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Abstract

In this article we present the first achievement of the Index Medii Aevi Geographiae
Operum (IMAGO)—TItalian National Research Project (2020-23), that is, the
ontology we have created in order to formally represent the knowledge about the
geographical works written in Middle Ages and Renaissance (6th—15th centuries).
The IMAGO ontology is derived from a strict collaboration between the Institute of
Information Science and Technologies (ISTI) of the Italian National Research
Council (CNR) and the scholars who are involved in the project, who have sup-
ported ISTI-CNR in defining a conceptualization of the domain of knowledge.
Following the re-use logic, we have selected as reference ontologies the
International Committee on Documentation CRM vocabulary and its extension
FRBRoo, including its in-progress reformulation, LRMoo. This research is
included in a wider project context whose final aim is the creation of a knowledge
base (KB) of Latin geographic literature of the Middle Ages and Renaissance
Humanism in which the data are formally represented following the Linked
Open Data paradigm and using the Semantic Web languages. At the end of the
project, this KB will be accessed through a Web application that allows retrieving
and consulting the collected data in a user-friendly way for scholars and general
users, e.g. tables, maps, CSV files.
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1 Introduction

Index Medii Aevi Geographiae Operum (IMAGO) isa
3-year (2020-23) Italian National Research Project
(PRIN) that aims at realizing new tools, based on
Semantic Web technologies, to support scholars in
the study of geographical works written in Middle
Ages and Renaissance. The tools will allow scholars
to create and access a collection of Latin works that
define the knowledge, description, and representation
of the world in the 6th—15th centuries. In particular,
the project aims at creating a knowledge base (KB) in
which the data are formally represented following the
Linked Open Data paradigm and using the languages
of the Semantic Web. This KB will be accessed
through a Web application that allows retrieving
and consulting the collected data in a user-friendly
way for scholars and general users, e.g. tables, maps,
CSV files.

The image of the world that the Medieval and
Renaissance culture created throughout ten centuries
is crucial to understand the level of geographical
knowledge and the development of western thought
in European history. During the Middle Ages, geo-
graphical descriptions were mostly functional to col-
lect the human knowledge into encyclopaedic works
or to provide universal chronicles with an essential
overview. Specific descriptions of lands, cities, places,
monuments, and buildings were also supplied as a
guide to the pilgrims travelling to the Holy Land,
Rome, and Santiago de Compostela. By the end of
the Middle Ages and the beginning of Renaissance
Humanism, a more and more clear image of the
World was defined thanks to the discovery of ancient
geographical models (especially Greek works by
Ptolemy and Strabo). After this period, the genre of
geographical description had a further and decisive
turning point, due to the exploration travels and dis-
coveries; the description and representation of the
New World, together with the reassessment of the
physical space, brought about an epochal revolution.
To the best of our knowledge, until now in this field of
studies, no scientific research that has applied digital
methods in a systematic way was conducted and an
overall study, which highlights the importance of this
literature from a historical-literary point of view is
needed.
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As the first step in order to develop tools to support
scholars in creating, evolving and consulting a KB of
the geographical works written in Medieval and
Renaissance Humanism, we created an ontology that
formally represents this knowledge. The IMAGO
ontology is derived from a strict collaboration be-
tween ISTI-CNR and the scholars who are involved
in the project who defined together a conceptualiza-
tion of the domain of knowledge. Following the re-use
logic, we selected as reference ontologies the
International ~Committee on  Documentation
(CIDOC) CRM (Doerr, 2003) vocabulary and its ex-
tension FRBRoo (Doerr et al., 2008), including its in-
progress reformulation, LRMoo (Riva and Zumer,
2018).

The article is organized as follows: in Section 2, we
report the state of the art of the studies of Latin geo-
graphic literature of the Middle Ages and Renaissance
Humanism and the digital projects, archives, and
ontologies that are useful to represent knowledge in
this field. Section 3 describes the methodological ap-
proach we have followed to develop an ontology for
the IMAGO project. Section 4 introduces in an infor-
mal way the knowledge about the geographical works
we are interested in representing. In Section 5, we
formally express the conceptualization and we de-
scribe the IMAGO ontology. In Section 6, our con-
clusions are reported.

2 State of the Art

Latin geographic literature of the Middle Ages and
Renaissance Humanism (6th—15th centuries) has
never been the subject of an overall and systematic
scientific examination using digital methods so far.
To start a research in this field, the recovery of the
Medieval and Renaissance Humanistic geographical
texts is necessary in order to make a full and complete
screening of this literature from both historical—crit-
ical and philological-ecdotic point of views.

A fundamental framework to categorize Medieval
travel literature is in Menestd (1993), in which the
author defines the specific features of this literature
across the Medieval centuries, making a clear classifi-
cation of the literary genres (i.e. itineraria; descrip-
tiones; narrations of the crusades, ambassadors, and
missionaries reports; imaginary journeys; and
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mirabilia). About the rebirth of geographical science
in Renaissance Humanism, the most extensive and
comprehensive survey is reported in Defilippis
(2001). However, historical-geographical overviews
are also reported in Bouloux (1999) and in
Defilippis (2009). A significant starting point for the
study of Latin travel and geographical texts in the
Middle Ages and Renaissance Humanism and of their
manuscript tradition can be found in critical editions
and critical studies of specific works, such as the ones
reported inStocchi (1963); Chiesa (2002); de
Rubrouck (2011); and Pontari (2016). Furthermore,
studies and critical editions realized by SISMEL'
(Societa Internazionale per lo Studio del Medioevo
Latino/Italian Society for the study of Latin Middle
Ages) constitute an authoritative corpus to study
Medieval geography. Another important source of
medieval geographical texts is the ‘Repertorium fon-
tium Historiae Medii Aevi’ by Potthast (1962), which
contains many information about works belonging to
the geographical genre, their tradition, and critical
bibliography.

