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Abstract
The exponential growth of data has made ontology modeling an up-and-coming research area for knowledge representation. 
One of the domains of interest is represented by Cultural Heritage, in which modeling of environments, such as archaeological 
parks, could lead to their protection and enhancement. In this scenario, the valuable dataset on the Naples Urban Archaeo-
logical Park (PAUN) is of particular interest. Due to its peculiarity, the database could benefit from innovative techniques 
for retrieving the information, representing a large part of the information contained within the DatabencArt platform, 
which collects data on Campania's cultural heritage. This paper aims to introduce an ontology-based approach to improve 
data retrieval, which could help expert users in the field (archaeologists, art historians, geologists, etc.). Scholars need to be 
able to easily compare the information. To this end, a semantic search is able to transform a vast amount of data into linked 
concepts. We mapped all concepts according to the ArCo ontology and equipped the DatabencArt platform with a semantic 
query layer, making the information accessible through ArCo ontology's properties. To evaluate the proposed approach, 
we designed an experimental campaign involving expert users to assess the results obtained in the system's queries through 
Sparql queries. The obtained results are promising.
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1  Introduction

Information Retrieval techniques are often limited to key-
word searches. This traditional information retrieval model 
is the basis of most (primarily archival) information systems 
today (Rasmussen 1999). This is also the primary mode of 
operation of search engines that allows finding Web informa-
tion. Many theories and models have keyword search as their 
basis: one of the most frequently used and cited information 
search paradigms, Ben Shneiderman's Visual Information-
Seeking Mantra, uses the traditional Information Retrieval 
model as its starting point (Shneiderman 1996). However, 
this model has a few limitations.

The scientific community is sharply divided between 
scholars in the 'hard' sciences, who prefer searching through 
query formulation, and scholars in the humanities and social 
sciences, who prefer more informal information retrieval 

methods (Cole 2000; Bates 2005; Hau et al. 2005). Moreo-
ver, this model often provides a long, disorganized list of 
search results that do not directly address users' information 
needs (Gendt et al. 2006). Improving information search in 
the cultural heritage sector is an active area for Semantic 
Web researchers (2007; Aroyo et al. 2007).

This paper presents our work to improve the Information 
Retrieval technique from the cultural heritage database in 
Campania (DatabencArt). The aim was to make the data 
contained in the platform usable in a way that would be use-
ful to expert users in the field (archaeologists, art historians, 
geologists, etc.). Scholars need to be able to compare the 
information easily. To this end, a semantic search transforms 
an island of data into linked concepts.

The primary source of data we have referred to concerns 
the domain of the Urban Archaeological Park of Naples, 
stored in our DatabencArt database in the form of records 
processed on the ICCD (Central Institute for Catalogue and 
Documentation) standard. To achieve our aim, we mapped 
all the fields of the cards onto the nodes and properties of 
the ArCo ontology. The DatabencArt platform was equipped 
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with a semantic query layer so that the information assets 
could be queried via the ArCo ontology.

To evaluate the system, we designed an experimental 
campaign involving expert users able to define some search 
criteria suggested and compared them with the results 
obtained in the system's queries through Sparql queries.

The article is organized as follows. The following section 
presents the Naples Urban Archaeological Park (PAUN) and 
the DatabencArt platform in which the Park's area of inter-
vention data have been collected. Then, a literature review 
based on ontologies to improve the semantic consultation 
of data is reported. The following section presents the pro-
posed system to improve the technique for retrieving infor-
mation on the cultural heritage of Campania. To describe 
the system, we analyze the architecture of the DatabencArt 
platform and the Semantic Module (SeM) developed. Next, 
we present the methodology of our work, which is based 
on semantic queries built through constant dialogue with 
experts in the field. This section also presents an overview 
of the concrete mapping between the ICCD format records 
contained in DatabencArc and ArCo, the reference ontology 
chosen for data integration. The following section reports an 
experimental campaign to test the effectiveness of respond-
ing to queries formulated by experts. Finally, the paper 
ends with a conclusion section, which discusses the results 
obtained and further studies.

