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XIII Brazilian Symposium in Information and Hu-
man Language Technology

STIL is the bi-annual Language Technology event supported by the Brazilian
Computer Society (SBC) and by the Brazilian Special Interest Group on Natural
Language Processing (CE-PLN).

In 2021, STIL will be held as an online event collocated with BRACIS
2021 (The 10th Brazilian Conference on Intelligent Systems), ENTAC 2021 (The
18th National Meeting on Artificial and Computational Intelligence), and KDD-
BR2021 (the 5th Brazilian Competition on Knowledge Discovery In Databases).

STIL will feature the following collocated events:

e VII Workshop on Portuguese Description (JDP); the

e VII Student Workshop on Information and Human Language Technology
(TILic); and the

e OpenCor 2021 - Latin American and Iberian Languages Open Corpora
Forum (OpenCor).

The conference is multidisciplinary and covers a broad spectrum of disci-
plines related to Human Language Technology, such as Linguistics, Computer
Science, Psycholinguistics, and Information Science. It aims at bringing together
both academic and industrial participants working on those areas.

We received 45 submissions. Each paper was reviewed by at least two mem-
bers of the Program Committee, which had 58 members from 8 countries and
various institutions. After a rigorous reviewing process, 31 papers were selected
for oral presentation. We thank the authors for their submissions, the program
committee for their hard work, invited speakers, SBC staff, and the BRACIS
chair.
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Abstract. This paper presents the project of a large multi-genre treebank for
Brazilian Portuguese, called Porttinari. We address relevant research questions
in its construction and annotation, reporting the work already done. The
treebank is affiliated with the “Universal Dependencies” international model,
widely adopted in the area, and must be the basis for the development of state
of the art tagging and parsing systems for Portuguese, as well as for
conducting linguistic studies on morphosyntax and syntax for this language.

1. Introduction

Candido Portinari was one of the greatest artists of Brazil. He was born in Brodowski
(in the Sdo Paulo state) in 1903 and passed away in 1962 (in the city of Rio de Janeiro,
in the Rio de Janeiro state), contributing to Brazilian culture and representing the
challenging national reality in his work. His artistic qualities were internationally
recognized and, according to the Projeto Portinari' kept by his son Jodo Candido
Portinari, the Guerra (War) and Paz (Peace) panels created for the United Nations
organization are his masterpiece work, considered his “most universal” paintings.

It is not a coincidence that “Porttinari” was chosen to name the initiative that we
present in this paper. More than an acronym (Porttinari stands for “PORTuguese
Treebank™), it reminds us of the great challenges and equally great contributions that
building a large treebank may bring to the Portuguese computational processing and
linguistic studies. As defined by Jurafsky and Martin (2008), a treebank is a
syntactically annotated corpus, where each sentence is paired with its parse tree, which
usually contains the part of speech tag of each word in the sentence and the syntactic
structuring of such words, in the form of relationships (in a dependency approach) or
their building blocks (the phrases, in a constituency approach).

In the area of Natural Language Processing (NLP), a treebank may be used for
developing/training tools as part of speech taggers and syntactic parsers, in charge of
automatically uncovering some of the first levels of linguistic structuring of running
texts. Such information is useful for several NLP applications, as sentiment analysis

" http://www.portinari.org.br/
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(where the identification of nouns that represent entities and adjectives that modify
nouns is relevant to determine what is being qualified), indexing and summarization (in
which noun groups may be used to represent text content), grammar checking (where
the related words may have to observe grammatical constraints, as number and gender
agreement inside subjects) and machine translation (where predicates and their
arguments in the original language must be syntactically ordered in the target language),
among many others. More traditional linguistic investigations may also benefit from
treebanks, which allow studying usual sentence structuring patterns, possible arguments
and adjuncts of verbs and how they happen (and the diathesis alternations) and the
behavior of some part of speech tags, among several other interesting research issues.

Research on syntax and parsing in NLP is not new for Portuguese, but,
compared to the resources and tools for other languages (e.g., English), Portuguese may
be considered a low resource language in this frontier. In order to fulfill this gap, we
have proposed the construction of the Porttinari treebank. This paper introduces the
treebank and its project details, discussing the relevant issues that a large corpus
construction require. Initially aiming to rival in size the English best known reference
(the Penn Treebank project of Marcus et al., 1993), other Porttinari distinguishable
features include its filiation to the “Universal Dependencies” (UD) international model
(Nivre, 2015; Nivre at al., 2020) and its proposal to be a multi-genre corpus in order to
foster robust and general-use NLP, bringing relevant linguistic discussions into light and
allowing to explore recent machine learning strategies (as transfer learning).

In what follows, we present the main related work in the area for Portuguese.
The treebank project is reported in Section 3. Section 4 concludes this paper.

2. Related work

The Portuguese language counts with some treebanks, as Floresta Sintd(c)tica (Afonso
et al., 2002; Freitas et al., 2008), CINTIL-DependencyBank (Branco et al., 2011),
BDCamdes DependencyBank (Parts 1 and IT)>, CORDIAL-SIN (Carrilho and Magro,
2010) and Tycho Brahe (Sousa, 2014), among others. Floresta Sintd(c)tica was
probably the most representative effort for this language. Particularly interesting, this
treebank has a manually revised portion called Bosque (with 9,364 sentences and
210,957 tokens), mapped to UD dependency annotation (Rademaker et al., 2017).
Figure 1 shows an example of an UD-annotated sentence, in which one may see the
words in their original forms, the syntactic relationships among them (in the level
above) and their lemmas and part of speech tags (in the levels below).

The UD model is an attempt to standardize the morphosyntactic and syntactic
analyses in the area, proposing an “universal” annotation strategy for all languages, as
advocated by Nivre (2015). The model has been widely adopted for tagging and parsing
tasks, having a large community of researchers who discuss its issues and contribute to
the constant evolution of the model. Currently, there are already over 200 treebanks for
more than 100 languages, and UD has become one of the dominant models in the area.
For such reasons, we have adopted it as the basis for our treebank. Besides Bosque,
which is the most popular treebank for Portuguese, the UD project also makes available

2 Available at https://portulanclarin.net/
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other 3 corpora for this language’: PUD (with 1,000 sentences and 21,917 tokens), GSD
(with 12,078 sentences and 297,938 tokens) and DHBB (that, at the moment of the
writing of this paper, had no available information).

[nml:/ ’\

| obr) |

{bl} : fimod } | !

) Ve o N | |

- el D) w -

e | @ [ AN | | | AN | me) | Alatname ), [

[T\ 7 Al A Al | Y B 1 \ !

Esse carro  foi achado em o inicio de a tarde em Engenheiro Marsilac

esse carro  ser  achar em o inicio de o tarde em Engenheiro Marsilac .

DET NOUN AUX VERB ADP DET NOUN ADP DET NOUN ADP PROPN PROPN PUNCT

Figure 1. An example of UD-annotated sentence for Portuguese (reproduced
from the work of Rademaker et al., 2017, p. 200)

Overall, the available manually (and, therefore, high quality) syntax annotated resources
for Portuguese* are far from what other languages have access to. Consider, for instance,
the English case, whose worldwide famous Penn Treebank project (Marcus et al., 1993)
reports over 4.5 million words. In what follows, we report our efforts to overcome this
historic limitation for the Portuguese language.

3. The rise of Porttinari

Porttinari is an ongoing initiative, aiming at growing syntax-based resources and
fostering the development of related tools and applications for the Brazilian Portuguese
language. The initiative started in 2020, counting with the collaboration of linguists and
computer scientists, and is expected to be fully accomplished in the next few years.

Projecting the creation and annotation of a large multi-genre treebank is not a
trivial task. There are several issues that must be addressed. Hovy and Lavid (2010)
argue that corpus annotation is a science and that careful thought must be given to it. We
present in what follows the details of the Porttinari effort according to the 7 research
questions that Hovy and Lavid postulate.

3.1. Selecting the data

In order to create a multi-genre treebank, we initially selected two main genres that we
consider to be more relevant to current NLP research: news texts, representing the
standardized language, and the so called User-Generated Content (UGC), representing
the language from web, marked by informality and produced by web users. This
selection allows the study of different language genres and the creation of NLP tools
and applications that may deal with varied writing styles. Another criterion for selecting
material to the treebank was the license. As we expect that the treebank may subsidize
other research, “open” licenses are desired, at least for the majority of the corpus.

® The interested reader may check them at https://universaldependencies.org/

* It is important to add that the other Portuguese corpora with non-UD dependency relations adopt
solutions that are almost always not transferable to the UD annotation. Once we filliate to UD, we need to
restrict ourselves to the set of part of speech tags and dependency relations that UD provides and to follow
its guidelines.
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We ended up with the following materials to be the basis for selecting the
sentences that will compose the treebank, ordered from the more to the less public ones:

- news texts from Folha de Sdo Paulo, from the years 2015 to 2017, made publicly
available (license CCO) by Kaggle website’ (composed by 167,053 texts);

- news texts from the MAC-MORPHO corpus, which is a 1.1 million word corpus
originally developed by the Lacio-Web project (Aluisio et al., 2003), made
publicly available (license CC-BY);

- stock market tweets from DANTE (Dependency-ANalised corpora of TwEets),
publicly available (license GPL 2) by Silva et al. (2020), with 4,277 tweets;

- e-commerce customer reviews from B2W-reviewsl corpus, with more than
130,000 texts (license CC-BY-NC-SA), as described by Real et al. (2019);

- a small but challenging corpus of online book review sentences, as described by
Belisdrio et al. (2020), with 350 texts (with no public license).

Such corpora sum up to nearly 80 million tokens, with almost 4 million sentences.
Keeping the not fully public material (as the last two corpora in the list) is interesting for
training/development (given the size of B2W-reviewsl corpus) and testing (given the
difficulties of book reviews) of systems and language theories and models.

3.2. Instantiating the theory

Before starting the annotation, we investigated the UD model and built the Portuguese
annotation guidelines. Although there were already three Portuguese UD corpora (PUD,
GSD and Bosque), none of them released an annotation manual containing specific
guidelines for Portuguese. At most, examples of the use of each part of speech tag or
dependency relation in Portuguese (often examples translated from English) constituted
the Portuguese (pt) tab of each item of the UD guidelines.

Directly translating guidelines may cause a detachment from UD theory. In
English, for example, there are cases of two non-prepositional objects (as the dative
construction "to give somebody something”) that UD annotates as obj and iobj. Both obj
and iobj are considered core dependents in UD, and both should be able to be promoted
to subject position in passive alternation. In Portuguese, however, the recipient of the
dative verbs is always prepositional and cannot be converted into a passive voice
subject. These cases, according to UD, should be annotated as obl and not iobj (for
example, in English, the recipient of dative verbs introduced by “to” are obl: to give
something fo somebody). The translation and the fact that an indirect object is
understood in traditional Portuguese grammar as a prepositional object could lead us to
erroneously annotate prepositional objects as iobj. Aware that the instantiation of theory
is much more than a translation task, we have carefully analyzed each of the 17 UD part
of speech tags and 37 dependency relations in order to produce Portuguese UD
guidelines full of examples and clarifications about our annotation decisions.

Several theoretical challenges have arisen. Just to illustrate a few cases®,
consider the part of speech annotation. UD prescribes that an adjective should always be

* https://www.kaggle.com/marlesson/news-of-the-site-folhauol
® There are so many challenges that they will be discussed in other papers, as we have space limitations
here.
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annotated as ADJ, even though it may exceptionally head a nominal phrase. In
Portuguese, unlike English, many words can be categorized as either adjective or noun,
depending on the context (even dictionaries bring both options). For example, in
“cuidados médicos” (medical care), “médicos” is an ADJ, whereas in “médicos
brasileiros” (Brazilian doctors), “médicos” is a NOUN. Because of this, we initially
adopted context-based annotation: if the word was modified by an adjective, it was
considered NOUN; if it was modifying a NOUN, it was considered ADJ. However, after
starting annotation, we realized that in some situations’ there was no clue to decide if a
word was an ADJ or a NOUN. This led us to decide to annotate as ADJ the adjectives
occurring as head of a dependency relation, but never modified by another adjective. For
example, the adjective “melhor” (best) is annotated as ADJ in “Os melhores serdo
recompensados” (The best [ones] will be rewarded). Other challenges come from
annotating tweets. Even though Sanguinetti et al. (2020) have already proposed a unified
scheme for coherent UD treatment of social media in general and for Twitter across
different languages, it was necessary to define criteria for certain phenomena typical of
tweets mentioning stocks from the Bovespa index. A particular case found in these
tweets are the stock codes, which are usually represented by five- or six-character
alpha-numerical strings, such as “Petr4” for “Petrobras” and “BBAS3” for “Banco do
Brasil”. These codes are so popular among investors that they are commonly used as
surrogates for their company names. Because of the relevance in the domain, we
annotate the stock codes as PROPN. One may also wonder how to deal with multiword
expressions. The fact is that UD does not annotate such expressions at the part of speech
level, and, at the syntactic level, it only does so for multiword expressions that have no
syntactic relation between their tokens. Therefore, the expression “hot dog” is annotated
as an ADJ modifying a NOUN. UD, as well, does not address light verb constructions®,
as “take advantage”, which is annotated as a VERB with a NOUN as complement.

Overall, the post-annotation report of the Bosque corpus (Souza et al., 2021) was
of great help, as it brings many examples of sentences that generated annotation doubts,
which allowed us to foresee problems even before starting our own annotation task.

3.3. Selecting and training the annotators

As mentioned by several authors, the background and training of annotators is an open
question, since some researchers claim that they should be experts and others propose
training annotators just adequately for the task at hand. Given the UD annotation, the
strategy used in our project to select the annotators lies between these two viewpoints.
We selected 10 undergraduate students in Linguistics or Letters courses with a
reasonably similar grounding in morphosyntax and syntax and offered relatively
extensive training based on the Portuguese annotation guidelines.

" For cases like this, previous solutions proposed for Portuguese may not work. For instance, the proposal
in Biblia Florestal (https://www.linguateca.pt/Floresta/BibliaFlorestal), i.e., keeping the two possible tags
separated by a slash, is not feasible within the UD guidelines, which only allow the assignment of one tag.
8 However, some UD discussion issues do address the possibility of annotating multiword expressions and
light verb constructions. There are two current suggestions to take these constructions into account when
annotating, involving the inclusion of the related information in a new annotation level or considering it as
miscellaneous/additional information.
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We did 2 weeks of annotation training before starting the annotation of the
corpus. During this period, virtual meetings were held 2-3 times a week, both to discuss
the guidelines and to correct annotation divergences, showing the options of each
annotator in the annotation tool itself (which we introduce later). From then on, the
training meetings became weekly and had as theme the issues that most generated
doubts in the previous week. All training meetings were recorded and the corresponding
used slides made available in a common access area for the group. We also maintain at
Github a issue tracking system where annotators can express their doubts and the
project adjudicator (i.e., a chief linguist that is expert on the annotation theory and that
evaluates and makes decisions regarding the issues) can provide explanations.

After the initial training, we did 5 weeks of blind annotation with the 10
annotators on the same data and one adjudicator. This phase was rich in the sense that
we could evaluate the performance of the annotators simultaneously on the same task,
as well as analyze the confusion matrix, which showed the most difficult issues. To deal
with the difficulties, we started to release specific studies for such cases, including
disambiguation clues and examples of use, which also resulted in improvements in the
annotation guidelines.

3.4. Specifying the annotation procedure and workflow

The annotation procedure starts with the automatic annotation of all sentences
considered for each corpus of the Porttinari project. This initial annotation is carried out
by the UDPipe system (Straka, 2018) trained over Bosque treebank, which produces
state of the art results for Portuguese under the UD model. Each set of sentences
compose a Repository of Automatic Annotated Sentences (RASS) that is stored using
the CoNLL-U file format, which is traditionally used in the area (it is a column-based
format in which each column stores the related information of the words in the lines).

The second step is the manual revision of the sentences of each RASS that is
made by picking a set of sentences for human analysis. These sets may be randomly
chosen or follow some specific criteria, for example, sentences of specific sizes or
sentences having interesting patterns such as target tokens or tag sequence patterns. The
set of chosen sentences defines a Manual Annotation Package (MAP).

The third step is to assign MAPs to the 10 trained linguists, organized in two to
three groups, with each group receiving a shuffle copy of a different MAP. Shuffling
MAPs aims at avoiding bias in the annotation and possible information sharing among
the annotators. An extra protection comes from the fact that each annotator does not
know which other annotators are in his/her group. Each annotator confirms/corrects the
annotation of the sentences using a visual annotation tool (see next subsection). The
output of this step is a set of CoNLL-U files with the revised annotated sentences.

The fourth step is the adjudication of each MAP by a chief linguist to provide
correct and homogeneous annotation. This is done by integrating the CoNLL-U files
from each annotator with the original automatic annotation and computing agreement
metrics into Package Adjudication Reports (PAR). The PARs are then analyzed and the
cases with disagreements are corrected by the adjudicator.
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The final step consists of the incorporation of the adjudication into CoNLL-U
files that are stored in the Repository of Revised Annotation Sentences (RRAS). This
procedure is repeated for as many MAPs as necessary until the selected sentences of the
corpora are duly manually revised. Once each adjudication process finishes, the reports
with the result of the adjudication are sent to the annotators, so that they can identify the
errors and learn from them. This strategy produced different responses: the annotators
who were already performing well improved even more, and the annotators who were
performing less well did not improve much, perhaps because they had basic deficiencies
in grammatical literacy, such as difficulty in identifying passive voice, for example.

Underlying the annotation process is the decision to separately annotate the UD
levels in order to simplify each task and to produce better results for each level. This is
interesting as the UD annotation has shown to be a highly sophisticated task. We started
by reviewing the part of speech tags of the words in each sentence. After that, the
morphologic level is semi-automatically reviewed: we use the Unitex-PB lexicon
(Muniz, 2004) to retrieve the relevant morphological features of each word and then ask
some human annotators to review the difficult cases and those that are not in the lexicon.
Finally, the dependency relations must be fully reviewed.

3.5. Designing the annotation interface

As UD annotation is a challenging task, a good annotation interface is very important to
help the annotators to clearly and easily find the relevant information and manage it, to
have the necessary available functionalities (as tree visualization, searching mechanisms
and editing facilities) and to guarantee that the annotated data is saved and stored. We
have extended and customized the Arborator-Grew (Guibon et al., 2020) tool to include
new functionalities and to correct some bugs, producing a new version of it. The new
functionalities include shortcuts for faster annotation, color-based facilities for helping
the annotation process, automatic checking of some UD mandatory characteristics and
advanced options for project management, among others.

3.6. Choosing and applying the evaluation measures

In order to evaluate the annotation procedure, we assessed the degree to which different
annotators agree on their classifications. To do so, and since we were dealing with more
than two annotators, we calculate the average agreement agr;, amongst a set of c
annotators, as Artstein and Poesio (2008) propose:

n; 1
agr; = m Z ( 2k> = m Z njg(ny — 1)

2/ keK kekK

where n; represents the number of annotators, assigning the label k, from a set of K
possible labels, to the same token i. As defined, agreement values range from 0%,
representing total disagreement (i.e., each annotator assigns a different label), to 100%
(full agreement - all annotators assigned the same label to the token). Following the
authors, we take values above 80% to represent significant inter-annotator agreement,
with values between 67% and 80% allowing tentative conclusions only. Such effort
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helps us to evaluate how clear and reproducible the annotation task is and how
annotators are understanding it, thereby increasing our confidence in the reliability of
the annotation results.

Other interesting evaluation strategies are those presented by Santos and
Gasperin (2002) for assessing parsed corpora, which shall be explored in the future.

3.7. Delivering and maintaining the product

The annotated portions of Porttinari must be periodically made publicly available at the
project webpage. Once the treebank is ready, we also plan to make it available at the UD
webpage and at the PORTULAN CLARIN portal, which is an infrastructure for
research on language technologies and already includes NLP products for Portuguese.

For now, the treebank has been maintained by the efforts of the research group,
which we expect to keep for the next years. Hopefully, its usefulness for the area will
eventually justify its long term maintenance.

4. Final remarks

We have presented and discussed in this paper the procedures and decisions for the
project of Porttinari, which shall be a large multi-genre treebank for Portuguese,
affiliated with the Universal Dependencies international model. The contributions of this
work include the treebank itself, the annotation process (detailed in this paper) and the
theoretical issues of UD for Portuguese and the different text genres that we annotate.

So far, we have over 10,000 manually revised sentences for part of speech
tagging®, which, in sequence, were revised for lemmas and morphological features. The
available data will be used to train a new tagger for Portuguese, which must produce
better quality data to be reviewed, boosting the annotation process. The dependency
relation revision must start in the next months.

The interested reader may find more information at the webpage of the POeTiSA
project'® (POeTiSA stands for POrtuguese processing - Towards Syntactic Analysis and
parsing), where the related resources and tools are available (as the annotation manual
and tool, the linguistic studies and the annotated portions of the corpus).

Acknowledgements

The authors are grateful to the Center for Artificial Intelligence of the University of Sdo
Paulo (C4AIl - http://c4ai.inova.usp.br/), sponsored by IBM and FAPESP (grant
#2019/07665-4).

Dedication

In memory of Andréia Gentil Bonfante, who very early attempted to tame the syntax
and build a parser for Portuguese.

? Ongoing work has been confirming that this was a good decision. Since the correlation between part of
speech tags and lemmas, morphological features and dependency relations is high, there has been a
significant gain in the annotation.

1% https://sites.google.com/icmc.usp.br/poetisa
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Abstract. The broad lexical coverage is one of the prerequisites for the robust-
ness of computational grammar. We propose a methodology to populate the
irregular verb forms of PorGram (a Portuguese grammar in the HPSG forma-
lism) using data from MorphoBr. We implemented an algorithm that classifies
the verb forms of MorphoBr into regular and irregular, applying the inflectional
rules of PorGram. We evaluated the algorithm based on a sample of 38 verbs,
both regular and irregular, obtaining the expected results. An additional con-
tribution of the work was the improvement of MorphoBr, with the elimination
of more than 270,000 wrong entries and the addition of almost 13,000 missing
entries.

Resumo. Ampla cobertura lexical constitui um dos pré-requisitos para a robus-
tez de uma gramdtica computacional. Propomos uma metodologia para povoar
a tabela de formas verbais irregulares da PorGram (gramdtica do portugués
no formalismo HPSG) utilizando os dados do diciondrio MorphoBr. Nos im-
plementamos um algoritmo que classifica as formas verbais do MorphoBr em
regulares e irregulares, aplicando as regras flexionais da PorGram. Avaliamos
o algoritmo com numa amostra de 38 verbos, regulares e irregulares, obtendo
os resultados esperados. Uma contribuicdo adicional foi o melhoramento do
MorphoBr;, com a eliminagdo de mais de 270.000 entradas erradas e a inclusdo
de quase 13.000 entradas faltantes.

1. Introducao

O processamento de linguagem natural enfrenta diversos desafios atrelados a dificuldade
de cobertura dos fendmenos da linguagem. A modelagem direta de regras gramaticais e
entradas lexicais em um formalismo computacional tem-se revelado uma solugdo valida
em muitos contextos que exigem uma processamento sintdtico profundo, ndo obstante
os inegdveis avancos das abordagens estatisticas baseadas em dados. Um exemplo pro-
totipico € o sistema de resolucdo de perguntas Watson, da IBM, que integra em sua
arquitetura hibrida uma gramatica do inglés baseada na modelagem do conhecimento
linguistico [Ferrucci et al. 2010, McCord et al. 2012].

O formalismo HPSG (Head-driven Phrase Structure Grammar) [Pollard 1994,
Sag et al. 2003] é um dos mais difundidos para elaboracido de gramdticas computacio-
nais de ampla cobertura. O portugués dispde de uma gramatica nesse formalismo, que
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é a LxGram [Branco 2014, Costa and Branco 2010]. Essa gramdtica, porém, nao € dis-
tribuida sob licenca de software livre e de cédigo aberto (doravante FOSS, do inglés free
open-source software).

Visando a preencher essa lacuna no terreno do parsing do portugués baseado em
HPSG, foi iniciado recentemente o desenvolvimento da PorGram.! No momento, essa
gramdtica modela um grande nimero de regularidades na conjugagdo verbal do por-
tugués por meio de 130 regras lexicais, totalizando 395 regras de reescrita. Essas re-
gras cobrem tanto os paradigmas tradicionalmente considerados regulares quanto casos
de discordancia grafica (por exemplo, venco, tanjo, ergo, primeira pessoa do singular
do presente do indicativo de vencer, tanger e erguer) e alternancia vocdlica (sirvo e
durmo, formas de servir e dormir), entre outras variacdes sistematicas do padrao geral
[Cunha et al. 1985]. No entanto, um grande ntimero de verbos, como ter, dar, querer
etc., possui diversas formas completamente idiossincraticas, ndo abrangidas por essas re-
gras.

Desse modo, o objetivo deste artigo € contribuir para a constru¢do da PorGram
através do preenchimento da tabela de formas irregulares, um dos componentes de uma
gramatica tipica no sistema LKB, o ambiente de desenvolvimento utilizado na constru¢do
da PorGram [Copestake 2002]. Para esse preenchimento serdo usadas as entradas do di-
ciondrio eletronico MorphoBr [de Alencar et al. 2018]. Uma contribui¢do adicional deste
trabalho € a melhoria do préprio MorphoBr, uma vez que, como veremos, o algoritmo
de classificagdo de formas verbais permitiu identificar e corrigir dezenas de milhares de
€ITOS Nesse recurso.

As préximas secdes apresentam o recurso lexical MorphoBr e a gramaética Por-
Gram, em seguida sdo descritos os passos para o preenchimento da tabela de formas
irregulares. Por fim, apresentamos os resultados alcancados e as conclusdes.

2. MorphoBr

O MorphoBr [de Alencar et al. 2018] € um 1éxico de formas plenas de alta cobertura.
Abrange as formas flexionadas de substantivos, adjetivos e verbos, que sdo as classes
gramaticais mais numerosas do portugués. Foi criado a partir da combinacio, revisio
e expansdo dos diciondrios eletronicos Label-Lex [Eleutério et al. 1995] e DELAF-PB
[Muniz 2004]. Incorpora, também, os neologismos gerados por [Silva 2019] por meio da
aplicacdo de regras produtivas de formagdo de palavras.

Para as classes flexiondveis, as entradas do MorphoBr constituem-se de pares de
forma flexionada e lema seguido de informag¢des morfoldgicas, conforme a Listing 1. Ad-
jetivos e substantivos totalizam mais de meio milhdo de entradas cada, verbos somam
mais de dois e meio milhdes (ndo contabilizando as formas com pronomes cliticos), cor-
respondentes a 28080 lemas.?

3. PorGram

Numa primeira fase, a exemplo de gramdticas analogas, como a LxGram, a PorGram esta
sendo implementada com o sistema Grammar Matrix, que permite gerar o cédigo de uma

'A motivagio e a estrutura dessa gramética sdo descritas em detalhe em artigo, de autoria do segundo e
terceiro autor do presente trabalho, submetido recentemente a um periédico, ora em revisao por pares.
’Dados computados em versio do MorphoBr anterior 4s modificacdes descritas no presente artigo.
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Listing 1. Exemplos de entradas do MorphoBr

vengo vencer+V+PRS+1+SG
ergo erguer+V+PRS+1+SG
ajo agir+V+PRS+1+SG

durmo dormir+V+PRS+1+SG
tenho ter+V+PRS+1+SG
dou dar+V+PRS+1+SG

AN AW =

Listing 2. Regra da terceira pessoa do plural do presente do indicativo

1 |pres-ind-3pl-suffix :=

2 |; (partir partem) (vender vendem) (doar doam) (passear
— passeiam)

3 [$suffix (ir em) (er em) (!zar !'zam) (ear eiam)

4 |pres-ind-3pl-lex-rule.

gramatica inicial a partir da descricdo de propriedades gramaticais da lingua por meio do
preenchimento de um questiondrio de customizagdo [Bender et al. 2010]. Para testar a
gramadtica, tem sido utilizado o sistema LKB, implementado em LISP [Copestake 2002].

Uma das limitacdes conhecidas da Grammar Matrix é que, no terreno da mor-
fologia, se limita & morfotatica [Goodman 2013], ndo permitindo modelar regras de al-
ternancia morfofonoldgica ou ortografica [Beesley and Karttunen 2003]. Por exemplo,
no questiondrio da Grammar Matrix, podemos modelar a formacdo da primeira pessoa
do singular do presente do indicativo por meio da adjun¢do do sufixo o ao radical verbal.
Essa regra funciona para um verbo como comprar. No entanto, ndo contempla nenhuma
das formas da Listing 1. Enquanto as duas dltimas formas discrepam idiossincraticamente
do padrao conjugacional regular, as quatro primeiras exemplificam variagdes sistematicas
no radical verbal ou na flexdo que afetam milhares de formas verbais. Desse modo, as
regras codificadas inicialmente usando a Grammar Matrix foram modificadas manual-
mente, de modo a incluir o maior nimero possivel de padrdes de flexao e, assim, diminuir
a quantidade de memoria ocupada pela gramaética.

A PorGram € codificada na linguagem Type Description Language (TDL), que
possibilita a declaragdo de entradas lexicais, regras sintagmadticas e regras lexicais, como
na Listing 2, que constitui recodificagdo manual de regra gerada inicialmente pela Gram-
mar Matrix.

A segunda linha da Listing 2 é um comentdrio com exemplos. Na terceira linha,
temos uma sequéncia de regras de reescrita de sufixos, que sdo processados sucessiva-
mente pelo algoritmo de parsing do LKB [Copestake 2002, Goodman 2013]. Em cada
uma dessas regras de rescrita, o primeiro sufixo constitui a entrada, enquanto o segundo
constitui a saida da regra. Por exemplo, se o lema verbal termina em ear, a flexdo deve
ser eiam. No par de sufixos (!zar !zam), !z é uma classe de caracteres equivalente
grosso modo a expressao regular [ “e]. Ou seja, ar s6 € substituido por am se o caractere
precedente ndo for e, o que evita a hipergerag@o de formas agramaticais como passeam.

As formas irregulares, que ndo sdo geradas através das regras flexionais, precisam
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Listing 3. Exemplos de entradas de formas irregulares

tém PRES-IND-3PL-SUFFIX ter

vao PRES-IND-3PL-SUFFIX ir
extinguido PAST-PART-SUFFIX extinguir
extinto PAST-PART-SUFFIX extinguir

AW N —

ser listadas em uma tabela, como exemplificado na Listing 3. Na PorGram, essa tabela
¢ armazenada no arquivo my—irregs.tab. Observe que, quando uma forma irregu-
lar coexiste com uma regular, como no caso do participio passado de extinguir, ambas
precisam ser listadas nesse arquivo.’

4. Metodologia de preenchimento da tabela de formas irregulares

Com o intuito de povoar my—irregs.tab a partir das entradas do MorphoBr, imple-
mentamos um algoritmo que classifica as formas verbais em regulares ou irregulares, com
base nas regras flexionais da PorGram. A linguagem de programacdo escolhida para essa
tarefa foi Haskell, que é puramente funcional e tem como vantagens a clareza e simplici-
dade do cédigo.

Na PorGram, as declara¢des de regras lexicais, como exemplificado na Listing 2,
sao formuladas no arquivo my-irules.tdl. Infelizmente ainda ndo existe um parser
para a leitura de arquivos TDL em Haskell. Por isso, utilizamos a biblioteca PyDelphin®,
que possibilita armazenar, em formato JSON, os atributos dos objetos LetterSet, que
modela as classes de caracteres, e LexicalRuleDefinition, que modela as regras
flexionais.

Dadas as diferencas de formato de representacio do MorphoBr e da PorGram,
criamos manualmente um arquivo contendo as etiquetas correspondentes a cada regra
da gramdtica. Em Haskell, a partir do arquivo JSON com os atributos dos objetos
LetterSet e LexicalRuleDefinition, os padrdes das regras de reescrita foram
codificados como expressdes regulares. Devido ao grande volume de entradas verbais
do MorphoBr, utilizamos uma estrutura eficiente para organiza-las, o Data .Map. Nele,
como em um diciondrio, temos chaves buscaveis e valores associados as mesmas. O Map
das entradas tem como chave os lemas, aos quais se associam listas de tuplas em que o
primeiro elemento € a forma flexionada e o segundo € a regra correspondente ao conjunto
de etiquetas, quando ndo hd uma regra correspondente o segundo elemento é uma string
vazia.

Para obter as formas flexionadas irregulares, o algoritmo gera, para cada forma
do MorphoBr contemplada por uma regra da gramadtica, uma nova forma através da
aplicagdo dessa regra no lema. Por exemplo, a aplicacdo da regra lexical PAST-
PART-SUFFIX a extinguir, que forma o participio passado, produz, pelo padrdo
(guir guido), a forma regular extinguido. Ao analisar a forma extinto, o algoritmo
a compara com a que produziu, ou seja, extinguido, por meio da fun¢do isRegular

3Para mais detalhes sobre o funcionamento do algoritmo de parsing e geragio morfolégicos do LKB,
ver [Copestake 2002].
“https://github.com/delph-in/pydelphin
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e, comohttps://www.overleaf.com/project/60ef62474d10575be26f47d5 essa forma € di-
ferente, a adiciona a tabela my—irregs.tab. Como vimos, nesse caso, tanto a forma
irregular extinto quanto a regular extinguido sdo adicionadas a tabela.

A fun¢do i sRegular tem trés possiveis retornos:

1. no caso em que a forma analisada coincide com a forma produzida pela aplicagdo
da regra, ou seja, € regular, o retorno é vazio;

2. quando a forma analisada ndo ¢ igual a forma produzida pela regra, porém a forma
produzida existe no MorphoBr, as duas formas sdo retornadas;

3. se as formas sdo diferentes e a forma que foi produzida pela regra nao existe no
MorphoBr, retorna apenas a forma analisada.

5. Resultados

O resultado esperado do algoritmo de classificacdo delineado acima era uma tabela de
excegdes com aproximadamente 10 mil entradas. Esse nimero era uma mera estima-
tiva baseada na English Resource Grammar (ERG), aparentemente, a maior gramadtica
implementada no formalismo HPSG [Flickinger 2000]. Nessa gramatica, a tabela corres-
pondente possui 4184 formas de verbos, correspondentes a 808 lemas verbais, ao passo
que o léxico principal dessa gramdtica contém 4346 lemas verbais diferentes.’

Contrariando largamente a nossa expectativa inicial, ao executarmos o algoritmo
sobre as formas verbais do MorphoBr pela primeira vez, obtivemos uma tabela com
483683 entradas. Uma andlise cuidadosa desses dados indicou que o grande volume
nao resultava de erros de classificacdo do algoritmo nem de modelagem inadequada das
regras flexionais. Em vez disso, foi causado por formas espurias existentes no MorphoBr,
que se subdividiam em 5 tipos principais:

1. formas no infinitivo terminadas em d, é, i, f ou J;

2. formas ndo imperativas na primeira ou segunda pessoa do plural ndo terminadas
em s;

3. formas na segunda pessoa do singular que nio do imperativo ou presente do indi-
cativo sem terminar em s;

4. formas com o sufixo dsseis em vez de asseis;

5. formas com erros diversos, como veiste em vez de vieste ou curguei em vez de
curvei.

A maior parte dessas formas espurias eram duplicatas de formas corretas. Por
meio de regras baseadas nesses tipos, foram eliminadas 270278 formas esptrias e in-
cluidas 12908 entradas corrigidas. Essas correcdes permitiram reduzir a tabela, em nova
aplicagdo do algoritmo de classifica¢do, a 11581 entradas.

Uma primeira andlise das entradas dessa tabela aponta para a necessidade de mais
corregdes nas formas verbais do MorphoBr. Como podemos constatar na Listing 4, a
segunda variante de cada uma dessas formas ou estd com a ortografia desatualizada ou
constitui uma forma espuria. Pelo Acordo Ortogréafico da Lingua Portuguesa de 2009,
as formas abdia, abotdo e adeqiiemos ndo se escrevem mais com diacriticos. A forma

5A ERG tem sido continuamente desenvolvida desde o seu langcamento hd mais de duas décadas, sendo
extremamente complexa. Nao excluimos o fato de que possua mais entradas de verbos em bancos de dados
auxiliares.
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Listing 4. Exemplos da tabela final de formas irregulares

1 |aboia PRES-IND-3SG-SUFFIX aboiar

2 |abdia PRES-IND-3SG-SUFFIX aboiar

3 |abotoo PRES-IND-1SG-SUFFIX abotoar

4 |abotbo PRES-IND-1SG-SUFFIX abotoar

5 |abstido PAST-PART-SUFFIX abster

6 |absteido PAST-PART-SUFFIX abster

7 |adequemos PRES-SUBJ-1PL-SUFFIX adequar
8 |adeqgliiemos PRES-SUBJ-1PL-SUFFIX adequar
9 |davamos IMPF-IND-1PL-SUFFIX dar

10 |demos IMPF-IND-1PL-SUFFIX dar

11 |quises FUT-SUBJ-2SG-SUFFIX querer

12 |quiseres FUT-SUBJ-2SG-SUFFIX querer

13 | reavemos PRES-IND-1PL-SUFFIX reaver

14 |reemos PRES-IND-1PL-SUFFIX reaver

demos nao constitui forma do imperfeito do indicativo de dar, sendo ddvamos a tnica
forma correta para a primeira pessoal do plural nesse caso. Finalmente, as formas quises
e reemos ndo integram os paradigmas de querer e reaver, respectivamente. As Unicas
formas corretas para as combinagdes de pessoa, nimero, tempo e modo indicados na
Listing 4 sdo quiseres e reavemos.

Além de melhorias no MorphoBr, a producio da tabela também possibilitou uma
revisdo da cobertura das regras definidas em my-irules.tdl, chamando a atencdo
para a auséncia do padrdo (er ias) naregra fut-pret-2sg-suffix, que foi atu-
alizada.

Como uma primeira forma de avaliacdo do algoritmo, aplicamo-lo a uma amos-
tra de verbos altamente irregulares, constituida das entradas do MorphoBr para os verbos
dar, dizer, estar, fazer, haver, ir, poder, querer, saber, ser, ter, trazer, ver e vir. Apesar
de irregulares na maior parte da conjugacgao, esses verbos possuem algumas formas regu-
lares. O algoritmo gerou uma tabela com as classificacdes esperadas para essa amostra
de verbos. Por exemplo, no caso do verbo dar, a tabela nao contém formas como damos,
dava ou dariamos, que sao geradas pelas regras flexionais e ndo possuem variantes irregu-
lares no MorphoBr, apenas formas idiossincraticas como dou, deu, déssemos ou déramos,
nao abrangidas por essas regras.

Por outro lado, verificamos que a tabela ndo inclui nenhuma forma de uma amos-
tra de verbos totalmente regulares, ou seja, cuja conjugacdo segue rigorosamente as regras
flexionais implementadas, com exce¢do de variantes com ortografia anterior ao Acordo
Ortografico ou que constituem formas espurias, como exemplificamos na Listing 4. Essa
segunda amostra consistiu dos verbos acuar, advertir, agir, atacar, cacar, chegar, com-
prar, distinguir, doar, dormir, erguer, ferir, mentir, partir, passear, perseguir, proteger,
puir, ressarcir, seguir, sentir, vencer, vender e vestir. Foi extraida dos comentérios que
documentam as diferentes regras flexionais do arquivo my-irules.tdl.
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6. Conclusao

Neste artigo, relatamos sobre um algoritmo em Haskell para o preenchimento da tabela
de formas verbais irregulares da gramatica PorGram, a fim de que todo o Iéxico verbal do
MorphoBr possa vir a ser utilizado pela gramatica. Antes disso, a gramética s6 era capaz
de analisar as formas regulares contempladas pelas regras flexionais. A primeira aplicacdo
desse algoritmo nos mais de dois e meio milhdes de formas verbais do MorphoBr resultou
em uma tabela com quase meio milhdo de formas, contrariando amplamente a expectativa
inicial de algo em torno de 10 mil entradas.

Um exame da tabela gerada permitiu, por um lado, identificar um grupo de cinco
tipos de erros no MorphoBr, levando a uma corre¢ao do recurso que eliminou 270278
formas espurias e inseriu 12908 entradas corrigidas. Por outro lado, possibilitou constatar
e corrigir um erro numa das regras flexionais. Aplicado sobre os dados atualizados tanto
do MorphoBr quanto da gramatica, o algoritmo de classificacdo produziu uma tabela com
apenas 11581 entradas.

Uma avaliagdo manual dessa tabela constituiria um processo demorado. Por isso,
optamos por uma avaliacido por amostragem. Por um lado, analisamos os resultados para
uma amostra de 14 verbos altamente irregulares. A tabela apresentou, nesse caso, as
classificacdes esperadas. Por outro lado, a tabela ndo inclui formas indevidas de verbos
regulares, a julgar pela andlise dos resultados para 24 desses verbos, que instanciam os
diferentes padrdes de regularidade modelados pela PorGram. Desse modo, a nossa ex-
pectativa é de que a gramatica agora possa analisar qualquer forma verbal do MorphoBr.
Para tanto, temos ainda de corrigir as formas verbais erradas remanescentes do recurso e
elaborar uma metodologia eficiente de avaliagdo em larga escala, dado o grande volume
de dados envolvido.

Outro trabalho a ser desenvolvido num futuro préximo € revisar as regras flexio-
nais, de modo a possivelmente incluir mais padrdes regulares, e testar essas regras sob a
perspectiva no apenas da andlise, como fizemos aqui, mas também da geracgao, utilizando
a capacidade geradora do algoritmo de classificagdo.
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Abstract. Language resources, such as corpora, are fundamental for the deve-
lopment of text processing tools. A resource currently considered fundamental
for NLP in Portuguese is the corpus UD Bosque, part of the corpora collec-
tion in the Universal Dependencies (UD) project. Despite UD Bosque being
originated from a manually revised (golden) corpus, several annotation consis-
tency problems are encountered in its current version. In this work, we present
the methodology to correct the problems of morphological annotations in the
corpus; in particular, we correct morphological agreements of adjectives, de-
terminants, and nouns. We discuss the errors, exceptions, or non-trivial cases,
corrections that we made, and the impact of changes on the corpus on the trai-
ning of statistical parsers.

Resumo. Recursos linguisticos, como corpora, sdo fundamentais para o desen-
volvimento de ferramentas para processamento de textos. No processamento
de textos em portugués, um recurso atualmente considerado fundamental é o
corpus UD Bosque, parte da colecdo de corpora no projeto ‘Universal Depen-
dencies’ (UD). A despeito do corpus UD Bosque ter sido convertido para as
anotagdes de UD de um corpus originalmente revisado, ainda sdo vdrios os pro-
blemas de consisténcia das anotacdes encontrados na atual versdo do corpus.
Neste trabalho, apresentamos a metodologia usada para corrigir os problemas
de anotagées morfologicas nos corpus UD Bosque, em particular, identificamos
erros nas anotagdes morfologicas de determinantes e adjetivos que deveriam
concordar com os substantivos que modificam. Discutimos como os erros fo-
ram identificados, as excegcoes ou casos ndo triviais, as corregdes realizadas e
o impacto das mudangas no corpus no treinamento de analisadores sintdticos
estatisticos.

1. Introducao

O aprendizado de maquina (ML) [Mitchell et al. 1997] evoluiu do estudo de reconheci-
mento de padrdes e da teoria do aprendizado computacional em inteligéncia artificial e
hoje é largamente utilizado no processamento de linguagem natural (NLP). Em sua es-
séncia, tais métodos demandam dados, manualmente anotados ou nao, para o treinamento
de sistemas na realizagdo de tarefas especificas.
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Na linguistica computacional ! ou no processamento de linguagem natural, um
analisador sintatico é o primeiro componente de muitos sistemas que pretendem proces-
sar e interpretar texto. Dada uma frase como entrada, o analisador sintitico marca cada
palavra com uma classe gramatical (POS) e determina as relagdes sintdticas entre as pa-
lavras na frase. Na andlise de dependéncias, estas relacdes sdo representadas na arvore
de andlise de dependéncia e estdo diretamente relacionadas ao significado subjacente da
frase em questdo [Jurafsky and Martin 2009]. Um dos principais problemas que torna a
andlise sintdtica uma tarefa desafiadora é que as linguagens humanas apresentam niveis
notdveis de ambiguidade. Nado é incomum que frases de comprimento moderado, 20 ou
30 palavras, tenham centenas, milhares ou mesmo dezenas de milhares de possiveis estru-
turas sintaticas [Oepen et al. 2004]. Um analisador sintatico de linguagem natural deve de
alguma forma pesquisar todas essas alternativas e encontrar a estrutura mais plausivel de
acordo com o contexto. Os analisadores sintdticos podem utilizar uma gramética compu-
tacional implementada em formalismos como HPSG [Sag et al. 2003] ou serem baseados
no aprendizado de maquina, usando grande volumes de textos (corpora), segmentados em
sentencas que s@o associadas a sua respectiva andlise sintatica.

O ‘Universal Dependencies’ (UD) 2 é um projeto para o desenvolvimento de um
esquema de anotacido multilinguagem, com o objetivo de facilitar o desenvolvimento de
analisador multilingue, aprendizagem multilingue e pesquisa na drea de andlise sintdtica
com a perspectiva da tipologia linguistica. O desenvolvimento de analisadores sintéticos
era, antes de UD, em grande parte limitado pela falta de um grande volume de dados ano-
tados de forma consistente seguindo um mesmo esquema de anotagdes (marcacdes e di-
retrizes). Isto é, varios corpora eram criados por diferentes grupos de pesquisa usando di-
ferentes esquemas de anotacdo. Atualmente o projeto UD conta com trés corpora em por-
tugués. O corpus mais consistente e mais utilizado no treinamento dos analisadores sin-
taticos mais populares e livremente distribuidos é o UD Bosque [Rademaker et al. 2017].

Infelizmente, embora seja 0 mais importante corpus do portugués no projeto UD,
o corpus UD Bosque tem limitagdes. Em primeiro lugar, € um corpus considerado pe-
queno, com aproximadamente nove mil sentengas apenas. Em segundo lugar, embora
tenha sido convertido para o formato UD a partir de um corpus previamente elaborado
em outro formalismo e manualmente revisado [Afonso et al. 2002], ainda apresenta va-
rias inconsisténcias e erros de anotagdes, eventualmente introduzidas inadvertidamente
durante suas revisdes ou na conversdo para o formato UD [Rademaker et al. 2017]. Mo-
tivados em resolver tais problemas, buscamos uma metodologia que nos ajude a evitar
novas inconsisténcias e ofereca escalabilidade para a manuten¢do de um novo corpus
para o portugués que deverd contar com aproximadamente 320 mil sentencas (35 vezes
maior que o UD Bosque) [Ribeiro et al. 2020]. Este trabalho comegou com a exploragéo
da validagdo cruzada do corpus com o 1éxico de formas plenas do portugués MorphoBr
[de Alencar et al. 2018]. A partir desta etapa, documentada em outro artigo de autoria dos
dois tltimos autores do presente trabalho, artigo esse submetido a um periddico e ainda
em revisdo, identificamos casos de anotacdes morfoldgicas inconsistentes de acordo com
as regras da gramdtica do portugués.

10 termo linguistica computacional é usado aqui para designar a drea de pesquisa que utiliza sistemas
computacionais para estudos linguisticos e se contrasta com o processamento de linguagem natural, mais
aplicado, a drea interessada no desenvolvimento de sistemas para processamento automatico de textos.

’https://universaldependencies.org
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Neste artigo, documentamos a metodologia que adotamos para corre¢do dos erros
das anotagdes de adjetivos e determinantes que, segundo a gramadtica do portugués, de-
vem concordar em género e nimero com 0s substantivos que introduzem ou modificam.
Diferentemente de uma gramadtica computacional, onde a regra de concordancia entre ad-
jetivos, determinantes e substantivos é explicitamente codificada, permitindo assim que
um analisador sintatico que utilize tal gramadtica seja preciso na andlise de uma sentenca
como gramatical ou agramatical, um sistema baseado no aprendizado de maquina deve
aprender as regras de concordancia do portugués a partir dos dados. Se os dados apre-
sentam anotacdes inconsistentes, espera-se que o analisador sintdtico ndo serd capaz de
aprender corretamente a regra de concordancia.

Este trabalho estd organizado da seguinte forma. Na secdo 2 apresentamos o
projeto UD e o corpus Bosque. Na se¢@o 3 discutimos os erros encontrados no corpus
diretamente relacionados a concordancia de marca¢des morfoldgicas, indiretamente rela-
cionados ao desvio de concordéncia entre palavras ou relativos a erros de concordincia
nos textos originais. Na secdo 4, avaliamos o impacto das mudangas descritas neste tra-
balho no treinamento de dois analisadores sintaticos. Finalmente, apresentamos nossas
conclusdes na secio 5.

2. Universal Dependencies e o corpus UD Bosque

As ‘Universal Dependencies‘ (UD) [de Marneffe et al. 2021a] sdo um esquema de anota-
¢ao morfossintatica usado para criar corpora para mais de 100 idiomas. O UD especifica
um conjunto de etiquetas (tagset) e diretrizes de uso destas etiquetas para a codificacdo
de andlises sintdticas de sentencas. As relacdes gramaticais entre palavras sdo usadas
para explicar como as estruturas de argumento-predicado sdo codificadas morfossinta-
ticamente em diferentes idiomas, enquanto as caracteristicas morfoldgicas e as classes
gramaticais fornecem as propriedades das palavras. [de Marneffe et al. 2021b] sustenta
que esta teoria € uma boa base para a anotagdo consistente de linguas tipologicamente
diversas de uma forma a apoiar a implementacdo computacional da linguagem natural,
bem como estudos linguisticos mais amplos. O projeto € um esfor¢o de uma comunidade
aberta com mais de 300 contribuidores, que produziram quase 200 treebanks em mais de
100 idiomas.

O UD teve sua primeira versdo de corpus do portugués em 2015 e hoje
conta com 3 corpora em portugu€s (UD Bosque, GSD e PUD), sendo o Bosque
[Rademaker et al. 2017] o mais usado para treinamento de analisadores sintiticos, com
cerca de 210 mil tokens e 9,3 mil sentencas. Tudo que serd apresentado neste trabalho
foi realizado no corpus UD Bosque, mas serd, em trabalhos futuros, aplicado nos demais
corpora do portugués.

As anotacdes do UD sdo armazenadas em arquivos CONLL-U 3 em que sentengas
sdo codificadas com um token por linha e cada linha com 10 colunas, a saber, (i) o in-
dice do token na sentenca (ID), (ii) a forma original da palavra na sentenca ou pontuagdo
(form), (iii) o lema ou radical da palavra (lemma), (iv) a classe gramatical (UPOS), (v) a
classe gramatical especifica do idioma (XPOS), (vi) a lista de caracteristicas morfoldgicas
como género, nimero e flexdes verbais (feats), (vii) o id do token governante na estrutura

Shttp://universaldependencies.org/format.html
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de dependéncias (HEAD), (viii) a relagdo de dependéncia com o token governante (DE-
PREL), (ix) o grafico de dependéncias expandido (DEPS) e (x) outras anota¢des (MISC).
Na Figura 1 temos um exemplo da estrutura.

Figura 1. exemplo de anotacGes morfossintaticas de uma sentenga do corpus
UD Bosque no formato CoNLL-U

# text = Maradona negou veementemente as criticas da mée de Franco.

# sent_id = CF388-2

Maradona Maradona PROPN Gender=Masc |Number=Sing

negou negar VERB Mood=Ind |[Number=Sing|Person=3|Tense=Past|VerbForm=Fin
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3. Erros de concordincia no UD Bosque

Em trabalho anterior dos dois dltimos autores deste artigo,* a comparagio do dicio-

ndrio de formas plenas Morpho-Br [de Alencar et al. 2018] com o corpus UD Bosque
[Rademaker et al. 2017] foi usada para verificacdo de inconsisténcias e omissdes no pri-
meiro. Durante a comparagdo dos recursos, a inspecio de andlises morfologicas incom-
pletas no corpus revelou também inconsisténcias entre anotacdes no préprio corpus que
ignoravam as regras de concordancia do portugué€s. Dentre os casos encontrados de-
cidimos concentrar nossa andlise nos artigos e adjetivos que devem concordar com os
substantivos que introduzem e modificam:

...quer seja definido ou indefinido, o artigo caracteriza-se por ser a
palavra que introduz o substantivo indicando-lhe o género e nimero.
[Cunha and Cintra 1985, pagina 225]

...0 adjetivo toma a forma de singular ou plural do substantivo que ele
qualifica. ...o substantivo tem sempre um género, o que nao ocorre
com o adjetivo, que assume o género do substantivo que ele qualifica.
[Cunha and Cintra 1985, pdginas 264-265]

Em UD, os artigos pertencem a classe dos determinantes, termo difundido sobre-
tudo pela gramética gerativa de Chomsky. E uma nogo distribucional, como estd claro na
prépria definicdo das dependéncias universais.’ Pelo critério distribucional, sdo determi-
nantes em portugués também os pronomes demonstrativos, além dos artigos, entre outras
classes de palavras. Estendemos assim nossa verifica¢do para todos os determinantes além
de apenas artigos.

Para identificar os casos de desvio de concordincia, utilizamos a biblioteca
Udapi [Popel et al. 2017]. A consulta 1 pesquisa por tokens anotados como adjetivos
(campo UPOSTAG com valor ADJ) cujo token governante seja um substantivo (NOUN)
e cujas etiquetas morfoldgicas de nimero e género ou ndo estejam especificadas ou se-
jam diferentes do seu token (substantivo) governante. Em UD, a relacio de dependéncia
amod é usada para ligar um adjetivo ao substantivo ou pronome que ele modifica de forma
composicional ou idiomatica.®

40 trabalho foi submetido para publicacio e encontra-se em avaliagdo.
Shttps://universaldependencies.org/u/pos/DET.html
Shttps://universaldependencies.org/u/dep/amod.html
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Listing 1. Exemplo de consulta no corpus usando Udapi

if ((node.feats["Gender"] != node.parent.feats["Gender"]
or node.feats["Number"] != node.parent.feats["Number"]
or node.feats[" Gender"] == ""
or node. feats ["Number"] == "")
and node.upos == "ADJ" and node.deprel == "amod"
and node.parent.upos == "NOUN"):

print (node)

A consulta 1, quando submetida ao corpus UD Bosque, retornou 191 casos sus-
peitos de falta de concordancia. Os casos mais simples foram trivialmente corrigidos.
No exemplo 1, o adjetivo uniforme ‘mdvel’ [Cunha and Cintra 1985] teve a marcagéo de
género corrigida de Masc para Fem.”

...frequentada por uma «populacio» médvel...
NOUN ADIJ
Fem,Sin Masc,Sin,
Example 1. CP52-12 & &
Também identificamos erros gramaticais cometidos pelos autores dos textos. No
exemplo 2, o adjetivo ‘contiguas’ deveria ter sido flexionado no masculino plural. Neste
caso, UD determina que a marcagdo Typo=Yes deve ser incluida nas ‘features’ do token
e no campo misc, a indicacdo da forma correta com CorrectForm=contiguos.
Nota-se ainda que o erro de concordancia revelou um erro na anotagao sintitica onde o
governante do adjetivo deveria ser ‘armazém’, o token ‘head’ da coordenacdo.

amod
/ amody
...os armazéns euma habitacdo contiguas...
NOUN NOUN ADIJ
Masc,Plur Fem,Sing Fem,Plur,Typo

Example 2. CP103-2

Embora a concordancia de um adjetivo com uma coordenagdo de substantivos seja
detalhadamente descrita em [Cunha and Cintra 1985], o mesmo ndo ocorre para constru-
¢des como a apresentada no exemplo 3. Este caso consideramos como um falso positivo
de nossa consulta (um falso erro) dado que entendemos a constru¢do como gramatical.

nmod
[ [ amod \\v
...estudantes do 1°. e 2°. graus
NOUN ADJ ADJ NOUN
Masc,Sing Masc,Sing Masc,Plur
Example 3. CF66-4

"Nos exemplos, marcagdes em vermelho sinalizam os erros encontrados cuja correcdo é descrita no
texto, marcagdes introduzidas estdo em azul. Os nimeros CFXX~-XX ou CPXX~-XX sdo identificadores das
sentengas do corpus.
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Nota-se que a consulta 1, embora produtiva na identificagdo dos erros mais fre-
quentes de anotacdo, listou falsos erros, os quais tiveram que ser analisados manualmente.
Os principais falsos erros foram casos de coordenag@o entre substantivos modificada por
um adjetivo ou como no exemplo anterior, coordenacdo de adjetivos modificando um
substantivo. No futuro, pretendemos explorar outros padrdes como as construgdes de
adjetivos em fungdo predicativa. Nao obstante, alguns casos no triviais também foram
revelados. Em “...muitos senadores antiaborto...” (CP786-2) temos a palavra ‘antia-
borto’ anotada como adjetivo e sua flexdo ndo acompanha ‘senadores’, o substantivo que
modifica, revelando uma possivel excecdo a regra de concordancia do portugués ou uma
possivel necessidade de anotagdo mais elaborada onde apenas o afixo ‘anti’ seria o ad-
jetivo (compare com ‘senadores contrarios ao aborto’) ou seria tratado como preposi¢do
(compare com ‘senadores contra o aborto’). Em .. .interpretadas por bandas cover...”
(CF840-5) temos um termo estrangeiro que optamos por anotar com a morfologia ade-
quada a concordancia, embora adjetivos no inglés nao flexionem.

Para tratar os desvios de concordancia entre determinante e substantivos, partimos
da consulta 2, uma variagdo simples da consulta 1. Encontramos 1226 casos de des-
vios de concordincia entre determinantes e substantivos. Diferentemente dos casos de
concordancia com adjetivos, neste caso foram possiveis algumas correcdes em lote. Res-
tringindo a consulta 2 para os artigos definidos do portugués sem anota¢des morfoldgicas
de género ou niimero, encontramos um nuimero expressivo de casos. Como 0s artigos
definidos do portugués tém género e nimero regulares, fizemos um script para adicionar
as anotagdes morfolégicas em todos os artigos definidos sem anotagcdes morfoldgicas de
género e numero. Com isto, o niimero de casos da consulta 2 diminuiu para 282.

Listing 2. Consulta no corpus de DET/NOUN usando Udapi

if ((node.feats["Gender"] == ""
or node. feats["Number"] ==

or node.feats["Gender"] != node.parent.feats[" Gender"]
or node.feats ["Number"] != node.parent.feats["Number"])
and node.upos == "DET" and node.deprel == "det"

and node. parent.upos == "NOUN"):

print(node)

No exemplo 4, temos um caso de simples correcdo, onde o token ‘dgua’ estava
erroneamente® com género Masc.

det

...quarenta por cento de a dgua potével...
DET NOUN

Fem,Sing Masc,Si
Example 4. CP452-3 em,Slg  Vastomng

Casos de erros gramaticais e ortograficos também foram encontrados, como na
verificagdo dos adjetivos. No exemplo 5, onde autor do texto deveria ter usado o artigo
13 b

definido singular feminino ‘a’, seguindo novamente as diretrizes de UD, utilizamos as
marcacdes de Typo=Yes e CorrectForm=a para indicar o erro do autor do texto e

8E surpreendentemente para um corpus que ji passou por tantas revisoes.
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prover uma anotagdo consistente para um analisador estatistico.

