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Abstract

Although open tools for manual text annotation and the creation of lexical resources have
been available for some years, there is currently no integrated tool that allows, within the same
environment, annotating a text corpus, building a computational lexicon, and linking linguistic
annotations to lexical elements. For this reason, we have developed Maia, an open and
collaborative web tool based on semantic web and linked open data technologies for text
annotation, e-lexicography, and lexical linking, primarily designed and developed for use by
digital humanists. This article presents the first version of Maia, describing its functionality, and
outlining its software architecture and development prospects.

Keywords: text annotation, e-lexicography, lexical linking, computational lexicons, linguistic
resources, Linguistic Linked Open Data, OntoLex-Lemon, Maia.

Sebbene da alcuni anné siano disponibili strumenti “gpen” per l'annotazione manuale def festi e la creagione di
risorse lessicali, ad oggi non esiste uno strumento integrato che permetta, allinterno del medesimo ambiente, di
annotare un corpus festuale, costruire un lessico computagionale e collegare le annotazioni linguistiche agli
elementi lessicali. Per questo motivo, abbiamo sviluppate Maia, uno strumento web aperto e collaborative basato
sulle tecnologie del web semantico e dei linked open data per I'annotagione di testi, la lessicografia digitale e il
“lexcical linking”, progettato e sviluppato principalmente ad uso degli umanisti digitali. Ouesto articolo presenta
la prima versione df Maia, descrivendone le funzionalita e delineandone I'architettura software e le prospettive di

sviluppo.

Parole chiave: annotazione del testo, lessicografia digitale, lexical linking, lessici
computazionali, risorse linguistiche, Linguistic Linked Open Data, OntoLex-Lemon, Maia.

1. Introduction

Text annotation and lexicon construction can be powerful allies for digital humanists: the
possibility of combining the activity of annotating text and the construction of lexical resources
in a synergetic action can open up unprecedented research perspectives. From the point of
view of textual analysis, annotations act like digital breadcrumbs, allowing researchers to mark
up specific elements (structural, thematic, semantics) within a text. This empowers them to
build complex relationships between these elements, leading to richer analyses of the text’s
meaning and structure. At the same time, on the lexicon construction front, by identifying and
grouping frequently occurring words or phrases, researchers can create custom dictionaries
specific to a time pedod, genre, or author. This unveils unique patterns in language use,
offering insights into cultural trends, social attitudes, and even individual writing styles.

Together, text annotation and lexicon construction become more than the sum of their parts.
Annotated texts become training grounds for building robust lexicons, which in turn can be
used to refine annotations across a wider range of texts. This cyclical process fosters a deeper
understanding of the historical, social, and cultural contexts reflected in language.

In this paper we introduce Maia, an integrated tool that allows, within the same environment,
corpus annotation, lexical resources construction, and the linking of annotations with elements
belonging to the lexicon. While Maia is designed to annotate a text with arbitrary information,
special attention has been given to annotations that involve assigning references to linguistic

entities described within a computational lexicon ([16]).
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Just as the task of “entity ].i.nkj.ng”l involves annotating a portion of text with a reference to an
entity belonging to a knowledge base, or the task of “semantic annotation™ ([23]), sometimes
also referred to as “lexical annotation” ([4]), involves assigning to a word a reference to a
meaning (usually a synset of WordNet? or Babe].Nets), what we define as “lexical linking” in
this context is linking words in the text to linguistic entities (lemmas, forms, senses, etc.)
encoded within a computational lexicon of reference.

The motivation that led to the realisation of Maia stems from the numerous requests received
by the authors of this paper in the context of various digital humanities projects to develop an
integrated environment combining text and lexicon. In fact, as described in Section 2, the
currently available tools tend to focus either only on annotation or on the construction of
lexical resources.

Maia is intended to support a scholar (or a team of scholars, in a collaborative way) in the
construction of linguistic resources from scratch (annotated corpora, lexicons, corpora linked
to lexicons), as well as for the manual review of resources produced automatically by
algorithms, such as linguistically analysed texts with NLP systems or lexical resources (usually
terminologies or underserved language thesaurd) built semi-automatically from texts ([13]),
([30]). All the details about the functionalities of Maia will be provided in Section 3, where they

will be introduced, step by step, with the help of some examples.

From a more technological perspective, the tool was developed to be flexible, extensible and
modular, and this criterion was reflected both in the design of its software architecture and in
the choice of reference models for the representation of linguistic data. As described in Section
4, the chosen reference paradigm for data representation is Linked Data ([3]), which is
inherently based on the reuse of existing data and vocabularies and lends itself naturally to
resource sharing. Another criterion that guided the development of Maia was adherence to
“openness™ policies, both in the selection of software components used and in the open
licences under which the tool was released. Maia’s code and the relative documentation can be

found on GitHub.‘dr A demo of Maia has been made available on]j.ne.5

Although in this article Maia is presented as a system for text annotation, lexicons construction
and lexical linking, further developments are already underway that include the addition of a
module for ontology construction (through which lexical senses can be linked to formal
concepts) and other extensions, as summarised in Section 5.

