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Abstract

This paper presents the reuse, enrichment, ontology-driven mapping, and format conversion of open data to
support the creation of SICHELIA, a web application designed to promote the Intangible Cultural Heritage (ICH)
of the Sicily Region (Italy). Leveraging diverse open datasets, the project integrates cultural, geographic, and
historical information into a unified, interoperable knowledge base. SICHELIA enables meaningful discovery
and visualization of data through an interactive, user-friendly, and customizable map. The project demonstrates
how the strategic and creative reuse of LOD can enhance and preserve cultural heritage, while also promoting
socio-economic impact in regions facing the disappearance of ancient traditions, customs, local knowledge, and
artisanal skills.
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1. Introduction

Linked Open Data (LOD) play a crucial role in the management, publication, and enhancement of
cultural heritage, particularly in Italy, a country with one of the world’s most extensive and diverse
tangible and intangible heritage assets. The publication and dissemination of open data enable the
reuse, linking, and integration of heterogeneous information, thereby facilitating the creation of new
knowledge pathways and innovative opportunities for cultural engagement and territorial development
[1, 2, 3]. The current state of LOD in the Cultural Heritage (CH) domain in Italy is characterized by
significant national and local initiatives aimed at digitizing and making accessible relevant information
on CH, in line with the standards defined by the World Wide Web Consortium (W3C). For example,
the Italian Ministry of Culture (Ministero Italiano della Cultura - MiC) provides access to numerous
open datasets concerning Italian cultural heritage through the dedicated platform'. This platform is
the result of a cooperative process involving the MiC’s Central Institutes and General Directorates,
and it interlinks datasets originating from different sources: the database of Cultural Sites; registries
of Archives and Libraries; the Cultural Heritage Catalogue database; and other documentary and
photographic databases. Each dataset can be accessed in a tabular format, directly via its URL, or
downloaded in various distribution formats (XML/RDF, text/Turtle, application/JSON, etc.) [4].
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Notably, as part of the Mission 1 Component 3 Investment 1.1. “Strategie e piattaforme digitali per il
patrimonio culturale”® of the National Recovery and Resilience Plan (PNRR), institutions responsible
for cultural heritage are required to implement, between 2022 and 2026, the digital transformation
processes promoted by MiC, particularly concerning the digitization and publication of data.

Italian local administrations such as regional and municipal governments have also begun to publish
their datasets in LOD format on the dedicated Italian national portal®, which includes various datasets
on different domain and also dataset about CH. Open Government Data (OGD)* represent a fundamental
component toward digital transformation. These publicly funded datasets, made available without
confidentiality or privacy constraints, are intentionally released for open access, enabling unrestricted
reuse, redistribution, and integration into new digital services [5, 6, 7, 8].

Access to and reuse of LOD published by cultural institutions and governmental administrations
represent a valuable resource for ensuring interoperability —namely, the ability to integrate multiple
datasets while limiting the proliferation of data silos— as well as for designing new, interactive modes
of engagement with CH, generating both social and economic value.

A recurring challenge in the open data ecosystem concerns the substantial investment of financial
resources, time, and technical effort in producing and publishing large volumes of open data, without a
corresponding development of strategies, tools, or skills for their effective and creative reuse. While
institutions increasingly adopt open data policies and produce datasets in interoperable and machine-
readable formats, these resources often remain underexploited due to limited awareness of their potential
applications, insufficient integration mechanisms, or the absence of user-oriented services capable of
transforming raw data into meaningful knowledge. As a result, the value generated by open data remains
largely unrealized, highlighting the need for methodological frameworks, technological infrastructures,
and socio-technical practices that encourage data reuse, foster innovation, and ensure that the initial
investment translates into tangible cultural, social, and economic benefits [9, 10, 11].

Indeed, a strategic and creative reuse of LOD in the context of tangible and intangible cultural
heritage can be particularly effective in enhancing and promoting sparsely visited areas, such as
inland or peripheral territories affected by depopulation, demographic decline, population ageing, and
limited infrastructure: factors that may contribute to economic impoverishment and, in some cases, the
disappearance of traditions, customs, local knowledge, and artisanal skills.