...sobre 0 superioridade de...
DET NOUN
Masc,Sing, Typo Fem,Sin
Example 5. CF27-7 &P g
Também encontramos casos como o exemplo 6, envolvendo a locucdo adverbial
‘pelo menos’ °. Neste caso, decidimos adiar o tratamento das expressdes multipalavras
para uma etapa futura embora nos pareca que uma andlise possivel seja como apresentada
no exemplo 6 pelas relagdes de dependéncia.

det

...encontrar  por 0 menos  um ponto. ..
ADP DET NOUN

Masc,Sing  Masc,Pl
Example 6. CF685-1 asc,Sing - Masc,Plur

Considerando os casos aqui discutidos, no total, foram modificadas 1.094 sen-
tencas (12% das sentencas do corpus) e 1.875 tokens (aproximadamente 1.7 tokens por
sentenca).

4. Avaliacido

Conforme descrito na se¢do 1, nossa intenc¢do é desenvolver um processo robusto e es-
caldvel para revisdo de corpora. Para tal, entendemos que modificagdes ndo devem ser
feitas de forma ad hoc. Para a avaliagdo do impacto de nossas alteracdes na qualidade do
corpus, utilizamos o analisador sintatico UDPipe [Straka and Strakova 2017]. O UDPipe
em sua versdo 1.2 ndo € baseada em modelos de redes neurais, mas na ultima CoNLL
2018 Shared Task [Zeman et al. 2018] sua versdo ‘Future’ ficou entre os trés melhores
colocados em todos os ranks.!°

Os resultados obtidos sdo apresentados na tabela 1. Para avali-
acdo, inicialmente, treinamos dois modelos do UDPipe com os arquivos
pt_bosque-ud-train.conllu da versdo 2.8 do corpus (de Maio 2021) e do
‘branch workbench’ (corrigido conforme descrito na se¢do 3). Usando os respectivos
modelos, processamos os arquivos pt_bosque-ud-test+dev.conllu (junta-
mos os arquivos de teste e desenvolvimento que somam 1.036 sentencas) também
das duas versdes obtendo um arquivo system-test+dev.conllu para cada
pt_bosque-ud-test+dev.conllu. Finalmente, usamos o script de avaliagdo
desenvolvido para a CoNLL 2018 Shared Task,!' para comparar os respectivos arquivos
pt_bosque—-ud-test+dev.conllue system-test+dev.conllu. Os nime-
ros da terceira coluna indicam que em todas as métricas usadas na Shared Task, o sistema
melhorou seu resultado com a nova versao dos corpus.

0 token ‘pelo’ é a contragio da preposi¢io ‘por’ com o pronome ‘0’
'Ohttps ://universaldependencies.org/conlll8/results.html
https://universaldependencies.org/conlll8/evaluation.html
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Existem varias métricas para quantificar a diferenca entre anotagdes sintdticas de
dependéncias, geralmente usadas para avaliar quao préximo € o resultado de um sistema
em relacdo as anotagdes humanas (‘golden’) do mesmo dado. Diferentes métricas de ava-
liagdo avaliam diferentes aspectos das anotacdes. Na tabela 1 sdo apresentadas as trés
métricas principais usadas pelo script de avaliacdo da CoNLL 2018 Shared Task. As mé-
tricas LAS, MLAS e BLEX sdo métricas conhecidas para avaliacdo. A métrica ‘labeled
attachment score’ (LAS) € uma métrica de avaliacdo padrio na andlise de dependéncia: a
porcentagem de tokens que sdo atribuidos ao token governante sintético correto e ao ré-
tulo de dependéncia correto. A métrica ‘Morphology-Aware Labeled Attachment Score’
(MLAS) € uma extensdo do CLAS (publicado experimentalmente em 2017), combinada
com a avaliagdo de marcacgdes de PoS tags e marcagdes morfoldgicas. A parte central é
idéntica ao LAS descrito acima mas, ao contrario do LAS, certos tipos de relacdes ndo
sdo avaliados diretamente. Palavras anexadas por meio de tais relacdes ndo sdo contadas
como palavras independentes, sendo tratadas como caracteristicas das palavras de con-
teudo a que pertencem. Finalmente, a ‘Bilexical dependency score’ (BLEX) é semelhante
ao MLAS no sentido de que se concentra nas relagdes entre as palavras do conteido. Em
vez de anotagdes morfoldgicas, incorpora a lematiza¢do na avaliacdo. Ele estd, portanto,
mais préximo do contetido semantico e avalia dois aspectos da anotagdo UD que sdo
importantes para a compreensdo da linguagem: dependéncias e lemas.

Tabela 1. Comparag¢ao das métricas de avaliacdo entre as versées antiga e nova

do corpus
2.8 workbench diferenca
LAS 81.90 82.66 0.76
MLAS 67.08 67.74 0.66
BLEX 70.60 71.26 0.66

Analisadores sintdticos mais modernos tém utilizado cada vez mais pipeli-
nes baseados em redes neurais e modelos neurais pré-treinados. Um destes siste-
mas € o Stanza [Qi et al. 2020], a reimplementa¢do em Python da biblioteca CoreNLP
[Manning et al. 2014] de Stanford. Infelizmente, o treinamento do Stanza ndo terminou
a tempo para que pudéssemos realizar uma comparagdo com a avaliagdo feita com o UD-
Pipe. No entanto, na tabela 2 apresentamos a comparagdo entre 0s nimeros parciais pro-
duzidos durante o treinamento do Stanza e os nimeros publicados pelos autores do Stanza
para os modelos pré-treinados (versdo 2.5 do corpus de novembro de 2019). Obviamente
esta diferenca ndo pode ser diretamente comparada com os resultados do UDPipe, que
comparam a versdo atual com a versdo 2.8 do corpus, que jd acumula varias melhorias em
relagdo a versdo 2.5.

Tabela 2. Comparacao entre os nhumeros parciais durante treinamento do Stanza
e numeros publicados no site para o UD Bosque release 2.5
2.5 parciais diferenca

LAS 87.57 91.11 3.54
MLAS 76.78 86.05 9.27
BLEX  80.3 87.12 7.09
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5. Conclusao

Neste artigo apresentamos os primeiro passos para uma metodologia de revisdo de um
corpus motivada pela formalizacdo de regras gramaticais em consultas por padrdes no
corpus. Em particular, revisamos o corpus UD Bosque segundo a concordancia de gé-
nero e nimero dos adjetivos e determinantes com os substantivos que modificam e in-
troduzem. Conseguimos demonstrar, pela avaliacdo realizada, que anotagdes morfologi-
cas sdo efetivamente usadas pelos analisadores sintdticos existentes e que houve melhora
efetiva na qualidade dos dados apds nossas revisdes. Em trabalhos futuros, pretende-
mos expandir e refinar as consultas explorando talvez abordagens complementares como
de [Passos 2018]. Também vale destacar métodos ligados a avaliacdo extrinseca dos da-
dos, em tarefas aplicadas, como reportado em [Iwamoto et al. 2021].
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Abstract. This paper describes the creation of PetroGold, a gold standard tre-
ebank for the oil & gas domain. It is composed of theses, dissertations and
monographs, contains 9,127 sentences (253,640 tokens) and has morphosyn-
tactic annotation of dependencies according to the Universal Dependencies ap-
proach. We detail some of the linguistic challenges of the domain for syntactic
annotation and assess the quality of the corpus through an intrinsic evaluation:
using a model created by the UDPipe tool, the corpus leads to 90.65%, 88.53%
and 82.88% of correct answers according to the UAS, LAS and CLAS measures,
respectively.

Resumo. Este trabalho descreve a criacdo do PetroGold, um treebank padrdo
ouro para o dominio do odleo & gds. O material é composto por teses,
dissertacbes e monografias, contém 9.127 frases (253.640 tokens) e conta com
anotagdo morfossintdtica de dependéncias segundo a abordagem Universal De-
pendencies. Detalhamos alguns dos desafios linguisticos do dominio para a
anotagdo sintdtica e verificamos a qualidade do material produzido por meio
de uma avaliagdo intrinseca: utilizando um modelo criado pela ferramenta
UDPipe, o corpus leva a 90,65%, 88,53% e 82,88% de acertos conforme as
medidas UAS, LAS e CLAS, respectivamente.

1. Introducao

Um dos requisitos para um Processamento de Linguagem Natural (PLN) eficiente é
a existéncia de recursos linguisticos de qualidade, capazes de oferecer sustentagdo
para as diversas etapas do processamento automdtico. Embora, para a lingua portu-
guesa, seja possivel contar com bons corpora anotados de diversas naturezas — os tree-
banks do projeto Floresta Sintd(c)tica [Freitas et al. 2008], a Cole¢ao Dourada do HA-
REM [Freitas et al. 2010], o corpus Summit++ [Antonitsch et al. 2016], o PropBank-Br
[Duran and Aluisio 2011] e a quantidade crescente de material para a lingua portuguesa
associado ao projeto Universal Dependencies (UD) [Nivre et al. 2016], por exemplo — o
cendrio é menos favordvel quando se trata de dominios especificos.

As caracteristicas linguisticas de dominios de especialidade podem variar bastante
quando comparadas a textos considerados de linguagem geral, como corpora jornalisticos.
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As diferencas vao muito além do vocabuldrio, estando presentes também no nivel sintdtico
e discursivo. Outro aspecto dependente de dominio € a identificacdo dos limites das uni-
dades linguisticas frase e palavra, o que acarreta dificuldades para os sistemas de PLN
treinados em corpora jornalisticos.

[Thompson et al. 2017] relatam que o desempenho de um parser treinado no Wall
Street Journal Treebank tem uma queda de mais de 10% quando aplicado, sem qualquer
adaptacdo, a um corpus do dominio biomédico. Do mesmo modo, [Cohen et al. 2017]
informam que sistemas dedicados a resolucdo de correferéncia em dominio geral ndo tém
um bom desempenho quando aplicados a um corpus composto por textos académicos.

Neste artigo, apresentamos as etapas de construcdo do treebank PetroGold, com-
posto por teses, dissertagdes e monografias (253.640 tokens) relacionadas a industria do
petréleo. A anotagdo segue a abordagem gramatical do projeto Universal Dependencies
(UD).

2. Petrolés e PetroGold

O PetroGold é um subconjunto do Petrolés, que é simultaneamente um corpus e um pro-
jeto. Enquanto projeto, tem como objetivo facilitar buscas semanticas em documentos
da area; enquanto corpus, trata-se de uma colecdo de documentos de fontes ptiblicas de
referéncia na area do O&G, como a Petrobras e a Agéncia Nacional do Petréleo, Gas Na-
tural e Biocombustiveis (ANP), contendo artigos, documentos acad€micos, publicagcdes
periddicas, notas e estudos técnicos [Gomes et al. 2018].

Um treebank como o PetroGold tem utilidade para diferentes dreas. Do ponto
de vista linguistico, permite pesquisas acerca de estruturas sintdticas tendo como base a
lingua em uso; do ponto de vista do PLN, permite a avalia¢do e o treinamento de sistemas
de anotag@o sintatica e serve ainda como subsidio para outras tarefas de PLN, como a
extracdo de informacao aberta [Gamallo et al. 2012].

Para construir um treebank padrdo ouro, selecionamos um subconjunto do Pe-
trolés de 19 teses e dissertacdes (253.640 tokens). Como o objetivo principal do projeto
¢ viabilizar buscas semanticas, que por sua vez dependem da anotacdo de entidades do
dominio (etapa futura do projeto), tomamos como critério para a selecdo de documentos
a presenga de termos candidatos a entidade da drea. Nesse primeiro momento, a anotagao
de entidades restringiu-se apenas a aplicacdo de um léxico de termos, sem revisdo, com-
pilado em [Evelyn 2021]. A Tabela 1 apresenta o PetroGold em termos quantitativos.

PetroGold
Tokens 253.640
Palavras 223.707
Frases 9.127
Documentos 19

Tabela 1. Caracteristicas do corpus PetroGold v1
Para a anotag¢@o morfossintética, utilizamos o framework do projeto Universal De-

pendencies, que contém 17 etiquetas para anotacdo de classes gramaticais e 37 etiquetas
para relagdes sintdticas. Além das diretivas do projeto UD, questdes especificas do tipo
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de texto presente no Petrolés precisaram ser discutidas entre os anotadores para serem
consistentemente aplicadas ao corpus tendo em vista nossos objetivos a médio prazo.

3. Desafios e opc¢oes linguisticas do PetroGold

Os desafios linguisticos na criagdo do PetroGold foram de dois tipos: pré-processamento
e anotacdo morfossintatica. Do ponto de vista do pré-processamento, os desafios da
conversdo dos arquivos PDF em arquivos de texto plano, mantendo as informagdes
linguisticas relevantes para um corpus, foram discutidos em [Silveira et al. 2019]. Neste
trabalho, nos concentramos sobre a etapa de segmentagdo de frases e palavras. Ja os de-
safios morfossintdticos se relacionam ao fato de as diretivas do projeto Universal Depen-
dencies serem genéricas e ndo contemplarem casos especificos do texto técnico-cientifico.
Nesta se¢do discutimos alguns desses desafios e relatamos nossas opgdes linguisticas.

3.1. Pré-processamento

Na etapa inicial da segmentag@o, as primeiras unidades a serem definidas sao as frases. A
delimitag¢@o dessas unidades segue alguns critérios. O primeiro deles € que apenas ponto
final, de exclamacdo e de interrogacdo sdo separadores de frases. Com isso, sinais de
pontuagdo que poderiam ser entendidos como separadores — caso do ponto e virgula e
dos dois pontos, por exemplo — ndo foram caracterizados dessa forma, nem mesmo em
seu uso mais frequente, como em listas e enumeracdes. Em ambos os casos, mesmo que
haja uma quebra de linha decorrente de itemizacdo, o fim da frase s6 acontece com o
ponto final. Uma consequéncia dessa escolha quanto a segmentacdo € o alto niimero de
coordenagdes, que passou a ser uma caracteristica do corpus.

Outro critério de sentenciacdo € relacionado aos titulos e subtitulos de se¢des, em
situacdo andloga ao caso das manchetes de jornal. Dado que, em geral, estes ndo apre-
sentam ponto final, os segmentadores automaticos tendem a colocé-los juntos das frases
que os precedem e/ou sucedem, sendo tratados como uma unica frase. No entanto, a des-
peito da auséncia de um ponto final, consideramos que os titulos precisam ser segmen-
tados como frases autonomas, caso contrario nao seria possivel estabelecer uma relagdo
sintdtica satisfatdria entre as partes.

Nesta primeira versdo do PetroGold, as frases cuja sentencia¢do automdtica fugia
as diretivas foram eliminadas. Com essa decisdo, eliminamos 10,3% da quantidade de
frases que selecionamos inicialmente.

3.2. Anotacao morfossintatica

No que se refere a morfossintaxe, fendmenos tipicos do género académico e do dominio
de 6leo & gds, até entdo ndo abordados nas diretivas de anotagdo, precisaram de um
tratamento sistematico, como € o caso das referéncias bibliograficas.

A anotacdo de referéncias bibliograficas apresenta duas exigéncias: (a) definir a
relacdo entre os termos que constituem uma referéncia composta como “"McGurk et al.
(1990)”, como ilustrado no exemplo (1), e (b) definir a relacdo entre a referéncia e o
restante da frase, como ilustrado no exemplo (2).

(1) McGurk et al. (1990), analisando otélitos, encontraram evidéncias de
reducdo no crescimento de larvas de arenque.
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(2) Vale lembrar que essa técnica ndo é permitida dentro de os estudrios (FER-
REIRA, 2006).

Para lidar com a estrutura interna dos elementos que compdem as referéncias “Mc-
Gurk et al. (1990)” e "FERREIRA, 2006, temos quatro possibilidades de anotagdo con-
forme as diretivas de UD, cada uma com implicagdes linguisticas diferentes: adjunto
adnominal (nmod), coordenacdo (conj), expressao multi-palavra lexical sem sintaxe (flat)
e expressdo multi-palavra lexical com alguma sintaxe (compound). Escolhemos flat, pois
contempla a ideia de que "McGurk et al.” (sem o ano de publicacdo) e "FERREIRA,
2006 sao, no contexto académico de referéncias bibliograficas, um nome tnico, uma
unidade que se refere a um trabalho especifico, com uma sintaxe inexistente (ou ao me-
nos uma sintaxe que ndo nos interessa marcar). Analisamos a relacdo entre ”1990” e
”McGurk” na frase (1) como nmod; quanto a frase (2), a relagao sintatica entre o nicleo
do elemento entre parénteses, "TFERREIRA”, e a raiz da frase, ”Vale”, definimos como de
parataxis.

Relagdes entre elementos nominais sdo muito comuns no dominio de dleo e gés.
As convengdes de anotagdo dessas estruturas em UD implicam distingdes entre nomes
préprios e comuns, o que pode ser extremamente dificil para ndo especialistas. Além
disso, reconhecer qual relacdo sintdtica esses termos estabelecem entre si também ¢é
uma tarefa complicada. Apesar de a gramdtica UD dispor de algumas alternativas de
classificagdo para expressdes nominais e suas relacdes, as diretivas apresentam pontos
ainda ndo completamente maduros, como a relagao entre substantivos préprios e comuns,
que pode ser do tipo adjunto nominal ou aposto, por exemplo'. No PetroGold, decidimos
utilizar a etiqueta nmod (modificador nominal do tipo adjunto adnominal) para a maioria
dos casos de nomes que modificam outros nomes. Para os casos que algumas gramaticas
tradicionais chamam de aposto especificativo evitamos atribuir a etiqueta aposto pela di-
ficuldade de decidir se estamos diante de expressdes com dois niicleos — caracteristica
tipica da etiqueta appos em UD — em expressdes como “formacdo Cidreira”. Assim,
também analisamos essas expressdes como adjunto adnominal (etiqueta nmod), tal como
na Figura 1.

nmod 7
=
razao ar/combustivel ions carbonato tipo FPSO
NOUN NOUN NOUN NOUN NOUN PROFN
razio  ar/combustivel ion carbonato tippo FPSO

Figura 1. Anotacao da relacao entre nominais

Uma decisdo diferente foi tomada em relacdo aos compostos quimicos, nomes
cientificos e termos especificos do dominio, como “alquil glucosideos” e ”Odontesthes
argentinensis”, “desvio padrdo” ou “efeito estufa”. Todos foram anotados como com-
pound.

Outras decisdes de anotacdo do PetroGold estdo descritas na documentaciao do

'"Para  um  aprofundamento  sobre as  discussdes, ver https://github.com/
UniversalDependencies/docs/issues/757 e https://universaldependencies.
org/workgroups/newdoc/two_nominals.html. Acesso em 7 de ago. de 2021.
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corpus.

4. Metodologia

Considerando os custos da anotacdo 100% manual e a capacidade de parsers atuais de pro-
duzirem resultados razodveis, tem sido uma pritica comum a cria¢do de corpora padrio
ouro por meio da revisdo de material anotado automaticamente. Neste caso, 0 processo
de revisdo consiste, em grande parte, na busca por inconsisténcias e/ou erros da anotacdo
automatica.

No PetroGold, a revisdo da anotacdo automdtica foi feita por 4 pessoas ja habi-
tuadas a abordagem UD. Inicialmente, tendo em vista a familiarizacdo com o género e
o dominio do Petrolés, alguns documentos foram anotados por todos e as divergéncias
discutidas em grupo. Avaliamos a concordancia inter-anotadores utilizando o coeficiente
k (kappa) para cada par de anotadores. O par com concordancia mais alta obteve indice
de 95,1% na tarefa mais dificil, a andlise das dependéncias sintaticas, € 0 par com menor
concordancia alcangou 91,9%.

A revisao do PetroGold foi feita sobre a saida de um modelo customizado treinado
no parser Stanza [Qi et al. 2020] utilizando o Bosque-UD [Rademaker et al. 2017] v.2.6,
corpus de textos jornalisticos, acrescido de um pequeno material do Petrolés. O processo
de revisdao demorou 3 meses, com 4 anotadores trabalhando 20 horas semanais.

Na elaboracdo do PetroGold, seguimos parte da estratégia de revisao utilizada em
trabalhos anteriores, seguindo o que chamamos de método IAD (Inter-Annotator Disa-
greement) e regras linguisticas derivadas do IAD. O método IAD consiste em contrastar
duas andlises distintas para o mesmo corpus em busca de divergéncias. Contrastamos as
andlises fornecidas pelas ferramentas Stanza e UDPipe [Straka et al. 2016] por meio de
uma matriz de confusdo simplificada (Figura 2), e consideramos a ferramenta com o me-
lhor desempenho — em nosso caso, Stanza — a anotagdo guia (ou anotador experiente), e
UDPipe, a anotacdo desafiante. Trabalhamos sobre a saida da anotacdo guia, ou seja, se
na comparagdo entre as duas andlises a anotacio guia estivesse correta, ndo era preciso
realizar nenhuma modificacdo. Ja se a anotagdo desafiante ou nenhuma das duas estivesse
correta, era necessario editar o arquivo, que corresponde a saida do Stanza.

A estratégia de examinar, por meio da matriz de confusio, as divergéncias entre
andlises automdticas como potenciais casos de erro se baseia na hipdtese de que se ha
convergéncia entre os anotadores, entdo existe acerto. A visualizacdo das divergéncias
pela matriz de confusdo nos permite generalizar e criar hipoteses a partir dos tipos de
erros — ou inconsisténcias — mais comuns, viabilizando a percepcio de padrdes nos erros
e, consequentemente, a elaboragdo de regras capazes de detectd-los e corrigi-los de forma
sistematica.

Por exemplo, a andlise dos casos em que os sistemas divergiram entre a
classificagdo de adjuntos adnominais (nmod) e adjuntos adverbiais (obl) nos possibilitou
depreender um padrdo: quando havia ocorréncia de alguns adjetivos transitivos (como
“favoraveis”, na frase (3)), o sistema guia anotava seu complemento (”suprimento”) er-
roneamente como adjunto adnominal do substantivo (’condi¢des’), e ndo como comple-
mento do adjetivo (“favoraveis”).

(3) Ainda segundo os citados autores, a sequéncia S4 é dominada por depdsitos
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sistema acl:relcl advcl | advmod [amod appos mm case cc ccomp

golden

ostens__|

ooiden |

m 12 1 0 1 0 2 1
4 17 1 0 0 42 0
55 5 17 0 0 0 59 0
0 2 1 6549 24 8 3 0 236 3% 1 0
m 139 8 17 41 4 2 19 2 12 3
M 10 5 0 9 44 2389 0 0 15 0 1 5
m 0 1 4 0 0 0 281 7 0 0 1 Q
W [+] 0 1 4 0 0 64 3580 0 0 0 0
0 0 3 6 10 24 0 0 45124 68 1 1
[+] 0 4 1n 0 17 0 0 49 7221 0 a
5 28 73 5 1u 0 4 2 2 0 520 o
1 0 0 6 27 17 0 0 9 0 0 2
69 ¢ 132 50 113 375 20 0 5 0 47 1
|

Figura 2. Matriz de confusao de etiquetas sintaticas utilizada no método IAD

silicicldsticos que refletem condigdes climdticas timidas favordveis ao suprimento sedi-
mentar e desfavordveis a formagdo de carbonatos.

O sistema desafiante, por sua vez, costumava acertar esses casos. Assim, por um
lado, a divergéncia serviu para nos mostrar uma questdo complexa para o parser de me-
lhor qualidade; por outro lado, nos indicou uma possivel regra linguistica para resolver
a grande quantidade de erros desse tipo — na presenga de certos tipos de adjetivo (que
podemos chamar de adjetivos transitivos, como “favoravel”, “constituinte” e ~existente”),
as chances sao altas de que o substantivo a direita complemente o adjetivo, € ndo o subs-
tantivo sendo adjetivado.

Como se trata de uma tendéncia, e ndo de uma regra deterministica, criamos uma
ferramenta que nos permite aplicar regras, analisar o resultado e aceitar a alteracdo apenas
nos casos adequados ou realizar quaisquer outras modificacdes nas frases. Para a andlise
das matrizes de confusdo utilizamos o Julgamento, um ambiente para avaliacdo de corpora
anotados [de Souza and Freitas 2021].

5. Resultado e analise

Os métodos utilizados na revisdo do corpus resultaram na andlise de 5.107 frases do Pe-
troGold (55,9% do corpus), sendo alterada a anotagdo de 12.832 tokens (5,7% de todos os
tokens). A Tabela 2 quantifica as correcdes realizadas no corpus por tipo de informagao
linguistica considerando também as interse¢des (quando um token recebeu mais de uma
correcdo). Além disso, indicamos quantos desses tokens corrigidos o método IAD, que
busca por divergéncias na relacdo de dependéncia entre dois anotadores automaéticos,
identificou.

O método TAD indicou a presenga de 25.123 tokens com anotacdo de relagdo de
dependéncia divergentes. Desses, 5.656 tiveram alguma anotacéo corrigida. Por um lado,
isso significa que mais da metade das correcdes realizadas no corpus ndo foi fruto direto

Disponivel em https://github.com/alvelvis/conllu-merge-resolver. Acesso em
7 de ago. de 2021.

34



PetroGold ? Corpus padrao ouro para o dominio do petréleo

Anotacao Tokens corrigidos | IAD
Qualquer correcdo 12.832 5.656
LEMA 2.258 768
POS 3.537 1.910
HEAD 6.780 2.865
REL 8.206 4.713
LEMANPOS 924 521
LEMANREL 893 523
POSNREL 2.958 1.783
HEADNREL 4.141 2.299

Tabela 2. Tipos de corre¢ao realizados no PetroGold

das matrizes de confusdo (7.176, ou 55,9% das corre¢des). No entanto, indiretamente
as matrizes nos ajudaram a encontrar problemas na anotacio das frases, apontando para
fendmenos que precisam de atencdo, como o exemplo obl vs. nmod apresentado na se¢io
anterior. Esses casos foram identificados e corrigidos manualmente pelos revisores ou por
meio das 25 regras de correciio em lote desenvolvidas durante o processo de revisio.

Por outro lado, € interessante notar como a qualidade do anotador automatico que
utilizamos como sistema guia no método IAD (o Stanza) produziu resultados superiores
aos do sistema desafiante (UDPipe), uma vez que, das 25.123 divergéncias identificadas,
apenas 5.656 (22,5%) foram os tokens que precisaram de corre¢do — nos outros 77,5%
dos casos o sistema guia ja estava correto. Dos tokens que foram corrigidos pelo método
IAD, por sua vez, em 3.525 casos (62,3%) o sistema desafiante estava correto, enquanto
que no restante dos tokens nenhum dos sistemas acertou e foi necessdria uma terceira
analise, humana.

Das 2.258 corregdes de lema, 1.247 (55,2%) nao se associam a erro de qualquer
outra informacao linguistica — sdo erros apenas de lema, decorrentes sobretudo da falta de
familiaridade dos anotadores autométicos com as palavras do dominio, mas que, apesar da
falha na lematizacdo, ndo prejudicaram o parsing. J4 os erros de POS parecem se associar
diretamente as falhas na classificagdo da relacdo de dependéncia, uma vez que 83,6% dos
erros de POS foram também erros de REL. O erro no encaixe de dependéncias sintaticas
também se associa a falha na classificacao da relacdo — 61% dos erros de HEAD também
foram de REL. O contrério, no entanto, ndo € tdo expressivo: apenas 50,4% dos erros de
REL sdo também erros de HEAD.

Para uma avaliacdo intrinseca do PetroGold, separamos o corpus em parti¢des de
treino e teste e criamos um modelo utilizando o UDPipe v.1.2.0 sob os pardmetros de trei-
namento padrdes da ferramenta. Como contraste, treinamos também um modelo a partir
do Bosque-UD v.2.8, de textos jornalisticos, utilizando os mesmos parametros e garan-
tindo a mesma distribui¢@o de frases nas parti¢des de treino e teste, seguindo a propor¢do
de 95% e 5%, respectivamente, resultando em 8.671 frases para treino no PetroGold e
8.328 no Bosque-UD. Sio, portanto, dois corpora muito préximos em tamanho. Os resul-
tados estdo na Tabela 3.

As métricas de avaliacdo sio as do CoNLL 2018 Shared Task [Zeman et al. 2018],
onde UPOS avalia os acertos de classe gramatical, UAS avalia os acertos de encaixe
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| LEMA (%) | UPOS (%) | UAS (%) | LAS (%) | CLAS (%)
PetroGold 98,48 98,19 90,65 88,53 82,96
Bosque-UD v.2.8 | 96,95 96,52 85,83 81,59 73,80

Tabela 3. Avaliacao intrinseca de modelos treinados no UDPipe

de dependéncias sintéticas, LAS avalia a classificacdo das relagdes de dependéncia que
foram corretamente encaixadas, e CLAS os acertos de LAS para as palavras consideradas
de “conteddo™.

Como podemos observar, o modelo treinado a partir do PetroGold apresentou de-
sempenho significativamente superior. A diferenca é de aproximadamente 1,5% para a
lematizacdo, mais de 1,5% para a anotacdo de classes gramaticais, mais de 4% no encaixe
de dependéncias, 7% na classifica¢do das relacdes e 9% na classificacao das relagdes para
palavras de contetddo. Isso indica um grau de consisténcia interna maior na anotagdo do
PetroGold, ja que o modelo parece ter generalizado melhor durante o aprendizado, em-
bora ndo seja possivel estabelecer comparagdes diretas entre ambos os corpora. O género
académico, que pode ser bastante formulaico e previsivel, também pode ter contribuido
para os numeros mais altos do PetroGold.

6. Consideracoes finais

Apresentamos a primeira versdo do PetroGold, um treebank padrio ouro para o dominio
do petréleo. A intengdo do material é servir como subsidio para o desenvolvimento de
ferramentas de PLN especificas deste dominio, seja como material para treinamento de
novos modelos ou para sua avaliagdo. O corpus estd disponivel na pdgina do projeto
Petrolés* e integrard o acervo do projeto Universal Dependencies.

Neste trabalho discutimos os desafios linguisticos relativos ao pré-processamento
e a anotacdo morfossintatica especificos de textos técnico-cientificos do dominio do qual
o Petrolés faz parte. Embora as questdes linguisticas sejam especificas de um dominio, o
procedimento de identificar as dificuldades no processamento automatico e a forma como
as resolvemos independem do tipo de texto.

Sugerimos ainda um caminho promissor para a revisdo de corpora previamente
anotados por ferramentas de PLN, resultando na revisdao de mais de 50% das frases do cor-
pus. Por fim, indicamos também a qualidade do material a partir da avaliagc@o intrinseca
de um modelo treinado a partir dele, chegando a 98% de acerto de classes gramaticais e
88% de acertos de dependéncias sintaticas.
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Abstract We analyzed the biomedical lexicon of a corpus of Portuguese texts on
Covid-19 extracted from the Pubmed database with the help of classic measures
like lexical density and lexical diversity. Preliminary results could not show the
lexical distribution in different texts genres and clinical specialties present in the
corpus. Based on the concept of “biomedical lexicality”, a new indicator, Lex-
BioMed, was proposed and tested demonstrating good performance.

Resumo. Analisamos o léxico biomédico de um corpus de textos em lingua
portuguesa da base Pubmed sobre a Covid-19. A adocdo inicial de medidas
classicas de densidade e diversidade lexical ndo foi capaz de evidenciar a
distribuicdo lexical nos diferentes géneros e especialidades clinicas de que se
compaoe o corpus. Com base no conceito de “lexicalidade biomédica”, foi proposto
e testado um novo indicador, o Lex-BioMed, com bons resultados.

1. Introducédo e motivagao

A COVID-19, inicialmente identificada em Wuhan na China em dezembro de 2019,
teve aumento de casos em diversos paises e continentes, até ser decretada pandémica pela
Organizacdo Mundial da Saude (OMS) em 11 de marco de 2020 [Cucinotta e Vanelli, 2020].
A partir desta data, textos biomédicos publicados na base Pubmed foram filtrados por Leite
et al. (2020) para a criagdo de um corpus em portugués a respeito da COVID-19. Com o
objetivo de prover dados para uma pesquisa dos processos de simplificagdo da linguagem da
Saude, o corpus COVID-19 visa atender a demanda informacional de um publico brasileiro
leigo sobre a pandemia. Compde-se de 254 textos do periodo inicial da pandemia,
compreendido entre marco e setembro de 2020. O corpus é heterogéneo, distribuido entre 23
géneros textuais e 16 especialidades clinicas. Sendo o nivel lexical o de complexidade mais
visivel no corpus, optou-se no presente trabalho pela analise do Iéxico biomédico e procedeu-
se a contagem de types e tokens e a mensurac¢do da diversidade ou riqueza lexical (DiL) dada
pela razdo entre nimero de types e tokens (TTR, type-token ratio) e a densidade lexical (DeL.)
dada pela razdo entre o nimero de palavras de conteldo semantico (nomes, adjetivos e
verbos) e 0 nimero total de palavras do corpus [Santos et al., 2018].

O nosso problema inicial de pesquisa foi como identificar automaticamente termos
biomédicos de dificil compreensao e converté-los em expressdes acessiveis. Tomou-se como
ponto de partida a hipétese de que os indices de densidade e de diversidade lexical seriam
capazes de apontar os géneros de maior complexidade, isto é, onde haveria maior
concentracdo de types. Métodos classicos como Flesch-Kincaid, particbes morfolégicas e
outros foram temporariamente deixados de lado, colocando-se o texto especializado como

39



Lexicalidade biomédica e sua mensuragao em um corpus sobre COVID-19 em
lingua portuguesa

foco da pesquisa. “Tendo-se 0 texto como foco, deixa de fazer sentido que se continue
estudando somente os termos, de forma que se passa a englobar os modos de dizer peculiares
de cada area de conhecimento” [Finatto, 2004a, p. 348].

Linguagens de especialidade, como é o caso da biomédica, tem um comportamento
diferenciado nos estudos de corpora: “(...) a partir da observacao da linguagem especializada
em corpora que se percebe mais francamente como a observacdo de termos é somente um
pequeno passo na observagdo do texto especializado” [Perna, Delgado e Finatto, 2010
p.138]. Estudo de Zilio (2009) sobre textos cientificos de Cardiologia e Radiologia compara
a distribuicdo lexical entre as duas especialidades e atribui as convergéncias a fatores
textuais: “(...) se ndo houvesse no corpus de Radiologia um artigo que se ocupasse do
coragdo, somente dois dos compostos estudados seriam comuns aos dois corpora” (p.142).

A observacdo inicial sobre o comportamento lexical das linguagens de especialidades
nos textos do corpus e a indefini¢do das medidas de densidade lexical nesse contexto levou
a busca de um novo indicador da lexicalidade no corpus. Propomos aqui o conceito de
“lexicalidade biomédica” ou “densidade lexical biomédica” para identificar com maior
seguranga o espaco lexical que é das especialidades biomédicas e diferencia-lo de um Iéxico
fronteirico revelado em géneros menos técnicos. O problema de pesquisa foi revisto,
tornando-se imperativo reconhecer no corpus um repertdrio de termos biomédicos, de modo
a identificar sua distribuicdo no corpus sobre COVID-19. Investigamos 0 novo indicador de
lexicalidade para verificar se seria capaz de cumprir uma funcdo distribucional que as
simples densidade e diversidade lexicais ndo lograram alcancar.

2. Materiais e Métodos

Como ja descrito na Secdo 1, seguindo [Leite et al., 2020], foi obtido um corpus de
textos em lingua portuguesa a respeito da COVID-19, a partir de textos indexados na base
cientifica Pubmed do periodo entre marco e setembro de 2020, totalizando 254 textos. Os
textos foram categorizados manualmente conforme géneros, utilizando informagGes
fornecidas pela base, e conforme especialidades clinicas, de acordo com 0 nome da revista,
titulo do artigo ou palavras-chave do texto. As distribuicdes dos textos nas classes obtidas se
encontram nas Tabelas 2 e 3. Ap0s a fase preliminar de filtragem, limpeza e compilagéo,
buscou-se nomear os arquivos ja em formato .txt, tokenizar e fazer a anotagdo
morfossintatica das classes de palavras (PoS, parts of speech) com o uso do analisador e
corretor gramatical CoGrOO [Silva, 2013]. O resultado para as classes de palavras de
contetido semantico (nome, verbo e adjetivo) se encontra na Tabela 1.

Com finalidade de caracterizar e descrever o Iéxico biomédico do corpus, foram
calculados os indices da DeL e da DiL. A DeL descreve a proporcéo de palavras de contedo
pelo nimero total de palavras em cada texto e de acordo com [Ure, 1971] [Johansson, 2008],
o valor resultante desse indicador expressa a concentracdo de contetido lexical presente em
um determinado texto. Um texto com alta densidade lexical contém mais palavras de
conteldo, enquanto um texto com baixa densidade lexical é composto por palavras
funcionais (preposic@es, conjuncdes, artigos, pronomes, verbos modais e auxiliares). Ja a
DiL pode ser descrita pela TTR. Entretanto, a TTR tende a possuir valor menor em textos
com maior nimero de tokens ou a possuir valor maior em textos com menor nimero de
tokens, fazendo com que o seu uso torne enviesada a comparacdo entre dois textos ou
corpora com nimero de tokens diferentes [Johansson, 2008]. Para mitigar esse efeito,
utilizamos também o vocabulario teérico (VT) ou theoretical vocabulary [Broeder, Extra &
van Hout 1986], em que a proporcao de types é calculada para subconjuntos de tamanho
fixo com N tokens, no nosso caso N=100, amostrados aleatoriamente. Em nosso trabalho,
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mostramos resultados obtidos a partir da realizacdo de S=100 amostragens aleatdrias
distintas para cada grupo de texto.

epidural

epidemia Stemming

epid

oyl

Figura 1: Stemming

Tabela 1: Resultados para as PoS por subcorpora

Especialidade pulei . ::655 T;z:;‘:nie n adj v n-adj | n(%) | adj (%) | v (%)
Saude Publica 55 83028| 40997 11376| 17707 117| 49,38 15,03| 21,33
Epidemiologia 36 50810| 24542 7381| 10267 88| 48,30 14,53 20,21
Cardiologia 30 37891| 16429| 6690 7981 65| 46,00 1766| 21,06
Enfermagem 24 46410| 23265| 6476| 10083 68| 50,13 1309 21,73
Cirurgia 17 25098| 10693| 3548| 5138 22| 42,860 1414 2047
Outros 16 21446| 11656 3827| 5498 49| 54,35 1784 2564
Nefrologia 14 14930 6882 2196| 3122 21| 46,10 14,71 2091
Terapia Intensiva 11 15534 7424 2209 3219 20| 47,79 1422 20,72
Pneumologia 10 4791 2289 823 1000 3| 47,78 17,18| 20,87
Relatério Imagens 9 3717| 1939 755 757 3| 46,79 20,31 20,37
Nio Classificados 8 6413| 3062 876 1368 10| 47,75 1366| 21,33
Anestesiologia 7 6672| 3073| 1071 1520 4| 46,06 16,05| 22,78
Clinica Geral 5 2733 1280 399 624 8| 46,83 1460| 2283
Fonoaudiologia 5 4131 2094 604 941 3| 50,69 1462| 2278
Pediatria 4 5679| 2569 919 1158 7| 4524 1794 20,39
Saude Primdria 3 21771 1192 330 386 3| 50,16 1516 17,73

Para a identificacdo das palavras de dominio biomédico em toda extensdo do corpus
foi usado, como primeiro passo, o stemming, sendo empregado para implementacdo o RSLP
Stemmer [Orengo e Huyck 2001] que tem como objetivo remover os sufixos, para reduzir
0 nimero de palavras, conforme ilustrado na Figura 1. Observamos que originalmente o
corpus possui 31.123 types. Ap0Os 0 stemming esse nimero se reduziu para 11.513 raizes
distintas. Apés a obtencéo das raizes, foi criada uma lista de pares do tipo (raiz, type), em
que o segundo elemento consiste em um type escolhido ao acaso dentre as palavras do
corpus que podem ser formadas com o uso da respectiva raiz. Assim, para a raiz “epid” na
Figura 1, o par formado poderia ser (“epid”, “epidural™). Os types de todos os 11.513 pares
foram analisados por trés pesquisadores de processamento de linguagem natural (PLN) em
textos biomédicos, sendo o time formado por duas mulheres e um homem, em que dois sdo
docentes universitarios (com formacdo em engenharia elétrica e linguistica) e uma é
estudante de mestrado (com formacdo em analise e desenvolvimento de sistemas), com
idades entre 34 e 69 anos. Procedeu-se a analise de modo a comparar a identificacdo de
palavras com uso prevalente no dominio biomédico, resultando em 2.258 raizes associadas
a palavras no dominio biomédico.

A partir dessa identificacdo de raizes biomédicas, passamos para a etapa de analise
de cada subcorpus formado por textos agrupados por género ou especialidade com célculo
do DeL, DIiL-TTR e DiL-VT. Constatando que tais indices ndo foram capazes de mostrar a
distribuicdo lexical por género e por especialidade, criamos um novo indicador que pudesse
medir a lexicalidade biomédica (Lex-BioMed), que consiste na propor¢do do ndmero de
types que possuem raizes biomédicas em conjuntos de tamanho fixo (no nosso caso N=100)
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obtidos aleatoriamente no grupo de textos em andlise. Assim como para a DiL-VT,
mostramos resultados para Lex-BioMed obtidos a partir da realizacdo de S$=100
amostragens aleatdrias distintas.

3. Resultados

Nas Tabelas 2 e 3 sdo apresentados os resultados para os subcorpora formados a partir
da categorizacao dos textos por especialidades clinicas e por género textual, respectivamente.
Ao analisarmos o DiL-TTR, observamos que o principal fator de influéncia para essa métrica
foi 0 nimero de tokens. A influéncia dos nimeros de tokens na medida ndo se observou com
0 DeL e com 0 DiL-VT, mas, como mostrado nas Tabelas 2 e 3, os valores obtidos revelaram-
se similares entre os subcorpora analisados, ndo permitindo uma discriminacdo clara a
respeito do conteddo biomédico presente nos respectivos subconjuntos de textos.
Contrastando com as métricas mais tradicionais, ao analisarmos a Lex-BioMed, é possivel
observar que se torna possivel diferenciar subcorpora ou grupos de subcorpora diferentes a
partir dessa métrica, o que também é corroborado pela Figura 2. Por exemplo, para
especialidades, as categorias com maior Lex-BioMed foram “Cardiologia” e “Relatorio de
Imagens” com 25,29% e 24,57% respectivamente, enquanto as categorias de menor Lex-
BioMed foram “Saude Publica” e “Satude Primaria”, com, respectivamente, 9,17% e 8,54%.
Na categorizagdo por géneros, os de maior Lex-BioMed foram “Aprendendo por Imagens”
e “Imagens Pneumologia” com proporcao de 29,84% e 27,35% respectivamente. Na Figura
2, 0s box-plot indicam que a distribui¢do da proporcao de palavras com raizes biomédicas
em conjuntos de N=100 palavras escolhidas aleatoriamente é diferente entre as categorias,
principalmente dentre as com maior e menor valor de Lex-BioMed. Ao ordenar as
subcategorias em ordem decrescente de Lex-BioMed, como na Tabela 2 e na Figura 2(a),
observamos que podemos agrupar as especialidades em dois subconjuntos. O primeiro
composto por “Cardiologia”, “Relatério Imagens”, ‘“Nefrologia”, “Pediatria”,
“Anestesiologia”, “Cirurgia”, “Fonoaudiologia”, “Pneumologia” e “Terapia Intensiva”; e 0
segundo formado por “Outros”, “Epidemiologia”, “Clinica Geral”, “Enfermagem”, “Nao
Classificados”, “Satide Publica” e “Satde Primaria”. Nota-se que, em linhas gerais, no
primeiro grupo encontram-se especialidades médicas mais especificas, como Cardiologia,
Radiologia e Nefrologia, enquanto, no segundo grupo, encontram-se categorias indefinidas,
como “Outros” e “Nao Classificados”, categorias ndo médicas, como “Enfermagem” e
“Satde Publica”, ou de carater mais amplo, como “Clinica Geral”.
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—
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Figura 2: Box-plot descrevendo a distribui¢cdo da proporcéo de raizes biomédicas em $=100
amostras aleatérias obtidas para célculo de Lex-BioMed para cada (a) especialidade e (b)
género textual.
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Tabela 2. Resultados das caracteristicas por especialidade

Especialidade | umi e T&:’f T‘;;L_j"‘ biﬁﬁiﬁcs bioﬁ o | P o) |piLTR 00| DILVT (04) | Lex-Bioned ()
Cardiologia 30| 37891 3063 9311 912 43.24 21.28 76.28 25,29
Relatério Imagens 9 3717 1414 940 186 40.89 38.04 76.24 24,57
Nefrologia 14 14930 4568 3409 461 42,11 30,60 75,09 22,83
Pediatria 4 5679 2696 1200 390 39,67 4747 76.31 22,54
Anestesiologia 7 6672 2765 1504 319 40.68 41.44 74.83 21.13
Cirurgia 17| 25098 6320 5177 554 42,75 25.18 75.58 20,63
Fonoaudiologia 5 4131 1975 753 203 40.64 47.81 74,27 1929
Pneumologia 10 4791 2168 924 208 40,94 45.25 74,95 18,23
Terapia Intensiva 11 15534 4147 2563 420 41.53 26,70 75.32 16,50
Outros 16| 21446 6103 3485 448 42,41 28.46 75,95 16,25
Epidemiologia 36| 50810 8813 6605 448 44,50 17.35 74,24 13,00
Clinica Geral 5 2733 1495 327 100 40.35 54,70 76,11 11,96
Enfermagem 24| 46410 9033 5479 416 4292 1946 75.84 11,81
Nio Classificados 8 6413 2597 660 132 40.78 40.50 75.64 10,29
Saude Publica 55 83028 14091 7611 534 48,02 16,97 76,20 9,17
Saude Priméria 3 2177 1176 186 61 39.03 54.02 74.30 8.54

Tabela 3. Resultados das caracteristicas por género
. Total Total de | Totalde |  Tokens Types . . .

Género publicacdes| rokens nypes | biomédicos bion{‘:dims Del. (%) | DIL-TTR (%) | Dil-VT (%) | Lex- BioMed (%)
Aprendendo por Imagem 3 868 484 259 98 4528 55,76 74.20 29.84
Imagens Pnenmologia 35 21521 6846 3652 514 43.90 3181 74.79 27.35
Relato de Caso 3 8898 3820 972 179 41.88 42,93 76.55 24.85
Artigo de Revisdo 14 33093 7350 8121 849 41.80 2221 74,88 24,54
Recomendagdes 17 17876 5440 1955 249 4293 30.43 74,65 22.82
Posicionamento 24 51996 9887 5716 347 42.71 1%.01 75.29 2232
Ponto de Vista 6 7594 3185 911 168 43.29 41,94 76.18 22.14
Cartas ao Editor 8 7607 2773 1684 325 41.38 36.45 75,99 21.13
Revisfio 4 4437 2139 419 80 41.60 4821 76,12 20,16
Nota Técnica 3 1888 992 309 89 44.16 5254 75.79 19.29
Outros 6 5027 2195 751 124 48.52 43.66 75.50 18.11
Artigo Especial 11 11081 3727 2529 387 39.90 33.63 75.77 17.26
Editorial 20 23653 6410 4284 658 42.67 27,10 76.58 16.97
Comentario 28 11612 4330 2454 448 42.89 37.29 75.30 16.37
Comunicagdo Breve [ 13652 4125 2752 459 38.49 30,22 7391 15,95
Artigo de Opinido 6 6854 2873 1703 466 41.39 41.92 73.46 1494
Reflexdo 26 51975 9074 5683 354 41.90 17.46 73.63 14.87
Opinido 8 8556 3037 1365 208 40.51 35,50 75.80 12,00
Artigo 3 479 329 131 62 41.85 68.68 74.11 10,99
Contribuigdes da Saude Coletiva 8 9855 3497 1901 322 43.44 3548 74,00 10.94
Artigo Original 3 6755 2630 1508 360 40.84 38,93 74.88 10.93
Ensaio 9 16900 4936 2017 449 43.17 29.21 7544 10.92
Perspectiva 3 4863 2132 723 120 41.77 43.84 75.00 9.44

A partir dos resultados da Tabela 3 e da Figura 2(b), pode-se observar também que o
Iéxico de diferentes géneros pode ser diferenciado com uso da Lex-BioMed, em especial
géneros como “Aprendendo por Imagem” e “Perspectiva”. Na Figura 3 é mostrada a
distribuicdo conjunta entre os géneros e as especialidades clinicas, onde as linhas e as colunas
estdo ordenadas por ordem decrescente de Lex-BioMed. Pode-se observar que, grosso modo,
géneros com maior valor de Lex-BioMed séo constituidos de textos de especialidades que
também possuem maior valor do indice, como “Aprendendo por Imagem?”, constituido em
sua totalidade por textos da especialidade ‘“Relatorio Imagens” e “Relato de Caso”,
constituido majoritariamente por textos de “Cardiologia”, ambas as especialidades com alta
Lex-BioMed. Mesmo géneros que sugerem textos mais opinativos, como “Posicionamento”
e “Ponto de Vista”, possuem relativa alta Lex-BioMed, por serem constituidos
exclusivamente por textos de Cardiologia. Além disso, géneros com baixa Lex-BioMed
estdo, em geral, associados as especialidades com o mesmo comportamento. Por exemplo,
géneros como “Artigo Original” e “Artigo” possuem maior prevaléncia de especialidades
como “Epidemiologia”, “Enfermagem” e “Saude Publica”. Os géneros que possuem o0s
menores valores de Lex-BioMed sdo “Ensaio” e “Perspectivas”, com textos que descrevem
0 contexto da pandemia, ao invés de assuntos técnicos do ponto de vista clinico. E o caso
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dos textos “COVID-19, as fake news e 0 sono da razao comunicativa gerando monstros: a
narrativa dos riscos e os riscos das narrativas” [Vasconcellos-Silva e Castiel, 2020] e “Da
Tuberculose ao COVID-19: Legitimidade Juridico-Constitucional do
Isolamento/Tratamento Compulsivo por Doencas Contagiosas em Portugal” [Peixoto et al.,
2020]. Os géneros “Ensaio” e “Perspectivas” possuem maior prevaléncia de especialidades
associadas a baixa Lex-BioMed. A Figura 3 ainda indica uma justificativa para a ‘“Pediatria”,
especialidade mais geral, possuir valor maior de Lex-BioMed, do que especialidades mais
especificas, como, por exemplo, “Pneumologia”. Observa-se nesses casos participacao
majoritaria de textos de géneros como “Relato de Caso”, “Artigo de Revisdo” e “Imagens
Pneumologia”, que possuem alta Lex-BioMed como em ‘“Pediatria”, enquanto em
“Pneumologia” se observa a predominancia de textos dos géneros “Cartas ao Editor” e
“Editorial”, de menor indice.

& & &
/ Especialidade o/ ES a LV & /3 g;} @ »5‘\}
ST SIS RS o S ES S ESE
IV EYEVETEIETE I TOSE TG TEIE T IS
Género S & ,},g‘r &S S8 & ] @é’ RISV
ST/ S E S S E LSS
A do por Imagem 3
Relato de Caso 4 1 1
Astigo de Revisdo 4 1 1 2 1
Imagens Pneumologia 4 1
Posicionamento 3
Ponto de Vista ]
Recomendagdes 1
Cartas ao Editor 3 3 | 2| 4|5 2 3 2 | 1| 1
Revisio 1 1 2 1 1
Outros 5 11|21 1 2 | 3 2 2
Nota Técnica 8
Editorial 6 1 1 2 2 4 1 3 6 1 3 1 4
Artigo Especial 3 4 1 1
Comentério 3
C icagio Breve 1| 1 2 4
Artigo de Opinido 6
Reflexio 3
Opinifio 1 1 3 1
Artigo Original 2 3 1 4 12 4
Astigo 3 5 2 | 18
Contribuigdes da Saide Coletiva 17
Ensaio 3
Perspectivas 1 1 2

Figura 3: Distribui¢do conjunta dos textos do corpus por especialidades e géneros
4. Conclusdes

Mostramos neste trabalho que as medidas classicas de diversidade e densidade
lexical ndo sdo adequadas para mensurar o léxico de linguagens de especialidade como a
biomédica. Com base no conceito de “lexicalidade biomédica”, o novo indicador proposto
Lex-BioMed foi capaz de revelar a distribuicdo lexical nos diferentes géneros e
especialidades clinicas presentes no corpus Covid-19 tomado como referéncia. Os
resultados mostraram que os indices de lexicalidade biomédica caem em contextos
fronteiricos e mais genéricos em relacdo a &reas mais técnicas da medicina como a
Cardiologia. O recurso de vocabulario tedrico utilizado também se revelou interessante para
contornar o problema da variacdo de nimero de tokens entre 0s textos do corpus.

Dando seguimento a pesquisa, devera ser buscada uma ampliacdo do corpus Covid-
19 ora composto de 254 textos e restrito a fase inicial de publicacdes sobre a doenca,
eventualmente acrescendo-se periodos posteriores que facultem uma anélise de teor mais
diacronico. A ampliacdo do corpus também contempla a possibilidade de estudos
comparados com corpora de outra natureza, por exemplo, construidos com base em um
Iéxico mais popular dirigido ao publico leigo. Tais resultados sugerem que outras linguagens
de especialidade poderdo ser investigadas em trabalhos futuros, tendo como horizonte a
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hip6tese de que seu léxico também seria sensivel a uma mensuragdo de maior aderéncia ao
texto especializado.

Quanto a identificagdo manual dos termos biomédicos no corpus, cabem algumas
consideracdes finais. Em primeiro lugar, a filtragem dos termos podera no futuro ser melhor
testada mediante consulta ampla a especialistas da area biomédica com experiéncia em
temas associados a Covid-19. Em segundo lugar, a exploragdo dos termos biomédicos
relacionados ao corpus da pandemia podera ser enriquecida pelo contraponto com
vocabularios eletrdnicos, glossarios e ontologias disponiveis sobre a Covid em portugués,
ou mesmo aqueles em lingua estrangeira que possam ser submetidos a tradugdo. Em terceiro
lugar, a caracterizagdo inicial do léxico da Covid baseado apenas em unigramas, tal como
apresentado aqui, certamente ganhara se vier a incorporar multipalavras e collocations
biomédicas. A testagem do indicador Lex-BioMed, de modo a abranger itens nocionais de
formacdo complexa, abrird caminho para uma abordagem da complexidade vocabular
biomédica em associagdo a outros niveis linguisticos — sintatico, semantico, pragmatico e
discursivo. Por fim, em quarto lugar, um estudo acurado do comportamento das PoS nas
varias especialidades e géneros de que se comp8e 0 corpus estudado podera refinar a
distribuicdo lexical mostrada aqui. Para além da constatacdo feita aqui de que os nomes séo
as “4ncoras nocionais” em todas as especialidades clinicas, um estudo de verbos biomédicos
como “acometer” ou “diagnosticar”’, ou de adjetivos como “anestésico” ou “pulmonar”,
podera diferenciar classes com regime mais definido ou indefinido de distribuicdo no
corpus.
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Abstract. The field of politics in Brazil is one of the busiest and most controver-
sial in the last decade. With the advent of social networks, a new communication
channel between voters and politicians was created, with users having a space
to publish their opinions and beliefs. In this context, this work shows the perfor-
mance of BERT models in the polarity (positive, negative or neutral) and topic
analysis of tweets related to Brazilian politics. Experiments were caried out
with tweets related to the 2018 elections achieving results (F'1 = 96%) better
than the ones obtained by previous works for the polarity classification. The
qualitative analysis of the topics was also promising.

Resumo. O campo da politica no Brasil é um dos mais movimentados e mais
polémicos da iltima década. Com o advento das redes sociais, um novo ca-
nal de comunicagdo entre os eleitores e os politicos foi criado, com os usudrios
tendo um espago para publicar suas opinides e crengas. Neste contexto, este tra-
balho mostra como modelos BERT se saem na andlise de polaridade (positiva,
negativa ou neutra) e de topicos de grandes quantidades de tweets relaciona-
dos a politica do Brasil. Experimentos foram realizados com tweets relacio-
nados as eleicoes de 2018, e melhores resultados (F'1 = 96%) foram obtidos
para a classificacdo de polaridade em comparagcdo com trabalhos anteriores. A
avaliacdo qualitativa dos topicos também mostrou resultados promissores.

1. Introducao

Um estudo realizado pelo IBGE', em 2019, demonstrou que 82,7% dos domicilios brasi-
leiros possuia conexdo com a internet. Outro estudo realizado no mesmo ano pela Coms-
core? apontou que aproximadamente 88% da populacdo brasileira tinha acesso a algum
tipo de rede social, com o Twitter possuindo 40,2 milhdes de usudrios ativos no pais.
Por ser uma rede social que limita o nimero de caracteres nos textos postados na rede, o
Twitter se tornou um canal de comunicagdo rapida e simplificada, sendo uma boa ferra-
menta para saber o que as pessoas estdo comentando espontaneamente sobre 0s assuntos
do momento [Sales e Barbosa 2019].

"https://educa.ibge.gov.br/jovens/materias—especiais/
20787-uso-de-internet-televisao-e-celular-no-brasil.html

’https://olhardigital.com.br/2019/07/05/noticias/
brasil-e-o-pais—-que-mais-usa-redes-sociais—-na-america-latina/
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No dominio da politica, as redes sociais também passaram a ser uma importante
vitrine para os candidatos divulgarem seus trabalhos, suas propostas e opinides e atingi-
rem mais rapidamente seus eleitores. De acordo com um estudo divulgado pelo préprio
Twitter em 2018, no periodo de 16 de agosto a 28 de outubro de 2018, foram contabili-
zados 165 milhdes de tweets relacionados as elei¢des, um volume quatro vezes maior que
o total das elei¢des anteriores, em 2014,

Saber “o que sentem” e “sobre o que falam” os usudrios do Twitter, no dominio da
politica brasileira, € a grande motivacdo deste trabalho. Para tanto, este trabalho apresenta
resultados da investigacdo de andlise de polaridade e de tdpicos em tweets, escritos em
portugués, no dominio da politica brasileira coletados em 2018. A andlise de polaridade
consiste em determinar qual a polaridade (ou valéncia) da opinido do autor de um texto
com relacdo a entidade ou assunto em discussdo. Desse modo é possivel, por exemplo,
verificar se a opinido do autor € positiva, negativa ou neutra em relacdo a entidade ou
assunto alvo do texto. A analise de tépicos, por sua vez, visa lidar com grandes quanti-
dades de textos, andlises e feedbacks, de forma a retornar os principais assuntos/topicos
dos textos de acordo com sua importancia e recorréncia.