To perform a complete and systematic analysis of
geographical works, authoritative digital archives that
are particularly interesting in our research are
ALIM°—Archivio della  Latinita Italiana  del
Medioevo (Archive of the Italian Latinity of the
Middle Ages), MIRABILE>—Archivio digitale della
cultura medievale (Digital Archive for Medieval
Culture), and ENSU—Edizione Nazionale dei testi
della Storiografia Umanistica (National Edition of
Texts of the Humanism Storeography).

With regard to specific Web resources devoted to
the field of geography, there are several online diction-
aries, especially useful for detecting and normalizing
toponyms. Among these, the most relevant in our
project are the Getty Thesaurus of Geographical
Names,* Histograph,5 and Trismegistos.6 However,
these geographic dictionaries are limited resources
that do not allow data interconnection. A step forward
in sharing and reusing data is represented by two col-
laborative projects, such as Pelagios’ and Pleiades.®

During the last years, some specific vocabularies
have been developed to represent geographic know-
ledge. For example, the GeoNames ontology’ allows
representing the features of geographic places using
the Web Ontology Language (OWL) (McGuinness
and Van Harmelen, 2004). The GeoNames KB has
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collected over 11 million geographic places repre-
sented using the terms defined in the GeoNames
ontology, and each place is denoted by an
Internationalized Resource Identifier (IRI), following
the Linked Data paradigm. The GO! ontology (Lana
and Tambassi, 2017) is another vocabulary, developed
within the Geolat project that allows access to the geo-
graphical knowledge contained in the classical Latin
texts included in the digilibLT"® digital library (DL).
GO! describes the geographical entities with their
boundaries, the mereological and topological relation-
ships, the coordinates, their spatial representation and
their literary, historical, and cultural features. A fur-
ther geographical vocabulary is the Geographical
Entity Ontology.'" This ontology was developed to
represent geopolitical entities (such as sovereign states
and their administrative subdivisions) as well as vari-
ous geographical regions (including but not limited to
the specific ones over which the governments have
jurisdiction). The Geographical Entity Ontology is
implemented in OWL and based on the Basic
Formal Ontology.'” Finally, the Wikidata project
has defined a very large set of terms for representing
geographic knowledge, including more than 29,000
classes and more than 700 properties expressing geo-
graphical relations."*

3 Methodology

As the first step of the project, the scholars have started
working on a census of the Medieval and Renaissance
Humanism geographical Latin texts. They are using as
reference study the ‘Repertorium fontium Historiae
Medii Aevi’ by Potthast (1962). However, the work
of the census will not be limited to the collection of
data from the repertory by Potthast, but it will be
extended to other bibliographic tools and catalogues,
such as the ‘Tter italicum’ by Kristeller (1963). A strong
contribution comes from the MIRABILE and ENSU
databases, especially with regards to the methods for
classifying authors, texts and genres, manuscripts, edi-
tions, and historical—critical bibliography. At the same
time, the scholars plan to create a Medieval Latin top-
onymy index. This index will be the first step towards
the realization of an exhaustive catalogue that will col-
lect specific lemmas related to Medieval Latin topo-
nyms, providing a reference point, not available until
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now, for detecting recurring place names into the texts
of the Middle Ages and Renaissance Humanism.

The census of the Medieval and Renaissance geo-
graphical Latin texts is now concluded and at the same
time, an ontology for representing the knowledge col-
lected by the scholars was created. To develop the
ontology, we followed these steps: (1) definition of a
conceptualization of the domain of knowledge; (2)
formalization of the conceptualization using standard
ontologies as reference vocabularies; (3) development
of the IMAGO ontology starting from the reference
vocabularies; (4) population of the ontology; and (5)
evaluation and refinement of the ontology. At the cur-
rent stage of the project, we have gone through the
first four steps. In particular, the conceptualization of
the research domain has been defined in a formal way
through the analysis of existing ontologies that are
relevant to our work. These ontologies were selected
with a preference for standards due to interoperability
reasons. As reference vocabularies, we adopted the
CIDOC CRM and FRBRoo (and its ongoing reformu-
lation LRMoo). We created the IMAGO ontology as
an extension of these two vocabularies. Finally, we
developed a semi-automatic Web tool based on the
ontology model to allow scholars to populate the
ontology through a user-friendly interface, and we
added functionalities to reduce the time needed to
insert the knowledge. The steps of the development
process are better described in the following sections
of the article.

The methodology we followed to develop the
ontology is well known and it is the one usually
adopted to create formal vocabularies in the
Semantic Web research field. The main novelty intro-
duced by our work and our ontology is the use of the
Semantic Web technologies to formally represent the
scientific domain of the geographical Latin works
written during the Middle Ages and the Renaissance.
Indeed, no scientific research that has applied digital
methods, and in particular Semantic Web approach,
in a systematic way has been conducted in this specific
field of research. Currently, such information is dis-
persed on paper books, and this makes a systematic
overview of the geographic literature impossible, pre-
venting a well-ordered perception of how it was grad-
ually set up in time. The IMAGO project aims at
making this information available in digital form to
both the scholars and the general users. The
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development of the ontology is integral to reach our
project aim, that is, the creation of a KB in which the
data are represented as a semantic graph that can be
published as Linked Open Data. The choice of using
the CRM and FRBRoo as reference ontologies and to
develop the IMAGO ontology as an extension of both
these vocabularies is also supported by the use of these
standards within other recent research projects about
manuscripts, e.g. the Mapping Manuscript
Migrations15 (MMM) (Burrows et al., 2020) or the
IRNERIO project (Barzaghi et al., 2020). The MMM
project transformed three separate datasets relating to
the history and provenance of medieval and
Renaissance manuscripts into a unified knowledge
graph. The source databases are as follows:
Schoenberg Database of Manuscripts, of the
University of Pennsylvania; Bibale, from the Institut
de recherche et d’histoire des textes (IRHT-CNRS,
Paris); and medieval manuscripts in Oxford
Libraries. The data consist of more than 20 million
RDF triples that have been mapped to the MMM Data
Model. The model combines classes and properties
from CIDOC-CRM and FRBRoo, together with
some specific MMM elements.

