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1. Introduction

Applied ontologies often need to represent things like narrative fictions, musical scores, anagraphic
records, images or engineering specifications like design models or process plans. One of the peculiar-
ities of these entities is that they can exist in different supports without reducing to them. For instance,
from the fact that John’s copy of Dante’s Divine Comedy (Comedy from now on) is 1 kg heavy, we do
not conclude that Dante’s poem is 1 kg heavy. It is also commonly claimed that people read the same
poem when they read the Comedy but in alternative translations. The underlying idea is that a poem can
be present in multiple supports (e.g., paper-made or digital books) while being conveyed by alternative
texts in different languages. A similar consideration can be done, e.g., for a design model that exists as
both a computer file stored on a usb stick and a blueprint on paper. Considering these examples from an
ontological stance, one wonders about what kind of entities narrative fictions, engineering specifications,
etc. are and how one can make sense of ordinary or experts’ talks about them. For instance, is it possible
to distinguish a poem from its text or are they the same thing?

These concerns have been widely addressed in applied ontology (Bateman, 2019; Smith and Ceusters,
2015; Mizoguchi, 2004), as well as in linguistics (Arapinis and Vieu, 2015), philosophy (Goodman and
Elgin, 1986; Thomasson, 2015), semiotics (Eco, 2016), literary (Eggert, 2019; Pierazzo, 2016; Shillings-
burg, 2010) and librarianship studies (Smiraglia, 2001). The terminology is heterogeneous and for the
sake of clarity we will talk of information entities to refer to, e.g., what two copies of the Comedy share,
i.e., the entity which is intuitively called the content of the copies. As we will see, information entities
have been differently conceived in ontologies and, as a consequence, there is no guarantee that ontologies
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refer to the same things, not even when they use similar terminologies. Nor there is a study comparing
existing modeling alternatives to analyze their dis-/similarities, advantages, and shortcomings.

We present in the paper a first step within a larger research effort aimed at digging into the ontological
foundations of information entities. In particular, we present a review of the state of the art that compares
existing ontologies with both each other and theories proposed in other domains. These latter studies
prove useful to both understand how information entities have been conceived out of the scope of applied
ontology and provide conceptual tools for analyzing the ontologies. To carry out the analysis, we adopt
a descriptive approach to understand the commitments and modeling choices of the ontologies. When
comparing the ontologies, we discuss their differences and similarities by stressing the consequences
of their modeling patterns. Finally, on the basis of the review, we present some open challenges for
research. Note that we primarily focus on information entities like narrative fictions although, by the end
of the paper, we will make considerations which are hopefully applicable to information entities at large.

The paper is structured as follows. Section 2 presents some theories in philosophy that are relevant in
the scope of our investigation, whereas we report in Section 3 about librarianship and literary studies.!
In Section 4 we consider the way in which some ontologies conceptualize and represent information en-
tities. We focus on ontologies that either contextualize information entities within foundational frame-
works or specifically target their representation. We compare the ontologies in Section 5 and discuss
some open challenges for research in Section 6. Section 7 concludes the paper.

2. Works in philosophy

The ontological nature of literary and musical works (we will simply say works when the context is
clear) is a central topic in the philosophical speculation about art (Thomasson, 2004; Livingston, 2016).
Differently from items like statues or potteries, works exhibit indeed properties that make them quite
peculiar entities. For instance, if the specific spatio-temporal object that is Michelangelo’s David is de-
stroyed, humankind has lost one of its greatest masterworks. Differently, a work can have multiple copies
or performances; hence, Dante’s Comedy does not stop existing when one of its copies is destroyed, and
it exists as long as some of its copies exist, or — someone says — as long as it exists in someone’s memory
(Thomasson, 1999, 2004). The difference in the persistence conditions of copies and works is a com-
mon argument to claim for their ontological difference. A similar consideration can be done for music.
According to some philosophers, a musical work can be realized in performances happening at specific
times and places, although, first, this is not necessarily the case; second, a musical work outlasts any of
its performances. Thomasson (2004), for instance, argues that “[n]or can the work of music (or literature,
drama, or dance) be identified with the totality of all such performances (or copies), since that would
entail, for example, that the work is not complete until long after the composer’s death, when the last
performance is finished, and that the work itself would have been different had last night’s performance
been cancelled” (p. 82).

There exist various proposals about the ontological status of works (Davies, 2007; Livingston, 2016;
Thomasson, 2004, 2015). Contemporary Platonists claim that works are universal entities lacking spatio-
temporal dimensions and existing everlastingly. In this account a musical work exists even if no perfor-
mance or score-copy are ever produced, and an artist discovers rather than creates a work.? An objection
to this view is that works — as they are commonly understood — are human-made entities which would

From a terminological perspective, experts of these domains talk of works to refer to information entities.
2The assumption is that, differently from creation, something can be discovered only if it already exists.
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not exist if they were not intentionally created. An alternative position, called quasi-Platonism by Goehr
(1992), argues that works retain some aspects of their Platonic status (e.g., they can be instantiated) while
being created and being therefore temporally bounded (Goehr, 1992, p. 14 and pp. 44-68). In this view,
works are fypes whose instances can be performances in the case of musical works or physical copies in
the case of literary works. On a similar line, Thomasson (2004) considers works as abstract particulars
(also called abstract artifacts). The difference between quasi-Platonic types and abstract particulars is
not relevant for our purposes. It is sufficient to note that in Thomasson’s view, works are particulars
rather than types because they are created; and they are abstract because they lack physical dimensions.?
In addition, both Thomasson (2004) and authors committed to quasi-Platonism like Levinson (1980) and
Margolis (1974) stress the social dimensions of works arguing that they can not be disentangled from
intentional, cultural, and historical properties. Finally, idealist philosophers claim that works are ideas
in the mind of their creators that “[...] once formed, find objectified expression [in the case of music]
through score-copies or performances and are, thereby, made publicly accessible” (Goehr, 1992, p. 18).
In this view, however, “[w]orks are not identified with the objectified expressions, as one might expect
them to be, but with the ideas themselves” (Goehr, 1992, p. 18). A common criticism is that by iden-
tifying works with private ideas, they lose their public dimension, which is commonly experienced in
ordinary life. For example, a person listening — in principle — to a concert of Beethoven’s Symphony No.9
does not in fact listen to one of Beethoven’s masterpieces, because the latter existed only in Beethoven’s
mind. Because of this and other criticisms, according to Goehr (1992) the idealist position has not been
well received in the landscape of analytic philosophy. It has nevertheless received attention in other
domains, as we will see.*

Before moving to the next section, we spend some words on the ontology of literary works. A fun-
damental problem addressed in philosophy is the relation between a work and its text, namely, whether
the two entities coincide or need to be distinguished. Goodman and Elgin (1986) claim that a work is
a text, the latter understood as a linguistic structure consisting of a configuration of spaces, punctuation
marks, and letters in a specific language. The authors also argue that a work does not correspond to the
interpretation of a text. This because a single text can be differently interpreted, therefore should a work
correspond to interpretations, we would not have a single work but a plethora of works, a consequence
that Goodman and Elgin (1986) do not accept. Currie (1991) calls fextualism this position. Against it,
Wilsmore (1987) proposes the example of Virgina Woolf’s novel with title 7o the Lighthouse, which
was published “in both England and America at the same time with small but important differences in
text” (p. 312). Because of these differences, we would have two different works according to Goodman
and Elgin (1986). Wilsmore (1987) argues that this is counterintuitive and “[r]eaders on both sides of
the Atlantic believe they have read the very same work by Virginia Woolf” (p. 312). What is then a
literary work if not its text? Various answers have been given to this question (Davies, 2007; Davies and
Matheson, 2008; Thomasson, 2015). Thomasson (1999), for example, distinguishes between ftexts, com-
positions, and literary works: the first are — a la Goodman and Elgin (1986) — sequences of symbols in
a language; the second refer to texts “as created by a certain author in certain historical circumstances”
(p. 64); the third are things like novels or poems, among others, which “are not mere strings of symbols
but rather require a certain community of individuals with the right language capabilities and back-
ground assumptions to read and understand the literary work™ (p. 65). Also, Thomasson (1999) argues
that “[o]ne and the same composition can serve as the foundation for two different literary works in the