2 � Background

In recent years, Information Systems have been implemented 
with data flows and substantial datasets on the heritage, 
mainly archaeological, from excavations for underground 
mobility (Colace et al. 2015). In the context of Naples, the 
realization of the underground offered the opportunity to 
implement an experimentation process to develop a valori-
zation and protection model with the design of the Urban 
Archaeological Park. The PAUN project (https:,  paun.data-
benc.it. 2023) financed with European funds by the Campa-
nia Region, is based on the assumption that without knowl-
edge, there is no lasting valorization. Without protection, 
there is no knowledge or valorization to pass on to future 
generations.

The design of the Municipal Station led to the planning 
by the Superintendency of an urban park that represents 
an almost unique example at the national and international 
levels.

As part of this highly advanced strategy, the PAUN pro-
ject is part of a collaboration with the Municipal Administra-
tion and the Naples Metropolitan Company and a specific 
agreement with the Soprintendenza Archeologia, Belle Arti 
e Paesaggio for the City of Naples.

The intervention area corresponds to the north-western 
sector of the interchange between Castel Nuovo, the gardens 
of Piazza Municipio, the underlying archaeological site in 
the station of metro lines 1 and 6, and the church of the 
Incoronata.

The context thus defined offers a sample for an experi-
ment that privileges diachrony.

The aim is to enhance and account for the multi-layered 
life of the site and the transformations of an crucial sector 
of its coastal strip, marked by the port from the archaic age 
to the present day.

The survey data led to the creation of the Integrated 
Knowledge System through acquisition and management in 
the DATABENCART platform. These data are related to 
valuable results: approximately 40,000 surveys, orthophotos 
and photos, point clouds, and 3D models; the creation of 
maps of archaeological/monumental potential and archaeo-
logical/environmental risk/disturbance in order to develop 
predictive safeguard models (WEBGIS).

Data from different specializations and investigation 
methodologies contribute to the construction of the Inte-
grated Archaeological, Historical-Monumental, and Land-
scape Knowledge System, in particular, the archaeological 
data acquired with the new excavations for the construction 
of the metro lines 1 and 6, available thanks to the collabora-
tion with the ABAP Superintendency for the City of Naples. 
All information, including that from pre-existing databases, 
is normalized based on the cataloging and formal standards 
provided by SITAN and SIGEC-WEB and is managed by 
a platform for the collection, cataloging, and hierarchical 
structuring of data.

3 � Related works

As the literature suggests, ontologies and ontology-based 
metadata have the potential to significantly improve infor-
mation systems, including libraries and digital data archives 
or educational applications (Moraitou et al. 2019; Moraitou 
et al. 2023).

This work starts with studying tools that facilitate using 
Campania's digital cultural heritage resources by research-
ers and experts.

In the field of databases and information integration, there 
is a range of research to facilitate interoperability between 
different systems (Giallonardo et al. 2019). This research 
explores techniques for consulting databases through seman-
tic queries.

In this field, ontology is fundamental because it semanti-
cally organizes data.

The most cited definition of ontology is “a formal and 
explicit specification of a shared conceptualization” (Gruber 
1993). A conceptualization refers to an abstract, simplified 
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view of a portion of the world one wants to represent to 
achieve a previously established purpose. An explicit 
specification means that the concepts and relations of the 
abstract model are given explicit names and definitions. 
Formal means that the specification of meaning is encoded 
in a language based on logic. Formality is a critical way to 
eliminate ambiguity in natural language; it also opens the 
door for automatic inference to derive new information from 
the specification of meaning. Shared means that the main 
purpose of an ontology is generally to be used and reused in 
different applications and communities.