Another major obstacle to the development of applications in the CH domain based on open data
is the existence of data silos that do not interoperate and often rely on heterogeneous representation
models [12]. Data federation ensures the integration, unification, and governance of data stored in
distinct data repositories. Within this process, the ability to harmonize the diverse data models used to
represent information is of primary importance. The federated system, being independent of specific
data sources, guarantees flexibility and scalability.

Through the development of a methodology capable of supporting open data federation in the
CH domain, the SICHELIA Project aimes at reusing Open Data and improving access to the Sicilian
Intangible Cultural Heritage (ICH) within the framework of the DataHighway Project®[13].

*https://pnrr.cultura.gov.it/misura-1-patrimonio-culturale-per-la-prossima- generazione/1- 1-piattaforme-e- strategie- digit
ali-per-laccesso-al-patrimonio-culturale/

*https://www.dati.gov.it/

*https://www.w3.org/TR/gov-data/
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2. Case Study

2.1. The Sicilian Intangible Cultural Heritage

ICH represents the ensemble of traditions, practices, knowledge, products, expressions, and crafts
transmitted across generations, sometimes orally, which collectively shape a community’s cultural
identity. As a consequence, ICH tells the story of places and people and encompasses:

+ Oral traditions: narratives, legends, myths, and songs transmitting history, values, knowledge,
dialects, and local linguistic varieties;

« Social practices and rituals: religious festivals, ceremonies, seasonal or commemorative cele-
brations, wedding customs, and hospitality practices;

+ Craftsmanship and artistic techniques: know-how associated with the creation of traditional
objects such as textiles, ceramics, and metalwork;

+ Culinary and gastronomic traditions: local food products, recipes, and food-processing
practices;

« Artistic expressions: dance, music, theatre, and other performances that embody a community’s
cultural essence.

ICH is recognized for its intrinsic value in preserving cultural identity and human diversity, which is
why UNESCO® safeguards it as a fundamental component of collective memory and global cultural
richness [14, 15, 16]. Moreover, ICH plays a vital role in promoting and sustaining emerging forms of
tourism, contributing significantly to both economic and social development [17, 18].

By enabling a strategic reuse of OGD, SICHELIA provides an innovative and interactive access
experience about the Sicilian ICH, enhancing visitor engagement with physical sites, fostering a deeper
understanding of their cultural significance, and simultaneously supporting the preservation and
transmission of lesser-known traditions, knowledge, and practices that are at risk of disappearing.
SICHELIA provides a tailored exploration experience of Sicily’s rich ICH, ranging from local food and
wine products to arts and crafts, festive celebrations, and cultural aspects linked to the local language.

2.2. Sicilian Open Data Selection

The preliminary investigation activity, involved an in-depth assessment of the current state of available
Open Data pertaining to Sicilian ICH across various knowledge bases and catalogues. The objective
was to map the coverage, structure, and quality of existing data, identifying potential gaps as well as
opportunities for enrichment and interlinking.

To obtain a comprehensive overview of the structure, variety, and informational potential of the
available datasets, a qualitative analysis was conducted on the LOD published on the official Open Data
portal of the Sicilian Region’. The portal -serving as the primary access point to regional OGD- hosts
more than 180 datasets organized into multiple thematic domains, including: Agriculture, Fisheries,
and Food Products; Environment; Economy and Finance; Energy; Justice and Security; Government
and Public Sector; Education, Culture, and Sport; Population and Society; Regions and Cities; Health;
Science and Technology; International Affairs; and Transport.

Shttps://ich.unesco.org/en/what-is-intangible-heritage-00003
"https://dati.regione sicilia.it
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Among these, datasets potentially relevant to the SICHELIA case study were identified, specifically
those containing information useful for documenting aspects of Sicilian ICH, with particular attention
to data describing oral traditions, social practices, artisanal knowledge, ritual celebrations, linguistic
expressions, and typical products and food processing techniques.

The selection phase followed a qualitative, multi-phase approach. First, employing thematic category
filters on the platform we narrowed down the domain of interest to ICH. The most relevant categories
were found to be “Education, Culture, and Sport” and “Agriculture, Fisheries, Forestry, and Food
Products”.

