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Representing texts as LOD:

a Systematic Literature Review
Michela Bandini', Valeria Quochi?

ICNR Istituto di Linguistica Computazionale “A. Zampolli”, Italia - michela.bandini@ilc.cnr.it
2CNR Istituto di Linguistica Computazionale “A. Zampolli”, Italia - valeria.quochi@ilc.cnr.it

ABSTRACT

Despite the growing interest in publishing linguistic data as Linked Open Data, the publishing of ancient language corpora
for the Semantic Web is still challenging. This contribution describes a systematic literature review on the representation
of corpus data as Linguistic Linked Open Data, focusing especially on models and (data) granularity. Our goal is to gain
insights into the advantages and disadvantages of the different approaches. Here we present our systematic review
methodology and some initial results.

KEYWORDS

Linked Open Data; corpora; ancient languages; systematic literature review.

1. INTRODUCTION

A trend has gained increasing attention in the representation and publication of language datasets as Linked Open Data
(LOD), primarily for Knowledge Representation (KR) and Natural Language Processing (NLP) purposes. In recent times,
LOD and Semantic Web (SW) technologies have also captured the interest of digital humanists, with an expanding variety
of data sources being published as LOD. The vast majority of linguistic resources in the LOD cloud [5] are dictionaries,
lexica, thesauri, terminologies, and (controlled) vocabularies. There is a recent growing interest in publishing text corpora
as Linguistic LOD (LLOD) both in NLP and in Digital Humanities (DH) communities. Linked data, in fact, “allows better
data integration than existing models of linguistic data, due to the ecosystem of tools provided by the Semantic Web” and
“enable[s] better resource interoperability” [11: 315]. As part of an ongoing project on the digital representation of scholarly
knowledge about archaic languages and cultures, one of the main goals of the present contribution is to explore the
possibilities for representing and publishing corpora of ancient inscriptions (mostly available in XML TEI-Epidoc or in
database formats) as LLOD. We thus started with a systematic literature review on this topic. The review’s methodology
follows 3 generic steps, described in detail in the rest of the paper.

2. REVIEWING METHODOLOGY

Defining terms and questions of the research
This systematic review addresses works and projects in which text corpora are represented as Linked Open Data. We,
therefore, developed this review to understand:
e what are the most relevant works that have already attempted to transform - or represent - (text) corpora as LOD;
e what are the models and formats already in use by the digital humanities community to represent corpora as LOD;
e how can we classify projects according to the model used for representation, to the granularity of the representation
and to the purpose (or research sub-community).

Given the high number of studies and articles regarding the publication of data following LOD principles, we decided to
adopt a systematic approach to help us focus on relevant studies. We searched specific digital libraries, used seed keywords
and authors, and applied several criteria to filter the results to concentrate on the most relevant for our purposes. Figure 1
shows the workflow which explains the steps followed for the selection of works used in this review.
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Figure 1. Reviewing workflow

Defining criteria: sources, keywords/seed terms and authors

We mainly applied regular and advanced online searches on digital libraries such as ACL Anthology, DBPL, Google
Scholar, IEEE Xplore, and Semantic Scholar. We used 3 different seed keywords combined with other terms as reported
in Table 1. We opted for 2 groups of terms to be inclusive and relevant. Terms in the first group were considered seed
keywords (second column), main and generic words concerning core or general topics such as "Linked Open Data”, "LOD",
or "XML/RDF"; in the second group terms were related to more specific topics strictly linked with our project such as
“ancient languages” or “corpora”. The idea was to use a seed keyword combined with a more detailed term to gather
projects as relevant as possible to our interests. We, indeed, tried to broaden the research with a multi-term search using
words closely related to the main focus of our project. Other extra keywords, such as "POWLA" or "NIF", as well as seed
authors' were used for targeting known formats/models directly. The search conducted on digital libraries was also filtered
by date from 2000 up to today and by language (we only opted for English and Italian works). The results were sorted by
relevance? and/or by the number of citations (when possible). Whenever the number of results pages was high, we only
focused on the first 15 pages per search.