2. Related Works

Many tools are available to support the construction of linguistic resources, but, to the best of
our knowledge, there is a lack of instruments that integrate, in a unified environment, text
annotation and the management of lexical and terminological data. In this section, we examine

2 https:/ /wordnet.princeton edu/
3 https://babelnet org/

4 https:/ /github.com,/klab-ilc-cnr /Maia

3 https://Klabilc.cor it /maia-demo (user: demo, password: demoversion2024)
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some of the existing applications. A brief comparison between Maia and each of the tools
mentioned is also provided. For this review, we considered only free and open-source
applications.

2.1. Tools for text annotation

The first software we examined is INCEpTION ([14]) _,6 one of the most widely used tools for
text annotation. INCEpTION inspired Maia for many text annotation functionalities, in
particular for its structure based on “layers”, “features”, and custom tagsets. INCEpTION
allows the import of a “Knowledge Base™ or the creation of one within the tool; this feature is
envisaged in future developments of Maia (cf. Section 3), however, being more focused on the
representation and management of linguistic data, Maia allows the creation of a lexical resource
within it whose elements can be linked to the text by means of annotations (cf. 3.3). For
corpus management, INCEpTION allows the import of texts in various formats (including
CoNLL and PDF) whereas Maia currently handles “plain™ texts which, however, can be
marked up intemally and organised into subcorpora (cf. ibid.).

Another popular annotation tool is GATE Teamware ([27]), belonging to the GATE toolkit.”
It integrates with the language processing and information extraction applications of the toolkit
itself. Teamware allows linking to ontological resources within the same environment, which,
however, cannot be edited. Similar to INCEpTION, Teamware handles the corpus as a flat list
of documents and does not consider an internal text structure. Annotations are based on
“XML schemata™ that must be loaded as XML files: Maia, on the other hand, allows the

creation and description of complex annotation layers directly within the tool.

In the same category of tools, we mention Doc(:ano_,3 which is also multi-user and multi-role.
Doccano allows the import of plain texts, JSON and ConlL formats. Even in the case of
Doccano, however, there is no provision for defining an internal text structure or organising
the corpus into subcorpora. Unlike INCEpTION and Teamware, Doccano does not allow the
definition of complex annotation levels, but uses “labels”. For this reason, the possibility of
linking annotations to internal or external resources is completely lacking.

Another tool worth mentioning is CophiEditor ([28]). Like Maia, it is a collaborative, multi-
user, multi-role, web-based tool with a customizable layout. It is oriented towards tasks related
to the creation of digital scholarly editions, allowing for the editing of texts (with editorial
consistency checks), the creation of a critical apparatus, and TEI/XML export. Regarding

annotation, CophiEditor is based on the principle of “Domain Specific Languages™ ([29]).

The last tool we mention is CA’IZ\-L—X,Q conceived by its authors “to emulate the flexible
workflows of hermeneutic text interpretation”. In CATMA, annotations are organised by
“tags”, which can be structured in hierarchical “tagsets”. However, unlike the way Maia
describes layers through “features”, it is not possible to equip annotation tags with distinctive
attributes that go beyond the mere label, just as is the case in Doccano.

6 https:/ /inception-project.github.io/
7 https://gate acuk/download /#latest
8 https://github.com/doccano /doccano

9 https://catma de/
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2.2. Tools for lexicons creation

Focusing on applications for lexicon editing, we firstly mention LexO ([2]),10 a collaborative
web-based editor based on the OntoLex-Lemon model (cf. Section 4.1.1). A substantial part of
Maia’s lexicon editing interface is inspired by LexO (cf. 3.1) and the services for storing and
processing lexicon data are based on the LexO-server module (cf Section 4.1.2).

To the best of our knowledge, the only other two open-source tools available for the creation

of lexicons in the Linked Data framework are VocBench ([24])11 and LiFE ([23]). VocBench is
a collaborative web editor for RDF resources. Unlike Maia, which is based on a specific model
and is designed for users who are not experts in semantic web technologies, VocBench places
the responsibility for the correct use of the adopted vocabulary classes and properties on the
user, in order to provide maximum freedom of choice and action.

LiFE!? is a more recent tool, conceived for the creation of a unified environment for

13 nd

managing linguistic data collected from the field (lexicon, interlinear glossed text
associated multimedia content) to create lexicons based on the OntoLex-Lemon model. It also
provides a pipeline for the automatic extraction (and contextual POS-tagging) of snippets of

texts.

In the context of field investigations in linguistics, a widely used tool is FieldWorks Language

Explorer (FLEx) 14 for the organisation and analysis of linguistic data, represented within it in
XML. Unlike Maia, it does not follow a Linked Open Data-oriented approach, but it does
allow for the management of lexical data and its association with texts. In FLEx, the lexicon is
managed as a set of entries ordered in tables that list form, lemma, gloss, and grammatical
category, which can be converted into a dictionary entry view. For corpus management, unlike
Maia, FLEx automatically annotates texts entered into the system based on the lemmas present
in the lexicon and their related information, such as POS, glosses, and morphemes.

Furthermore, defined as a “Dictionary Writing System”, Lexonomy ([17])15 is a tool developed
as part of the Horizon 2020 ELEXIS infrastructure for lexicography.

This tool is based on the TEI-Lex-0 model,16 in a format compliant with OntoLex-Lemon.
Lexonomy, for which an online instance is available upon registration, allows for the creation
of monolingual and bilingual dictionaries. In this sense, Lexonomy differs from the previously

10 https: //github.com/andreabellandi/TexO-lite

1 https://vocbench.uniroma2 it/

12 For the alpha version, cf. https: { {g]thub com {un:fegltece]lp /life. A video demonstration is here:
: a be. :

13 Interlinear glossed text represents a type of notation frequently used in linguistic research,
charactensed by the alignment between morphemes and corresponding grammatical values, cf.