A detailed discussion on the uses of ontologies and the 
challenges of the scientific community for semantic inte-
gration is in the article by Uschold, Michael, and Michael 
Gruninger (Uschold and Gruninger 2004). The authors iden-
tify the Holy Grail of achieving fully automatic semantic 
interoperability. They suggest the use of common standards, 
such as a shared top-level ontology, as the best pragmatic 
approach. They also call for improved mapping techniques 
by investigating interactive methods involving humans.

Many solutions have been proposed to achieve efficient 
interoperability between heterogeneous information sys-
tems. The article by Cullot, Nadine, Raji Ghawi, and Kokou 
Yétongnon (Cullot et al. 2007) focuses on mappings between 
databases and ontology. To this end, a tool called db2OWL, 
was developed to create ontologies from a relational data-
base. Each database component (table, column, constraint) is 
converted into a corresponding ontology component (class, 
property, relation).

Another method was proposed by Hazber et al. (Hazber 
et al. 2015) and consists of two main steps: constructing 
ontologies from relational database data and automatically 
generating ontology instances from database data.

A fascinating work is the one by Sir et al. (Sir et al. 2015), 
whose aim is to clarify the differences between ontologies 
and databases. The article describes step by step, the parts 
where the differences occur. However, some similarities 
show that ontologies and databases are not entirely differ-
ent. Based on these aspects, the article presents various 
approaches to transforming a database into an ontology. The 
conclusion summarises and highlights the most important 
similarities and differences.

Another interesting paper is proposed by Capuano et al. 
(2015), which categorizes how semantic technologies can 
support information retrieval in interactive visualizations; 
Chang et al. (2020) focus on the mapping and automatic 
construction of ontologies from relational databases.

This work examined the relationships between our 
NoSQL database schema DatabencArt (in ICCD card for-
mat) and the formal ontology ArCo (Carriero et al. 2019).

ArCO (Architecture of Knowledge in Italian) is a network 
of ontologies for structuring highly expressive cultural herit-
age knowledge. The data in ArCo are structured based on 

ontological models that mirror the structural analyticity of 
the ICCD ministerial records used to describe cultural herit-
age. Precisely because of the consistency with the structural 
analyticity of the ICCD forms, we chose ArCo's ontology 
to perform a mapping exercise that would allow us to inter-
rogate our data through a semantic level.

This article is not intended to provide a comprehensive 
review of the state of the art of using ontologies for seman-
tic integration. For this purpose, we refer the reader to the 
in-depth study by Kalfoglou and Schorlemmer ( 2003) and 
the latest new contributions in the literature on this topic 
(Ranjgar et al. 2022; Krabina 2023).

Instead, in this article, we want to emphasize the impor-
tance for specialists in the field of Cultural Heritage (CH) to 
compare their results with the standards that encode them.

In fact, Cultural Heritage encompasses a wide range of 
disciplines and traditions that relate to the human past and 
needs better data integration.

4 � The proposed approach

This article aims to present a system to improve the tech-
nique for retrieving information on the cultural heritage of 
Campania through the use of Ontologies. Our approach, 
which aims to improve data retrieval, is based on how an 
expert searches for information and, above all, on their 
research objectives. The experts who have supported us in 
this work belong to different fields; since the type of data 
cataloged in DatabencArt is the result of the cataloging of 
artifacts involving numerous sciences (archaeology, geology, 
art history, chemistry, etc.).

Digitization activities have made it possible to docu-
ment material relating to the Urban Archaeological Park of 
Naples that was mainly found during excavations for the 
metro construction. The data were entered into the plat-
form upon acquisition to facilitate consultation, study, and 
research. These data, therefore, represent an essential source, 
fundamental for processing what was recovered in the field 
research. However, mere storage of information filed in 
ICCD format does not lend itself well to data analysis and 
interpretation. On the other hand, the conversion and man-
agement of data through a semantic layer allow the infor-
mation to be related and uncover novel links and divergent 
exploratory paths from the initial hypotheses.