Subsequently, criteria of semantic web compatibility were applied, with particular emphasis on the
availability of publication formats oriented towards the Semantic Web (notably RDF/Turtle, JSON-LD,
XML-OWL, etc.), capable of supporting explicit representation of entities and relationships through the
use of URIs, ontologies, and standardized vocabularies.

Finally, a preliminary evaluation of the suitability of each dataset for the case study was performed,
taking into account aspects such as data granularity, the degree of semantic structuring, the presence
(or absence) of interlinking to external datasets, and ontological consistency with nationally and
internationally recognized conceptual schemas.

This approach made it possible to isolate the datasets most closely aligned with the domain of interest
and best suited for integration within a semantically interconnected perspective following Linked Data
principles. The following datasets from the Sicilian Region’s open data portal were therefore selected:

« Luoghi Siciliani del Gusto (LSG)?®: a georeferenced collection of the main locations where
essences, foods, and traditional Sicilian products are made.

« Prodotti Agroalimentari Tradizionali (PAT)’: a collection of Sicilian products included in the
national list of the Prodotti Agroalimentari Tradizionali (P.A.T) (Traditional Agri-Food Products).

« Registro delle Eredita Immateriali (REI)'’: data from the Regional Register of Intangible
Heritage of Sicily (Registro delle Entita Immateriali Siciliane - R.E.LS.)

2.3. Data Quality and Interoperability Challenges

The qualitative analysis of the selected Sicilian Open Data reveals that the datasets selected are largely
complementary and provide a rich and articulated coverage of heterogeneous ICH elements. Table 1
reports the quantitative and qualitative characteristics of the selected datasets.

Information in the datasets include typical Sicilian agri-food products (e.g., Maiorchino, Sicilian cheese,
Bastarduna di Calatafimi, Sicilian prickly pear produced in Calatafimi) and various local preparations
and food rocessing techniqes, as well as information on places closely associated with the production or
consumption of these products (e.g., Anciova sutta sali, salt-packed anchovies), or linked to emblematic
regional recipes. In addition, they document intangible practices related to food and conviviality,
popular and ancient celebrations, religious rites (e.g., Lu Signuri di li fasci, local celebration on the
Holy Friday), artisanal traditions (e.g., Barche in Legno Trezzote, wooden boats), and orally transmitted
knowledge.

All the selected datasets are released in different formas, including the .ttl format (Turtle — Terse RDF
Triple Language), which expresses data in RDF in a textual, readable, and compact form compliant with

®https://dati.regione.sicilia.it/catalogo/2e14f4a7-3c8a-4269-a885-7ed1257cc28e
*https://dati.regione sicilia.it/catalogo/prodotti-agroalimentari- tradizionali
"https://dati.regione.sicilia.it/catalogo/33a33ca5-a7d3-46f4-8b62-a0f3457765bb
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Table 1
Overview of the selected datasets

Dataset # Entities Information Licence Formats

LSG 308 Entity Name, Location Name, Location ID, CC-BY-4.0  GeoJson, .json, .csv, .ttl
Coordinates, Description, Image

PAT 260 Entity Name, Production Area, Protected CC-BY-4.0  .json, .csv, .ttl
Name

REI 239 Entity Name, Location Name, Location ID, CC-BY-4.0  .json, .csv, .ttl

Description, Webpage

Total 807

W3C standards for the representation of structured data on the Web, and are structured according to
the Sicily Region Ontology''.

Although machine-readable and partially structured according to Semantic Web principles, the
datasets still pose some challenges since they do not fully implement effective interlinking mechanisms
with authoritative external resources. The limited connection to controlled vocabularies, shared ontolo-
gies, or reference datasets (e.g., DBpedia, Wikidata) - with the exception of the use of the controlled
vocabulary for Italian municipalities - reduces the degree of semantic interoperability and hinders the
integration of these data within distributed environments. Additionally, some datasets lack essential
information, making the represented data incomplete and, in certain cases, only partially usable for
advanced processing and integration tasks. Missing attributes, such as detailed descriptions, precise
geospatial references, temporal information, or standardized identifiers for cultural entities, limit the
ability to perform accurate semantic alignment. These gaps also reduce the potential for meaningful
cross-dataset comparisons, automated reasoning, and the creation of user-oriented services, since key
contextual elements needed to fully characterize cultural heritage items are absent. Furthermore, links
to external multimedia resources, such as images, are often non-functional, with the sole exception of
web references to the Regional Register of Intangible Heritage.

