further affected participant preferences. These aspects will be addressed in
future iterations to ensure more balanced comparison conditions.

Listings 1 and 2 show an example of RDF-star and Named Graph annotations for an uplift mapping,
where the rr:TriplesMap triple was the subject of annotation. For ontology alignment, RDF-star
annotations targeted the align:Alignment instance URIL, while for interlinking, the RDF-star subject
was the SPARQL query resource used to perform linking between VRTI and Wikidata. In all cases, the
Named Graph representation followed a consistent pattern, where metadata was written in a separate
file using a metag: subject placeholder and reused the same structured fields as RDF-star.

@prefix b2022: <https://ont.virtualtreasury.ie/ontology#> .
@prefix cidoc: <http://erlangen-crm.org/current/> .
@prefix geo: <http://www.opengis.net/ont/geosparql#-
@prefix ql: <http://semweb.mmlab.be/ns/ql#> .

@prefix rml: <http://semweb.mmlab.be/ns/rml#> .

@prefix rr: <http://www.w3.org/ns/r2rml#>

@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

<http://example.com/ns##COUNTY> a rr:TriplesMap ;

rml:logicalSource [
rml:query "SELECT_VRTI_ID, NAME_TAG_FROM_,'data_county.csv'" ;
rml:referenceFormulation ql:CSV ;
rml:source "data_county.csv"

15

rr:subjectMap [
rr:template "https://kg.virtualtreasury.ie/place/county/{NAME_TAG}/{VRTI_ID}" ;
rr:class cidoc:E53_Place

15

rr:predicateObjectMap [
rr:predicate geo:hasCentroid ;
rr:objectMap [ rr:template "https://kg.virtualtreasury.ie/place/county/centroid/{NAME_TAG}/{

VRTI_ID}" ]

<< <http://example.com/ns##COUNTY> <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#type> rr:TriplesMap >>

<http://example.com/metag/purpose> "convert county,information,,from the historical domain, jusing,
the datafile data_county.csv."
<http://example.com/metag/mappingType> "Uplift_Mapping" ;
<http://example.com/metag/mappingDomain> "Historical" ;
<http://example.com/metag/startDate> "2025-06-01"
<http://example.com/metag/endDate> "2025-06-06"
<http://example.com/metag/mappingMethod> "Automatic" ;
<http://example.com/metag/testingType> "validation"
<http://example.com/metag/testingResult> "seccessful"
<http://example.com/metag/versionNumber> "01" ;
<http://example.com/metag/versionDateTime> "2025-06-08"
<http://xmlns.com/foaf/0.1/organization> "VRTI"

Listing 1: RDF-star Annotation with Mapping Statement (shortened)




@prefix dcmi: <http://purl.org/dc/terms/> .
@prefix foaf: <http://xmlns.com/foaf/0.1/> .
@prefix metag: <http://example.com/metag/> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .

metag:subject

metag:purpose "convertycounty information from the historical domain, jusing the data file,
data_county.csv." ;

metag:mappingType "Uplift Mapping" ;
metag:mappingDomain "Historical" ;
metag:startDate "2025-06-01"AAxsd:date ;
metag:endDate "2025-06-06"AAxsd:date ;
metag:mappingMethod "Automatic" ;
metag:testingType "vValidation" ;
metag:testingResult "seccessful" ;
metag:versionNumber "01" ;
metag:versionDateTime "2025-06-08"AAxsd:date ;
foaf:organization "VRTI" .

Listing 2: Named Graph Annotation (shortened)

Note: These examples are shortened to highlight the structure and differences between RDF-star and Named
Graph metadata representations. Complete examples are available in the project repository.”

7.4. Metadata Annotation Observations

In addition to usability metrics, we conducted a light-touch review of the metadata submissions to
observe common patterns and challenges in annotation. Participants generally completed structured
fields (e.g., start dates, URIs, publisher names) with high accuracy, suggesting that these fields were
intuitive and well-supported by the interface. However, free-text fields such as purpose and qualityMetrics
exhibited greater variability in both content and specificity.

Some responses conveyed the intended meaning, but lacked precision or used overly general terms.
For example, several participants filled in the mapping purpose field with generic phrases like "to describe
the data’ or ’link information’, rather than specifying the actual goal of the project or the user need that
motivated the mapping. More conceptual fields, such as distinguishing between manual and automatic
mapping methods, also introduced occasional ambiguity.

These patterns indicate that while the tool successfully supports basic annotation tasks, certain meta-
data elements may benefit from additional in-tool guidance. Features such as example values, tooltips,
or predefined templates could help users provide more precise and consistent entries, particularly in
scenarios involving complex or abstract metadata concepts.

7.5. Qualitative Feedback

Open-ended responses were analyzed to extract key themes:

« Ease of Use and Simplicity: MetaSEMAP was generally described as intuitive and non-technical.

« Error Handling: Users requested clearer error messages and better field validation, especially
for URIs.

« Field Guidance: Participants asked for more in-tool help (e.g., tooltips or explanations) to
understand metadata fields.

+ Interface Improvements: Suggestions included larger input fields, better text wrapping, and
persistent scenario visibility.

« Additional Features: Users proposed templates, collaboration support, and enhanced consis-
tency checks.

*https://github.com/SarahAlzahranitcd/MetaSEMAP-Metadata
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User feedback emphasized priorities for improvement, such as enhanced error messages, better
field-level guidance, and improved layout design. These findings will inform future enhancements of
MetaSEMAP to support both usability and clarity in metadata annotation workflows.

8. Discussion

The evaluation results show that MetaSEMAP is generally usable across different mapping types, with
high scores for system usefulness and interface quality. However, areas such as error message clarity
and guidance for free-text fields remain improvement priorities.

Participants strongly preferred Named Graphs over RDF-star, which appears to be influenced by
presentation structure and familiarity. Named Graphs were delivered in a separate file and followed
consistent prefixing, which likely enhanced readability and perceived structure.

The current annotation strategy focused on a project-level scope, where metadata was associated
with the mapping as a whole (e.g., alignment file, SPARQL query, or RML mapping). Although this
proved sufficient in our controlled scenarios, it may be less reliable or too coarse-grained in larger use
cases, particularly when mappings involve many modular components. Future work will explore more
fine-grained annotation strategies and evaluate their feasibility at scale.

Overall, the evaluation confirms the value of lifecycle-aware metadata annotation and highlights
practical lessons for designing usable tooling in this space.

9. Conclusion and Next Steps

This study evaluated the usability of an initial implementation of the MetaSEMAP tool for annotating
metadata across different types of declarative mappings. The findings indicate that participants were
able to complete annotation tasks effectively and appreciated the tool’s interface and support for
structured metadata. Preferences for Named Graphs over RDF-star were observed, with presentation
structure influencing perceptions of clarity.

Looking forward, as part of the current development phase of the tool, we are also exploring the
role of large language models (LLMs) in the mapping lifecycle, particularly their potential to automate
or assist in the creation, enrichment, and reuse of declarative mappings. An open question remains
whether detailed metadata will still be needed if LLMs can generate or infer mapping logic directly.
Conversely, we hypothesize that enriching LLM prompts with metadata about the mapping project (e.g.,
domain, purpose, assumptions, stakeholder roles) may improve the quality, relevance, and explainability
of LLM-generated mappings, and will especially be of value in environments where data governance
are important.

Future work will therefore investigate to what extent metadata annotations enhance prompt-based
mapping generation and whether LLMs can reliably produce FAIR-compliant mappings. This direc-
tion will help determine how human-in-the-loop metadata practices and Al-driven approaches can
complement each other to support sustainable knowledge graph construction.
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