The IRNERIO project digitalized a collection of
medieval texts of the Royal College of Spain in
Bologna, Italy. One of the aims of the project is to
provide a data model that allows to preserve the layer-
ing of information provided by different agents over
time. Moreover, this data model allows preserving the
description of the structure of the material, from both
a physical and a conceptual point of view, in its par-
ticular components and features. To address these
needs, the Medieval Manuscripts Ontology was devel-
oped and it was mainly designed around the FRBRoo
vocabulary.

Although the above projects had different aims
than IMAGO, having a KB compliant with them is a
potentially huge advantage to link our data with other
KBs. Indeed, this compliance allows extending the do-
main of representation and provides more knowledge
on some aspects of the manuscripts present in differ-
ent KBs. For example, the information on a manu-
script present in the IMAGO KB can be extended with
data about the history and the provenance of a manu-
script from MMM KB or about glosses, annotations,
and illustrations from IRNERIO KB. For this reason,
we have conducted a preliminary study to map our
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works and the manuscripts stored in the MMM KB.
Indeed, especially the information about the manu-
script migrations could significantly enrich the
IMAGO KB. Since both MMM and IMAGO use the
same reference vocabularies, the level of interoperabil-
ity between the two ontologies is high. Querying the
MMM KB through its SPARQL end-point, we meas-
ured that about 20% of the works collected in the
IMAGO KB are also present in the MMM KB. We
plan to integrate the knowledge related to these shared
manuscripts to give more complete information to the
users of the IMAGO Web application.

4 Conceptualization

This section introduces in an informal way the know-
ledge about the geographical works that we are inter-
ested in representing. On the basis of the studies and
the methodological approach reported in Sections 2
and 3, respectively, the idea is that the domain of the
geographical work can be represented using some
main categories. The first ones are the author (this
is, the author’s name in Italian) and title (in Latin)
of the works that were analysed. For each work, the
literary genre has to be specified along with the top-
onyms that represent the locations that are described
or reported into the work. Furthermore, for each
work, several metadata about the related manuscripts
and printed editions are reported.

Each manuscript and printed edition related to a
work are described using several pieces of
information.

In particular, for each manuscript the following
knowledge is reported: the name of the author and
the title of the work in the forms that appear in the
manuscript; the library in which the manuscript is
stored; the location of the library; the signature and
the folios of the manuscript; the incipit and explicit of
the dedication/proem, if they exist; the incipit and
explicit of the text, if they exist; the date of the creation
of the manuscript; and the secondary sources.

On the other hand, for each printed edition the
following knowledge is reported: the author, the title,
and curator’s name of the edition; the place and the
date of publication; the publisher; the format of the
edition; the number of pages; the information about
the images reported in the edition; some general notes

The IMAGO ontology

that the scholars intend to add as comment to the
edition; the name of the author of the introduction,
the text of the introduction, the text of the dedica-
tions; information about whether the edition is a first
edition or a reprint; primary and secondary sources of
the edition; the ecdotic typology. Figure 1 shows the
categories described above in tabular format and for
each category a value was reported from the work we
chose as case study, that is, ‘Descriptio insulae Cretae’
by Cristoforo Buondelmonti (Florence, 1380/1390-
1430).

5 The IMAGO Ontology

In order to formally express the conceptualization, we
took into account some existing ontologies as refer-
ences vocabularies. Of course, existing ontologies have
been extended with notions that are suited to describe
the domain we are interested in. However, it was para-
mount to minimize the number of such extensions, in
order to reduce the idiosyncrasies in our research.
Two top ontologies were analysed in order to
understand whether these are rich enough to capture
the concepts described in Section 4. The first ontology
is the CIDOC CRM (CRM for short), a high-level
ontology that allows integrating the information con-
tained in data of the cultural heritage domain along
with their correlation with knowledge stored in libra-
ries and archives (Doerr, 2003). The CRM achieves
this by providing definitions and a formal structure
for describing the implicit and explicit concepts and
relationships used in cultural heritage documentation
and of general interest for the querying and explor-
ation of such data. Since December 2006, the CRM has
been recognized as an official ISO standard. This sta-
tus was renewed in 2014 and can be found at ISO
21127:2014."° As such, it offers a stronger guarantee
under many aspects: it is widely known, it is regularly
revised, and it is universally accessible. The Special
Interest Group'’ of the CRM continuously works
for expanding the domain of applicability of the
ontology, and a number of extensions have been al-
ready devised."® The CRM has been successfully
applied to the representation of knowledge in several
fields, including narrative representation (Bartalesi
etal.,2017; Meghini et al., 2021), biography modelling
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WORK
AUTHOR Buondelmonti Cristoforo (Firenze, 1380/1390 — 1430)
MANUSCRIPT
AUTHOR Christofoti Bondelmontis
WORK Descriptio insulae Cretac
PLACE Vatican City
LIBRARY Vatican Apostolic Library
SEGNATURE Rossiano 703
FOLIOS ff. 1r-50v
INCIPIT OF THE
DEDICATION/PROEM -
EXPLICIT OF THE
DEDICATION/PROEM e
INCIPIT OF THE TEXT ——
EXPLICIT OF THE TEXT "
s 1417/1422
SECONDARY SOURCES Potthast, p. 1967, p. 606; DBL, XV, p. 199
PRINT EDITION
AUTHOR Cristoforo Buondelmonti
CURATOR E. Legrand
PLACE Paris
DATE 1897
PUBLISHER E. Letoux
FORMAT -
PAGES I-XL, 1-258
IMAGES 44 images of geographic maps out of the text
NOTES -
AUTHOR OF INTRODUCTION — -
INTRODUCTION- DEDICATIONS
FIRST EDITION/REPRINT Fitst edition
PRIMARY SOURCES Manusctit du Serail
SECONDARY SOURCES Potthast, p. 1967, p. 606; DBL, XV, p. 199
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Fig. 1 The categories defined in the conceptualization along with the values related to ‘Descriptio insulae Cretae’ by
Cristoforo Buondelmonti (1380/1390-1430)
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(Tuominen et al,, 2018), craft heritage (Zabulis et al.,
2020), and archaeology (Niccolucci, 2017).