Alguns trabalhos anteriores foram realizados analisando sentimentos em twe-
ets do campo da politica, como [Moreira et al. 2020] e [Cristiani et al. 2020]. Em
[Moreira et al. 2020], foi proposta uma andlise da polarizacdo da elite em comparacdo
com a massa no procedimento de impeachment da presidente do Brasil em 2016. Em
[Cristiani et al. 2020], a andlise de sentimentos é aplicada a tweets das elei¢des presi-
denciais de 2018 no Brasil, onde foi estudada a relagdo entre as opinides dos usudrios
que publicaram sobre os candidatos durante o periodo das eleicdes e seu resultado final.
Entretanto, devido a ausé€ncia de um modelo de linguagem contextualizado (considerado
o estado-da-arte para diversas aplicagdes de PLN) treinado/disponivel para o portugués
do Brasil naquela época, como o BERTimbau [Souza et al. 2020], outros métodos foram
utilizados, como o SVM e Naive Bayes.

Assim, as principais contribui¢es deste trabalho estdo relacionadas a anélise de
desempenho de modelos BERT no corpus de [Cristiani et al. 2020] para: (i) a analise de
polaridade usando o BERTimbau [Souza et al. 2020], dimensionando o avanco em per-
formance com o uso desta nova técnica; e (ii) a anélise de tépicos utilizando o BERTopic
[Grootendorst 2020], algo ainda inédito neste corpus e dominio.

2. Trabalhos relacionados

Esta secdo traz uma visdo geral de alguns trabalhos realizados para andlise de sentimentos
e de topicos em tweets, escritos em portugués do Brasil, no dominio da politica.

2.1. Analise de sentimentos

Podemos encontrar diversos trabalhos que realizaram a anélise de sentimentos em fwe-
ets na lingua portuguesa. Em [Christhie et al. 2018], os autores utilizaram Naive Bayes,
SVM e Random Forest para realizar uma anélise de posicionamento em tweets de diver-
sos candidatos as elei¢des de 2018, classificando-os em: contra, a favor ou neutro. O
algoritmo SVM conseguiu uma F'1 de 99% em um dos conjuntos utilizados na anélise.

3nttps://blog.twitter.com/pt_br/topics/company/2018/
como-foram-as—eleicoes-2018-no-twitter
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Em [Pereira 2019], o autor realizou uma analise dos sentimentos dos fweets para
cada um dos candidatos das elei¢cdes de 2018, separados por evento, comparando o sen-
timento em todos os debates realizados no periodo e analisando a popularidade de cada
candidato com base nos sentimentos positivos dos textos da rede social. Foram utilizados
os métodos SVM e Naive Bayes, onde o método SVM atingiu 86% de acurdcia no melhor
caso, enquanto o Naive Bayes ficou em 85%.

Ja em [Cristiani et al. 2020], os autores utilizaram Naive Bayes ¢ SVM em um
corpus com aproximadamente 369 mil rweets sobre as elei¢des presidenciais de 2018.
O trabalho buscava relacionar os sentimentos identificados nos tweets a respeito de cada
candidato com o resultado final das eleicdes, e os valores de F'1 para os métodos Naive
Bayes e SVM ficaram em 54, 2% e 66, 1% respectivamente.

No presente trabalho, a andlise de polaridade dos tweets do corpus de
[Cristiani et al. 2020] foi realizada com o fine-tuning de um modelo BERT pré-treinado
em portugués do Brasil, o BERTimbau [Souza et al. 2020], lancando-se mao de uma série
de técnicas de pré-processamento com o intuito de obter a melhor F'1 para o modelo. O
modelo foi treinado com 600 tweets anotados manualmente, e posteriormente aplicado
em um corpus contendo aproximadamente 370 mil tweets para classifica-los.

2.2. Analise de topicos

Diversas abordagens para a andlise de topicos foram empregadas em trabalhos relacio-
nados. Em [Pinto et al. 2020], os autores utilizaram modelagem de topicos e andlise de
sentimentos em fweets da lingua inglesa durante a pandemia da COVID-19. Os pesqui-
sadores utilizaram trés algoritmos de aprendizagem de méaquina: o Latent Dirichlet Allo-
cation (LDA), o Non-Negative Matrix Factorization (NMF) e o Latent Semantic Analysis
(LSA). Foi realizada uma anélise qualitativa dos resultados, onde o NMF foi o algoritmo
que gerou a melhor relacio entre os termos e a maior coeréncia com o tema da pesquisa.

O BERTopic [Grootendorst 2020] foi utilizado em [Silveira et al. 2021] para fa-
zer uma andlise de tépicos em documentos do meio juridico. Na avaliacdo qualitativa,
realizada por especialistas, constatou-se que 84, 6% dos tépicos gerados pelo modelo cor-
respondiam aos temas principais dos documentos.

No presente trabalho, foi utilizado o BERTopic para realizar a modelagem de
tépicos com o intuito de obter os principais assuntos mencionados nos fweets previamente
anotados automaticamente como positivos e negativos no dominio da politica.

3. Metodologia

Esta secdo descreve os métodos empregados para andlise de polaridade e de tépicos em
tweets do dominio da politica, escritos em portugués do Brasil.

3.1. Analise de polaridade com BERT

O BERT (Bidirectional Encoder Representations from Transformers) € um algo-
ritmo que emprega treinamentos bidirecionais de Transformers, e foi proposto em
[Devlin et al. 2019]. O algoritmo possui como caracteristica fundamental o fato de ser
bidirecional, 0 que permite uma maior compreensdo do contexto de uma palavra e do
texto como um todo, analisando as palavras adjacentes em ambas as direcdes.
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Na maioria das aplica¢des praticas sdo utilizados modelos pré-treinados do BERT,
que podem ser treinados em uma tunica lingua ou em diversas linguas diferentes. O mo-
delo pré-treinado passa, entdo, por uma etapa de ajuste ou sintonia fina (fine-tuning), que
modela a dltima camada da rede neural BERT para a especificidade do problema em
questdo, como ilustrado na Figura 1. Desta forma, o modelo pré-treinado € criado utili-
zando grandes corpora e maquinas com grandes capacidades de processamento, deixando
para o usudrio apenas a necessidade de realizar o fine-tfuning para um problema especifico.

ﬁ P Mask LM Ma.sl‘ LM \ /@/@@D Stan'End Spa\

FE)- EEE)- G BE- EIEE- G
Masked Sentence A > Masked Sentence B Ouestion -« Paragraph
Unlabeled Sentence A and B Pair Question Answer Pair
Pre-training Fine-Tuning

Figura 1. Processo de pré-treinamento e fine-tuning do BERT, de acordo com
[Devlin et al. 2019]

A andlise de polaridade de textos € tratada como uma tarefa de classificacdo, onde
cada texto possui um rétulo indicando o tipo de sentimento empregado na escrita. Nesse
tipo de tarefa, o BERT funciona adicionando uma camada de classificacdo na parte supe-
rior da saida do Transformer. A maioria dos hiperparametros da rede neural se mantém os
mesmos do modelo pré-treinado previamente, com exce¢do do tamanho de lote (batch),
da taxa de aprendizagem (learning rate) e do nimero de periodos de treinamento (epo-
chs).

Para o presente trabalho, foi utilizado o BERTimbau [Souza et al. 2020], modelo
pré-treinado para o portugués do Brasil e disponibilizado pela neuralmind*. Para o fine-
tuning do modelo, foi utilizado o corpus disponibilizado por [Cristiani et al. 2020]°.

3.2. Analise de topicos usando BERT e TF-IDF

Para a anilise de tépicos, foi utilizado o algoritmo BERTopic® [Grootendorst 2020]. Este
algoritmo utiliza as embeddings de palavras presentes em um modelo BERT para gerar
agrupamentos hierdrquicos por densidade de palavras utilizando o HDBSCAN e, por fim,
gera topicos com base na importancia das palavras utilizando uma variagdo do TF-IDF,
chamada de c-TF-IDF.

A primeira etapa do BERTopic converte os documentos em dados numéricos com
base nas embeddings do modelo BERT. A segunda etapa é a de clusterizagdo, que é re-
alizada através do HDBSCAN, um algoritmo de agrupamento hierdrquico por densidade

“https://github.com/neuralmind-ai/portuguese-bert

Shttps://github.com/andrecristiani/analise-de-sentimentos-eleicoes-2018

Shttps://maartengr.github.io/BERTopic/index.html

50



Anaélise de polaridade e de tépicos em tweets no dominio da politica no Brasil

proposto em [Campello et al. 2013]. Neste algoritmo, os documentos que possuem maior
similaridade entre si sdo agrupados em clusters baseados na estabilidade do cluster. Uma
das importantes caracteristicas do HDBSCAN ¢é o fato de ele nao forcar a selecdo de um
dado para um determinado cluster. Caso o dado ndo se encaixe em nenhum grupo por
similaridade, ele é considerado um outlier.

A 1ltima etapa do processo € a selecdo dos topicos com base na importancia das
palavras. Para isso, o autor desenvolveu uma técnica nomeada de c-TF-IDF. Esta técnica
funciona de forma muito parecida com o TF-IDF original, que compara a importincia
das palavras analisando todo o corpus, entretanto, o c-TF-IDF utiliza os clusters gerados
na etapa de agrupamento aplicando o TF-IDF em cada um deles. Esse processo clas-
sifica as palavras de acordo com a importancia para cada grupo gerado no processo de
agrupamento, gerando os principais topicos de cada grupo.

4. Experimentos

Esta secdo descreve as configuracdes dos experimentos, com a descri¢do do corpus e suas
etapas de pré-processamento, e as questdes de pesquisa.

4.1. Corpus

O corpus de treinamento utilizado neste trabalho € o mesmo de [Cristiani et al. 2020].
Esse corpus estd composto por 600 tweets anotadas manualmente com suas respectivas
polaridades: positivo, quando a mensagem publicada demonstra apoio ao candidato; ne-
gativo, quando a mensagem publicada demonstra rejeicdo ao candidato; e neutro, quando
a mensagem publicada ndo demonstra opinido de polaridade clara sobre o candidato.

Em [Cristiani et al. 2020], todas as letras dos textos do corpus foram transforma-
das em mindsculas, todos os retweets dos usudrios foram removidos e qualquer tipo de
hiperlink incluido na mensagem foi apagado. No presente trabalho, utilizou-se a fer-
ramenta Enelvo’ [Bertaglia e Nunes 2016], que visa a padronizac¢do (normaliza¢do) dos
textos obtidos da Internet. Em testes preliminares, a configura¢do de pré-processamento
que apresentou melhores resultados foi a que denominamos “Enelvo Raw sem emoji e
retweet”, onde os textos foram normalizados pelo Enelvo com o pardmetro tokenizer con-
figurado como readable, mantendo as entidades dos textos inalteradas® e, em seguida,
foram removidos emojis e retweets. Assim, nos experimentos apresentados neste artigo,
dois pré-processamentos foram comparados:

* Original: pré-processamento utilizado em [Cristiani et al. 2020], onde sdo remo-
vidos hiperlinks, retweets e o texto é convertido para minusculas.

* Enelvo Raw sem emoji e retweet: normalizagao feita no modo Enelvo Raw, mas
removendo emojis e retweets.

A Tabela 1 traz exemplos de tweets originais do corpus de [Cristiani et al. 2020].

Além do corpus com 600 tweets anotados com polaridade, neste trabalho também
foi utilizado o corpus de 369 mil tweets de [Cristiani et al. 2020], sem anotagdo de polari-
dade, que foram obtidos durante o segundo turno das eleicdes. Esse corpus foi usado para

"https://thalesbertaglia.com/enelvo/
8Por padrio, o Enelvo troca algumas entidades do texto por fags, como o nome do usudrio por “user-
name”, hashtags por “hashtag” e niimeros por “number”.
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Tabela 1. Exemplos de tweets anotados manualmente com polaridade

Texto do tweet Classe
a justica deveria ser sempre 4gil, como € para tudo relacionado ao lula. s6 acho. neutro
fui de #ciro no primeiro turno. parte ndo é minha preferéncia. mas agora sou | positivo
#haddadpresidente desde criancinha. #eleicdes2018
realmente bolsonaro ndo tem raciocinio 16gico. ndo conseguiu sair da primeira | negativo
pergunta. #bolsonaronojornalnacional

Fonte: Tweets extraidos do coprus de [Cristiani et al. 2020]

a analise de tépicos relativos aos dois candidatos do segundo turno. Devido ao grande
tamanho do corpus, nio foi possivel processd-lo com o Enelvo.® Assim, um processa-
mento mais simples foi realizado para: (i) remover hashtags e links através de expressdes
regulares; (ii) converter para minudsculas; (iii) remover os inicios de pardgrafos represen-
tados por \n; (iv) remover vogais repetidas nas palavras (por exemplo, ’corruptooo’ foi
transformado em ’corrupto’); (v) remover as pontuagdes do texto (virgula, interrogacao,

(TP TS L)

exclamacio, pontos finais, dentre outras); (vi) remover as stopwords (como “0”, “a”,

9

“com”, “para”, entre outras); e (vii) remover as palavras com apenas uma letra.

4.2. Configuracoes dos experimentos

Para a classificagdo de polaridade dos tweets, os algoritmos de classificacdo seleci-
onados foram: BERT, Naive Bayes e SVM, sendo os dois dltimos utilizados em
[Cristiani et al. 2020]. Os corpora utilizados foram o original de [Cristiani et al. 2020]
e o pré-processado Enelvo Raw sem emoji e retweet.

No treinamento, o corpus foi dividido em: 90% para treinamento e 10% para teste,
utilizando a mesma particdo dos dados para todos os algoritmos investigados. O BERT
foi refinado por 15 épocas, sendo considerado o melhor valor de F'1 entre as épocas para
a comparagdo com os demais algoritmos. A taxa de aprendizagem para o BERT foi fixada
em 2e-5 e foi utilizado o otimizador AdamW. Buscando replicar os mesmos parametros
utilizados por [Cristiani et al. 2020], para a classificacdo com o SVM foi utilizado o ker-
nel linear, parametro de regularizacdo C igual a 1, grau da funcdo polinomial do kernel
em 3 e valor de gamma em “auto”. Para o Naive Bayes foram utilizados os parametros

default do modelo multinomial do scikit-learn'o.

Na andlise de topicos, utilizou-se 0 BERTopic com o modelo BERTimbau limi-
tando o niimero de tépicos a 20, quantidade que foi definida empiricamente analisando os
resultados gerados pelo modelo completo, que mostrou ter aproximadamente este nimero
de tépicos. Por ser um método de classificacdo ndo supervisionado, ndo precisa de ne-
nhum treinamento e utiliza apenas dados ndo rotulados.

5. Resultados
Os experimentos foram divididos em trés etapas para responder as seguintes questdes de
pesquisa:

Q1 O desempenho do BERT na anélise de polaridade supera o de Naive Bayes e SVM
utilizando o mesmo corpus e pré-processamento de [Cristiani et al. 2020]?

0 Enelvo ficou em execucio durante 4 dias e nio concluiu o processamento do corpus.
Ohttps://scikit-learn.org/
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Q2 O pré-processamento refinado, com o auxilio da ferramenta Enelvo, traz ganho de
desempenho de BERT, Naive Bayes ¢ SVM na andlise de polaridade?

Q3 O BERTopic pode ser considerado uma boa ferramenta para a extracdo de topicos,
em tweets classificados como positivos e negativos referentes a cada candidato,
com base em uma andlise qualitativa dos dados?

5.1. Analise de polaridade

A Tabela 2 resume os resultados dos experimentos realizados com a anélise de polaridade,
para responder as questdes de pesquisa Q1 e Q2.

Tabela 2. Resultados da avaliacdo de analise de polaridade

Algoritmo Corpus pré-processado F1
Naive Bayes Original 47,5% | Q1
Naive Bayes | Enelvo Raw sem emoji e retweet | 53,1% | Q2
SVM Original 55,5% | Q1
SVM Enelvo Raw sem emoji e retweet | 57,8% | Q2
BERT Original 92,4% | Q1
BERT Enelvo Raw sem emoji e retweet | 96,6% | Q2

De acordo com os valores de F'1 apresentados nesta tabela, € possivel notar que o
BERT obteve um resultado superior comparado aos algoritmos até entao investigados para
esse corpus em [Cristiani et al. 2020]. BERT alcangou uma F'1 de 96,6% enquanto o me-
lIhor desempenho relatado em [Cristiani et al. 2020] tinha sido de 66,2%, utilizando SVM.
No experimento deste trabalho, o algoritmo SVM conseguiu uma F1 de 57,8%. Assim,
esses resultados respondem a primeira questdo de pesquisa Q1 mostrando que o BERT,
refinado para o problema de andlise de polaridade com o corpus de [Cristiani et al. 2020],
apresenta o novo melhor desempenho obtido neste corpus.'!

Quanto a Q2, nota-se que os resultados de F'1 obtidos para os diferentes proces-
samentos do corpus ficaram préximos para os diferentes modelos. Contudo, em todos os
casos, o corpus Enelvo Raw sem emoji e retweet se saiu um pouco melhor, especialmente
no Naive Bayes. Assim, respondendo a Q2, conclui-se que o pré-processamento proposto
e adotado neste trabalho traz ganhos para a tarefa de andlise de polaridade.

5.2. Analise qualitativa de topicos

Para a andlise qualitativa de tépicos usando o BERTopic, o corpus com 369.800 tweets
descrito na se¢d@o 4.1 foi processado pelo modelo de anélise de polaridade treinado com
o BERT. Dos 369.800 tweets, 346.243 obtiveram rétulos gerados pelo modelo (um apro-
veitamento de 93, 6%). Destes, 54, 7% sdo de tweets citando o candidato Jair Bolsonaro
e 45, 3% citando o candidato Fernando Haddad. Cada um dos nweets foi classificado em
positivo, negativo, neutro ou em mais de um rétulo.

105 valores de SVM e Naive Bayes apresentados na Tabela 2 diferem dos apresentados em
[Cristiani et al. 2020] porque ndo foi possivel replicar a particdo de treino e teste utilizada no experi-
mento original. Entretanto, mesmo tendo resultados um pouco abaixo nos métodos SVM e Naive Bayes na
experimentacdo deste trabalho, é possivel afirmar que o uso do BERT gerou um salto significante de F'1,
indo para os 96,6%, enquanto a F'1 mdxima obtida pelo método SVM no trabalho de [Cristiani et al. 2020]
foi de 66,1%.
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A quantidade de tweets rotulados como positivos (59,4%) é maior do que a de
tweets negativos (21, 6%) e neutros (18, 1%).!? O candidato Fernando Haddad ficou com
uma maior quantidade dos rweets positivos (31, 3% contra 28,1%) e uma menor quanti-
dade de tweets negativos (7, 7% contra 13,9%) comparado ao candidato Jair Bolsonaro.

O corpus anotado automaticamente com polaridade foi, entdo, dividido em qua-
tro conjuntos distintos de tweets para realizar a andlise de topicos: Bolsonaro+,
Bolsonaro—-, Haddad+ e Haddad-. Para cada um desses conjuntos foram gerados
20 topicos com 5 palavras cada. Destes 20 topicos, foram selecionados os 9 primeiros,
numerados de 0 a 8, uma vez que quanto maior o nimero do tépico, menos frequente ele
é. As palavras dentro de cada tpico sdo ordenadas pela relevancia gerada pelo c-TF-IDF.
A Tabela 3 resume os principais resultados da andlise de topicos nestes quatro conjuntos.

Tabela 3. Analise de topicos extraidos pelo BERTopic

Conjunto Tépicos Analise
Bolsonaro+ | carvalho, hassel- | Partes dos nomes de alguns dos principais aliados de Bolsonaro
mann, paschoal em 2018: Olavo de Carvalho, Joyce Hasselmann e Janaina Pas-
choal
acabouapiranhagempt,| Partes de slogans ou frases feitas de campanha, além de carac-
vitdria, imparcial teristicas mencionadas por possiveis apoiadores de Bolsonaro
Bolsonaro- | homofébicos, fascis- | Termos encontrados em tweets com polaridade (argumentos) ne-
tas, desrespeitarem, | gativos em relagdo a Bolsonaro
4dio
Haddad+ haddadpresidente, Partes de slogans ou frases feitas de campanha, além de carac-
trabalhando, venga, | teristicas mencionadas por possiveis apoiadores de Haddad
democracia, respeito,
imparcial
indecisos A palavra “indecisos” também apareceu, uma vez que naquela
época uma das chances de virada de Haddad era na conversdo
dos votos de pessoas indecisas
Haddad- xingando, meme Poucas palavras que levam a conotag@o negativa apareceram re-
lacionadas a Haddad, enquanto o restante foram palavras neu-
tras, como “campanha”, “votando” e “falando”.

Sobre a Q3, pode-se concluir que o BERTopic se mostrou uma ferramenta bastante
promissora para a extracdo de topicos nos diferentes conjuntos, mostrando tépicos que
faziam sentido em todos os cendrios. Porém, vale ressaltar que a andlise de tépicos foi a
ponta final do experimento, carregando erros tanto de associacdo do tweet ao candidato
correto quanto de falsos positivos e falsos negativos na classificacio pelo modelo BERT.

6. Trabalhos futuros

Considerando os trabalhos futuros, ha uma margem para melhorias nos métodos de pré-
processamento, visto que o uso do Enelvo se tornou computacionalmente invidvel para
grandes quantidades de texto. Pode-se estudar métodos de melhoria de desempenho deste
algoritmo utilizando técnicas de paralelizagdo, por exemplo. Também existe uma margem
para melhorias na extrag@o de topicos, buscando métodos de identificagdo de entidades e
removendo as entidades neutras ou com baixo significado. Vale ressaltar que a metodo-
logia e as ferramentas empregadas neste trabalho podem ser utilizadas em outros tipos de
pesquisa relacionadas a contetdos textuais em lingua portuguesa.

120, 9% dos tweets foram rotulados em duas classes.
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Abstract. In this work, we propose the fine-tuning of the BERTimbau-base and
BERTimbau-large models in the task of Sentence Classification with 27 types of
emotions, based on the GoEmotions dataset translated into Portuguese, using
automatic translation tools. We compared the results of our experiments with
the one provided by the authors of the GoEmotions dataset and obtained a per-
formance gain which we attribute to the balancing algorithm used.

Resumo. Neste trabalho propomos realizar o fine-tuning dos modelos
BERTimbau-base e BERTimbau-large na tarefa de Classificagdo de 27 tipos
de emogdes em sentencas, baseado no dataset GoEmotions traduzido para a
lingua portuguesa, por meio de ferramentas de tradugcdo automdtica. Compa-
ramos os resultados de nossos experimentos com os resultados disponibilizados
pelos autores do dataset GoEmotions e obtivemos um ganho de desempenho ao
qual atribuimos ao algoritmo de balanceamento utilizado.

1. Introducao

Andlise de Sentimento (AS) é uma tarefa da area de Processamento de Lingua Natu-
ral (PLN), que tem como objetivo extrair, processar e classificar opinides, sentimentos,
emogdes e avaliacdes da vasta quantidade de contetido disponivel na Web atualmente,
podendo ser textos, dudios ou imagens [Liu 2012].

Ainda, podemos dividir as tarefas de AS em trés niveis: (1) nivel de documento,
no qual um sentimento € atribuido ao documento como um todo ; (2) nivel de sentenca, no
qual um sentimento ¢é atribuido a cada sentenca presente em um documento; (3) nivel de
aspecto, no qual sdo identificados aspectos de uma entidade' presentes em um documento
e entdo um sentimento € atribuido para cada um dos aspectos encontrados.

A Classificacdo de Emog¢des (CE) em nivel de sentenca é uma subdrea da AS,
a qual tem como objetivo classificar as distintas emogdes expressas em um conjunto de
sentencas que, em sua grande maioria, sdo de carater subjetivo. Isso acontece devido as
sentencas subjetivas manifestarem emocdes, que estdo atreladas as percepgdes, 0s pontos
de vista e o estado emocional dos seus autores [Liu 2012].

Definir o conceito de emog¢ao é uma tarefa dificil. Isso ocorre devido as emocdes
estarem relacionadas a uma imensa quantidade de distintos fatores que podem fazer com
que elas sejam manifestadas. Uma das principais teorias € a psicoevolutiva, a qual sugere

'Uma entidade é algo que pode ser nomeado, como: pessoa, objeto, produto, localizagio, etc.
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a existéncia de manifestagdes basicas de emocdes que sdo consequéncia de processos
evolutivos, os trabalhos de [Ekman 2004] e de [Plutchik 2003] defendem essa ideia.

Avancgos recentes na psicologia sugerem a existéncia de um conjunto maior de
emocgdes, manifestadas a partir de diferentes contextos e situacdes. Por exemplo, o traba-
lho de [Cowen and Keltner 2017] identificou 27 emog¢des expressas por pessoas a partir de
videos curtos e o trabalho de [Cowen and Keltner 2020] identificou 28 emog¢des expressas
através de expressoes faciais e linguagem corporal.

Tendo em vista este contexto, percebemos que € necessario ampliar a quantidade
de classes de emogdes dos modelos classificadores disponiveis na literatura para abranger
estes estudos recentes, ja que a maioria dos trabalhos utiliza como base apenas os traba-
lhos de [Ekman 1992] (6 emog¢des basicas) e de [Plutchik 1982] (8 emocdes basicas).

Neste trabalho, propomos utilizar modelos de Aprendizado de Maquina (AM) para
classificar 27 emocdes com base no dataset GoEmotions [Demszky et al. 2020], tradu-
zido para o portugués, com a finalidade de melhorar os resultados preliminares e ampliar
a variedade de classes na tarefa de CE em lingua portuguesa, disponiveis na literatura.

Este artigo estd estruturado da seguinte forma: a Secdo 2 apresenta os trabalhos
relacionados; a Se¢@o 3 descreve a metodologia; a Se¢ao 4 mostra a anélise dos resultados;
e a Secdo 5 apresenta as conclusdes.

2. Trabalhos Relacionados

De acordo com [Pereira 2021], poucos sdo os trabalhos encontrados na literatura que
focam na tarefa de CE em lingua portuguesa. Dentre eles podemos citar o trabalho de
[Duarte et al. 2019] e de [Dosciatti et al. 2013].

No trabalho de [Duarte et al. 2019] foram utilizados emojis para reconhecer 6
emocgdes basicas (felicidade, raiva, nojo, medo, tristeza e surpresa) utilizando a taxo-
nomia de [Ekman 1992] em tweets. Os autores coletaram 2 milhdes de tweets que conti-
nham pelo menos um dos emojis que segundo [Wood and Ruder 2016] sao indicadores da
presenca das 6 emogdes basicas. Em seguida realizaram um etapa de pré-processamento,
na qual foram retirados retweets, URLs, mengdes de usudrios, tweets com dois ou mais
emojis que expressam emogdes contraditérias e tweets com menos de 3 tokens. Os emojis
foram retirados dos tweets e utilizados como /abels para treinamento dos modelos classi-
ficadores. Foram treinados dois modelos: Support Vector Machine (SVM) e Naive Bayes
(NB), atingindo 0,62 e 0,70 de Medida-F, respectivamente.

No trabalho de [Dosciatti et al. 2013] foi usado um corpus com 1750 noticias
curtas para treinar um modelo classificador, rotuladas nas 6 emocdes basicas de
[Ekman 1992] mais a classe “neutro”?. Inicialmente, os autores coletaram noticias do
site www . globo . com, depois realizaram uma etapa de pré-processamento, na qual reti-
raram acentos, caracteres especiais e stopwords e converteram todos os textos para letras
mindsculas. Em seguida, dois anotadores classificaram os textos nas 6 emocdes bésicas
ou na classe “neutro”. O corpus foi construido mantendo uma proporcao entre as 7 clas-
ses para evitar desbalanceamento, resultando em 1750 noticias, 250 para cada classe. Os
autores treinaram o modelo SVM, atingindo 0,60 de Medida-F.

2A classe “neutro” representa um texto que nao contém contetido emocional.
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com taxonomia de

No contexto da lingua inglesa, podemos citar o trabalho de [Demszky et al. 2020]
27 emogodes,
[Cowen et al. 2019a],

desenvolveu o dataset GoEmotions
de [Cowen and Keltner 2017],

que
baseando-se nos trabalhos
[Cowen and Keltner 2020], [Cowen et al. 2019b], contendo 54263 sentengas. Ainda, os
autores disponibilizaram um modelo BERT-base [Devlin et al. 2018] com fine-tuning

Mais detalhes sobre o dataset GoEmotions serdo

utilizando o dataset GoEmotions.
discutidos na Seg¢do 3, ja que ele serd utilizado como base para nosso trabalho.

3. Metodologia
O processo de execucdo desse trabalho foi divido em trés etapas principais. A concepgdo

do modelo, fine-tuning e avaliacdo dos resultados obtidos.

Em nossos experimentos utilizamos a versao filtrada do dataset GoEmotions,

que contém 54263 sentencas manualmente anotadas em 28 classes (27 emog¢des + neu-
tro) retiradas do férum Reddit na lingua inglesa. O processo de filtragem aplicado por
[Demszky et al. 2020] € realizado em duas etapas, primeiro sdo retirados todos os la-
bels que foram selecionados por apenas um anotador e depois sdo mantidas apenas as
sentencgas com pelo menos um label. Manteve-se a propor¢ao original: 80% treinamento,

10% validacdo e 10% teste.
Como o objetivo deste trabalho é CE em sentengas escritas em portugués, traduzi-
mos o dataset GoEmotions com o auxilio da biblioteca itranslate * que facilita a utilizagdo

da API (Application Programming Interface) do Google Translate®.
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Figura 1. Distribuicao das amostras por classe de emocao no dataset GoEmoti-

ons. Fonte: Propria
Sobre a distribui¢do das quantidades de exemplos no dataset GoEmotions (Fi-
gure 1), € possivel notar um grande desbalanceamento. A classe mais frequente “neutro”,

tem aproximadamente 184 vezes mais amostras do que a classe “luto” que é a menos fre-
quente. Caso nada for feito para amenizar este problema, o modelo classificador desen-

3https://github.com/ffreemt/google-itranslate
“https://translate.google.com.br/
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volverd um viés, que resultard em uma habilidade preditiva ruim nas classes com poucos
exemplos [Zheng and Jin 2020]. Para contornar esse problema utilizamos um método de
balanceamento que serd detalhado a seguir.

3.1. Modelo

O modelo BERT (Bidirectional Encoder Representations from Transformers)
[Devlin et al. 2018], mais especificamente a versdo pré-treinada para o portugués
BERTimbau [Souza et al. 2020], foi escolhido para esta tarefa, pois modelos baseados
na arquitetura Transformers [Vaswani et al. 2017], como o BERT, tém apresentado
desempenho estado da arte nas mais diversas tarefas de PLN [Gillioz et al. 2020].

Como o dataset GoEmotions é multi-label, ou seja, pode ter um ou mais labels
para cada exemplo, codificamos todos os labels atribuidos a cada sentenca em um ve-
tor one-hot e transformamos a tarefa em um problema de classificacdo bindria para cada
classe do modelo. Foi adicionada uma camada linear sobre o pooled output do modelo
com um tamanho de saida igual a 28, equivalente ao nimero de classes do dataset. Utili-
zamos Sigmoid como funcdo de ativagdo e Binary Cross Entropy como fungio de loss.

Utilizamos o método Class Balanced Loss (CB) para contornar o problema de
desbalanceamento do dataset [Cui et al. 2019] . Neste método sdo calculados pesos para
a funcdo de loss (L) utilizada no modelo, com base no nimero efetivo de amostras para
cada classe. Um hiperpardmetro § = 0.999, também ¢ utilizado para o calculo destes
pesos. Uma vez que, boa parte dos experimentos de [Cui et al. 2019] obteve um bom
desempenho com este valor. A nova fun¢do que computa o loss do modelo é obtida por
meio da seguinte equagao:

1—
CB(p,y) = § _Biﬁ(p, Y), ¢))

onde p sdo as probabilidades fornecidas pelo modelo e n, é o nimero de amostras pre-
sentes na classe y.

3.2. Fine-tuning

Fine-tuning é uma técnica de transfer learning na qual partindo de um modelo pré-
treinado em uma tarefa de amplo dominio, os parametros desse modelo sdo ajustados
para uma tarefa especifica. Neste trabalho realizaremos o fine-tuning do BERTimbau-
base e BERTimbau-large para a tarefa de CE no nivel de sentengas. Os hiperparametros
utilizados no fine-tuning do modelo estao listados na Tabela 1. Por limita¢do do hardware
disponivel, foi feito o fine-tuning do modelo BERTimbau-base em GPU e BERTimbau-
large em CPU.

4. Analise dos Resultados

Para avaliar o desempenho do modelo foram utilizadas as métricas Precisao (P), Sensibili-
dade (S) e Medida-F (F1), mesmas métricas utilizadas pelos autores do dataset GoEmoti-
ons [Demszky et al. 2020], os quais utilizam em seus experimentos o modelo BERT-base
para o inglés [Devlin et al. 2018]. Selecionamos apenas as predi¢des do modelo com um
score igual ou superior a 0,3. A Tabela 2 apresenta a comparagdo entre os resultados re-
portados por [Demszky et al. 2020] e pelo modelo BERTimbau-base e BERTimbau-large
com o método de balanceamento, na tarefa de CE de 27 emocdes no nivel de sentenca.
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Hiperparametros BERTimbau-base BERTimbau-large
epochs 4 4

batch size 16 32

B (beta) 0.999 0.999

maximum sequence length | 128 128

optimizer AdamW AdamW

learning rate 2e-5 2e-5

learning rate scheduler linear with warmup | linear with warmup
warmup proportion 0.2 0.2

Tabela 1. Hiperparametros utilizados no fine-tuning.

BERTimbau-base PT BERTimbau-large PT

Emocécs F}fe%ifiﬁfgo 1g) [Souzaetal 2020]  [Souzaetal. 2020]
Balanceado Balanceado
P S F1 P S F1 P S F1
admiragio 0,53 0,83 0,65 0,58 0,75 0,66 0,60 0,75 0,67
diversdo 0,70 094 0,80 0,76 0,89 0,82 0,75 091 0,82
raiva 0,36 0,66 047 037 046 041 0,40 049 0,44
aborrecimento 024 063 034 037 033 0,35 0,35 0,38 0,36
aprovacio 0,26 0,57 036 040 040 0,40 042 040 041
zelo 0,30 0,56 0,39 0,34 044 0,39 0,34 047 0,39
confusio 0,24 0,76 0,37 0,33 0,56 041 0,35 0,58 0,44
curiosidade 0,40 0,84 0,54 044 0,77 0,56 0,45 0,80 0,57
desejo 043 059 049 0,53 0,55 0,54 0,60 0,58 0,59
decepcao 0,19 052 0,28 0,28 0,20 0,23 0,28 0,25 0,26
desaprovagao 0,29 061 039 037 043 040 0,39 045 042
nojo 0,34 066 045 046 042 044 0,46 047 0,46
constrangimento 0,39 0,49 043 0,39 0,38 0,38 0,39 0,35 0,37
entusiasmo 0,26 052 034 036 043 0,39 0,35 0,50 0,41
medo 0,46 085 0,60 054 0,73 0,62 0,57 0,77 0,65
gratiddo 0,79 095 0,86 0,88 091 0,90 0,88 0,92 0,90
luto 0,00 0,00 0,00 0,13 0,67 0,22 0,17 0,50 0,25
alegria 0,39 0,73 0,51 0,51 0,57 0,54 0,51 0,60 0,55
amor 0,68 092 0,78 0,72 0,87 0,79 0,70 0,85 0,77
nervosismo 0,28 048 0,35 0,29 048 0,36 0,24 043 0,31
neutro 0,56 0,84 0,68 0,64 0,70 0,67 0,64 0,70 0,67
otimismo 0,41 0,69 0,51 0,52 0,56 0,54 0,53 0,53 0,53
orgulho 0,67 025 036 039 044 041 0,36 0,50 0,42
percepgao 0,16 029 0,21 037 0,12 0,18 0,34 0,21 0,26
alivio 0,50 0,09 0,15 0,04 027 0,18 0,18 0,55 0,27
remorso 0,53 0,88 0,66 0,51 0,88 0,64 0,54 0,88 0,67
tristeza 0,38 0,71 0,49 047 0,54 0,50 0,48 0,57 0,52
surpresa 0,40 0,66 0,50 0,49 0,60 0,54 0,46 0,58 0,51

média macro 040 063 046 045 055 048 045 0,57 0,50

Tabela 2. Comparativo entre os modelos para inglés e portugués.
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Podemos observar que ao utilizarmos a média macro da métrica Medida-F como
parametro de avaliagdo do desempenho geral dos modelos analisados, o modelo para o
portugués (BERTimbau-base), que tem a mesma quantidade de parametros do modelo
utilizado para o inglés (BERT-base), apresentou desempenho superior. E possivel atribuir
isso ao método de balanceamento utilizado (Class Balanced Loss), j4 que em outros ex-
perimentos realizados ndo se utilizou o método de balanceamento e o desempenho das
classes com a menor quantidade de exemplos foi consideravelmente prejudicado (Tabela
3). O maior ganho foi na classe “luto” que contém a menor quantidade de exemplos
no dataset, passando de 0,00 para 0,22 na Medida-F. Um ponto importante € que o mo-
delo obtém 6timos resultados nas classes “gratiddo”, “diversdo” e “amor”, acreditamos
que isso ocorre devido a existéncia de palavras ou de expressdes que contribuem forte-
mente para a identificacdo dessas emogdes como “obrigado”, “te amo/eu amo”, ou girias
como “lol, Imao, Imfao” que estdo presentes na maioria das sentencas relacionadas a essas
emocdes e dificilmente ocorrem em exemplos rotulados com outras emogdes.

Outro ponto importante que deve ser levado em consideracdo € a qualidade de
tradug@o do dataset. Por exemplo, a frase: “It’s a better option because it’s my life and
none of your business? Lmfao, who are you”, presente na base de treinamento, foi tradu-
zida para: “E uma op¢io melhor porque é minha vida e nenhum da sua empresa? Lmfao,
quem € voc€” , é possivel perceber que na expressao idiomatica “none of your business”
foi realizada uma traduco literal dos seus termos, uma melhor tradugao seria utilizar ou-
tra expressao idiomadtica com sentido equivalente para a lingua portuguesa, como: “ndo
¢é da sua conta”. Esse tipo de problema leva a uma deterioracio, ou completa perda,
do sentido completo expresso pelas sentengas, podendo ser o suficiente para que a frase

traduzida expresse uma emogao diferente, ou até mesmo, nenhuma emocgao.

5. Conclusoes

Por fim, podemos concluir que € necessaria a criacdo de um dataset anotado, com uma boa
variedade de emogdes, no nivel de sentenga a ser utilizado na tarefa de CE em portugués,
visto que, ndo encontramos esse tipo de recurso disponivel na literatura.

Ainda, percebemos que a utilizacdo do método de balanceamento e o modelo em
portugués BERTimbau-base no dataset GoEmotions traduzido obteve melhores resulta-
dos se compararmos com o modelo em inglés no dataset GoEmotions original.

Como trabalho futuro pretendemos investigar o uso de diferentes ferramen-
tas de traducdo automdtica capazes de identificar e traduzir corretamente expressdes
idiomaticas, pois a qualidade da ferramenta de tradugdo utilizada deve impactar signi-
ficativamente o desempenho dos modelos. Além disso, pretendemos construir um novo
dataset anotado na mesma taxonomia de emogdes empregada na construg¢dao do dataset
GoEmotions, mas com sentengas provenientes de falantes da lingua portuguesa. Pre-
tendemos utilizar esses dados para verificar quanto desempenho € retido pelos modelos
treinados com dados traduzidos, quando avaliados em sentencas originalmente em por-
tugués.

Todos os cédigos necessarios para download, traducdo do dataset e fine-tuning
dos modelos utilizados estdo disponiveis no GitHub e podem ser acessados através do
link https://github.com/Luzo0/GoEmotions_portuguese.
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BERTimbau-base PT
[Souza et al. 2020]

Emocdes Nao Balanceado
P S F1

admiragdo 0,59 0,74 0,66
diversao 0,76 0,87 0,81
raiva 0,40 045 042
aborrecimento 0,36 0,32 0,34
aprovacio 0,39 041 0,40
zelo 0,40 041 0,41
confusdo 0,44 0,51 047
curiosidade 0,48 0,73 0,58
desejo 0,60 042 0,50
decepgdo 0,36 0,20 0,26
desaprovagao 0,39 042 041
desgosto 0,52 041 0,46
constrangimento 0,00 0,00 0,00
entusiasmo 044 0,36 040
medo 0,55 0,76 0,64
gratiddo 0,91 0,90 0,90
luto 0,00 0,00 0,00
alegria 0,52 0,56 0,54
amor 0,70 0,83 0,76
nervosismo 0,00 0,00 0,00
otimismo 0,57 0,57 0,57
orgulho 0,00 0,00 0,00
percepcao 0,41 0,12 0,19
alivio 0,00 0,00 0,00
remorso 0,53 0,84 0,65
tristeza 0,44 0,56 0,49
surpresa 0,51 0,54 0,53
neutro 0,64 0,72 0,67

média macro 043 045 043

Tabela 3. Resultados sem o método de balanceamento.
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Abstract. This study introduces novel data and models for the task of Senti-
ment Analysis in Portuguese texts about Diabetes Mellitus. The corpus contains
1290 posts retrieved from online health community forums in Portuguese and
annotated by two annotators according to 3 sentiment categories (e.g. Posi-
tive, Neutral and Negative). Evaluation of traditional (Support Vector Machine,
Decision Tree, Random Forest and Logistic Regression classifiers) and state-of-
the-art (BERT-based models) machine learning classifiers for the task showed
the advantage in performance of the latter models as expected. Data and models
are available to the community upon request.

Resumo. Este estudo apresenta dados e modelos para a Andlise de Sentimen-
tos de textos em portugués sobre Diabetes Mellitus. O corpus é composto por
1290 posts, extraidos de forums online sobre topicos de saiide e anotados por
dois estudandes de acordo com 3 categorias (e.g. Positivo, Neutro e Negativo).
A avaliagdo de classificadores de Aprendizagem de Mdquina (classificadores
Support Vector Machine, Decision Tree, Random Forest e Logistic Regression)
tradicionais e estado-da-arte (modelos baseados em BERT) mostrou a vantagem
em performance do segundo tipo como esperado. Os dados e modelos estdo
disponiveis para a comunidade por meio de solicitagdo.

1. Introduction

Social media provide a high volume of opinionated data from several sources, such as
social networks, forums, and user reviews [Liu 2012]. Among Natural Language Pro-
cessing (NLP) research concerns, little attention was paid to sentiment analysis until the
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early 2000s [Yue et al. 2019]. The growth of social media concurs with advances in senti-
ment analysis research, this topic having become central in social media-related research
nowadays [Liu 2012, Yadav and Vishwakarma 2020]. Sentiment analysis benefits from
opinionated data to analyze the sentiments (attitudes, feelings, and opinions) towards en-
tities [Yadav and Vishwakarma 2020]. Among a myriad of social media texts there are
forums dedicated to particular topics regarding healthcare, which have become increas-
ingly popular in recent years and which are worth exploring as sources of insight for
strategies to reduce inequalities and promote well-being, two relevant goals in the UN
2030 Agenda for Sustainable Development.

People may not have ready access to primary care centers for preventive ex-
ams or they may find health professionals are not always available to provide adequate
and detailed answers to all patients’ questions or provide guidance to the patient and
their families about all essential aspects of patient care during the consultation time
[Gabarron et al. 2018]. Thus, patients often use social media to ask health-related ques-
tions and share experiences with other users with the same condition. Our study focuses
on one such use of social media, namely online open-access communities. In particular, it
draws on posts extracted from online health forums on diabetes, an increasingly prevalent
severe and long-term condition affecting people worldwide and rapidly growing in Brazil.
According to the most recent survey, dated from 2019, it is estimated that almost half a
billion people (9.3% of the adults between 20-79 years) were living with diabetes in 2019
[Saeedi et al. 2019]. Most alarmingly, one every two (50.1%) persons living with dia-
betes is not aware or has not been diagnosed as having diabetes. Hence, studies that aim
to explore the language used in social media by people who seek advice on diagnosed
or suspected diabetes are expected to contribute to devising healthcare tools for better
support and prevention. Our study seeks to develop a framework to automatically detect
social media user sentiment modelled upon data from diabetes online health forum posts.
This framework is scheduled to be integrated with other applications, such as chatbots, to
control the bot dialog flow according to the user’s sentiment.

Prior studies analyzed online health communities’ posts, tweets, and news-related
comments for the diabetes context. [Gabarron et al. 2019, Salas-Zarate et al. 2017,
Cignarelli et al. 2020] analyzed diabetes-related tweets, whereas [Liu et al. 2020,
Luetal. 2017] drew on online health communities’ posts. Further, the study by
[Liu et al. 2018] examined opinion news about diabetes and their respective comments.
None of these studies, however, has addressed social media posts in online communities
in Brazil. There is a lack of social media datasets and studies for sentiment analysis for
the Portuguese language considering the healthcare domain. Hence, we purported to fill
this gap by annotating a sentiment analysis dataset and evaluating the sentiment extraction
results using traditional and state-of-the-art machine learning classifiers.

Related Work The study by [Liu et al. 2018] noticed that positive emotions were ex-
pressed more frequently than negative sentiments when analyzing the sentiment over an
online health community about diabetes. However, the posts collected for our corpus had
a different characteristic, being generally more negative or neutral.
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Sentiment

Post

Pessoal, obrigado para quem orou e para quem fez oracdo. Meu médico me disse

#1  Positive ~ - ) o
que ndo sabe como, mas eu fiz meus exames e estd tudo 6timo. Gragas a Deus.
Tirou até a insulina e vou tomar apenas um Glifage. Obrigada, Deus. EMOJIS
Folks, thank you to those of you who prayed for me. My doctor told me he’s got no
explanation for this, I got my test results and everything is fine. Thank God. He even
took insulin out of my prescription and I'm only taking a Glifage pill. Thank you,
Lord. EMOJIS
O que vocés acham dos derivados do leite? Por exemplo: queijo, manteiga, iogurte.
#2  Neutral ! S
Faz bem ou mal para a satide do diabético?
What do you think about dairy products? For example: cheese, butter, yoghurt. Are
they good or bad for diabetic people’s health?
. Estou com minha unha do dedao esbranquicada e dolorida. Estd muito fraca e
#3  Negative . c
quebradica. Alguém sabe de algo que posso usar?
My toenail is whitish and sore. It is very weak and brittle. Can anyone suggest
anything for me to try?
. Ao
#4  Neutral Podemos comer amendoim japonés?
Can we eat Japanese-style peanuts?
Posso fazer o suco de chuchu, sem limao?
#5  Neutral L .
Can I prepare chayote juice with no lemon?
~ <o
#6 Negative Sensacdo doce na boca, mesmo sem comer doces. Por que serd?

Sweet aftertaste in my mouth, even when I haven’t had any sweets. How come?

Table 1. Examples of posts with annotated sentiments and free-translation into
English
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2. Corpus

Material We collected a total of 1290 texts from open Social Media forums on diabetes
management and self-care in Brazil, encompassing communities with over 80 thousand
Portuguese speaking users.

Annotators Annotation of the texts was performed by two undergraduate students in
Language and Arts.

Anonymization To ensure users’ privacy and anonymity, before the annotation starts,
the selected texts were de-identified by first removing some emojis, fixing orthographic
mistakes and paraphrasing non-fluent syntactic structures. Then any identifier, such as
name, phone or address, was removed from the questions. Moreover, quasi-identifiers,
such as age and relative mentions, were modified. Users’ age were modified by randomly
choosing a number in the interval of [age — 5; age + 5|, whereas mentions to relatives
were randomly changed by the reference to a relative with similar age, such as parent <>
uncle, parent in law; sibling <> cousin, partner; son <+ nephew.

Annotation The texts were annotated with sentiment polarity according to three cat-
egories: Positive, Negative and Neutral. The annotations were conducted with Label
Studio, an open-source web annotation tool [Tkachenko et al. 2021].

The annotators were requested to consider the overall sentiment polarity in each
post bearing in mind semantic and pragmatic features of the texts. Exclamation marks
were considered intensification of emotion, leading to texts that contained those punctu-
ation marks being annotated as positive or negative. As the domain of the texts pertains
to a chronic health condition, negative polarity was expected to be dominant. In view of
this, a more fine-grained definition of polarity categories was needed so that features indi-
cating positive and neutral polarity could be detected in the analysis. Hence the 3 polarity
categories were defined as:

* Positive: statements by users in the first person with references to their experience
regarding personal achievement and counseling others towards adoption of healthy
habits and promotion of well-being

* Negative: statements by users in the first person with references to their experience
regarding symptoms and difficulties in managing diabetes

* Neutral: objective statements, with no reference to personal experience, pertaining
to seeking general information, frequently on food and medication

By “’references to experience”, we mean instances in which the user states his/her
personal opinion and explicitly describes his/her feelings in terms of physical and mental
state.

Examples of the three sentiment categories are illustrated in examples #1, #2, and
#3 in Table 1. Some posts demanded closer inspection to annotate their sentiment. For
instance, texts with 1st person singular or plural pronominal forms but not construing any
personal meaning were classified as Neutral. Examples #4 and #5 in Table 1 illustrate
such case: the posts are written by users seeking information on food. Both use a 1st
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Sentiment Annotations Avg. Characters Avg. Tokens

Positive 44 156.32 27.57
Neutral 575 71.3 12.35
Negative 671 146.27 25.54

All 1290 113.19 19.73

Table 2. Corpus Statistics

Model ‘ Precision Recall F1-Score

Decision Tree 63.92 (£0.01) 65.16 (£0.01) 64.43 (£0.01)
Random Forest 74.67 (£0.00) 76.43 (£0.00) 75.01 (£0.00)
Logistic Regression | 72.95 (£0.00)  75.58 (£0.00) 74.24 (£0.00)
SVM 70.79 (£0.00) 73.26 (+0.00)  71.95 (£0.00)
mBERT 77.62 (£0.02) 77.52 (£0.02) 76.79 (£0.02)
BioBERTpt 78.56 (+£0.02) 77.29 (£0.02) 76.23 (£0.02)
BERTimbau 83.12 (+0.01) 82.67 (£0.01) 82.53 (£0.01)

Table 3. Classifiers performance considering weighted precision, recall and F1-
score, averaged after 10 runs.

person pronoun, but they do not refer to the users’ personal experiences. Thus, they
were labelled Neutral. In contrast, example #6 in Table 1 illustrates a post which was
annotated as Negative, even though no first person pronoun is used in Portuguese. The
post construes an individual experience linked to a common diabetes symptom, namely a
sweet aftertaste, a likely warning sign that the person may have diabetes.

Inter-annotator Agreement Using Cohen-kappa [Cohen 1960], we computed an inter-
annotator agreement value of 0.64, which can be considered as a substantial agreement
by the scale provided by [Landis and Koch 1977]. The annotators took on average 47.71
seconds to classify the sentiment in each text.

Corpus Our corpus statistics are shown in Table 2. From our 1290 annotated texts,
most of them had Neutral and Negative annotations, with a total of 575 (44.57%) Neutral
sentiment annotations and 671 (52.02%) Negative sentiment annotations. There were
few Positive sentiment annotations in the corpus, totalling 44 (3.41%) annotations. With
regard to average number of characters and tokens, Positive annotations and Negative
ones had similar numbers, whereas Neutral annotations had a smaller average number of
characters and tokens. This may suggest that Neutral posts tend to be shorter than Positive
and Negative ones.

3. Models

We evaluated several traditional and state-of-the-art classifiers for sentiment analysis in
the domain of Diabetes. As traditional ones, we performed experiments with Support Vec-
tor Machines (SVM), Random Forest (RF), Decision Tree (DT) and Logistic Regression
(LR) classifiers. As input features to the classic classifiers, we used the TF-IDF vector
representations of the texts to be classified.
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Figure 1. Confusion matrix for the BERTimbau model.

Actual

As state-of-the-art approaches, we fine-tuned BERT-based models such as its mul-
tilingual version [Devlin et al. 2019]; BERTimbau [Souza et al. 2020], its Brazilian Por-
tuguese version; and BioBERTpt [Schneider et al. 2020], a Brazilian Portuguese version
of BERT focused on the clinical domain.

4. Experiment

Data To evaluate the approaches, our collected corpus was divided into training set,
development set and test set. We selected 774 texts (60%) for the training set, 258 (20%)
for development set and 258 (20%) for testing set, maintaining the class stratification
among the splits.

Method The sentiment polarity extraction was treated as a multi-class classification
task, where each model was trained to predict one out of the three sentiment categories
(e.g., Positive, Neutral or Negative) given the input text. Models were evaluated by com-
puting the weighted Precision, Recall and F-Score in the test set, averaged after 10 runs.

5. Results

Results of the model of sentiment analysis in the medical domain are summarized in
Table 3. Traditional machine learning classifiers did not perform as well as the contex-
tual models, as expected. From the contextual models, the fine-tuning of BERTimbau
achieved the best weighted F1-score, being able to infer correct predictions for both mi-
nority and majority classes. BERTimbau was followed by mBERT and BioBERTpt, with
both having similar performance, with sightly superior results for mBERT.

Aiming to verify the label distribution over the predictions for our best model
(BERTimbau), we provide a confusion matrix in Figure 1. The BERTimbau model was
not that effective in predicting Neutral and Positive classes. Examples that had a Neutral
annotation were miss-classified as Negative several times. Further, due to the lack of
Positive examples, the model incorrectly predicted examples with Positive annotations as
Negative and Neutral annotations.

6. Discussion

This study introduces novel data and models for the task of Sentiment Analysis in Por-
tuguese texts about Diabetes Mellitus.
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Corpus We had our texts annotated according to three sentiment categories: Positive,
Neutral and Negative. There was a smaller amount of Positive annotations in compar-
ison to Negative and Neutral annotations. In general, users tended to have a negative
or neutral sentiment when asking questions or talking about their problems, primarily
because of their anxiety or uncertainty about the related topic. According to the study
by [Gabarron et al. 2019], which analyzed sentiments over diabetes-related tweets, they
noticed that tweets about Type 2 Diabetes were more negative, particularly when there
were no emojis. For privacy reasons, many of the emojis in the texts of our corpus were
removed and perhaps this may be a bottleneck from our corpus. On the other hand, we
judged the anonymization process as necessary in order to respect privacy of the users and
in agreement with ethical concerns.

In addition, [Gabarron et al. 2019] noticed that tweets about Type 2 Diabetes were
more negative than tweets about Type 1 Diabetes. In our corpus we made no distinction
about Diabetes type; however, diabetes type could be an influencing factor over post
negativity prevalence.

Classifiers We trained both traditional and state-of-the art machine learning classifiers
for the target task. As expected, the current state-of-the-art approaches based on contex-
tual models trained over large corpora achieved overall superior results. Further, the pre-
trained models specific to Portuguese (BioBERTpt and BERTimbau) showed improved
performance over mBERT, which is pre-trained over several languages. Additionally,
the BERTimbau, which is pre-trained over a large and diverse corpus of internet pages,
had superior performance compared to BioBERTpt, which is initialized with mBERT and
trained on clinical notes and biomedical literature. The fine-tuning of BERTimbau had the
fl-scores on micro, macro, and weighted evaluation, showing its ability to predict both
majority and minority classes.

7. Conclusion

We found diabetes posts in social media a sensitive context, with few positive posts.
Hence, predicting positive sentiments became a challenge to the classifiers. However, the
state-of-the-art models, especially the fine-tuning of BERTimbau, were able to overcome
that challenge.

Contextual models that were specific to the Portuguese language achieved overall
superior performance, showing the benefit of developing models that are customized to a
particular language.

As future work, we plan to expand our corpus, especially the number of positive
annotations. Further, we plan to expand this study by including posts on other chronic
conditions or diseases. Additionally, we plan to provide further experiments with tradi-
tional machine learning classifiers with ablation tests to verify the effect of other features
besides representations from TF-IDF.
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Abstract. Affective Computing is the study of how computers can recognize, in-
terpret and simulate human affects. Sentiment Analysis is a common task in
NLP related to this topic, but it focuses only on emotion valence (positive, neg-
ative, neutral). An emerging approach in NLP is Emotion Recognition, which
relies on fined-grained classification. This research describes an approach to
create a lexical-based weakly supervised corpus for fine-grained emotion in
Portuguese. We evaluate our dataset by fine-tuning a transformer-based lan-
guage model (BERT) and validating it on a Gold Standard annotated validation
set. Our results (F1-score= .64) suggest lexical-based weak supervision as an
appropriate strategy for initial work in low resourced environment.

Resumo. A Computacdo Afetiva é o estudo de como os computadores podem
reconhecer, interpretar e simular os afetos humanos. A Andlise de Sentimento
€ uma tarefa comum em PLN, mas se concentra apenas na valéncia da emogdo
(positiva, negativa, neutra). Uma abordagem emergente é o Reconhecimento
de Emogdo, que depende de uma classificacdo refinada. Nesta pesquisa, de-
screvemos uma abordagem de supervisdo fraca baseada em Itens Lexicais para
criar um corpus de emogdes refinadas em portugués. Avaliamos nosso cor-
pus fazendo o ajuste fino de um modelo de linguagem baseado em Transformer
(BERT) e avaliando-o em um conjunto de validagcdo anotado. Nossos resultados
(Fl-score= .64) sugerem que a supervisdo fraca baseada em Itens Lexicais pode
ser uma estratégia apropriada para o trabalho inicial em ambiente de poucos
recursos.
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1. Introduction

Affective Computing comprises the study of how computers can recognize, interpret and
simulate human affects. According to Picard [Rosalind 2000], a field pioneer, it is im-
perative to develop ways for computers to be able to recognize, understand and express
emotions for intelligent and natural interaction between humans and machines. Although
Affective Computing may employ several input types such as facial expression images,
voice, or physiological data, our research focuses on the written language. Thus, our
scope lies in the area of Natural Language Processing (NLP).

A common task in NLP is Sentiment Analysis which classifies a text into three
different categories: positive, negative, and neutral [Drus and Khalid 2019]. The Emotion
Recognition task, however, is a more detailed NLP task. Rather than classifying text only
into valence categories (positive, negative, or neutral), it classifies text into more detailed
emotional categories.

The delimitation of this research is concentrated in the area of fine-grained Emo-
tion Recognition. We studied an approach to create a corpus in Portuguese for this task
using a weak supervision approach.

2. Related Work

Several works in NLP are based on the theory of basic emotions [Ekman 1992] to clas-
sify texts into defined categories of emotions, the number of categories ranging from 4
(four) to 8 (eight). One of the studies adopted the 6 (six) basic emotions proposed by
Ekman (joy, fear, anger, sadness, surprise, and disgust) to train an Emotion Recognition
model [Batbaatar et al. 2019]. Another research added trust and anticipation to the basic
emotions, working with 8 (eight) basic emotion categories [Sosea and Caragea 2020].

In the realm of emotion study, other relevant theory is the Theory of Constructed
Emotion [Barrett 2016], which assumes that emotions are not universal, but idiosyncratic.
This theoretical debate imposes methodological limitations that a different computational
approach may help to solve. The Semantic Space Theory [Cowen and Keltner 2021] let us
recognize and analyze emotional content of naturalistic stimuli, using open-ended statis-
tical techniques to capture emotional variations in behavior. The results suggest that more
than 25 emotional classes have distinct profiles of previous expressions and events. The
authors argue that these emotions are high-dimensional, categorical, and often blended.

GoEmotions is a dataset with more than 58,000 English Reddit comments for
training NLP models in the Emotion Recognition task. It was annotated for 27 categories
of emotions and Neutral based on the Semantic Space Theory. The authors fine-tuned a
BERT language model and achieved an average F;-score of .46 [Demszky et al. 2020].