3Foundational ontologies like DOLCE (Borgo and Masolo, 2009) and GFO (Herre, 2010) cover concepts, which can be
understood as both types existing in time and abstract particulars in the sense of Thomasson (2004).
4For discussions on further developments of idealism in analytic philosophy, see the paper of Cray and Matheson (2017).
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context of different readerships” (p. 65). Therefore, contrary to Goodman and Elgin (1986), Thomasson
(1999) considers literary works as interpretations. In the same lines, Shillingsburg (2010) argues that
“[w]e should be suspicious of locutions like ‘the work itself’, for the work exists only in our construct
of it. While the text and the document [i.e., the texts’ support] are clearly material, the work is a men-
tal construct” (p. 179; emphasis is ours). This perspective, sometimes called interpretationism (Davies,
2007), needs to clarify what interpretations are, e.g., whether it is possible for different agents to share
the same interpretation or what are the criteria to judge interpretations (Carroll, 2015).
We will come back to the distinction between works and texts in Section 5 and Section 6.1.

3. Works in librarianship and literary studies

Scholars of librarianship studies have looked at the notion of work as a useful concept for cataloging.
For instance, when developing bibliographic systems, it is common to classify multiple physical items
under a common entity, which happens to be called work indeed. This has brought the community to
question the notion of work and to seek for foundational theories supporting cataloging practices.

Smiraglia (2001) provides an overview of multiple theories by tracking at the same time the history of
the work concept when used for documentary goals. The author argues that scholars have slowly con-
verged to a similar understanding about what works are. This is summarized in the following definition:
“Work is the intellectual content of a bibliographic entity; any work has two properties: a) the proposi-
tions expressed, which form ideational content; and b) the expression of those propositions (usually a
particular set of linguistic (musical, etc.) strings), which form semantic content” (Smiraglia, 2001, p. 42;
emphasis is ours). To clarify the definition, first, a bibliographic entity is an item (e.g., a book, article,
etc.) that a librarian needs to classify. Second, Smiraglia (2001) distinguishes between the material and
the intellectual dimensions of a bibliographic entity. The former is about, let us say, its physicality, e.g.,
when and where it was printed, on which paper type and format, etc. The latter concerns the notion of
work itself, i.e., an intellectual content consisting of ideational and semantic contents. An ideational con-
tent is a set of ideas that an author (or a group of authors) wishes to communicate, whereas the semantic
content concerns the linguistic expressions (e.g., sentences, strings) by which the ideational content is
conveyed. It remains however unclear how ideational contents and expressions’ meanings are related,
e.g., whether the two entities coincide or whether there remains an ontological gap between them in a
sort of idealistic approach (see Section 2).

In the case of literary studies, including those on scholarly editing, Pierazzo (2016) argues that verbal
documents like books consist of multiple dimensions, among which the linguistic dimension concerns
the language in which a document is written, and the semantic dimension what its words mean. Pierazzo
(2016) claims that “people can read from the same document and understand slightly or radical different
things, depending on their culture, their understanding, their disposition, their cirmustances” (p. 42).
The notion of work used by Pierazzo (2016) is inherited from the theory presented by Eggert (2009),
who conceives it as an organizing category that is helpful to classify similar documents. In the words of
Eggert (2009), “[a] work retains its function as a pragmatic agreement for organising our remembered
experiences of reading documents that are closely related bibliographically” (p. 235; emphasis is ours).
Following these lines, according to Pierazzo (2016), “it is [...] necessary to postulate the existence of
such an entity [i.e., a work] in order to account for the fact that we are able to use the label, for example,
Pride and Prejudice, for many objects that present more or less the same sequence of words even when
inscribed onto different documents, using different fonts, over different materials laid out differently
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with respect to the first edition which in turn may be represented by many different objects (or items)
that instantiate it” (p. 47).

To conclude, the notion of work emerging from this section is that of a category useful to classify
resembling bibliographic items. When one goes deeper in the analysis, reference to authors’ ideas is
sometimes done, as in the case of Smiraglia (2001). Finally, it is interesting to note that the criteria
to grasp the similarities between bibliographic items are highly heterogeneous and there is only little
agreements among various perspectives (Smiraglia, 2001, ch. 3). For example, when translating a work
in a different language, does one obtain a new work which stands in some similarity relations with the
translated one, or does one obtain a different text for the same work? Or, when a work is re-published
with the addition of a new chapter, which was not included in previous publications, does one create a
new work or is this case better understood in terms of change in the same entity? In the words of Pierazzo
(2016): “How much variations among the different texts and documents can be tolerated before it will be
possible to define two different works? When can we speak of two versions of the same work or of two
distinct works?” (p. 46). Pierazzo’s (2016) reply is that “[. . .] there is not straight answer to this question,
as this will depend on the interpretation of the special user that is the editor” (p. 46). Eggert (2009) holds
a similar position when claiming that “[...] the decision of the scholarly editor that a particular work
can tolerate a certain amount of variation before its variant texts and presentations constitute a different
one is an interpretative act” (p. 145). Perhaps more radically, “[a] theory of the work that might ground
what editors do still does not exist” (Eggert, 2009, p. 228).

4. Ontologies for information entities: State of the art

We review in this section the state of the art in applied ontology about information entities by also
mapping the ontologies to the materials presented in the previous two sections. We express critical
remarks about each ontology, therefore the reader is invited to go thorough the entire section. Otherwise,
one may move to Section 5 where the results of our analysis are summarized and compared.

Section 4.1 considers the representation of information entities in the scope of the Yet Another More
Advanced Top-level Ontology (YAMATO). The Information Artifact Ontology (IAO) is considered in
Section 4.2, whereas Section 4.3 looks at the treatment of information entities in the scope of DOLCE
Lite Plus (DLP). Section 4.4 considers the CIDOC Conceptual Reference Model (CRM) and Section 4.5
the Functional Requirements for Bibliographic Records (FRBR). By reviewing the ontologies, we con-
sider only how they treat information entities; the reader should refer to the ontologies’ documentation
for broader views on their conceptual structures. Also, to facilitate the understanding of the state of the
art, we render some portions of the ontologies in the Unified Modeling Language (UML) Class Diagram
notation.

4.1. Yet another more advanced top-level ontology (YAMATO)

Information entities are represented in YAMATO (Mizoguchi, 2004, 2010) through four main classes:
Representation Form, Content, Representation, and Representing Thing. The first three classes are sub-
sumed by Semi-Abstract, i.e., their instances exist in time but not in space. Differently, instances of
Representing Thing are physical objects. Figure 1 shows a partial view on the taxonomy of YAMATO.