The second ontology we took into account is
FRBRoo (Doerr et al, 2008), including its in-
progress reformulation, LRMoo.'* FRBRoo is a for-
mal ontology intended to capture and represent the
underlying semantics of bibliographic information
and to facilitate the integration, mediation, and inter-
change of bibliographic and museum information.
The FRBR model was originally designed as an
entity-relationship model by a study group appointed
by the International Federation of Library
Associations and Institutions during the period
1991-97 and was published in 1998. At the same
time, the CRM was being developed independently
from 1996 by the International Council for
Museums—CIDOC  (Documentation  Standards
Working Group. FRBRoo is based on the idea that
both the library and museum communities might
benefit from harmonizing FRBR with the CRM. A first
version of FRBRoo was expressed in 2000 and was
expanded in the following years. The latest major ver-
sion of FRBRoo was published in October 2017, and a
new version called LRMoo is currently in draft status.
FRBRoo provides fundamental notions for text mod-
elling that are important for our aims.

Analysing these two ontologies, we verified that
they contain terms for representing all the categories
and their characteristics described in the conceptual-
ization. In the following sections, a detailed mapping
is reported.

5.1 Representing authors, works,

literary genres, manuscripts, and printed
editions

As a notational convention, the CIDOC CRM uses the
letters ‘E’ and ‘P’ to indicate classes and properties,
respectively. On the other hand, FRBRoo (and its revi-
sions LRMoo) uses the letters ‘F and ‘R’ to indicate
classes and properties, respectively.

The two main categories of the conceptualization
are Author and Work. In the IMAGO ontology, this
knowledge is represented using the classes E39 Actor
and F2 Expression. As reported in Fig. 2, the class F2
Expression is related to the class E39 Actor through
the class F28 Expression Creation. F28 Expression
Creation is linked to F2 Expression by the property

The IMAGO ontology

F28 Expression
Creation

R17 created
F3 Expression

P14 is carried out by

@

Fig. 2 A graphical view of the classes and properties used to
represent the authors and works

R17 created and to the class E39 Actor by the property
P14 is carried out by.

The class E39 Actor has linked with the class E41
Appellation (the author’s name in Italian) through the
property P1 is identified by. In general, to link the
Appellation IRI with the corresponding literal (a
string), we use the CRM property P190 has symbolic
content.

The literary genre of the F2 Expression is repre-
sented using the Genre class that we defined as a sub-
class of E55 Type. F2 Expression is linked to the class
Genre by the property ‘has genre’ we defined as a
subproperty of P2 has type. The individuals of the
class Genre are geographic work and travel literature.

As shown in Fig. 3, the toponyms are represented
using the class Toponym we defined as a subclass of
E41 Appellation. The class F2 Expression representing
a work is linked to the class E53 Place by the property
P67 refers to. The Place is linked to the class Toponym
by the property ‘is identified by toponym’ that we
defined as a subproperty of P1 is identified by. For
each place, the corresponding geographical coordi-
nates are reported in order to show this knowledge
on a map in a later stage of the project. To represent
this knowledge, the class Place is linked to the class
E94 Space Primitive, representing the geographical
coordinates, by the property P168 place is defined
by. The Expression is linked to the Toponym con-
tained in it by the property P106 is composed of.

The IMAGO ontology has to represent two types of
resources: Manuscript and Printed edition.

The manuscript is represented using the class
Manuscript that we defined as a subclass of F5 Item,
and the printed edition using the class Printed edition
that we defined as a subclass of F3 Manifestation.

Digital Scholarship in the Humanities, 2021 7 of 17
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P168 place is defined by

E94 Space
Primitive

;s identified by toponym

rdfs:subClassOf

E53 Place

:Toponym

P67 refers to

P106 is composed of

Fig. 3 A graphical view of the classes and properties used to represent the toponyms

F3 Manifestation

R7i is materialized in

:Manuscript

rdfs:subClassOf

F5 Item

R4 embodies

F2 Expression

Fig. 4 A graphical view of the classes and properties used to represent the manuscript

In the following Sections 5.2 and 5.3, we report the
classes and properties we used to represent the know-
ledge about manuscripts and printed editions.

5.2 Representing knowledge about
manuscripts
The manuscript of a work is represented through the
class Manuscript that we defined as a subclass of F5
Item. The class Manuscript is linked to the corre-
sponding F3 Manifestation through the property R7i
is materialized in. The Manifestation R4 embodies F2
Expression. Figure 4 shows the representation of the
manuscript.

As reported in the conceptualization, we are inter-
ested in representing the following knowledge about a
manuscript:

8 of 17 Digital Scholarship in the Humanities, 2021

® The name of the author as it is reported in the manu-
script. To represent this knowledge, we linked the
class F28 Expression Creation with the class
Manuscript through the direct property R18 cre-
ated. F28 is related to the name of the author as it is
reported in the manuscript using the class E41
Appellation. To link each appellation to the manu-
script in which it appears, we use the property
P106i forms part of.

® The title of the work as it is reported in the manu-
script (this is the title of the whole manuscript).
The Manuscript class is linked to the class E35 Title
using the property P102 has title.

® The library in which the manuscript is stored. It is
represented with the class F11 Corporate Body and
itis related to the class Manuscript using the prop-
erty P50 has current keeper.
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The location of the library. It is represented with the
class E53 Place and it is linked to the class F11
Corporate Body through the property P74 has cur-
rent or former residence. The class E53 Place is
linked to the class E94 Space Primitive, represent-
ing the geographical coordinates, by the property
P168 place is defined by.

Signature. It is represented using the class E42
Identifier and it is related to the class Manuscript
through the property P1 is identified by. To link
the signature IRI with the corresponding string, we
use the CRM property P190 has symbolic content.
Folios. The class Manuscript is P46 is composed of
E19 Physical Object that is P1 is identified by E41
Appellation.