(fe])
4 https://software sil org/fieldworks

15 https:/ /www lexonomy.eu

16 TEI-Lex-0 ([21]) is technical specification and 2 set of community-based recommendations for
encoding machine-readable dictionaries, with a mapping on OntoLex-Lemon
(https://github.com/elexis-eu/tei?ontolex), and developed in conjunction with the revision of the

ISO LMF standard ([20]).
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mentioned tools, as it is designed to create dictionaries rather than lexicons. Maia, as will be
illustrated in Section 3.1, allows for the construction of both lexicons and dictionaries.

3. Maia: what it is and how it works

At its current state, Maia is a collaborative web tool that allows the creation of a lexical
resource (also represented in the form of a dictionary), the constitution of a textual corpus, the
multi-layered annotation of text, the visualisation of KWIC concordances, and the linking of
annotations to lexical entities.

The collaborative nature of Maia is implemented first and foremost through multi-user access.
New users can be added from a dedicated administration panel, and each user can define one
or more “‘workspaces”, where they can organise the layout of the various windows and the
management of the various resources to their liking. Workspaces can be created in a dedicated
panel that displays the list of existing workspaces, with the typical CRUD functionalities

exposed.l?

A workspace is a modular and flexible environment in which the functionalities available from
the menu are displayed following the same policy as desktop windows on personal computers.
Each panel can be positioned and resized according to the needs of users, and the chosen
configuration will be saved upon exiting the workspace to be presented again upon the next
access. Such a solution has been chosen to cover the widest possible range of use cases,
allowing work on multiple resources in parallel and from different perspectives. In the
remainder of this section, as the various functionalities of Maia are introduced and described,
an example of workspace construction will be shown.

In general, panels used in Maia fall into two categories: exploratory panels, handling CRUD
and navigation functionalities, and therefore appearing in a single instance per workspace;
detail panels, expanding individual resources (whether texts, dictionary or lexical entries) and
allowing their consultation and processing. In this case, it is possible to have multiple detail
panels of the same type as long as they refer to different resources (for example, to parallelize
the annotation of two texts).

In this chapter, the data for exemplifying the functionality of the system are taken from the

“pilot” project oeaBO - “Vocabolario di Boccaccio Online”, '8 which aims to describe the
P Proy >

lexicon of Giovanni Boceaccio’s vernacular works starting with the Decameron.

3.1. Lexicon and Lexicographic Resource (Dictionary)

Maia allows for the creation of both a computational lexicon (Lexicon), based on the
OntoLex-Lemon data model (cf. Section 4.1.1), and a dictionary (Lexicographic Resource),
based on the data model of OntoLex-Lemon’s lexicographic module (ibid.). There is a close
dependency between these two objects, the Lexicon and the Lexicographic Resource, which

17 CRUD stands for Create, Read, Update, Delete

18 For a short presentation of VocaBO project, cf.
https:/ /www treccani it /magazine /lin italiana /speciali/VocaBO /2 Pamni html
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can be briefly explained as follows. The Lexicon consists of a set of Lexical Entry objects that
refer to their respective Forms and Lexical Senses; the Lexicographic Resource, on the other
hand, is composed of Entry (or lexicographic entry) objects that point to the Lexical Entry
(which can be seen as “lemmas” in the context of a dictionary) defined by the Lexicon. Thus, it
is clear that the elements of the Lexicon represent the components of the Lexicographic
Resource (Figure 1). These two objects will be explained in detail below, starting with the

Lexicon.

Lexicographic
Resource

LexicographicResource
> Entry

dc:language entry J]

LexicographicComponent

describes subComponent

Y L

ontolex:LexicalEnt 1 ey
TY | ontolex:sense |ONtolex:LexicalSense

A
i restricted"l'/ \usageExampre

lime:Lexicon FormRestriction UsageExample

Lexicon

— Object property
—{> rdfs:subClassOf

Figure 1: The OntoLex-Lemon Lexicographic data model.
(source: https:/ /www.w3.org/2019/09/lexicog/#lexicography-module-lexicog)

3.1.1. Lexicon

Within a workspace, the Lexicon is managed through two panels: an exploratory panel,
“Lexicon Explorer”, and a detailed panel, “Lexicon Editor”, for the description of lexical
entries. The “Lexicon Explorer” panel provides the user with typical lexicon-related CRUD
operations. When creating a lexical entry, the system guides the user in entering a minimum set
of information.
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LEXICON EXPLORER O A _BX

00 an
New lexical entry X
o}

Language * Label *
Filters
+ t v rubare
Part of speech * Type *
% cambiatoren, verb v word v
WV Cipressonoun verb Q m
.
v torm (1) main verb
1 I
cipressi@it plain verb
prepositional adverb
v sense (1

pronominal adverb
Albero semprever

adverb

verp

Figure 2: “Lexicon Explorer” and the entening of a Lexical Entry

As an example, we insert rwbare (to steal); in this case, we declare that it is an Italian lexical

entry of type Werd (and not, for example, 4ffixc or ﬁfﬁfr‘i—;wrd),lg categorised as a verb (Figure
2). Indicating the language of the entry is particularly important because the system supports
the creation of multilingual lexicons.