According to Tim Berners-Lee’s five-star Linked Open Data evaluation model'?, these datasets meet
the requirements of the fourth level: they are published in open and structured formats (e.g., RDF/Turtle),
yet they do not fully participate in the Web of Data, as they do not establish explicit links with other
resources in the Linked Data cloud.

As a result, the datasets require targeted enrichment efforts, including format alignment, data
integration to address incompleteness and the lack of interlinking, as well as conceptual alignment
and structural interoperability, in order to restore missing information, ensure conceptual coherence,
and enhance their overall interoperability within a broader LOD ecosystem. This scenario highlights
significant room for improvement, both in terms of ontological design and in the dataset’s openness
toward the global LOD ecosystem.

"https://dati.regione.sicilia.it/lode/extract?url=https://dati.regione.sicilia.it/owl/regionesiciliana.rdf
“https://5stardata.info/en/
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3. Methodology

To solve the challenges posed by the datasets (Cfr. section 2.3), we developed a methodological pipeline
composed of sequential and complementary steps. The datasets undergo a series of processing stages:
(i) interlinking, (ii) semantic mapping and format conversion and (iii) enrichment.

Once these stages are completed, the processed datasets converge within the SICHELIA Context
Broker, which continuously interacts with the DataHighway Project Context Broker. This bidirectional
exchange of federated datasets ensures that the data remain up-to-date, harmonized, semantically
interoperable, without data duplication.

Finally, we developed the SICHELIA Web App which retrieves the semantically enriched open data
from the SICHELIA Context Broker, where they are exposed in NGSI-LD format. The application then
leverages this harmonized knowledge base to deliver advanced functionalities —such as contextualized
storytelling, geolocated cultural itineraries, and interactive exploration of intangible heritage elements—
thus reusing open data with the aim of meaningfully offer digital experiences about ICH for end users
(citizen, tourists, local governments and administrations, travel agencies, cultural heritage institutions).

3.1. Interlinking

Interlinking represents a fundamental strategy for enabling semantic connections between hetero-
geneous datasets. By establishing explicit relationships between entities across different sources,
interlinking facilitates data integration, enhances discoverability, and allows for richer, more complex
queries. Typical strategies include the use of shared identifiers, standardized vocabularies, and common
ontological classes, as well as the alignment of entities through geographic, temporal, or thematic
properties. In the context of CH, interlinking enables the creation of a unified view of related tangible
and intangible assets, supporting both research and interactive applications [19].

The LSG and REI datasets can be readily interconnected through a shared value represented by the
IRI: https://dati.regione.sicilia.it/onto/regionesiciliana/FeatureLocation.

Our methodology relies on leveraging information on entities present in both datasets based on the
property hasFeatureLocation, which represents a geographic entity defined in the Sicily Region
Ontology. This class present as value a unique numeric code established by the Controlled Vocabulary
of Italian Municipalities'.

For example, in both the LSG and REI datasets, there are entities that share the value 087002 for the
property hasFeatureLocation which corresponds to the municipality of Aci Castello in the province
of Catania (CT), Sicily, which can be linked thanks to the shared location.

Regarding the PAT dataset, the available information is relatively sparse and does not contain any
reference to the FeatureLocation class. Consequently, PAT lacks geographic information for its
entities. However, to address this critical gap, Section 3.3 presents an enrichment strategy from external
sources, enabling subsequent interlinking with the LSG and REI datasets.

3.2. Mapping and Conversion

Format conversion strategies are essential to ensure that heterogeneous datasets, originally published in
diverse formats, can be integrated into a coherent Semantic Web framework. These strategies typically

Bhttps://github.com/italia/daf-ontologie-vocabolari-controllati/blob/master/VocabolariControllati/territorial-classificatio
ns/cities/cities.ttl
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involve transforming data from CSV, JSON, or XML into RDF-based formats such as Turtle, RDF/XML,
or JSON-LD, which support machine-readable semantics, standard URIs, and explicit modeling of
relationships. Format conversion not only enhances interoperability but also allows datasets to fully
participate in Linked Data applications, enabling advanced querying, reasoning, and integration with
external semantic resources.