Linked Open Data LOD XML/RDF
ancient linked open data ancient LOD from XML RDF
languages languages
corpora linked open data corpora LOD transitioning XML RDF
edition linked open data edition LOD convert XML RDF
historical text  linked open data | historical text LOD corpora RDF
transform linked open data transform LOD conversion RDF

Table 1. Seed Keywords combinations

! These are authors strictly related to LOD works on corpora and are the most cited authors in articles about this topic.
2 Tt refers to the plug-in functionality of the respective digital libraries where it's possible to reorder search results by relevance or
pertinence.
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3. LITERATURE SCREENING AND ASSESSMENT

Screening for Inclusion

Title Reading. We focused on conference papers, journal articles, extended abstracts, dissertations, specific case studies,
and book chapters. For each search, we read through all the resulting titles and ignored all those papers which clearly were
not relevant (e.g. generic and theoretical papers related to topics such as what is LOD, the RDF format, etc.). All other
articles, 219, were passed to the next stage and saved in a dedicated Zotero library?>.

Abstract, introduction, and conclusion reading. We proceeded with the screening of the abstract, introduction, and
conclusion of the items saved in the Zotero library, to decide which ones were truly relevant for our research. At this stage,
we only included works that described some model or approach to represent or convert (possibly annotated) texts in
compliance with L(O)D principles, i.e. papers that even generically described the representation of textual data for the
Semantic Web. At the end of this step, we were left with 136 relevant papers, and excluded 83 papers which:
e illustrated general and theoretical topics (e.g. description of formats such as XML or RDF, etc.). Yet, we took into
account theoretical papers regarding corpora (e.g. state-of-art about POWLA [2] or Ligt [4]);
e provided not interesting works or not relevant topics (e.g. describing the process used in the digitization of data,
not related to LOD);
e provided a LLOD-compliant model or activity clearly not related to texts (e.g. OntoLex Lemon, SKOS, etc.?).

Deep reading. The remaining papers were skimmed through entirely to determine whether they were actually relevant.

LEINNT3

This time we also focused on specific keywords present inside the texts such as “XML”, “text”, “corpora” or “corpus”,
“sentences”, “books”, “manuscripts”, etc. We excluded another 59 articles which:
e did not target text-corpora, but rather corpus-derived data represented as lexicons, or CSV / TSV data.

e mentioned textual data, but in fact dealt with platforms, website implementation, or specific ontologies.

Quality and Eligibility Assessment

Full-article reading. Following the second screening, 77 articles remained for deep full-text reading aimed at further
assessing the quality and eligibility of the works and eventually excluded a few other non-relevant works. 12 relevant works
were theoretical papers on LOD representation models for texts. The rest focused on case studies or project-related works.
The assessment and analysis were performed independently by the authors of this paper, and disagreement was resolved
through discussion.

4. DATA ANALYSIS

The 77 remaining papers were analyzed and categorized based on two key criteria: the level of granularity in data
representation and the models and formats used for representing texts within the Semantic Web. Our primary goal was to
elucidate prevalent practices and identify trends in making annotated texts available on the Semantic Web. The discussion
below synthesizes the most significant findings from our analysis.

Granularity of the data representation. From the perspective of granularity representation of data, many surveyed papers
represent datasets at a document level, i.e. as bibliographic entities or cultural objects, without detailing the representation
of the textual data thereby contained, i.e. sequences of linguistic signs. For example, in the Mapping Manuscript Migrations
(MMM) project [9] manuscripts are represented as bibliographic entries, i.e. at metadata level (e.g. author, production
place, production data, language, etc.).

Most analyzed papers feature a “partial” representation of text contents as LOD, that is: only some predetermined extracted
text parts are represented as RDF triples, such as named entities or events, which are then linked to some external KB/KG.
For example, in [1] tokens are extracted from Arabic sentences and automatically mapped to DBPedia for generating
semantic triples as enrichments of the original text, with text documents and triple datasets remaining distinct.