The different lexical entres are displayed using a filterable tree structure, in which each entry
constitutes the root and its subnodes are the list of forms and senses associated with it. A
processing status (“working”, “completed”, and “reviewed”) is displayed for each entry, which
is useful for its management within a multi-user platform with role division.

For each lexical entry, it is possible to access the relevant instance of the “Lexicon Editor™ in
which we find its subtree on the left and a tab system on the nght, the content of which
depends on the element selected in the subtree. The subtree has two functions: on the one
hand, it allows navigation between the lexical entry, its forms and senses; on the other hand, it
allows the creation of new forms and senses related to the lexical entry itself. All element types
displayed in the detail panel have a “Metadata™ tab containing context information such as date
and author of creation and any notes.

¥ The morphological and semantic description of Lexical Entries of the “Affix” type is delegated
to the user and, being similar to what 1s expected for “Word” entries, does not require special
treatment. The management of entries of “Multi-word” type, however, will be made possible once
the OntoLex-Lemon “Decomposition module” will be integrated (cf. Section 4.1.1.).
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For a lexical entry, “Lexical Entry” and “Relations™ tabs are available. The first of these allows
manipulation of a basic set of information (such as processing status and the POS), but also
more complex information such as “See also™ references to other lexical entries. In this case it
is possible to create links not only between internal lexical entries, but also to insert a link to
external lexicons through the entry of a valid identifier. The “Relations™ tab, on the other
hand, allows you to indicate different categories of relationships (e.g., homography), direct or
indirect, with other entries in the lexicon.

Lexicon EDITOR - RUBARE © A _M[BXxX

W rubare ey 2 & Ferm  Metadata b

v form (13) °

. Last update: May 17, 2024, 12:41.:00 PM
ruba@it - :

Part-of-Speech Type

rubando@it 2

L other form w
ubano@it =
ubar@it 2 Representation 9
ubarci@it .

B writtenRep

rubare@it 2 ruba
rubarlo@it 2
ubarono@it a Moerphelogical traits (p
rubaste@it 4

mood e ndicative ~ X
ubata@it 3

tense b present hd X
rubato@it 2
uberanno@it 2 erson v third person ~ X
rubod . .
ubo@it - number W singular v x

sense (0 °

Figure 3: “Lexicon editor” for Form editing

The “Form™ tab (Figure 3) allows the user to detail not only the relative written representation,
but also to describe its set of morphological features. The editing of Lexical Senses is possible
through two tabs: “Sense”, which collects the different elements of defining a sense (definition,
description, examples, ctc) and “Semantic Relations™, which instead allows for defining
semantic relations of the sense under consideration with senses of other lexical entres.
Regarding the relations categorised here as indirect, it is also possible to specify additional
information, such as a confidence, comment or note.

For example, if we consider the meaning “impossessarsi, in modo illecito ¢ in particolare violento, di
quanto appartiene ad alir” (“to take possession, illicitly and particularly violently, of what belongs
to others”) for the Lexical Entry rwbare, we can specify a synonymy relation between this and
the meaning “impossessarsi, in modo illecito e di nascosto, di o6 che appartiene ad altr” (“to take
possession, illicitly and secretly, of what belongs to others™) for imbolare (Figure 4). Such
explicitly stated relations give rise to an onomasiological network (Figure 3).
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LExICOM EDITOR - RUBARE
W Tubare . a2 & Sense antic F ! Metadata
> ©
v sense (4 ° Direct Sense Relations e
Impossessarsi, in modo .. 2 -
Derubare qualcuno di 2 Iy
Depredare un go = ! . ! b L
R
Rapire una donna sottr a Indirect Sense Relations e
Figure 4: “Semantic Relations™ tab
Lexscom EDITOR - RUBARE CA_MAX
]
Lemcrn Eniee - nasca ke
' © P -
Direct Sense Rel :
i ° L] ) o
S 2 " Divext Sense Relutcns. )
! : & - Imibodaredic L
. * - x a "
Indbrect Sense Relations. a &

Ingivaet Sance

Figure 5: Example of semantic relations between two lexical senses

3.1.2. Lexicographic Resource

D A_MmX

CAa_MBX

As with the Lexicon, the Lexicographic Resource (which in Maia is called the “Dictionary™) is

managed via two panels: the “Dictionary Explorer”, for CRUD operations, and the

“Dictionary Editor”, with which to describe the Entries.

The “Dictionary Explorer” panel allows for the creation of two types of entres: the first type

is a “full” lexicographic entry, which has associated lexical entries (lemmas) as its components;

the second type is a “reference” entry, which lacks any components and refers to a full
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lexicographic entry. Figure 6 shows the creation of the lexicographic entry /nzolare, composed
of the lexical entry (lemma) fmbolare, previously created at the Lexicon level (cf. 3.1.1).20

DicTIONARY EXPLORER O A m v

o @ Add new entry X
Language * Name *
o]0} - -
it A involare

t Filters o Full entry Referral entry

Define lemmas 0
% cambiatore .,

Lemma * POS * Type
Vv cipresso o,
imbolare verb W word v X

cipresso@it noyn
v gigliato .,

gigliato@it noun
hd grasta commonhoun ‘ ﬁ e l

arasta@it enmehicnn - -] h

Figure 6: Creation of a lexicographic entry

As in the “Lexicon Explorer”, the “Dictionary Explorer” also features a tree representation,
where Entries constitute the parent nodes and Lexical Entries are the leaves. For each Entry
node corresponding to a full entry, it is possible to add additional components later. Each node
allows you to display the editor corresponding to the element for the detailed information
compilation.