According to Mizoguchi (2010), a representation is a “content-bearing thing. That is, anything which
has content as its essentials [...]” (p. 9). Each representation consists of a form and at least one con-
tent. Contents are propositions that someone wishes to covey through a representation, whereas forms
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Fig. 1. Partial view on the taxonomy of YAMATO.

are the symbol systems in which contents are conveyed. Examples of contents are plans, symphonies,
algorithms, and novels; examples of representation forms are natural or programming languages. Intu-
itively, a representation ‘codes’ a content into a form, e.g., it corresponds to the text of (a certain edition
of) a novel. Representations are not specific expressions written on individual papers; that is, they are
sign-types rather than sign-fokens (Wetzel, 2018), e.g., the text-type that certain physical copies of the
Comedy share. A representing thing is composed by a representation and a representation medium, the
latter being the role played by an object which realizes a representation. For example, a physical copy of
the Comedy, call it DC copy id 21, is a representing thing consisting of (i) an individual physical object
made of paper and ink (among other materials) with the role of representation medium, and (ii) a repre-
sentation comprising a narrative (content) expressed in (roughly speaking) Italian (form), see Fig. 2.7 If
the form changes, e.g., when translating the Comedy from Italian to English, YAMATO allows users to
model different representations sharing the same content while having different forms (see Fig. 3).
Mizoguchi and Toyoshima (2017) present a first-order axiomatization of some of the notions in YAM-
ATO. They introduce an ontological dependence link between forms and contents. In this view, when
form f and content c are both part of the same representation r, then ¢ depends on f. Contents, however,
are not dependent entities fout court, since they are neither necessarily linked to representations, nor to
representing things. In the words of Mizoguchi (2010), “[. . .] something exists as content independently
of its representation” (p. 10). This raises the question of what is the ontological nature of contents. Mi-
zoguchi (2004, 2010) interchangeably talks of contents, propositions, and meanings. Considering that
contents are semi-abstracta, YAMATO seems to hold a position similar to both quasi-Platonism and

3To facilitate readability, we use in Fig. 2 the inverse of the part of relation shown in Fig. 1.
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Fig. 2. Modeling the Comedy (DC) according to YAMATO.
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Fig. 3. Modeling translations in YAMATO (the two representations have part the same content).

Thomasson (2004), see Section 2. As we have seen, however, Thomasson (2004) argues that an object
of art like a work of literature exists as far as at least one of its carriers exists, whereas this condition
does not hold for contents in YAMATO. We further comment on YAMATO in Section 5 and Section 6.1.

4.2. Information Artifact Ontology (IAO)

The Information Artifact Ontology (IAO) is developed on the basis of the Basic Formal Ontology
(BFO; Arp et al., 2015) and it has the class Information Content Entity (ICE) at its grounds. For our
purposes, we rely on Arp et al. (2015) and Smith and Ceusters (2015), and the meta-data in the IAO
OWL file (IAOwI; Goldstein et al., 2020).° Fig. 4 shows the core classes of the IAOwl subsumed by
BFO.’

According to Smith and Ceusters (2015), an ICE is “an entity that is (1) generically dependent on (2)
some material entity and which (3) stands in a relation of aboutness to some entity” (p. 1); examples are
novels, journal articles, and graphs, among others. The general idea is to conceive ICEs as non-material

6Last accessed July 2020.

"Looking at Fig. 4, we slightly revise the UML notation in order to make a clear distinction between IAO’s (dotted
classes) and BFO’s classes. We use classes’ labels from the IAOwI rather than their alpha-numerical identifiers. Also, look-
ing at the figure, the bearer of and concretizes relations simplify the axiom: MateriallnformationBearer = MaterialEntity N
dbearerOf .Aconcretizes.ICE.
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Fig. 5. Modeling the Comedy (DC) according to the IAO.

entities that in order to exist have to be related to some material entities, these latter called material
information bearers in the IAOwl (Goldstein et al., 2020).® More precisely, an ICE is concretized in a
quality’ inhering in the material information bearer upon which the ICE generically depends. The ICE
class specializes in various subclasses, among which Textual Entity to explicitly capture, e.g., novels,
and Figure.

Figure 5 shows the example of the Comedy according to the IAO. The Comedy’s narrative is an ICE
(a textual entity indeed) concretized in the marks of ink inhering in a physical book, i.e., the DC copy
id21. For the case of translations, it is not clear how it can be represented in the scope of the IAO; if
text-types are language-dependent (similarly to the proposal of Goodman and Elgin, 1986), the Comedy
in Italian and the Comedy in English are two different information content entities. It remains unclear
whether the IAO can capture their similarities, intuitively, that the two texts tell the same story.

The relationship of aboutness between ICEs and the entities they refer to lays at the heart of the IAO.
According to Smith and Ceusters (2015), “[a]boutness corresponds to what is otherwise referred to by
means of the expressions ‘reference’ or ‘denotation’ but generalized to include not merely linguistic
reference but also the relations of cognitive or intentional directedness that are involved, for instance,
when a nurse is measuring a patient’s pulse rate or a doctor is observing a rash on a patient’s thigh.

8Smith and Ceusters (2015) use the term information artefact for material information bearers.
9The quality is called information quality entity by Smith and Ceusters (2015) and information carrier in the IAOwI (Gold-
stein et al., 2020).
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These processes are about, respectively, a pulse and a rash” (p. 2). Additionally, Smith and Ceusters
(2015) claim that when an ICE is about some entities, the latter exist. This principle is called veridicality.
In the words of Smith and Ceusters (2015): “[A]n ICE must in every case be about some portion of
reality, where the aboutness in question must always be veridical, so that ‘being about’ is a success
verb” (p. 3).

Some comments are due. First, in the introduction to BFO (Arp et al., 2015), the authors claim that
“[t]he pattern of letters of the alphabet and associated spacing which is the novel Robinson Crusoe is
concretized in the patterns of ink in this (and that) particular copy of the novel. [. ..] The novel Robinson
Crusoe is a generically dependent continuant instance, an abstract pattern, made concrete through the
acts involved in printing successive copies” (p. 106). The authors distinguish therefore between individ-
ual patterns and abstract patterns: the former are the patterns of ink inhering in a particular book and the
latter are the ICEs themselves. Smith and Ceusters (2015) make a similar distinction when claiming that
“pattern can [. . .] be understood in two senses — as referring either (i) to what is shared or communicated
(between original and copy, between sender and receiver) or (i) to the specific pattern before you when
you are reading from your copy of Tolstoy’s novel” (p. 1). This view is adopted by the IAOw] (Gold-
stein et al., 2020), too; e.g., according to the meta-data of Textual Entity, the concretizations of this class
are individual patterns carried by some supports. The documentation about the IAOw] (Goldstein et al.,
2020), however, does not specify what patterns are, nor BFO covers abstracta. Smith and Ceusters (2015)
claim that ICEs are not abstract entities like propositions “in the logical parlance” (p. 2), since ICEs are
created and therefore they exist in time. It remains therefore unclear in which sense ICEs are abstract
patterns. By subsuming Textual Entity directly under ICE, ICEs seem to correspond to sign-types, a po-
sition recalling Goodman and Elgin (1986). In fact, differently from both YAMATO and philosophical
positions a la Thomasson (1999), there is no distinction in the IAO between the content of, e.g., a novel
and its text-type; a novel is a text-type for the IAO.

Second, the theory of aboutness in the ontology deserves clarifications. Considering the sentence
“Barack Obama is President of Russia”, Smith and Ceusters (2015) claim that there is a corresponding
ICE “which is about Barack Obama, his being president, and Russia” (p. 3) However, the ICE “is not
about any corresponding configuration [in reality], simply because there is no corresponding configu-
ration” (Smith and Ceusters, 2015, p. 3; emphasis is ours). Since the whole ICE fails to be about any
configuration, it is not clear why it is an ICE given that ICEs’ aboutness is required to be veridical.