In a few other projects, mainly those related to NIF and CoNLL-RDF, the representation is more granular. The Machine
Translation and Automated Analysis of Cuneiform Languages project (MTAAC project) [6], for instance, employs the

3 The exported and versioned dataset of the Zotero library discussed in this paper is available on Zenodo for reference and reproducibility
purposes. See https://zenodo.org/doi/10.5281/zenodo.10978178. The bibliographic entries within the library are categorized into
“relevant” and “not-relevant” works. All tags used for classification and analysis have been preserved in the exported dataset.

4 Yet, some papers were retained if they discussed projects or platforms that integrate various types of data, including text corpora; for
instance the LiLa: Linking Latin project [13].
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CoNLL-RDF [3] model to represent texts as LOD. In this context, the work is an example of the depth of the representation
we are interested in, which includes sentence offsets, tokens, morphological information and word order, as shown in
Figure 2, extracted from an actual example provided in [6: 2441]°. Within this LOD representation, the authors can
represent the cuneiform corpus providing details about the beginning and end of sentences, their components and words'
morphological information, and even the word's order thanks to specific CONLL-RDF attributes. To interpret the code
provided in the figure below, the sentence is defined with nif: Sentence, word is defined as a nif :Word, followed
by its con11 : WORD, other annotations in alphabetical order of their properties are provide, concluding with a nif:next
statement pointing to the next word in the sentence. The relationship between words and sentences is established by
conll:HEAD and conll:WORD. The attribute nif:nextSentence is used in case there are more sentences
following the one represented.

@prefix : <http://oracc.museum.upenn.edu/etcsri/Qe@e93s

@prefix conll: <http://ufal.mff.cuni.cz/conl120@9-st/task-description.html
@prefix rdf: <http://www.w3.0rg rdf-syntax-ns

@prefix terms: <http://purl.org/acoli/open-ie

@prefix nif: <http://persistence.uni-leipzig.org/nlp2rdf/ontologies/nif-core
@prefix rdfs: <http://www.w3.0rg rdf-schema

s2_0 nif:nextSentence :53_0
:s3_0 a nif:Sentence .

:83_1 a nif:Word; conll:WORD
terms:lemma <http://psd.museum.upenn.edu/epsd/epsd/e3356>; conll:BASE

conll:CF conll:EPOS conll:FORM

conll:GW g

conll:HEAD :s3_0; conll:ID conll:LANG conl1:MORPH
conll:MORPH2 conl1:NORM ; conll:POS conll:SENSE

nif:nextWord :s3_2

:83_2 a nif:Word; conll:WORD

terms:lemma <http://psd.museum.upenn.edu/epsd/epsd/ell66>; conll:BASE conll:CF conll:EPOS conll:FORM
conll:GW :
conll:HEAD :s3_@; conll:ID conll:LANG ; conll:MORPH conl1:MORPH2 conl1:NORM conll:POS

conll:SENSE
nif:nextWord :s3_3

:53_3 a nif:Word; conll:WORD "{d} conll:BASE "{d}

conll:CF conll:EPOS conll:FORM "{d}

conll:GW

conll:HEAD :s3_@; conll:ID ; conll:LANG conl1:MORPH :
conll:MORPH2 ; conlL:NORM conll:POS conll:SENSE

Figure 2. Example of CoONLL-RDF representation of textual corpora representation in MTAAC project

Lastly, the representation of linguistic corpora according to POWLA [2] generally also extends from sentence to token level
and can include linking to external resources to provide richer morphological and linguistic information. As shown in
Figure 3, in the LASLA corpus of the LiLa: Linking Latin project [7]°, the document has different layers of representation
to encode sentences and tokens. Specific properties are used to specify detailed information about the structure of the text,
such as the beginning or the ending of the sentences and their token order.