As part of the DataHighway project, datasets collected for the SICHELIA Projects must be compliant
with the NGSI-LD'* standard [20] in order to be ineroperable in the data federation ecosystem.

To support the conversion of the selected datasets from the .ttl format to the JSON-LD format of
the NGSI-LD standard, a conceptual and semantic mapping was developed between the entites and
properties of the Sicily Region Ontology and the entity types and attributes of NGSI-LD, enabling a
subsequent semi-automatic transformation of the considered datasets. This activity involved:

« Aligning ontology entites with NGSI-LD types (etype)

« Mapping RDF properties to NGSI-LD attributes (Property, Relationship)

« Structuring semi-automatic transformation rules using Natural Language Processing (NLP) tech-
niques for IR, literal values, and geographic references (GeoProperty)

Our methodology focuses on re-using entity types and attributes that are already defined in the
NGSI-LD Context Broker of the DataHighway Project (e.g., “image,” “website,” “description,” “location,”
etc.). In other cases, new entity types and attributes were introduced for mapping purposes, with a
preference for reusing elements coming from standard ontologies, such as schema.org and DBpedia.

Although the NGSI-LD format, as described in the ETSI specifications'®, provides comprehensive
coverage of some domains, such as environment, no precise models currently exist for the CH domain,
making conversion more challenging. Furthermore, the diverse and complex forms of ICH (aspects
related to movement, dance, music and lyrics, site-specific performances, food products) often demand
multiple ontological frameworks to adequately describe all associated entities [1].

Consequently, ad hoc entities were proposed and subsequently linked to corresponding DBpedia
entities through an initial automatic matching process followed by manual validation.

Table 2 and Table 3 presents some examples of the semantic mapping between the entites of the
datasets selected (SicilianOntology), the NGSI-LD entity types and attributes, and their correspondence
with DBpedia'® and Agrovoc!” entities.

In the context of SICHELIA Project, a methodological approach was adopted to ensure semantic
interoperability across data sources. Specifically, during the transformation of the original datasets into
.ttl format, each occurrence of the property hasFeatureLocation was systematically replaced with
the isLocatedAt relationship, modeled according to the Relationship type defined by the NGSI-LD
standard. This enables direct referencing of geographic entities (cities and provinces) already available
within the DataHighway Broker. Semantic interlinking is achieved through the use of pre-existing
URNS, allowing direct and unambiguous connections to the corresponding NGSI-LD entities, such
asurn:ngsi-1d:City or urn:ngsi-1d:Province. Conversely, the entities (types) stored in the
SICHELIA Broker, provided by the DataHighway project team, can be accessed and linked within the
DataHighway Broker. This enables the implementation of a federation between NGSI-LD brokers,
ensuring decentralized data availability and allowing queries and entity retrieval from multiple sources.

“https://ngsild.org/
Bhttps://www.etsi.org/deliver/etsi_gs/CIM/001_099/009/01.05.01_60/gs_cim009v010501p.pdf
https://www.dbpedia.org/resources/ontology/

https://www.fao.org/agrovoc/linked-data
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Table 2
Entity Mapping Examples

Sicily Region Ontology Enti- NGSI-LD Entity Types Schema

ties

Tecnica artigiana (lit. Artisanal “type”: “Craft” http://dbpedia.org/resource/Cra

Technique) ft

Tesoro umano vivente (lit. Living “type”: http://dbpedia.org/resource/Liv

Human Treasure) “LivingNationalTreasure” ing_national_treasure

Parlata (lit. Dialect) “type”: “Dialect” http://dbpedia.org/resource/Dia
lect

Paste fresche e prodotti della panet-  “type”: “BakedGoods” http://dbpedia.org/resource/Bak

teria, della biscotteria, della pastic- ed_goods

ceria e della confetteria (lit. Fresh
pasta and bakery, biscuit, pastry,
and confectionery products)