A further issue with aboutness is related to applications domains where ICEs are not necessarily about
some things. In engineering, for instance, design models or process plans (considering them as ICEs)
can fail to be about (actual) individuals, especially if they are created before the creation of the physical
products or the events that they describe (Masolo and Sanfilippo, 2020).'® We will further comment on
aboutness in Section 6.2.

4.3. DOLCE Lite Plus (DLP)
We consider in this section the work done by Behrendt et al. (2005), Gangemi and Mika (2003), and

Presutti and Gangemi (2016) and formally represented in the ontologies DOLCE+DnS Ultralite (DUL)
and DOLCE Lite Plus (DLP). Both these ontologies depart from the DOLCE ontology (Masolo et al.,

10Schulz et al. (2014) have raised some concerns on the veridicity of IAO’s aboutness in the biomedical domain.
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2003) under different aspects, hence the considerations hereby expressed do not apply to DOLCE. Since
DUL simplifies DLP, we consider only the latter throughout the paper.'!

DLP represents entities like novels, figures or plans by distinguishing between Information Object and
Description, both subsumed by Social Object, which is in turn a subclass of Non-Physical Object, see
Fig. 6. Instances of the latter class lack spatial locations and generically depend on physical endurants;
social objects are entities that are socially created (Masolo et al., 2003, 2004). Description covers, among
other things, information encoding systems such as natural or formal languages, and classes for novels,
regulations, plans, etc.

The Information Object class links a description to both a language and a support (Information Re-
alization). The relationship ordered by is used to relate information objects to “the languages, codes,
grammars, etc. that they are ordered by”, whereas expresses is used to link information objects to the
“content (meaning, conceptualization) they represent.” Linguistic Object specializes Information Object
to explicitly refer to information objects encoded in natural languages. Among other classes, it subsumes
Text, i.e., “a complex linguistic object [ordered by] a language and still independent from a particular
physical realization.” In this view, therefore, information objects are sign-types, whereas classes like
Plan or Narrative stand for their contents. The supports of information objects are represented by Infor-
mation Realization, which is subsumed by Physical Realization. This latter class models “any physical

I not otherwise specified, quotes are taken from the OWL file of DLP (named DLP_397.owl). The reader can refer to
Gangemi and Peroni (2016) for ontology design patterns for information entities based on DLP/DUL.
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ordered by Language
—> (Italian)
Llinguistic Object
(DC text-type)
Narrative
(DC narrative)

expresses
Fig. 7. Modeling the Comedy (DC) according to DLP.

ordered by
Linguistic Object
(DC text type 2)
expresses
Narrative
(DC narrative)
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Linguistic Object
DC text type 1
( type 1) ordered by
Language
(Italian)

Fig. 8. Modeling translations in DLP (the two linguistic objects express the same narrative).

Information
Realization
(DC copy id21)

Language
(English)

particular that realizes a non-physical endurant” and it covers a broad range of entities such as “physical
endurants, physical qualities, physical regions, perdurants [...], or situation[s].”

Considering the example of the Comedy, in order model one of its copies one distinguishes between
(i) an information realization (the specific copy), (ii) a text-type (linguistic object), (iii) the Comedy’s
narrative (description), and (iv) the language ordering the linguistic object, see Fig. 7. DLP does not
take an explicit stance on the representation of translations. However, similarly to YAMATO, the same
narrative can be expressed by multiple linguistic objects but in different languages, see Fig. 8.

Finally, the relationship is about (not shown in Fig. 6) is used to model the entities to which informa-
tion objects are about, “e.g. Dante’s Comedy is about facts like Dante’s travel to the hereafter.” It is not
however mandatory for information objects to be about some entities.

Some comments are due, first, concerning Description. In DLP this class is defined as “a social object
which represents a conceptualization (e.g., a mental object or state), hence it is generically dependent on
some agent and communicable.” This approach is borrowed from the work of Masolo et al. (2004) where
descriptions are introduced to characterize concepts and roles. DLP keeps this understanding of descrip-
tions but it also broadens its scope to cover information encoding systems. This move results in ambi-
guity. For example, the ontology includes the axiom Description = JexpressedBy.InformationObject,
hence Information Encoding System — as a subclass of Description — inherits it. It is not however clear
what expressed by means in this case, namely, that a language is expressed by some information object.

Second, by distinguishing between descriptions like narratives and information objects like text-types,
DLP - similarly to YAMATO - understands the former as contents. This raises the question of what
contents are. Behrendt et al. (2005) talk of propositional content, Gangemi and Peroni (2016) of meaning
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and interpretation, among others. However, the authors do not dig into the conceptual foundations of
information entities and, despite they refer to semiotic studies, they do not say how to conceive meanings
or propositions; e.g., it remains unclear what sorts of entities they are (see the work of Bateman, 2019,
for a possible manner of conceiving meanings in the scope of DOLCE). We further discuss about DLP
and meanings in Section 5 and Section 6.1.

4.4. CIDOC Conceptual Reference Model (CIDOC-CRM)

The CIDOC-CRM ontology (CIDOC hereafter; Bruseker et al., 2017; Doerr, 2003) is a standard (ISO
21127) to manage cultural heritage data.'? It covers the modeling of historical documents, photos, news-
papers, and books, among others; hence, the representation of information entities lays at its grounds.

From a high-level perspective, CIDOC includes various classes, among which Persistent Item (class
identifier E77) and Temporal Entity (E2). The former are “items that have a persistent identity, sometimes
known as endurants in philosophy” (Le Boeuf et al., 2015, p. 35). The latter are things that “happen over
a limited extent in time [...] [and] are also called perdurants” (Le Boeuf et al., 2015, p. 2). Figure 9
provides an overview of some of the CIDOC’s classes that we present in this section.

Entity
{disjoint}
Persistent Temporal
Item Entity
Man Made Physical
Thing Thing
£ {disjoint} r_f
Conceptual Physical
Object Man-Made
Thing
?
I |
Symbolic Propositional
Obiject Obiject Type
Information Language
Object
1 1
I |
Visual 01| Linguistic |9
Item Object has language
0.
has translation

Fig. 9. Partial view on the taxonomy of CIDOC-CRM.

12The CIDOC ontology undergoes regular changes. When writing this paper, we considered the version presented by Le
Boeuf et al. (2015). The reader can refer to Doerr (2003) and Doerr et al. (2008) for an overview of CIDOC’s history.
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Conceptual Object (E28) is an overarching modeling element standing for ‘“non-material products
of our minds that [...] are created, invented or thought by someone, and then may be documented or
communicated between persons” (Le Boeuf et al., 2015, p. 16). Its instances can exist in multiple carriers
at the same time, including paper, canvases, and human memory. Conceptual objects exist as long as at
least one of their carriers exists and can not be directly destroyed, i.e., destroying a conceptual object
means destroying all its carriers.

Amongst its subclasses, Symbolic Object (E90) stands for “[...] identifiable symbols and any aggre-
gation of symbols, such as characters, identifiers, traffic signs, emblems, texts, data sets, images, musical
scores, multimedia objects, computer program code or mathematical formulae that have an objectively
recognizable structure and that are documented as single units” (Le Boeuf et al., 2015, p. 41). In addi-
tion, symbolic objects “[do] not depend on a specific physical carrier [. . .], and can exist on one or more
carriers simultaneously” (Le Boeuf et al., 2015, p. 41). An example is “the Italian text of Dante’s Divina
Commedia as found in the authoritative critical edition La Commedia secondo I’antica vulgata a cura di
Giorgio Petrocchi, Milano: Mondadori, 1966—67" (Le Boeuf et al., 2015, p. 41). As symbolic object, this
entity is not the specific text printed on an individual book; rather, it corresponds to the text-type shared
by all the physical copies of the Comedy edited by Petrocchi. Symbolic objects can also be symbols
without specific meanings, “for example an arbitrary character string” (Le Boeuf et al., 2015, p. 41).