Despite the average F;-score below .50, some classes scored above .70. It is a
complex dataset with many categories that often have fuzzy boundaries between them. It
is essential to discuss the importance of creating a fine-grained dataset with more emo-
tional categories. Research in the Affective Computing area is not limited to Sentiment
Analysis or categories proposed by the basic theory.

Although the GoEmotion dataset was released according to open data standards
[Demszky et al. 2020], the scope of the corpus is limited to English, which makes it diffi-
cult to use in applications in other languages. One of the challenges that Machine Learn-
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ing faces is dealing with a low-resourced environment (when the data available is not
enough to train the models). This phenomenon can happen in specific domains of appli-
cations but also in specific geographic regions.

In the area of NLP, there is a lack of datasets and corpus available in many lan-
guages. It is the case of Portuguese, which has a small amount of Sentiment Analysis
datasets when compared to English [Pereira 2021]. It is worth noting that we searched for
a dataset of fine-grained emotion, but we did not find any in Portuguese.

3. Objectives, Research Questions and Hypothesis

This research aims to study the creation of a corpus of fine-grained emotions for low re-
sourced languages, specifically Portuguese. Due to limited financial resources, a specific
objective of this work is to study the use of the weak supervision strategy to construct our
corpus. Weak supervision is a strategy when there is no human annotation of each data
point, but the labels are attributed using noisy and limited sources or specific rules. We
proposed the following research questions (RQ) to guide our work:

RQ1: Is the weak supervision strategy suitable for building an NLP corpus for the fine-
grained Emotion Recognition task in a low resourced environment?

RQ2: What is a proper weak supervision approach to construct a corpus for fine-grained
Emotion Recognition tasks in NLP?

Our first hypotheses (H1) is that weak supervision could be a suitable strategy to
build NLP corpus for emotion recognition. Our second hypotheses (H2) is that lexical-
based approach can be an adequate strategy to collect samples for each of the categories
of our dataset, using the Lexical Items (LI) as a criterion for defining the label in an ade-
quate way for Portuguese. A third hypothesis (H3) is that using SOTA Machine Learning
techniques (specifically Transformers-based language models), combined with masking
techniques in the LI presented in the weakly supervised corpus, can avoid the model over-
fit the learning phase.

To answer RQ1 and RQ2 and validate our hypotheses, we prepared an experi-
ment to create a weakly supervised corpus in Portuguese and measure its performance by
training a classification model. The following sections will describe our experimental pro-
tocol, including how we collected and weakly annotated the data, our model architecture,
metrics, and results.

4. Experimental Protocol

Our experiment is composed of the following pipeline: defining emotion categories based
on semantic space theory for Portuguese; selecting the lexical items related to each emo-
tion category based on its definition; collecting the data; manually annotating a test dataset
to create a gold standard; defining the model architecture; training the model and evaluat-
ing it on the gold standard. Each of them is described in detail in this paper.

4.1. Defining Emotion Categories

The emotion categories for this research were defined from a review of the GoEmotion
work [Demszky et al. 2020]. The review process had two stages and the participation of a
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group of 7 (seven) researchers with different backgrounds (psychology, neuroscience, so-
ciology, communications, cognitive science, and computer science). In the first stage, the
researchers discussed and reviewed each emotion in English during a working meeting.
They proposed a translation into Portuguese based on the definitions of each emotion. The
result of this first stage was a translated list of terms with consensus among the reviewers.

The second stage was reviewing the categories’ definitions in Portuguese to check
if they were consistent with the language. The reviewers suggested changing the emo-
tional category cuidado, translated from caring to compaixdo, as it is a more broad and
blended category in the Portuguese language. The second proposal was the removal of
the emotion realization, in the sense of perceiving something, as it is not a much prevalent
emotional category in the Portuguese language. Finally, there was a consensus among re-
searchers to add the categories saudade and inveja to the list. We also removed neutral to
focus on emotions. The final list consists of 28 emotional categories in total. All emotions
and their definitions are presented in Table 1.

Table 1. Portuguese Emotion Categories

gg;f‘gg[l};sls ﬁ? %%Es;gﬁ?g;g DEFINITION IN PORTUGUESE

ADMIRACAO ADMIRATION Achar algo impressionante ou digno de respeito.
DIVERSAO AMUSEMENT Achar algo engragado ou se divertir.

RAIVA ANGER Forte sentimento de desprazer ou antagonismo.
ABORRECIMENTO |ANNOYANCE Raiva leve, irritagdo.

APROVAC/&O APPROVAL Ter ou expressar uma opinido favoravel.

CONFUSAO CONFUSION Falta de compreensao, incerteza.

CURIOSIDADE CURIOSITY Forte desejo de saber ou aprender algo.

DESEJO DESIRE Forte sentimento de querer algo ou desejar que algo acontega.
DECEPCAO DISAPPOINTMENT ] desprazer causado pelo ndo cumprimento de expectativas.
DESAPROVACAO DISAPPROVAL Ter ou expressar opinido desfavordvel.

NOJO DISGUST Repulsa despertada por algo desagradédvel ou ofensivo.
VERGONHA EMBARRASSMENT | Vergonha ou constrangimento.

ENTUSIASMO EXCITEMENT Sensagdo de grande empolgagdo e ansiedade.

MEDO FEAR Estar com medo ou preocupado.

GRATIDAO GRATITUDE Sentimento de gratidao e apreciagio.

LUTO GRIEF Tristeza intensa, especialmente causada pela morte de alguém.
ALEGRIA Joy Sensagdo de prazer e felicidade.

AMOR LOVE Forte emogao positiva de consideragio e carinho.
NERVOSISMO NERVOUSNESS Apreensdo, preocupagdo, ansiedade.

OTIMISMO OPTIMISM Esperanca sobre o futuro ou sobre o sucesso de algo.
ORGULHO PRIDE Prazer devido as préprias conquistas ou de alguém

ALIVIO RELIEF Tranquilidade e relaxamento apds ansiedade ou angustia.
REMORSO REMORSE Arrependimento ou sentimento de culpa.

TRISTEZA SADNESS Dor emocional, tristeza.

SURPRESA SURPRISE Sentir-se surpreso, assustado com algo inesperado.

INVEJA - Desgosto provocado pela felicidade ou prosperidade alheia
SAUDADE - Lembranca grata de pessoa ausente ou um momento passado.
COMPAIXAO - Sentimento piedoso de simpatia e de ajuda

4.2. Selecting Lexical Items for weak supervision

After translating and defining emotions into Portuguese, the next step was to select the
Lexical Items that would serve as a filter to search for examples and label assignment rules
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(weak supervision). For each of the emotions on the list, we initially look for related Lexi-
cal Items by synonyms. For this, we use the database available at www.sinonimos.com.br,
which has more than 30 thousand synonyms of words and expressions for Portuguese.

Because some words of emotion presented polysemic behavior, we opted for hu-
man curation to select the proper Lexical Items. Only synonyms with a semantic relation-
ship with the definition of emotion were considered. For each Verbal Lexical Item, we
collect the different conjugations in the repository www.conjugacao.com.br to cover all
tenses and moods in Portuguese. To avoid the negation effect, we manipulated the data
as follows: we searched for the combination of the word "ndo” (no/not in Portuguese) or
“nem” (neither in Portuguese) followed by a Lexical Item in our list. If an example was
found, we removed it from our dataset. We also added slang and terms related to emotions
that were known to the authors. The result of this step was a list in which each emotion
was associated with a set of lexical items, which were later used as a data collection filter
and label assignment rule.

4.3. Data

We use Twitter as a data source. The collection was made between the 23rd and 24th
of June (2021) using the platform’s official API. The filters used were the list of terms
associated with each emotion. Retweets and replies were not considered, keeping only
original tweets. Hashtags were removed, but emojis were kept.

In total, 49179 tweets were collected using a weak supervision approach. Each
example received the category label according to the Lexical Item used in the collection.
For example, if a tweet was collected because it was filtered by a term associated with the
emotion amor, it would be labeled to the amor category.

We tried to maintain a balanced distribution of examples among the classes, but
the results of our collection process suggest that some emotional categories are more
prevalent than others. We intend to focus on additional data collection for the categories
with the smallest number of examples to achieve a better balance distribution in future
work. For the training set, we had a total of 47405 examples. We present in Figure ?? the
total number of examples by category and the descriptive statistics of our dataset '.

4.3.1. Masking Lexical Itens

A hypothesis that appeared during the execution of this research was that the models could
memorize the Lexical Items (LI) associated with each emotion, reducing generalization
properties and causing the model to overfit. We chose to apply a masking technique to the
Lexical Items used for collection and label assignment to investigate this phenomenon.
The masking technique consisted of replacing an LI by [MASK], as can be seen in the
examples in Table 2.

We ended up with three datasets for training three different models. The first
is the original dataset that we created using the weakly supervised approach without any
masking technique. We identified this dataset as NoMask. The second dataset is the result
of applying the masking technique to 30% of examples for each category. We identified

IData available at: https:/github.com/diogocortiz/PortugueseEmotionRecognitionWeakSupervision
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Figure 1. Examples per categories.
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Table 2. Masking technique

Original | t6 indignada e ndo é pouco!
Masked | t6 [MASK] e nao é pouco!

this dataset as 30Mask. The third dataset is the result of masking all Lexical Items. We
identified this dataset as FullMasked.

4.3.2. Gold standard for validation

Despite this research studying the feasibility of the weak supervision approach for the
Emotion Recognition task in NLP, it is worth noting the importance of building a dataset
with human curation to evaluate the performance of a trained model with the created
dataset.

To meet this requirement, we separated a set composed of 1773 examples from the
dataset created earlier; we removed the labels assigned by the weak supervision approach
so that a human could manually annotate them. We did not apply any Masking technique
to this set. Due to limited resources, it was not possible to cross-annotate the validation
dataset. Only one annotator annotated each example. For this reason, it is not possible to
present any measure of agreement between the annotators. We recognize the limitations
of this procedure, which can reduce the quality of supervision and introduce bias.
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4.4. Models

To study the performance of our dataset, we needed to fine-tune the BERT language
model to the Emotion Recognition task using our weakly supervised dataset. The Bidirec-
tional Encoder Representations from Transformers (BERT) pre-trained language model
[Devlin et al. 2018] was released by Google in 2018. Since then, the use of this architec-
ture has improved the performance in different natural language tasks. In our research,
we used BERTimbau [Souza et al. 2020], a pre-trained BERT model for Brazilian Por-
tuguese. We fine-tuned three different models using our three different datasets (NoMask,
30Mask, and FullMask).

4.4.1. Parameters Settings

When finetuning the BERT language model, we keep most of the hyperparameters
set in the original paper [Devlin et al. 2018]. We changed only batch size and learn-
ing rate as proposed by [Demszky et al. 2020]. We trained each model for 4 (four)
epochs. The threshold to set a classification as positive was .30 (the same used by
[Demszky et al. 2020]). All models were implemented using the huggingface library.
The training process used the same computing environment (Quadro RTX 6000).

4.5. Results

The results in Table 3 show the performance of our three models. As we can observe, the
model trained with 30% of LI masked (30Mask) had a similar performance to the model
trained with the original dataset with no intervention (NoMask).

Those results suggest that masking a certain amount of Lexical items used as a
label rule (weak supervision) could be an appropriate strategy to stimulate the model to
learn by context and not only by memorizing LI. However, masking all LI introduces
much noise to the training dataset, significantly impacting the model performance.

5. Conclusions

According to the results presented, we argue that the adoption of Weak Supervision may
be an appropriate strategy for some NLP activities in low-resource scenarios. The creation
of datasets is costly and often prohibitive for some economies, making weak supervision
an initial alternative for projects when there are insufficient resources to adopt a human
supervision methodology. Our RQ1 inquired whether weak supervision is a proper ap-
proach to construct a corpus for fined-grained Emotion Recognition in low resourced
environment. We found consistent results when evaluating our models, suggesting that
weak supervision is an appropriate approach for initial work in the Emotion Recognition
NLP task in Portuguese. The results supports our first hypotheses (H1).

This research used a Lexical-based approach to collect, and weak supervise the
dataset. According to the results achieved and based on our empirical experience during
its execution, we argue that this approach can be appropriate for collecting and annotating
data in tasks involving narrow scenarios and well-defined problems. The results help us
to answer our RQ2 and validate the H2. However, our experiment has some limitations,
such as the validation dataset created from the initial collection of Lexical Items, which
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Table 3. Results based on weak supervision

NoMask 30Mask FullMask

g g g

2| = 2| = z2|=

2| g 2| g gl g
Emotion Ele|lE|l|lilx|E||&|lz|E
admiragéio 6714453 ][.71]144 (.54 [[.38].39].39
diversdo 491.50(.49][.54].50].52[[.23].33].27
raiva .841.50(.63][.80].50].62[[.45].15].22
aborrecimento [.82 .74 |.78 ||.81 (.75 .78 || .47 | .26 | .34
aprovacio 58[.381.46][.60[.36]45][.26].11].16
confusdo 68 .66 |.67 |].66|.63[.65[]42]22].29
curiosidade J11.61[.66[].71].61].66[[.37][.15].21
desejo 52154 (.53][49].51[.50([.15].12].13
decepgio 69140([.51][.71]1.40].51[[.43].05].10
nojo 811.95(.87](.83]1.97[.89([.53].15].24
vergonha .88 1.89 (.88 (.87 ].86(.87[[.29.06].10
entusiasmo 74191 [.811]].72(.89(.80]].30 (.16 [.21
medo 75193 1.83]].76|.87[.81[[.43].35].38
gratiddo 31).57140([.32[.57]41]].09[.32].14
luto 911.56].69 [[.83[.56].67]].00 [.00 [.00
alegria 681.66 .67 [|.69.65].67]].27[.24 .25
amor .88 .50 (.64 (.80].50].61 [[.39.41].40
nervosismo 941.64(.76 11.86 .66 .74 ]|.50 [.03 | .06
otimismo 49142 [45(].50].45]47|[.20[.05].09
orgulho 70 1.59(.641[.70 .59 |.64 [[.10 .03 ].04
alivio 551.89([.68][.54].86].67[[.15].22].18
remorso 64 1.71[.67][.62].71].66[[.40].08].13
tristeza 71).541.62[].76(.48).58|]47[.19(.27
surpresa 61[91].73][.61[.85].71][48[.44]46
saudade 751.68(.72|[.75].72 .74 .52 .32 ] .40
inveja 93193[.93[1.93]1.93]1.93||.88[.34[.49
compaixdo 581.881.70 [[.59 .88 ].71[].25[.12].16
desaprovagdo [.60[.02].03[].50(.02[.03]].26].03 [.06
macro avg 70).64 .64 [].69.63].64]]|.35[.19 .22

makes it difficult to assess the generalization performance of the models. In this sense,
we can neither validate nor refute our third hypothesis (H3). We plan to build a new
dataset with human supervision in future work without using the Lexical Items list in the
filter during data collection. It will be possible to validate and compare the generalization
performance of models using different datasets.
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Abstract. This sentiment analysis work is focused on the task of identifying as-
pects, emphasizing the so-called implicit aspects, i.e., those that are not ex-
plicitly mentioned in the texts. For this, we analyzed frequency-based methods,
adapted rules from the English language to Portuguese, and developed a method
that learns new rules through corpus analysis.

Resumo. Este trabalho de andlise de sentimentos estd focado na tarefa de
identificacdo de aspectos, dando énfase aos chamados aspectos implicitos, ou
seja, aqueles que ndo sdo mencionados explicitamente nos textos. Para isso,
analisamos métodos baseados em frequéncia, adaptamos regras da lingua in-
glesa para o portugués e desenvolvemos um método que aprende novas regras
por meio de andlise de corpus.

1. Introduction

Sentiment analysis is an area of applied computing research related to natural language
processing, which aims to analyze people’s opinions, feelings, assessments, attitudes,
and emotions concerning entities such as products, services, organizations, individuals,
issues, events, topics, and their attributes [Liu 2012]. It presents a wide range of stud-
ies and is often referred to in the literature by slightly different names and tasks, such
as opinion mining, opinion extraction and sentiment mining, among others. According
to [Taboada 2016], sentiment analysis is a growing field at the intersection between lin-
guistics and computer science that aims to determine automatic sentiments in a text.

Many authors [Medhat et al. 2014, Rana and Cheah 2016, Yadollahi et al. 2017]
divide sentiment analysis into three levels: document, sentence, and aspect. Each level
aims to address different challenges, with aspect-based analysis being the most refined.
At the document level, the goal is usually related to the identification of the polarity
of the whole document, to determine whether its overall opinion is positive or neg-
ative. This level of analysis is important in social and psychological studies carried
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out on social networks, consumer satisfaction, analysis of patients in medical settings,
and many others [Yadollahi et al. 2017]. Sentiment analysis performed at the sentence
level aims to find the polarity of a sentence. At this level of analysis, it is also im-
portant to identify whether the target sentence is subjective or objective, i.e., whether
it contains an opinion. This level of sentiment analysis is usually influenced by the
context around the sentence and is considered very important for applications dealing
with texts from social networks, comments and short messages, among others. Fi-
nally, the aspect level deals with more refined sentiment analysis strategies, trying to
determine people’s opinion about a specific characteristic (aspect) of a product, a ser-
vice, or an entity [Medhat et al. 2014, Rana and Cheah 2016, Yadollahi et al. 2017]. To
carry out this level of analysis, it is essential to identify the entities mentioned and
their respective aspects and the so-called words of opinion related to the aspects. From
there, the polarity of opinions directed to each identified aspect is determined. The re-
sults of the aspect-level sentiment analysis can then be finally summarized and visual-
ized, for example, in a table containing the found aspects and their respective polari-
ties [Rana and Cheah 2016]. This level of processing can also be called aspect-based
sentiment analysis [Liu 2012] and is very useful for language processing applications, as
text summarization [Lépez Condori and Pardo 2017].

In this paper, we focus on the aspect detection task, emphasizing the treatment of
implicit aspects. An aspect is considered explicit if it is mentioned directly in a sentence,
otherwise, it is considered implicit [Liu 2012]. For example, in the sentence “The image
quality of this camera is great”, the expression “image quality” is an explicit aspect term.
On the other hand, in “This camera is expensive”, the word “expensive” implicitly refers
to the “price” aspect.

It is a fact that we have a smaller amount of works that deal with implicit as-
pects [Ravi and Ravi 2015, Rana and Cheah 2016]. For Portuguese language, in par-
ticular, this is still a challenge [Pereira 2020]. Several authors [Zhang and Zhu 2013,
Panchendrarajan et al. 2016] point out that between 15% and 30% of the aspects of opin-
ionated texts are mentioned implicitly, and, for some categories, these percentages in-
crease significantly. The non-detection of these aspects leads to the loss of important
information and, consequently, negatively affects the results of related applications. The
identification of implicit aspects and the treatment of texts in the Portuguese language,
despite being complex problems, are relevant tasks and have the potential to advance the
state of the art in the area.

This paper presents an analysis of frequency and rule-based methods for aspect
detection. We also develop a method that learns extraction rules from a corpus. The rest
of this work is organized as follows: Section 2 presents the main related work, especially
the ones for Portuguese language. Section 3 presents our methods and datasets. Section 4
describes the results obtained by the implemented methods. Finally, Section 5 discusses
the strengths and weaknesses of these methods.

2. Related work

There are few works that explicitly try to characterize, model and identify implicit aspects
in the sentiment analysis area, which may be explained by the difficulties of dealing with
them. We briefly synthesize the main related work in what follows.
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The authors of [Cai et al. 2020] formulated the task as a problem of hierarchical
prediction of categories and sentiments, where first the algorithm identify categories of
aspects in a sentence and then the sentiments related to each detected category. To do this,
they used a convolutional network of hierarchical graphs (Hier-GCN). To codify the sen-
tences and their attributes, the authors used representations of bidirectional transformer
encoders (BERT) [Devlin et al. 2018], which is a pre-trained model and has achieved ex-
cellent results in many natural language processing tasks. Their results show that this
type of modeling is suitable for the detection of the aspect category together with the
classification of sentiments, achieving in its highest result 0.76 precision, and 0.73 recall.

In [Marcacini et al. 2018], the authors developed a method based on heteroge-
neous networks that combines features as labeled aspects, unlabeled aspects, and linguis-
tic features. To perform the classification, they developed an algorithm that propagates
the labels using linguistic features as a bridge for this propagation. As a result, the method
obtained f-measure between 0.56 and 0.68, depending on the analyzed domain.

The work of [Balage Filho 2017] analyzed the following aspect extraction meth-
ods: frequency-based, relation-based, and machine learning-based ones. The frequency-
based method is the simplest. It selects the most frequent nouns and noun phrases as as-
pects. The relation-based one analyzes the relationships between aspects and the opinion
related to them. In machine learning, an annotated training set is used to create a model
that identifies the aspects. In their experiments, the frequency-based method showed the
best result with 0.49 f-measure.

In the work of [Costa and Pardo 2020], the authors analyzed lexical-based meth-
ods for extracting aspects from opinions written in Portuguese. In a first experiment, the
authors made use of aspect ontologies, in order to identify explicit and implicit aspects. In
a second experiment, the authors extended a frequency detection method of aspects using
the distributional models Word2Vec [Mikolov et al. 2013a] in order to enrich the process.
The experiment performed with ontologies achieved the best results, with 0.53 precision,
and 0.44 recall.

3. Data and Methods
3.1. Methods

In this work, we applied four methods for aspect detection: two frequency-based and
two rule-based methods. For the frequency-based ones, we implemented the Freq Base-
line and Freq Baseline with Word2Vec methods to serve as comparative bases for other
methods. Regarding the rule-based methods, we tried to translate and apply the rules dis-
covered in [Poria et al. 2014] to texts in Portuguese, as well as to use an automatic method
for learning new detection rules. Before detailing the methods, we introduce the dataset
that we use.

3.2. Dataset

For the execution of the experiments, we worked with a corpus formed by opinionated
texts in Portuguese, resulting from the work of [Vargas and Pardo 2018]. The corpus is
one of the few existent corpora with identified implicit aspects, even considering works
in English. It has 60 product reviews from 3 different domains: cameras, books, and
smartphones. Table 1 shows the characteristics of the corpus. It is important to note
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that the percentages of implicit aspects found, with values close to 15% in the domains
of cameras and smartphones, demonstrate the relevance of the specific analysis of this
category of aspects. We evaluated all experiments in this corpus.

Table 1. Corpus composition.

Domains Reviews Aspects Explicits % Explicits Implicits % Implicits
Cameras 60 352 299 84.94% 53 15.06%
Books 60 330 304 92.12% 26 7.88%
Smartphones 60 455 387 85.05% 68 14.95%

In the corpus we found different cases of implicit aspects. For example, in “Very
compact and very beautiful”, the size and design aspects can be identified by their quali-
fiers. In “Camera of small measurement”, the size aspect appears as a semantically close
word. Finally, in “Works anywhere”, only with specific knowledge about the context, in
this case the functioning of the smartphone, we can understand that the phrase refers to
the signal aspect. These are just a few examples, which demonstrate how complicated the
task of identifying implicit aspects can be.

In a pre-processing stage, we prepared the texts for the execution of the methods.
We selected these processes according to the needs of the algorithms. In our case, we
performed the following processes:

* Dataset division into training and test sets: with the aim of consistently com-
paring the implemented methods, we performed all experiments using the same
training (for searching parameters or rules, as we will see later) and testing (to
validate the methods) datasets;

* Sentences tokenization: split of texts into sentences;

* Words tokenization: split of sentences into tokens, which can be words, symbols
and punctuation, among others;

* PoS tagging: identification of morpho-syntactic categories of the tokens;

* Dependency analysis: construction of sentence dependency trees, to understand
the relationship between tokens.

To perform these tasks, except for the division in training and testing sets, we
used spaCy [Honnibal et al. 2020] module with pt_core news_lg model from the Python
programming language.

3.3. Method 1: Freq-Baseline

This method selects nouns and noun phrases as aspect candidates and analyzes their fre-
quencies in relation to the number of sentences in the analyzed dataset. The algorithm
selects the most frequent candidates as aspects. It is a method with an easy implementa-
tion that achieves good results, which is why it is often used as a basis for comparison to
evaluate other algorithms.

The definition of the most frequent aspects is performed by comparing the
frequency of the candidates being analyzed with a pre-defined cutoff frequency.
In [Hu and Liu 2004], the authors used a cutoff frequency of 1%, a value that ended up
being used in other studies as well. As in [Machado et al. 2017], in this work, we varied
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this cutoff frequency and analyze what would be the most appropriate value. We worked
with cutoff frequencies in an interval of 0.01% and 10% with an increment of 0.01% at
each execution of the algorithm. Thus, at each iteration, we performed the calculations
of precision, recall, f-measure, and percentages of explicit and implicit aspects correctly
detected.

3.4. Method 2: Freq-Baseline + Word2Vec

As in [Pavlopoulos and Androutsopoulos 2014] and [Machado et al. 2017], in this work
we used the distributional model Word2Vec [Mikolov et al. 2013b] to exclude candidates
for aspects that are not related to the domain under analysis. The algorithm compared
each candidate aspect with two vectors formed by the centroid of the Word2Vec vectors
of words related to the context under study and of the Word2Vec vectors of general domain
words. The candidate aspects closest to this general centroid vector were discarded, thus
remaining only words more related to the context of the dataset. As it is a method used
only as a baseline, we will not go into further details about it. More information can be
found in the mentioned references. As in the previous experiment, we searched for the
best cutoff frequencies, which remained the same.

3.5. Method 3: Adapted Rules of [Poria et al. 2014]

In our first experiment with rules, we adapted the rules from the work of
[Poria et al. 2014]. The method comprises handcrafted rules that analyze the sentence de-
pendency trees together with two lexicons: one with a list of implicit aspects and another
called SenticNet [Cambria et al. 2014] that is a concept-level knowledge base containing
a set of semantics, sentics, and polarities associated to natural language concepts.

As we did not find an implicit lexicon for the Portuguese language, we created one
based on the existent corpus of [Vargas and Pardo 2018]. To maintain consistency with
the other experiments and do not introduce bias in the results, we used only the terms
found in the training set.

We translated the sentences of the presented examples in [Poria et al. 2014] and
adapted the rules to Portuguese, changing the order or type of some components. Finally,
we executed them in the adopted dataset.

3.6. Method 4: Automatically Learned Rules

The results of the adaptations of the rules developed in [Poria et al. 2014] for Portuguese
were below expectations. This motivated us to look for more adequate rules for the Por-
tuguese language and with better detection of implicit aspects. For this, we used the
dependency trees of the sentences of the training set.

We analyzed the elements that had some relationship of dependency on the aspects
identified in the datasets and, together with the morpho-syntactic analysis performed, we
created a set of rules. As an example, Figure 1 presents the dependency tree, obtained
from spaCy, of the sentence “Camera with the best zoom.”. In this sentence, the term
“zoom” is marked as an aspect, therefore, for the formation of the rules, the terms that
have some relationship with it were used.

In the first stage, the elements that have a direct relationship with the marked
aspects were selected. The relations and morpho-syntactic characteristics of the elements
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Figure 1. Example of dependency tree.

pobj

det
| prep | amod |

Camera with the best zZoom.

NOUN ADP DET ADJ NOUN

were combined, forming aspect extraction rules. For example, see the rules presented in
Table 2. We can interpret the first rule of this table as follows: if a noun (NOUN) is in
an adjectival modifier relationship (amod) with an adjective (ADJ), then the first token is
extracted as aspect. This same process was repeated, but this time analyzing combinations
of three, four, and five tokens, thus generating 1,200 rules for camera domain, 1,470 for
books, and 1,564 for smartphones.

Table 2. Example of learned rules.

Tokens Rules
Token1 Token?2 | Class1 Relation Class2 Aspect
zoom best NOUN  amod ADJ  Token 1

* amod ADJ  Token 1
NOUN * ADJ  Token 1
NOUN amod * Token 1
NOUN * * Token 1

* amod * Token 1

* * ADJ  Token 1

with Zoom ADP pobj NOUN  Token 2

After the execution of the rule generation process with all the sentences in the
corpus, the next step was the selection of the best rules. For that, the rules were created
using the class DependencyMatcher of the module spaCy in the language Python, and
each one was executed in the training set.

We calculated, for each rule, the Laplace precision and support metrics. We tested
rules with a support value between 1 and 60 combined with a Laplace precision ranging
between 0.1 and 1, with an increment of 0.1. For each combination of Laplace precision
and support, we selected the rules that met these requirements, ran them on the test suite,
and calculated the precision, recall, and f-measure metrics. To select the best set of rules,
we choose the rules that got the highest result for f-measure.

4. Results

Our first experiments should serve as baseline results. Although simple, we already have
a first contribution with the analysis of cutoff frequencies. As mentioned, several authors
use the value of 1% as a cutoff. We find a cutoff frequency between 0.40% and 0.53% as a
more appropriate value. Using the pruning mechanism with Word2Vec, as in other works,
led to an increase in accuracy and a decrease in recall. The identification of implicit
aspects, as expected because of the characteristics of the method, was practically non-
existent. The results are summarized in Table 3.
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Table 3. Results for Frequency-based methods.

Domain Method % Cutoff Precision Recall F-measure % Explicits % Implicits
Camera Freq 0.53 0.57 0.57 0.57 35.16 0.00
Camera Freq+W2V 0.53 0.72 0.56 0.63 34.07 0.00
Book Freq 0.42 0.47 0.67 0.55 23.17 0.00
Book Freq+W2V 0.42 0.70 0.59 0.64 15.85 0.00
Smartphone Freq 0.40 0.46 0.53 0.49 27.61 4.17
Smartphone Freq+W2V 0.40 0.56 0.47 0.51 23.88 0.00

As mentioned, the results of the experiment with the rules adapted from
[Poria et al. 2014] did not reach satisfactory results. Therefore, we focused on finding
new rules that would be more appropriate for the Portuguese language. The results are
summarized in Table 4. For the camera domain, we got the best f-measure result with 26
rules selected by a minimum Laplace precision of 0.30 and support of 6. Regarding the
book domain, we only found 1 rule selected by the Laplace precision of 0.40 and sup-
port of 21. Finally, in the smartphone domain, we found 3 rules selected by the Laplace
precision of 0.10 and support of 18.

Table 4. Results for learned rules.

Domain Laplace! Support Rules Precision Recall F-measure % Explicits % Implicits
Camera 0.30 6 26 0.50 0.58 0.54 36.26 15.38
Book 0.40 21 1 0.81 0.54 0.65 13.41 20.00
Smartphone 0.10 18 3 0.61 0.42 0.50 20.90 4.17

Analyzing the learned rules, we could observe that most of the rules show nouns
as aspects, changing only the classes and relationships with other terms.

We also selected the common rules between the domains, to find rules that were
theoretically less susceptible to the context. Table 5 shows the rules that were found,
and, as we can see, there was a greater number of rules found between the domains of
cameras and smartphones because of the greater similarity between them. The common
rules between smartphone and book were the same as found between camera, smartphone,
and book. The first rule can be interpreted as: any token in a nominal subject relation with
a noun that is in a determiner relation with a determiner.

Table 5. Common rules between domains.

Sets Rule Aspect
camera N smartphone [’NOUN’, ’nsubj’], ’>’, DET’, ’det’] Token 1
['NOUN’, ’obj’], °>’, 'DET’, det’] Token 1
[’NOUN’, ’conj’], ’>’, (PUNCT’, "punct’] | Token 1
camera N smartphone N book | NOUN’, *nsubj’], ’>’, DET’, ’det’] Token 1

The results were inferior to the previous experiment, as we can see in Table 6.
There was no improvement, even in terms of accuracy, that could have increased with a
smaller number of rules. This result was probably due to the simplicity of the found rules,
which, as previously mentioned, always ended up selecting only nouns as aspects, similar
to what occurs in the frequency-based methods.

88



Learning rules for automatic identification of implicit aspects in Portuguese

Table 6. Results for rules common to all the domains.

Domain Rules Precision Recall F-measure % Explicits % Implicits
Camera Camera N Smartphone 0.49 0.31 0.38 15.38 0.00
Camera Camera N Smartphone N Book 0.62 0.12 0.21 5.49 0.00
Book Camera N Smartphone 0.53 0.57 0.55 17.07 20.00
Book Camera N Smartphone N Book 0.81 0.54 0.65 13.41 20.00
Smartphone Camera N Smartphone 0.61 0.42 0.50 20.09 4.17
Smartphone Camera N Smartphone N Book 0.73 0.24 0.36 10.45 0.00

Finally, Table 7 presents a summary of the results got by each method. We can
observe that only the rules we found could find implicit aspects in all domains. Consid-
ering f-measure, in the camera domain, the frequency-based method with Word2Vec was
superior and, in the other domains, it was practically equivalent to the results of the rules,
although it was not able to find implicit aspects.

Table 7. Results by implemented method.

Camera Book Smartphone
Method F-measure % Implicits | F-measure % Implicits | F-measure % Implicits
Freq 0.57 0.00 0.55 0.00 0.49 4.17
Freq + Word2Vec 0.63 0.00 0.64 0.00 0.51 0.00
Poria et al. rule-based 0.10 0.00 0.14 0.00 0.14 7.35
Corpus-based rules 0.54 15.38 0.65 20.00 0.50 4.17

5. Conclusion

Regarding the frequency-based methods, we could observe that, despite being simple,
they achieved interesting results. With the study of the cutoff frequency, we could still get
a significant improvement in these results. Using Word2Vec also proved to be effective
in eliminating some aspects that were wrongly identified, a fact observed by the increase
in precision. On the other hand, it ended up eliminating the few implicit aspects that had
been identified.

The adaptation of the rules from English to Portuguese proved inefficient. Al-
though at first the analysis of the examples of the rules proved promising, in the exper-
iments, the results were below expectations. The method for finding rules in our last
experiment has shown promise. Although we did not get a vast improvement in the f-
measure, the improvement in implicit aspect detection was substantial. In future work,
we intend to consider additional elements for analysis and creation of rules, such as sen-
timent lexicons, and to separately search for rules for explicit and implicit aspects.

The interested reader may find more information at the web portal of the POeTiSA
(POrtuguese processing - Towards Syntactic Analysis and parsing) project®.
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Abstract. Bullying and cyberbullying are words commonly seen in today’s news.
Although the scientific community has evaluated text mining techniques for cy-
berbullying detection, few studies have targeted Brazilian Portuguese datasets.
Our study aims to assess the text mining application to detect cyberbullying mes-
sages written in Brazilian Portuguese. We gathered posts and comments from
Reddit communities and extracted several text features. We then processed these
features using Naive Bayes and SVM classifiers to uncover cyberbullying acti-
vity. The outcomes of this experiment may not be used solo for cyberbullying
detection; however, they can aid moderators in prioritizing content reviews and
acting faster on real cyberbullying cases.

Resumo. Bullying e cyberbullying sdo assuntos abordados com frequéncia pela
midia. Embora a comunidade cientifica venha avaliando técnicas de mineragdo
de texto para detec¢do de cyberbullying, poucos estudos utilizam datasets em
portugués. Este estudo tem como objetivo avaliar a aplicagcdo de mineragdo de
texto para detectar mensagens em portugués associadas com cyberbullying. O
estudo coletou posts e comentdrios de comunidades do site Reddit e extraiu di-
versas features, que foram usadas para treinar classificadores para descoberta
de cyberbullying. Apesar dos resultados ndo demonstrarem que mineragdo de
texto possa automatizar completamente a detec¢do de cyberbullying, as técnicas
podem auxiliar moderadores na priorizacdo da andlise de mensagens.

1. Introduction

Bullying and cyberbullying are not recent phenomenon. [Smith et al. 1999] defined
bullying as “a subcategory of aggressive behavior; but a particularly vicious kind of ag-
gressive behavior, since it is directed, often repeatedly, towards a particular victim who
is unable to defend himself or herself effectively”. [Hinduja and Patchin 2014] expanded
this definition by stating that cyberbullying is an extension of bullying that includes ha-
rassment through electronic devices. [McCarthy 2018] gives a notion of the relevance of
this problem when he mentions that, in 2018, 37% of Indian parents reported that their
children experienced cyberbullying. Also, over 20% of the parents in the United States,
Brazil, South Africa, and Canada reported the same issue. Still, cyberbullies target people
of all ages and backgrounds.

The necessity of automated detection of cyberbullying messages on the web is
unquestionable. Text mining provides a way of automating the message filtering pro-
cess, and machine learning can offer support to the process. According to [Tacho 2019],
text mining is the process of extracting knowledge from textual data. The usage of
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text mining to inhibit cyberbullying activities also shows in the scientific community
worldwide. [Zhao and Mao 2016] study focuses on using text analysis to identify if
English messages on Twitter are cyberbullying, even if those do not contain insults.
[Nandhini and Sheeba 2015a]’s work focuses on analyzing English posts from Forms-
pring and Myspace, categorizing those into bullying types such as harassment or racism.
[Urtiga and Castro 2018] study uses data from Brazilian Portuguese Twitter messages to
determine message topics that usually indicate bullying or cyberbullying activity. Studies
utilized different text mining tasks and classification models to achieve their goals. Howe-
ver, a significant number of them incorporate an insulting words dictionary combined with
another technique that assists in getting the context of the messages.

Our study aims to evaluate a text mining proposal for cyberbullying detection in
messages written in Brazilian Portuguese. To achieve this, we collected posts and com-
ments from specific Reddit communities and extracted information such as the text sen-
timent, key phrases, and the presence of insults. We then ran these features through two
text classification algorithms: Naive Bayes and SVM. Then, we also assessed how text
mining could assist in finding the most toxic Reddit communities and users by ranking
them based on our results. We want to contribute to the future state of automatic mode-
ration of Brazilian Portuguese language online communities specifically. Although there
is academic work on this subject, we only found a small number of studies focused on
Brazilian Portuguese datasets.

This paper is organized as follows. In Section 2, we discuss recently published
scientific papers that concern using text mining tasks in cyberbullying identification. Sec-
tion 3 describes our research methodology, including the data source, chosen features,
and the classifiers. In Section 4, we discuss the results obtained from the execution of our
experiment and point out its contributions. Finally, Section 4 presents the conclusions and
proposals for future work.

2. Related work

This section was based on using the search string “cyberbullying AND text mining” to find
papers published on Association for Computing Machinery (ACM), Institute of Electrical
and Electronics Engineers (IEEE Xplore), and Science Direct bases. The search string
returned 72 papers. Then, we filtered the list by eliminating any papers published before
2015 or that had a Google H5-Index value lower than 15. The remaining ones were
manually evaluated by their abstract contents, leaving a total of seven papers. Meanwhile,
the second string ”bullying AND mineracdo de dados” was used in Google Scholar to
find related works specifically in Brazilian Portuguese. The strings resulted in 81 papers,
which were filtered using the same published year and Google HS5-Index criteria. Still, as
Google H5-Index does not cover some of the smaller Brazilian journals, we also filtered
the results by eliminating any papers with a Qualis ”C” evaluation. Then, after reading the
remaining results’ abstracts, only one paper was deemed similar to our work. Therefore,
this section presents the eight related works.

Every paper selected conveys a variation of cyberbullying identification techni-
ques, providing a text-processing methodology combined with classification or cluste-
rization tasks. These papers’ general focus is building a classification or clusterization
model for either binary message classification, non-binary message classification, or cy-
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berbullying risk discovery.

The related papers under the binary message classification category focused on
analyzing web content and evaluating whether it is cyberbullying or not. They all track
the presence of insults in the messages; however, they do not consider this as the only
significant feature to be analyzed. [Zhao et al. 2016] proposed evaluating the semantics
and linguistic relationships of the words in the messages, as these also hold great im-
portance in detecting cyberbullying. [Zhao and Mao 2016] also proposed using semantic
and linguistic evaluation; however, their work focuses on creating a model to identify
cyberbullying in messages that do not contain insults. [Singh et al. 2016] had a distinct
approach to the problem. These authors’ methodology was based on text and social featu-
res, such as the number of connections and their degree of centrality in the social network.

In the second category of papers - non-binary message classification - cyber-
bullying messages were classified into different cyberbullying categories (e.g., flaming,
harassment, racism). To achieve this, [Nandhini and Sheeba 2015a] used the presence
of insulting words, word frequencies, and part-of-speech as features. In another paper,
[Nandhini and Sheeba 2015b] used fuzzy rules and a genetic algorithm to create their
model, which was also based on part-of-speech and word frequency features.

The papers categorized as cyberbullying risk discovery aimed to identify
words and expressions that indicate the presence or the risk of future cyberbullying
activity occurrences and the topics associated with these cyberbullying messages.
[Song and Song 2020] used features such as words related to cyberbullying methods and
causes and the overall message sentiment. The final classification presents the level of
cyberbullying risk associated with each message. Meanwhile, [Song et al. 2020] clas-
sified the messages into predetermined risk categories, using features such as term and
document frequency, degree of diffusion, and degree of visibility. Finally, the study of
[Urtiga and Castro 2018] was based on messages that already portray the cyberbullying
theme but are not necessarily cyberbullying. They perform text clustering utilizing word
frequencies as a feature.

Like most of the aforementioned papers, this work evaluated the automatic detec-
tion of cyberbullying activity. As in seven of the analyzed papers, we use text classifica-
tion algorithms to detect cyberbullying. Furthermore, like [Singh et al. 2016], we utilize
multiple classification algorithms and compare their results. Also, our feature selection
focuses on sentiment analysis - as in [Song and Song 2020] - and the detection of insul-
ting words - as in [Zhao et al. 2016, Zhao and Mao 2016, Nandhini and Sheeba 2015a].
The main distinction is that we search for the insults in the whole documents and also on
their key phrases. We created this division to determine if the insults are a crucial part of
the document or not. Finally, our dataset for this study was in Brazilian Portuguese.

3. Research Methodology

Our evaluation for automatic identification of cyberbullying messages along with harmful
communities and users explored the Reddit (https://www.reddit.com/) website using a
group of Python scripts. We chose Python as a programming language because of its
text mining and Reddit information extraction libraries. The following sections expose
the details regarding this study’s dataset source and language, feature selection methods,
and text classification algorithms. The scripts created for this experiment, as well as the
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utilized data and obtained results, are available on our GitHub'.

3.1. Data source and collection

Reddit is a very active website, and it hosts thousands? of communities in many languages,
including Brazilian Portuguese, which is our specific target in this study. Since Reddit
does not have a list of subreddits by language, we used the emportugues.org website
(https://emportugues.org/), which contains a list of Portuguese language subreddits, to
obtain the base of our data source. On April 11th, 2021, we collected the complete list of
1993 communities’ data from the emportugues.org website. We then filtered the records
which would not be valuable for our study: duplicated, non-Brazilian Portuguese, and
less active - less than 1,000 members - communities. The final dataset obtained from this
filtering process contained 133 communities.

Then, on April 12th, 2021, we collected the actual data used in our experiment -
the community comments - by utilizing the PRAW? (Python Reddit API Wrapper) library
to access the selected communities’ top 10 topics from the past 12 months - April 13th,
2020 to April 12th, 2021. We then cleared out each comment’s emojis before storing
them in our database, along with the respective author and community name. Through
this process, we were able to obtain a total of 30,634 comments.

3.2. Data preprocessing

To obtain an appropriate dataset for text mining, we performed a few preprocessing steps.
We began by removing comments that were too small in length to provide valuable infor-
mation. According to [Song et al. 2014], the problem of short text classification presents
itself differently from the general text classification one. Short text tends to be sparse,
containing only a few words, few features, and a low level of information that does not
provide context. [Song et al. 2014] mentions 30 characters news titles as short text exam-
ples, so we used this number as the base for our experiment and eliminated comments
with less than 30 characters.

We also observed the presence of blank, foreign language, and bot comments in
our data. Since we are interested in identifying cyberbullying activity as well as toxic
users and communities in Brazilian Portuguese, none of these comments would be va-
luable in our dataset. Therefore, we removed all of their instances from our data. Our
final dataset contained a total of 19,272 comments, which we then manually labeled as
cyberbullying or not cyberbullying.

3.3. Selected features

We selected 12 features for our experiment, some based on related work, some in the
characteristics of cyberbullying, and others in our knowledge of the internet forum Reddit.
We then categorized these features into three groups: document sentiment features, insult
/ explicit wording presence features, and URL presence features.

The first set of features - positive, neutral, and negative sentiment confidence of
the overall document - is meant to identify the possibility of maliciousness in a comment.

"https://github.com/ceberhart2611/Cyberbullying-article-2021
’https://www.redditinc.com/press
Shttps://praw.readthedocs.io/en/latest/
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We based this set of features on the fact that insults in a message may not always mean
it is malicious. Therefore, the sentiment would assist in deciding the message tone and
aid the classifier in a decision not exclusively based on certain words. We obtained these
sentiment confidence features by utilizing the Microsoft Azure Text Analysis API senti-
ment analysis module*. This API module mines the text for positive, neutral, and negative
sentiment clues and outputs a confidence score between zero and one for each sentiment.
Thus, the sum of these positive, neutral, and negative sentiment confidences for a given
text always equals one.

The second set of features - the number of insults and sexually explicit words in
the document and its key phrases - adds the possibility of explicitly identifying aggression
and sexual harassment. We based this set of features on the articles we found in our rela-
ted work search - [Zhao et al. 2016]; [Singh et al. 2016]; [Nandhini and Sheeba 2015a];
[Choi et al. 2020]. However, in all of these articles, a single dictionary of insulting words
is used. Thus, we implemented a different approach by assigning insults into four dictio-
naries according to their category, allowing a broader set of insults in our experiment and
enabling the classifier to work with different aggression types separately.

We created three different dictionaries of insulting words and one sexually explicit
language dictionary containing adjectives and nouns only. The first insulting words dicti-
onary contains only swear words, the second general insults, and the third context-related
insults. General insults are offensive but socially accepted as they do not present inappro-
priate terminology. ”Shit” and “dumbfuck” are examples of swear words, while idiot”
and “’stupid” are general insults. Meanwhile, context-related insulting words are the ones
that not only do not work solo as insults but also carry generally unoffensive meanings.
For instance, saying ”’I have pigs on my farm” is not insulting; however, saying “Jack is
such a pig” carries an offensive tone. These dictionaries aim to find the general cases
of aggression tied to cyberbullying activity while still allowing other features to provide
context cues. For example, even though swear words are generally unacceptable, they
still can be used without offensive intent.

The sexually explicit words dictionary has the specific goal of assisting in reve-
aling instances of sexual harassment. Its contents include jargon for body parts, sexual
positions, and sexual acts. However, even though anatomic words such as “penis” or
“vagina” may also indicate sexual harassment, these were not included in the dictionary.
Reddit hosts many communities where healthy discussions about sexuality and sexual
relationships, and these terms may be used in those. The final set, including the three in-
sulting words dictionaries and the sexually explicit terms, has 1,191 unique records. The
complete dictionaries® and sexually explicit words® used are available on GitHub.

In general, these features are build by finding the number of matches between
each dictionary and a text record, resulting in two features per dictionary - one for the

‘https://docs.microsoft.com/en-us/azure/cognitive-services/
text—analytics/how-tos/text-analytics-how-to-sentiment-analysis?tabs=
version-3-1

Shttps://github.com/ceberhart2611/Cyberbullying-article-2021/blob/
main/insult-dictionaries.csv

Shttps://github.com/ceberhart2611/Cyberbullying-article-2021/blob/
main/sex-slang-dictionary.csv
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comment’s whole text and then one for this comment’s key phrases. We extracted the
key phrases of each document by utilizing the Microsoft Azure Text Analysis API’s key
phrases module’, which outputs the main points of a given unstructured text document.
The goal of using key phrases instead of only the complete document to obtain features is
to check if being aggressive or offensive is a core part of a comment.

Finally, the third group is a single feature: the presence of URLSs in a comment.
This feature indicates if a URL is present in a comment by trying to find "HTTP://”,
"HTTPS://”, or "www.” within its text. While some websites generate direct URLs to
their content using content IDs, Reddit creates links utilizing the name of its users and
communities or the title of the posts. Thus, a user posting a URL for a community or a
user profile with an insulting name, or a post with an insulting title, may get unintended
matches in sexually explicit and insulting words features. The general goal of tracking
the URL presence is to give a chance for our classifiers to weigh these specific cases
differently. This feature is also a contribution of this article as we did not find it in our
related work corpus.

3.4. Data partitioning and classifiers

As our experiment utilizes supervised classifiers, we split our data into two different trai-
ning and testing sets. 90% training / 10% testing and 80% training / 20% testing. Still,
we identified that our testing results might not be satisfactory as, even though we had a
high percentage of training cases, our dataset is highly imbalanced. In a total of 19,272
records, only 17.6% of them are labeled as cyberbullying. To mitigate this data imbalance
issue, we used the Synthetic Minority Oversampling Technique - also known as SMOTE
- as proposed by [Chawla et al. 2002]. The application of this oversampling method re-
sulted in balanced training datasets, which had 50% of cyberbullying records and 50% of
non-cyberbullying records. The specific SMOTE code used in this experiment is part of
version 0.8.0 of the imblearn® Python library.

To acquire a fair evaluation of the efficiency of our features, we also used two
distinct classification algorithms: Naive Bayes and SVM. The choice of Naive Bayes and
SVM algorithms was associated with their significant presence in the related work and
their different approaches. While Naive Bayes does not explore relationships between
the features and assumes their independence, SVM explores the possible relationships
between them. The goal of processing our feature set in different classifiers was to verify
how their different approaches perform on our dataset. As discussing classifiers imple-
mentation and optimization was not part of our scope, we used the Gaussian Naive Bayes
and the linear SVM implementations available on SciKit-learn.

4. Results and discussion

In this section, we discuss the results obtained by applying our research methodology.
Table 1 shows that, through our evaluation, we obtained accuracy as high as 81%, and
in general, the variations of our performance metrics do not surpass three percentage
points. This same table also shows that our highest values for accuracy and precision are

"https://docs.microsoft.com/en-us/azure/cognitive-services/
text—analytics/how-tos/text-analytics-how-to-keyword-extraction
®https://imbalanced-learn.org/stable/
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81% and 45%, which appear under both the Naive Bayes 80/20 column and the SVM
80/20 column. Still, the highest recall - our primary metric - and F1-score are under the
SVM 80/20 column, which portrays the results of processing our features using an SVM
classifier with an 80% training, 20% testing data fold. Hence, we concluded that this
approach, which we will call SVM8020 onwards for simplicity, is the best result of our
experiment.

Tabela 1. Experiment results - performance metrics

Naive Bayes SVM
Metric / Distribution | 90/10 | 80/20 | 90/10 | 80/20
Accuracy 0.80 | 0.81 | 0.79 | 0.81
Precision 043 | 045 | 042 | 045
Recall 0.53 | 054 | 0.53 | 0.56
F1-score 047 | 049 | 047 | 0.50

Since presenting the results related to the top 10 toxic users and Reddit communi-
ties for our four different approaches would result in an extensive set of tables, we opted
to show only the ones related to SVM8020. This evaluation was the one that obtained
the best recall, meaning that it captured most of the comments deemed cyberbullying
correctly. We had, however, to perform some manipulation of the data presented in the
testing records before we obtained our final ranking. Therefore, communities and users
with less than 14 and five comments were eliminated from the ranking data to allow a fair
evaluation of their behavior.

Table 2 shows the outcomes of this process, comparing user and community to-
xicity as obtained from the actual comment labels and the predicted ones. The results
shared in the table reveal that SVM8020 pointed at least half of the most toxic users and
communities correctly; however, it was utterly deficient in the ranking order. Given that
SVMS8020 achieved a recall value of 56%, we can state that this result is satisfactory.
However, if the prediction can only find around half of the actual cyberbullying cases, it
will not correctly order the top offending authors and communities.

In order to find the issues in our predictions, we had to explore the misclassified
records. When looking into the false negatives, we were able to identify cases in which
the insults were not in our dictionary or were in the verbal form, which we did not explore.
Commonly, the cases identified as cyberbullying in our dataset involved using some in-
sults combined with a generally negative sentiment. Hence, cyberbullying cases in which
there were no insulting words or that contained some insults, but had a highly neutral
sentiment, were also not caught. Furthermore, we observed cases in which insults were
combined with other words - for instance, shitface” - which made them go unnoticed
as we searched for exact matches. Finally, we found that internet slang and instances of
sarcasm also impacted our predictions and generated false negatives.

Meanwhile, in the false positives group, we found many insulting comments un-
related to people or groups, but rather companies, products, or the comment author him-
self. We also found instances of insulting words being used to intensify the effect of
praising something, for instance, saying, “fucking amazing”. Finally, the last common
false-positive cases are tied to phrases with a high percentage of negative sentiment con-
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Tabela 2. Most toxic users and communities in percentage according to the actual
comments labels and the SVM8020 label predictions

Actual label Predicted label

Rank Toxic users Toxic communities Toxic users Toxic communities
1 user560* comm?23* user951* comm5
2 user1776 comm107* user560* comm40*
3 user1302* comm40* user2722 comm51
4 user2528* comm84* user1302* comm107*
5 user411 comm43 user2528* comm53
6 user951* comm86 user433 comm?23*
7 user1747 comm45 user1094 comm104
8 user388 comm35* user84 comm41
9 user1626 comm?26 user839 comm35*
1 user1962 comml3 user2207 comm84*

* Users or communities ranked in the top ten for toxicity both by the actual labels
and the predicted labels

fidence that contain only context-related insults. In these cases, the sentiment is generally
sadness, not maliciousness; however, our sentiment analysis does not distinguish types of
negativity.

Given all the performance metrics and the analysis we shared about our experi-
ment, it is fair to say that the overall results obtained are satisfactory and may be applied
to real-world scenarios of cyberbullying identification. Even though 56% of recall would
not allow our automatic cyberbullying identification approach to work solo on Reddit, it
could help the website moderation team to prioritize the investigation of specific com-
ments and act faster when it comes to real cyberbullying cases. However, we would not
recommend using the most toxic users and communities raking, as the ordering piece
could misguide the exploration of the source of the most harmful content on the website.

Conclusion

In this article, we evaluated text mining for the identification of cyberbullying messages
written in Brazilian Portuguese. Our evaluation comprised the presence of insults and
the sentiment of text comments in Reddit communities. We verified the performance by
running our dataset through two different text classifiers and then measuring it using ac-
curacy, precision, recall, and F1-score metrics. The results of our experiment were overall
satisfactory, yielding the possibility of its application in real-world scenarios. Therefore,
we determined that text mining is helpful for the automatic moderation of Brazilian Por-
tuguese online communities. In conclusion, this work sets a starting point for exploring
machine learning-based online moderation in the Brazilian Portuguese language.

As the next step for future research, we suggest adding entity recognition and
insulting verbs to our features to improve the recall percentage in the experiment. We also
suggest considering moving the sexual harassment identification to another research more
specifically tied to this subject and involving image processing techniques. Even though
sexual harassment also pertains to the cyberbullying subject, it contains particularities that
could benefit from joining text mining and image analysis.
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Abstract. As large amounts of unstructured data are generated on a regular ba-
sis, expressing or storing knowledge in a way that is useful remains a challenge.
In this context, Relation Extraction (RE) is the task of automatically identifying
relationships in unstructured textual data. Thus, we investigated the relation ex-
traction on unstructured e-commerce data from the smartphone domain, using
a BERT model fine-tuned for this task. We conducted two experiments to ac-
knowledge how much relational information it is possible to extract from prod-
uct sheets (structured data) and product titles (unstructured data), and a third
experiment to compare both. Analysis shows that extracting relations within a
title can retrieve correct relations that are not evident on the related sheet.

1. Introduction

The main purpose of extracting information from text is to transform it into useful and
well-structured knowledge [Pawar et al. 2017]. This can be done by means of well-known
Natural Language Processing (NLP) tasks such as named-entity recognition, Information
Extraction (IE) or Relation Extraction (RE).

Relation Extraction consists in automatically identifying relations in unstructured
textual data [Pawar et al. 2017]. In the general domain, relationships instantiate facts with
a high probability of being true (or highly plausible) [Xu et al. 2020]. But relation extrac-
tion in specific domains is also challenging, due to factors such as the higher variability
of vocabulary, noisy and missing data, and the lack of standardization that is common in
real scenarios. To exemplify this, next we show three product titles, in Portuguese, found
on americanas.com: !

S1 smartphone multilaser ms40s preto 4" camera 3 mp + 5 mp
3g quad core 8gb android 6.0 p9025

S2 smartphone samsung galaxy s5 sm g900m branco tela 5.1",
android 4.4, 4g, camera lémp

S3 celular positivo 2.4" 3g bluetooth fm mp3 p30c preto

IExtracted in November 2020.
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These are three different products in the smartphone (and cellphone) category.
From these examples it is possible to identify three different brands (multilaser,
samsung and positivo), two colors (preto and branco), two versions of the op-
erating system Android (6.0 and 4 . 4) and two different camera resolutions (3 mp + 5
mp and 16 mp). These are examples of product properties that could give rise to binary
relations with the item being offered (the smartphone or cellphone).

In this context, this work aims to investigate how relations that were automat-
ically extracted from unstructured data using BERT [Devlin et al. 2019] can enhance
the information extracted from structured data. Bidirectional Encoder Representations
from Transformers (BERT) is an encoder architecture capable of applying transfer learn-
ing for downstream NLP tasks through the fine-tuning process [Devlin et al. 2019]. In
[Soares et al. 2019], the authors show that the encoder can also be used for RE from a cor-
pus annotated with relations of interest. Thus, in this paper we present some experiments
carried out with BERT Relation Extraction? to extract binary relations from e-commerce
data.

The main contributions of this work are: (i) two BERT models fine-tuned to extract
relations from Portuguese product titles in the smartphone/cellphone category; and (ii) a
comparison between the extracted data showing how unstructured data can complement
structured information.

This document is divided into five sections. Section 2 presents related work; Sec-
tion 3 describes how the RE models were generated and evaluated, and discusses the
results; Section 4 compares the extracted instances with a corpus built from structured
data. Section 5 finishes this paper with some conclusions and proposals for future work.

2. Related Works

The Relation Extraction (RE) task consists in extracting well-defined relationships
between two entities [Pawar et al. 2017] and saving them into a structured reposi-
tory [Moens 2006, Sarawagi 2008]. Hearst [Hearst 1992] proposes lexical-syntactical
patterns to identify relations. The ACE program [Doddington et al. 2004] aims to analyze
other aspects in sentences, such as the occurrence of words and lexical categories. Over
time, many works also considered named-entity recognizer models as a crucial part of the
RE task [Sarawagi 2008] and vice-versa [Ji and Grishman 2006]. The task also became
a subject of research in Machine Learning (ML) and NLP, where the main investigated
approaches were Support Vector Machines [Zitouni and Florian 2008] and Conditional
Random Fields [Li et al. 2011].

More recent studies showed promising results to RE using deep neural net-
works, such as Convolutional Neural Networks [Zeng et al. 2014] and Recursive Neu-
ral Networks [Socher et al. 2012, Hashimoto et al. 2013]. Deep contextualized language
models, such as BERT [Devlin et al. 2019], have gained attention in ML and NLP
tasks [Peters et al. 2018, Radford et al. 2018, Devlin et al. 2019], such as “Question An-
swering” [Devlin et al. 2019] and RE [Soares et al. 2019]. Thus, this work explores a
fine-tuned BERT architecture for RE, as will be described in the next sections.