The “Dictionary Editor” aims to describe an entry, not only by compiling its basic information
but also by providing functionalities such as sorting of meanings (Lexical Sense) or displaying a
print preview.?!

20 In this case, it can be noted that the label of the lexicographic entry, involare, 1s formally distinct
from that of the lemma that composes it, imbolare: while the contemporary Italian standard is
adopted for the entry, the lemma respects the forms with “imb-" attested in Boccaccio’s
Decameron (reference corpus) and displayed alphabetically in the “Lexicon Editor” mn Figure 5.

21 This panel is, at the time of writing, under development.
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3.2. Search and KWIC Visualization

Maia features a “Search™ panel with KWIC (Keyword In Context) display of results. The
functionality is available in a prototype version, which will be enhanced in subsequent updates.

The “Search” panel allows for searching by form within the corpus present in Maia (cf. 3.3), or
on a subset of it, with the possibility to set the width of the displayed left and right contexts.
For instance, we can search for all occurrences of imbolare in the text of the Decameron with
contexts of 5 tokens to the left and right of the keyword (Figure 7).

SFARCH A _M[X

f context length 5
Decameron i m lemma (1 imbolare
—)

Index  Text Ref Left context KwWic Right context
Decameran V.10.29 casa del prestatore essere per imbolare  entrato; per che il
2 Decameran . Ruggieri era stato preso a imbolare in casa de’ prestatori;
1 Decameran VilLG.S Buffalmacce: «Vogliangli nol imbolare stanotte quel parco?s
1 Decameron Va3 crediate che noi andiamo a imbolare ma noi andiame in
3 Decameran X594 erano la notte andatia imbolare col furto fatto andarono
Elements 1 to 5 for a total of 5 dlements 1 10 v

Figure 7: “Search” of form “imbolare” in the Decameron

The obtained occurrences can be further filtered using the fields in the table header.
Additionally, from each occurrence, it is possible to navigate to the corresponding point in the
text (cf. next section).

3.3 Text Annotation and Lexical Linking
The “Corpus Explorer” (exploratory) and “Text” (detail) panels are dedicated to text corpus

management and text annotation, respectively.
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Upload file

Select file *

Choose File Commedia.txt

Uploader type Split on new line
plain-text »z ()
Select folder *
Dante X v

Check that the file uses UTF-8 encoding

Cancel Confirm

Figure 8: “Corpus Explorer” and upload of a text

The “Corpus Explorer” displays text resources in the manner of a file system, as a collection of
folders and files that may be nested. The panel provides CRUD operations, allowing the user
to expand the project corpus with new documents. In this initial phase, the loading of text files
(.txt) encoded in UTF-8 is supported (Figure 8), possibly marked with logical divisions (for
example, the text of the Decameron is typically marked according to the “Giomata”, “Nowvella™
and “Paragraph” structure). These divisions are used to facilitate navigation within the
document (Section 4.2). During uploading, it is also possible to specify whether the line
division should be based on line breaks.

A text uploaded to Maia can be annotated at various levels of granularity based on three key
elements: Layer, which represents the annotation level and collects information describing the
same aspect; Feature, a property associated with a layer describing its characteristics; Tagset, a
set of predefined values that can be associated with a feature. The definition of these three
types of elements is left in the hands of the users, through the two dedicated panels “Layer”
and “Tagset”.

For each layer, one or more features can be defined falling into the following categories: String,

Tagset, U'RI,22 Lexical Entry, Form, and Sense. If String-type features allows annotation with
any textual content, selecting the URI type restricts the range of valid values to URIs, typically
used to refer to some extemal resource. Similarly, when selecting the Tagset type, it needs
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specifying which one of the previously defined Tagsets is to be associated with the feature: its
values will constitute the set of valid values for that attribute. Of particular importance are
features of Lexical Entry, Form, and Sense types, as they realise the first level of lexical linking
between the text annotation component and the construction of a lexical resource (cf. the
previous section). This type of feature allows for linking a portion of text to an element from
Maia’s Lexicon.

If we consider the case of the Decameron, we may want to define two annotation layers which
we'll call Semantica (Semantics) and Sinfassi (Syntax). The first of these layers aims to link
portions of the text to specific meanings defined in the lexicon and will be characterised by a
feature of Sense type.

Figure 9: An example of layer: “Sintassi”, with a focus on feature “Oggetto”

For layer Sintassi (Figure 9), for example, two features of tagset type can be used to define: 1)
Costrugione (Construction) (with two values “attiva”/“passiva”, based on the active or passive
form of the involved verb) and i) Oggetto (Object) (with two values “personale” /
“impersonale”, based on the presence of a direct object consisting of a person or another

entity, whether animate or inanimate: cf. Figure 10).23

23 This definition of a syntactic layer is merely illustrative: each user can define their own layer
through the features they deem most appropnate.
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Oggetto € Back to list
Mame Description
Oggetto
b + New value
MName T) Description T]

mpersonale e

Figure 10: An example of tagset: “Oggetto”, having two values.