Another subclass of Conceptual Object is Propositional Object (E89) whose instances are “immaterial
items, including but not limited to stories, plots, procedural prescriptions, algorithms, [...] or images
that are, or represent in some sense, sets of propositions about real or imaginary things and that are
documented as single units or serve as topic of discourse” (Le Boeuf et al., 2015, p. 40; emphasis is
ours). Examples are “the ideational contents of Aristotle’s book entitled Metaphysics™ or “[t]he image
content of the photo of the Allied Leaders at Yalta published by UPI, 1945 (Le Boeuf et al., 2015,
p. 40).

Looking at Fig. 9, the class Information Object (E73) is subsumed by both Symbolic Object and
Propositional Object; the intended meaning is that its instances are propositional objects encoded in a
symbolic form. It includes various subclasses, among which are Linguistic Object (E33) and Visual Item
(E36). Visual items are “the intellectual or conceptual aspects of recognisable marks and images” (Le
Boeuf et al., 2015, p. 19). An example is the Coca-Cola logo, which is not the individual logo printed
on a specific Coca-Cola can but the “underlying prototype” (Le Boeuf et al., 2015, p. 19) appearing
on all Coca-Cola cans. Linguistic objects are “identifiable expressions in natural language or [other]
languages” that are independent “from the medium or method by which they are expressed” (Le Boeuf
et al., 2015, p. 18). Examples are “the text of the Jabberwock by Lewis Carroll” or “the lyrics of the
song Blue Suede Schoes”. The relation has language links the class Linguistic Object to Language
(E56), whereas has translation links instances of Linguistic Object to each other with the restriction
that “[w]hen a Linguistic Object is translated into a new language it becomes a new Linguistic Object,
despite being conceptually similar to the source object” (Le Boeuf et al., 2015, p. 70). Finally, is carried
by (not shown in Fig. 9) links symbolic objects (information objects included) to their physical supports,
e.g., physical books.

Recalling the example of the Comedy, according to CIDOC one distinguishes between (i) a linguistic
object, (ii) the language in which it is encoded, and (iii) a physical man-made thing (a physical book),
see Fig. 10. Note that the linguistic object is both a propositional object, i.e., the Comedy’s ideational
content, and a symbolic object, i.e., the Comedy’s text-type.

Let us comment on CIDOC. First, Propositional Object and its subclasses are understood as ideational
contents but the documentation does not clarify what this means. This perspective recalls idealist views
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Physical man-made
thing
(DC copy id21)

Linguistic object
(DC narrative and
text type)

has language Language

(Italian)

Fig. 10. Modeling the Comedy (DC) according to CIDOC-CRM.

Linguistic Object
(narrative 1 and text
type 1)

has language Language

(Italian)

has translation

Linguistic Object
(narrative 1 and text
type 2)

Language
(English)

Fig. 11. Modeling translations in CIDOC-CRM (it is implicitly assumed that the two linguistic objects share the same narrative).

(see Section 2), e.g., the ideational content of Aristotle’s Metaphysics — to recall one of CIDOC’s ex-
amples — as ideas expressed in a text. However, similarly to the case of Smiraglia (2001) discussed in
Section 3, it remains unclear how an ideational content relates to the meaning of the text expressing it.

Second, Information Object and its subclasses are subsumed by both Symbolic Object and Proposi-
tional Object. An information object is therefore both an intellectual content and a symbolic form. It is
not a case that the identity of linguistic objects is bound to their languages, so that — as we saw above —
the translation of a linguistic object involves the creation of a new linguistic object. What remains sur-
prising is the choice of relating Information Object to Symbolic Object and Propositional Object via
taxonomic relations. This approach has practical disadvantages; e.g., Le Boeuf et al. (2015) claim that
linguistic objects’ translations share the same content. However, by identifying a linguistic object with
both a content and a symbolic form, one lacks a way to explicitly identify and represent the content
shared by multiple linguistic objects. For instance, looking at Fig. 11, it is only implicitly assumed that
the two linguistic objects share the same narrative, since the narrative itself can not be represented as an
entity on its own that is distinguished from the linguistic objects. As we will see in the next section, this
is a key point of departure between FRBR and CIDOC.

4.5. Functional Requirements for Bibliographic Records (FRBR)

The Functional Requirements for Bibliographic Records (FRBR) models concepts and relations to
manage bibliographic information. It was initially developed independently from CIDOC but the two
ontologies have been eventually integrated in the FRBR object-oriented version (FRBRpo; Bekiari et
al., 2015). We first introduce the four core concepts of FRBR, namely, Work, Expression, Manifestation,
and Item, and we then show how they have been restructured in FRBRpo according to CIDOC.

Following the documentation (IFLA, 1998), a Work is “a distinct intellectual or artistic creation”
(p. 17). The specification adds that “[w]hen we speak of Homer’s Iliad as a work, our point of reference
is not a particular recitation or text of the work, but the intellectual creation that lies behind all the
various expressions of the work™ (IFLA, 1998, p. 17, emphasis is ours). The documentation on FRBRpo
(Bekiari et al., 2015) claims that “[a]n instance of [...] Work begins to exist from the very moment an
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individual has the initial idea that triggers a creative process in his or her mind. [...] Unless a creator
leaves one physical sketch for his or her Work, the very existence of that instance of [...] Work goes
unnoticed, and there is nothing to be catalogued” (p. 27).

Expressions stand for “the intellectual or artistic realization[s] of a work in the form of alpha-numeric,
musical, or choreographic notation, sound, image, object, movement, etc., or any combination of such
forms. An expression is the specific intellectual or artistic form that a work takes each time it is realized”
(IFLA, 1998, p. 19). Bekiari et al. (2015) add that “[e]xpressions cannot exist without a physical carrier,
but do not depend on a specific physical carrier and can exist on one or more carriers simultaneously.
Carriers may include human memory” (p. 55). Expressions stand therefore for sign-types rather than
sign-tokens and they must be carried on at least one carrier to exist. Carriers correspond to the concept
of Item, e.g., printed books or CDs (Bekiari et al., 2015, p. 58).

Finally, the notion of Manifestation captures the “shared characteristics of copies of a particular publi-
cation, edition, release, etc.” (IFLA, 1998, p. 23). For example, consider a novel published in hardcover
and paperback. Instances of the hardcover manifestation and instances of the paperback manifestation
share the same work and expression, but they differ in a number of physical characteristics, e.g., the
numbers of pages and the way in which the (tokens of) expressions are arranged throughout the corre-
sponding items. In this sense, FRBR’s manifestations can be understood as items’ layouts.

Figure 12 shows the subsumption of FRBRgg’s classes under CIDOC. Work (class identifier F1) is
subsumed by Propositional Object (EQ9), Expression (F2) by Information Object (E73), Item (F5) by
Information Carrier (E54); Manifestation is renamed Manifestation Product Type (F3) and it is sub-
sumed by Type (ESS5). In addition, as can be seen from the figure, FRBRpo has been extended with

Entity
T(disjoint)
| |
Conceptual Physical Man
Object Made Thing
Symbolic Propositional Information ! Manifestation
Object Object Type Carrier i Singleton
i I | i
- ; P A o Utilized
Information : i | Manifestation : : . -
Object Jf  Work ! Product | InfﬂmatlonCamer
ool 1
. : ; Item
| Srpression 1] Work i Work i
'Self-Contained;_0."
i Expression
| Publication | ! carries
i Expression :

Fig. 12. Partial view on the taxonomy of FRBRo (dotted classes) subsumed by CIDOC-CRM.