’https://github.com/plkmo/BERT-Relation-Extraction
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2.1. Relation Extraction with BERT

The Bidirectional Encoder Representations From  Transformers (BERT)
[Devlin et al. 2019] is an encoder architecture for generating contextualized lan-
guage models. The model is versatile, able to understand context on the left and right
to solve various NLP tasks, such as Next Sentence Prediction, Question Answering and
Sentiment Analysis [Devlin et al. 2019].

In [Soares et al. 2019] the authors used BERT to represent relations via training
following the matching the blanks (MTB) approach. By applying BERT to the task of
extracting binary relations between entities, the authors start from a corpus of blocks of
text containing two marked entities as illustrated in Table 1.

Table 1. Examples of marked entities and its substitution to “blanks”. Adapted
from [Soares et al. 2019]

, In 1976, e; (then of Bell Labs) published es , the first of his books on programming
4 inspired by the Unix operating system.
i The “ey” series spread the essence of “C/Unix thinking” with makeovers for Fortran
"B and Pascal. e;’s Ratfor was eventually put in the public domain.
ro e worked at Bell Labs alongside ¢ creators Ken Thompson and Dennis Ritchie.
Mentions | ¢; = Brian Kernighan, e = Software Tools, ¢3 = Unix

Henceforth, the training set is created by replacing the entity with a special symbol
[BLANK] in order to predict the hidden entity. The symbol is introduced probabilistically
to ensure that the model learns the relationship not only by the entities, but by the words
around them. This process was called “matching the blanks”. For the authors, MTB
training aims to solve the data redundancy problem observed in texts on the web, where
an arbitrary pair of entities is probably mentioned several times throughout a sequence.

The authors propose a representation method called entity markers: given a
sequence of tokens, starting with token [CLS] and ending with [SEP], the tokens
that mention a certain entity are delimited. For this, they used the BERT| srge pre-
trained model and Wikipedia in English as the training corpus, with interconnected
paragraph blocks. In their experiments with the MTB method, the authors observed
an F-score value of 89.5%, better than the 71.5% value that was observed for the TA-
CRED [Zhang et al. 2017] relation prediction model on the SemEval 2010 dataset. In
addition, the MTB obtained 89.2 10-way 1-shot® on the FewRel dataset, against 94.3%
obtained from humans. Finally, it is worth mentioning that there is an open implementa-
tion of this work®.

3. Experiments and Results

This section describes datasets, experiments and results. We used a dataset of products
from the smartphone category (smartphones and cellphones)’. This dataset has instances

3This is a training method which contains 1 instance of a single class between 10 of them.
“https://github.com/plkmo/BERT-Relation-Extraction/
SThis category was chosen because of its high demand on e-commerce platforms.
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of structured information in product sheets (as shown in Figure 1) as well as unstructured
information in product titles and descriptions (as shown in Figure 2)°.

Smartphone Asus Zenfone 3 Max Dual
Codigo [=2loznal Chip Android 6.0 Tela 5.5" 32GB 4G/Wi-Fi
Cédigo de barras 7898573294772 Camera 16MP - ROSa
Marca ASUS

Modelo ZC553KL-41092BR

Cor Rosa

Tipo de Chip Micro Chip

mais informagoes

Quantidade de Chips ~ Dual Chip

Figure 2. Example of a
product’s title and
description

Figure 1. Example of a
product’s data sheet

This entire dataset contains 956 products from the smartphone category. It was
separated in two sets: (i) one with 540 items with structured information (product sheets)
and (ii) one with 416 product titles annotated with entities and binary relations.

Product sheets — From the 540 products, 77 different properties were recovered from
their data sheets. Not all products have all properties. For example, the property
called “garantia do fornecedor” (vendor guarantee) is present in all 540 products,
while the property called “conexdes” (connections) is only present in 201 prod-
ucts.

Annotated titles — 416 product titles were annotated using the Prodigy’ tool by
2 linguistsg, who marked the following entities: Model, Brand, Color,
Internal memory, Camera, Display_size, Chip_capacity, OS (op-
erating system) and Processor. Thus, each mention of a Model (subject)
entity and an entity of another type (object) in the same title (that is, each pair
of marked entities) becomes an instance of a binary relation of interest in the
dataset. Examples of such relations include has_brand (Model, Brand) and
has_color (Model, Color). A total of 8 different relations were identified.

3.1. Experiments

Experiments were designed to answer the following research questions using the two
datasets:

Q1 - How much relational information is it possible to extract from product sheets?

Q2 - How much relational information is it possible to extract from product titles?

Q3 - How complementary is the relational information extracted from titles to the one
extracted from the product sheets?

To answer Q1, Subject-Predicate-Object (SPO) triples were constructed using
properties extracted from the product sheets as well as their respective values. There-
fore, the following design was adopted:

Shttps://www.americanas.com.br/. Last access: June 2021

"nttps://prodi.gy/

8Discrepancy cases were resolved by a third linguist, although the agreement rate between the annotators
was above 72%.
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* Subject entity — this is the value of a Model entity. If the product’s sheet did
not contain this attribute, a Named-Entity Recognizer (NER) trained in the e-
commerce domain was used to recognize the Model entity from the product title.
This NER was generated by another team linked to the partnership with ameri-
canas s.a.

* Relation label — this is one of the 8 relations of interest.

* Object entity — this is the value of the corresponding property in the product
sheet. For example, Full HD - 1920x1080 or 5.2" may be values for the
has_display_size relation. Similarly, Android is a possible value for the
has_os relation.

In order to answer Q2, we trained the MTB [Soares et al. 2019] approach on prod-
uct titles annotated with entities and relations. Following an implementation of MTB?,
each instance used in the model’s fine-tuning consists of: (1) a sentence (in the case of
this experiment, a product title) with two marked entities and (2) the label of the rela-
tion between them. The annotated titles dataset was split into training, validation and test
partitions as detailed in Table 2.

Table 2. Relation instances on smartphone dataset and their distribution into
training, validation and testing sets.

train valid test total
has brand 199 103 103 405
has_camera 108 70 53 231
has_chip_capacity 124 63 66 253
has color 170 89 92 351
has display size 117 67 68 252
has_internal memory | 127 71 73 277
has_os 68 39 40 147
has_processor 18 9 8 35
Total 931 517 503 1951

The original source code was adapted'® to use models that are capable of dealing
with Brazilian Portuguese:

« BERTimbau'' [Souza et al. 2020] — this is a trained BERT model for Brazilian
Portuguese based on web documents from various domains.

« Multilingual BERT'? [Devlin et al. 2019] (mBERT) - this is a BERT model
trained for more than 100 languages, including Portuguese, based on Wikipedia
content'3.

These models were trained with batch size 128, MTB learning rate 10* and fine-
tuning learning rate 7 X 10° (as suggested by the original implementation). Both models
trained MTB within 18 epochs (approximately 3 days each model), while requiring 60
and 65 epochs (approximately 2 hours each model) to fine-tune BERTimbau and mBERT,

https://github.com/plkmo/BERT-Relation-Extraction

Ohttps://github.com/joaobarbirato/BERT-Relation-Extraction

https://huggingface.co/neuralmind/bert-base-portuguese-cased

Phttps://huggingface.co/bert-base-multilingual-uncased

BMore details on Multilingual BERT training are available at https://github.com/
google-research/bert/blob/master/multilingual.md
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respectively. All training steps were performed on a 40 core Intel(R) Xeon(R) Silver 4210
CPU 2.20GHz machine.

Finally, regarding Q3, a third experiment was carried out to compare the informa-
tion extracted from structured (Q1) and unstructured (Q2) data. The same NER model
used on Q1 was used to process the 540 titles corresponding to each product used for Q1
to automatically mark entities. These marked titles served as input to the MTB BERTim-
bau model for inferring the relations.

3.2. Results

To answer Q1, 2, 825 model-attribute-value triples were extracted from the 540 product
sheets. Table 3 shows some examples of relation instances extracted from product sheets.
From the extracted relations it is possible to see that there is still room for improvement.
For example, entities Moto G (32 Geragdo) and Moto G 3 were considered as
different entities. Disambiguating entities is one possible solution to such problems.

Table 3. Examples of relation instances extracted from the product sheet dataset.

Relation Subject | Object
has_internal_memory SM-NO75F/2DL | 256gb
has_color | ZC554KL-4A115BR preto
has_display_size Galaxy S8 5.8”
has_camera | Moto G (3" Geragdo) 13mp

To answer Q2, from the 503'# instances in the test set, MTB models trained us-
ing BERTimbau and multilingual BERT (mBERT) correctly extracted, respectively: 378
and 376 instances. On average, the model trained using BERTimbau performed better
regarding the F-score values, with 3.41 percentage points more than mBERT, as shown
in Table 4. Indeed, in [Souza et al. 2020] the authors pointed out a similar difference
between the F-score values for BERTimbau and mBERT.

Regarding Q3, the model from Q2 was applied to the same dataset as Q1 in order
to compare the information extracted from structured and unstructured data. From the
540 items in the product sheet dataset, we processed the product titles to generate 4, 933
inputs for the model trained with BERTimbau infer the relation instances. Since different
titles can generate the same relation instance, from these titles, BERTimbau output 2, 575
distinct triples. Comparing the extracted triples with the entities identified by the NER
model we noticed that 2, 072 were equal. We considered these as the correct ones although
this decision may be ignoring the NER errors. Table 4 shows detailed results for each
model, relation and research question.

The results regarding Q2 indicate the applicability of BERT Relation Extraction
to extract binary relations from product titles. The model trained using BERTimbau was
selected to be used in our third experiment due to its very good F1-score (almost 94%).

One of the main reasons for the worse result in the experiment related to Q3 com-
pared to the one regarding Q2 are the differences in quality and standardization between

14Tt is worth mentioning that different titles can generate the same relation instance. Of 503 product titles,
BERTimbau and mBERT output 405 and 407 distinct relation instances, respectively.
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Table 4. Evaluation values (%) (a) in test sets for the MTB models and (b) in Q1
dataset using the MTB BERTimbau trained model

(a) Q2 () Q3

MTB BERTimbau | MTB mBERT MTB BERTimbau
Relation Support | Accuracy F1 | Accuracy F1 | Support | Accuracy F1
has processor 8 87.50 93.33 62.50 66.67 476 50.84 66.30
has.os 40 90.00 92.31 90.00 93.51 605 77.85 79.63
has_internal memory 73 100.00 97.99 100.00  99.32 15 80.00 4.57
has_ display_size 68 89.71 94.57 92.65 96.18 759 74.18 83.90
has_color 92 98.91 94.79 97.83 91.37 645 94.26 84.04
has chip_capacity 66 89.39 89.39 92.42 93.85 589 78.95 84.16
has_camera 53 100.00 96.36 100.00  95.50 1101 92.28 93.81
has_brand 103 90.29 92.08 85.44 87.13 743 75.24 81.84
Meanicro - 93.23 93.85 90.10 90.44 - 77.95 72.28

these two datasets. The titles used for Q1 follow stricter standardization rules and quality
requirements, as they refer to products sold by a single large e-commerce company. The
titles used for the NER model training were provided by a diverse set of small sellers, and
therefore are noisier and less standardized. We believe that this difference in data was
responsible for the poor performance of the NER in this new dataset. We manually ob-
served that the NER tagged many false instances of Mode 1, which could have drastically
affected many predicted relation instances.

4. Qualitative Analysis

In this section we compare the relation instances extracted from both datasets (structured
and unstructured) to better understand how different and complementary are the triples
extracted from them by comparing, respectively, results from Q1 with Q2 and Q1 with
Q3; thus answering Q3. Numbers verified in both analysis were obtained using set oper-
ations in code.

Table 5 quantifies the amount of instances extracted (Q2 vs Q1 — Different) and
inferred (Q3 vs Q1 — Complementary). Columns (a) and (c) quantify the instances present
only in Q2 and Q3, respectively. The other columns quantify the instances that were
present both in Q2 and Q1 (b) and Q3 and Q1 (d).

How different are they? From the 405 relation instances predicted by the
BERTimbau model in Q2, 378 (approximately 93%) were correct. It was verified, then,
how many of these correctly extracted instances were equal to the ones extracted from
the product sheet dataset. Only 11 common instances were found. Consequently, about
97% of the correctly predicted instances (367 instances) are correct and new. In other
words, it is possible to derive a lot of correct information from product titles that are not
yet available in product sheets.

How complementary are they? Based on this information, it is possible to iden-
tify how the information in product titles complements the information found in product
sheets. Only 202 (9.75%) of the 2, 072 correctly inferred triples in Q3 were extracted from
product sheets. Consequently, about 90.25% of the correctly predicted instances (1, 870
instances) are correct and new. In other words, we again conclude that it is possible to
derive a lot of correct information from product titles that are not yet available in product
sheets.

107



Relation extraction in structured and unstructured data: a comparative
investigation on smartphone titles in the e-commerce domain

Table 5. Amount of instances retrieved in the product sheets (Q1) in comparison
with instances extracted by the BERTimbau model (Q2 and Q3)

Q2 vs Q1 - Different Q3 vs Q1 — Complementary
Relation OnlyQ2(a) | Q2N Q1(b) | OnlyQ3(c) | Q3N Q1)
has_color 74 2 406 73
has_brand 67 3 199 58
has_internal memory 56 1 9
has_ display._size 48 - 296 5
has_chip_capacity 46 - 206 1
has_camera 42 3 381 57
has_os 28 2 262 8
has_processor 6 - 111 -
Total 367 11 1,870 202

5. Conclusion

In this paper we investigated relation extraction from structured and unstructured data
for the e-commerce domain using a BERT model fine-tuned for this task. We concluded
that the fine-tuned model using BERTimbau performs a little better than the one based on
Multilingual BERT. We compared how different and complementary are the information
extracted from product titles and the structured information present in product sheets.

Experiments showed that about 97% of the relation instances extracted from an
external dataset and 90.25% of the triples extracted from the same source were correct
and new, i.e. not present in product sheets. From these experiments, we can conclude that
processing unstructured data from product titles, which is much more abundant and easier
to collect, is a promising approach for generating structured data that can be useful for a
variety of e-commerce applications such as filtering and recommendation.

From the qualitative analysis, it is clear that the automatic relation extraction in a
corpus of unstructured data composed of product titles contributes towards constructing
a relation instance corpus. Evidently, the information on e-commerce is incomplete and
the MTB method contributes to the completion of entity linkages.

As future work, it is possible to optimize MTB training hyperparameters, as this
was not done due to implementation difficulties, integration with BERT models for Por-
tuguese and training time. We also intend to use the extracted relation instances to build
a knowledge graph (KG) and study its effectiveness in tasks for the e-commerce domain,
such as product recommendation and search. The results presented in this paper support
this idea, since most of the instances extracted by the MTB models were not in the base
KG, which was built from structured data. This analysis shows that the relation extraction
can help with the knowledge graph completion problem.
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Abstract. The multimodal learning aims to explore the characteristics of diffe-
rent modalities (text, image, audio) to generate computational models. In elec-
tronic commerce, due to the great variety of product features and the absence
or inconsistency of information, the combination of information from different
modes is quite adequate. This work presents some experiments caried out for
the multimodal classification (text and image) of products (adult products) that
cannot be sold in the marketplace of the partner company. In these experiments,
neural networks were used to train uni and multimodal classifiers. The multimo-
dal classifier achieved 99% of F1 against 98% for the textual model and 94%
for the visual one.

Resumo. O aprendizado multimodal visa explorar as caracteristicas das di-
versas modalidades (texto, imagem, dudio) para gerar modelos computacio-
nais. No comércio eletronico, devido a grande variedade das caracteristicas
dos produtos e a auséncia ou inconsisténcia de informagées, a combinacdo de
informagdes de modos diferentes vem a ser bastante adequada. Neste trabalho
sdo apresentados alguns experimentos para a classificagcdo multimodal (texto e
imagem) de produtos (produtos adultos) que ndo podem ser vendidos no market-
place da empresa parceira. Nesses experimentos, redes neurais foram usadas
para treinar classificadores uni e multimodal. O classificador multimodal atin-
giu 99% de F'1 contra 98% do modelo textual e 94% do visual.

1. Introducao

O comércio eletronico no Brasil acaba de bater recorde com um faturamento de R$53, 4
bilhdes no primeiro semestre de 2021, segundo dados da 44% edicdo do Webshoppers,
relatério elaborado pela Ebit | Nielsen!. Nos dltimos anos, a sua importancia para as
empresas e a populacdo em geral cresceu consideravelmente. Uma das razdes para esse
crescimento sdo os marketplaces, que durante o isolamento na situagdo da pandemia (en-
tre 2020-2021) tornaram-se uma alternativa fundamental para que muitas lojas, inclusive
supermercados, continuassem faturando. Segundo a Associacdo Brasileira de Comércio

'https://www.ecommercebrasil.com.br/noticias/e-commerce-no-brasil-bate—
recorde-e-atinge-r-53-bilhoes—-ebit-nielsen-webshoppers/
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Eletronico (ABCOMM)?, em 2020, os marketplaces foram responsaveis por 78% do fa-
turamento total do comércio eletronico.

Em um marketplace, o modelo de negdcio permite que um vendedor insira na pla-
taforma de venda as informacdes, imagens ou descri¢des dos produtos personalizadas para
seus antincios. Junto com essa maior flexibilizacdo surgem também alguns desafios como
ter que lidar com a falta de informacdes, imagens que ndo satisfazem o padrdo do market-
place e textos descritivos com especifica¢des nao estruturadas. Para tentar contornar esses
problemas, algumas empresas utilizam de corretores automaticos, verificagdo/curadoria
manual, categoriza¢des manuais ou automaticas, ferramentas para classificagao, etc.

Para realizar essa verificacdo/curadoria, os marketplaces geralmente contratam
empresas especializadas ou usam plataformas de crowdsourcing para classificar manual-
mente os produtos. Contudo, devido a grande quantidade de novos produtos carregados
diariamente e a natureza dinamica das categorias, as solu¢des de aprendizado de maquina
surgem como uma alternativa para classificar automaticamente os produtos e reduzir o
custo desta tarefa [Zahavy et al. 2018].

Nesse cendrio, a classificagdo correta de um produto € fundamental ndo apenas
para garantir a visibilidade do produto, mas também para determinar se ele satisfaz as
politicas de venda do marketplace. Este trabalho foca especificamente nesse ultimo
ponto, apresentando solugdes para classificar automaticamente os produtos cadastrados
pelos vendedores com o intuito de barrar aqueles que ndo podem ser vendidos devido as
politicas do marketplace (por exemplo, produtos ilegais).

Como as informag¢des dos produtos estdo, em sua maioria, na forma de dados nio
estruturados nas modalidades de texto e imagem, este trabalho investigou como modelos
uni e multimodal se saem na classificacio de produtos da categoria Adulto.> A hipétese
investigada neste trabalho € a de que os métodos que lidam com o aprendizado em mais
de uma modalidade t€m o potencial de enriquecer a representacio dos produtos, tornando
possivel uma melhora no desempenho da tarefa de classificacdo em relagdo aos modelos
unimodais. Para tanto, foram utilizados os conjuntos de dados de produtos contendo
informagdes textuais (titulos e descri¢des) e visuais (fotos e imagens) fornecidos pela
empresa parceira deste projeto.

As principais contribuicdes deste trabalho sdo: (i) andlise de desempenho da
classificacdo multimodal de produtos que ndo devem ser vendidos no marketplace da
empresa parceira, e (ii) gera¢do de um modelo multimodal com alto desempenho e pronto
para entrar em produgdo.

O restante deste artigo esta organizado como segue. Na Secdo 2 s@o apresentados
alguns trabalhos da literatura selecionados como os mais relevantes para tratar o problema
de classificacdo multimodal para o e-commerce. A Sec¢do 3 descreve o conjunto de dados
(3.1) e os modelos unimodal textual (3.2), visual (3.3) e multimodal (3.4) desenvolvidos
neste trabalho. A avaliagcdo desses modelos € apresentada na Secdo 4 e a Segdo 5 encerra
este documento com algumas conclusdes e propostas de trabalhos futuros.

’https://abcomm.org/noticias/marketplaces-crescimento-exponencial-ao—
longo-da—-pandemia/

3A categoria Adulto contém produtos adequados para maiores de 18 anos como itens relacionados a
sexo.
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2. Trabalhos relacionados

O aprendizado de maquina no contexto do comércio eletrénico, assim como em diversos
outros cendrios reais, enfrenta desafios para lidar com uma distribuicao irregular de da-
dos. Uma das estratégias adotadas para tentar solucionar esse problema é combinar as
informagdes vindas de diferentes modalidades, como o textual e o visual, no que chama-
mos de aprendizado multimodal [Bi et al. 2020]. Segundo [Peng et al. 2018], as carac-
teristicas especificas de cada modalidade levam a uma heterogeneidade na representacao,
o que faz com que seja necessdrio refinar as modalidades para que os métodos de apren-
dizado multimodal nfio aprendam caracteristicas erradas ou prejudiciais para o modelo.*
Além disso, ha a dificuldade relacionada a como aprender essas representagdes de ma-
neira conjunta.

No aprendizado multimodal, as informagdes em um modo (por exemplo, o tex-
tual) sdo combinadas com as informagdes em outro modo (por exemplo, o visual) via um
processo de fusdo. Os tipos de fusdo podem ser divididos com base no momento em que a
fusdo ocorre, podendo haver fusdo no inicio e no fim do processamento das modalidades,
e sdo agrupados em: fusdo em nivel de recurso (early fusion) ou fusdao em nivel de decisdo
(late fusion) [Zahavy et al. 2018].

Em [Bi et al. 2020], os autores utilizaram as duas estratégias e a fusdo em nivel
de decisdo obteve melhor desempenho (F'1 = 90, 94%). Em [Chordia and Kumar 2020],
os autores também fazem uso de modelos para cada modalidade especifica, mas utilizam
também um técnica de co-attention proposta em [Lu et al. 2016] , a qual atribuem uma
importante contribui¢do para a performance geral de sua proposta (F'1 = 91, 36%).

Os autores de [Wirojwatanakul and Wangperawong 2019] também utilizaram a
abordagem late fusion para categorizar produtos a venda na Amazon. Eles treinaram
modelos para as modalidades especificas separadamente (texto, imagem, descri¢do) que
chamaram de modelo de fusao tri-modal. Embora tenham obtido bons resultados (F'1 =
88, 2%) os autores apontaram um ndmero significante de erros e um direcionamento para
extensdo dos dados em trabalhos futuros.

Em [Zahavy et al. 2018], os autores fizeram uma arquitetura com 3 com-
ponentes: (1) uma CNN de [Kim 2014] para o texto, (2) uma CNN de
[Simonyan and Zisserman 2015] para imagem e (3) uma rede neural de decisdo, que
aprende a escolher qual classificacdio considerar entre essas duas modalidades.

O que se pode resumir da breve andlise dos trabalhos relacionados apre-
sentada nesta se¢do, € que, no geral, todos os modelos foram desenvolvidos para
modalidades de texto e imagens, utilizando de CNNs para imagens, como VGG
[Simonyan and Zisserman 2015], ResNet [He et al. 2016] ou CNN de [Kim 2014]; e al-
guns métodos de PLN, como BERT [Devlin et al. 2018] ou embeddings gerados por
métodos bastante conhecidos na drea, como Glove [Pennington et al. 2014], para textos.

3. Experimentos

Esta secdo descreve o conjunto de dados e os modelos uni e multimodal utilizados nos
experimentos.

“Exemplos de tarefas para o refinamento nas modalidades sdo: remogdo de stop-words, niimeros ou
caracteres especiais nos textos; e ajuste de regides de interesse ou aplicagdo de filtros nas imagens.
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3.1. Conjunto de dados

Os dados utilizados nos experimentos apresentados neste artigo sdo referentes a 8.668
produtos, sendo 4.334 de conteudo categorizado como Adulto (classe positiva, 1) e outros
4.334 produtos permitidos a venda (classe negativa, 0).

Cada instancia possui: (i) uma imagem que representa o produto, (ii) seu titulo e
(iii) sua descri¢ao. A Figura 1 traz dois exemplos desse conjunto de dados, um da classe
positiva (a esquerda) e outro da classe negativa (a direita). Esse conjunto de dados foi divi-
dido em 60% para treinamento, 30% para valida¢do e 10% para teste. Resultaram, entdo,
5.202 produtos para treinamento, 2.602 para validacdo e 864 de teste, todos igualmente
distribuidos para as duas classes.

Titulo: A Peca Do Adulto Do Jogo Do Sexo De 4 Partes Ajuda A Dados Da Posi¢do Do Sexo Para Titulo: Cinta Colete Corretor Postura Coluna Lombar tamanho
20 DEX0 ) XXL=EXTRA G
Preliminares Do Quarto Dos Pares

Descrig¢do: Jogo de Dados Sexuais Dados Eréticos de Amor Adicionam Especiarias para Casais Solteiros Descriglio: Cinta Colete Corretor Postura Coluna Lombar tamanho

Adultos. Faga um aniversrio de aventureiro ou [...] XXL=EXTRA G

Figura 1. Exemplos de produtos da classe positiva e negativa

3.2. Modelo textual

Para a modelagem textual (titulos e descricdes) foram geradas word embeddings usando o
FastText [Bojanowski et al. 2017], abordagem CBOW, com 64 dimensdes, sendo consi-
derada a média dos vetores das palavras para a representagio da sentenga.’ Para a geragio
desses embeddings foi utilizado um corpus composto por titulos e descri¢cdes de aproxi-
madamente 7,5 milhdes de produtos.

Antes de obter as word embeddings pelo FastText (3), todos os textos (1) sdao
pré-processados a fim de remover stopwords, caracteres especiais, sequéncias numéricas,
links e realizar a conversao para mindsculo (2), como ilustrado no exemplo abaixo.

1. Faca Esportiva Xingu XV2562 Outdoor com Bainha eBussola Camuflada
2. faca esportiva xingu xv outdoor bainha bussola camuflada
3. [ 0.01715468, -0.01149213, 0.03243327, ... ,-0.06800657, -0.03518752]

Nos experimentos para a classificagc@o de itens da categoria Adulto foram gerados
dois modelos textuais: um apenas para titulos e outro para titulos e descri¢gdes. No modelo
textual de titulo, a entrada € o vetor de 64 dimensdes das embeddings do titulo. Ja no

50 FastText foi escolhido por ter sido o de melhor desempenho em experimentos preliminares para
cdlculo de similaridade multimodal com dados de comércio eletronico, em comparagdo com Glove
[Pennington et al. 2014] e Word2Vec [Mikolov et al. 2013]. Vale mencionar que as word embeddings ge-
radas usando o FastText também foram melhores quando comparadas com as de dominio geral do NILC
[Hartmann et al. 2017].
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modelo de titulo e descri¢des, a entrada sdo dois vetores concatenados onde primeiro € do
titulo e o segundo, das descricdes, totalizando um vetor de tamanho 128 como ilustrado
na Figura 2. Por ndo haver overfitting no treino dos modelos textuais, optou-se por nao
adicionar uma camada de regularizagdo (dropout).

PRODUTO

DESCRIGAO

FASTTEXT
CBOW DIM-64

FASTTEXT
CBOW DIM-64

MODELO TEXTUAL
Somente Titulo

Dense(64, ‘relu’)
Dense(32, ‘relu’)

MODELO TEXTUAL
Descrigdo e Titulo

Dense(128, ‘relu’)

Dense(64, ‘relu’)
Dense(32, ‘relu’)

Dense(1, ‘sigmoid’)

BatchNormalization()

Dense(1, ‘sigmoid’)

BatchNormalization()

y<= 05=0
Dy <1 {y>o.5=1

O<y<1

Figura 2. Descricao dos modelos unimodais textuais, onde a saida (y) representa
a probabilidade do produto ser Adulto.

Para usar o modelo para a classificagdo pode-se considerar, por exemplo, que dado
um y maior do que 0, 5 indica um produto que deve ser considerado Adulto (saida/classe
igual a 1) e que abaixo de 0, 5 seja ndo Adulto (saida/classe igual a 0).

Todos os modelos unimodais foram implementados utilizando o Keras (v2.5.0)
[Chollet et al. 2015] e seus hiper-parametros (como batch-size, loss e outros) foram es-
colhidos de maneira empirica O treinamento foi realizado com 350 épocas, tamanho do
batch igual a 32 e uma taxa de aprendizado Adam de 1 x 1072, loss binary cross-entropy,
com um total 6.277 pardmetros em cada modelo. A méaquina utilizada para o treinamento
dos modelos possui Windows 10 build 20H2, processador AMD Ryzen 5 3600 6-Core
Processor com 12 nicleos de até 3.6GHz, 16GB de memoéria RAM e placa de video
(GPU) NVIDIA GeForce RTX2060 de 6GB de VRAM dedicado. O tempo de treina-
mento de cada modelo ficou em torno de 6 minutos.

3.3. Modelo visual

No modelo visual, ilustrado na Figura 3, todas as imagens foram redimensionadas para
224 %224 pixeis, mantendo as 3 dimensdes que representam as cores RGB. Alguns produ-
tos possuiam mais de uma imagem, mas nos experimentos descritos neste artigo optou-se
por limitar apenas a uma imagem.
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Para esse modelo visual também utilizou-se o Keras [Chollet et al. 2015],
que possui diversos modelos de redes neurais convolucionais pré-treinados em da-
tasets como ImageNet [Deng et al. 2009], MNIST [LeCun and Cortes 2010] e CIFAR
[Krizhevsky 2012]. Para a constru¢do desse modelo, técnicas como transfer learning
e fine tuning foram utilizadas para otimizar a extracdo de caracteristicas e o aprendizado.

PRODUTO

224x224x3 i

Inception ResNet V2
(Sem a camada de ativagéo)

l

MODELO
VISUAL

GlobalAveragePooling2D()
Dropout(0.2)

| Dense(32, ‘relu’) |

| Dense(1, ‘sigmoid’) |

y<=05=0

Figura 3. Descricdo da combinacdo do modelo pré-treinado Inception ResNet V2
concatenado ao nosso modelo visual com funcao de ativagao sigmoid.

Para o transfer learning, utilizou-se a rede Inception ResNet V2
[Szegedy et al. 2017] pré-treinada para o ImageNet de 1.000 classes. Sua arquite-
tura possui 780 camadas e a camada de classificacdo foi removida e concatenada ao
modelo visual desse experimento. Para o fine tuning, foi feito um congelamento da
camada inicial até a camada 650, a fim de garantir que o modelo faca a mesma extragdo
de caracteristica do seu pré-treinamento. O modelo visual (Figura 3) gerado dessa
maneira é, entdo, aplicado para fazer a classificagdo com base nas features de uma nova
imagem extraidas pela rede Inception ResNet V2.

O treinamento foi realizado com 25 épocas, tamanho do batch igual a 16 e
uma taxa de aprendizado Adam de 1 x 1075, e loss binary cross-entropy, com um to-
tal 55.873.736 parametros. A maquina usada para o treinamento desse modelo visual foi
a mesma usada no modelo textual e o treinamento levou cerca de 18 minutos.

3.4. Modelo multimodal

O modelo multimodal utiliza os modelos unimodais pré-treinados sem as suas camadas
de ativacdo. Os modelos sdo concatenados e, entdo, transportados por camadas densas.
A funcdo de ativacdo também € a sigmoid e para o treinamento foram configuradas 100
épocas, tamanho de batch igual a 32, loss binary cross-entropy e uma taxa de aprendizado
Adamde 1 x 10~%. O médulo visual é congelado até a camada 650 e o textual é congelado
até a camada Dense (32, ’relu’) (veja Figura?2).

SNovamente, a mesma maquina foi usada para o treinamento do modelo multimodal por cerca de 1 hora
e meia.
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PRODUTO

TiTULO DESCRIGAO IMAGEM
FASTTEXT FASTTEXT
CBOW DIM-64 CBOW DIM-64 128
I i [ ) 224x224x3 |
64 : 3 64 3 Dense Layers
[ e |
SR !
| | Dense(2, ‘relu’) |
I I
Dense(1, ‘sigmoid’|
MODELO MODELO MODELO | (1, ‘sigmoid’) |
TEXTUAL MULTIMODAL VISUAL

128 :
l O<y<1

1 ], I
-

Dense Layers

I
y<=05=0

Figura 4. Descricao do modelo multimodal textual-visual produzido para este
experimento.

4. Resultados
Os valores para as medidas de avaliagao precisdo, cobertura e F'1, para os modelos uni-

modais e multimodal, para cada classe, sdo apresentados na Tabela 1.

Tabela 1. Valores das medidas de avaliagao para os modelos unimodais de texto
e de imagem e multimodal

modelo classe | precisao | cobertura | F'1

textual-titulo 0 93% 97% 95%
textual-titulo 1 96% 93% 94%
textual-titulo+descricgéo 0 98% 98% 98%
textual-titulo+descricédo 1 98% 98% 98%
visual 0 94% 94% 94%

visual 1 94% 94% 94%

multimodal 0 99% 99% 99%
multimodal 1 99% 99% 99%

O modelo visual foi o que apresentou pior desempenho quando comparado aos
demais. Acredita-se que os modelos textuais podem dar foco em palavras especificas e,
com isso, podem ocasionar a classificagdo correta de um produto adulto. Ja no visual, a
variacdo de imagens de diferentes tipos de produtos pode ter trazido ruido para o apren-
dizado. Contudo, vale ressaltar que os modelos unimodais, quando fundidos no modelo
multimodal, levaram a um aumento nos valores das medidas, indicando que os mesmos
sdo complementares e comprovando nossa hipétese.

Para facilitar a andlise qualitativa dos resultados, uma interface de visualizacao foi
implementada. Nessa interface, ilustrada na Figura 5, s@o exibidos os erros associados aos
modelos que erraram (indicado pelas cores). Por exemplo, o primeiro produto foi classi-
ficado de modo errado como positivo (produto adulto) por todos os modelos, enquanto o

117



Classificagao multimodal para deteccao de produtos proibidos em uma
plataforma marketplace

terceiro exemplo também foi equivocadamente classificado como positivo pelos modelos
visual e multimodal. Cada exemplo é acompanhado da classe correta (entre colchetes),
da classe atribuida de modo errado pelo classificador, e as informacdes do produto usadas
na classificacdo: titulo, descricdo e imagem.

Falso Positivo Falso Negativo Todos Buscar pelo titulo [ Multimodal (] Titulo & descrigao
[Negativo] N S
[Negativo] [Negativo] [Negativo] Negativo]
Falso Positivo
.- Falso Positivo Falso Positivo
Falso Positivo Falso Positivo
Peritoneal dialysis catheter strap -
. " ~ N 30ml Organic Semente Oleos Orelha Descartavel Body
Dentaduras maquiagem [Rainmall]3 Camadas Homens  adjustable and button-shaped e e rem o
Modificado dentaduras cabe?a do cranio Forma Grinder 1 tube for : Ietrrp QAT g iy e il i
: i 1 Herbal Gotas aliviar o Stress Cateter Puncture Tool

preenchimento tempor”srio portetil Tobacco Herb Spice  patients :
dentes de enchimento Cavidades  Crusher Ce@A Il g fifiin
Care ajudar a dormir

a w¥e b el \

Figura 5. Interface desenvolvida para analise qualitativa dos erros de
classificacdao dos modelos treinados ilustrando alguns falsos positivos.

Apenas 4 produtos que ndo podem ser vendidos no marketplace da empresa par-
ceira foram classificados de forma errada (falso negativo) por todos os modelos.” Apds
analisar os possiveis motivos desse erro, notou-se que algumas informagdes textuais des-
ses produtos estavam em inglés. Essa diferenca de idioma pode ter sido prejudicial porque
as word embeddings nao foram treinadas para produtos nessa lingua. Também foi possivel
observar que geralmente os produtos adultos possuem palavras especificas que podem ser
utilizadas para classificar o produto nessa categoria. Dessa observagdo surge a proposta de
retreinar o modelo do FastText incluindo produtos proibidos para venda, pois as word em-
beddings foram treinadas apenas a partir de produtos que estao disponiveis para a venda.

5. Conclusoes e Trabalhos futuros

Este trabalho avaliou a classificacdo multimodal de produtos que ndo devem ser vendi-
dos no marketplace da empresa parceira. Nos experimentos, constatou-se que o modelo
unimodal de titulo e descri¢do apresentou um resultado muito bom (F'1 = 98%) mas sua
combinag¢do com o modelo visual, no modelo multimodal, foi ainda melhor (F'1 = 99%).

Como propostas de trabalhos futuros, tem-se: (i) retreinar o modelo do FastText
incluindo itens do conjunto de produtos proibidos para venda; (ii) investigar a aborda-
gem ensemble dos modelos e outras op¢des de fusdo; (iii) estender os experimentos para
outras categorias de produtos proibidos e (iv) colocar o modelo gerado em produgédo no
marketplace da empresa parceira.
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Abstract. Textual similarity deals with determining how similar two pieces of
texts are, considering the lexical (surface forms) or semantic (meaning) close-
ness. In this paper we applied word embeddings for measuring e-commerce
product title similarity in Brazilian Portuguese. We generated some domain-
specific word embeddings (using Word2Vec, FastText and GloVe) and compared
them with general-domain models (word embeddings and BERT models). We
concluded that the cosine similarity calculated using the domain-specific word
embeddings was a good approach to distinguish between similar and non-
similar products, but the multilingual BERT pre-trained model proved to be the
best one.

1. Introduction

The importance of e-commerce for companies and the general population has grown in
recent years and even more in 2020. According to the Brazilian Association of Electronic
Commerce (ABComm)', there was a growth of 56.8% in the first half of 2020 compared
with the first eight months of 2019, with a turnover of approximately 8 billion dollars.
With the global situation of the pandemic due to the SARS-CoV-2 virus, there was a
major migration from physical stores to digital media. According to Mastercard’s Global
Outlook 2021 report?, it is expected that 20-30% of the operations that migrated to digital
media during social isolation become permanent.

According to [Rodrigues et al. 2014], the fast growth of the internet and e-
commerce had made many companies to see them as a very interesting way to expand
their business. In addition to the several marketing advantages, such as the dynamic
trading and the reduction of marketing costs, in the online environment there is a direct
large-scale exposure of products for sale. These characteristics favor communication and
assortment global dissemination and contribute to the evolution of logistics, tending to
reach a broader population.

'https://www.ecommercebrasil.com.br/noticias/faturamento-do-e-commerce-
brasileiro-2020/

https://wwwl.folha.uol.com.br/mercado/2021/01/ate-30-do—aumento-do-
comercio-eletronico-relacionado-a-covid-deve-ser-permanente.shtml
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In e-commerce, advertisements are usually composed of images and texts used to
illustrate and to describe the products for sale. In marketplaces?®, typically the products
information come from the vendors. In this case, the information is normally presented
in a non-standard format and with high variability in terms of specifications and charac-
teristics described for similar products, making it difficult to group them even for human
beings.

For the automatic matching of similar products, it is necessary to use text and/or
image processing techniques that are capable of extracting relevant characteristics for
measuring the similarity between products. In this paper, we only deal with the textual
similarity and, therefore, we apply natural language processing (NLP) techniques capable
of finding similar products based on their textual information.

To illustrate this problem, consider the products shown in Figure 1*. In this figure
there are: a pair of similar products (the first two) which are both ink cartridge of the
same color (magenta) for the same printer, an in-class product (a kit of cartridges) and an
out-class product (a printer).

’g L

cartucho de tinta epson t196320  cartucho tinta compativel epson kit cartuchos de tinta compativel multifuncional epson 13150
magenta p/xpl04/xp204/xp401 1196 1196320 xp101 xp201 xp2 epson 296 xp231 xp431 10297 tanque de tinta ecotank wireles

Figure 1. Example of products that should be considered similar (the first two),
another one from the same product category (the third one) and a non-
similar product (the fourth one).

This paper examines the hypothesis that the textual similarity calculated based on
the semantic distance between product titles can be applied for finding similar products in
a marketplace such as Americanas®. By proving this hypothesis, similar products could
be matched together before being offered as options in response to a customer query,
thus improving shopping experience. In this paper we investigate product titles similarity
based on word embeddings and BERT pre-trained models.

The main contributions of this work are: (i) the evaluation of the applicability
of different word embedding and contextualized language models in measuring textual
similarity in the e-commerce domain; and (ii) the addressing of a poorly explored scenario
of e-commerce for Brazilian Portuguese.

This work is organized as follows. Section 2 presents some Related Works for
calculating textual similarity in specific and general domains. Section 3 describes the
investigated approaches, the corpus used in our experiments and the experimental setup.

3Marketplaces are online platforms that gather sellers offering different products or services.
“Image taken from https://www.americanas.com.br/ accessed in 06/15/2021.
Shttp://www.americanas.com.br
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Section 4 presents the results which pointed out that cosine similarity calculated using
multilingual pre-trained BERT model achieved the best discrepancy ability. Finally, sec-
tion 5 closes this paper with some conclusions and proposals for future work.

2. Related Works

In [Alam et al. 2020], the authors present several relevant approaches for calculating tex-
tual similarity in the field of biomedicine, including cosine similarity using word embed-
dings generated by GloVe [Pennington et al. 2014], Word2Vec [Mikolov et al. 2013] and
FastText [Bojanowski et al. 2017]. They concluded that the general-domain word embed-
dings built by those tools did not work well at the sentence or paragraph level in the field
of biomedicine because they did not capture medical terms neither optimized the word
embeddings for the specific domain. According to these authors, similarity measuring
techniques for a specific domain must take into account the semantic relevance of the in-
formation in that domain since misinterpretations about the content can lead the experts
to bad decisions.

In [Lo 2017], word embeddings were also used for calculating the lexical and
structural similarity for all language pairs. By means of Word2Vec [Mikolov et al. 2013]
and other topic analysis tools, the authors concluded that their new version of MEANT
was a more accurate alternative to BLEU [Papineni et al. 2002] in evaluating translation
quality for low-resource languages.

In [Rosa da Silva et al. 2017], the problem of categorizing offers in the context of
price comparison sites was investigated. They compared two techniques for generating
word embeddings: one that learns unsupervised word embeddings from millions of offer
descriptions (using BOW), and another that learns supervised word inclusion using a con-
volutional neural network (CNN). The CNN model substantially outperformed their best
BOW model.

According to [Aryal et al. 2019] and [Zhang et al. 2020], there are several effec-
tive ways to calculate textual similarity using word embeddings, but the most traditionally
used measures are the cosine similarity and the Euclidean distance. These measures cal-
culate the degree of similarity between two objects based on the coordinates of these
objects in a vector space [Alam et al. 2020, Arts et al. 2017].

Recently, a new measure for automatic evaluation in text generation was proposed:
the BERTScore [Zhang et al. 2020]. Similar to other measures, BERTScore calculates a
similarity score for each token in the candidate sentence with each token in the reference
sentence using previously trained contextualized representations from a BERT model.
According to [Zhang et al. 2020], BERTScore showed a better correlation with human
judgments and a better model selection performance than other measures used in compar-
ison.® Also according to these authors, BERTScore proved to be more robust in challeng-
ing examples compared to other evaluated measures.

In this paper, we present experiments carried out to evaluate how word embed-
dings and contextualized language models perform in measuring the similarity between

5The evaluation was made by comparing BERTScore with the following measures: BLEU, METEOR,
ROUGE-L, CIDER, SPICE, LEIC, BEER, EED, CHRF ++ and CHARACTER. See [Zhang et al. 2020] for
details.
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product titles in Brazilian e-commerce.

3. Experiments

In this work, we investigated the most applied approaches for textual similarity mea-
surement: word embeddings and contextualized language models. For that, differ-
ent word embeddings models for the specific domain of e-commerce were generated
using Word2Vec [Mikolov et al. 2013], FastText [Bojanowski et al. 2017] and GloVe
[Pennington et al. 2014].  Pre-trained general domain word embeddings and BERT
[Devlin et al. 2019] models available for Portuguese were also used to compare the re-
sults.

3.1. Experimental setup

For training the domain-specific (e-commerce) word embedding models, a corpus granted
by Americanas was used, containing about 7.490 million products, with titles and de-
scriptions totaling approximately 8 billion words. A vocabulary of 455,031 words was
extracted from this corpus containing the words that occur at least 2 times in the whole
corpus.

Using this corpus, we trained five domain-specific WEs using 30 training epochs,
a learning rate of 0.025 and word embeddings dimension equal to 64:

1. FastText-spec SKIPGRAM - FastText word embeddings trained using Skip-
Gram, Americanas corpus and character ngram maximum size of 6;

2. Word2Vec-spec SKIPGRAM — Word2Vec word embeddings trained using
SkipGram and Americanas corpus;

3. FastText-spec CBOW — FastText word embeddings trained using CBOW,
Americanas corpus and character ngram maximum size of 6;

4. Word2Vec-spec CBOW — Word2Vec word embeddings trained using CBOW
and Americanas corpus,

5. Glove-spec — GloVe word embeddings trained with Americanas corpus.

In addition to these five domain-specific word embeddings, six other general-
domain were used in comparison, all of them with dimension equal to 300 and trained by
NILC?® [Hartmann et al. 2017]:

7. FastText-NILC SKIPGRAM — FastText word embeddings trained using Skip-
Gram;
8. Word2Vec—-NILC SKIPGRAM — Word2Vec word embeddings trained using
SkipGram;
9. FastText-NILC CBOW — FastText word embeddings trained using CBOW;
10. Word2Vec-NILC CBOW — Word2Vec word embeddings trained using CBOW;
11. Glove-NILC - GloVe word embeddings;

Finally, we also used BERT models for Portuguese: the multilingual BERT® and
the BERTimbau [Souza et al. 2020] Large and Base'® models :

It is worth mentioning that we also trained word embeddings with dimension equal to 300 but the
results were worse.

8 Available at: http://www.nilc.icmc.usp.br/nilc/index.php/repositorio—-de-
word-embeddings—-do-nilc

9Available at: https://github.com/google-research/bert

10 Available at: https://github.com/neuralmind-ai/portuguese-bert

124



Measuring Brazilian Portuguese Product Titles Similarity using Embeddings

12. mBERT — multilingual BERT model trained for 104 languages, including Por-

tuguese.

13. BERTimbau Base — BERT model trained for Portuguese, with 12 layers and
110M of parameters.

14. BERTimbau Large — BERT model trained for Portuguese, with 24 layers and
335M of parameters.

It is worth mentioning that it was not possible to train a BERT model for our
e-commerce big corpus with the available hardware. On the machine available for the ex-
periments, which has 126GB of RAM and 16 processing cores, but no GPU, the estimated
training time was more than 120 days.

3.2. Test corpus

As previously mentioned, the experiments presented in this paper aim to find titles of
similar products by means of static or dynamic, domain-specific or general-domain em-
beddings. To assess this task, we chose to work with different levels of similarity by
dividing our test corpus into four sets each one with 100 pairs of product titles:

* manual — this set contains 100 pairs of product titles that have been manually
marked as similar;

* automatic — this set contains 100 pairs of product titles that were marked as
similar by a simple automatic pattern matching system;

* in-class — this set contains 100 pairs of product titles that are not similar, but
belong to the same product category;

* out-class — this set contains 100 pairs of product titles selected at random and
manually checked to ensure they were not similar and were not even in the same
category.

In Table 1 we present some examples of pairs of product titles in each of these
classes.

Table 1. Examples of product titles for each of the test classes.

Product title Class
Cartucho de tinta epson t196320 magenta xp204/xp401 -t196320 manual
Cartucho de tinta epson T196320 magenta P/XP104/XP204/XP401 v
Cartucho Epson 196 magenta T196 320BR 5 ml tomat i
Cartucho Epson 196 Preto 5Sml T196120 automatie
Kit Refil Tinta Com 04 Cores Epson L3110 L3150 T544 Epson Original 544 KM 'Y C in-cl
Cartucho de Tinta HP 664 Preto - F6V29AB wnretass

Cartucho de Tinta HP 662 Preto - CZ103AB - HP

Impressora Multifuncional HP Ink Advantage 2776 Jato de Tinta Wi-Fi - Impressora + Copiadora + ScanneJ out-class

The product titles in the manual class are both for Epson cartridge (cartu-
cho), with the same model (t196320) and color (magenta). The product titles in the
automatic class are also of a Epson cartridge 196 but for different colors (magenta
and black, preto). The in—-class products are, respectively: a ink refill kit (kit refil
tinta) and a cartridge. Finally, the out-class products are, respectively: a cartridge
and a multifunctional printer (impressora).!!

"'The dataset was built by Americanas and it is a proprietary dataset.
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4. Results

First, the average values of cosine similarity calculated using domain-specific word em-
beddings were compared with each other. Table 2 sumarizes the average cosine similarity
values calculated using each domain-specific word embedding for each test set.

Table 2. Average values of cosine similarity calculated using domain-specific
word embeddings

positive class
manual automatic

negative class
in-class out-class

FastText-spec 92.76 94.10 75.37 47.82
Word2vec-spec SKIPGRAM} 92.78 93.82 } 75.02 47.13
FastText-spec CBOW 85.59 88.20 51.01 18.74
Word2Vec-spec 85.24 87.88 58.79 23.34
Glove-spec - | 90.76 89.48 | 66.36 39.83

Using domain-specific word embeddings we can see that the separation between
positive and negative classes is very clear, with the pairs of titles from manual and
automatic classes far from the other classes (by at least 18 points). All domain-specific
models were able to differentiate well between positive (manual and automatic) and
negative (in-class and out-class) classes. The FastText model trained using
CBOW (FastText—-spec CBOW) was the one with the largest margin between posi-
tive and in—class (about 34 points) product titles. The same model was also the one
with the best largest distance between in—-class and out—-class (about 32 points)
product titles.

Figure 2a shows the cosine distance values distribution, in each class, generated
by FastText—-spec CBOW model. From these values it is possible to set a threshold
for similar products as, for instance, those with cosine similarity above 80.
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(a) FastText—-spec CBOW (b) Glove-NILC (c) mBERT

Figure 2. Cosine similarity values distribution, in each class, generated by the
best models in each category: domain-specific (a), general-domain (b) and
BERT (c).

In our second experiment, we evaluated the performance of the general-domain
word embeddings in the same task, obtaining the average cosine similarity values pre-
sented in Table 3.

As expected, the average cosine similarity values calculated using general-domain
word embeddings were lower than those calculated using domain-specific word embed-
dings. In this case, the model that best separated the classes was the Glove-NILC (with
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Table 3. Average values of cosine similarity calculated using general-domain
word embeddings

negative class
in-class out-class

positive class
manual automatic

FastText-NILC 88.80 89.72 66.90 55.86
Word2vec-NILC SHIFORAM ‘ 8176 81.63 ‘ 45.15 2956
FastText-NILC  poo | 8342 82.93 50.52 38.62
Word2VeC-NILC 79.11 79.97 4037 25.70
Glove-NILC - | 80.46 7931 | 4050 23.14

about 39 points between positive and in-class). However, all general-domain mod-
els were not so good in distinguishing in-class from out-class: Glove-NILC
separating them by only 17 points. This fuzzy boundary between in and out-class
products is easily observed in Figure 2b. Furthermore, in this case a threshold of 80 for
similar products would label many of those products in aut omat ic class as non-similar
ones. Thus, the domain-specific word embeddings perform better than the general ones
in calculating product title similarity.

Finally, we also evaluated how well the general-domain pre-trained BERT models
— mBERT, BERTimbau Base and BERTimbau Large - can distinguish between
title products from the four classes of similarity.

Table 4. Average values of cosine similarity calculated using BERT models

negative class
in-class out-class

positive class
manual automatic

mBERT 86.01 85.35 62.93 54.51
BERTimbau Base 89.28 90.45 70.96 59.27
BERTimbau Large | 93.88 94.81 85.57 77.60

It can be noticed from the values in Table 4, that mBERT was the BERT model
which best separated between positive and negative classes (with about 22 points between
them).

From Figure 2 it is possible to notice that mBERT seems to be the best choice for
separating between positive and negative classes. This insight is confirmed when we take
a look at the numbers. For example, if we set a threshold of 80 for the cosine similarity,
the number of instances incorrectly classified as similar are: 13 for FastText-spec
CBOW, 5 for Glove—-NILC and only 1 for mBERT. With the same threshold, the number
of instances incorrectly classified as non-similar are: 55 for FastText—-spec CBOW,
78 for Glove-NILC and 56 for mBERT. So, the best model for calculating product title
similarity was the general-domain pre-trained mBERT model.

We also investigated if BERTScore [Zhang et al. 2020] calculated using mBERT
would lead to better results. However, as can be noticed from the values in Table 5, the
BERTScore calculated using mBERT was not so good as the other models in separating
the similar products from those not similar. The inadequacy of BERTScore for this task
is easily noticed when we analyse the graphs in Figure 3, where it is impossible to clearly
separate the classes.
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Table 5. Average values for BERTScore calculated using general-domain mBERT

model
positive class negative class
manual automatic | in-class out-class
Precision 89.02 89.48 71.96 66.12
Recall 88.71 88.59 72.54 66.64
F1 88.80 88.99 72.20 66.35

=
e
===
RS
e
&=
<=
===
L==
<=

(a) mBERT’Ss precision (b) mBERT’s recall (c) mBERT’s F1

Figure 3. BERTScore values distribution, in each class, generated by mBERT.

5. Conclusions and Future Work

From the results of the experiments presented in this paper, we can conclude that domain-
specific word embeddings are effective in measuring the similarity between product titles.
Among the domain-specific models we trained, the FastText with CBOW showed the best
results. However, the best approach for distinguishing between similar and non-similar
products was calculating the cosine similarity using the multilingual pre-trained general-
domain BERT model.

As future work we intend to fine-tune the Brazilian Portuguese BERTimbau model
[Souza et al. 2020] for our task and measure how well a domain-specific fine-tuned BERT
model, for Portuguese, would perform in calculating product title similarity. Another
proposal for future work is to expand our product title similarity task by including image
processing techniques in order to develop a multimodal system.

Finally, although the experiments present in this paper were carried out for Brazil-
ian Portuguese, the product title similarity measuring approach evaluated here is language
independent and can be easily replicated for other idioms.
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A. Violin plots

In this Appendix we group all the violin plots for the cosine similarity values calculated
using all the domain-specific and general-domain word embeddings.
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Figure 4. Cosine similarity values distribution, in each class, generated by
domain-specific word embeddings.
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Figure 5. Cosine similarity values distribution, in each class, generated by
general-domain word embeddings.
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Abstract. In this paper, we show how a Portuguese BERT model can be com-
bined with structured data in order to deploy a chatbot based on a finite state
machine to create a conversational Al system that helps a real-estate company
to predict its client’s contact motivation. The model achieves human level re-
sults in a dataset that containts 235 unbalanced labels. Then, we also show
its benefits considering the business impact comparing it against classical NLP
methods.

1. Introduction

Effective customer support is an essential piece for any service company. On the one hand,
as a business grows, it can hire more agents and create specialized departments focusing
on each possible problem a customer may face, increasing the availability of support
for clients. On the other hand, growth brings new challenges: knowledge about client
issues gets scattered across the company, information regarding processes may not diffuse
properly to all agents, clients may have trouble finding the specific department able to help
them, to name few. As a real estate company, QuintoAndar' has to deal with a wide range
of issues involving individuals as distinct as tenants (and prospective tenants), landlords,
agents (realtors, inspectors, photographers, etc) and building administrators. The channel
of choice for most contacts is WhatsApp, a messaging app widely adopted in Brazil and
other countries. This introduces even more complexity in terms of user identification and
routing, as any WhatsApp user can start a conversation with our customer support team
simply by sending an open text message.

To improve the routing quality, speed, and automate the collection of all necessary
information before a human analyst is allocated to the ticket, our team developed a chatbot
system that acts as a receptionist for customer support. This chatbot (presented in section
4) uses a state-machine dialog manager to integrate multiple machine learning (ML) based
classifiers and business rules to define the messages to be sent and actions to be taken. The
implementation of such service brought a lot of positive results to QuintoAndar, allowing
the full automation of chat triage in customer support, a task performed previously by a
dedicated team, which was reallocated to other departments.

Beyond presenting a chatbot architecture that combines multiple ML models and
discussing how we merged textual information with structured data in order to better

A quick presentation about QuintoAndar and its business model can be found here.
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understand an user’s context, the main contribution of this work is to bring data about
the results achieved by state-of-the-art models in a real-world application. Much has
been discussed about the fantastic results achieved by recent Natural Language Processing
(NLP) models for the English language both in academic literature an in industry. How
these outcomes transfer to Brazilian Portuguese is not as clear though. We hope that, by
sharing our experience, we may shed some light on how Portuguese-speaking companies
and research groups may use these technologies outside common benchmark problems.

In summary, the main goal of this paper is to show how we evolve until we achieve
human-level results in a real-world application through combining Portuguese BERT with
structured metadata from our clients with a complete end-to-end system.

2. Related Work

Customer support is a natural candidate to be one of the areas most benefited by
the recent boost in NLP research and application [ , ,

]. By having a proper system for customer triage, a company can match
its user to the agent most likely to solve their problem and also provide the agent with con-
textual information — e.g.: selected user information, procedure suggestion and a list of
similar issues — to make their work more effective. Alexandra DeLucia and Elisabeth
Moore [ Jused IT support tickets in a high-performance comput-
ing laboratory to study automatic categorization and similar ticket recommendation. They
combined classical NLP pre-processing, including steps as stop-word removal, stemming
and topic modeling, with a random-forest classifier to select the most appropriate label
among 93 possible categories and retrieve other similar tickets. A similar work was done
by Fotso et al. [ ], that created a system to classify client emails in 12 pos-
sible categories, using it to select relevant articles to be automatically sent as response.
The team combined textual information with data regarding the user’s prior interactions
with their products, using word-embeddings, a BILSTM network and an attention-based
mechanism to predict the most adequate class.

Rather than applying a single machine learning model to classify the user demand,
it’s also possible to create a dialog system that interacts with the customer to try solving
their problem or to ensure that all relevant information was provided before assigning
the ticket to an agent. Such system demands not only a model that extracts information
from user messages but also a dialog management module to track the current dialog state
and define which action to perform in each moment and also a module to generate the
messages sent to the user [ R s 1.

When considering Brazilian Portuguese, however, there are few works reporting
applications of NLP in industrial applications. Finardi et al. [ ] built
a BERT language model [ ] to be used for customer support in a large
Brazilian bank, evaluating its performance for sentiment analysis, question answering and
named entity recognition (NER) using datasets extracted from user interactions with the
bank’s chatbot. Azevedo et al. [ ] created a system to automatically
route customer emails to four different boxes using a Support Vector Machine (SVM).
Works have also been published regarding applications in law, as [ ]
— which extensively studies the impacts of fine-tuning of transformer-based language
models using legal texts in NER tasks — and [ ] — that provides an
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empirical study of word embeddings in legal domain.

On the academic front, however, many works were produced recently related
to dialog systems that can be applied for customer support in Portuguese. Santos et
al. | ] and Melo and Coheur [ ], for instance,
built retrieval-based conversational agents trained to answer specific data. Carvalho et
al. | ], on the other hand, created an LSTM-based common-sense
module to augment interactions in a dialog system. A recent significant contribution
was also made by Souza et al. [ ] that made open-source a Brazilian
Portuguese pre-trained BERT language model, showing how such mono-lingual model
was able to surpass the performance achieved by a multi-lingual BERT for named entity
recognition (NER).