In this regard, the following sections will present the 
architecture of the DatabencArt platform, developed by the 
DATABENC Consortium, which aims to use information 
technologies for conserving, valorizing, and sustainable use 
of Cultural Heritage. Currently, the search allowed on the 
platform is syntactic, i.e., a keyword search. An expert can 
therefore find the file of the individual artifact and consult it. 
To relate it to the others, he will have to read all the cards he 
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is interested in and do some linking work. In this scenario, 
examining each card can be tiring and involves long consul-
tation times, so an additional module, capable of interact-
ing at several levels of the DatabencArt platform, will be 
presented that allows semantic type searching. This type of 
search, in which data are organized using an ontology, is 
undoubtedly helpful for an expert user, making consultation 
strategies more efficient. A fundamental characteristic of 
semantic-type searches is that they can lead to the discovery 
of new relationships between data. A user, for instance, may 
find an artifact with several other related ones. This allows 
them to gain further context concerning the search criteria. 
We can say that a search through semantic queries allows for 
developed contextual knowledge. The development method-
ology of our work was based on an ongoing dialogue with 
experts in the field, which highlighted essential guidelines 
to improve the consultation and study of the Urban Archaeo-
logical Park of Naples. The fruit of this interaction enabled 
domain mapping through ontologies, which will be explored 
in more detail below.

4.1 � Databencart platform architecture

The DatabencArt platform was developed by the DATA-
BENC Consortium, which aims to integrate new informa-
tion technologies for conserving, valorizing and sustain-
able use of Cultural Heritage (Cornevilli et al. 2020). The 
choices made in the development of the platform, and the 
synthesis of several comparisons with numerous stakehold-
ers involved, relate to the use of standards and the need for 
flexibility imposed by the broad complexity of the Cultural 
Heritage domain. In particular, the platform uses the ICCD 
v3.0 cataloguing standard, with the availability of managing 
multilingual and multiprofile descriptive fields and attrib-
utes. The platform uses NOSQL technologies and APIs for 
the exchange of information with the outside world. In addi-
tion, it is equipped with a smart Front-End, suitable for use 
on different types of devices, and a Back-End that guarantees 
multi-tenancy to facilitate third-party cataloguing efforts. 
The platform is fully integrated with IoT devices that can 
be integrated for the purpose of monitoring or safeguarding 
Cultural Heritage.

Figure 1 shows the different layers that make up the archi-
tecture of the DatabencArt platform. In the lower layer (Data 
Layer) all content is stored, such as information on users, 
cultural heritage, multimedia content, and links to Linked 
Open Data (LOD). This is managed by an RDBMS (Relation 
Database Management System) repository, a CMS (Content 
Management System), a NoSQL database (ElasticSearch) 
dedicated to the management of all content, and an Object 
Storage for the storage of multimedia content.

The Data Access Manager, located above the Data Layer, 
is dedicated to access management. This layer allows the 

different applications and services of the platform to access 
the data they need, depending on the access scope, via REST 
API services. The presence of an Access Token Manager 
guarantees protection against unauthorized access.

The Application Layer includes modules for user manage-
ment, platform management (publication, data entry, search, 
etc.), and external modules usable via REST API services. 
The Sign-On layer provides single sign-on functionality 
through the CAS (Central Authentication Service) proto-
col. Finally, the last layer is represented by the GUI layer, in 
which the web portal for accessing and using services within 
the platform or the websites of the museums associated with 
the platform is located.

In order to provide the platform with the possibility of 
semantic queries, a further module called Semantic Module 
(SeM) was introduced, capable of interacting with the plat-
form at the Data Layer level. This module will be presented 
in detail in the following section.

4.2 � Semantic module (SeM)

The Semantic Module (SeM) development was pursued to 
make the information heritage present in the DatabencArt 
platform searchable in a semantic way. Furthermore, the 
module is designed to allow the export and import of data 
related to cultural heritage in Linked Open Data (LOD) 
logic.