126 E.M. Sanfilippo / Ontologies for information entities

classes which are not included in FRBR. Work now covers Individual Work (F14) and Complex Work
(F15), among others, while Expression is extended in Self-Contained Expression (F22), just to mention
the most relevant classes for our investigation.

A self-contained expression is an expression that — in the intention of its creator — conveys a whole
work; an example is the Italian text of Dante’s Inferno in Petrocchi’s edition (Bekiari et al., 2015, p. 68).
Figure 12 also shows Publication Expression (E24) to make explicit the link with carriers. In particular,
a publication expression “comprises complete sets of signs present in publications, reflecting publish-
ers’ final decisions as to both selection of content and layout of the publication” (Bekiari et al., 2015,
p. 69). The relation carries holds between Utilized Information Carrier (F54) and Publication Expres-
sion, where the former is a general class for entities carrying expressions. Items distinguish from man-
ifestation singletons (F4), which are objects conceived without siblings, e.g., a manuscript. Looking at
Fig. 12, differently from Iltem, Manifestation Singleton is not subsumed by Utilized Information Carrier
(F54).

The class Individual Work stands for “works that are realised by one and only one self-contained
expression, i.e., works representing the concept as expressed by precisely this expression” (Bekiari et
al., 2015, p. 63). Complex Work is understood as a work that comprises other works as members. As
recognized by Bekiari et al. (2015), this leads to a double interpretation of the intended meaning of this
class. On the one hand, it stands for works “composed of several structural parts” (Bekiari et al., 2015,
p. 26). An example is “Dante’s textual work entitled Divina Commedia [which] has member Dante’s
textual work entitled Inferno” (Bekiari et al., 2015, p. 90). On the other hand, it captures “[t]he concep-
tual unity observed across a number of complete signs, which makes it possible to organise publications
into bibliographic families” (Bekiari et al., 2015, p. 26), see example below.

Figure 13 shows the example of the Comedy according to FRBRpo. The model distinguishes between
(i) a physical copy of the Comedy (item) carrying a (ii) publication expression (e.g., the text-type of
Petrocchi’s edition) such that the latter realizes (iii) an individual work and is encoded in a (iv) lan-
guage.'® The representation of translations is depicted in Fig. 14, where the conceptual unity — to recall
FRBR(o’s words — shared between the two individual works, one expressed in Italian and one in English,
is captured by the fact that they are members of the same complex work.

To comment on both FRBR and FRBR, differently from CIDOC, works are explicitly represented
as ideational contents, i.e., propositional objects that are not necessarily realized into expressions. For
the case of translations, differently from CIDOC, one now has the possibility of representing multiple
expressions sharing the same work. The notion of work remains however highly ambiguous. As we
have seen, FRBR explicitly takes an idealist interpretation by which a work is an idea in the mind of its

realises Individual Work
(DC narrative)
Item Pub. expression
(DC copy id21) (DC text type)
Language
(Italian)
language
Fig. 13. Modeling the Comedy according to FRBRoo.

carries

has

3The relation has language (P72) is inherited from CIDOC.
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Fig. 14. Modeling translations in FRBRoo.

creator and, as such, it may not be encoded in any publicly accessible expression.'* When considering the
distinction between Individual Work and Complex Work, we saw that the latter is sometimes interpreted
as a documentary entity which is created to group multiple resembling works. This recalls the notion of
work discussed by Eggert (2009), Pierazzo (2016), and Smiraglia (2001) with respect to classification
theories in literary and librarianship studies (see Section 3). From this perspective, the overall notion of
work in the ontology is — in the terminology of Weber (1997) — semantically overloaded because it is
used to classify more than one ontological thing, i.e., ideas and documentary entities.

5. Summary and comparison

We now compare the ontologies introduced in Section 4 and map them to the materials presented in
Section 2 and Section 3. We further discuss the various positions in Section 6.1 to both analyze their
differences and similarities, and dig into the theoretical foundations for the modeling of information
entities.

Table 1 provides a summarizing view on some of the properties used in the ontologies to characterize
the classes in the Class column.'® The ontologies rely on different and non-aligned vocabularies, hence
we keep using the term information entity to refer to the classes in the table.'® We consider whether
information entities exist in time or space, generically depend (GDP) on some other entities,'” are about

14The idealist view seems the standard interpretation for FRBR’s works. For instance, according to Peroni and Shotton
(2012), an example of FRBR’s work is “the ideas in Lewis Carroll’s head concerning Alice’s Adventures in Wonderland”; see
also the papers of Choffé and Leresche (2016), and Damiano et al. (2019).

I5We talk of FRBR as including FRBRog when it is not necessary to distinguish between the two ontologies.

161n the case of DLP, we consider descriptions like novels or plans but not information encoding systems (see Section 4.3).

7Generic dependence between two properties ¢ and v means that it is necessarily the case that for each instance x of ¢
there is at least one instance y of ¥ (upon which x depends); see the papers of Galton (2014) and Masolo et al. (2003).
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Table 1
Comparing how information entities are characterized in the ontologies

Ontology Class Intime Inspace GDP Aboutness Unity
YAMATO Content Yes No No No commitment No commitment
IAO Information Content Entity ~ Yes No Yes  Necessary condition + veridicity No commitment
DLP Description (Novel, etc.) Yes No Yes  Not necessary condition No commitment
CIDOC Propositional Object Yes No Yes  Not necessary condition Weak commitment
FRBR Work Yes Yes (?7) Yes  Notnecessary condition Weak commitment

some thing, and carry some sort of unity. By reviewing the state of the art, these are the most general
properties by which information entities are characterized.

Looking at the table, all ontologies agree on the temporal existence of information entities. DLP
explicitly ascribes them a social nature. Similarly, propositional objects and works in CIDOC and FRBR,
respectively, are human-made and, therefore, temporally bounded. YAMATO and the IAO make similar
assumptions although their formal characterizations are not committed towards the artifactual or social
nature of contents (in YAMATO) and information content entities (in the IAO).

Concerning existence in space, information entities in YAMATO, DLP, and the IAO lack spatial lo-
cations. In the case of FRBR, if works are ideas existing in someone’s head, it might be legitimate to
assume that works bear a spatial nature. In the case of CIDOC, we have seen that the notion of propo-
sitional object is vaguely conceived in terms of ideational contents. The class of conceptual objects
(including propositional objects) is disjoint with the class of (man-made) physical entities, and only the
latter are located in space. Propositional objects do not therefore exist in space.

In the case of dependence, it is only for YAMATO that information entities enjoy an independent
nature. Better said, they depend on their creators for their existence; once created, the ontology assumes
their independence from both supports and expressions (see Section 4.1). All other ontologies are clear
in that information entities generically depend on their carriers.

Considering aboutness, it is only for the IAO that being about some thing is a necessary condition for
information entities. YAMATO does not cover aboutness; DLP, CIDOC, and FRBR include about-like
relations but being about is not necessary for descriptions, propositional objects or works. In addition,
differently from the IAO, these latter ontologies do not commit to the veridicity of aboutness (see Sec-
tion 4.2). As a consequence, DLP, CIDOC, FRBR, and YAMATO are more flexible than the IAO for
application domains where aboutness may fail (we further comment on aboutness in Section 6.2).