3. Problem Definition and Challenges

A typical customer support flow at QuintoAndar (Fig. 1) starts with a customer con-
tacting our team through the channel of their choice — namely, phone, WhatsApp or
email/support form. Whichever channel is chosen, the user is required to state what kind
of support is needed, an information that is used to define to which department the con-
tact should be directed. After the department is defined, a task allocation system selects
among all online agents who should be responsible for handling the customer’s issue. The
role of such agent is to comprehend the user’s demand and get all relevant information
to solve it — if it is simple enough, it can be resolved immediately; if it requires more
complex actions, a task is created for the appropriate back-office team.

CHANNEL TRIAGE DEPARTMENT SELECTION AGENT ASSIGNMENT

Agent

I need help!

! { isif
| What kind of help? } 2

Customer { WhatsApp 3 er Agent
; 1 want to reduce :

o

myrent.

WhatsApp conversation

Figure 1. A typical flow of customer support at QuintoAndar.

In a digital real-state company, however, there are hundreds of different types of
contacts, going from simple questions about using our site to search for a house to re-
quests for intermediation of complex tenant-owner issues like negotiating a temporary
rent reduction. This means that matching a user to the right specialist is easier said than
done. On the one hand, presenting a menu with a multitude of customer support depart-
ments may be time-consuming and ineffective, as users may not be familiar with each
department’s responsibilities and are likely to make mistakes when choosing an option.
On the other hand, letting the users freely declare what they need has its own drawbacks,
such as the possibility that the user’s explanation does not have sufficient context regard-
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ing their demand and the issue of how to convert that explanation into a decision about
the destination department of the contact.

For WhatsApp — our main support channel and the focus of the present work —
this issue gets trickier, though: the app is ubiquitously used in Brazil as a means of com-
munication with family and friends. Added to this is the fact that Brazilian clients are used
to small real estate companies in which commercial interactions are based on a person-
to-person relationship. Contacts, thus, may start with a simple “Hi!/”, with a complete
account of the user’s issue or with a partial description that refers to past contacts.

Prior to this work, triage and department selection was carried out by a team ded-
icated solely to verifying that sufficient context was provided, asking users to give more
information if necessary, and directing each chat to the appropriate department. Of course,
this was a far from ideal situation. A large number of skilled agents were diverted from
customer troubleshooting to perform a highly repetitive task that added latency to proper
chat routing and stiffened any processes changes that incur in changes in departmental
responsibilities, as any such changes would require retraining the triage team.

To sustain company’s scalability, our team developed a “receptionist” chatbot that
should be able to:

1. Determine whether the user has provided enough information in their initial mes-
sage, requesting a better description if deemed necessary.

2. Combine this textual information with data about the user’s relationship with
QuintoAndar to predict the reason for the current contact.

3. Automate the collection of basic data, such as information that helps to identify
users who could not be identified based on their phone number and data to help
the agent verify the authenticity of the user.

4. Use business rules together with the predicted contact reason to determine to
which department the chat should be directed.

5. Provide the selected agent with the predicted reason for the contact in order facil-
itate access to the appropriate guidelines for that service and speed up the manda-
tory annotation after the conversation is finished.

This was not without its hurdles. First, there were more than 300 standardized
possible contact reasons with a substantial gray area between them, ensuring a great deal
of noise in labels. Classes were highly unbalanced, with some containing only a handful
of chats in a given year, while others classes totaling thousands in a single week. Finally,
as a Portuguese-speaking company, there were no open resources available related to cus-
tomer service, so we could rely only on pre-trained models and our own private datasets
to develop the chatbot.

4. System Architecture

Following the dialog-state architecture [ ], the bot engine we cre-
ated has the following basic components:

* Dialog memory: a flexible memory to store all relevant information produced
by handlers during the conversation, including special field S that indicates the
automaton’s current state.
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* Handlers: processors used by the chatbot to extract relevant information from
input messages or make decisions about what to do next.

* Finite-state automaton: a recipe that indicates which handler should be called at
each state S and how to use a policy handler results to select the next state.

Handlers, in turn, can be of two different types:

* Message processing handlers: responsible for extracting information from input
messages and storing it on dialog memory. The present work focuses on proposing
two machine learning models that act as message processing handlers.

* Policy decision handlers: responsible for deciding what the system should do
given the information stored in dialog memory. Examples of possible actions
are performing some calculations and storing their results in the memory, sending
a response to the user or transferring the chat to a certain department. When a
policy handler decides to send the user a response, it forwards asks the language
generation unit to select a template to use to create the message.

Each handler has its own implementation, which may range from simple applica-
tion of business rules to complex ML models and third-party services. This work makes
use of two different NLP-based handlers that will be explained on the next subsections.

4.1. Context evaluation model

A common behavior by our users was to start the conversation by saying a greeting, only
stating what she needed after being asked by the support agent. This posed a significant
challenge for our receptionist bot, as it would predict contact reasons and select destina-
tion departments based on messages that were not at all explanatory. A simple rule of
thumb to avoid this problem would be to always discard the first message in a conversa-
tion. However, this would hurt the client’s experience, which is only worsened by the fact
that many customer support contacts are made by already stressed users.

To alleviate this issue, we created a model to predict whether or not a particular
message was sufficiently explanatory. Based on such prediction our chatbot may decide
to ask the client for more input. A dataset with 5348 chats randomly sampled from Quin-
toAndar’s ticketing system was manually annotated by two customer support agents. They
could classify a message as one of the following: has context, no context, returning client
and low value (a message that is not intended to create a new conversation, as “Thanks!”).
The final dataset contained 2926 chats labeled as its content has enough context and 2422
labeled as not enough context (no context and low value; returning client messages were
discarded), endorsing the relevance of this first model in an efficient reception.

Our goal was to have a simple model that would introduce only a small delay in
response time, so we decided to user bag-of-words (BoW) representation with a logistic
regression (LR) as classifier. Text pre-processing included accent stripping, uncasing and
stop-word removal; no stemming or lemmatization was used. Bag-of-words representa-
tion was then computed for 3-grams with a vocabulary of 5000 items. LR hyperparam-
eters (C, penalty type and class weight) were selected through Bayesian optimization —
the solver used was ‘Ibfgs* [ ]. The resulting model achieved accuracy of
85% on the testing split, a value considered good enough for production as most errors in
this step could be fixed by human agents after chat allocation.
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4.2. Contact reason prediction model

The main model for the chatbot is the contact reason prediction model. As explained
above, its main purpose is to combine the user’s message with tabular information indi-
cating their relationship with QuintoAndar to predict how likely the contact is to be related
to each of 306 possible standardized contact reasons (see Table 1 for some examples).

cr_pg Payments of real-estate brokers.
ft_ag_alteracao Schedule changes for photographers.
ig_pr_reserva Issues related to house reservation by a tenant after a pro-

posal is accepted by an owner.
pp_cm_venda_imovel An owner informs that she intends to sell the house she
currently rents.

Table 1. Examples of contact reasons defined by QuintoAndar’s process team.

The association of text and tabular data is important as a way to avoid requiring
users to explain their whole history to the chatbot. Consider the phrase “I need to cancel
the visit tomorrow.”. It is a complete yet very ambiguous message: is it related to a pho-
tographer that wants to reschedule a photo shoot, to a potential tenant who is not interested
on visiting an apartment anymore, or to a real estate agent that will not be able to present
some house and wants to leave it to another colleague? Only by having access to the
user’s relationship with QuintoAndar the model would be able to accurately predict the
contact reason without requesting further context. Therefore, we used 66 handcrafted fea-
tures available from our feature store [ , ]. Some
examples are the type of the last automatic message sent to the user (and time since it
was sent), the contact reason for the last ticket (and time since it was created), whether
the user is a registered agent, number of rented houses (as owner) and number of ended
contracts (as tenant). These features are pre-processed, performing one-hot encoding on
all categorical columns and scaling the numeric ones to have zero mean and unit variance.

We treat both feature groups (textual and tabular) as different modules that are fed
into a separate classifier. In a first version (V1 - bag-of-words), we used a simple unigram
bag-of-words to extract features from messages. After analyzing this model errors, we
noticed that, despite showing good results, it had trouble with synonyms and complex
sentences. In a second version of the model (V2 - BERT) we addressed this issue by
using for textual feature extraction a representation extracted by a Portuguese version of
a BERT model [ s 1.

5. Experiments

We briefly discuss the results achieved for version 1 and version 2 of contact reason
prediction model, taking into consideration different setups as well as analyzing overall
model’s performance.

5.1. Dataset

The full dataset used to train the contact reason model contains data for 639159 chats
between May 2019 and August 2020 manually annotated by support agents, selecting
only user messages sent before an agent entered the conversation. We used out-of-time
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split to partition the between training (511327 chats), validation (63916 chats) and testing
(63916 chats) sets. With respect to classes, originally the data contained 306 distinct ones
— after filtering all tickets belonging to classes with less than 50 samples on training set
the final dataset contained 235 different labels. To fine-tune BERT on our data, since it
is a considerably heavy model, we have used a smaller portion of dataset, with 178578
samples for training, 19843 for validation and 66141 for testing.

5.2. Metrics

To analyze the model performance, we have calculated top-1 and top-3 test accuracy both
for contact reason and for department’.

5.3. V1 - Bag-of-words

For this first solution approach, we have evaluated three possible classifiers: logistic re-
gression (LR), random forest (RF) and multilayer perceptron classifier (MLP). Hyper-
parameters were selected through Bayesian optimization with 100 evaluated configura-
tions [ ]. Classifiers comparison are presented in Table 2.

Table 2. Test accuracy for contact reason and department. Higher is better.

Model | Top-1 accuracy | Top-3 accuracy | Top-1 dept. accuracy | Top-3 dept. accuracy
LR 42.8% 63.6% 77.8% 84.6%
RF 40.7% 61.2% 75.2% 82.7%

MLP 44.1% 65.1% 78.2% 85.0%

5.3.1. V2 -BERT

As observed in Table 2, the MLP model obtained the best results according to all metrics.
Given the high cost of using a large Transformer-based network and the fact this new
version is very similar to V1, we decided to keep the same architecture.

The first step we took was to fine-tune the BERT-Large model made available by
Souza et al. [ ] to predict contact reason. Sentences with more than 64
tokens were truncated. Once this fine-tuned procedure was completed, we tested different
methods in order to replace the bag-of-words of V1 with a BERT module:

» Use the logits of BERT classification head.

* Use the last layer of BERT language model head as suggested by Devlin et
al. | 1.

* Concatenate last four layers of BERT language model head as suggested by Devlin
etal. | ]

The results are shown in Table 3. First of all, it is relevant to notice the large gains
achieved by combining both textual and tabular features. Also, we can see that using
BERT as textual feature extractor provided better results than using bag-of-words. Con-
sidering engineering constraints we have decided to use the logits of BERT classification
head + tabular data as version 2 of the contact reason model.

2Department selection is performed by summing predicted probabilities for all contact reasons associ-
ated to a given department. The department with highest score is selected.
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Table 3. Comparison of contact reason accuracy for multiple models.

Model Top-1 accuracy
BoW alone 38.14%
BoW + tabular data (V1) 44.11%
BERT classifier 45.57%
BERT classifier logit heads + tabular data 53.10%
Last layer LM BERT + tabular data 53.20%
Last 4 layers LM BERT concat + tabular data 53.05%

6. Business impacts

To assess the results in production, we have collected data from a triage human team
and for a set of heuristics rules that routed simply based on the last automatic message
sent to the user (e.g., if the message was related to a visit, then the user was directed to
the visits department). The business metric that we decided to follow to compare was
the transference rate — i.e., the rate in which a chat already routed to a given support
department should be transferred to another department.

We have run tests in production comparing human triage and both chatbot ver-
sions. As a security measure to avoid deterioration of user experience, we only routed
automatically the 80% of tickets with highest department score leaving all low-confidence
tickets to human triage. As the results were good enough (i.e. similar to human perfor-
mance), we expanded it to 100% to out clients base. Results are presented in Table 4.

Table 4. Production results. Data for human triage and heuristic rules refer were
collected prior the tests. Lower the better for both columns.

Model Transf. rate | Avg. msg. per ticket
Human triage 12.8% 18.2
Heuristics rules 18.3% 11.2
V1 - Bag-of-words (80%) 13.9% 13.2
V2 - BERT (80%) 10.3% 13.7
V2 - BERT (100%) 13.2% 14.2

Considering these results, we can easily say that the BERT embedding combined
with tabular data achieved human-level performance. The number of message exchanges
until the conversation was ended (avg. message per ticket) was also substantially smaller
for clients routed by the chatbot than for those routed by humans. An hypothesis regarding
the reduction in message numbers is the fact that by using tabular features the model has
access to a large amount of information not easily consumed by humans.

Such results in a real-world application using business metrics endorses the po-
tential of modern NLP techniques for Brazilian Portuguese. We hope that results like
these help companies and governments to see that it’s now feasible to go much beyond
the widespread rigid conversational interfaces based on buttons or simple keywords.
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Audio MFCC-gram Transformers for respiratory insufficiency
detection in COVID-19

Marcelo Matheus Gauy', Marcelo Finger!

"nstituto de Matematica e Estatistica — Universidade de Sdo Paulo (USP)

Abstract. This work explores speech as a biomarker and investigates the de-
tection of respiratory insufficiency (RI) by analyzing speech samples. Previous
work [Casanova et al. 2021 ] constructed a dataset of respiratory insufficiency
COVID-19 patient utterances and analyzed it by means of a convolutional neu-
ral network achieving an accuracy of 87.04%, validating the hypothesis that one
can detect RI through speech. Here, we study how Transformer neural network
architectures can improve the performance on Rl detection. This approach en-
ables construction of an acoustic model. By choosing the correct pretraining
technique, we generate a self-supervised acoustic model, leading to improved
performance (96.53%) of Transformers for RI detection.

1. Introduction

COVID-19 is the cause of a major pandemic that threatens to collapse the healthcare sys-
tems in many regions of the world. Respiratory insuficiency (RI) is one of COVID-19
symptoms, which often requires hospitalization and is aggravated by a common COVID-
19 condition called silent hipoxia, low blood oxygen concentration without breath short-
ness [Tobin et al. 2020]. This work aims to help deal with the COVID-19 pandemic by
providing an automated system, based on deep learning techniques, capable of detect-
ing RI in COVID-19 patients. Such an automated system could, for example, support
cellphone-based patient triage procedures alleviating the burden on health personnel.

We explore the view of speech as a biomarker, by building upon a recently shown
fact: it is possible to detect respiratory insufficiency through analyzing spoken utterances
in real-life conditions (typically a moderately large sentence). This hypothesis has been
previously verified [Casanova et al. 2021] by using a CNN-based deep neural network.
This CNN received a moderately large sentence spoken in real life conditions and had to
predict whether it came from a patient with RI or from the control group. In this work, we
aim to further analyze that hypothesis by studying other network architectures (namely,
Transformers [Vaswani et al. 2017]), in an attempt to improve the results previously ob-
tained in [Casanova et al. 2021], with a view of extending it in the future to RI originated
from other causes, such as influenza, heart disease or mental illness.

In this work we find that Transformers can be used for detecting respiratory insuf-
ficiency with an accuracy of 96.38% up from 87.04% in [Casanova et al. 2021]. To reach
that level of performance, we feed the Transformers with a sequence of Mel Frequency
Cepstral Coefficients (MFCC) obtained from the patients’ audios (henceforth called
MFCC-gram Transformers). Like CNN-based detection from [Casanova et al. 2021], the
Transformer performance drops significantly (to 82.87%) if we feed it standard spectro-
gram coefficients (called Spectrogram Transformers after [Gong et al. 2021]).
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The Transformers [Vaswani et al. 2017] were shown to be very effective when
divided in two parts [Devlin et al. 2018]. The pretraining phase generates a language-
based acoustic model with unsupervised (or self-supervised) learning by optimizing a
generic language prediction task with a large amount of generic data. Then, the acoustic
model undergoes a task-specific refinement phase in which both the acoustic model and
additional task-specific neural modules are trained on smaller-size application data. A
baseline transformer is one in which pretraining is a random assignment of weights.

Here, we find that MFCC-gram Transformers benefit from being pretrained with
large quantities of spoken Brazilian Portuguese audios, which is later refined for the target
task of detecting respiratory insufficiency. For pretraining, we explore three known tech-
niques from the literature [Liu et al. 2020b, Liu et al. 2020a] and find that they generally
lead to some performance improvement over baseline transformers. Performance reaches
96.53% using the best of the available techniques.

2. Related Work

In addition to [Casanova et al. 2021] there have been other works [Pinkas et al. 2020,
Laguarta et al. 2020] which study COVID-19 with deep learning using voice related data.
[Pinkas et al. 2020] attempt to detect SARS-COV-2 (the virus that causes COVID-19)
from voice audio data, while this work and [Casanova et al. 2021] attempt to detect RL.
Furthermore, there have been previous works which support the view of speech as a
biomarker [Botelho et al. 2019, Nevler et al. 2019, Robin et al. 2020].

Transformers were designed for NLP [Vaswani et al. 2017, Devlin et al. 2018],
and were also later used in audio processing tasks [Liu et al. 2020b, Liu et al. 2020a,
Schneider et al. 2019, Baevski et al. 2020, Baevski et al. 2019, Song et al. 2019]. In
Mockingjay and Tera [Liu et al. 2020b, Liu et al. 2020a], it was used in phoneme clas-
sification and speaker recognition tasks. There it was shown that variants of the
Cloze task [Taylor 1953, Devlin et al. 2018] for audio could be used for unsuper-
vised pretraining of Transformers. In Wav2Vec and its variants [Schneider et al. 2019,
Baevski et al. 2020, Baevski et al. 2019], a contrastive loss is used to enable unsupervised
pretraining, which is later finetuned to speech and phoneme recognition tasks. In Speech-
XLNet [Song et al. 2019], a speech based version of the XLLNet [Yang et al. 2019] was
proposed. The XLNet is a network that maximizes the expected log likelihood of a se-
quence of words with respect to all possible autoregressive factorization orders.

3. Methodology
3.1. Datasets

For the task of respiratory insufficiency detection, the data used in the refinement phase
is the same one used in [Casanova et al. 2021]. There, COVID patient utterances were
collected by medical students at COVID wards from patients with blood oxygenation level
below 92%, as an indication of RI. Control data was collected by voice donations over
the internet without any access to blood oxygenation measurements and were therefore
assumed healthy. As COVID wards are noisy locations, an extra collection was made
consisting of samples of pure background noise (no voice). This is a crucial step in
preventing the network to overfit to the background noise differences in data collection.

The gathered audios contained 3 utterances:
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* A long sentence with 31 syllables. It was designed by linguists to be long enough
to have reading pauses while being simple for even low literacy donors to speak.

* A widely known nursery rhyme for readers with reading impediments.

¢ A well known song along the lines of "Happy birthday to you’.

As suggested in [Casanova et al. 2021], we select only audios from the first utter-
ance and sample balance the dataset by class and sex. The presence of ward background
noise in the patient audios is treated in a similar way: we insert noise to the control group
as that is easier than removing it from the patients’ signal. This prevents that we eliminate
from the signal, audio that is relevant to the network’s classification.

We employ the same division in training, validation and test as done
in [Casanova et al. 2021]. The best signal-noise ratio audios are included in the test set.
The second best audios are in the validation set. This is done to detect training overfitting.
Table 1 contains information on the number of audio files for each class.

Sets Control Patients Total Audios
Male | Female Me'an du- Male | Female Mgan du-
ration(s) ration(s)
Training | 59 84 8.15 83 66 13.18 292
Validation | 8 8 7.75 8 8 10.78 32
Test 22 26 7.77 28 32 943 108

Table 1. Filtered dataset information.

For the pretraining phase, we use datasets containing Brazilian Portuguese speech.
These datasets are NURC-Recife [Oliviera Jr et al. 2016], ALIP [Gongalves 2019], C-
Oral Brasil [Raso and Mello 2012] and SP2010 [Mendes 2013]. Together, they contain
more than 200 hours of Brazilian Portuguese speech.

3.2. Preprocessing

As we face similar audio processing issues as [Casanova et al. 2021], we employ simi-
lar preprocessing steps. In the dataset, the majority of audios were sampled at 48k H z.
We preprocess the files using Torchaudio 0.9.0. We extract either the mel-spectrogram
(for Spectrogram Transformers) or the MFCCs of the audios with default Torchaudio
parameters and retain 128 coefficients. Torchaudio, by default, employs a Fast Fourier
Transform [Brigham and Morrow 1967] with a 400ms window and hop length 200.

As the dataset has an inherent imbalance in the audio lengths from patients and
control we do not use the full audios of the first utterance. Instead, we break each audio
into 4 seconds chunks, with a windowing of 1 second steps. Such a windowing method
was observed in [Casanova et al. 2021] to be more effective than, for example, padding
the audios with zeros to make all the audios have the same length. The windowing tech-
nique solves the problem of the imbalance between audio lengths and guarantees the
network will not pay too much attention to the audio lengths and instead focuses on the
content. The windowing technique also serves as a kind of data augmentation as, for ex-
ample, an audio with 8 seconds becomes 5 audios with 4 seconds. We observe that the
windowing should be done before the spectrogram or MFCCs feature extraction.
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3.3. Noise insertion

The noise in COVID wards is a serious bias source. This can be seen in our experiments
and in the original work with the dataset by [Casanova et al. 2021]. One potential way of
dealing with this bias source is to filter the noise and eliminate it. However, this has the
risk that we eliminate important low-energy information from the data, information which
would have been useful in detecting whether a patient had RI. Moreover, eliminating the
noise could also create extra biases, as different procedures for eliminating patient and
control noises would be required. Thus, instead of eliminating the noise, we consider it
much easier to insert the noise present in the COVID wards into all the audio samples.

The original dataset contained 16 samples of 1 minute each containing just the
background noise present in COVID-19 wards. These noise samples are added to all the
training, validation and test audios, similarly to what was done in [Casanova et al. 2021].
We experiment with the amount of noise we add to each of the audio files. During training,
audio samples are injected with one or more noise samples. These are selected randomly
from the pool of noise samples each time an audio is used for training. The starting point
of each noise sample is also selected randomly. Lastly, a factor to change the intensity of
the sample is drawn. This factor is limited by a maximum amplitude value which depends
on the patient audio noises. This process is similar to the one in [Casanova et al. 2021]
and the goal is inserting noise as similar to the pre-existing noise as possible.

3.4. Transformers

We consider two types of Transformers: MFCC-gram Transformers and Spectrogram
Transformers. They are equivalent except in the data features that are fed to them: MFCC-
gram Transformers receives MFCC audio features and Spectrogram Transformers receive
mel spectrogram audio features. Our Transformers are equivalent to the Transformer En-
coder units described in [Vaswani et al. 2017]. Namely, we use a multi-layer Transformer
encoder (3 layers) with multi-head self-attention. Each encoder layer has two sub-layers,
the first being a multi-head self-attention network and the second being a fully connected
feed-forward layer. Each sub-layer has a residual connection followed by layer normal-
ization [Ba et al. 2016]. Every encoder layer and sub-layers produce outputs of dimension
512. In addition to the attention sub-layers, each encoder layer contains a fully connected
feed-forward network with an inner layer of dimension 2048.

In order to generate the sequence of tokens that is sent to the Transformers the
MFCC and/or Spectrogram is split into its frames. Each frame of the MFCC or spec-
trogram corresponds to one token fed to the sequence. We also attempted joining mul-
tiple frames into one token but this typically produced worse results than the one to one
framework. We use sinusoidal positional encoding [Vaswani et al. 2017, Liu et al. 2020b,
Pham et al. 2019] to make our model position aware. As suggested by [Liu et al. 2020b],
each frame is first projected linearly to a hidden state of dimension 512.

Our Transformers are trained in two phases: pretraining and refinement. In the
pretraining phase, we leverage the unsupervised training techniques described in Sec-
tion 3.5 to build an acoustic model over generic audio data. In the refinement phase, the
pretrained Transformers is refined over COVID related audio data. For some experiments,
we bypass the pretraining phase by initializing the Transformers with a random assign-
ment of weights and refining that over the COVID data. This is done to get a baseline
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performance and we call these Transformers the baseline Transformers. We will name
our Transformers types baseline MFCC-gram Transformers and baseline Spectrogram
Transformers when we consider Transformers which bypass the pretraining phase.

Our code is based on the guide “The annotated Transformer”!'. While our Trans-

formers are small in comparison to the ones used, e.g. in BERT [Devlin et al. 2018], the
amount of available data for respiratory insufficiency detection is also rather small so we
do not expect that larger Transformers would yield significantly improved results. Once
more data is available, it is recommended to also increase our Transformers.

3.5. Unsupervised pretraining: acoustic model construction

We describe three techniques to pretrain acoustic models in a self-supervised way. They
are based off Masked acoustic modelling [Liu et al. 2020b]. This erases a fraction of
the input and tries to reconstruct the erased parts from the remaining frames. They are
bidirectional methods and the reconstruction depends on both left and right contexts.

Time Alteration: also called Masked acoustic modelling [Liu et al. 2020b]. Start
by selecting frames up to 15% of the input?, 1) mask them all to zero 80% of the time, 2)
replace all with a random frame 10% of the time or 3) leave the frames be in the remaining
10% of the time. The goal of this process (as opposed to always masking the frames) is
to alleviate the mismatch between training and inference.

Channel Alteration: this techinique is from [Liu et al. 2020a]. Randomly mask
a block of consecutive quefrency channels to zero for all time steps of the input sequence.
First, the width W of the block is selected uniformly from {0,1,..., W} where W is
a 10% fraction of the total number of channels. Second, sample a channel index I
from {0,1,...,H — W — 1} where H is the total number of channels in the input.
Then, channels from I to I + W — 1 are masked to zero. Observe that (as with time
alteration), a fraction of the time none of the channels will be masked.

Noise Alteration this technique is from [Liu et al. 2020a]. Apply sampled Gaus-
sian noise to change the magnitude of the inputs with a probability of 10%. For that end,
we sample a random magnitude matrix with the same size as the input. Each element in
the matrix is sampled from a normal distribution with mean zero and 0.2 variance. The
matrix is then added to the real input frames.

4. Results and Discussion

Here we show the results obtained by the two experiments performed: the first where we
compare baseline MFCC-gram Transformers, baseline Spectrogram Transformers and the
CNN from [Casanova et al. 2021], and the second where we try different unsupervised
pretraining techniques to improve baseline Transformers by building an acoustic model.

First, we note that when no ward noise is added to either the patient or control
files, baseline MFCC-gram Transformers performs very well (98.89 £ 0.38) in the test
files. However, this performance drops dramatically (to 70.07 & 3.15) if we add noise to
the test files and this is a strong sign the model is biased by the noise. This bias is less

'http://nlp.seas.harvard.edu/2018/04/03/attention.html
ZMore precisely, we select a fraction of the frames in chunks of a certain size so that the total number of
frames masked amounts to 15%. In the experiments, the chunk size was 7.
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extreme than what was observed at the MFCC-gram CNN in [Casanova et al. 2021] but
is still present. Therefore, in our experiments, noise is added to the training and test files.

In the first experiment, we consider baseline Transformers and bypass the pre-
training phase. We vary the amount of ward noise we add to the training and test files.
We add to the audio files between 0 and 3 noise files, including either the same amount of
noise files to the patient and control audio files or one more file to the control files. This
is comparable to the Experiments 3.2 from [Casanova et al. 2021] and we can directly
compare baseline MFCC-gram Transformers, baseline Spectrogram Transformers with
the CNN from [Casanova et al. 2021]. We perform each experiment for 20 epochs and
repeat the experiments 10 times. The batch size is set to 16. The results are in Table 2.
We show both the performance when including noise as well as the performance without
including noise in the test samples. Figure 1 shows the same data as Table 2.

Noise Samples | Accuracy (with noise in | Accuracy (without noise
Model - .
Patient | Control | test samples) in test samples)
0 1 96.38 +0.72 96.85 4+ 0.84
Baseline 1 1 96.30 +1.12 97.36 + 1.89
MFCC-gram 1 2 95.39 + 1.26 96.44 + 1.72
Transformers 2 2 95.68 4+ 0.48 97.35 +1.01
2 3 94.33 +1.48 96.53 £ 1.13
3 3 94.86 + 0.75 96.63 £+ 1.09
0 1 74.07 £1.93 61.11 +8.40
1 1 86.11 4+ 2.98 66.67 4+ 3.74
MFCC-gram 1 2 83.33 + 3.34 84.26 +6.17
CNN 2 2 85.19 +0.93 88.89 4+ 0.53
2 3 85.19 +1.85 74.07 £5.10
3 3 87.04 +0.93 91.67 4+ 2.98
0 1 82.87 +1.48 68.73 4 3.88
Baseline 1 1 82.84 +1.82 82.65 4+ 2.25
Spectrogram 1 2 80.75 4+ 2.22 77.18 £ 1.56
Transformers 2 2 79.02 £ 3.19 82.05 4+ 2.57
2 3 78.07 £2.78 74.67 £1.99
3 3 78.73 £2.33 81.96 + 1.97

Table 2. The performance of the Transformers and the CNN is shown in Table 2.
The different lines show performance of the network according to the num-
ber of noise files added to the test files, both for patients and control.

We observe a significant improvement in performance for baseline MFCC-gram

Transformers when compared to the MFCC-gram CNN. When including noise in test
samples, the best performance is attained by baseline MFCC-gram Transformers where
we add a single noise file to the control files and keep the patient files unchanged. When
we compare without noise being added the best performance is attained by baseline
MFCC-gram Transformers where we add a single noise file to both the patient and control
files. We would like to point out though that the differences are rather small and baseline
MFCC-gram Transformers performs well as long as some noise is added.

For the second experiment, we fix the amount of ward noise we insert to the train-
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Figure 1. This has the same data as Table 2. The y axis shows accuracy and the
x axis shows the number of noise files added to patient and control files.

ing and test files to be a single noise file for both patient and control audio files. We vary
the technique employed for unsupervised pretraining, attempting time alteration, channel
alteration and noise alteration techniques as described in Section 3.5. We pretrained on
the corpuses of NURC-Recife, C-Oral Brasil, SP 2010 and ALIP. Pretraining consisted of
5 epochs on the data of all those corpuses, splitting each file into 4 seconds audio with a
1 second window step. Finetuning on the respiratory insufficiency data was performed in
20 epochs and repeated 10 times so the results are averaged. We show the performance of
each for both MFCC-gram Transformers and Spectrogram Transformers in Table 3.

We observe a small improvement (over the baseline) using time alteration when
we test MFCC-gram Transformers including noise in the test files. We also observe an
improvement using noise alteration when we test MFCC-gram Transformers without in-
cluding noise in the test files. In principle, one could combine these techniques as they are
independent ways of masking the input. We have done that by performing all three tech-
niques at the same time as shown in the table. Note that the performance of Spectrogram
Transformers increases even more robustly than that of MFCC-gram Transformers.

5. Conclusion and Future work

By employing a Transformers network to the dataset of respiratory insufficiency from
COVID-19 detection created in the paper [Casanova et al. 2021], we improved the perfor-
mance of their CNN network from 87.04% to 96.38%. Moreover, we found that MFCC
and Spectrogram based Transformers improve their performance through unsupervised
pretraining on a large amount of unlabeled data.
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Pretraining Accuracy (with noise in | Accuracy (without noise
Model .
type test samples) in test samples)
Baseline 96.30 £ 1.12 97.36 £1.89
Time  Alter-
MFECC ation 96.53 +0.71 97.00 & 1.55
Transformers Channel Alter- 96.15 + 0.84 97.04 4+ 1.52
ation
Noise Alter- | g5 g5 4 () 66 98.21 + 0.89
ation
Time + Chan- | g5 a0 4 1 94 98.54 + 1.56
nel + Noise
Baseline 82.84 +1.82 82.65 4+ 2.25
Time  Alter- | ¢ 99 4 5 49 87.90 + 2.75
Spectrogram ation
Transformers Channel Alter- 8241 + 1.75 8753 4 2.95
ation
Noise Alter- | ¢ 61 4 1 39 86.08 + 2.70
ation
Time + Chan- | ¢ 67 4 | 51 86.93 + 2.61
nel + Noise

Table 3. The performance of the Transformers network is compared when unsu-
pervised pretraining is done. The different pretraining techniques are com-
pared for MFCC-gram and Spectrogram Transformers. We fix the amount
of noise insertion to be one noise file inserted at patient and control files.

Future work could involve augmenting the dataset with audios from patients of
many more respiratory illnesses besides COVID-19. Moreover, we could ideally get au-
dio from patients and control under similar conditions. Furthermore, one could attempt
improving the performance of Spectrogram Transformers so that they match the perfor-
mance of MFCC-gram Transformers. Moreover, we currently train our acoustic model in
the single task of respiratory insufficiency detection. It would be interesting to extend our
model for other tasks, creating the first acoustic model of spoken Brazilian Portuguese.
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Abstract. Depression is a psychological disorder that affects millions of people
in the world, regardless of their age, social class, or nationality. Different tech-
niques have been studied to analyze and recognize depression in the literature,
such as Natural Language Processing, Sentiment Analysis. However, in Bra-
zilian Portuguese, only a few studies have been focused on creating a dataset
to classify symptoms of depression. In this paper, we propose a strategy cal-
led DP-Symptom-Identifier for collecting twitter messages and generate a novel
text dataset with sentences that refer to the main symptoms of depression. Initial
experiments with this dataset and different algorithms obtained high accurate
performance values, which shows the research in this area is promising.

Resumo. A depressdo é um distiirbio psicologico que afeta milhdes de pes-
soas no mundo, indiferente a idade, classe social ou nacionalidade. Diferentes
técnicas tem sido exploradas para analisar e reconhecer sintomas depressivos
na literatura, como técnicas de Processamento de Linguagem Natural e Andlise
de Sentimentos. Entretanto, para o portugués brasileiro, poucos estudos tem
proposto datasets para a classificagdo de sintomas da depressdo. Neste artigo,
propomos uma estratégia chamada DP-Symptom-Identifier para coletar tweets
e criar um novo dataset com sentengas que possuem sintomas da depressdo.
Experimentos iniciais usando diferentes algoritmos obtiveram um alto desem-
penho preditivo, o que mostra que as pesquisas nesta drea sGo promissoras.

1. Introducao

Considerada o mal do século pela Organizagdio Mundial da Sadde
(OMS) [Organization et al. 2017], a depressao é um transtorno psiquidtrico que
afeta o emocional da pessoa. Segundo a OMS, a depressdo atinge pessoas de todas as
idades, classes sociais e nacionalidades. Além disso, o nimero de diagndsticos aumentou
em 18, 4% entre 2005 e 2015, afetando 4, 4% da populacdo mundial. No Brasil, a parcela
da populagio afetada é de 5, 8%, o que coloca o pafs como o maior detentor do transtorno
na América Latina, e o segundo nas Américas, ficando atrds apenas dos Estados Unidos,
que tem 5, 9% da sua populagio afetada.
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Nesse contexto, técnicas de Andlise de Sentimentos (AS) tém sido amplamente
utilizadas para detec¢@o e extracdo de sentimentos a partir de dados textuais. Historica-
mente a andlise de textos € uma tarefa complexa, custosa e tediosa quando realizada ma-
nualmente. No entanto, com o atual avancgo da tecnologia e o desenvolvimento de dreas
como Aprendizado de Maquina (AM) e Processamento de Linguagem Natural (PLN);
e uma grande quantidade e disponibilidade de dados gerados por redes sociais, foruns e
paginas na Web, é possivel extrair informagdes riquissimas e relevantes de dados textuais.

Dentre as vertentes de trabalhos em AS, alguns em especifico tem ex-
plorado a detec¢do automdtica e textual de distirbios mentais [Hassan et al. 2017,
Islam et al. 2018].  Entretanto, esta é ainda uma drea de pesquisa emergente,
principalmente no Brasil, onde apenas um trabalho relacionado pode ser encon-
trado [Rosa et al. 2019]. Tendo em vista essa lacuna na literatura, este trabalho tem como
objetivo apresentar uma estratégia denominada de DP-Symptom-Identifier, a qual foi cri-
ada para coletar e identificar os sintomas depressivos em postagens do Twitter utilizando
técnicas de Processamento de Linguagem Natural (PLN). Para isso, foi desenvolvida uma
aplicagdo Web para coleta, andlise e rotulacdo, indicando as respectivas categorias de sin-
tomas depressivos, como: comportamental, fisiolégico e/ou psiquico. Esse processo de
rotulacdo foi acompanhado por uma psicéloga especialista no dominio.

O restante do artigo esta estruturado da seguinte forma. Na Secdo 2 sdo descritos
os trabalhos relacionados; na Secdo 3 € detalhada a estratégia DP-Symptom-Identifier; na
Secdo 4 sdo apresentados alguns resultados iniciais usando o conjunto de dados gerado, e
por fim, na Sec¢do 5 sdo apresentadas as conclusdes e trabalhos futuros.

2. Trabalhos Relacionados

Nos dltimos anos, as técnicas de AS [Liu2012] tém recebido atencdo espe-
cial devido ao seu forte potencial para extrair sentimentos de dados textuais
e, consequentemente, auxiliar no diagndstico de perfis depressivos. Neste con-
texto, alguns estudos [Birjali et al. 2017, Ma et al. 2017, Aldarwish and Ahmad 2017,
Keumhee Kang et al. 2016] utilizaram o Twitter como fonte de dados para a criagdo de
base de dados com postagens em inglés. Os dois primeiros estudos realizaram a rotulagdo
dos dados de forma automatica, enquanto os demais de forma manual.

Em [Birjali et al. 2017] os autores optaram por buscar postagens do Twitter e as
rotularam de forma automética utilizando o método de similaridade seméntica WordNet,
tendo como base termos associados com a depressdo. J4 em [Ma et al. 2017] os autores
criaram a base de dados baseado em postagens do Tvitter contendo a palavra “depressao’;
postagens de contas de profissionais de saides mental, e de blogs sobre depressdao. No
final do processo, a base de dados compilou um total de 54 milhdes de postagens.

No que diz respeito a rotulagio manual, no estudo de
[Aldarwish and Ahmad 2017] os autores criaram um dataset com 2354 postagens
do twitter, 2132 do LiveJournal e 2287 do Facebook. Deste total, 2073 postagens foram
rotuladas como deprimidas e 4700 como ndo deprimidas. Além disso, as postagens
identificadas como deprimidas foram sub-categorizadas entre os nove sintomas definidos
pelo DSM-5'.  Por fim, no trabalho de [Keumhee Kang et al. 2016] foram coletadas

IDiagnostic and statistical manual of mental disorders
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postagens do Twitter que continham as seguintes palavras ou sentengas: “Christmas”,
“Suicide”, “I feel relaxed”, “I feel good”, “want to die”, “I feel stressed”, “I feel sad”,
“kill myself” e “want to commit suicide”). Para cada postagem era possivel aplicar os
seguintes rétulos: negativo, neutro ou positivo.

E importante destacar que apesar do nimero considerdvel de estudos, so-
mente o estudo de [Rosaetal. 2019] criou uma base de dados para a lingua por-
tuguesa, como também destacado no mapeamento sistematico anteriormente reali-
zado [Casani et al. 2021]. Neste estudo em especifico foram filtradas sentengas de posta-
gens do Facebook que continham expressdes como “odeio minha vida”, “me sentindo
triste”, “estou estressado”, entre outras. O estudo também utilizou um conjunto de
sentengas positivas para classificar como “ndo depressdo”.Entretanto, considerando to-
dos esses estudos, € possivel identificar um mesmo problema na criagdo das bases de
dados. A maioria dos estudos concentra-se na identificacdo de sentimentos positivos e
negativos, porém a resolu¢do seguindo uma classificacdo bindria ndo € suficiente para
identificar os sintomas depressivos. Desta forma, em comparag?o aos trabalhos descritos,
o principal diferencial neste artigo € a exploracdo de uma andlise considerando trés cate-
gorias de textos depressivos na lingua portuguesa: sintomas psiquicos, comportamentais
e fisiologicos. Segundo o DSM-5 [APA 2013], os sintomas psiquicos e comportamentais
sdo mais relevantes para indicar um quadro depressivo do que os fisiolégicos.

3. Estratégia DP-Symptom-Identifier

A estratégia DP-Symptom-Identifier foi criada com o objetivo de coletar mensagens com-
partilhadas no Twitter utilizando técnicas de PLN. A vis@o geral da estratégia é apresen-
tada na Figura 1, a qual € composta por cinco etapas: (1) Coleta e rotulacido dos dados;
(2) Pré-processamento; (3) Extracdo das caracteristicas.

Limpeza dos dados

' AT\

' HH ] H

: — | <X [ Remogio de Stopwords ] H
! Mensagens Aplicagdo

' Web

1) Coleta e rotulagdo dos dados 2) Pré-processamento 3) Extragéo das
caracteristicas

Figura 1. Estratégia DP-Symptom-Identifier.

A etapa 1 foi dividida em duas sub-etapas: (1.7) coleta dos dados; e (1.2) rotulagdo
dos dados coletados. Na primeira sub-etapa (1.1) foi utilizada a API do Twitter para co-
letar as mensagens; e a segunda (1.2) consiste na na rotulacdo dos dados, por meio de
uma aplicacdo web, classificada em quatro classes possiveis: 0 - Nenhum, 1 - Fisioldgico,
2 - Comportamental e 3 - Psiquico. A etapa 2 consiste no pré-processamento dos dados
coletados, a fim de reduzir o tamanho da base de dados, bem como remover dados re-
dundantes e irrelevantes utilizando as técnicas de stopwords e stemming. A etapa 3 visa
extrair as caracteristicas dos dados textuais da base utilizando as técnicas Bag-of-Words
(BoW) e Term Frequency-Inverse Document Frequency (TF-IDF).
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3.1. Coleta e rotulacao dos dados

Para realizar a coleta inicialmente foi criada uma base de dados com o auxilio de uma
psicéloga para treinar o modelo. Essa base contém 200 sentencas® que remetem a sinais
sintométicos da depressao, rotuladas em trés categorias: (i) comportamental, (if) psiquico
e (iii) fisiologico. Alguns exemplos de sentengas e seus respectivos rétulos sdo apresen-
tadas na Tabela 1. E importante salientar que o rétulo dos exemplos pode apresentar
quaisquer uma das categorias sintomdticas: Fisiol6gico, Comportamental, Psiquico, ou
auséncia completa de sintomas (Nenhum).

Tabela 1. Sintomas presentes em sentengas rotuladas com ajuda da psicdloga.

Sentenca Categoria Sintomatica
Eu quero morrer Comportamental

Nao desejo sair de casa Comportamental

Tenho dificuldade para dormir Fisiolégico

Estou sempre cansado Fisiolégico

Me sinto inutil Psiquico

Sou infeliz Psiquico

Para auxiliar a coleta das mensagens foi desenvolvida uma ferramenta em Java,
denominada Aplicacdo de Coleta de Dados (ACD), que utiliza a API do Twitter para
buscar mensagens compartilhadas na rede social de acordo com palavras-chave. As fun-
cionalidades implementadas na ACD possibilitaram utilizar palavras e sentengas como
parametros de filtragem durante a selecdo dos tweets. Neste contexto, somente posta-
gens que continham os parametros desejados eram retornados, como por exemplos as
sentencas apresentadas na Tabela 1. Dentre os tweets retornados, foram excluidos os que
representavam um retweer’.

Uma vez os tweets coletados e salvos em disco, os mesmos foram rotulados. Para
isso, foi desenvolvida uma segunda Aplicagio Web (AW) para que a psicéloga e espe-
cialista no dominio definisse os rdtulos das postagens de acordo com as categorias sin-
tomadticas apresentadas na Tabela 1. Na Figura 2 € ilustrada a tela referente a andlise das
rotulacdes realizadas. Nesta tela, as postagens apresentadas sdo limitadas a um mesmo
usudrio, o qual pode ser filtrado pelo campo de texto disponivel. Os registros apresenta-
dos sdo ordenados por data da publicacdo de forma decrescente, simulando uma timeline
da atividade do usudrio ao longo do tempo para facilitar a anélise.

A Figura 3 exibe a tela para facilitar o processo de rotulacio dos dados coletados.
Por meio desta tela é possivel rotular cinco postagens por vez, marcando ou desmarcando
a opgdo para cada um dos sintomas. Apoés a rotulagdo de todas as postagens, o botdo
presente no canto inferior direito é acionado para gravar as informacdes alteradas.

Apbs o processo de rotulagdo, cada postagem pode apresentar os seguintes va-
lores para rétulo: (i) Nenhum: quando a postagem ndo possui nenhum dos sintomas;

2Essa base pode ser acessada no link: https://github.com/fcarlosmonteiro/dp-symptom-identifier
3Retweet é uma republicacio de um Tweet.
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Dataset Categorizar Timelines

Usuario Buscar Timeline
Texto Classificagao Validado Especialista Data
Porque eu tenho tanta inseguranca nessa 'relagéo'? Nenhum 0 2019-10-28
Vou fazer um brigadeiro pra comer sozinha porque eu sou a P
minha melhor companhia Psiquico Q 2019-10-09
Eu taya dl’sposta a fazel:d|ferente dessa vez, caralho eu falei Nenhum 0 2019-08-11
de nos até pra minha méae..
Sobre os relatérios https://t.co/kZ7MShCNju Psiquico Q 2019-11-01
O comentario que recebi hoje: "Sorte de que ta ‘comendo'.
Eu: verdade, um total de 0 pessoa Merego mesmo Nenhum 0 2019-10-26

kkkkkkkkkkkkk

Figura 2. Tela da aplicacdao AW referente a analise dos dados.

(ii) Psiquico: quando a postagem possui apenas indicios de sintomas psiquicos; (iii)
Comportamental: nos casos em que a postagem possui indicacio de evidéncias com-
portamentais; e (iv) Fisiologico: quando o sintoma identificado na postagem € de origem
fisiolégica. Esses valores foram definidos juntamente com a psicéloga e com base nos
principais sintomas da depressdo. Para a avaliacdo apropriada foram criadas duas bases
de dados distintas: (i) Base de treinamento; e (ii) Base de dados de testes. A base de
dados de treinamento foi criada utilizando as postagens de 1988 usudrios coletadas e ro-
tuladas conforme o processo descrito, as quais deveriam estar em conformidades com o
padrdo das sentencas apresentadas na Tabela 1. Esta base possui um total de 2008 linhas
e 7 coluna®. A Figura 4 demonstra um exemplo desta base.

Além do dado textual extraido da postagem “tweet”, as demais colunas descritivas
sdo: “idTweet” coluna utilizada para identificagcdo dos tweets, “fisiologico” coluna a qual
remete se o fweet pertence a categoria de sintomas fisiol6gicos. A coluna “comportamen-
tal” € utilizada para controlar o fato do tweet ser ou ndo um sintoma da categoria compor-
tamental. J4 a coluna “psiquico” demonstra a presenca ou nio de sintomas psiquicos. E
importante ressaltar que o mesmo fweet pode ser classificado em mais de uma categoria.
A coluna “label” contém informagdes referente a rotulacido do dado. A coluna “dhTweet”
apresenta e data da postagem. Por fim a coluna “validadoEspec” informa se a postagens

foi validade pela especialista que acompanha este trabalho.

Ja a base de dados de testes foi criada utilizando a funcionalidade de busca de
timelines por ID de usudrio, existente na ACD. Esta base possui as mesmas colunas que

“Essa base pode ser acessada no link:https://github.com/fcarlosmonteiro/dp-symptom-identifier
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Dataset Categorizar Timelines
Tweet 8457
eu queria um emprego em que trabalhasse somente 3 horas por dia e ganhasse +3mil reais por favor
J® Comportamental 1D Psiquico JD Fisiologico [ ]
Tweet 8458
eu amo uma mulher https://t.co/Ji7XA4qVGb
1 Comportamental 1D Psiquico IO Fisiologico [ ]
Tweet 8459
16 triste
J» Comportamental . Psiquico JD Fisiologico [ ]
Tweet 8460

eu vou chorar pg eu sou muito filha da puta com um menino top demais

1 Comportamental 1D Psiquico JD Fisiologico [ ]

Figura 3. Tela da aplicagdao AW referente a rotulacdo dos dados.

tweet * idTweet - fisiologico - comportamental - psiquico * label * dhTweet < validadoEspec =

s6 eu que ja fiquei com divida se sd t& muito triste o... FALSE FALSE TRUE 3 2019-09 TRUE
FALSE FALSE FALSE 0 0 09- TRUE
FALSE FALSE FALSE 0 = TRUE
FALSE FALSE FALSE 0 2019-09- TRUE

Figura 4. Exemplo da base de dados de Treinamento.

a base de dados de treinamento. Os dados armazenados nesta base podem ser utilizados
para testar modelos preditivos quando fazendo o uso de algoritmos de AM, para classificar
os dados. Neste contexto, a quantidade de subconjuntos (k) escolhida para validar os
modelos criados € de k£ = 10 subconjuntos, valor frequentemente utilizado pela literatura.

Por fim, a Figura 5 demonstra a distribui¢do das classes existente na base de da-
dos de treinamento. A classe que representa os sintomas psiquicos € a que possui a maior
quantidade de exemplos dentre as demais. Isso pode ser justificado pelo fato de que esta
categoria sintomatica € a que possui uma maior quantidade de exemplos no American Psy-
chiatric Association [APA 2013], e ainda, alguns sintomas da categoria comportamental
sdo relacionados com os da categoria psiquico.

3.2. Pré-processamento

Esta etapa € realizada com a finalidade de reduzir o tamanho da base de dados, e também
remover dados redundantes e irrelevantes. Em uma primeira etapa todos os caracteres
das postagens foram convertidos para caracteres minusculos. Em seguida, caracteres
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Figura 5. Distribuicao das classes presentes no conjunto de treinamento.

numéricos foram removidos, assim como pontuacdes, links e espacos desnecessarios.
Além disso, citacdes de outros usudrios e retweets também foram removidos. Um dltimo
passo removeu todos os caracteres especiais, tais como emojis, pois estes ndo representam
evidéncias sintomadticas da depressdo. Em seguida, duas técnicas de PLN foram utiliza-
das: remocdo de stopwords - palavras que devem ser desconsideradas na andlise pois ndo
apresentam informagdes relevantes para a constru¢cao do modelo que serd analisado, como

por exemplo ~0”, ”e”, ”a”, de”, ’que”’; e stemming para a redugdo das palavras ou termos
ao seu radical.

3.3. Extracao de Caracteristicas

Para identificar a melhor forma de extrair as caracteristicas dos dados textuais da base,
foram realizados testes com duas técnicas: (i) (TF-IDF) e (ii) BoW. A técnica TF-IDF
visa expressar a relevancia de uma palavra em um dado corpus, a qual foi utilizada com
o auxilio da fungdo TfIdfVectorizer do pacote superml’ do R. Ao executar a
vetorizagdo dos 2008 exemplos presentes na base da dados, o processo retornava uma
matriz com mais de 10 mil atributos descritivos (colunas). Para tentar diminuir esta quan-
tidade, foram identificados e removidos todos os atributos correlacionados, em uma por-
centagem igual ou superior a 95%. Mesmo apds realizar esta operagao de redugdo, ainda
ocorria a geracao de um dataset longitudinal, no qual a quantidade de atributos (colunas) é
maior que a quantidade de exemplos (linhas) disponivel na base de dados. Nos primeiros
testes realizados, tais bases longitudinais geravam modelos preditivos com overfiting: eles
prediziam sempre a mesma classe (majoritdria) e erravam a predi¢ao de todas as outras
classes.

Por conta desses resultados uma segunda técnica foi utilizada, o Bag-of-Words
(BoW), que consiste em a frequéncia que cada termo se repete dentro da base de dados.
Usando o BoW a quantidade de atributos descritivos gerados foi de 4650. Apds o proces-
samento principal da técnica, foram removidos os atributos com uma frequéncia menor

Shttps://www.rdocumentation.org/packages/superml/versions/0.4.0
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que 10, reduzindo a quantidade total de atributos descritivos para 340. Tal mudanga foi
muito significativa, pois foi possivel induzir modelos mais precisos, obtendo resultados
superiores em até 50% quando comparado com os resultados obtidos com TF-IDF. Sendo
assim, o BoW foi a técnica newadotada para realizar a extracdo de caracteristicas dos da-
dos textuais.

4. Experimentos iniciais para avaliacao do conjunto de dados

Com a base criada, um experimento pequeno foi realizado no intuito de avaliar a qualidade
do conjunto de dados. O setup experimental definido utilizou apenas o conjunto de trei-
namento descrito nas se¢des anteriores, e quatro diferentes algoritmos de classificagao:
Support Vector Machines (SVMs), Ndive Bayes (NB), Multilayer Perceptron (MLP) e
Random Forest (RF). Os algoritmos foram executados por meio de uma validacdo cruzada
usando 10 parti¢cdes de dados estratificadamente amostrados. Foram criadas mdltiplas ta-
refas preditivas bindrias para cada categoria sintomatica. O desempenho dos modelos
induzidos foi mensurado por meio da AUCS, e realizada uma média para cada um dos
algoritmos. Os resultados gerais sdo apresentados na Tabela 2.

Tabela 2. Valores de AUC obtidos pelos algoritmos avaliados no conjunto de
treinamento gerado pela estratégia

Algoritmo AUC  sd

RF 0.935 0.015
SVM 0.927 0.013
MLP 0.900 0.009

NB 0.725 0.020

Os resultados iniciais obtidos sugerem que a estratégia elaborada é descritiva e
efetiva, pois as caracteristicas textuais extraidas sdo mapeadas corretamente para as cate-
gorias sintomaticas da depressdo. Isso € visivelmente corroborado pelos valores médios
de AUC acima de 0.9, obtidos pelos algoritmos RF, SVM e MLP.

5. Consideracoes finais

Neste trabalho foi desenvolvida a estratégia DP-Symptom-Identifier para coletar e analisar
mensagens compartilhadas em portugués no Twitter a fim de identificar um dos trés tipos
de sintomas da depressdo (Psiquicos, Fisiol6gicos e Comportamentais). A estratégia é
composta por uma aplicacido web que facilita o processo de coleta das postagens do Tivit-
ter e a rotulacdo dos dados, a qual foi realizada com o auxilio de uma psicéloga. Além
disso, foi possivel analisar as postagens com um experimento inicial, e comprovar a efe-
tividade da proposta. Como trabalhos futuros pretense-se: expandir o conjunto de dados,
adicionando mais tweets; rotula-los usando as ferramentas desenvolvidas; e incrementar
os experimentos com os algoritmos preditivos. Deseja-se também expandir a coleta de
dados para outras redes sociais.

°E uma medida de desempenho utilizada em problemas de classificagdo, que representa a medida de
separabilidade, ou seja, mostra até que ponto o modelo avaliado é capaz de separar corretamente as clas-
ses [Flach et al. 2011].
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AVISO: Este documento contém contetido sensivel, com exemplos de
termos e descricao de sintomas de transtornos depressivos.

Abstract. Currently, depression is one of the most worrisome mental health is-
sues. In Brazil, in 2019, 10.2% of the adult population reported having been
diagnosed with depression according to data from the National Health Survey.
Identifying people with a possible depressive profile allows adequate monito-
ring by mental health professionals. In this sense, online social networks such
as Twitter can be important allies. This article presents experiments carried out
for the automatic classification of Twitter posts (not users) containing content
that denotes some symptom of depression. Logistic regression showed the best
results (average F'1 equal to 57%) among the investigated algorithms.

Resumo. A depressdo é uma das questdes de saiide mental mais preocupantes
da atualidade. No Brasil, em 2019, 10,2% da populacdo adulta relatou ter sido
diagnosticada com depressdo segundo dados da Pesquisa Nacional de Saiide.
ldentificar pessoas com perfil possivelmente depressivo permite um acompa-
nhamento adequado por parte dos profissionais de satide mental. Nesse sen-
tido, as redes sociais online, como o Twitter, podem ser importantes aliadas.
Este artigo apresenta experimentos realizados para a classificacdo automdtica
de postagens (e ndo usudrios) do Twitter contendo conteiido que denota algum
sintoma de depressdo. A classificac@o com regressdo logistica apresentou os
melhores resultados (F'1 média de 57%) entre os algoritmos investigados.

1. Introducao

O tratamento de depressdo pode ser considerado uma das mais importantes questdes de
saide mental da atualidade. No Brasil, segundo dados da Pesquisa Nacional de Sadde re-
alizada em 2019, 10,2% dos adultos brasileiros mencionaram terem recebido diagndstico
de depressio por profissional de saide mental'.

A depressdo maior pode ser diagnosticada quando uma pessoa apresenta, por pelo
menos duas semanas, cinco ou mais sintomas, sendo que pelo menos um dos sintomas
€ humor deprimido ou perda de interesse ou prazer; os outros sintomas compreendem:
diminui¢do ou aumento de peso ou apetite; insonia ou hipersonia; agitagdo ou retardo psi-
comotor; fadiga ou perda de energia; sentimentos de inutilidade ou culpa; concentracdo

'Disponivel ~ em: https://www.ibge.gov.br/estatisticas/sociais/saude/
9160-pesquisa—-nacional-de-saude.html?edicao=29270&t=resultados
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diminuida, ou indecisdo e/ou pensamentos recorrentes de morte. Segundo o DSM-5
[American Psychiatric Association et al. 2014], esses sintomas devem causar sofrimento
clinicamente significativo ou prejuizo no funcionamento social, profissional ou em outras
dreas importantes da vida do individuo.

O rastreio de sintomas depressivos e de funcionalidade, podem ser realizados
por instrumentos auto aplicdveis, ajudando a fornecer informagdes sobre o humor e a
funcionalidade do individuo em um recorte de tempo. Para o rastreio de sintomas de-
pressivos sdo usados mecanismos como a escala Beck Depression Inventory 11 (BDI-II)
[BECK et al. 1961] e para a funcionalidade, a Escala de Avaliacdo de Incapacidade da
Organizagio Mundial da Satde 2.0 (WHODAS 2.0)%.

Identificar pessoas com Perfil Possivelmente Depressivo (PPD) possibilita
intervengdes e acompanhamento por profissionais da area da saide e € essencial para o di-
recionamento efetivo de recursos de saiide mental. Nesse sentido, as Redes Sociais Online
(RSO) podem ser importantes aliadas. Estudos como os de [De Choudhury et al. 2013]
apontam que RSO sdo ambientes mais naturais para identificagdo de PPD quando compa-
rados com os instrumentos comumente usados na drea de saude.

Na lingua inglesa, existem diversos exemplos bem-sucedidos de técnicas de Pro-
cessamento de Linguagem Natural (PLN) aplicadas para saide mental, como a previsio
de diagndsticos clinicos de depressdo de usudrios do Facebook através de suas postagens
pré-diagnéstico [Eichstaedt et al. 2018], a detecgdo de ideagdo suicida em postagens no
Reddit [Ji et al. 2018] e Twitter [O’Dea et al. 2015] e a classificagdo de notas de suicidio
genuinas e falsas [Pestian et al. 2012].