Luoghi della produzione gastro- “type”: http://aims.fao.org/aos/agrovoc
nomica (lit. Gastronomic produc- “ProductionLocation” /c_6205
tion sites)
Table 3
Property and Attribute Mapping Examples
Sicily Region Ontology NGSI-LD Attribute Types Schema
Properties
rdfs: comment "description": { http://schema.org/d
"type": "Property" escription
"value":"[...]"}
regionesiciliana: "isLocatedAt": { http://dbpedia.org/
hasFeatureLocation "type": "Relationship" ontology/location
"object":"urn:ngsi-1d:City:"[...]"}
regionesiciliana: “location”: { http://dbpedia.org/
hasGeometry "type": "GeoProperty", ontology/location
"value": {
"type": "Point",
"coordinates": [X,Y]}}
regionesiciliana: "image": { http://schema.org/i
hasImage "type": "Property" mage
"value": [link]}
regionesiciliana: "hasProvince": { http://dbpedia.org/
hasProvince "type": "Relationship" ontology/Province

"object":"urn:ngsi-1ld:City:"[...]"}

3.3. Enrichment

The enrichment of datasets represents a critical step in the development of high-quality, interopera-
ble, and semantically meaningful knowledge bases. Dataset enrichment addresses potential gaps by
integrating complementary information from authoritative documents, external datasets, controlled
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vocabularies, or domain ontologies. This process not only increases the completeness and descriptive
depth of the original data but also enhances their usability, interoperability, and relevance for advanced
applications.

Within the SICHELIA Project, enrichment plays a pivotal role in transforming raw and fragmented
cultural heritage data into a coherent, semantically rich information layer. By adding missing attributes,
harmonizing representations, and expanding the descriptive content of the selected datasets, the
enrichment process ensures that the resulting knowledge graph can effectively support exploration,
recommendation, and the creation of innovative digital services for the valorization of Sicilian ICH.
Enrichment steps were performed for the REI and PAT Datasets.

For the REI dataset, the enrichment process was implemented starting from the Description (Descrip-
tion) textual field, containing unstructured narratives related to ritual and festive practices of Sicilian
ICH. The processing pipeline is structured in three successive phases with incremental validation
criteria.

First, a multilingual NER model © was employed for automatic identification of entities belonging to
four semantic categories: PER (persons), LOC (locations), ORG (organizations), and MISC (miscella-
neous).

Subsequently, for each extracted entity, a linking procedure to encyclopedic resources was performed
through Italian Wikipedia API queries. The matching between textual mentions and Wikipedia article
titles was validated through the computation of Normalized Levenshtein Similarity [21, 22], applying
an acceptance threshold of > 0.80. Subsequently, for each extracted entity, a linking procedure to
encyclopedic resources was performed through Italian Wikipedia API queries. The matching between
textual mentions and Wikipedia article titles was validated through the computation of Normalized
Levenshtein Similarity [21, 22], applying an acceptance threshold of > 0.80. Out of a total of 3,160
extracted entities, 2,836 (89.7%) were successfully linked to their corresponding Wikipedia articles,
while 324 (10.3%) remained unlinked. A manual inspection of the unlinked textual spans revealed that
the majority correspond to entities not automatically resolvable, such as dialectal toponyms or local
micro-toponyms (e.g., Chiesa du u Ratu, Chiantu di Mari), which constitute candidates for subsequent
manual curation interventions.

Finally, in order to reduce false positives arising from referential ambiguity, a contextual control phase
was introduced on the 2,836 linked entities. For each linked entity, the metadata of the corresponding
Wikidata item were analyzed, verifying the presence of explicit references to the Sicily Region or its
related provinces and municipalities in structured fields (P131 - located in administrative territorial
entity, P17 - country, descriptions). This verification enabled disambiguation of homonymous entities
by privileging interpretations consistent with the geographic context of the corpus.

The contextual filtering process revealed that 2,751 entities (97%) either corresponded to geographical
references already present in the knowledge broker (cities, localities, provinces) or pertained to entities
outside the project’s thematic scope (e.g., Impero Romano). The remaining 85 entities (3%) constituted
novel, domain-relevant entries successfully integrated into the knowledge base. Among these, a repre-
sentative example is Sampaoloni'® (dialectal: Sampauluna), the traditional papier-maché processional
giants depicting the eleven apostles that characterize the Easter Sunday celebration in San Cataldo
(Caltanissetta).