Concerning unity conditions, neither YAMATO, nor the IAO, nor DLP take an explicit commitment to
the wholeness of information entities. This may depend on the fact that their notions of information entity
need to be further characterized to specific application domains. Differently, CIDOC and FRBR refer to
information entities’ unity but only in generic terms. For instance, the CIDOC’s class Man-Made Thing,
subsuming Proposition Object (see Fig. 9), is defined as something that can be documented as a single
unity (Le Boeuf et al., 2015, p. 33), but nothing is said about the kind of unity that is meant to be satisfied.
In the case of FRBR, the documentation (IFLA, 1998) argues that the demarcation line between multiple
works can be differently understood in different cultures. In addition, recall the ambiguity concerning the
class of Complex Work (see Section 4.5). Representing both structured works having parts (e.g., a whole
narrative and its chapters) and multiple resembling works, the notion of Complex Work assumes a sort
of conceptual unity among the parts and the whole (Bekiari et al., 2015, pp. 63—64). Nothing more is
however said. Finally, all ontologies cover sorts of parthood relations between information entities.

Apart from these general considerations, we have seen that information entities are differently under-
stood in the ontologies. YAMATO and DLP are the only ones talking of propositions and meanings.
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Neither of the two, however, takes an explicit stance on what these latter entities are. This is not sur-
prising considering the variety of theories about meanings or propositions (Carroll, 2015; McGrath and
Frank, 2018; Speaks, 2018). At a more general level, both YAMATO and DLP understand contents and
descriptions, respectively, as non-physical entities (YAMATO uses the notion of semi-abstract).'® Dif-
ferently from these approaches, as said, there is no reference to meanings in the IAO. According to Arp
et al. (2015) and Smith and Ceusters (2015), information content entities are abstract patterns, the lat-
ter being only vaguely characterized. CIDOC collapses multiple entities in the same modeling element,
since linguistic objects are both texts and (ideational) contents. FRBRpo distinguishes between these
two entities but a work is both an idea and a documentary entity, i.e., an organizing category in the terms
of Eggert (2009). This approach is not coherent; documentary entities can not be ideas indeed, because
they are the sorts of things used in digital systems to organize similar bibliographic entities.

A further interesting aspect to compare the ontologies concerns the relation between information enti-
ties and the signs representing them. YAMATO, DLP, CIDOC, and FRBR explicitly distinguish between
(i) information entities, (ii) signs like texts, and (iii) the signs’ encoding forms (e.g., natural languages).
In particular, YAMATO’s representations, FRBR’s expressions, DLP’s and CIDOC’s information ob-
jects are similarly understood as, e.g., the text of (a certain edition of) the Comedy. We use the term
expression to refer to them. Importantly, expressions are sign-types rather than sign-tokens. Differently
from these approaches, the IAO does not distinguish between expressions and their contents. As said,
information content entities are expressions, recalling in this way the understanding of literary works of
Goodman and Elgin (1986), see Section 2. We have seen that these modeling alternatives have certain
consequences when representing translations. YAMATO and DLP share a similar pattern (cf. Fig. 3 and
Fig. 8). CIDOC is not able to explicitly capture the similarity in the content shared by multiple texts (cf.
Fig. 11). This problem is overcome in FRBRpo by introducing complex works (cf. Fig. 14), although
the class Complex Work is semantically overloaded. Finally, it is not clear how the IAO would handle
the representation of translations.

To conclude, the state of the art review suggests that both CIDOC and FRBR need to be revised, and
multiple interpretations for the same modeling element have to be avoided. The approaches adopted
by YAMATO and DLP, on the one hand, and the TAO, on the other hand, deserve clarifications about
meanings and abstract patterns, respectively.

6. Discussion

Section 6.1 discusses the interpretations of information entities found in the literature, whereas Sec-
tion 6.2 and Section 6.3 make some (preliminary) considerations on the notions of aboutness and
expression-token, respectively.

6.1. Information entities: A pluralistic approach

We have identified four interpretations about information entities, depending on whether they corre-
spond to (1) semi-abstracta, (2) meanings, (3) ideas or (4) documentary entities. YAMATO and DLP lay
between (1) and (2); the IAO is committed to (1); FRBR adopts (3) with FRBRpo committed to (4), too;
CIDOC seems to lay between (1) and (3).

I18Recall from Section 2 that Thomasson (1999, 2004) talks of abstract particulars in the sense of particulars existing in time
but not in space, whereas other philosophers introduce classes for types that are created and are therefore present in time.
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Although idealistic positions like (3) meet various criticisms (see Section 2), one can hardly dismiss
the relevance of authors’ ideas to make sense of ordinary talks about works. For example, when claiming
that an author came with the idea of writing a novel (or composing a symphony) after a tragic experience
or that the Comedy is influenced by Dante’s view on society and religion. This does not mean to identify
the Comedy with Dante’s ideas but to link the two when possible.

Position (4) goes in the direction of grouping multiple resembling information entities, e.g., transla-
tions, editions, arrangements, etc. under a common category. This interpretation presupposes therefore
the others; e.g., it assumes the possibility of analyzing the classified entities to grasp their similarities. As
said in Section 3, the definition of similarity criteria for literary or musical works is not straightforward.

According to position (1), information entities are non-physical entities that — in some interpretations —
must exist on at least one support. The IAO extends this view by identifying information entities with
abstract patterns and discarding meanings. We have seen that it remains challenging in this approach to
grasp the similarities between, e.g., multiple texts without reference to meanings. One may group the
texts under a common documentary entity but the similarity between the texts has to be established in
terms other than semantic ones.

In position (2), claiming that two or more texts — even in different languages — express the same infor-
mation entity means that they have the same meaning resulting from interpreting the texts in a certain
way (recall the reaction of Wilsmore (1987) to Goodman and Elgin (1986) presented in Section 2). The
ontological status of meanings is hotly debated (Speaks, 2018); refer to the papers of Bateman (2019)
and Sowa (2015) for some discussions in applied ontology. Also, it is debated whether the identity of
literary works depends on the meanings that were intended by their authors or whether one should also
consider — a la Thomasson (1999) and Shillingsburg (2010) — the meanings that a work acquires in the
context of a certain readership (Stecker, 2001). A well-known consequence of this latter position is the
proliferation of works for a single text, given that the same text can be interpreted in different (and not
overlapping) manners. Methods in linguistics like the segmented discourse representation theory (Asher
et al., 2003) may be useful to analyze the linguistic meanings of texts on the basis of rigours formal pro-
cedures in such a way to obtain interpretations that are intersubjectively shareable. Figurative meanings
remain however more challenging to be detected even in these approaches.

Although there are relevant differences between the positions (1)-(4), and some of them seem better
than others for specific modeling cases, they seem all relevant to make sense of the variety of information
entities found in applications. There are indeed scenarios where one wishes to distinguish between, e.g.,
multiple translations sharing the same content, in which case the distinction between expressions and
meanings could be better suited than an approach relying on expressions only. At the same time, there
are scenarios where reference to information entities as meaning may not be needed. For instance, one
may claim that two copies of Raphael’s fresco The School of Athens share a configuration of signs and
colors, in which case position (1) seems fine. A similar perspective has been adopted for the analysis of
computer programs and softwares, which correspond to patterns according to Wang et al. (2014).!°

It emerges from these latter considerations the ambiguous way in which information entities have been
treated in applied ontology. One and the same category is indeed used sometimes to capture the distinc-
tion between meanings and their encoding signs (as it is done in YAMATO and DLP), and some other
times to refer to the signs themselves (IAO). This is misleading since the understanding of information
entities as meanings needs to be clearly distinguished from the understanding of information entities
as signs. In our view, therefore, positions (1)—(4) are not competing and they find their place for the

19Musical works are sometimes conceived as abstract patterns (Dodd, 2008).
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ontological characterization of different kinds of information entities. Even reference to ideas (position
3) may be in fact useful (see comments above), and the notion of documentary entity (position 4) can be
well-suited to capture the similarities between multiple resembling works. It is however challenging to
fit these four positions and all kinds of information entities — from literary and musical works to docu-
ments, pictures, films, softwares, etc. — within a single, informative category.?’ An alternative approach
is to rely on a pluralistic framework that recognizes the presence of various kinds of information entities
and allows to model them according to different, and possibly related, modeling views. Further work in
this direction is needed.