No caso da lingua portuguesa, a literatura é consideravelmente mais escassa. Em
[Duque et al. 2018], os autores relatam a classificacdo de sentencas depressivas no Twit-
ter. Em [Santos et al. 2020], descreve-se a construgdo de um corpus que visa apoiar tanto
o reconhecimento das questdes de satide mental em midias sociais online, quanto a analise
temporal dessas doencas, com a apresentacdo de resultados iniciais de classificagdo de
textos abordando ambas as tarefas.

Nesse contexto, este artigo apresenta experimentos realizados para a classificacdo
automatica de postagens (e ndo usudrios) com conteido que denota algum sintoma de de-
pressdo. Para tanto, o corpus de [Santos et al. 2020], que ndo estd anotado com sintomas,
foi anotado via um processo de rotulacido fraca com base em uma versdo traduzida do
1éxico de [ Yazdavar et al. 2017].

As principais contribui¢des deste trabalho sdo: (i) primeiro trabalho de
classificacdo automdtica de sintomas de depressdo no portugués do Brasil, (ii)
versdo em portugués do léxico de [Yazdavar et al. 2017], (iii) versdo do cdrpus de
[Santos et al. 2020] anotada (via rotulacdo fraca) com sintomas de depressio, e (iv) clas-
sificador automatico de sintomas de depressdo com F'1 média de 57%.

2. Trabalhos relacionados

Na literatura foram propostos diferentes métodos em relacio ao escopo, plataformas ana-
lisadas, padrdo-ouro (gold standard), engenharia de features e modelos usados. Em geral,

2Dispom’vel em: https://apps.who.int/iris/bitstream/handle/10665/43974/
9788562599514_por.pdf?sequence=19
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os trabalhos comprovam que € possivel captar informagdes relevantes sobre a saide men-
tal dos usuarios a partir do contetdo textual publicado por eles nas midias sociais.

Em [Mowery et al. 2016], os autores investigaram a prevaléncia dos sintomas as-
sociados ao transtorno depressivo maior ao longo do tempo, nos Estados Unidos, com
base em dados do Twitter. Para tanto, desenvolveram classificadores automadticos para
discernir se um tweet apresenta (ou nio) evidéncia de depressdo com base em diversas
features binarias que indicam a presenca ou auséncia de: (1) n-gramas que representam
termos relacionados a um sintoma, (2) etiquetas de part-of-speech, (3) emoticons que po-
dem expressar visualmente algum sintoma depressivo, (4) idade/género do autor do tweet,
caracteristicas inferidas por meio da frequéncia de termos agregados em um léxico, (5)
grau de subjetividade e polaridade da postagem, (6) tracos de personalidade e (7) outras
caracteristicas extraidas do LIWC. O SVM foi o algoritmo que apresentou o melhor de-
sempenho geral para a classificagdo automdtica com base em F'l, e obteve performance
varidvel na detec¢io de sintomas individuais indo de 35% para a detec¢do do sintoma
“humor deprimido” até 75% no sintoma “fadiga ou perda de energia”.

Em [Ziwei e Chua 2019], utilizou-se uma aplicacdo web para classificacdo de
postagens depressivas publicadas no Twitter, em inglés, por meio da andlise de pa-
lavras potencialmente depressivas, neutras e ndo depressivas presentes nos léxicos de
[Yazdavar et al. 2017]. Esse mesmo recurso (Iéxicos) € utilizado em outros trabalhos,
como [Yadav et al. 2020], onde os autores propuseram uma abordagem para identificar
sintomas depressivos utilizando BERT (Bidirectional Representation from Transformers)
e aprendizado multitarefa (multitask learning). Para tanto, os autores coletaram e anota-
ram um cérpus composto por 12.155 tweets de usuérios depressivos, com 3.738 deles ano-
tados com as 9 classes de sintomas da escala PHQ-9 (Patient Health Questionnaire-9) ob-
tendo uma alta precisdo (96, 91%) na detecgéo de postagens depressivas. A identificagéo
dos sintomas, pelo método proposto, obteve um F'1 médio de 75% superando em pelo
menos 2 pontos percentuais os métodos usados na comparacao.

Em [Santos et al. 2020], os autores reiteram a busca por sinais de problemdticas
relacionadas a satide mental no Brasil. Para tanto, utilizaram um cérpus composto
por postagens de usudrios do Twitter (detalhado na se¢do 3.2) que foram, entdo, divi-
didas em: (i) postagens escritas antes do diagndstico/tratamento e (ii) postagens escri-
tas durante/depois do evento. Os autores utilizaram recursos linguistico-computacionais
(LIWC, word embeddings), TF-IDF e algoritmos de AM (regressdo logistica, MLP). Os
classificadores comparados foram: regressao logistica com TF-IDF, multilayer percep-
tron com média de word embeddings e regressao logistica com frequéncias de categorias
do LIWC. Conclui-se que regressao logistica com TF-IDF supera as alternativas (com
F'1 médio de 69% contra 59% alcancado pelo segundo melhor método, MLP com word
embeddings).

Este artigo apresenta experimentos desenvolvidos com o cérpus de
[Santos et al. 2020] e uma versdo traduzida do Iéxico de [Yazdavar et al. 2017]
para a identificacdo automdtica dos 9 sintomas de depressdo da PHQ-9. Todos esses
recursos usados neste trabalho s@o apresentados na se¢do 3.
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3. Recursos

Esta secdo descreve os recursos utilizados neste trabalho para identificar automaticamente
os 9 sintomas de depressio da PHQ-93 [Spitzer et al. 1999]: (1) falta de interesse, (2) tris-
teza/humor depressivo, (3) desordem de sono, (4) falta de energia, (5) desordem alimentar,
(6) baixa auto-estima, (7) problemas de concentragdo, (8) hiperatividade/baixa atividade
e (9) pensamentos de suicidio.

3.1. Lista semente de [Yazdavar et al. 2017] traduzida para o portugués

Com a ajuda de um profissional de psicologia clinica, em [Yazdavar et al. 2017] foi pro-
duzida uma lista de termos relacionados a cada sintoma de depressio avaliado pelo PHQ-
9. Para tanto, os construtores da lista usaram a ferramenta Big Huge Thesaurus* e o
dicionrio colaborativo de girias Urban Dictionary® para ajudar na busca por sindnimos.
O Iéxico final contém mais de 1.620 entradas em inglés relacionadas a depressao. Além
dos 9 sintomas da PHQ-9, os autores consideraram um décimo em seu 1éxico: (10) medi-
camentos relativos a depressao.

Como parte do presente trabalho, a lista original (em inglés) foi traduzida para
o portugués por dois nativos do portugués, com bons conhecimentos em inglés e com
auxilio do tradutor automético Google Translate®. O processo consistiu na entrada dos
termos e subsequente avaliacdo dos resultados, levando em considerag@o o sintoma asso-
ciado, bem como adequagdo com o vocabuldrio cotidiano. Nos casos em que o tradutor
nao forneceu saida adequada a partir da entrada fora de contexto, buscou-se traduzir uma
sentenga completa na qual a entrada era usada em um contexto relevante ao sintoma’.

Ao final deste processo, um conjunto de 1.213 seeds, em portugués, foi obtido.
Diferengas no nimero de seeds em relagdo ao conjunto original tém duas causas. Pri-
meiro, o conjunto continha expressdes coloquiais (como “blothpick™), que nem sempre
tém traducdes 6bvias para o portugués, foram descartadas. Outro fator para a diferenca de
quantidade é que vdrias entradas diferentes no inglés acabavam tendo a mesma tradugao.
Além disso, boa parte dos termos do 1éxico original t€ém género neutro (como “depres-
sed”), resultando na geracao de mais termos ao traduzir (“deprimido” e “deprimida”, por
exemplo).

A Tabela 1 traz exemplos de palavras e expressdes associados a cada um dos
sintomas, que no léxico original e no traduzido sdo identificados como “sinais” (signals).
3.2. Corpus de [Santos et al. 2020]

Em [Santos et al. 2020], os autores coletaram um cérpus do Twitter que consiste em
usudrios que relataram terem sidos diagnosticados com transtornos de saide mental por
profissionais da sadde, ou que relataram terem iniciado os tratamentos para uma dessas

30 Patient Health Questionnaire (PHQ-9) (https://images.app.goo.gl/
G6VoWfHL2Y4yVvLaA) é um questiondrio de 9 itens usado para diagndstico de depressdo, voltado para
rdpida aplicagdo por clinicos gerais.

“Disponivel em: https://words.bighugelabs.com/

Disponivel em: https://www.urbandictionary.com/

%Disponivel em: https://translate.google.com/

7Por exemplo, o tradutor automdtico gerou a equivalente “blues” para a palavra “bluesy”, mas quando
a mesma palavra foi empregada na sentenca “I’m feeling bluesy” o tradutor foi capaz de gerar a traducao
“Estou me sentindo triste”.
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Tabela 1. Exemplos de entradas no léxico de sintomas traduzido para o por-

tugués
Sinal  Sintoma associado Exemplo n° de termos
1 falta de interesse sem_graca, apatia, tédio 178
2 tristeza/humor depressivo melancdlico, deprimente, abatido 192
3 desordem de sono insOnia, sonolento, sem_dormir 82
4 falta de energia ndo_tenho_forga, preguica, cansado 95
5 desordem alimentar odeio_minhas_coxas, anorexia, barrigudo 146
6 baixa auto-estima nao_merego, desprezivel, eu_me_odeio 112
7 problemas de concentra¢do dispersa, distraido, desorientado 96
8 hiperatividade/baixa atividade  ansiedade, agitado, inquieto 81
9 pensamentos de suicidio me_matar, merece_morrer, Sono_eterno 104
10 medicamentos litio, alprazolam, citalopram 127

condicdes. Para tanto, a coleta se baseou em termos relacionados a saide mental (como
depressao e ansiedade) e ao diagnéstico, tratamento, ou o uso de medicamentos antide-
pressivos.

Em seguida, todas as mensagens coletadas foram manualmente inspecionadas
para filtrar aquelas que pareciam suficientemente genuinas. As 3.200 mensagens mais
recentes dos autores foram, entdo, rotuladas apenas no nivel do usudrio. Para cada autor
selecionado, as mensagens foram examinadas de modo a identificar o momento especifico
em que o diagnéstico ou tratamento foi iniciado, e para destacar o subconjunto de mensa-
gens que foram publicados antes desse evento.

Criou-se também um grupo de controle constituido por usudrios que manifesta-
ram interesse em questdes de saide mental como (i) uma preocupacdo geral (por exem-
plo, promovendo a campanha de prevengdo de suicidio “Setembro Amarelo”), (i) uma
preocupacdo em relagdo a uma pessoa particular que sofria de um problema de satide
mental (por exemplo, um amigo), ou (iii) por ser um estudante de psicologia com um
interesse no tema da depressdo. As mensagens obtidas em resposta a essas consultas fo-
ram inspecionadas manualmente para remover usudrios diagnosticados ou tratados para
problemas de saide mental.

4. Experimentos

Essa secdo descreve as etapas do experimento realizado para classificar automaticamente
os 9 sintomas da PHQ-9 no cérpus de [Santos et al. 2020].

4.1. Rotula¢ao fraca do coérpus

Com o intuito de realizar a identificacdo automdtica de sintomas de depressdo adotou-
se a estratégia de rotulagiio fraca.® Tal estratégia foi adotada porque ndo hd disponivel
livremente um cérpus anotado com tais sintomas para o portugués do Brasil, como havia
no caso de [ Yadav et al. 2020].

Assim, a partir do corpus de [Santos et al. 2020], no qual cada postagem est4 asso-
ciada a uma de duas classes (positiva ou negativa) para o perfil depressivo, uma rotula¢do

8A rotulaciio fraca é uma técnica para rotulagio automdtica de um cérpus a partir de casamento de
padrdo de uma lista de termos com os textos a serem rotulados
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fraca foi aplicada para anotar os sintomas. Neste processo de rotulagdo fraca, os no-
vos rétulos de uma dada postagem sdo atribuidos com base em dois fatores: (i) a classe
atribuida para a tarefa de deteccdo de depressdo, e (ii) a presenca de palavras-chave asso-
ciadas a um dado sintoma. Assim, apenas as postagens rotuladas como positivas (PPD)
no corpus de [Santos et al. 2020] foram processadas para associar, via rotulacdo fraca,
a(s) classe(s) do(s) sintoma(s) que contém. A Tabela 2 traz as quantidades de instancias
para cada sintoma.

Tabela 2. Quantidade de instancias para cada sintoma

Sintoma # instancias
1 - falta de interesse 5.052

2 - tristeza/humor depressivo 17.218

3 - desordem de sono 1.400

4 - falta de energia 4.854

5 - desordem alimentar 1.616

6 - baixa auto-estima 7.380

7 - problemas de concentragdo 2.162

8 - hiperatividade/baixa atividade 4.146

9 - pensamentos de suicidio 10.190

4.2. Pré-processamento do corpus

Tratando-se de textos produzidos para midias sociais, as postagens apresentam muitas
abreviagoes, erros ortograficos, links e artefatos tipicos de uma dada plataforma (por
exemplo, mengdes no formato “@username’” no Twitter). Estas caracteristicas constituem
ruido e afetam negativamente a extracdo de features e posterior treinamento de modelos.
Portanto, foi usada a ferramenta Enelvo [Bertaglia e Nunes 2016] para a normalizagdo
de abreviacdes (por exemplo, “vc” € normalizado para “voc€”), erros ortograficos e
identificacdo de ruidos (por exemplo, urls sdo todas normalizadas para a forma “url”),
que foram subsequentemente removidos.

4.3. Extracao de features

As seguintes features foram utilizadas pelos algoritmos de aprendizado de maquina:

LIWC - Utilizando o LIWC para o portugués’, foi feita a contagem do nimero de ter-
mos, em cada postagem, que pertenciam as seguintes categorias: family, anx,
sad, ingest, work, money, death, friend, health. Dessa forma, visou-se capturar
informacdo a respeito de fatores sociais, econdmicos e outros relacionados a sinto-
mas como alimentag@o. Ao final deste processo, nove features bindrias indicando
presencga (1) ou auséncia (0) de termos em cada categoria foram geradas.

TF-IDF - Foi feita a extracdo da frequéncia de cada termo, em cada postagem, com
contra-peso de acordo com a frequéncia de postagens como um todo (TF-IDF),
com o intuito de capturar a temética e caracteristicas de uma dada postagem que
a diferencia das demais. Um vetor numérico contendo os valores de TF-IDF foi
gerado neste processo.

Disponivel em: http://143.107.183.175:21380/portlex/index.php/pt/
projetos/liwc
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Polaridade — Neste trabalho, realizou-se o ajuste fino do modelo BERTimbau
[Souza et al. 2020] com o coérpus TweetsentBR [Brum e Nunes 2018], tendo
como resultado um classificador de polaridade que atingiu 67% de precisdo no
treinamento. Este modelo foi, entdo, usado para determinar a polaridade de uma
postagem como a polaridade majoritdria das sentencas que a compdem.'® Uma
feature categoérica (-1 para negativa, 0 para neutra e 1 para positiva) foi gerada
neste processo.

Embeddings — Utilizando as NILC-embeddings'!, modelo CBOW de dimensdo 100,
foram calculados os vetores para cada palavra em uma dada postagem. A
representacio da postagem foi gerada como a média dos vetores de palavra. Além
das embeddings pré-treinadas, foram usadas também embeddings treinadas a par-
tir do cérpus (por meio da biblioteca gensim!?), com peso determinado pelo
valor TF-IDF de cada palavra aplicado ao vetor da mesma. Assim, ao final deste
processo, duas representacdes para a postagem foram usadas como features: uma
baseada nas NILC-embeddings e outra baseada nas embeddings treinadas para o
corpus deste trabalho.

As features extraidas foram, entdo, usadas pelos algoritmos SVM, regressao
logistica e MLP. O treinamento dos modelos foi realizado via scikit-learn'®. Foi
feita redug¢@o de dimensionalidade das features por meio de PCA, seguindo o seguinte
critério: dos 50 componentes extraidos, foram incluidos todos aqueles que explicassem
cumulativamente 90% de variincia, sendo o restante descartados. Foi feita amostragem
do cérpus de forma que os conjuntos de treino e teste fossem balanceados.

5. Resultados

A Tabela 3 resume as configuracdes de melhor resultado, em termos de F'1, para cada
sintoma. Esses valores foram obtidos considerando-se a validag@o cruzada (5-fold) no
treinamento dos modelos a partir do conjuntos de instancias (Tabela 2) para cada sintoma,
com diferentes combinacgdes de features. Estas configuracdes estdo listadas na tabela no
formato: Algoritmo usado + combinagdo de features entre parénteses (e.g: LogReg(TF-
IDF + LIWC).

A regressao logistica (LogReg) foi o algoritmo de melhor desempenho na
classificagdo de 6 das 9 classes de sintomas. As features TF-IDF e LIWC se destaca-
ram, enquanto o impacto da polaridade do texto na performance é inconclusivo (como
pode-se observar na Tabela 3). A comparagdo direta com os trabalhos relacionados ndo
¢ indicada neste caso, uma vez que idioma e modo de anota¢do (rotulagdo fraca) adota-
dos aqui diferem dos trabalhos da literatura. Contudo, vale mencionar que este trabalho
estende [Santos et al. 2020] e corrobora sua constatacdo de que regressdo logistica com
TF-IDF tem bom desempenho na andlise de postagens com PPD.

E importante ressaltar que a estratégia de rotulagcdo fraca apresenta limitagdes.
Apesar de ela se basear na presenca de diagndstico prévio e na ocorréncia de palavras e
expressdes associadas aos sintomas, ndo € possivel garantir que a postagem em questdo

19Em caso de empate, adotou-se a polaridade neutra.

Disponivel em: http://www.nilc.icmc.usp.br/embeddings
"?Disponivel em: https://radimrehurek.com/gensim/
BDisponivel em: https://scikit-learn.org/
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Tabela 3. Melhores resultados de F'1 para cada sintoma

Sintoma Melhor valor de F'1 | Configuracao do melhor resultado

1 - falta de interesse 54,66% LogReg (TF-IDF + LIWC + polaridade)
2 - tristeza/humor depressivo 56,09% LogReg (TF-IDF + LIWC + polaridade)
3 - desordem de sono 56,47% SVC (embeddings com peso)

4 - falta de energia 58,59% LogReg (TF-IDF + LIWC)

5 - desordem alimentar 60,22% LogReg (TF-IDF + LIWC + polaridade)
6 - baixa auto-estima 55,35% SVC (embeddings com peso)

7 - problemas de concentragio 55,83% LogReg (TF-IDF + LIWC + polaridade)
8 - hiperatividade/baixa atividade 58,11% SVC (embeddings com peso)

9 - pensamentos de suicidio 57,66% LogReg (TF-IDF + LIWC)

Média 56,99% -

relata mesmo o sintoma. A rotulacdo fraca é especialmente prejudicada pela presenca de
ambiguidade e pela subjetividade da tarefa, uma vez que nem toda postagem produzida
por uma pessoa deprimida necessariamente evidencia sintoma de depressao.

Nesse interim, observa-se a incidéncia de falsos positivos e falsos negativos. Por
exemplo, analisando as anotagdes feitas para o sintoma “desordem de sono” pelo SVC
(embeddings com peso), as postagens classificadas que continham os termos “cansada”,
“preguica” e “cansago” apresentaram maiores ocorréncias de falsos positivos.

6. Conclusoes e Trabalhos futuros

Como discutido na secdo 5, a rotulag@o fraca apresenta limitacdes especialmente no con-
texto de tarefas como a investigada neste artigo, na qual o contetido deve ser avaliado
considerando critérios subjetivos e instrumentos da saide mental. Assim sendo, um dos
trabalhos futuros serd realizar a anotagdo do cdrpus com o auxilio de especialistas em
saide mental, uma vez que esta parece ser a melhor estratégia dadas as caracteristicas da
tarefa proposta. Também como trabalho futuro, pretende-se submeter a lista semente tra-
duzida para a revisdo por especialistas em satide mental e linguistica, de forma a validar
o recurso para a lingua portuguesa, garantindo maior qualidade de tradugao.

Mesmo com as presentes limita¢des, os experimentos conduzidos produziram mo-
delos capazes de classificar sintomas com F'1 entre 55% e 60%, indicando a viabilidade
da tarefa. Trabalhos futuros buscardo investigar novos conjuntos de features e técnicas
de classificacdo, como a utilizagdo de modelos pré-treinados baseados em transformers
[Yadav et al. 2020].

Todos os recursos e cédigos produzidos nesta pesquisa estdo disponiveis em
https://github.com/LALIC-UFSCar/Amive-PLN
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Abstract. The damage caused by false or misleading news has increased due to
the ease with which information is disseminated on social networks. During the
Covid-19 pandemic, which began in 2020, such news could generate panic in the
population and erroneously instruct people about the prevention of the disease.
The present work introduces a new corpus from Twitter posts in the Portuguese
language about misinformation from Covid-19'. In addition to the new corpus,
the work evaluates different approaches to textual representations and learning
algorithms models in the task of detecting misinformative messages. The best
result obtained achieved an FIl-score of 89% in the SVM classification model
with the TF-IDF textual representation.

Keywords: Natural Language Processing, misinformation, Covid-19.

Resumo. Os danos causados por noticias falsas ou enganosas tém se potenci-
alizado gracas a facilidade com que as informagdes sdo disseminadas em redes
sociais. Durante a pandemia do Covid-19, iniciada em 2020, tais noticias foram
capazes de gerar pdnico na populagdo, além de instruir erroneamente as pes-
soas sobre a prevengdo da doenca. O presente trabalho introduz um novo corpus
a partir de postagens no Twitter na lingua portuguesa com desinformagoes so-
bre a Covid-19'. Além do novo corpus, o trabalho avalia diferentes abordagens
de representagdes textuais e algoritmos de aprendizagem na tarefa de detecgdo
de mensagens contendo desinformacdo. O melhor resultado obtido alcangou
Fl-score de 89% no modelo de classificacdo SVM com a representacdo textual
TF-IDFE.

Palavras Chaves: Processamento de Linguagem Natural, Desinformagdo,
Covid-19.

1. Introducao

Um estudo publicado em parceria entre We are social® e Hootsuite®, relatou que em ja-
neiro de 2021 existiam 4,2 bilhdes de usudrios de redes sociais pelo mundo. Esse nimero
equivale a um crescimento de mais de 13% em relagdo ao ano de 2020 e a expectativa
€ que esse aumento continue nos proximos anos [Kemp 2021]. Por consequéncia, mais
pessoas e empresas consomem e expdem informagdes nas redes sociais. Contudo, essa
liberdade acaba permitindo que ocorra uma grande disseminacdo de informagoes falsas,
comumente chamadas de desinformacdo ou fake news.

Disponivel em https://github.com/aliceximenes/fake-news—covid-19.
2https://wearesocial.com
3https://www.hootsuite.com
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De acordo com [Lazeretal. 2018], fake news podem ser definidas como
informagdes fabricadas que imitam o contetido da midia de noticias na forma, mas nao no
processo organizacional ou na inten¢@o. A intencdo, por vezes, ¢ manipular a populacdo
em diversos contextos. Podemos citar como exemplo de manipulagdo no contexto politico
a interferéncia causada pela Cambridge Analytica/Facebook nas elei¢des presidenciais
dos Estados Unidos em 2016 [Confessore 2018].

Com o advento da pandemia da Covid-19, ocorreu o desencadeamento de uma
série de informacdes falsas, atingindo a populacdo como um todo. Por exemplo, algu-
mas desinformacdes buscam enganar a populacdo indicando meios para prevenir e/ou
curar a doenga, colocando em risco a sociedade por se tratarem de métodos sem nenhuma
comprovacao cientifica.

Visando auxiliar a identificacdo de desinformacdes dessa natureza que possam
causar maleficios a sociedade, este trabalho propde a criacdo de um corpus em lingua por-
tuguesa sobre a Covid-19. Diversas abordagens de classificacdo serdo avaliadas, incluindo
diferentes técnicas de representaciio textual e algoritmos de aprendizagem de mdquina,
proporcionando modelos de referéncia para a tarefa de detec¢do de desinformacdo. O
novo corpus, coletado da rede social Twitter*, contém postagens com desinformacio e
nao desinformacgdo de cinco tépicos amplamente noticiados sobre o novo Coronavirus,
causador da Covid-19.

O presente artigo € organizado da seguinte forma: na préxima secdo, € feito um
breve resumo dos trabalhos relacionados; na Secdo 3 relata-se detalhadamente a meto-
dologia usada para a construcdo do corpus, pré-processamento dos dados e modelagem
da solucgdo; na Se¢do 4 ¢ feita a explicacdo de como os experimentos foram realizados e
os resultados obtidos s@o discutidos; por fim na Secdo 5, os resultados encontrados sdo
discutidos e dire¢Oes para investigacdes futuras sdo apontadas.

2. Trabalhos relacionados

Em [Monteiro et al. 2018], foi proposto o primeiro corpus na lingua portuguesa com a
finalidade de detectar noticias falsas. O objetivo do trabalho foi criar o corpus, Fake.Br,
com 3100 noticias verdadeiras e 3100 noticias falsas. As noticias foram coletadas em
sites e blogs, sendo as classificadas como verdadeiras extraidas de grandes veiculos de
noticias, como G1, Folha de Sdo Paulo e Estaddo. Em um trabalho posterior, diversas
representacdes textuais e modelos de aprendizagem de maquina foram explorados e ava-
liados no mesmo corpus [Silva et al. 2020].

A criagdo do Fake.Br abriu caminho para multiplas pesquisas cientificas e para a
construcdo de novos corpora sobre desinformacgdo em lingua portuguesa. Muitas dessas
focam na coleta e experimentacdo de dados extraidos de aplicativos de mensagens e de
redes sociais. Em [Cabral et al. 2021] ¢ feita a criagdo do corpus FakeWhastApp.BR a
partir de dados coletados em grupos publicos de conversas no aplicativo WhatsApp>. Em
relacdo a redes sociais, uma amplamente usada e foco de pesquisas atuais é o Twitter.

Com uma projecdo para o ano de 2021 de 322.4 milhdes de usudrios
[Newberry 2021], o Twitter vem sendo alvo de diversas pesquisas académicas. Em

“https://twitter.com
Shttps://www.whatsapp.com/
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[Cordeiro and Pinheiro 2019] € feita a construcao do corpus intitulado FakeTweet.Br com
dados coletados do Twitter em portugués. Por se tratar de postagens que possuem limite
de tamanho (280 caracteres), o corpus FakeTweet.Br proporciona experimentos em textos
com formatos diferentes dos encontrados em blogs, sites e aplicativos de mensagens.

Na lingua inglesa, em [Buntain and Golbeck 2017], foi construido um sistema
automatizado para detectar desinformacdes em tépicos populares do Twitter. Foram
utilizados dois conjuntos de dados para o aprendizado: CHEDBANK, introduzido por
[Mitra and Gilbert 2015], constituindo-se de uma base de dados crowdsourced em que os
tépicos contidos nos tweets estdao identificados; e PHENE, um conjunto de dados de ru-
mores em potencial do Twitter [Zubiaga et al. 2016]. Por fim, o método desenvolvido foi
aplicado a uma base de dados de noticias falsas.

O uso de mecanismos de identificagdo de desinformagdes nos dados do Twitter
também foi utilizado por [Zervopoulos et al. 2020] nos protestos politicos ocorridos em
Hong Kong. Foi utilizado um conjunto inicial de postagens falsas em inglés e chinés,
sendo este dltimo traduzido para o inglés na sequéncia.

Uma visdo geral dos trabalhos citados estd apresentada na Tabela 1. Nela, sdo
indicados o titulo e ano dos artigos, o idioma do corpus, a fonte de dados usada para
sua construgdo e a informagdo se o rétulo do corpus foi construido de forma manual,
semi-automatico ou automaético.

Até o conhecimento dos autores, ndo existia um corpus publico em portugués
obtido através de dados do Twitter com desinformagdes sobre a Covid-19. Diante disso,
o presente trabalho, tem o intuito de construir um corpus com essas especificagdes, além
de realizar experimentos e comparar os seus resultados.

Tabela 1. Resumo dos trabalhos relacionados.
Titulo Idioma Fonte Roétulo Ano

Automatically identifying fake new- | Inglés Sites e Semi- 2017

. . Twitter  automatico
sin popular twitter threads

Blogs e Semi-

. o 2018
sites automatico

Contributions to the study of fake | Portugués
news in portuguese: New corpus
and automatic detection results

Um corpus de noticias falsas do | Portugués  Twitter Manual 2019
twitter e verificacdo automadtica de

rumores em lingua portuguesa.

Blogs e Semi-

. o 2020
sites automatico

Towards automatically filtering | Portugués
fake news in portuguese
Hong Kong Protests: Using Natu- Inglés Twitter ~ Automdtico 2020
ral Language Processing for Fake
News Detection on Twitter
FakeWhastApp.BR: NLP and Ma- | Portugués WhatsApp Manual 2021
chine Learning Techniques for Mi-
sinformation Detection in Brazilian
Portuguese WhatsApp Messages
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3. Metodologia

Este trabalho propde a criacdo de um novo corpus contendo postagens do Twitter sobre
determinados tépicos falsos da Covid-19. A Figura 1 retrata as etapas realizados no fluxo
de construcdo do novo corpus. Essas etapas serdo detalhadas na sub-secao seguinte.

Em adi¢@o ao novo corpus, foi realizado um extenso trabalho de experimentagao
de técnicas textuais e modelos de classificacdo para encontrar a abordagem mais assertiva

na classificag@o de tweets entre desinformagdo e nao desinformagao.
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Figura 1. Fluxo de criagao do corpus.

3.1. Construcao do Corpus

Em meados de 2008 foi criado o primeiro corpus sobre desinformacdes na lingua por-
tuguesa [Monteiro et al. 2018] e como, até o conhecimento dos autores, ndo existia
um corpus publico em portugués, rotulado e proveniente do Twitter com dados de

desinformacdes sobre a Covid-19. Foi necessario construir um novo corpus para a
realizacdo de um estudo sobre o tema.

Inicialmente, foram escolhidos tépicos falsos amplamente divulgados como
métodos de tratamento e/ou prevencdo eficazes contra a doenca. Os tépicos estio re-

lacionados na Tabela 2 e foram retirados do site do Governo Federal Brasileiro® criado
para combate das desinformagdes sobre a Covid-19.

Tabela 2. Tépicos com desinformacoes usadas para coleta no Twitter.
Tépicos

Cha de limao com bicarbonato quente cura coronavirus

Beber muita dgua e fazer gargarejo com dgua morna, sal e vinagre previne coronavirus
Vitamina C + zinco e o novo coronavirus

Ivermectina tem eficdcia comprovada contra a Covid
Beber agua quente mata o coronavirus

AW

Shttps://antigo.saude.gov.br/fakenews/
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Ap6s a escolha dos topicos, seguiu-se para a etapa de web crawler dos tweets. O
processo foi realizado filtrando os tweets com as palavras chaves dos tépicos da Tabela 2
e palavras relacionadas ao novo Coronavirus. A coleta ocorreu entre fevereiro e setembro
de 2020.

Posteriormente, o processo de rotulacdo foi iniciado. Foi realizada a leitura de
cada tweet coletado e atribuido o rétulo de desinformagdo ou ndo. Para os casos que ndo
se enquadravam nessas categorias, por exemplo por terem um viés de sarcasmo ou ndo
serem relacionados ao assunto, o tweet ndo foi adicionado ao corpus. Também foram
observados diversos tweets repetidos, os quais nao foram considerados. Por fim, o corpus
construido possui 730 tweets, sendo 456 rotulados como desinformacao e 274 como ndo
desinformacdo. A Tabela 3 apresenta alguns exemplos.

Tabela 3. Amostra do corpus criado.

Tweets Classificacao

O coronavirus pode ser curado se vocé fizer gargarejo com bicar- Desinformagdo
bonato de sédio e limao.

Receita com limao e bicarbonato, além de néo evitar mortes por Nao desinformacio
coronavirus, pode ser prejudicial a saide.

3.2. Pré-processamento dos Dados

Com a construcdo do corpus, a etapa seguinte foi de tratamento e limpeza dos dados. As
bibliotecas NLTK’ e Regex® do Python foram utilizadas nessa etapa. O primeiro passo
foi colocar todos os tweets em letras minusculas. Além disso, foram retirados os acentos,
pontuagdes, nimeros, palavras de parada (stopwords) e eventuais links que direcionavam
para outros sites. Em seguida, foi realizado o processo de tokenizacdo, que consiste em
dividir os textos em segmentos demarcados de caracteres, chamados tokens.

Por fim, experimentamos algumas técnicas de codificacdo textual amplamente
usadas na literatura. Foram testadas as seguintes técnicas: o tradicional método de Bag of
Words (BoW) e Frequéncia do Termo — Frequéncia Inversa dos Documentos (TFIDF); e
o método de representacio textual Word2Vec [Mikolov et al. 2013].

As codificacdes BoW e TFIDF padrdo tratam cada palavra de forma individual,
descartando inteiramente a ordem de aparecimento no texto. A técnica ngram permite pre-
servar algumas dessas informacdes. Essa abordagem permite considerar uma sequéncia
de palavras adjacentes como um unico termo. Com isso, a sequéncia pode ser composta
por uma palavra (forma padrdo do BoW e TFIDF) ou ngramas, em que n é a quantidade
de palavras adjacentes.

Dessa forma, para as representacdes BoW e TFIDF foram testados diferentes
valores para o hiperparametro ngram_range (1gram, 2gram ou 3gram) e foi definido
a remogdo de termos com uma frequéncia menor ou igual a 1% nos tweets coletados.
Na representacio Word2Vec, usou-se os vetores de palavras pré-treinados propostos em
[Hartmann et al. 2017]. Os modelos utilizados para gerar esses vetores foram treinados

https://www.nltk.org/
8https://pypi.org/project/regex/
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com documentos da lingua portuguesa de 17 conjuntos de dados de diferentes dominios,
totalizando 1.395.926.282 fokens. Foram considerados vetores com 300 dimensdes trei-
nados com a abordagem Skip-Gram, pois foi a abordagem com o melhor resultado expe-
rimental obtido da técnica.

3.3. Modelos de Aprendizagem de Maquina e Métricas de Avaliacio

Tendo finalizado o pré-processamento dos dados, iniciou-se o preparo do corpus para a
etapa de aprendizagem. Para tanto, dividiu-se a base de dados aleatoriamente em 70%
para treino e 30% para teste. A ultima parcela foi usada exclusivamente para avaliar a
capacidade de generalizacdo dos algoritmos de aprendizagem.

Os modelos de classificacdo bindria comparados foram: LightGBM (LGBM),
Miquina de Vetores de Suporte (Support Vector Machines, SVM), Random Forest (RF),
Naive Bayes (NB), AdaBoost (AB) e Regressdao Logistica. Para o LGBM, foi usada a
implementagdo original®, para os demais modelos foram usadas as implementagdes da
biblioteca scikit-learn [Pedregosa et al. 2011]'°.

Para cada modelo de aprendizagem avaliado foi realizado um processo de esco-
lha dos melhores hiperparametros usando o método de pesquisa em grade (grid search),
implementado na biblioteca scikit-learn. Para validar o resultado do modelo em cada
combinag@o de hiperparametros foi realizado, na base de treino, o calculo da métrica
F1-score e 0 método de validag@o cruzada em k-folds, sendo k = 5.

As métricas consideradas para a avaliagdo final dos classificadores, nos da-
dos reservados para teste, foram as seguintes: acurdcia, indica a performance geral
do modelo, ou seja, a fragdo de quantos tweets com desinformagdo foram preditos
como desinformacgdo; precisdo, a fracdo dentre todas as classificagdes de tweets em
desinformacao pelo modelo, quantas estdo corretas; revocagdo, dentre todos os casos de
tweets com desinformacdo qual a fracdo de acerto; Fl-score ¢ a média harmdnica entre
precisdo e revocacgdo; e a drea sob a curva ROC, indica a capacidade discriminativa do
modelo, isto é, a capacidade de classificar corretamente tweets em desinformagao e ndo
desinformacao.

4. Experimentos e Discussao de Resultados

Considerando-se a parcela de dados reservada para treinamento (70% do corpus), a etapa
de grid search para a escolha da melhor combinacdo de hiperparametros dos modelos
envolveu também a avaliag@o de diferentes pipelines de processamento do corpus. As pi-
pelines consideradas testaram as codificagdes BoW e TFIDF com diferentes valores para
o hiperparametro ngram, além de avaliar a representagdo textual Word2Vec. A Tabela 4,
apresenta os hiperpardmetros testados em cada modelo. Ressalta-se que os cédigos dos
experimentos e o corpus construido estdo disponiveis em repositério publico.

Os resultados obtidos com as representagdbes BoW e TFIDF aplicadas na base
de teste, estdo apresentados na Tabela 5. Destaca-se que os modelos obtidos proporcio-
nam solugdes de referéncia para pesquisas futuras. Nota-se que em todos os modelos as
métricas foram, em sua maioria, acima de 80%, indicando bons resultados de detec¢o.

“https://lightgbm.readthedocs.io/
1Ohttps://scikit-learn.org/
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Tabela 4. Hiperparametros testados em cada modelo.
Modelos | Hiperparametros
LGBM | Numero méaximo de folhas em uma arvore e regularizacdo L1 e L2
SVM | Fungao de kernel e gamma dependendo da fun¢do de kernel
Random Forest | Nimero de estimadores e indice de pureza
Naive Bayes | Parametro de suavizagao aditivo
AdaBoost | Numero de estimadores, taxa de aprendizagem e algoritmo utilizado
Reg. Logistica | Tipo de penalizagdo e o algoritmo utilizado

Tabela 5. Melhores resultados de cada modelo (BoW e TF-IDF).
Modelo Acuracia Precisio Revocacao F1-Score

LGBM Classifier 0,78 0,80 0,83 0,82
SVM 0,85 0,82 0,97 0,89

Random Forest 0,84 0,83 0,91 0,87
Naive Bayes 0,79 0,87 0,77 0,81
AdaBoost 0,84 0,86 0,89 0,87

Reg. Logistica 0,82 0,79 0,95 0,86

Na Figura 2, temos a curva ROC e a drea sob a curva ROC (AUC, area under the
curve) indicando bons resultados em todos os modelos, em especial o Maquina de Vetores
de Suporte (SVM). A métrica usada para escolher o melhor modelo foi o F1-score. Logo,
o melhor modelo obtido nesse experimento foi o Maquina de Vetores de Suporte com
89% de Fl-score. Para esse modelo, a melhor pipeline e conjunto de hiperpardmetros
encontrados foi utilizando a codificacdo TF-IDF, /gram, usando a funcao de kernel RBF
e 0 gamma scale.

Curva ROC

=
©

o
o

e
<

o
o

o
IS

—— LGBMClassifier, AUC=0.876
SVM, AUC=0.911
RandomForest, AUC=0.901
NaiveBayes, AUC=0.881
AdaBoost, AUC=0.901
Logistic, AUC=0.898

o
w

Taxa de Verdadeiro Positivo
o o
S &

o
-

=]
°©

0.0 01 0.2 03 0.‘4 0.5 0.6 0.7 0.‘8 0.9 1"0
Taxa de Falso Positivo

Figura 2. Curva ROC dos experimentos com BoW e TFIDF.

Na Tabela 6 e Figura 3 estdo os resultados dos experimentos com a técnica
Word2Vec. O desempenho foi abaixo do encontrado na abordagem anterior. O comporta-
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mento médio das métricas foi em torno de 70% e ndo houve um modelo que se sobressaiu
aos demais. Entretanto, entre todos os modelos, o LGBM e o SVM foram os que obtive-
ram maior Fl-score, cerca de 76%. O LGBM obteve o melhor desempenho, com 76, 8%
de Fl-score. Para esse modelo, o conjunto de hiperparametros escolhido foi o valor 5
para o nimero maximo de folhas, a regulariza¢do L1 com termo 0,1 e sem regularizacdo
L2 (termo igual a 0).

Tabela 6. Melhores resultados de cada modelo com Word2Vec.
Modelo Acuracia Precisio Revocacao F1-Score

LGBMClassifier 0,69 0,70 0,84 0,76

SVM 0,61 0,61 1,00 0,75

RandomForest 0,66 0,66 0,88 0,76

AdaBoost 0,67 0,69 0,81 0,75

Reg. Logistica 0,62 0,62 0,92 0,74
Curva ROC
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Figura 3. Curva ROC dos experimentos com Word2Vec.

5. Conclusao

O presente trabalho propds a constru¢do de um corpus coletado do Twitter com
desinformacdes relacionadas a Covid-19. O novo corpus foi usado em experimentos que
avaliaram diferentes representacdes textuais e modelos de aprendizagem de maquina para
classificar tweets em desinformacdo ou ndo desinformag@o. Os resultados indicaram o
modelo SVM com representacdo textual TFIDF como a melhor abordagem, com F1-score
de 89% usando Igram e fungéo de kernel RBF.

Trabalhos futuros envolvem a andlise de erros dos classificadores. Identificando se
os modelos erram ou ndo 0s mesmos tweets, se os tweets mais dificeis de classificar cor-
retamente possuem pontos em comum, se um modelo de ensemble com os classificadores
que cometem erros distintos resulta em um melhor resultado. Outra vertente consiste em
investigar questdes éticas relacionadas a eventuais vieses na classificagao.
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Abstract. Automatic text summarization aims at condensing the contents of a
text into a simple and descriptive summary. Summarization techniques drasti-
cally benefited from the recent advances in Deep Learning. Nevertheless, these
techniques are still unable to properly deal with long texts. In this work, we
investigate whether the combination of summaries extracted from multiple sec-
tions of long scientific texts may enhance the quality of the summary for the
whole document. We conduct experiments on a real world corpus to assess the
effectiveness of our proposal. The results show that our multi-section proposal
is as good as summaries generated using the entire text as input and twice as
good as single section.

1. Introduction

In this work we propose an alternate approach for summarizing long scientific texts. We
investigate whether the combination of summaries extracted from multiple sections may
enhance the quality of the summary for the whole document. This could be of particular
interest for summarization methods that are unable to deal with long texts due to size
restrictions, particularly those with high computing demands.

Automatic text summarization aims at facilitating access to information. The ob-
jective of this technique is to condense the information in a text into a simple and descrip-
tive summary, which gives the reader a general idea of the text without having to read its
entire content. Text summarization techniques can be divided into two groups: extractive;
and abstractive. Extractive Text Summarization (ETS) techniques assign a score to each
sentence of the text and select n sentences with the highest score to compose the sum-
mary. Abstractive Text Summarization (ATS) techniques are trained to generate a natural
language summary using an internal representation of the text. Because they have a large
dictionary, these techniques do not necessarily create summaries with the same words as
the text. This makes the summarization process more similar to humans’. For a long time,
ETS techniques used simpler models of unsupervised learning and ATS techniques were
little explored compared to ETS. In recent years, ETS and ATS techniques have had great
improvements due to the use of Deep Learning (DL) models.

Most of recent works explore text summarization in news corpora such as CNN-
Daily/Mail, DUC Corpus and Gigaword. These corpora are mostly comprised of short
texts with approximately 650 words [Nallapati et al., 2016]. In short texts, DL models are
easily applicable and perform well compared to unsupervised techniques. However, DL
models present some challenges regarding their training, such as the difficulty of working
with long texts, due to the high computational cost [Ding et al., 2020]. Solutions to this
problem are to use sliding windows, simplify the architecture, or set a maximum number
of words that will be used as input. There are different negative implications attached to
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using each of these strategies. One of them is the loss of important information. In the
task of scientific text summarization, for example, the abstracts of the articles, which are
used as ground-truth, are created by experts, and follow a standardized structure, in which
there is a contextualization, the problem, the solution and the evaluation of results. This
content is commonly distributed in different sections of the text. So not considering all
the information in the text reduces the solution space, resulting in a loss of performance.
We compare five ETS algorithms in a long text dataset', composed of scientific articles,
published by the Plos One journal. Our main contributions are:

* Assessing the performance of ETS methods on a long text corpus;

» Exploring the segmentation of scientific articles considering the structural pattern
of scientific abstracts;

 Evaluating the contribution of the sections in the generation of summaries;

* Evaluating the impact of combining multi-section summaries on the final perfor-
mance of algorithms;

* Validating the results using the set of metrics Recall-Oriented Understudy for Gist-
ing Evaluation? (ROUGE) [Lin, 2004].

The remaining of this manuscript is organized as follows. In Section 2 we present
a perspective of how the summarization task has been explored. Then, in Section 3 we de-
scribe the algorithms used in this work. Sections 4 and 5 contain the proposed approach
with a description of the corpus and the methodological steps and results obtained, re-
spectively. Finally, we conclude the manuscript presenting our final remarks and future
works in Section 6.

2. Related Works

ETS techniques are more suitable to particular tasks than ATS techniques. For instance,
in situations where it is mandatory to have full control of the content present in the sum-
maries, like in the summarization of scientific and legal documents, ETS is more apropri-
ate since changing or introducing more sentences to the summary may alter the document
meaning. We discuss in this section some recent works in the area of ETS. These works
were chosen in order to present a perspective of how the ETS task is currently being
explored.

Gidiotis and Tsoumakas [2020] proposed in their work a divide-and-conquer ap-
proach for long text summarization. The proposed approach uses discourse structure and
sentence similarity to create a dataset composed of pairs of short texts and their sum-
maries. The aim of the authors is to reduce the complexity of the problem, consequently,
reducing the computational cost. The proposed method was tested on different summa-
rization algorithms, including SumBasic [Vanderwende et al., 2007], LexRank [Erkan
and Radev, 2004], and PEGASUS [Zhang et al., 2020]. According to the authors, the best
models obtained presented results that were competitive with the state-of-the-art (SOTA).
Dong et al. [2021] proposes an unsupervised ETS model for long scientific texts based
on graphs. Their approach works on a hierarchical graph representing the document.
The hierarchy has two levels of connection, intra-section and inter-section. The similar-
ity between sentences is calculated using the cosine-similarity and the importance of each

'Code and dataset available at: https://github.com/CinthiaS/long_text_summarization
2 Available at: https://github.com/chakki-works/sumeval
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sentence is the sum of the intra and inter-section importance. The intra-section is the com-
parison of sentences within the same section. The inter-section is obtained by comparing
the sentences of a section with those of other topics/sections of the document. The sum-
maries are created by extracting the sentences with the highest score. The experiments
were conducted using PubMed and ArXiv datasets. The results were compared with su-
pervised and unsupervised models, in addition to the baseline lead, which selects the first
k tokens as the summary, and an Oracle. To validate the results, the metrics ROUGE-1,
ROUGE-2, ROUGE-L and the human evaluation were used. The results obtained were
better than all the compared algorithms.

Among the works studied, only Gidiotis and Tsoumakas [2020] explores text seg-
mentation as a strategy for long text summarization. The results obtained by the authors
show that the summarization of sections of the text, individually, and the creation of sum-
maries as the composition of these summaries is an efficient strategy for long text sum-
marization. Differently from the proposal of this work, Gidiotis and Tsoumakas [2020]
propose an agnostic strategy to the knowledge domain of the text. However, we believe
that performing a segmentation considering the abstract structure of articles can achieve
better results. Furthermore, based on the works of Xu et al. [2019], Zhong et al. [2020],
Xiao et al. [2020], and Zhang et al. [2020], which are important references in the field, it
is possible to see that these, in general, focus on news corpora, which are characterized
by short text and summaries. Thus, there is a need to explore strategies that can allow the
use of reference models in the area in this scenario.

3. Extractive Summarization Algorithms

In this work, five ETS algorithms are tested: SumBasic; LexRank; TextRank; and two
models based on Bidirectional Encoder Representations from Transformers (BERT).
SumBasic was selected as the baseline method for comparison. LexRank and TextRank
are graph-based algorithms that stand out for having a simple approach with competitive
results. The last two algorithms are approaches that use latest SOTA natural language
processing components, which are language models created with the BERT architecture.
SumBasic [Vanderwende et al., 2007] evaluates the importance of the words in the text
based on their frequencies. After, it assigns an importance to the sentences of the text
according to the importance of their words [Vanderwende et al., 2007]. The idea is that
the more important words a sentence has, the more important it is. LexRank [Erkan and
Radev, 2004] and TextRank [Mihalcea and Tarau, 2004] are graph-based algorithms. Ba-
sically, these algorithms create a representation of the text in a weighted undirected graph,
where vertices are sentences, edges represent the relationship between two sentences, and
edge weights are the similarity between them. The main differences between these al-
gorithms is the calculation of similarity. LexRank defines the similarity between two
sentences as the cosine of their Term Frequency—Inverse Document Frequency (TF-IDF)
vector representations, while TextRank uses a measure of overlap between the words in
the text, normalized by the length of the sentences. After creating the text representation,
both algorithms use the PageRank algorithm [Page et al., 1999] to assign a score to the
sentences. The summary is composed of the k sentences with the highest score.

The BERT Summarizer algorithm is based on clustering and uses representations
of embeddings generated by the BERT model. BERT is a pre-trained Transformer ar-
chitecture [Vaswani et al., 2017], designed for creating deep representations of unlabeled

184



A Long Texts Summarization Approach to Scientific Articles

text. One of the advantages of BERT is that the architecture used is bidirectional, making
it possible to associate forward and backward contexts for all layers, unlike, for example,
the Generative Pre-trained Transformer (OpenAl GPT), which is unidirectional [Devlin
etal., 2018]. Devlin et al. [2018] describes BERT as being conceptually simple and empir-
ically powerful. Basically, the BERT Summarizer obtains the embedding representations
of the text sentences using BERT and generates a matrix where lines represent sentences
and columns represent the dimensionality of the embedding vector. This matrix is used
as input for the K-means algorithm, together with the number & of clusters which also
represents the number of sentences to be extracted. At the end, the sentence that has the
smallest distance from the centroid is added to the summary.

4. Proposed Approach

In this work we use a corpus of scientific articles published by Plos One. The corpus
is publicly available from the journal’s website®. The collected articles were segmented
considering their division of sections. To retrieve these sections, it is important to use
a tagged base that allows the recognition of these sections. The data provided by Plos
One is made available in XML, allowing easy recognition of sections. The experiments
are carried out in a dataset with 5000 articles, selected at random. Each document is
segmented into four sections. The segmentation of the dataset is used as a strategy to work
with long texts, reducing the amount of data in the input of the algorithm and enabling the
capture of information from each section in order to generate comprehensive summaries,
covering each topic of the abstract. Table 1 presents the name of the sections extracted
from the articles, the acronyms used to identify them, the average number of sentences
and words in each of them and the compression ratio, which is the ratio between the
number of sentences in the section and the number of sentences in the abstract.

Table 1. Description of the corpus used in the experiments

Average number ~ Average number

Section Acronyms of sentences of words Compression
Abstract S 11 210 -
Introduction Sa 23 540 2,09
Materials S3 59 1077 5,36
Results and Conclusion S4 110 2081 10,00
All document D, 192 3698 17,45

Our approach is divided into three steps. In the first step, data collection and pre-
processing is performed. The dataset creation process consists of three phases: collec-
tion, refactoring and segmentation. Initially, the documents are collected in XML format.
In some cases, the XML document did not have a tag delimiting the text sections. By
consequence, the collected documents were refactored in order to correct inconsistencies
and facilitate the segmentation process. The refactoring process generated a new XML
document where all target sections are properly tagged. The documents are segmented
afterwards into four sections, Si, Sa, S3,.5;. The section S; is the abstract of the article,
used as ground-truth, henceforth called the reference summary. The preprocessing step
follows the document segmentation. The first task in this step is removal of text citations
and section titles. After, the XML is converted to text and noise, that is special characters,

3 Available at: http://api.plos.org/text-and-data-mining/ - Accessed on: Aug 2021
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excess spaces and line breaks, and unicode symbols are removed. Finally, all texts are
lowercased, stop words are removed, and the words remaining are stemmed.

In the second step, the texts are summarized using the five algorithms described
in Section 3. Initially, the experiments are performed by section. Each algorithm receives
the text of each section, separately, and generates a summary of each. The algorithms
used receive the number k of sentences to be extracted. We define that the summaries
of each section are generated with £k = 3, so the composition of the summaries will
have 9 sentences which is, approximately, the average number of sentences in an abstract
(see Table 1). Subsequently, a summary is generated from the entire content of the text.
The objective of these experiments is: (1) evaluate the contribution of each section to the
summary and (2) evaluate whether the summaries created in each section, separately, have
as good results as using the entire text as input. Two summary generation approaches were
used. The first, called A;, uses all the text as input to the algorithms. The second, called
As, creates a summary for each section and combines the summaries. A; uses k¥ = 9
and A, uses k = 3, thus, A, generates a summary with 9 sentences, 3 from each section.
Thus, both are limited to the same summary size. The SumBasic, LexRank and TextRank
algorithms are unsupervised, so they do not require training. Models using BERT were
implemented with an API* developed by Miller [2019]. The difference between the two
algorithms is that, the first one, called BERT Basic uses a generic pre-trained model,
provided by the organization Hugging Face®. The second one, called SciBERT Summ,
uses a pre-trained model created from scientific texts, provided by the Allen Institute for
Al called SciBERT®.

Finally, the third step is the evaluation of the generated summaries. For this, the
metrics ROUGE-1 (R1), ROUGE-2 (R2) and ROUGE-L (RL) are used. The ROUGE
metrics is widely used in the literature. ROUGE-N evaluates the overlap of n-grams be-
tween the candidate and reference summary [Sanchez-Gomez et al., 2018]. ROUGE-L
evaluates the correspondence between the Longest Common Substring (LCS) shared by
two sentences [Sanchez-Gomez et al., 2018]. Both metrics assign a score from 0 to 1
to each sentence, where O represents that the candidate summary does not capture any
information from the reference summary and 1 represents that the candidate summary
captures all information of the reference summary. The results obtained with the summa-
rization algorithms, which we called candidate summary, are compared with the reference
summaries using ROUGE metrics. The performance of an algorithm is calculated as the
average of the metrics for each generated summary.

5. Results

Initially, the summary of each section of the text was performed using the algorithms
presented in Section 4. For each section, 3 sentences were extracted. The results obtained
were compared with the reference summary and are presented in Table 2a. The first
column presents the name of the algorithm used, the second presents the acronyms of the
section (see Table 1). The columns R1, R2 and RL show the results of the metrics and,
the last column, presents the average of the three metrics. The algorithm that presented
the best result is highlighted.

“https://github.com/dmmiller612/bert-extractive-summarizer
Shitps://github.com/huggingface/transformers
Shttps://github.com/allenai/scibert
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Table 2. Results of ETS experiments conducted in the Introduction (.S,), Materials
and Methods (S5), and Results and Conclusion (S;) sections and using as
input all text (4;) and using a summary created from the combination of
multi-section summaries (4,).

(a) Results by section

R1 (%) R2(%) RL (%) Average

S; 1524 478 1052 102 (b) Results by approach
SumBasic S3 10.30 3.64 7.89 7.3 RI(%) R2(%) RL(%) Average
Sy 1825 667 12.68 125
> Ay 3162 1021 1727 197
Sy 1736 555 11.69 115 SumBasic
Ay 2805 1018 1737 18.6
LexRank Ss 13.10 4.84 9.78 9.2
A, 3736 1444 20.60 242
Sy 2560 1001 1675 175 LexRank
Ay 3322 1288 2005 22.1
S, 1976 623 12.02 13.0
A, 3307 1309 18.80 217
TextRank S5 1535 551 11.02 10.6 TextRank
S o7 1057 1774 187 Ay 3301 1288 19.69 21.9
BERT A, 3070 1007 1734 1937
BERT 5, 1545 5.2 10.94 105 )
) Basic Ay 2939 1197 1897 20.1
Basic S5 1091 4.61 8.69 8.1 =
SGBERT  A; 3153 1082 17.59 19.98
Sa 2021 827 1446 143 Summ Ay 2979 1217 1907 203
SGiBERT S  15.57 5.16 11.00 10.6 2
Summ  S3 1129 4.69 891 83
Sy 2106  8.68 14.93 149

By comparing the scores present in Table 2a, we concluded that the worst results
were obtained using the section Materials and Methods (S5) and the best ones were using
Results and Conclusion (Sy). For the TextRank algorithm, for example, which showed
the best performance, the difference between the average of the metrics for the results
with Introduction (S3) was 5.7% and 8.1% for Ss. In all cases, the average results of
BERT Basic and SciBERT Summ were worse compared to TextRank and LexRank, being
superior only to the baseline, SumBasic. Thus, we concluded that the text sections present
different degrees of contribution to the summary generation. The choice of the sections
in which the experiments are performed can generate significant changes in the results of
the algorithms. Furthermore, it is possible to verify that, although S5 and S5 have a lower
performance than Sy, there is a contribution of these sections in the summary. After, was
performed a comparison between two summarization approaches. Table 2b presents the
results obtained with these experiments. The first column presents the algorithms used,
the second column identifies the approach used, the columns R1, R2 and RL present the
values of the metrics in percentage and, the last column, presents the average of the three
metrics.

From Table 2b, it is possible to verify that the results using the combination of
summaries is twice as good that summaries of only one section. Thus, it can be concluded
that the combination of multi-section summaries is capable of producing high quality
summaries. The difference between the approaches is 1.10% for SumBasic, 2.10% for
LexRank, 0.2% for TextRank, for BERT Basic, 0.73% and 0.32% for SciBERT Summ.
Based on the results, we conclude that segmenting the texts, considering the structural
pattern of the abstract, and summarize each section and combine them is a strategy that
can help in the task of long texts summarization, reducing the computational cost of al-
gorithms and can mitigate the loss of information. Among algorithms, the best result was
obtained with LexRank, for both approaches. The difference between the averages of
LexRank with A; for the other algorithms were 4.5% for SumBasic, 2.5% for TextRank,
4.38% for BERT Basic, and 4.22% for SciBERT Summ. For A, the differences were
3.5% for SumBasic, 0.2% for TextRank, 2.0% for BERT Basic, and 1.8% for SciBERT
Summ. TextRank presented the smallest percentage difference between the approaches.
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Showing that the summaries of both approaches are very similar. The SumBasic algo-
rithm, which is used as a baseline, had the worst performance. BERT based algorithms
showed a worse performance compared to LexRank and TextRank. Even though Tex-
tRank has the smallest difference between the approaches, the average metric value of A;
and A, shows that LexRank performs better, with a difference of 2.5% with A; and 0.2%
with AQ.