In general, the objective was to equip the platform with 
a semantic layer to make it interoperable with other data 
sources, thus constituting a knowledge network, according 
to the Linked Open Data (LOD) logic. Concerning the LOD 
import/export part, the platform was equipped with a job-
processing mechanism that, on a user basis, manages the 
various requests for the import and export of datasets, and 
processing logic of maximum quotas of importable datasets.

This need arose from making the platform compatible 
with Knowledge Graph projects representing cultural herit-
age, such as ArCO (http:wit.istc.cnr.it, arco. 2023). To this 

Fig. 1   DatabencArt platform levels
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end, the need arose to introduce a semantic database compo-
nent so that the data would be represented and maintained in 
a format suitable for semantic queries. Therefore, the infor-
mation assets enclosed within the DatabencArt platform 
are converted into a standard format, such as the Resource 
Description Framework (RDF), and organized using two 
types of datasets:

1.	 DabencArt Datasets: datasets that expose, in RDF for-
mat, one or more subsets of the Databenc information 
assets. These datasets are managed and maintained in an 
ArCO-compliant format.

2.	 User-Defined Datasets: datasets loaded and imported by 
the user. In this case, Datasets can be represented in a 
user-defined format provided by the user at the upload 
time.

Figure 2 shows the architecture of the module introduced 
in the DatabencART platform, which handles operations on 
datasets via REST API services. Semantic access to the data, 
on the other hand, is provided through SPARQL endpoints, 
which allow the execution of the relevant queries through the 
Semantic Engine. In particular, the query can be performed 
through Web Services to allow integration with third-party 
applications and through a visual interface (Profiled GUI) 
for a more direct user experience. Access to the entire 
semantic system, both in terms of Data-Access and in terms 
of operability, takes place in a controlled manner through 
authentication and authorization mechanisms, as is the case 
within the DatabencART platform, which allows data to be 
exposed in the form of Linked Open Data.

The inferential capacity of the presented system depends 
on the concepts within the platform; this capacity grows as 
the available data increases, which is stored in ICCD for-
mat (ICCD,http:​www.​iccd.​benic​ultur​ali.​it, index.phpit, 1, 
home. 2023). Furthermore, a delicate aspect related to the 

intersection of the concepts defined in ArCO with those in 
the DatabencART database lies in the design work of the 
ontological mapping. This aspect, which makes the integra-
tion and querying of the system possible, will be dealt with 
in the next section.

4.3 � Method

Our approach to improving data consultation is based on 
how an expert searches for information and, above all, on 
their research objectives. The experts who have supported 
us in this work belong to different fields since the data cata-
loged in DatabencArt results from the cataloging of artifacts 
involving numerous sciences (archaeology, geology, art his-
tory, etc.).

Digitization activities have made it possible to document 
material relating to the Urban Archaeological Park of Naples 
that was mainly found during excavations for the metro 
construction. The data were entered into the platform upon 
acquisition to facilitate consultation, study, and research.

These data, therefore, represent an essential source, fun-
damental for processing what was recovered in the field 
research.

However, mere storage of indexed information in  format 
does not lend itself well to data analysis and interpretation.

Conversely, the conversion of data into RDF through a 
semantic layer allows for the information to be related and 
uncover novel links and divergent exploratory paths from 
the initial hypotheses.

Let us examine the conceptual difference.
The search allowed on DatabencArt is syntactic, i.e., a 

keyword search. An expert can therefore find the record of 
the individual find and consult it. To relate it to the others, 
he will have to read all the cards he is interested in and do 
some linking work.

Going through each individual card can be tiring and 
involves long consultation times.

A semantic type of search (in which data is linked to 
an ontology) is undoubtedly useful for a user who already 
knows what he wants to find: this type of search will make 
the strategy more efficient.

However, a semantic search can also lead to new discov-
eries. A user, for instance, may find an artifact with several 
other related ones. This allows him to obtain further con-
text than the one he started from. We can say that a search 
through semantic queries allows one to obtain developed 
contextual knowledge.