Once the layers (with any features and tagsets) are defined, text annotation can be performed
in the workspace using the “Text” panel where a text is displayed in an “infinite scroll”

forrnat,24 divided according to the parameters defined during the upload step. The text, if
structured, can be navigated with the support of an index (Figure 11, left side). The panel
allows for selecting which layer to annotate with and which layers to display simultaneocusly
(Figure 11, top from left to right). Assigning values to a single annotation is done through a
dynamic form, where each editable field represents a single feature of the layer, and the type of
field used depends on the type of feature (for example, a dropdown menu for tagset features).
The level of granularity for text selection and annotation can go down to a single character.

2 Infinite scroll refers to a2 mechanism that allows for the continuous loading of information as
you scroll down the page. In the case of Maua, 1t 15 used, for example, for continuous reading of
text. Initially, a first portion is loaded, and as you scroll down the page, subsequent sections are
retrieved from the back-end.
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Rinaldo, rimaso in camiscia e scalzo, essendo il freddo grande

e nevicando tuttavia forte, non sapplendo che farsi, veggendo

Paragraf - ia sopravenuta la notte, tremando e battendo i denti,

Figure 11: “Text” panel: an example of semantic annotation of the Decameron

Opening the text of the Decameron, we can navigate to Giornata II, Novella 2, Paragraph 13 to
annotate the occurrence of the form swbarono in the following context: “[...] veggendo l'ora
tarda e il luogo solitario e chiuso, assalitolo il rubarono, e, lui a pié e in camiscia lasciato,
partendosi dissero [...]". By choosing the layer Semantica, it is possible to select the portion of
interest in the text: here, the string rwbarono. In the annotation form, there is a single feature
that corresponds to the feature _deaezione: based on the user’s input, this field suggests possible
values to associate. It is therefore possible to link the selected text with one of the senses
previously defined in the lexicon.

The text can be enriched with additional information by adding a second type of annotation,
pertaining to layer Sintassi, even overlapping the first. The aforementioned occurrence of
rubarono (Decameron 11.2.13) can therefore be marked as a Costrugione Attiva with Ogpetto

Per.swmfe,zs while the occurrence of snwolare in Decameron VIILG.9 can be annotated as a
Costruzione Attiva with Oggetto Impersonale. As it can be seen in Figure 12, the two overapping
annotations are displayed on top of each other, distinguished by the highlighting colour

assigned to the respective 13}'&:.26

25 This syntactic configuration of rubare versus involare reflects the norm for ancient Italian, for
which cf. ([9], 90-91).

26 A unique colour 1s assoaated to each layer durning creation.
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Figure 12: “Text” panel for the Decameron: syntactic annotation of “rubare” vs. “involare”

4, Software architecture and data models

Maia is based on a set of software components structured according to a modular architecture
(Figure 13). As is commonly done in the development of state-of-the-art web applications, the
components that make up the system can be grouped into a frontend (FE) and a backend
(BE). The FE interface component runs in user’s browser and is developed in Javascript,
HTML, and CSS. The BE component, on the other hand, is written in Java, a more robust and
typed programming language, and it interacts with various databases to provide the services
required for the FE part. In order to make the architecture as modular as possible, the BE part
has been further divided into modules responsible for managing the corpus and lexicon. The
individual modules of the architecture are listed below:

Maia-FE: this module pertains to the user interface (UI) of Maia, whose functions have been
explained in the previous section;

Maia-BE: this module manages and routes requests coming from the user interface; in
particular, this module handles interactions with the other modules populating the BE,
responsible for managing access, text, and the lexicon;

LexO-server: this module is responsible for managing the computational lexicon and the
dictionary (for details, refer to Section 4.1);

TextO: this module manages the textual corpus and the annotations (Section 4.2).
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Figure 13: Maia software architecture

4.1. Lexicon management

The Semantic Web provides an opportunity to enhance the process of linguistic resource
P PP } P g

production to more effectively meet the needs of end users. In particular, it is currently

possible to create lexicons that adhere to the FAIR principles (Findability, Accessibility,

Interoperability, and Reuse),ﬂ enriched with lexical-semantic and conceptual information ([8]).

In line with this perspective, Maia adopts a set of computational services called LexO-server

(['l]}.28 These services allow the manipulation of data at both the lexical and conceptual levels.
The morphological and semantic characteristics of the words that make up the linguistic data
are formally described using the aforementioned OntoLex-Lemon model. Lexical entries can

28 LexO-server 1s a service registered within the CLARIN-IT nfrastructure
(http://hdlhandle net/20.500.11752/T1.C-1004)
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then be organised as dictionary entries according to the Lexicographic module (lexicog) already
mentioned in Section 3.1 and described in the next section.

Similarly, at the conceptual level, concepts and properties are structured and formally
represented using the Simple Knowledge Organization System (SKOS) framework. Currently,

LexO-server natively offers services for managing SKOS ontologies but also allows lexical

entries to reference existing external OWL om:ologies.29 However, the current version of Maia
only implements lexical services. In the following subsections, we will briefly desciibe the
adopted data model and the available services for Maia.

