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Recent years have seen the proliferation of many digital
collections from all disciplinary fields that fall under the “big
tent” (Svensson, 2012) of Digital Humanities. The data within
them must be managed to be trustworthy, a goal usually achieved
through the addition of provenance information, i.e., contextual
metadata, primarily related to the identification of entities, such as
the agent for the production, the date for the action and the refe-
rence sources (Gil et al., 2010). Moreover, in many humanities di-
sciplines, truth loses its meaning without provenance since “truth”
is defined as a statement with sufficient supporting sources, direct
or indirect. As if this were not enough, sources may be at odds
with each other, and it is essential to keep track of such conjectu-
res (Barabucci et al., 2021; Daquino et al., 2022).

However, storing provenance information is not enough: ha-
ving mechanisms to track how the metadata related to cultural ob-
jects change is crucial to promote the trustworthiness of the data.
Indeed, such data evolves due to either the natural evolution of
concepts or the correction of mistakes, and the latest version of

knowledge may not be the most accurate. Representing such in-
formation in RDF is still an open challenge. In fact, the founding
technologies of the Semantic Web – namely SPARQL, OWL, and
RDF – did not initially provide an effective mechanism to annotate
statements with metadata information. This limitation led to the
introduction of numerous metadata representation models, none
of which succeeded in establishing itself over the others and be-
coming a widely accepted standard to track both provenance and
changes of RDF entities.

In this work, we present a systematic review of the representa-
tion models for provenance in RDF. The aim of our analysis is
not to suggest a particular model, but rather to present the land-
scape of possible models to guide an informed choice. In order to
conduct the review, we adopted a citation-based strategy (Figure
1), also known as “snowballing” (Wohlin, 2014), which consists
of exploding the bibliography from a seed paper (Lecy & Beatty,
2012), which was (Sikos & Philp, 2020).

Figure 1. The snowballing procedure for conducting our systematic review

To date, the only W3C standard syntax to annotate the proven-
ance is RDF reification (Manola & Miller, 2004) and is the only
one compatible with all RDF-based systems, i.e., with every tri-
plestore and software to process RDF data. However, there are se-
veral deprecation proposals for this syntax (Beckett, 2010), due to
its poor scalability.

Different approaches have been proposed since 2005, varying
in semantics, tuple typology, standard compliance, dependence
on external vocabulary, blank node management, granularity, and
scalability (Sikos & Philp, 2020). Three categories of solutions
can be identified:

•   Encapsulating provenance in RDF triples: n-ary relations
(W3C, 2006), PaCE (Sahoo et al., 2010) and singleton pro-
perties (Nguyen et al., 2014).

•   Associating provenance to the triple through RDF quadruples:
named graphs (Carroll et al., 2005), RDF/S graphsets (Pedia-
ditis et al., 2009), RDF triple coloring (Flouris et al., 2009),
nanopublications (Groth et al., 2010), and conjectural graphs
(Daquino et al., 2022).

•   Extending the RDF data model: Notation 3 Logic (Ber-
ners-Lee, 2005), RDF+ (Dividino et al., 2009), SPOTL(X)
(Hoffart et al., 2013), annotated RDF (aRDF) (Udrea et
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al., 2010; Zimmermann et al., 2012), and RDF* (Hartig &
Thompson, 2019).

Besides, a wide range of ontologies and vocabularies represent
provenance information, either upper ontologies, domain ontolo-
gies, or provenance-related ontologies.

•   Upper ontologies: Proof Markup Language (da Silva et al.,
2006), Provenance Ontology (Gil et al., 2010), and the Open
Provenance Model (Moreau et al., 2011).

•   Domain ontologies: SWAN Ontology for Neuromedicine
(Ciccarese et al., 2008), Provenir Ontology for eScience
(Sahoo & Sheth, 2009), and PREMIS for archived digital ob-
jects (Caplan, 2017).

•   Provenance-related ontologies: Dublin Core Metadata Terms
(Board, 2020), and the OpenCitations Data Model (Daquino,
Peroni, et al., 2020).