The methodology of our work, based on constant dia-
logue with experts in the field, has highlighted important 
guidelines to improve the consultation and study of the 
Urban Archaeological Park of Naples. In the section ‘Que-
rying data converted to RDF' we will discuss this approach 
in more detail.

Fig. 2   Module architecture handling operations on datasets via REST 
API services

http://www.iccd.beniculturali.it
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4.4 � Resources

The records were archived in DatabencArt in  format.
The  (http:​www.​iccd.​benic​ultur​ali.​it, index.phpit, 1, 

home. 2023) is one of the seven Central Institutes of the 
MiBAC, whose main objective is the creation of a central-
ized national catalog of the Italian cultural heritage. The 
Institute's activity is based on research and the development 
of tools, methods, and standards for the knowledge, protec-
tion, and valorization of Italy’s cultural and artistic heritage.

The records in DatabencArt analysed for this work are 
related to Paun and are divided within the platform into two 
domains: Scavo Piazza Municipio and Castel Nuovo. This 
division was chosen by the domain experts for more efficient 
consultation.

Below are the types of ICCD records contained and 
divided by domain.

Piazza Municipio excavation:
MA (Archaeological Monument)
US (Stratigraphic Unit)
USM (Masonry Stratigraphic 

Unit)
USR (Stratigraphic Reference 

Unit)
TMA (Table of Materials)
RA (Archaeological Find)

Castel Nuovo:
A (Architecture)
US (Stratigraphic Unit)
USM (Masonry Stratigraphic 

Unit)
USR (Stratigraphic Reference 

Unit)
SAS (Stratigraphic Survey)
RA (Archaeological Find)
OA (Work of Art)

4.5 � Data to ontology mapping

The mapping process consists of defining the elements of 
a given data schema (source schema) using the entities 

provided by another data schema (target schema) to establish 
a direct correspondence between the two sets of elements. 
Usually, mapping occurs between a closed or personal data 
schema and a more general and widespread standard.

We present an overview of the concrete mapping between 
the ICCD format records contained in DatabencArc and 
ArCo, the reference ontology chosen for data integration.

We began this work with a careful exploration of ArCo's 
ontology modules.

All record fields contained in DatabencArt were mapped 
onto the classes or properties in ArCo. Table 1 shows a study 
of the general mapping. In the table, the sign “✓” indicates 
the correspondence of the DatabencArt field with a concept 
in ArCo's ontology, while “✘” indicates no correspondence.

The mapping operation was repeated for each ICCD card 
type contained in DatabencArt.

Table 2 shows an example of mapping on a single card, 
specifically on the card of type RA belonging to the domain 
"Town Hall Square" and related to the movable property 
"Palace Giant".

4.6 � Experimental campaign

In order to validate the proposed system, an experimental 
phase was designed, including the involvement of experi-
enced users. The experimental phase aims to represent how, 
through the semantic layer, it is possible to obtain detailed 
answers that can support expert users.

The following paragraph presents, in detail, some possi-
ble interactions with the system, which is able to query the 
database through the ArCo ontology formalism by provid-
ing answers to users. In the next paragraph, taking several 

Table 1   Correspondences between the modules of ArCo Ontology and records of DatabencArt

Records Ontological fields

Type of 
records data-
bencart

Movable/
Imovable 
property

Tecnichal 
characteristic 
(MTC)

Cultural 
domain 
(ATB)

State of 
conservation 
(STC)

Acces 
profile 
(ADS)

Property 
compiled 
at the time 
(CMP)

The class 
specifica-
tions of the 
Cultural 
property 
(OGT)

Catalo 
gue sheets 
(TSK)

Legal status 
(TU-COND)