4.1.1. OntoLex-Lemon

OntoLex-Lemon’? is a formal representation model for lexical resources such as dictionaries
and computational lexicons. It is written in the ontology modelling language OWL and
provides a detailed description of word-related information, including meanings, definitions,
relationships, morphological and syntactic features. The model is based on W3C and ISO
standards, including LMF (Lexical Markup Framework) ([10]), LexInfo ([7])- which is aligned
with ISOCat ([13]) - and LIR (Linguistic Information Repository) ([9]). The architecture of
OntoLex-Lemon is divided into five modules, each handling specific aspects in the modelling
of lexical information: the Core module (for describing the structure of lexical entries, already
introduced in Section 3), the Decomposition module (for describing multiword compounds),
the Variation and Translation module (for describing lexical-semantic relations), the Syntax and
Semantics module (for describing syntactic aspects), and the Metadata module (for
representing quantitative and qualitative data about the resource). For details on the various
modules, refer to the W3C Community Group final report (cf. footnote 30).

Recently, the same Community Group also developed a module for dictionary management

called “Lexicog”.31 The main objective of this module is to complement the core module of
OntoLex-Lemon by offering a different organisation of data, specifically that of a dictionary.
The model aims to provide common characteristics of dictionaries by modelling them in a way
that is independent of specific linguistic perspectives. Naturally, some specific elements of
dictionaries will still require ad hoc constructs. However, the set of common entities defined in
the module helps to overcome the limitations that have been observed in experiences of
instantiating OntoLex-Lemon with lexicographic data. In particular, through this module it is
possible to: i) organise lexical entries into dictionary entres, thus grouping different
grammatical categories; ii) sort the lexical senses belonging to entries; iii) specify sub-senses.

4.1.2. LexO-server

LexO-server’? is a free and open-source backend for managing lexical and ontological

resources. It is built upon the semantic repository called GraphDB.s'3 LexO-server is
implemented as a set of REST services based on the HTTP protocol and exchanges data in
JSON format. It originated from the experience gained in the development of LexO-lite ([2]), a

full-stack tool for managing OntoLex-Lemon resources. LexO-server enables the management

2 https:/ /it wikipedia.org/wiki/Web Ontology Language
30 https: / /www.w3.org/2016/05 /ontolex /

31 https:/ /www w3 org/2019/09 /lexicog/
32 https:/ /eithub.com/andreabellandi/LexO-backend

33 https:/ /www.ontotext.com/
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of both lexical and conceptual levels and allows connecting these two levels through links
between words and concepts.

LexO-server services provide various functionalities, including: 1) editing of lexical,
terminological, and lexicographic resources; ii) navigating a resource as a graph (calculating the
shortest path between senses with respect to a specific relationship, calculating the distance
between senses to distinguish whether the relationships are inferred or explicit, etc.); ii)
supporting linguistic-semantic access to texts, using the resource to trace from forms to
lemmas and from lemmas to the concepts they denote.

Maia utilises the set of LexO-server services for entity editing features in OntoLex-Lemon and
advanced searches to enable summary data visualisations, such as lists or trees, as well as
detailed tables or input forms for editing purposes.

4.2, Corpus and annotations management

Both the corpus and the annotations on the relative texts are managed by the same BE module

called TextO,34 implemented using the Spring Boot>> development framework and made
available as an open-source software.

Firstly, TextO allows the uploading of textual documents into a I\I}'SQL36 relational database
and their organisation into folders and subfolders, which can be created, moved, and deleted,
similarly to how files are managed by an operating system.

Currently, as anticipated in Section 3.3, the import services allows to upload UTF-8 encoded
“plam-text” documents or “marked-plain-text” documents (see below), in this latter case with
the option of having them also segmented on carriage returns. Documents can be marked to
describe their structure: during the import phase, TextO parses the text and interprets the
markings to divide it into logical, possibly nested, parts, as previously shown in the example of
the text of the Decameron in Section 3.3. The mark-down syntax, described in more detail on the
TextO Git page, specifies the depth of the structural level using a number of “#” characters
(to allow for sub-level organisation), the type (e.g., “chapter”, “paragraph”, etc.), a title (which
will be visible on the left side of the “Text” panel), and a unique index that identifies the
section (used internally by Maia for navigation between sections). Here is an example of
structural organisation of the Decameron:

#(type="Giomata", title="Giomata I", index="1")

I

#HH# (type="Novella", title="Novella 1", index="1.1")

I1

H##H(type="Paragrafo", title="Paragrafo 1", index="1.1.1")

Ser Cepparello con una falsa confessione inganna un santo frate e muorsi [...]

H##H(type="Paragrafo", title="Paragrafo 2", index="1.1.2")

34 https: //eithub com /davide-albanesi-ilc / TextO

35 https: / /spring.io/ projects/spring-boot

36 https:/ /www.mysgl.com
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Convenevole cosa €, carissime donne, che ciascheduna cosa la quale 'nomo fa [...]

Import services that will enable the uploading of texts with different formats (e.g., html, pdf,
docx, etc.), structural mark-ups (such as with TEI-XML), and that present existing annotations
(e.g. CoNLL) are under development at the time of writing of this article.

From a user perspective, TextO can already manage multiple accounts, each of which is
assigned its own storage space for its data. The storage space can also be shared among
multiple users, allowing the sharing of individual texts or entire folders with collaborators. The
sharing is selective: the system enables sharing a text with one’s own annotations in read-only
mode or making the annotations modifiable.