6.2. Aboutness

We have seen that it can be useful to represent the relation between information entities and the
things to which they are about.?! For instance, one may want to say that John’s health-record is about
John’s blood pressure, that Mozart’s biography is about Mozart’s life, that a design model is about the
functionality of the desired but not yet fabricated product.

Considering these and other examples, an information entity (i) is not necessarily about entities that
are currently present and it can refer also to past entities (e.g., Mozart), and entities whose ontological
nature is fictitious (e.g., Dante’s journey through the afterlife); (ii) can be about a broad range of things
including (at least) — what foundational ontologies commonly consider as — objects (e.g., Mozart), qual-
ities (e.g., John’s blood pressure), events (e.g., Mozart’s life), and complex entities like situations (e.g.,
Mozart in a concert hall playing piano at a certain time); (iii) can refer to some entities but only par-
tially or from a specific perspective (e.g., John’s health record is only about his blood pressure taken at
a certain time with a specific measurement device); (iv) may lack reference altogether, as in the case
of a product to be fabricated. Alternatively, for this latter case, one may commit to possible entities; if
possibilia are excluded, being about should not be a necessary condition for information entities.

The intended meaning of aboutness is challenging to be characterized (Hawke, 2018; Yablo, 2014).
Eco (2016) argues that the aboutness of signs is a semiotic phenomenon grounded in the fact that agents
use signs to refer to certain things (see also the paper of Barton et al., 2020, for a similar position
in applied ontology). A sign, therefore, is about an entity only indirectly, namely, because there is an
agent who refers to that entity and uses the sign to make this reference explicit. This position is shared
by Smith and Ceusters (2015), too. Mediating the relation of aboutness between information entities
and their referents through agents can be also useful to make sense of the fact that information entities
refer to things from specific perspectives; e.g., when a physician creates an health record, she decides
what aspects of the patient to capture and what to exclude. Further research on the conceptualization of
aboutness is required.

6.3. Expression tokens
We have seen that ontologies conceive the expressions encoding information entities as sign-types

(with the exception of the IAO where information entities are sign-types); e.g., the text-type of the Com-
edy edited by Petrocchi as the text that is common to all its physical copies. However, applications in

20This modeling and classification effort is even more challenging if one considers the variety of works in the literary or
musical domains, including tales in the oral tradition and musical improvisations (Howell, 2002; Talbot, 2000).
2lWe interchangeably use the expressions to refer to and being about some thing.
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domains like cultural heritage require to model also sign-tokens, e.g., the typeface and physical dimen-
sions of specific characters (Cantone et al., 2019; Felicetti and Murano, 2017).2> A modeling approach
for sign-tokens is therefore required.

In the case of the IAO, sign-tokens are qualities, i.e., information carriers inhering in information
content entities’ supports. Differently, YAMATO treats sign-tokens as two-dimensional drawings, which
are ultimately physical objects. Similarly, Felicetti and Murano (2017) model sign-tokens through the
CIDOC’s class Man-Made Feature (E25), which is subsumed by both Physical Man-Made Thing and
Physical Feature (E26). Accordingly, a sign-token is a human-made entity which can exist if and only
if it is physically bounded to an (independent) object. Cantone et al. (2019) rely on CIDOC, too, for
the representation of epigraphies. Differently from Felicetti and Murano (2017), however, the authors
do not commit to the dependent nature of sign-tokens in terms of features. Instead, they use the more
general Physical Man-Made Thing CIDOC’s class. Finally, neither FRBR nor DLP explicitly represent
sign-tokens. Being based on CIDOC, FRBR( can easily adopt modeling patterns similar to Cantone et
al. (2019) and Felicetti and Murano (2017).

Both the quality-based and the object-based understanding of sign-tokens are interesting perspectives.
The first one can make sense of sign-tokens as particular patterns of, e.g., ink on paper. Further work
in this direction is required; some proposals in the applied ontology community for the modeling of
patterns have been presented by Galton (2018), Guarino (2013), and Masolo and Sanfilippo (2017).
The second approach (sign-tokens as objects) can straightforwardly make sense of the characteristics
commonly attributed to sign-tokens, e.g., colours, physical dimensions, and typeface, just to mention
some examples. The attribution of characteristics to tokens may be more problematic for quality-based
approaches, at least if qualities can not be further characterized by other qualities.

Finally, both Felicetti and Murano (2017) and the IAO conceive sign-tokens as dependent entities. This
is reasonable in our view to characterize the fact that, e.g., a character has to be related to a certain object
to exist. In the case of the IAO, an information carrier specifically depends on its support. CIDOC’s
features, on the other hand, only generically depend on supports. This latter choice results more flexible
for cases where the identity of a support changes without affecting the identity of (some of) its sign-
tokens; e.g., when the support of an epigraphy like a column is destroyed but the epigraphy is still found
in its entirety on some of the column’s fragments.

7. Conclusions

We presented a review of the state of the art in applied ontology for the treatment of information
entities. The ontologies have been compared with each other and with theories in domains such as the
philosophy of art, librarianship and literary studies, where notions similar to the ones used in applied
ontology are adopted. As a result, we have identified four different interpretations, namely, information
entities as (1) (specific types of) semi-abstract entities, (2) meanings, (3) ideas in someone’s head, and
(4) documentary entities useful for cataloguing purposes. We have seen that some of these interpreta-
tions are further restricted and sometimes even combined. For example, YAMATO combines the first
two, whereas the IAO extends the first one by both restricting information entities to sign-types and
avoiding reference to meanings. To the best of our knowledge, these four interpretations have not been

22We talk sloppily of characters here. The reader can refer to the work of Stokes and Meister (2012) for some insights on
paleography.
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clearly identified and compared in previous papers. Also, the variety of interpretations has brought some
confusion, since one and the same notion has been tacitly used to refer to different things.

On the basis of the analysis, we have discussed some open challenges for the ontological characteri-
zation of information entities. We have argued that the four interpretations are not competing and they
all find their place for representing different kinds of information entities. It may be indeed misleading
to adopt a monolithic approach based on, e.g., the understanding of information entities as meanings for
things like figures or softwares, for which a modeling approach based on the representation of (com-
plex) sign-types may be better suited. On the other hand, reference to meanings may be necessary for
representing verbal documents and literary works, among others, in such a way to distinguish a semantic
content from its text(s). We have therefore suggested to develop a pluralistic framework that distin-
guishes between the different positions found in the state of the art while modeling their inter-relations
in order to make sense of the variety of information entity kinds considered in application scenarios.

Future work on our proposal will cover further investigation about the notions needed to characterize
information entities, interpretation acts, meanings, (abstract) patterns, and the relation of aboutness
above all. Future efforts will also cover research and test cases about the representation of specific
information entity kinds. In principle, this study will lead to domain-specific formal representations and
will help in developing the general framework to handle multiple perspectives.
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