The Incipit dedication/proem. It is represented with
the class E90 Symbolic Object. Each instance of the
Symbolic Object class is linked to the correspond-
ing string using the CRM property P190 has sym-
bolic content. The Symbolic Object class is related
with the corresponding manuscript using the
property ‘is incipit dedication of” that we defined
as a subproperty of P106 is composed of.

The Explicit dedication/proem. It is represented
with the class E90 Symbolic Object. Each instance
of the Symbolic Object class is linked to the corre-
sponding string using the CRM property P190 has
symbolic content. The Symbolic Object class is
related with the corresponding manuscript using
the property ‘is explicit dedication of that we
defined as a subproperty of P106 is composed of.
The Incipit of the text. It is represented with the
class E90 Symbolic Object. Each instance of the
Symbolic Object class is linked to the correspond-
ing string using the CRM property P190 has sym-
bolic content. The Symbolic Object class is related
with the corresponding manuscript using the
property ‘is text incipit of’ that we defined as a
subproperty of P106 is composed of.

The Explicit of the text. It is represented with the
class E90 Symbolic Object. Each instance of the
Symbolic Object class is linked to the correspond-
ing string using the CRM property P190 has sym-
bolic content. The Symbolic Object class is related
with the corresponding manuscript using the
property ‘is text explicit of” that we defined as a
subproperty of P106 is composed of.

The IMAGO ontology

® Date. The date is represented with the class E52
Time Span and it is related to the class F30
Manifestation Creation using the property P4
has time span. F30 Manifestation Creation is
linked to the Manuscript using the property R24
created.

® Secondary sources. To represent the secondary
sources, we used the class Secondary Sources that
we defined as a subclass of F3 Manifestation. We
linked the class Secondary Sources with the class
Manuscript using the class P129 is about.

5.3 Representing knowledge about
printed editions

As reported in the conceptualization (Section 4), we
are interested in representing the following knowledge
about a printed edition:

® Author. To represent this knowledge, we linked the
class F28 Expression Creation with the class F2
Expression using the property R17 created.
Then, we linked the class Printed edition with
the class F2 Expression using the property R4
embodies. Finally, we linked the F28 Expression
Creation with the E39 Actor and then Actor with
the E41 Appellation. To link each Appellation to
the Printed edition in which it appears, we use the
property P106i forms part of. Figure 5 shows this
formal representation.

® Title. The class Printed edition is linked to the class
E35 Title using the property P102 has title. To link
the title IRI with the corresponding string we use
the CRM property P190 has symbolic content.

® Curator. To represent this knowledge, we have
introduced the class F30 Manifestation Creation
that is linked to the class Printed Edition using the
property R24 created. F30 is linked to the class
Curator we defined as a subclass of the class E39
Actor using the property ‘has curator’ that is a
subproperty of P14 carried out by. We linked the
Curator class to the E41 Appellation.

® Place. We use the class E53 Place to represent this
knowledge. The class F30 Manifestation Creation
(linked to the class Printed edition) is linked to the
class E53 Place using the property P7 took place at.
The class E53 Place is linked to the class E94 Space

Digital Scholarship in the Humanities, 2021 9 of 17
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F2 Expression

1L

R4 embodies

:Print Edition

rdfs:subClassOf

F3
Manifestation

Primitive, representing the geographical coordi-
nates, by the property P168 place is defined by.
Date. We use the class E52 Time Span to represent
a date. The class F30 Manifestation Creation is
linked to the E52 Time Span using the class P4
has time span.

Editor/Publisher. F30 Manifestation Creation is
linked to the class Publisher we defined as a sub-
class of the class E39 using the property ‘has pub-
lisher’ that we defined as a subproperty of P14
carried out by. We linked the Publisher class to
the E41 Appellation.

Format. To represent this knowledge, we used a
subclass of the E55 Type, we called Format. The
class Printed edition is linked to the class Format
using the property R69 specifies physical form. We
linked the class Format to E41 Appellation.
Pages. To represent the pages of a printed edition,
we adopted the class E90 Symbolic Object. The
printed edition is linked to the class E90 using
the property P106 is composed of. The class E90
is P1 identified by E41 Appellation.

Information about figures. The class Printed edition
is linked to a literal (string) that reports informa-
tion about the figures present in the edition using
the property ‘has figure note’ that we defined as
subproperty of P3 has note.

Notes. The class Printed edition is linked to a literal
(string) using the property P3 has note.

Author of the introduction, dedications, introduc-
tions. The class Printed edition is linked to a literal
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R17 created

106i forms part of

F28 Expression
Creation

P14 1s carried out by

4

E39 Actor

P1 is identified by

E41
Appellation

Fig. 5 A graphical view of the classes and properties used to represent the printed edition

(string) using the property ‘has introduction note’
that we defined as a subproperty of P3 has note.

® Firstedition/reprint. This knowledge is represented
using the class Edition that we defined as a subclass
of the class E55 Type. The individuals of this class
are first edition, reprint (associated with the year
of publication) facsimile and anastatica. A printed
edition is linked to the class Edition through the
property P2 has type.

® Primary Sources. To represent the primary sources,
we used the class Primary Source that we defined
as a subclass of F3 Manifestation. We linked the
class Printed edition with the class Primary Source
using the property P67 refers to.

® Ecdotic typology. This knowledge is represented
using the class Typology that we defined as a sub-
class of the class E55 Type. The printed edition is
linked to the class Typology through the property
P2 has type.

® Secondary sources. To represent the secondary
sources, we used the class Secondary Source that
we defined as a subclass of F3 Manifestation. We
linked the class Secondary Source to the printed
edition using the property P129 is about.