For the PAT dataset, a significant source for extension and enrichment is offered by the PAT Sicilia

118

Bhttps://huggingface.co/Babelscape/wikineural-multilingual-ner
Phttps://it.wikipedia.org/wiki/Sampaoloni
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2023 technical sheet?, published in PDF format on the institutional portal of the Sicilian Region within
the section dedicated to Traditional Agri-Food Products (23rd Update of the List of Traditional Agri-Food
Products). This document contains the same 260 entries included in the PAT dataset, complemented
with additional information that can be used to enhance and complete the dataset.

The enrichment strategy leveraged the product name field to perform Wikidata entity linking. This
approach was enabled by the existence of a dedicated Wikipedia page®' listing Sicilian traditional
agri-food products, which served as the primary source for entity matching. A strict validation criterion
requiring 100% string matching between the PAT object name and the corresponding Wikipedia entry
was applied, resulting in successful enrichment of approximately 35% of PAT objects (91 out of 260
elements).

Challenges still persist in the enrichment phase; for example, the production area (territorio interessato
alla produzione) is provided as a free-text string (e.g., Calatafimi, Vita) and not as an identifier code
according to a controlled vocabulary. As a strategy to overcome this issue, we automatically retrieved
the corresponding geographic coordinates and searched for the associated city or municipality within
the DataHighway Broker, establishing a direct relationship to the corresponding URN.

Furthermore, since in the free-text sources we retrieved also alternative names in the Sicilian dialect
about local products (e.g., Italian: Gambero rosso (red shrimp), Sicilian Dialect: dmmaru russu, ammaruni),
we employed the attribute type alt_name (http://schema.org/alternateName), which is already
available within the DataHighway context.

4. SICHELIA Web App

The final phase of the project, focused on the implementation of the SICHELIA web application
prototype? that leverages the enriched LOD in JSON-LD format from the SICHELIA Context Broker.

The Web App is designed to provide an intuitive and accessible user interface for the visualization
and exploration of open data. As highlighted by many scholars [23, 24, 25], data visualization allows a
better discovery and exploration and facilitates access to data for users. For this reason we chose to
display the selected, enriched and converted open data by means of a geographic representations of
data through an interactive map.

Users can select one or more domains of interest from a predefined filter-list (e.g., Music, Food and
Beverages, Craftsmanship, etc.) or perform a free-text search through a dedicated search bar. Based on
the expressed preferences and interests, the corresponding points of interest are displayed on the map,
each of which is interactive. By selecting a point, users can access detailed informative cards containing
descriptions, curiosities, and historical insights related to culinary traditions, artisanal techniques,
popular and religious festivities, local knowledge, and traditional customs liked to the Sicilian ICH. The
interface, thus, offers a personalized and flexible user experience by providing information, descriptions,
and contextual insights about the ICH of Sicily.

SICHELIA targets experiential tourists and slow travelers interested in the authentic discovery of
local areas, traditions, food and wine heritage, and craftsmanship. The target audience includes both
national and international visitors who are attentive to sustainability and conscious tourism,as well as
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Sicilian local communities wishing to rediscover their own heritage and strengthen proximity-based
economies. The solution is also relevant for cultural and creative enterprises, local administrations,
and tourism operators, as it provides an integrated tool for enhancing territorial assets, promoting
public—private collaboration, and supporting initiatives for regeneration and economic development.

From a social impact perspective, SICHELIA fosters cultural storytelling and local development by
preserving collective memory, and reinforcing community identity. It further ensures continuity and
visibility for traditions at risk of disappearing, especially among younger generations. Furthermore,
SICHELIA promotes a model of sustainable and distributed tourism centered on the enhancement of
local economies, helping redirecting visitor flows toward less-traveled areas and small municipalities,
generating direct economic benefits for micro-enterprises, artisan workshops, and local farmers, while
raising awareness of circular and environmentally responsible production models.

4.1. Web App usability test

The application prototype was subjected to structured tests aimed at evaluating its performance, stability,
and overall usability. The tests included both functional checks (for the correct behavior of the main
features) and usability tests, carried out through sessions with real users, with the goal of observing
the interaction with the interface and identifying any obstacles in the user experience by simulating
realistic usage scenarios.