Table 1 compares the metadata representation models mentio-
ned above. Most of these solutions do not comply with RDF 1.1
(i.e., RDF/S graphsets, N3Logic, aRDF, RDF+, SPOTL(X), and
RDF*), are domain-specific (i.e., Provenir, SWAN, and PREMIS
ontologies), rely on blank nodes (n-ary relations), or suffer from
scalability issues (singleton properties, PaCE).

Despite being incompatible with RDF 1.1, it is worth mention-
ing that a W3C working group has recently published the first draft
to make RDF* a standard (Gschwend & Lassila, 2022). RDF* em-
beds triples into triples as the subject or object. Its main goal is to
replace RDF Reification through less verbose and redundant se-
mantics. Since there is no serialization to represent such syntax,
Turtle*, an extension of Turtle to include triples in other triples
within << and >>, was also introduced.

Table 1. Advantages and disadvantages of metadata representations models for
RDF. A glossary of the acronyms can be consulted on Zenodo (Massari, 2023).
The table was expanded from the one in (Sikos & Philp, 2020)

Approach Tuple type RDF comp-
liant

SPARQL
compliant

RDF seria-
lisations

External
vocabulary

Scalable Conjectures

Named
graphs

Quadruple yes yes TriG, TriX,
N Quads

no yes no

RDF/S
graphsets

Quadruple no no TriG,
TriX, N
Quads

no yes no

RDF triple
coloring

Quadruple yes yes TriG, TriX,
N Quads

no yes no

N3Logic Triple
(in N3)

no yes N3 N3 Lo-
gic

Vocabu-
lary

yes yes

aRDF &
Annotated

RDF
Schema

Non-
standard

no no no no yes no

RDF+ Quin-
tuple

no no no no yes no

SPOTL(X) Quin-
tuple/sex-
tuple

no no no no Depends
on imple-
mentation

no

RDF* Non-
standard

no no Turtle*
(non-stan-
dard)

no yes yes

PaCE Triple yes yes Turtle,
N-Triples,
RDF-JSON,
JSON-
LD, RDFa,
HTML5 Mi-
crodata

Provenir
ontology

no no

Singleton
property

Triple yes yes RDF/
XML, N3,
Turtle, N-
Triples,
RDF-JSON,
JSON-
LD, RDFa,
HTML5 Mi-
crodata

Single-
ton property

no no

Conjectural
graph

Quadruple yes yes TriG, TriX,
N Quads

Conjectural
property

no yes

To date, named graphs (Carroll et al., 2005) and the Provenance
Ontology (Moreau & Missier, 2013) are the most adopted approa-
ches to attach provenance metadata to RDF triples. For example,
mythLOD uses named graphs to map the provenance of artworks
(Daquino, Pasqual, et al., 2020). On the one hand, Named Graphs
are widespread because they are compliant with RDF 1.1 and can
be queried with SPARQL 1.1; they have several serialization for-
mats (i.e., TriX, TriG, and N-Quads), and are scalable, i.e., do not
lead to triple bloat. On the other hand, the Provenance Ontology
was published by the Provenance Working Group as a W3C Re-
commendation in 2013, meeting all the requirements for proven-
ance on the Web and collecting existing ontologies into a single
general model.

The OpenCitations Data Model (OCDM) (Daquino et al., 2020)
represents provenance and tracks changes in a way that complies
with RDF 1.1. It relies on well-known and widely adopted stan-
dards such as PROV-O (Lebo et al., 2013), named graphs, and
Dublin Core (Figure 1). According to OCDM, one or more snap-
shots are linked to each entity, storing information about that re-
source at a specified time point. In particular, they record the va-
lidity dates, the primary data sources, the responsible agents, a
human readable description, and a SPARQL update query sum-
marizing the differences to the previous snapshot. Therefore, each
snapshot is linked to the entity it describes and to the previous
snapshot.

Annotation frameworks for RDF provenance. The edges represent a membership
relationship, while the bold type and red circling highlight the syntaxes we focus
on this contribution

We believe that understanding the complex landscape of models
for adding metadata to RDF triples is essential for building digital
collections that properly handle provenance and change-tracking.
This aspect is crucial in order to build a reliable scholarly research
in the Digital Humanities field.
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