5.4 Representing knowledge as linked
open data

Following the Linked Open Data paradigm, each re-
source that we will create in the KB will be identified
by an IRI that allows accessing a description of the
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resource. For identifying authors and works, we
decided to use, where possible, IRIs from two existing
KBs: the Wikidata KB and the MIRABILE database.*
We selected Wikidata because it is one of the largest
general-purpose KBs and contains thousands of
descriptions of geographic entities, and MIRABILE
because it is a specialized KB that describes many of
the works, authors, and manuscripts that we aim to
represent. The scholars provided us with a list of
works and authors they intend to investigate during
the project, and we mapped the entries of this list to
the corresponding IRIs that we found in Wikipedia
and MIRABILE. The mapping has been accomplished
using a semi-automatic tool that we developed. The
tool queries the two KBs and retrieves a set of match-
ing IRIs. These IRIs are then checked by a human, who
approves the result or, in case of multiple results,
selects the correct one. If the tool finds an existing
connection between the KBs (e.g. Wikidata links to
MIRABILE), this connection is automatically
imported in our KB.

We were able to automatically find 98% of the IRIs
of the works that the scholars provided us in
MIRABILE and Wikidata. For what concerns the
authors, we found 96% of the IRIs from the same
sources.

To identify the IRIs for libraries in which the
manuscripts are present, we first automatically created
a list of libraries (~700 libraries) based on the manu-
script names as reported in MIRABILE. Indeed, the
names of the manuscripts contain, at the beginning,
the information about the libraries in which they are
collected, e.g. °Citta del Vaticano, Biblioteca
Apostolica Vaticana, Vat. lat. 10497’. Secondly, per-
forming SPARQL queries, we searched for the corre-
sponding IRIs in Wikidata and we found 80% of the
IRIs. For each library, we also extracted the IRIs of the
countries and of the administrative—territorial entities
in which each library is located, along with the corre-
sponding geographical coordinates.

Finally, we automatically assign IRIs—in the form
https://imagoarchive.it/resource/ID—to  the other
resources represented in our KB (e.g. printed edition,
format, editor, signature, folios).

Using a formal ontology and the LOD paradigm to
represent knowledge allows publishing KB content as
Findability, Accessibility, Interoperability, and Reuse
(FAIR) data. The ‘FAIR Guiding Principles for

The IMAGO ontology

scientific data management and stewardship’
(Wilkinson et al., 2016) provides guidelines to im-
prove the FAIRof digital assets. The principles ‘em-
phasise machine-actionability because humans
increasingly rely on computational support to deal
with data as the result of the increase in volume, com-
plexity, and creation speed of data’.

Regarding the Findability principle, the data col-
lected in the IMAGO KB are assigned a globally
unique and persistent identifier (an IRI) and are
indexed in a searchable resource.

The IMAGO data are accessible because they are
retrievable through their identifier using a standar-
dized communication protocol, i.e. the SPARQL
query language.

The interoperability of the IMAGO data is guaran-
teed by the use of a formal, accessible, shared, and
broadly applicable language for knowledge represen-
tation, i.e. OWL 2 DL.

Finally, the IMAGO data are easily reusable since
the data are enriched with metadata that describe
them, thus they can be reused in different contexts.

Notably, some of these fundamental principles, i.e.
the importance to guarantee the discoverability and
accessibility of the data and the possibility to easily
share data within a research community, were already
introduced informally by experts of Middle Ages stud-
ies in 2015 (Turnator et al., 2015).

6 Ontology Population

To allow a simple and rapid ontology population, we
decided to develop a semi-automatic Web tool. As
specified in the ISO 9241-210 standard, understand-
ing the needs and requirements of the users is the first
step to develop successful systems and products (Doll
and Torkzadeh, 1988). The first step in users’ require-
ments analysis is to collect background information
about the users and the processes that currently take
place through structured interviews. In our project, we
used this approach to identify a set of requirements on
the modality of insertion, modification, and cancella-
tion of the knowledge that has to be collected in the
IMAGO KB. The users of this research are the scholars
involved in our project. These scholars commonly use
Web tools for their work; they use the tools made
available by the DLs to carry out their work, they
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use the search service of DLs to discover and access the
relevant resources; finally, they rely on the DLs to dis-
seminate and preserve the result of their work.

We interviewed two scholars, both experts in
Italian literature and linguistics, who derived the
user requirements reported below. For their experi-
ence and authoritativeness, these scholars can be con-
sidered as representatives of a large community of
users. The tool should support the population of the
ontology in an assisted way and should minimize the
cognitive and technical burden on the user in the se-
lection and identification of the involved resources.
This goal requires supporting the following features:

® Automatically associating the IRIs to the resources
collected through the tool.

¢ Identifying works, authors and libraries from a list
of pre-defined options.

® Supporting the search on the Web of the geo-
graphical places that are interesting for the
scholars.

We developed a prototype of the tool to illustrate
the implemented requirements. We used feedback
from the scholars to validate our technical solutions
and to refine the requirements.

The population of the ontology has started and is
being carried out by five scholars, who are experts in
geographical medieval and Renaissance studies and
who performed the census of the works to collect
into the IMAGO KB.

From a technical point of view, the tool was devel-
oped using a Python backend with the Django®'
framework, and a frontend built with HTML5,
JavaScript, and the Bootstrap22 library. It takes as in-
put a JSON file where the knowledge extracted from
the census is stored and automatically shows each
piece of knowledge in the corresponding field of the
tool interface. To allow the scholars to easily retrieve
the list of authors as resulted from the census, we
implemented a search by author using a free text
search or the list of authors’ names paginated by ini-
tials, as shown in Fig. 6. After a scholar has retrieved
the name of the author, she/he is interested in, the tool
shows the list of the works of that author. We called
lemma the pair ‘author name/work title’.

Atany time, the scholar can add an author name or
a work title that is not present in the list at any time.
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Indeed, the tool provides a search functionality that
allows retrieving entities from Wikidata through a
pre-defined SPARQL query. If the searched entity is
not present in Wikidata, the tool allows scholars to
insert it manually, providing a name and a description
of the entity.

Once the scholar has set the lemma through a user-
friendly interface, she/he can insert the other pieces of
knowledge, that is, (1) the place/s that the work refers
to, (2) the genre/s of the work, and (3) information
about the manuscripts and printed edition/s related to
the work as it is described in detail in Section 4. The
interface to insert place/s and genre/s is shown in Fig.
7.