Regarding search functionalities, TextO exposes services to query the corpus by keyword, on
the basis of the available annotations and considering a left and right context of search of
arbitrary lenght. At the time of writing, however, Maia’s front-end only allows to search by
keyword and view the results in KWIC format (cf. Section 3.2).

As evident from the interface presentation, TextO manages, in addition to texts, the
annotations and the related entities associated with them, such as “Layers”, “Features”, and

3

“Tagsets”. All these data are stored in the already cited MySQL database (TextO DB of Figure
13). Annotations, in particular, are represented by storng the position of the first and last
character of the textual fragment being annotated, thus allowing an easily management of
partially overlapping annotations.

5. Conclusions and perspectives

This article introduced Maia, a collaborative, open-source web tool for text annotation, lexicon
construction, and lexical linking primarily designed for use by digital humanists. As a matter of
fact, Maia was conceived, designed, and developed by capitalising on the authors’ years of
experience gained through various DH projects, both national and international, focused on

building lexical and terminological resources. These include the DITMAO project (Dictionary
of Old Occitan medico-botanical terminology) ([3]), ([26])_,3?r the Totus Mundus project

(“Todo el mundo es nuestra casa”, The World is our Home: A Virtual Journey Around the
World Atlas by Matteo Ricci) (['19]),38 the “Per una edizione digitale dei manoscritti di
Ferdinand de Saussure”™ project (1 1]),39 and, most recently, the “Representing Religious
Diversity in Europe: Past and Present & Features™ project ([22]).

A common factor in all of these projects has been the expressed need of scholars to work
within the same environment, combining a reference corpus for resource construction and
formal connections between lexical elements and textual elements. It is from this need that it
was deemed appropriate to develop a collaborative working environment that encompasses
both text and lexicon, allowing for the annotation of the text with arbitrary information
(organised in layers) and constructing the lexicon based on established lexical models. Through
linking between text annotations and lexicon elements, it becomes possible to establish a

37 https: / /www uni-goettingen de /en /487498 html
38 http:/ /wafiiit cnr.it /annotarium /#/totusmundus vfs%7Ctotusmundus root

39 https: / /www.ilc cnr.it/en/progetti/saussure-2/
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formal connection between lexical entries, forms or senses, and their respective occurrences in
a reference corpus, which can be structured into folders and subfolders.

The advantages of having an integrated environment like the one provided by Maia are
manifold. Firstly, as previously mentioned, within a task of constructing (or revising) a lexical
or terminological resource, it is possible to consult the documents used as textual sources
within the same environment. The ability to search through texts, annotate specific parts, and
link these annotations to elements in the lexicon can, for instance, allow the definition of a
polysemous term in its various meanings and connect the various senses created to their
respective occurrences in the text. This way, it will be possible to have a series of contexts for
each lexical entry, form, or sense defined in the lexicon, both for internal reference within the
tool and for potential exports as examples of occurrences in the form of electronic
dictionaries.

Furthermore, the collaborative nature of Maia allows for the creation of shared work projects
(whether they involve text annotation, lexicon construction, or a combination of both)
involving multiple scholars, each of whom can focus on specific portions of the dataset,

enabling parallel work.

The development prospects for Maia, presented and released in its initial version in this article,
as described in Section 3, are multifaceted. Firstly, the search functionalities will be extended,
both for the corpus and the lexicon, and a dedicated section for linguistic-based search

supported by the lexical resource will be developed, as experimented in ([12]).

Secondly, there are plans to include the ability to create and edit ontologies within the
environment. This work, already in progress, will allow for direct connections of text
annotations (e.g., “named entity” types) to concepts within the ontology and linking senses
from the lexical resource to these concepts. This will introduce a conceptual layer into the
overall resource, distinct from the linguistic-semantic layer. In the first instance, Maia will allow

importing and visualising OWL ontologies while the editing part will be developed later.

Maia will also incorporate data import and export features for the textual corpus and lexical
resources. Initially, as anticipated, it will be possible to import pre-annotated texts in a format
similar to CoNLL (which can then be manually reviewed in the system) and lexical resources in
RDF format compliant with the OntoLex-Lemon model®®. The data will, therefore, be
exportable in the same formats. Subsequently, additional import and export formats will be
included to accommodate the needs of users from various communities. Regarding the export
of the annotated corpus, we plan to adopt two distinct models. To represent annotations we

chose to use the Web Annotation Data B-Iodel'“, while to formalise textual data we’ll adopt

POWLA* (Portable Linguistic Annotation with OWL), an OWL vocabulary for linguistic
annotations based on the ISO TC37/SC4 Linguistic Annotation Framework standard.

Several upgrades are already in progress involving specifically the annotation component. To
facilitate the annotation work in a collaborative context, TextO already includes versioning

4 However, in the current version of Maia, as illustrated here, it 15 already possible to import an
OntoLex-Lemon lexicon by uploading it directly into the GraphDB database, although it 1s not yet
possible to do so through the user mterface.

41 https:/ /wwww3.org/ TR/ annotation-model /

42 https: //github.com /acoli-repo/powla
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services. Specifically, whenever a text is modified (by adding, editing, or removing an
annotation), the system saves the previous version before making the change. This way, all
versions of a text are preserved and can be restored as needed. Finally, a feature is being
developed that will allow for the creation of links between annotations, similar to what the
INCEpTION tool already allows. Through this feature, it will be possible to define, for

example, anaphoric or syntactic relationships.
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