A ✓ ✘ ✓ ✘ ✓ ✓ ✓ ✓ ✓
CA ✓ ✘ ✘ ✘ ✓ ✓ ✓ ✓ ✓
MA ✓ ✘ ✘ ✘ ✘ ✓ ✓ ✓ ✓
MI ✓ ✓ ✓ ✓ ✘ ✓ ✓ ✓ ✓
OA ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
RA ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
SAS ✓ ✘ ✘ ✘ ✓ ✓ ✓ ✓ ✘
TMA ✓ ✘ ✘ ✘ ✘ ✓ ✓ ✓ ✘
US ✓ ✘ ✘ ✓ ✓ ✓ ✓ ✓ ✘
USM ✓ ✘ ✘ ✓ ✓ ✓ ✓ ✓ ✘

http://www.iccd.beniculturali.it
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queries as a reference, the degree of satisfaction of expert 
users regarding the system's response is evaluated.

4.7 � Querying data converted to RDF

In this section, we examine a few concrete examples that 
show how data conversion into RDF via a semantic layer 

enables interesting semantic searches for study and research 
purposes.

This first example shows the interface of the semantic 
module that queries the data contained in DatabencArt 
through the ArCo ontology (Fig. 3). In the screenshot, the 
following Sparql query is used for the chronological attribu-
tion of assets.

Table 2   Correspondences 
between the databencart RA 
type record fields and the ArCo 
ontology nodes and properties

DatabencArt ArCo

Tipo oggetto/bene mobile Arco/Cultural Entity/Bene culturale/Bene Materiale/Bene mobile
MT-Dati Tecnici Arco/Entity/Characteristic/Caratteristica tecnica (MT/MTC)
MTC-Materia e tecnica
AD-Accesso Dati Denotative-description/Entity/Characteristic/Profilo di accesso (AD/ADS)
ADS-Specifiche di accesso
CO-Conservazione Denotative-description/Entity/Object/Concetto/Tipo/Tipo di conservazi-

one (CO/STC/STCC)STC
STCC​
DT-Cronologia Arco/Object properties/ha cronologia (DT)
DTZ
DTZG
CM-Compilazione Arco/Object properties/compilato al tempo (CM/CMP/CMPD)
CMPD
CMPN
AU-Def Culturale Arco/Topic/Ambito culturale (AU/ATB)
ATB
ATBM
ATBD
LC-Localizzaz-geo Arco/Object properties/ha localizzazione tipizzata nel tempo (LC)
LDC
LDCN
LDCU
OG-Oggetto Arco/Entity/Description/Specifiche del bene culturale (OG/OGT/OGTT)
OGT
OGTN
OGTD
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As reconstructing the absolute chronology is very com-
plex, it is important for scholars to analyze the reasons for 
chronological attribution in similar artifacts: the comparison 
allows them to understand to which period other artifacts, 
whose chronological attribution has not yet been completed, 
can be dated.

The records stored in the DatabencArt database, identi-
fied by a unique code, could be consulted individually.

The activities of an expert in the field are improved 
through the developed module, as it allows the semantic 
links of ontological structures to be exploited.

Fig. 3   Semantic module interface that queries the data contained in DatabencArt via the ArCo ontology

Fig. 4   Semantic data query using Sparql queries
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A further example of semantic data querying via Sparql 
queries is shown in this second figure (Fig. 4). This is a 
thematic search for works of art. As shown in the figure, 
the system is able to locate assets with the subject 'cru-
cifix'. Of course, it is possible to search for other specific 
subject types.

This study is useful for art historians, who often conduct 
subject searches on assets. A comparison with them, there-
fore, highlighted the need to know and analyze which assets 
reproduce a specific subject.

This is the sparql query used: 

The expert's search can be translated into numerous other 
queries for purposes such as reconstructing building tech-
niques or describing wall textures, from which elements of 
decay can be detected for monitoring and restoration.

This search is aided by queries such as:
What is the state of conservation of cultural property X)? 