The tool automatically assigns the IRIs to works,
authors, places, genres, and libraries. For the works
and authors, the IRIs are imported from MIRABILE
or Wikidata. For the places and libraries, the IRIs are
imported from Wikidata. The IRIs of a set of pre-
defined genres are imported from the Nuovo
Soggettario,” a standard thesaurus created and main-
tained by the National Central Library of Florence.
When IRIs are not available in Wikidata, MIRABILE
or in the Nuovo Soggettario, custom IRIs are auto-
matically assigned by the tool.

This automatic assignment of the IRIs to the enti-
ties and the possibility of choosing an entity in a pre-
defined list allow the scholars to reduce (1) the time
for populating the ontology and (2) the possibility of
making mistakes while inserting the data manually.
The knowledge that is inserted by scholars through
the tool is later converted into an OWL graph accord-
ing to our ontology model, using a triplifier written in
Java.

At the current stage of the project, our corpus
includes 250 works, 206 authors, and 614 libraries
and the scholars have started to insert detailed know-
ledge about manuscripts and printed edition of these
works.

7 First Evaluation and Refinement
of the Ontology
We performed a first evaluation of the ontological

model. In particular, we conducted two different types
of evaluation: an automatic evaluation and an
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:@_@,:mso Home
Search by author

Fig. 6 The interface of the search by author

Ao IMAGO  Home

Lemma
- T =
Place crata
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. :

Cre e autonome)

Creta e Cirene

et e by

Crata delle Chianevate (Creta della Clanevats)
Crata d Colling (Pizzo Colling)

Crataccio

Creta Farata

Creta, Hode-Slivnica (Creta)

Fig. 7 The interface to insert place/s and genre/s

evaluation involving users. Methodologies and results  ontology population has just started, we only eval-
of these two evaluation approaches are reported in the  uated the ontological model, but we plan to also evalu-
following sections. Since at this stage of the project the —ate the IMAGO KB as future work.

Digital Scholarship in the Humanities, 2021 13 of 17

120z AInr €1 uo Jasn YND Aq 80081£9/0900eby/01I/£60 L "0 1/10P/aj01E-80UBAPE/YSP/WOD dNODlWapedE//:sdRy Woly papeojumoq



V. Bartalesi et al.

7.1 Automatic evaluation of the IMAGO
ontological model

For the automatic evaluation of the ontological
model, we used the automatic OntoQA system
(Tartir et al, 2005). OntoQA 1is a feature-based ap-
proach for evaluating ontologies that do not require
data training. OntoQA evaluates the ontologies using
a pre-defined set of metrics. In particular, the model
considers how classes are organized in the model and
how instances are distributed across the model. We
chose OntoQA instead of other similar approaches,
such as those reported in Tartir et al. (2010), because
OntoQA provides metrics for evaluating both the
model and the KB. Since the ontology population
has just started, at this stage we only evaluated the
model, but we plan to evaluate the IMAGO KB using
this same software once the ontology population pro-
cess is concluded. Furthermore, OntoQA provides a
user-friendly application system that automatically
computes metrics out of an input ontology.

The metrics and the results of the IMAGO onto-
logical model evaluation are reported in Table 1.

The relationship richness (RR) metric evaluates the
diversity of relations in the ontology. An ontology that
contains many relations different from hierarchical
relations (i.e. class—subclass relations or is—a) is richer
than a taxonomy. The result of this metric is a per-
centage. If an ontology has an RR close to zero, then
most of the relationships are is—a relationships. In
contrast, an ontology with an RR close to 100 indicates
that most of the relationships are different from an is—
a relationship. The IMAGO ontology has a value of
RR equal to 68.75%. This value denotes that an ontol-
ogy is significantly richer than a simple taxonomy.

The inheritance richness (IR) indicates how the
knowledge is grouped into different categories and
subcategories in the ontology. Using this measure,
we can distinguish between horizontal and vertical
ontologies. A horizontal ontology has a small number

Table 1. The OntoQA metrics and the values of the IMAGO
ontology

Metrics IMAGO ontology value
RR 68.75%

IR 1.66

AR 0.42
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of inheritance levels. In contrast, a vertical ontology
contains a larger number of inheritance levels where
classes have a small number of subclasses. The result of
the IR metric is a real number representing the average
number of subclasses per class. An ontology with a low
IR is vertical and denotes that the ontology represents
a very detailed knowledge. An ontology with a high IR
is horizontal, i.e. the ontology represents general
knowledge. The IR value of 1.66 of the IMAGO ontol-
ogy indicates its vertical nature and defines it as a
domain-specific ontology as indicated by its small
number of subclasses per class. Notably, the IR values
of general-purpose ontologies like SWETO (Aleman-
Meza et al., 2004) or TAP (Guha and McCool, 2003)
have 4 and 5.36 IR values, respectively.

The attribute richness (AR) metric calculates the
average number of attributes per class. The result is a
real number. An ontology with a high AR value indi-
cates that each class has averagely a high number of
attributes, i.e. it is specified in detail, whereas a low
value indicates that little information is provided
about each class. Up to now, we have only introduced,
for each class and property, the attribute rdfs: com-
ment; thus, the AR value of the IMAGO ontology is
still low (0.43).