Models and Formats. Regarding this criterion, a number of surveyed works can be considered precursors to LOD
representation either because they predate the definition of LLOD or because they rely on customizations of the XML
formats, allowing direct use of RDF within TET documents by exploiting RDFa. In such cases, RDF triples are directly
encoded inline in the XML documents. For instance, the Diachronic Spanish Sonnet Corpus (DISCO) [16] makes use of
TEI /XML for the digital edition of poems by Spanish and Latin American authors from the 15th to the 19th century and
includes RDFa attributes to incorporate links to external metadata sources, such as VIAF and Wikidata for author
biographical information (e.g. birthplace, date of birth and death, profession). Figure 4 below displays a simplification of

3 This code-snippet is a re-elaboration of the provided in Figure 1 of [6: 2441].
6 This code-snipped is extracted from the “Catullus Catullis” text of the LASLA corpus represented in POWLA (lines 14-26; 39-48; 55-
58). See the project’s github repository for the full text code: http://lila-erc.eu/data/corpora/Lasla/id/corpus/CatullusCatullus
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the original XML representation used for the encoding of the DISCO’ corpus. As we can see, an RDFa layer is encoded
with different attributes: with the @typeOf attribute the domain of the properties is declared, with @property the

predicates of the RDF triple are defined, @about is used to represent the subject, while its IRI is added with
@resource.

http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus> a powla:Document
dc:title ;

http://purl.org/dc/terms/creator> <http://www.wikidata.org/entity/0163079

http://lila-erc.eu/data/corpora/Lasla corpus> powla:hasSubDocument <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus

http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/SentenceLayer> a
lila_corpus:CitationStructure;

dc:title C

dc:description tu € r ayer";

powla:hasDocument <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus

lila_corpus:first <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Sentencelayer/Sentence_1

lila_corpus:isLayer <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/SentencelLayer/Sentence_1
http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/SentencelLayer/Sentence_14
http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/SentencelLayer/Sentence_1

a lila_corpus:citationUnit

rdfs: label T -

lila_corpus:hasRefType 5

lila_corpus:hasCitLevel "1 xsd:int;

lila_corpus:hasRefValue

powla:hasChild <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Catullus_Catullus_Catul.BPN_t_0000001

http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Catullus_Catullus_Catul.BPN_t_0000002>,

[aeal

http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Catullus_Catullus_Catul.BPN_t_@000009->;
lila_corpus:first <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Catullus_Catullus_Catul.BPN_t_00eoeol
lila_corpus:last <http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/Catullus_Catullus_Catul.BPN_t_0000009
powla: http://lila-erc.eu/data/corpora/Lasla corpus/CatullusCatullus/SentencelLayer/Sentence_2

Figure 3. Example of POWLA representation of LASLA corpus in LiLa project

<person xml: lisco_1@0@n" abo lisco:100n" typeof="foaf:Person">
<idno

urce= tps://viaf.org/viaf/29108480" />
<persName type="full">
<forename p erty="foaf:give
<surname property="foaf:familyh
</persName>
<sex property="foat:gender E tent="F"/>
<birth>
<location>
<placeName>
<settlement property="schema:birthPlace">Marchena (Sevilla)</settlement>
</placeName>
</location>
<da‘te ) hema:birthDate ntent="1837 erts= 190 l'>
</birth>
<death>
<date proyf y chema:deathDate onten 1892 ert="high"/>
</death>
<listBibl rel=
<bibl
<title y
<title e="1in
</bibl>
</1listBibl>
</person>

>Antonia</forename>
e'>Diaz de Lamarque</surname>

2335 ypeof="schema:CreativeWork'>
>A Dios en la Eucaristia</title>
pert lc:alte ve'">Tu infinito poder en la armonia</title>

Figure 4. Example of TEI/XML-RDFa representation of bibliographical information in DISCO project

Other projects explicitly rely on domain-specific RDF models and/or vocabularies, such as CoNLL-RDF [3], used to
represent linguistically annotated natural languages. The MTAAC project [6] is a nice example of the application of this
model to represent linguistically annotated text as LOD. According to this first and broad analysis, this model can be

considered one of the most convenient solutions for representing textual data or sentences, given the detailed possibilities
in granularity representation.