And what interventions for good have been proposed?
What is the construction technique of cultural property 

X?
Again, comparisons with ceramics experts revealed the 

need for a search to determine which cultural property has 
yielded a type of material, e.g., black varnish. We need 
to know how many artifacts there are, the chronology of 

attribution, the type (e.g., cups/glasses), and whether the 
good is imported or is local production.

This research could be translated into queries such as:
What are the goods made of black paint? What is the 

attribution chronology? What type are they?
The formulation of these queries allowed us to assess the 

system's effectiveness. In other words, the queries also serve 
the function of competence questions that enable us to check 
whether the system is able to provide adequate answers.

Table 3   A list of competency 
questions

Queries

Query 1: When did cultural property x date back to? And what motivation justifies the chronology?
Query 2: What are the assets with subject x?
Query 3: What is the state of conservation of cultural asset x? And what interventions on the property have 

been proposed?
Query 4: What is the construction technique of cultural property x?
Query 5: What are assets made of 'material x'? What type are they?
Query 6: What are the uses of movable cultural property x?
Query 7: Which entities represent the preparatory phases of cultural good x?
Query 8: What archaeological reconnaissance has been carried out on cultural property x?
Query 9: What assets are part of collection x?
Query 10: What cultural events have affected cultural property x?

Fig. 5   Expert user validation answers
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4.8 � Validation with competence questions

To validate the results of the ontological data consulta-
tion, we checked whether the proposed system (SeM) could 
answer the previously established competence questions.

This phase involved a sample of 28 industry experts who, 
unaware of the purpose of the experiment, interacted with 
the developed system by expressing their degree of satisfac-
tion according to the system's answers.

The queries formulated in SPARQL Query Language 
Schmidt et al. (2010) are shown in Table 3. For each ques-
tion, domain experts expressed their degree of satisfaction 
using a questionnaire based on the Likert scale, to which five 
possible responses were associated: Totally Disagree–TD, 
Disagree–D, Undecided–U, Agree–A, Totally Agree–TA. 
The responses obtained are shown in Fig. 5.

As shown in Fig. 5, the degree of user satisfaction is high 
on average. In detail, users Agree or Totally Agree with a 
percentage consistently above 75% and, on average, about 
80%. Queries 3 and 8 reached about 90% approval due 
to their specificity and usefulness in the response, which 
appreciatively impressed users. The degree of Undecided 
responses reached a considerable percentage due to the 
diversity of expertise of the selected sample of users.

5 � Conclusion

This work aimed to improve the technique for retrieving 
information from our database for preserving data on the 
cultural heritage of Campania (DatabencArt).

The aim was to make the data in the platform usable in a 
way that would be useful to expert users in the field (archae-
ologists, art historians, geologists, etc.).

In our work, we examined the relationships between the 
schema of our NoSQL database DatabencArt (in ICCD card 
format) and the formal ontology ArCo. The data in ArCo 
are structured based on ontological models that reflect the 
structural analyticity of the ICCD ministerial cards used to 
describe the cultural property. Precisely because of the con-
sistency with the structural analyticity of the ICCD cards, 
we chose ArCo ontology to perform a mapping that would 
allow us to query our data through a semantic layer (SeM).

To validate the results of the ontological data query, a 
group of experts in the field assessed whether the SeM sys-
tem could answer the competence questions and express 
their degree of satisfaction. The resulting feedback from all 
questions was positive.

Due to its singularity and versatility, the system has been 
able to support expert users from different fields, which 
testifies to how the proposed methodology can be applied 
to other application areas such as geology and history. In 

addition, such a system can be applied to all those contexts 
in which it is necessary to obtain considerable information 
to make decisions, such as managing smart environments or 
the healthcare field.

In conclusion, this integration significantly improves the 
search for information. However, in order to fully express the 
data contained in DatabencArt, further work is going in the 
direction of devising and modelling a purposive ontology on 
data of a specific domain (Casillo et al. 2022) such as those 
of the Urban Archaeological Park of Naples; allowing an 
even more effective and timely consultation of the valuable 
cultural heritage on the platform.
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