7.2 User evaluation of the IMAGO
ontological model

The IMAGO ontology is currently being populated by
four scholars, two University professors and two PhD
students, all experts in Italian and Latin literature and
linguistics, with a special focus on the Medieval and
Renaissance geographical literature. The tool was used
for 3 weeks by the scholars, and after that we organized
a meeting to gather and discuss their comments about
the ontological model. Since this was the first evalu-
ation of the ontology, we chose the think-aloud
method (Van Someren et al., 1994) to allow scholars
to freely express problems, suggestions, and requests.
Following this method, the scholars have simply ver-
balized their thoughts as they move through the user
interface of the tool and consequently through the
ontological model on the top of which the tool was
developed. In this section, we only reported the com-
ments of the scholars about the ontological model.
Indeed, a usability evaluation of the population tool
is outside the scope of this article.
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The scholars have appreciated the ability of the
model to represent in a satisfactory way all concepts
and relations reported in the conceptualization.
However, managing the model through the tool,
they have realized that some pieces of knowledge are
still missing. In particular, all the scholars agreed that
the following additional pieces of knowledge have to
be represented by the model to provide a complete
description of the manuscript and the printed edition:

® the manuscript has to be linked to a Web page
containing a description or a digitalized reproduc-
tion of the manuscript;

® the manuscript has to be linked to a note field that
reports the comments of the experts about the
manuscript;

® the manuscript has to be linked to a string that
reports the information about its iconographic ap-
paratus; and

® the printed edition is currently linked to the pub-
lication place (current name and IRI). The experts
suggested to also link the print edition to the name
of the publication place as it is reported in the
printed edition, e.g. Argentoratum, the ancient
name of Strasbourg.

The requests of the scholars were easily integrated
into our ontological model. The ability of the ontology
to be expanded in a simple way denotes the strength of
the model, thanks to its semantic interoperability. We
reported below the technical representation of the
pieces of knowledge listed above.

® Link to the description or reproduction of the manu-
script. The class Manuscript is linked through the
property P129 is about to the class E73
Information Object that represents the Web page
in which the manuscript is described or
reproduced.

® Notes. The class Manuscript is linked to a literal
(string) using the property P3 has note.

® [conographic apparatus. The class Manuscript is
linked to aliteral (string) that reports information
about the iconographic apparatus using the prop-
erty ‘has iconographic apparatus’ that we defined
as subproperty of P3 has note.

® Puyblication place. We use the class E53 Place to
represent this knowledge. The class F30
Manifestation Creation (linked to the class

The IMAGO ontology

Printed edition) is linked to the class E53 Place
using the property P7 took place at. The class
E53 Place is linked to the class E94 Space
Primitive, representing the geographical coordi-
nates, by the property P168 place is defined by.
Furthermore, the class E35 Place is P1 identified
by the class E41 Appellation that reports the cur-
rent name of the place. Finally, E35 Place is linked
to the name as reported in the printed edition
through the property ‘is identified in the printed
edition by’ that we defined as a subproperty of P1.
To manage the case of more than one printed edi-
tions for the same work, we added also a direct link
between the publication place and a subclass of
E41 Appellation we called Publication Place
Appellation.

8 Conclusion

In this article, we have presented an ontology developed
within the PRIN IMAGO. The ontology aims to for-
mally represent the knowledge about geographical
Latin works, including manuscripts and printed edi-
tions, which report the description and representation
of the world in the 6th—15th centuries. Generally speak-
ing, IMAGO aims at creating a KB in which the data
about these works are formally represented following
the Linked Open Data paradigm and using the lan-
guages of the Semantic Web. Indeed, to the best of
our knowledge, until now no scientific research has
applied digital methods in a systematic way in this field
of studies. In this article, we have reported the meth-
odological approach that we have followed to develop
the ontology. First, we have defined a conceptualization
of our domain of interest, and then we have formally
expressed it using two standard ontologies as reference
vocabularies: the CIDOC CRM and FRBRoo (and its
ongoing revision LRMoo). A detailed mapping be-
tween the concepts of the conceptualization and the
classes of these ontologies are also reported.

We have developed a semi-automatic Web tool
that allows scholars to populate the ontology with
the data they are retrieving and collecting about geo-
graphical Latin works. We have performed a prelim-
inary evaluation of the ontological model, showing
that the model is adequate for the representational

Digital Scholarship in the Humanities, 2021 15 of 17

120z AInr €1 uo Jasn YND Aq 80081£9/0900eby/01I/£60 L "0 1/10P/aj01E-80UBAPE/YSP/WOD dNODlWapedE//:sdRy Woly papeojumoq



V. Bartalesi et al.

aims of the project. We plan to conduct a full evalu-
ation of the ontology (model and KB) and of the tool
to populate the ontology as an output of IMAGO
project.

The final aim of the project is the creation of a Web
application allowing scholars to freely access and visu-
alize the data collected in the IMAGO KB. The idea is
to improve the studies of Medieval and Renaissance
geography by providing scholars a better insight into
this field from many perspectives, such as the
Medieval Latin toponyms and the identification of
historical places. The Web application will host a spe-
cial section of Medieval and Renaissance cartography
as well, in order to provide a digital collection of the
most interesting maps and drawings.

Notes

1. https://www.sismelfirenze.it/.

2 http://en.alim.unisi.it.

3. http://www.mirabileweb.it.

4 http://www.getty.edu/research/tools/vocabularies/
tgn/index.html.

5 http://histograph.io.

6.  https://www.trismegistos.org.

7. http://pelagios.org.

8 https://pleiades.stoa.org.

9.  http://geonames.org.

10.  http://digiliblt.lett.unipmn.it.

11.  https://www.ebi.ac.uk/ols/ontologies/geo.

12.  https://github.com/bfo-ontology/BFO/wiki.

13.  https://www.wikidata.org.

14.  The classes are subclasses of “Q27096213 geographic
entity” and can be retrieved through the following
query: https://w.wiki/hsF. A list of geography-related
properties is available at: https://www.wikidata.org/
wiki/Wikidata: List_of_properties/geography.

15.  https://mappingmanuscriptmigrations.org/.

16.  https://www.iso.org/standard/57832.html.

17.  http://www.cidoc-crm.org/sig-members.

18.  http://www.cidoc-crm.org/collaborations.

19.  http://www.cidoc-crm.org/frbroo/ModelVersion/
Irmoo-f.k.a.-frbroo-v.0.6.

20.  http://www.mirabileweb.it.

21.  https://www.djangoproject.com.

22.  https://getbootstrap.com.

23.  https://thes.bncf firenze.sbn.it/.
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