The test was designed following the theoretical models and best practices in the field of usability
evaluation. Specifically, established tools such as the Questionnaire for User Interface Satisfaction (QUIS)
[26], the USE Questionnaire [27], and the Website Analysis and Measurement Inventory (WAMMI) %
were used as references.

The usability test (see Appendix A) was conducted via a written anonimous online survey administered
to focus groups composed of real users, mainly students in the 20-25 age range. Participants were
invited to use the web app intensively in both a controlled context, with direct supervision, to observe
their interaction with the web app, and in an uncontrolled environment. At the end of the sessions, they
were asked to complete the survey, which was structured to gather both quantitative and qualitative
feedback. The survey included closed-ended Likert scale questions to measure the degree of satisfaction,
ease of use, interface clarity, and perceived overall efficiency, in addition to open-ended questions
designed to gather free observations, suggestions, and reports of any issues encountered.

The main objective of the survey was to identify areas for improvement in the Web app from the user
experience perspective, by evaluating the intuitiveness of the design, the consistency of navigation,
and the comprehensibility of the features. The collected data were subsequently analyzed to highlight
recurring patterns.

The survey results (see Appendix A), based on feedback collected from 100 testers over 1 month,
confirm a good level of general user satisfaction with the web app. The majority of participants
reported a positive user experience. The main features were considered very easy to locate (~58%), the
interface was perceived as intuitive (~61%), and the response time was judged to be very fast (~62%).
Furthermore, most respondents indicated that the application mostly (~40%) or completely (~36%) met
their expectations, and that they would recommend it to other users and would like to see it expanded
to other Italian regions. No technical problems or bug were reported (~92%) however, a small number
of users experienced issues when zooming in and out on the map while using tablet devices. The
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most appreciated features were the exploration of descriptions, information, and fun facts related to
ICH (~77%) and the visualization of points on the map (~75%). Regarding suggested improvements,
approximately ~30% of participants proposed the inclusion of multimedia content (e.g., images, videos,
and audio), ~15% recommended enhancements to the visual design, and ~10% suggested the use of
additional color schemes for category differentiation. Survey results’ will be taken into consideration to
improve the application in the future version releases.

5. Conclusion and Future Works

The integrated activity of interlinking, mapping, conversion, and semantic enrichment led to the
production of datasets fully compliant with the NGSI-LD data model, which have been exposed and
published within the Context Broker provided for the SICHELIA project.

Through this process, the original open data were thoroughly restructured and enhanced, resulting
in datasets that were in the end:

« linked to external entities already present in the information system, such as cities and provinces,
through the use of shared URNSs;

« interoperable, as they are modeled according to a shared standard and ready to be consumed by
NGSI-LD-based services and applications;

« application-oriented, with particular relevance to smart tourism, territorial valorization, and
intelligent reuse of CH data and OGD;

« semantically enriched.

The semantic enrichment activity resulted in a significant increase in the number of RDF triples
present in the original .ttl datasets. This growth in informational content not only reflects a substantial
improvement in data quality but also enables new scenarios for integration and reuse, in line with the
principles of semantic interoperability and open data.

The federation between NGSI-LD brokers ensures decentralized data availability and allows queries
and entity retrieval from multiple sources. This strategy supports the system’s horizontal scalability,
reduces the risk of bottlenecks, and promotes a distributed governance model for territorial data, in line
with the principles of semantic, syntactic, and organizational interoperability. It serves to interconnect
multiple data brokers so that they can cooperate, exchange information, and respond to distributed
queries while remaining independent and autonomous.

The testing phase in a relevant environment (realistic simulation) ensures that the project reached a
TRL 5 and demonstrated that the technology works as expected under conditions simulating real use,
preparing the ground for full-scale testing and demonstrations.

The SICHELIA project, through the implementation of a user-friendly web app, aims at tackling
the long-standing challenge of open data reuse by demonstrating how creatively leveraging datasets
produced by governments and institutions can generate new cultural, social, and economic value.

Future enhancements will focus on improving the interface design for more intuitive navigation,
personalized recommendations, and richer visualization, as resulted from the survey responses.

Finally, the SICHELIA methodology provides a replicable model for other case studies on ICH,
showing how semantic enrichment, interlinking, and federated data infrastructures can be applied to
other contexts, fostering knowledge sharing, preservation, and sustainable valorization of CH.
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