7 This code-snipped is extracted from the DISCO project’s GitHub public repository (READ-ME section). See
https://github.com/pruizf/disco/tree/v2.1
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CoNLL-RDF was developed based on the NLP Interchange Format (NIF) [8], a stand-off representation model for the
integration of corpus data into the Semantic Web, especially devised to leverage NLP tools over L(O)D. [17], for example,
successfully employs it to convert and publish the “Manually Annotated Subcorpus (MASC) of the American National
Corpus” at a good granular level, as stated previously. However, it looks like this format is not very popular: we found
only one other work that exploits it [15]. As also stated in [10], there seems to be a sort of dispreference of NIF over other
solutions such as CoNLL-RDF, apparently because it does not provide sufficient support for the annotation of
morphological traits and for the internal structure of words. In detail, NIF is an RDF-based format for describing strings
in text documents, and its classes and properties are defined in the NIF Core Ontology. Figure 5 is a code excerpt
extracted from the NIF edition of the Brown corpus published in 2015 [10]%. As shown in the figure, the context, which
usually describes the whole document's text, is created with nif:Context. Then each node is associated with a
nif:String to represent a textual chunk, in our example: sentence (nif:Sentence) and words (nif:Word). For
each textual chunk, properties are assigned to provide information about its beginning and the ending, and the
representation of the actual string.

Several papers in our review, instead, represent linguistic corpora according to POWLA, an OWL2/DL vocabulary for
linguistic annotations based on the LAF ISO standard, made to support any kind of text-oriented annotation [2]. It is
exploited in many projects throughout the digital humanity community; we count at least 10 papers in our screening, 7 of
which however are about the LiLa: Linking Latin ERC project, which seeks to interlink and publish in a machine-actionable
way different Latin language data resources [12].

Other relevant projects do not adhere to any of the previously mentioned models and describe other, mostly custom or
proprietary, models and formats. For instance, the Poetry Standardization and Linked Open Data project develops a
specific ontology for the semantic representation of European poetry [14]. Other works, like the project Orlando: Women's
Writing in the British Isles Project [18], provide some solutions to partially convert XML documents to RDF.

http brown.nlp2rdf.org/corpus/a@l.xml
a nif:String nif:Context nif:0ffsetBasedString ;
nif:isString
xsd:string
nif:beginIndex xsd:int
nif:endIndex xsd:int
nif:sourcelUrl <http icame.uib.no/brown/bcm. html

http brown.nlp2rdf.org/corpus/a@l.xml
a nif:String nif:Sentence nif:0ffsetBasedString
nif:anchor0Of

xsd:string
nif:referenceContext <http brown.nlp2rdf.org/corpus/a@l. xml
nif:beginIndex xsd:int
nif:endIndex xsd:int

http brown.nlp2rdf.org/corpus/a@l.xml
a nif:String nif:Word nif:0ffsetBasedString
nif:anchorof xsd:string ;
nif:referenceContext <http brown.nlp2rdf.org/corpus/a@l.xml
nif:olialink brown:AT
nif:nextWord <http brown.nlp2rdf.org/corpus/a@l.xml
nif:sentence <http brown.nlp2rdf.org/corpus/a@l.xml
nif:beginIndex xsd:int
nif:endIndex xsd:int

Figure 5. Example of NIF representation of the Brown corpus

5. CONCLUSION

This contribution presented the initial results of a systematic literature review on models and representation formats of
linguistic textual data as LLOD. Although the interest in the task seems to be growing, in practice the actual adoption of
these practices remains limited, with few projects publishing linguistic text corpora as LOD. This raises concerns about the
reasons and their real-world viability or utility.

Our exploration of models and formats for LOD representation for linguistic corpora reveals a restricted range of existing
approaches. Three models, in particular, stand out as the most interesting and used: CONLL-RDF and NIF, which seem
to demonstrate their effectiveness in representing linguistically annotated corpora, especially within NLP; and the POWLA
ontology/model, which is a preferred choice in digital humanities projects, notably in the LiLa Knowledge Base.

8 The snippet in Figure 5 is taken from https://bpmlod.github.io/report/nif-corpus/index.html.
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Looking ahead, we plan to expand our review to include not only published papers but also datasets themselves, potentially
enriching our understanding of the field. Many datasets, as a matter of fact, may not be described in publications, but could
instead be available in discipline-specific or institutional data repositories, such as Zenodo and Research Infrastructure
repositories. This broader approach may provide a more comprehensive picture of how linguistic data is represented and
utilized in current research.
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