6. Final Considerations

Currently, text summarization has shown significant improvements due to the use of DL
techniques. However, in this context, long texts summarization is still challenging. In this
work, the contribution of different sections of the text in the composition of summaries
of scientific articles are evaluated. The results obtained show that the text sections have
different degrees of contribution in the generation of summaries. In this experiment, the
algorithm with the best performance was TextRank, with a mean of the metrics of 13% for
Introduction, 10.6% for Materials and Methods, and 18.7% for Results and Conclusion.
Considering all algorithms the best results were obtained with the Results and Conclusion
section. When comparing approaches A; and A,, the biggest difference was 2.1% and a
lowest was 0.2%. This demonstrated that the combination of multi-section summaries
can generate summaries of similar quality compared to using the entire text as input. In
this experiment, the best performance was obtained with the LexRank algorithm, with an
average score of 22.1% for the proposed approach. Although the results of the metrics
obtained in this work are inferior to the SOTA, we believe that the results obtained are
promising, as it was conducted in a reduced dataset, using simple unsupervised algorithms
and pre-training language representations without no adjustment to the knowledge domain
in which it was applied. For future work, we intend to reproduce the experiments in
a larger dataset, develop a specific solution for scientific texts and evaluate the results
using metrics that allow evaluating using other metrics. The ROUGEs metrics are widely
used in the literature, however works such as Souza et al. [2021] and Kane et al. [2020]
question the performance of these metrics and highlight the need to explore other metrics.
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Abstract. In recent years, researchers in the area of Computational Creativity
have studied the human creative process proposing different approaches to re-
produce it with a formal procedure. In this paper, we introduce a model for the
generation of literary rhymes in Spanish, combining structures of language and
neural network models The results obtained with a manual evaluation of the
texts generated by our algorithm are encouraging.

1. Introduction

For many years, research in Artificial Intelligence (AI) has directed efforts towards au-
tomating processes to perform specific academic, industrial or economic tasks for society.
However, the investigation and development of procedures for the automation of human
artistic and creative processes has not had as much attention due to the complexities in-
volved in these activities. Procedures developed for these purposes involve mathematical-
computational methods designed to process and learn from a large quantity of digital data,
so as to detect patterns in order to simulate the creative process (CP), as explained by Bo-
den in [Boden 2004].

In this paper, we introduce a model for the generation of rhymes with literary com-
ponents. Our proposal is based on findings detailed in [Moreno-Jiménez et al. 2020a],
where Automatic Text Generation (ATG) techniques are combined with neural network
(NN) based models, such as the Word2vec algorithm [Mikolov et al. 2013b], for the gen-
eration of literary texts. In Section 2, we present some of the literature regarding literary
text generation, focusing on methods related to this paper. In Section 3, we explain the
RIMAX model used to generate the thyming words. In Section 4, we describe the corpora
used for the learning phase of our models. Then, in Section 5, we explain the methodology
implemented for the generation of rhymes. We show some experiments and examples in
Section 6, as well as the results of evaluations conducted by humans. Finally, we present
conclusions and propose possible future works in Section 7.

2. Related Work

There has been much interest and work in the area of ATG with different and interesting
goals, regarding the different types of texts. Many of the proposed algorithms are based
on neural networks. In [Kiddon et al. 2016], the authors generate coherent text using a re-
current neural network (RNN) and a neural checklist model. Their RNN predicts the best
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context from a list of keywords. Another RNN approach is proposed in [Clark et al. 2018]
for generating narrative text, such as fiction or news stories. Entities mentioned in the text
are represented by vectors, which are updated as the text generation proceeds as they rep-
resent different contexts and guide the RNN in determining the vocabulary to be retrieved
in order to generate a narrative.

We note that there are other ATG techniques, such as text realization that cre-
ates text in a human language, e.g. English or French, from a syntactic representation
[Molins and Lapalme 2015]. Oliveira has written a survey of work treating the automatic
generation of poetry [Oliveira 2017], and presents his own method for generating poems
based on the use of templates (canned text) in [Oliveira and Cardoso 2015]. Another work
based on canned text is presented in [Agirrezabal et al. 2013], which generates strophes
of verses for Basque poetry. In [Zhang and Lapata 2014], a RNN was proposed for the
generation of Chinese poetry based on learning of known text structure.

3. Semantic Rhyme

RIMAX is the first automatic system for detecting semantic rhymes in Spanish
[Urrea and Torres-Moreno 2019]. It contains the following ingredients: 1) a rhyming
dictionary, 2) the set of definitions of those rhymes and 3) a strategy to measure seman-
tic proximity. This procedure can be applied to different romance languages, although
we have chosen the Spanish language spoken in Mexico, given the availability of some
useful resources and tools, such as the Dictionary of Mexican Spanish (DEM)! and the
Rhyming Dictionary [Medina Urrea 2018].

Rhyming dictionaries gather words according to rhyming patterns. Consonant
rhymes share ending sequences of vocalic and consonant sounds and assonant rhymes
share similar vowel sounds. These two classes are thus based on pronunciation features,
not on writing patterns. Also, since consonance and assonance depend on the stressed
syllable, words which end with a stressed syllable are grouped together, those whose
stressed syllable is the next to last appear together, and so on?. In this paper we have used
the nomenclature of the DEM to automatically generate a phonological transcription.

3.1. Rhyme Ranking by Definition Similarity

Online dictionaries offer useful and simple advantages such as ranking and ordering of
results. From a language perspective, it is interesting that text mining techniques can be
applied to accomplish this. In fact, text similarity measures can be used to determine how
similar word definitions are, i. e. measuring definition similarity.

Let D be a dictionary containing the set of defined words w and the set of defini-
tions d. Since a word may have several senses, let d;; be the jth definition of word w; in
D. Similarly, let d,; be the [th definition of word wy,. Also, let v;; and fu—;;l be vectors where
the frequencies of lemmatized or ultrastemmized [Torres-Moreno 2012] content words of
definitions d;; and d; are stored. Then, the similarity between d,; and dj, can then be
measured using the well-known quantity called cosine similarity measure, s..

'Diccionario del espariol de México, https://dem.colmex.mx/.
2For example, the penultimate syllables of the following Spanish words are the stressed syllables: an-
gula, chula, mula, chamula. So these words should appear together in a rhyming dictionary.
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In order to find semantic thymes, each member of the rhyming set of word z will
be weighed according to how similar its definition is to that of x, using the similarity mea-
surement s.. Hence, given a query word, consonance and assonance lists are generated
and ordered by the calculated similarity among definitions. The program RIMAX allows
us to select some parameter values for experiments.

4. Corpus

The corpus MegaLite-Es was used to train our model. It consists of 5 075 literary docu-
ments (mainly books) in Spanish. This corpus can be useful for different NLP tasks. The
documents of MegaLite-Es were obtained from different personal collections and, for
copyrights reasons, the distribution of the original documents is not possible. Instead of
this, in [Moreno-Jiménez and Torres-Moreno 2021] the authors propose some alternative
resources.

4.1. Corpus Structure

The 5 075 documents in MegaLite-Es were written by 1 336 Spanish-speaking authors
and official translations from languages other than Spanish. The documents represent
different literary genres such as plays, poems, tales, essays, etc. We thus consider that
this corpus is suitable for training Word2vec models.

The original documents, in heterogeneous formats® were processed to be con-
verted into ut#f8 encoded documents. A segmentation process divided the texts into sen-
tences, corresponding to regular expressions, using a tool developed in PERL 5.0. Some
undesirable data like: mutilated words, strange symbols and an unusual disposition of
paragraphs could not be treated, although these situations are usual when dealing with
this kind of corpora. Some characteristics of MegaLite-Es are detailed in Table 1.

Table 1. Characteristics of MegaLite-Es corpus (M = 10° and K = 103).

MegalL ite-Es Sentences | Tokens | Characters | Authors
Overall I5M 212 M 1265M 1328
Avg per document 3K 41.8 K 250 K -

Megal ite-Es has the advantage of being very extensive and suitable for automatic
learning. It has, however, the disadvantage that many of its sentences consist of general
language, without literary elements (stylized vocabulary or literary figures). However,
these sentences often allow for fluent reading and provide the necessary links between the
ideas expressed in the text, although they could imply some noisy results. As numbers
identifying pages, chapters, sections or index could imply errors in the detection of sen-
tences during segmentation, a manual process was performed to remove this undesirable
data, although these errors may occur in a linguistic corpus with unstructured text.

5. Text Generation Model

In this section, we describe the model we have proposed for the generation of literary
rhymes. The model consists of two steps described as follows.

3pdf, txt, html, doc, docx, odt, etc.
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5.1. First Step: Canned Text Method

We implemented a Canned Text method, which has the advantage of being efficient for
syntactic analysis in ATG tasks [van Deemter et al. 2005], to generate grammatical tem-
plates named Partially Empty Grammatical Structures (PGSs). Each PGS is composed of
Part-of-Speech (POS) tags* and function words®. The POS tags are retrieved by Freeling
[Padr6 and Stanilovsky 2012]. PGSs are created from a template set, called TempSet, that
consists of sentences selected manually from the MegaLite-Es corpus, according to the
following rules.

» Each sentence must express a concrete idea.

» Each sentence must have a length N, such that 5 < N < 10.

» The sentence should contain at least three lexical words®.

For generating rhymes, the process begins by selecting two original sentences f1
and f2 from TempSet with length N, 5 < N < 10. Sentences f1 and f2 must satisfy two
additional conditions: (/) both sentences must finish with a lexical word; (2) the lexical
words finishing the sentences must have the same grammatical inflection. These sentences
are analyzed with FreeLing to detect lexical words that are replaced by POS tags. We
concentrate on lexical words because they provide the most meaningful information in
a text [Bracewell et al. 2005]. Function words are retained in the sentence, as these are
useful for maintaining the grammatical coherence and we therefore do not change them.

The idea is to generate artificial sentences from “human” sentences, respecting
their grammatical structure and substituting only the lexical words by words with the
same linguistic inflection but a different meaning. This technique of text generation is
well-known as homo-syntax. In contrast to the paraphrase that keeps the same meaning
between the original and the generated texts and changes the grammar, homo-syntax seeks
to generate a new text with a different meaning than the original text, although with the
same grammatical structure. In Fig. 1, we show an illustration of the proposed model.
The filled boxes represent function words, whereas the empty boxes represent the lexical
words that are replaced by POS tags. Once the pair of sentences has been transformed
into a PGS, it will be further changed by the procedure of the second step.

S

/] NP : e 2 ®
|—>' — 5 5 v e —> *ﬁ‘..."
i s

-----------
%%

the chef cooks D N Partially Empty Grammatical Structures

selected sentence Lexical Vocabulary (PGS)

Freelin; : i
tool 8 Syntactié"® " detection

Analysis

Figure 1. First step: Canned Text Method

5.2. Second step: Vocabulary selection

In this step, the POS tags in the PGSs are replaced by a vocabulary selected with the
Word2vec’ model. In a trained Word2vec model, each word, j, in the vocabulary is repre-
sented by a vector L ; with numerical valued elements. This allows for the implementation

4A POS tag indicates the part of speech grammatical category of a word.

SPrepositions, pronouns, auxiliary verbs, or conjunctions.

%Verbs, adjectives, nouns and adverbs

"Word2vec belongs to a group of ANN models, used to produce embeddings [Bengio et al. 2013].
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of different mathematical procedures such as, for example, interpreting a semantic rela-
tion between a pair of words by calculating the cosine similarity between their vectors.
These numerical vector representations are called embeddings.

The hyper-parameters configured for the Word2vec training were: Iterations = 10
(the number of training epochs over the MegaL.ite-Es corpus), Minimum count = 3 (the
minimum number of times that a word must appear in the corpus to be included in the
model’s vocabulary), Vector size = 100 (the dimension of vectors, the embeddings) and
Window size = 5 (the radius of adjacent words that will be related to the current word
within a sentence, during the training phase of the model). We trained the model follow-
ing the skip-gram procedure [Mikolov et al. 2013a]. Using the MegaLite-Es corpus for
training, a trained model of 346 616 Embeddings® is obtained.

5.2.1. Word2vec Model

For the replacement, we used the analogical reasoning task introduced in
[Mikolov et al. 2013a]. This reasoning consists of considering the relation between
words, e. g. “France”, “Paris”, “Spain” and a missing word z. We suppose that “France”,
“Paris” and “Spain” are words that belong to the vocabulary of a corpus CorpA that was
used to train Word2vec, and therefore, Pams France, and S pam are the corresponding
vectors associated to these words after training, respectively. The word x is then deter-
mined by finding a vector Z associated to a word in CorpA, such that 7’ is closest to § =
Paris — France + S pam according to the cosine similarity between i and % (see Eq.
(2)). This specific example is considered to have been answered correctly, if Z is the vec-
tor corresponding to “Madrid” in the vocabulary of CorpA. For the replacement of POS
tags, we consider the three following words, their embedding vectors and Eq. (1),

@: the context given by the user as a single query word,
O: the original word in f1 or f2 that is replaced by the POS tag,
A: the word adjacent to O on the left, in sentence f1 or f2, if it exists,

j=4A-0+0, M
where ¥ is the vector which we will use to choose the M = 4 000 closest embeddings.
We rank the M/ embeddings in a list %, by calculating the cosine similarity between the
j™" embedding, L;, and ¥,

. L.
0; = cos(L;, ) = ———— 1< j< M. 2
(L5 - [1971]

Z is ranked according to decreasing ;.

If we are replacing the first POS tag, then A = None, so we only compute i =
0+ Q For example, for the Query word love and the sentence: I play the guitar, we
will replace the verb play and the noun guitar. Starting by the verb play, we compute
y= play + love to get the ranked list .. Some examples of returned embeddings are: fo
like, to role, enchanting and abandon. This list is then used in the analysis performed by
the language model based on bigrams.

8Term used for the numerical representation of words for NLP, typically in the form of a real-valued
vector that encodes the meaning of the word.

194



A Preliminary Study for Literary Rhyme Generation based on Neuronal
Representation, Semantics and Shallow Parsing

5.2.2. Language Model Analysis (Bigrams)

This step consists of calculating the conditional probability of a word, given a preceding
word, that is

P(w, A w,_1)

P (wn,l)

Each bigram in the MegalLite-Es corpus has been detected and computed in this way. As
a result, we have a new list of bigrams, L B. The bigrams are composed only by lexical
and function words, ignoring punctuation, numbers and symbols. For each element in .Z,
we configure two bigrams, as b; and b, where:

3)

P(wp|w,—1) =

* by is the adjacent word to the left of O in f1 or f2, concatenated with the current
analyzed word, L;, and

* by is the current analyzed word L; concatenated with the adjacent word to the right
of O, in f1or f2.

We calculate the arithmetic mean, bm, of the frequencies of occurrence of b; and b, in L B.
If O is the first (last) word in the sentence, we do not calculate any mean, and bm will be
simply equal to the frequency of b; (b2). The process is repeated for the M elements in
-Z. The values of bm are combined with the cosine similarities for each L;, to re-rank .#’
as

g _ Bitbm;

=L, 1<j<M. )

Finally, we take the word at the top of the list as the chosen candidate to substitute
O. The idea is to select the word that is semantically most similar to ¢, based on the
analysis accomplished with Word2vec, and maintain coherence of the text obtained with
guidance of the language model. The process is repeated for each word in f1 and f2,
except when we replace the last word in the second sentence, w2y,. To replace w2y, we
present the word that substituted w1y, in f1 as input to RIMAX. RIMAX returns a ranked
list L R with consonant and assonant rhymes related to w1y,. A score, LR, is attributed to
each word, w in LR, corresponding to a semantic similarity measure, which results from
the semantic-phonetic analysis performed by a hybrid, automatic and manual process.
The scores are normalized in the interval [0 — 1]. The scores in LR are combined with the
scores in .Z. For this, an average score is calculated for each pair of elements LR, and
Ly, where L., corresponds to the element of .# with the information referring to w.

0, +LR,

O
2

, YwelLR. (5)

The words in LR that do not exist in .# are also considered, and since LR; is
divided by 2, this strategy allows us to prioritize the elements contained in both lists.
The new values in .Z are then processed with the language model as already described.
Then we take the element in .Z in the first place, which contains the best semantic and
coherent rhyme. Finally, a morphological analysis is performed once again with FreeLing,
in order to convert the selected word into the correct inflection specified by the POS tag,
if necessary. For that, we carry out conjugations and genre or number conversions.

The result is a newly generated pair of phrases that does not exist in the MegaLite-
Es corpus, where w2, must rhyme with wl;. The model is illustrated in Fig. 2, where
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the two PGSs (for f1 and f2) can be appreciated at the top of the illustration. Both
structures are sending inputs to the Word2vec model, which receives @), A and O in order
to generate the list . with the vocabulary related to the inputs. It can be observed that
the RIMAX module outputs its result to f2. RIMAX receives w1y, and generates the list
of thymes LR, and then .Z and LR are combined by Eq. (5) to update the .Z list. The
list .Z with the vocabulary is then sent to the language model module, for the selection
of the most coherent option. Finally, the best option is processed with FreeLing, in order
to make it respect the grammatical information provided by the POS tag in the PGS (to
preserve inflection). In the Fig. 2, we have marked in blue the First step where the
semantic vocabulary list is generated to subsequently be sent to the Second step, the
Language Model module marked in green. The pink section, the Rhyme analysis, is an
independent section that is only executed once in the process.

‘E;‘E; anguage B WL | Rhyme analysis:
Model ** RIMAX

l Fregling
Second step: Langu. [ —— » —

wordirhyme

Figure 2. Second Step: Vocabulary Selection

We can illustrate an example in Spanish of our model as follows:

1. Templates generation (Canned Text): Jamds he sido mds [AQMS]; yo era ya un
[NCMS]. | [VMI3S] el [NCMS] rdpidamente hacia las [NCFP] que [VMII3P] el
[NCMS].

2. Vocabulary selection (Word2vec): Jamds he sido mds [afectuoso]; yo era ya un
[NCMS]. | [Corria] el [sol] rapidamente hacia las [cumbres] que [anteponian]
el [INCMS].

3. Rhymes selection (RIMAX): Jamds he sido mds [afectuoso]; yo era ya un [ofrec-
imiento]. | [Corria] el [sol] rdpidamente hacia las [cumbres] que [anteponian]
el [firmamento].

6. Experiments and Evaluation

In preliminary tests of our proposal, we generated and evaluated 44 pairs of rhyming
sentences that were generated using PGSs created from sentences in the MegaLite-Es
corpus. The PGSs respect the rules specified in Section 5.1. The new contexts are given
by eleven different queries: amor; odio, tristeza, alegria, sol, luna, hombre, mujer, bosque,
desierto, mar (love, hate, sadness, joy, sun, moon, man, woman, forest, desert, sea). An
examples of the generated sentences are listed below, where we show the queries, the
sentences in Spanish in bold print, and in italic their translation.
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sadness: El sol de mediodia encapota sobre la inexpresable niebla de mi bosque. | The
midday sun overlays the inexpressible mist of my forest.
Subia el sol rapidamente hacia las desolaciones que limitaban el zopilote. |
The sun was rising rapidly towards the desolations that bordered the vulture.

Although general ATG tasks have been widely addressed by the research commu-
nity, using different automatic evaluation protocols, it is difficult to implement automatic
evaluation in the case of literary text due to the ambiguity and subjectivity involved in its
interpretation and evaluation [Boden 2004]. For this reason, we have performed a man-
ual evaluation of our experiments, asking 6 people with a graduate degree in literature to
evaluate the rhymes generated by our algorithm and their semantic relations. In previous
general ATG models [Moreno-Jiménez et al. 2020b, Moreno-Jiménez et al. 2020a], cri-
teria such as coherence and grammatical composition were evaluated. Here, we asked the
evaluators to indicate if they perceived a rhyme between the last words of each sentence
in a pair and also to specify their perception of the semantic relation between the two
rhyming words, which could be one of the following: any relation, low relation, accept-
able relation, good relation and strong relation. We calculated the mode and median of
the evaluator’s feedback, obtaining a low relation between the two rhyming words. This
was to some extent expected because, when the model looks for the second rhyming word,
the semantic analysis is performed considering not only the word to rhyme, but also the
general context (the guery) and the adjacent word. For this reason, it is expected that, in
some cases, the semantic relation between the two rhyming words cannot be preserved,
although some relation was always perceived. For the evaluation of rhyme, we obtained
encouraging results with a perception of rhymes in 61% of the pairs of sentences.

7. Conclusions and Future Work

‘We have proposed a model capable of generating rhyming sentences in Spanish, although
with a weak semantic relation between them. This can be improved by altering the se-
mantic analysis, when selecting the second rhyme. We have presented preliminary results
showing that the model generates literary sentences that integrate semantic aspects with
rhymes. Nevertheless, it must be considered that this task is still an open problem and
further models, their extensions and generalizations, and experiments may confirm or
improve the results that we have obtained. We expect to perform more complex and ex-
tensive evaluations, and analyse more criteria, such as coherence, by generating more
sentences and recruiting more evaluators. We also plan to conduct experiments in other
languages, like French or Portuguese.
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Abstract. The production of fake news is a problem nowadays. With social net-
works, fake news spread in easier and less costly ways, having the power to
reach a large number of people in a short time. In this paper, we investigate
graph-based approaches for fake news characterization and detection, taking
into account widely used measures of graphs and complex networks. Our re-
sults show that some network measures are useful for structurally characteriz-
ing fake and true news and that machine learning-based solutions over this kind
of feature produce promising results.

Resumo. A producdo de noticias falsas é um problema dos dias atuais. Com
as redes sociais, as noticias falsas se espalham de forma mais fdcil e barata,
podendo chegar a um grande niimero de pessoas em um curto espago de tempo.
Neste artigo, investigamos abordagens baseadas em grafos para caracterizagdo
e detecgdo de noticias falsas, levando em consideracdo medidas amplamente
utilizadas de grafos e redes complexas. Nossos resultados mostram que algumas
medidas de rede sdo iiteis para caracterizar estruturalmente noticias falsas e
verdadeiras e que solugcdes baseadas em aprendizado de mdquina sobre esse
tipo de atributo produzem resultados promissores.

1. Introduction

Nowadays, fake news detection has become an important research topic, and the need to
always evaluate the veracity of digital content has been raised by the constant spread of
fake news [Figueira and Oliveira 2017]. According to [Rubin et al. 2015], in the Natural
Language Processing (NLP) area, two main approaches may be used for automatically
identifying fake news: linguistic and network approaches.

In linguistic approaches, there is an attempt to find linguistic clues that
can differentiate fake news from true news, and these clues generally work well
when analyzing text features such as lexical, morpho-syntactic, syntactic, semantic,
psycho-linguistic [Pérez-Rosas and Mihalcea 2015, Pérez-Rosas et al. 2017] and read-
ability measures [Santos et al. 2020]. In the case of network approaches, there are fact-
checking models, which aim at relating the elements of an statement (e.g., by generic and
domain-specific relations as “is a”, “member of” and “is married to”) to subsidize content
verification [Ciampaglia et al. 2015]. In a related research line, graph-based approaches

to detect fake news are present in the literature with considerable results, using knowledge
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graphs [Ciampaglia et al. 2015, Pan et al. 2018], biclique identification, graph-based fea-
ture vector learning and label spreading [Gangireddy et al. 2020] and graph-based mod-
eling of online communities [Chandra et al. 2020], among others. This type of approach
is important to detect false information, as it allows examining beyond linguistic charac-
teristics of the writing and determining the structural behavior of fake news.

This paper has as contribution the investigation of two graph-based approaches
to deal with fake news for the Portuguese language: the SentiElection, an ensemble of
global centrality measures over reference graphs, proposed by [Vilarinho and Ruiz 2018]
for the task of sentiment analysis; and a complex network-based approach, in which the
news are converted into complex networks and several of the most used network measures
in the literature are applied, to then classify the news as fake or true. To the best of our
knowledge, this is the first time that such methods are explored for fake news detection.

Trying to uncover the structural characteristics of fake and true news in Por-
tuguese, we show that some complex network measures are interesting to distinguish
them, as clustering coefficient, eigenvector, katz and pagerank values. In machine
learning-based detection approaches, the network measures are used as features and some
of them produce promising results, as katz and density, with K-Means and SVM tech-
niques producing the best results. The adaptation of SentiElection to the task in hands
shows that the accuracy of fake news detection increases as the reference graphs grow, al-
though its results do not overcome the ones produced by the complex network measures.

The remainder of this paper is organized as follows. Section 2 briefly introduces
the main related work in the area. Section 3 details the graph-based approaches that we
explore in this paper. Experiments and results are presented in Section 4 and some final
remarks are made in Section 5.

2. Related Work

Graph-based (or network-based) approaches generally address and try to solve the task of
automatic fact-checking. [Thorne and Vlachos 2018] formally describe fact-checking as
the task of evaluating whether the statements made, in both written and spoken language,
are true, which is usually done by trained professionals. For automatic checking, the au-
thors suggest that the input to fact-checking approaches should be triples of the form (sub-
ject, predicate, object), which facilitate fact-checking in structured (and semi-structured)
databases. Such a triple is one of the main patterns we have today for the construction
of graphs, where the subject and object are nodes of the graph and the predicate is the
relationship (edge) between the nodes.

Approaches using knowledge graphs, with a triple being the main element, can
provide a rich set of structured information related to world knowledge stored in a
machine-readable format that supports the task of checking facts, being widely used in
the literature [Ciampaglia et al. 2015, Shi and Weninger 2016, Pan et al. 2018], includ-
ing the case of Portuguese language [Santos and Pardo 2020], which had 74% average
accuracy when simple statements were checked (i.e., Brasilia is the capital of Brazil).

Complex networks are often used in detecting the spread of fake news
[Lind et al. 2007, Alassad et al. 2019]. In [Paluch et al. 2018], the authors tried to find
a method that executes the task of identification of the propagation source in reasonable
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time on large complex networks and delivers high quality localization results at the same
time. [Zhou and Zafarani 2019] work with a pattern called Denser-Network to identify
fake news spreaders, since the authors hypothesize that fake and true news spreaders
show different graph properties, reaching 90% accuracy in this approach. However, to the
best of our knowledge, there are no works that use measures extracted from a complex
network to directly characterize and classify news text as fake or true.

In the next section we introduce the techniques that we explore in this paper.

3. Graph and Complex Network-based Approaches
3.1. SentiElection Approach (SEA)

The SentiElection approach is the method proposed by [Vilarinho and Ruiz 2018], which
is a voting system over three measures (katz, eingenvector and pagerank) computed for
a text in relation to reference graphs. A text of interest is classified according to the
reference graph that it best fits (as indicated by the taken measures in the voting strategy).

In this work, SEA behaves as a classifier in detecting fake news. The approach is
made with two graphs formed by news words: one graph with fake news (G-FAKE) and
other with true news (G-TRUE). The graphs are formed with a variation of the number of
edges that each word has, called the word frame'.

True and fake news from the Fake.Br Corpus’> [Monteiro et al. 2018,
Silva et al. 2020] are used as input to the classifier. Of the 3,600 fake news items present
in the corpus, a certain number of news items were randomly selected to form the fake
news graph. The same process was used for the construction of the true news graph.
Details of the experiments are shown in Section 4.1.

3.2. Complex Network Measures-based Classifier (CNMC)

The Complex Network Measures-based Classifier is a classifier that works with mea-
sures widely used in Complex Networks approaches, namely: betweenness, closeness,
eingenvector, katz, pagerank, hubs and authorities, cluster coefficient (and its average),
correlation, transitivity and density. The measures are briefly explained® in Table 1.

The mentioned measures were applied in all news from Fake.Br Corpus. Firstly,
the graph of each news item was generated, following the same procedures that were used
to generate the graphs of the SEA, but with one change: the word frame is 1, i.e., each
word is linked only to its adjacent words.

With the generated graphs, the second part of the process was to compute the com-
plex network measures. Such measures are extracted from the implementations in the
NetworkX framework [Hagberg et al. 2008], using the default implementations of each
measure, without additional configurations, except for the centrality measures katz, pager-
ank and hubs and authorities, where a setting of maximum interaction of the algorithm is

I'The word frame represents the distance between the analyzed word and the words in sequence. If the
distance is 1, the edge in the graph would be from word n to n+1; if the distance is 2, the edge in the graph
would be from word n to n+1 and to n+2, where n is the position of the word in the sentence.

2Details about the dataset, such as how and when the data was collected, the sources and news annota-
tion, can be found in [Monteiro et al. 2018] and [Silva et al. 2020].

3According to NetworkX documentation available at https://networkx.org/. Further details about the
measures can be found in [Morais and Prati 2013] and [Comin et al. 2020].
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Type Metric Explanations
Betweenness Quantlﬁes th§ partlc1pat10n of anode v
in paths of minimum length
Measures the proximity of node v to
Closeness .
. all nodes in the network
Centrality . -
Eingenvector Brings out the centrality of a node v
based on the centrality of their neighbours
Computes the centrality for a node based on
Katz centrality the centrality of its neighbors, on local and
global influence
. Computes a ranking of the nodes in the graph G
Pagerank centrality based on the structure of the incoming links
Hubs Estimates the node value based on outgoing links
Authorities Estimates the node value based on incoming links
Cluster coefficient Quantifies the fraction of'posmblc.s trlangles
through that node that exist. A triangle is a set
and .
. . of three nodes, where each node has a relation-
Clustering | Cluster coefficient average .
ship to all other nodes
. Computes the similarity of connections in the
Correlation .
graph with respect to the node degree
- Computes the fraction of all possible number of
Transitivity N .
triads” (two edges with a shared vertex)
. Measures of how is a graph in which the number
Other Density of edges is close or far to the max number of edges

Table 1. Complex Network measures

determined (1,000 epochs). This configuration was necessary because interactions below
this value did not result in reliable results.

Besides attempting to structurally characterizing the news, the measures served

as input features to various machine learning techniques, both symbolic and statistical.
The analysis were divided into verifying the results with the combined features and with
individual features. Details of the cited experiments are reported in Section 4.2.

4. Experiments and Results

To test the approaches reported in this paper, some experiments were performed. In all
the experiments, the truncated versions of the fake and true news in the Fake.Br Corpus
were used (in order to guarantee similar text size and more reliable experiment results).

4.1. The SEA

For the analyses of the SEA experiments, graphs of different sizes were built to observe
the accuracy of the classifier when news are analyzed by the amount of information
present. Graphs were formed with 100, 200, 300, 400, 500, 600, 700 and 800 news,
both fake and true, totaling 16 graphs with all news being randomly selected for each set.
The test was done with 1,000 news, also randomly selected, being 500 fake news and 500
true news. It was necessary to keep such balance for more faithful results.
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The pipeline used in the experiment had three steps: 1) the extraction of news
tokens; 2) the construction of the graph*; and 3) the analysis of the SEA classification
results. From the selected news set, each news item is tokenized with the NLTK tok-
enizer [Bird et al. 2009] and is tagged by NLPNet [Fonseca et al. 2015]. If the token is
an adverb, adjective, noun (common or proper) or a verb, the token is selected to form
the graph; if the token is a stopword, it is discarded. Using only content words ensures
more informative links between words. The words are then linked to form the graph, us-
ing word frame = 3, since [Vilarinho and Ruiz 2018] demonstrated that this was the best
configuration in their experiments. The graphs were formed using the NetworkX frame-
work. Finally, for the test, each graph formed by the union of the reference graph + news
graph is submitted to the centrality calculation of the eigenvector, katz and pagerank mea-
sures, which work as a voting system, indicating the category of the news (true or fake)
according to the graph that produces the best results.

Analyzing the 1,000 news in the 16 G-FAKE and G-TRUE graphs, we synthe-
size the results in Figure 1. The evaluation measures were the geometric mean (as in
[Vilarinho and Ruiz 2018] - blue line) and accuracy (orange line).
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Figure 1. Results of the SEA experiment

The performance of the algorithm increases proportionally to the size of the test
graph, with an outlier for the graph of size 600, understandable by the randomness of the
news selection process. The best performance was when the graph reached size 700, with
a drop in performance when it reached size 800.

4.2. The CNMC

Unlike the SEA, the news graphs for the CNMC experiment were unique, i.e., a single
graph for each news was formed for the analysis. The selected word frame was 1, with
each word being linked with its immediate neighbors.

“Details about graph construction can be found in [Vilarinho and Ruiz 2018].
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Experiments were carried out with graphs with and without stopwords’. It is note-
worthy that the stopwords were extracted from the NLTK, similar to what we use in the
SEA, however, here we use the full return of NLTK stopwords, without distinguishing
part-of-speech classes. For each of the types of graphs (fake or true), the 12 measures of
complex networks cited before were extracted by the NetworkX framework.

It was possible to make a first comparative analysis between the complex network
measures from fake and true news. Table 2 shows the comparison between the individual
metrics in each of the news types and graph composition (with or without stopwords).
The numbers represented in Table 2 take into account when metric(true) > metric(fake)
happened and the corresponding percentage. It is important to mention that 3,600 com-
parisons were made between news, since Fake.Br Corpus is an aligned dataset, with each
fake news having a corresponding true one.

Measure with stopwords without stopwords
metric(true)>metric(fake) | % | metric(true)>metric(fake) | %

Betweenness 1,756 0.48 1,592 0.44
Closeness 1,664 0.46 1,446 0.40
Eigenvector 1,645 0.45 1,379 0.38
Katz 1,660 0.46 1,400 0.38
Page Rank 1,705 0.47 1,362 0.37
Hubs 1,836 0.51 1,882 0.52
Authorities 1,751 0.48 1,685 0.46
Cluster Coeff Avg 1,758 0.48 1,444 0.40
Cluster Coeff 585 0.16 837 0.23
Correlation 1,630 0.45 1,957 0.54
Transitivity 1,549 0.43 1,443 0.40
Density 1,828 0,51 1,673 0.46

Table 2. Comparison based in absolute values of the metrics

It is possible to see that the biggest difference occurred in the cluster coefficient,

where only 16% of the true news with stopwords and 23% of the true news without stop-
words had this measure with a value greater than the fake news. The other measures
reached very close values, being the difference a little more relevant in the centrality mea-
sures eigenvector, katz and pagerank when the graphs did not contain stopwords.

The next experiment was to use the measures extracted from the graphs of each
news to create classifiers. Nine Machine Learning (ML) techniques were selected: Deci-
sion Tree (DT), Naive Bayes (NB), Random Forest (RF), K-Nearest Neighbors (KNN),
Support Vectors Machine (SVM), Multi-Layer Perceptron (MLP), OneRule (OneR), One
Class (OC) and K-Means (KM). The implementations followed the pattern of Scikit-
Learn framework [Pedregosa et al. 2011], except for the OneRule classifier, which imple-
mentations of the MLxtend library [Raschka 2018] were used. Standard implementations
of Scikit-Learn and MLxtend were used in all approaches except for: MLP, where training

SStopwords may be a sensible issue in complex network approaches, as they may significantly change
the network topology and the corresponding measures.
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was limited to 1,000 training epochs; OneClass, where training used the kernel coefficient
= auto, i.e., using 1/n features; and K-Means, where the number of clusters was 2.

Two sets of experiments were performed: (i) classifiers with individual features
and (ii) classifiers with combined features. In (i), each classifier received as input the indi-
vidual values of each metric of each news item. For example, an SVM model was created
that received as input the values of the betweenness metric for each news item. The model
would then draw a cutting line where values above or below it would be fake or true. This
experiment was interesting to verify if some metric by itself could be discriminating in
news classification, based in what we found in the Table 2. In (ii), all news features were
combined as input to one of the machine learning models.

Table 3 contains the experiments with the best results for each measure in (i).
Each classifier received as input the individual measures of the news with and without
stopwords. Cross-validation with & = 5 was the evaluation method and the accuracy
results show the average of the executions of the ML approaches (10 executions).

with stopwords without stopwords
Measure

model(s) acc model(s) acc
Betweenness DT, RF, SVM, MLP | 0.51 | NB, SVM, MLP | 0.54
Closeness NB, SVM, MLP, KM | 0.52 NB, MLP 0.56
Eigenvector NB, SVM, KM 0.53 MLP 0.56
Katz KM 0.63 SVM, MLP 0.55
Pagerank DT, RE, SVM 0.52 SVM, MLP 0.56
Hubs oC 0.58 DT, RF 0.53
Authorities KM 0.67 SVM 0.53
Cluster Coeff Avg NB 0.51 DT, RF 0.53
Cluster Coeff DT, KNN, MLP 0.51 DT, KNN 0.53
Correlation NB, SVM, MLP 0.53 | SVM, MLP, KM | 0.53
Transitivity KM 0.61 KM 0.53
Density KM 0.69 DT, RF 0.52

Table 3. Results of the experiments with individual measures on the ML ap-
proaches

The best results come from graphs with stopwords. The density measure reached
the best accuracy, with 69%, followed by authorities with 67% of accuracy and the katz
measure with 63%. It is also interesting to note that the best results came from the K-
Means approach. The graphs without stopwords had results close to random (~50%),
with the best accuracies coming from closeness and pagerank, reaching 56%.

Experiment (ii) took into account all measures as input features to the ML ap-
proaches. The results achieved are presented in Table 4. Again, the evaluation method
used was the cross-validation with £ = 5 and the accuracy results show the average of the
executions of the MLs approaches (10 executions).

SVM obtained the best accuracy in this experiment, reaching 60% with graphs
without stopwords, followed by MLP with 59%, also with the same setup. K-Means,
which was the ML approach that had the best results when using the individual features,
reached only 54% accuracy, below what was achieved in the previous experiment.
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ML approach | with stopwords | without stopwords
Decision Tree 0.51 0.55
Naive Bayes 0.54 0.58
Randon Forest 0.54 0.58
KNN 0.53 0.57
SVM 0.55 0.60
MLP 0.55 0.59
OneR 0.50 0.51
One Class 0.24 0.24
K-Means 0.48 0.54

Table 4. Results of the experiments with combined measures on the ML ap-
proaches

Overall, the achieved results are encouraging, showing that true and fake news do
have distinguishing structural characteristics. The use of these characteristics may sup-
port the identification of fake content in different ways, possibly helping overcoming the
limitations of some linguistic-based approaches that check the veracity of news by evalu-
ating their writing style and linguistic choices. Bringing additional structural knowledge
to the situation may allow to deal with more difficult cases, for instance, statements with
half-truths

The use of complex network measures has not been much explored for the de-
tection of fake news. This paper was a first attempt in this endeavour. The addition of
new measures present in the literature may be important to increase the accuracy of the
classification and remains for future work, as we comment in the following section.

5. Final Remarks

This work focused on structural approaches for characterizing and detecting fake news
for Portuguese. We adapted the SentiElection method [Vilarinho and Ruiz 2018] and ex-
plored measures of complex networks, showing that fake and true news do have distin-
guishing structural characteristics. The classification results did not overcome the ones
achieved in linguistic-based approaches (see, e.g., [Silva et al. 2020]), but we believe that
they may help improving such approaches.

Future work includes performing deeper analyses of network measures, looking
for other structural patterns, and tackling more challenging phenomena, as half-truth and
post-truth statements. It may also be interesting to perform cross-lingual tests to check
whether the learned patterns keep the same across different natural languages.

The interested reader may find more information about this work at the web portal
of the POeTiSA project®.
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Abstract. Professional fact-checking tends to be costly and scalability challeng-
ing. For this reason, a series of methods to automate this process has been
emerging. However, these methods have been created with monolithic archi-
tectures, not making use of pre-built parts, and are harder to be understood by
others. This work aims to propose a framework, where the development of meth-
ods can be done in a modular manner, creating workflows based on key steps
that can be linked together to generate the input classification. The framework
makes use of a proposed data traceability ontology to map all generated data
during execution under a unified vocabulary, which facilitates communication
between these independent components.

Resumo. A verificagdo manual de fatos tende a ser cara e a escalabilidade
desafiadora, incentivando a busca por métodos automdticos. Porém, esses
métodos foram criados com arquiteturas monoliticas, ndo fazendo uso de pegas
pré-construidas e sdo mais dificeis de serem compreendidos por terceiros. Este
trabalho tem como objetivo propor um framework, onde o desenvolvimento de
métodos pode ser feito de forma modular, criando fluxos de trabalho basea-
dos em etapas-chave que podem ser interligadas para gerar a classificacdo de
entrada. O framework faz uso de uma ontologia de rastreabilidade proposta
para mapear todos os dados gerados durante a execucdo sob um vocabuldrio
unificado, o que facilita a comunicac¢do entre esses componentes independentes.

1. Introducao

O consumo de informagdes tem sido significativamente alterado pelo notével cresci-
mento das redes sociais, que vem se tornado bastante comum no cotidiano das pessoas
[Shu et al. 2017]. A sua utilizacdo como fonte de noticias e informagao tem sido cada vez
mais comum [Conroy et al. 2015]. Entretanto, nem todo contetido publicado é veridico
[Souza et al. 2020].

No jornalismo, a verificagdo de fatos (do inglés, fact-checking), pode ser definida
como uma tarefa que visa determinar a veracidade de uma informagao com base em fontes
externas confidveis. Entretanto, este tem sido um problema cada vez maior devido a
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quantidade de informacdes que os usudrios precisam lidar [Shu et al. 2017], e isso acaba
aumentando ndo apenas a demanda por verificagdo, mas também torna o processo cada
vez mais custoso de ser realizado [Hassan et al. 2015]. Além disso, a velocidade com que
as informacdes trafegam em redes sociais ou servicos de mensagens cria um desafio cada
vez maior [Hassan et al. 2015].

A diferenga entre 0 momento que uma informagdo € vista e compartilhada pe-
los usudrios e as primeiras verificagdes pode ser longa demais para evitar os impactos
negativos dessa disseminacdo. Esse efeito tem levado a uma busca por novas for-
mas que possam diminuir cada vez mais o tempo necessdrio para esse processo de
verificagdo [Shu et al. 2017]. Diversos métodos autométicos tem sido apresentados para
tentar solucionar o problema. Porém, sistemas desse tipo tendem a ter um desen-
volvimento complexo, devido a quantidade de fases e dados necessérios para realizar
a verificacdo [da Silva et al. 2020], fornecendo um resultado transparente ao usudrio
[Kotonya and Toni 2020].

Assim sendo, este trabalho visa fornecer um framework baseado em uma ontolo-
gia para a criacdo de métodos para fact-checking end-to-end, que sdo as abordagens que
tratam todos os aspectos relacionados a verificacdo, com o objetivo de fornecer interoper-
abilidade entre componentes e dados de proveniéncia sobre o pipeline de processamento.
As principais contribui¢des desse trabalho sdo: (1) mostrar uma ontologia para o processo
de fact-checking automatico que auxilia na reprodutibilidade e rastreabilidade; (3) apre-
sentar um framework para a implementacdo de métodos de fact-checking automatico com
base em componentes reutilizdveis.

2. Trabalhos Relacionados

Na literatura, vérios trabalhos lidam diretamente com o problema da verificacio de fatos
[Santos and Pardo 2020, Miranda et al. 2019, Gerber et al. 2015]. No entanto, de acordo
com [Graves 2018], € importante automatizar ndo apenas a verificagdo, mas também eta-
pas de identificacdo e geracdo de resultados. Além de verificar as declaragdes, também ¢é
importante monitorar fontes que possam gerar fatos que valham a pena validar, além de
oferecer meios para que seu resultado seja divulgado e alcance as pessoas.

Nessa drea, sistemas end-to-end sio aqueles que implementam todos esses com-
ponentes do processo, tratando ndo apenas a coleta de evidéncias e avaliagdo dos dados,
mas também aplicando formas de divulgacdo de resultados e monitoramento de fontes
de midia em geral (debates, entrevistas, redes sociais). Para combater a desinformacao,
[Hassan et al. 2017] e [Nadeem et al. 2019] usam esse tipo de sistema para construir suas
abordagens. ClaimBuster [Hassan et al. 2017] destaca-se como um servico que funciona
de forma totalmente automatizada, monitorando e identificando as declaragdes que po-
dem ser validadas, e informando o veredicto através de um portal na Web' e no Twit-
ter. Por outro lado, FAKTA [Nadeem et al. 2019] ndo possui um monitoramento ativo de
afirmagdes, mas também € capaz de realizar o processo automaticamente. Para isso, os au-
tores utilizam-se métodos de aprendizagem de maquina para identificar o posicionamento
relevante do documento em relagdo ao que se pretende verificar.

Mesmo que esses trabalhos consigam lidar com o problema de fact-checking,

Thttps://idir.uta.edu/claimbuster/
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eles ndo sdo capazes de prover uma arquitetura aberta e capaz de interoperar com out-
ros métodos ja existentes, ou reutiliza-los. A utilizacdo de componentes isolados e in-
teroperaveis ajuda a evitar desperdicios com retrabalhos e acelerar o tempo de desen-
volvimento [Both et al. 2016]. Na 4rea de Processamento de Linguagem Natural, Natural
Language Processing - NLP, foram encontrados dois usos pra esse tipo de técnica. Em
[Volodina et al. 2012], essa técnica foi aplicada para o aprendizado de idiomas, onde foi
criada uma arquitetura com base em web services onde os servigcos trocam anotagdes en-
tre si. Similarmente, [Both et al. 2016] também realiza uma tarefa semelhante para prover
interoperabilidade em sistemas de Question Answering. Esse trabalho também se apoia
em uma ontologia, a QA Ontology, que € utilizada para armazenar todas as informagoes
geradas no processo de construcdo da resposta.

Ainda que esses trabalhos apresentem avancos em suas respectivas areas, eles
podem ndo se adaptar completamente a drea de fact-checking. Durante o processo de
verificagdo, € preciso coletar e e processar evidéncias para se estabelecer um veredito. Ao
organizar semanticamente essas informacdes, através de uma ontologia que aborda todo
o processamento, faz com que seja possivel capturar melhor o conhecimento disponivel
[Munir and Sheraz Anjum 2018]. Na literatura, os trabalhos disponiveis descrevendo on-
tologia ou formas de anota¢do de dados para fact-checking ndo contemplam esse aspecto.
Trabalhos como [Rehm et al. 2018] focam em criar uma forma de descrever os resulta-
dos obtidos pela verificagdo, e ndo detalhar o processo de verificagdo em si. O presente
trabalho, por sua vez, apresenta uma proposta de framework para abordagens de fact-
checking que permite auxiliar na reprodutibilidade de experimentos e na construcdo de
novas abordagens através do reuso de componentes entre abordagens distintas. Uma vez
que o processo de fact-checking é dividido em etapas que podem ser definidas e alteradas
facilmente no framework, este permite também auxiliar no processo de experimentagdo
com diferentes componentes. Ainda, para garantir a rastreabilidade de informagdes do
processo de verificagdo, é apresentada uma ontologia que descreve as relacdes e entidades
que fazem parte do processo de validacdo, e que pode usada por qualquer abordagem ou
sistema fora deste framework.

3. Ontologia Revera

Para fornecer interoperabilidade entre os componentes da mesma etapa, foi desenvolvida
a ontologia ReVera? para descrever todos os dados que podem ser gerados em cada uma
das etapas do processo de verificacdo automatica de fatos a partir de dados textuais. As-
sim, independentemente da implementacdo, é possivel obter uma mesma organizagdo
semantica dos dados gerados. Através desse tipo de especificacio, é possivel intercam-
biar informacdes entre diferentes sistemas, através da utilizacdo de um vocabulario em
comum [Bittner et al. 2006].

A PROV Ontology (PROV-0O) [Belhajjame et al. 2012] foi definida para ser sim-
ples e extensivel pelas aplicacdes que irdo utilizd-la, onde a partir dessa simplificacdo, ja
é possivel criar representacdes especificas para um determinado dominio. Sendo assim,
a partir dessas classes e relacdes, foi definida uma ontologia de proveniéncia, com base
na PROV-O, para definir os dados de proveniéncia que podem ser gerados e consumidos
durante o processo de verificacdo das etapas, definido no pipeline proposto.

2Origina-se do latim, onde revera significa “na verdade”
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A ontologia desenvolvida, chamada de ReVera Fact Checking Ontology, referida
através do prefixo fc:, mapeia todas as entidades que sdo geradas durante o processamento.
Ela foi pensada para ser uma ontologia de proveniéncia de dados, onde os dados gerados
em um determinado estigio da pipeline de fact-checking sao propriamente identificados.
Isso faz com que exista um certo nivel de reprodutibilidade dos resultados obtidos, po-
dendo ser identificados e reprocessados com quaisquer outras configuracdes de compo-
nentes. O diagrama da ontologia pode ser observado na Figura 1. Na representacéo,
os circulos brancos representam as classes definidas na ontologia e os azuis indicam as
classes herdadas da PROV-O. As arestas indicam as relagdes, onde a origem € o sujeito e
o alvo é o objeto, sendo as arestas azuis relagcdes herdadas, as vermelhas, definidas pela
ReVera Ontology, e as pretas ndo nomeadas na figura indicam relagdes do tipo is a (é
um/é uma).

Figure 1. Representacao de classes e relacoes da ontologia proposta

A ontologia proposta estende a PROV-O, especializando classes como Enti-
dades e Atividades especificamente para representar o pipeline de processamento das
afirmacdes.E importante destacar que, em uma abordagem de pesquisa recente, a FC
Ontology foi desenvolvida no editor de ontologias Onto4ALLEditor®, que possibilita a
construcdo colaborativa de ontologias por mais de um usudrio através da web e faz uma
validacao dos componentes ontoldgicos (classes, relagdes, propriedades e axiomas) con-
struidos [Mendonga et al. 2020]. Essa caracteristica atribuida a constru¢cdo da ReVera
Ontology contribuiu com a qualidade de seu contetido ontoldgico.

4. ReVera Framework

A fim de fornecer uma plataforma para o desenvolvimento de abordagens para a
verificag@o de fatos, o framework foi desenvolvido com base nas etapas necessdrias para
serem implementadas em sistemas end-fo-end, o ReVera Framework. Além disso, ele foi
desenvolvido de forma a permitir o reuso, ser extensivel e paralelizdvel.

Essa arquitetura necessita de um médulo de gerenciamento central para receber
e gerenciar todas as solicitagcdes de processamento. Cada uma das implementagdes das
etapas possiveis, chamados de componentes, precisam se comunicar com o core, ja que
é necessdria a entrada e saida de dados entre eles. Essa comunicagdo, entre os compo-
nentes e o core sdo realizadas através de um mensageiro. A Figura 2 mostra a arquitetura
proposta.

3http://ontodalleditor.com/
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Figure 2. Arquitetura proposta para o ReVera Framework

O core é o médulo que precisa ter visdo de todo o sistema. Ele ird receber todas
as solicitacdes de processamentos, além de fornecer uma interface para a comunicagdo
externa para se obter os resultados gerados pelo processamento. Para manter todas as
informagdes, ele se comunica diretamente com dois bancos de dados especificos: um
relacional e outro orientado a grafos. A base de dados relacional mantém o registro de
todas as requisi¢des de processamento, além de rastrear todos os componentes necessirios
para o processamento da requisi¢do, identificando quais ja foram concluidos e quais ainda
precisam serem executados. Os dados gerados pela execug@o de cada etapa, descritos
pela ontologia, sdo organizados em um grafo e salvos em um banco de dados na forma
de triplas RDF (Resource Description Framework). Esse médulo é necessario para o
sistema evitar que os componentes que realizam o processamento tenham que lidar com
o encaminhamento e o controle de estado de cada uma das requisicdes.

Os componentes precisam ser especializados para realizar a tarefa necessaria para
que a etapa seja concluida. Ao ligar, em cadeia, componentes de diferentes etapas é
possivel transformar as sentencas ou triplas de entrada, encontrando os dados que o clas-
sificador final necessita para avaliar sua veracidade. Essas pecas conectam-se ao nucleo
através de mensageiros, onde para cada um dos componentes é criado uma fila de men-
sagens. Caso haja mais de uma instdncia de um mesmo componente, esses componentes
escutam a mesma fila e isso permite paralelizar as mensagens que sdo inseridas na fila. A
utilizacao desse tipo de arquitetura, muito utilizada em conjunto com microsservigos, per-
mite um desacoplamento grande entre todos os médulos do framework, pois os mddulos
ndo precisam tratar da comunicac¢do diretamente, ndo havendo restricdes para a aplicagdo
de diferentes plataformas ou linguagens de programacao.

Ao ser implementada dessa forma, o framework apoia-se na ontologia ReVera
para mediar o funcionamento de todos os componentes. Essa caracteristica € o que cria
uma padronizacido semantica entre todas as entradas e os resultados dos processamentos
realizados. Isso acaba facilitando caracteristicas como reuso, através da reutilizacdo dos
componentes, além de reprodutibilidade e rastreabilidade, que permitem que os resultados
possam ser compreendidos e reproduzidos através das informacdes geradas durante o
processo.

Nesse contexto, existe um desacoplamento entre os componentes, ja que toda
execucdo fica restrita a coeréncia entre os tipos de entrada e saida esperados para cada
um dos componentes. Isso permite que a substituicio de um componente por outro do
mesmo tipo seja menos custosa, e que a sua reutilizacio para criacio de novos pipelines
seja mais simples, ja que basta apenas considerar suas entradas e saidas.
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Todos esses artefatos gerados durante o processamento sdo persistidos no banco
de dados, permitindo que todo o fluxo de troca de informagdes possa ser analisado pos-
teriormente. Uma das implicagdes diretas ¢ a possibilidade de tornar o processo de re-
produtibilidade mais transparente, podendo explicitar os dados que sd@o consumidos e
gerados. Desse modo, € possivel consumir os dados de entrada para verificar se é possivel
obter tais dados, comparando diretamente com os resultados que foram obtidos.

A segunda implicacdo € permitir que os dados gerados possam ser rastreados, po-
dendo analisar a transformacdo dos dados entre as etapas. Consequentemente, é possivel
obter todas as evidéncias e artefatos utilizadas para validar uma informacdo, desde a
requisi¢do até a finalizagdo do processamento. Portanto, métodos que trabalham com
a geracdo da explicacdo de forma automatica podem se beneficiar disso como uma forma
de obtencdo dos dados.

Além disso, ao utilizar a estrutura ja fornecida, sdo disponibilizados métodos para
o gerenciamento e armazenamento dos fluxos de execug¢do, utilizando um vocabulario
pré-definido, podendo simplificar o uso dos dados de saida para diferentes sistemas.

5. Validacao

Visando servir como uma prova de conceito para o framework, foi desenvolvido um
pipeline baseado no mesmo trabalho anterior [Gerber et al. 2015]. Todas as etapas de pro-
cessamento foram dividas em componentes de responsabilidade tnica dentro do frame-
work, onde cada componente estd responsavel por uma forma de implementagdo da etapa
de processamento. Além dos componentes que puderam ser identificados a partir de
[Gerber et al. 2015], foram adicionados outros a fim de alterar a forma de processamento
para ter como entrada documentos em texto de linguagem natural, ao invés de triplas RDF.
Para isso, foi necessdrio alterar as etapas iniciais de tratamento da entrada.

Assim que a resposta é produzida, é responsabilidade de cada componente infor-
mar ao core o documento de resposta. Essa resposta é feita através do mensageiro, por
uma fila especifica, contendo o identificador do grafo, necessdrio para agrupar todos os
dados relacionados a requisi¢do e o proprio documento resultante. Assim, ao receber
esses dados, o core é capaz de persistir os dados e prosseguir com o processo, identifi-
cando a préxima etapa e enviando todos os dados persistidos no grafo da requisi¢do como
entrada.

Analogamente, as outras etapas possuem protocolos de entrada e saida simi-
lares: todas procuram por instancias de certas classes no documento de entrada e, ao
finalizarem o processamento, gerar uma resposta seguindo o vocabuldrio da ReVera On-
tology. Com isso, houve uma reutilizacdo dos componentes ja implementados e, através
de uma reorganizag@o do fluxo de execugdo, foi possivel experimentar uma abordagem
diferente.

Dessa forma, utilizando o framework, os componentes nido precisaram lidar com
os possiveis fluxos de dados que possam ocorrer, limitando-se apenas a compreen-
der o vocabuldrio de suas entradas e saidas. Isso facilitou a extensdo do trabalho
de [Gerber et al. 2015] de maneira com que foi possivel reaproveitar grande parte dos
c6digos ja implementados.
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6. Conclusoes e Trabalhos Futuros

Este trabalho apresenta um framework e uma ontologia para rastreabilidade, a ReVera
Ontology, para o desenvolvimento de métodos de verificagdo automatica de fatos (fact-
checking). O framework consiste de um core e modulos que implementam determi-
nadas partes do processamento (componentes), é capaz de receber solicitacdes de pro-
cessamento de diferentes pipelines e montar um grafo com informagdes de proveniéncia,
seguindo o vocabuldrio da ontologia.

Além disso, o desenvolvimento do framework proposto nesta pesquisa pode ser
considerado uma solucdo inédita para a drea de fact-checking. Foram identificados na
literatura trabalhos para Question Answering e Language Learning, porém nao foram
encontradas solucdes desse tipo para fact-checking. A implementagdao forneceu uma
forma desacoplada e distribuida para implementar sistemas de verificagdo, permitindo
uma maior facilidade para alterar individualmente as partes do processo. Além disso,
através do framework, foi possivel entender o funcionamento de diversas pesquisas da
drea, gerando também uma classificaciio para as principais etapas realizadas durante o
processamento.

Como trabalhos futuros, pretende-se implementar mais componentes para o
framework, buscando novos trabalhos disponiveis na literatura e aplicando-os para que
possam utilizar a ontologia. Novos componentes permitem a criagdo de novos pipelines,
0 que permite a evolugdo, verificando deficiéncias para mais casos de testes.

Além disso, devido a possibilidade de serem testadas diferentes combinacdes
de componentes, futuramente podem ser adicionadas ferramentas de avaliagdo para os
pipelines desenvolvidos sobre o framework. Elas devem permitir executar diferentes com-
ponentes e verificar, através de métricas de performance disponiveis na literatura, o de-
sempenho de diferentes fluxos em um conjunto de testes, auxiliando em metodologias de
experimentagdo dos resultados.
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Abstract. This paper provides an empirical study of various techniques for in-
formation retrieval and machine reading comprehension in the context of an
online education platform. More specifically, our application deals with an-
swering conceptual students questions on technology courses. To that end we
explore a pipeline consisting of a document retriever and a document reader.
We find that using TF-IDF document representations for retrieving documents
and RoBERTa deep learning model for reading documents and answering ques-
tions yields the best performance with respect to F-Score. In overall, without a
fine-tuning step, deep learning models have a significant performance gap with
comparison to previously reported F-scores on other datasets.

1. Introduction

In distance learning courses, tutors play a crucial role due to performing several activities,
such as pedagogical support, student performance, interaction monitoring, dropout detec-
tion, prevention, and reduction [Barker 2002, Denis et al. 2004], thus helping students
to finish their course successfully [Simpson and Sharma 2002, Lentell 2004]. However,
when a large number of students attend courses, human tutors can be overloaded, which
may have a negative impact on their work. Bernath and Rubin (2001) report how the sheer
volume of online activities can be too much for the teacher and the student and why the
workload on online teachers is often reported to be significantly greater than what it is in
a face-to-face teaching context.

In this realm, Damasceno et al. (2020) previously proposed a chat-bot called STU-
ART for easing the burden in distance learning courses. It uses Natural Language Process-
ing (NLP), machine learning techniques, and interaction with Dell Accessible Learning
(DAL) ! learning tools for responding to student’s pedagogical, technical, and content
demands. [Damasceno et al. 2020] does so by sending proactive pedagogical recommen-
dations according to the student’s profile and for ensuring the reduction of activities that
require pedagogical resources and human tutoring. In this work we focus on content
responses using the Question Answering (QA) technology.

'http://leadfortaleza.com.br/dal/
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As follows, QA technology is the possible solution to mitigate that problem
[Wen et al. 2012]. A QA system aims to automatically answer some of the students ques-
tions, thus reducing the workload on teachers. Modern QA systems are composed by
various sub tasks. In this work we focus on two of then: document retrieval and docu-
ment reading, under the perspective of NLP. Concerning the document retrieval task, it
consists of finding the document that is most similar to a given question. This is done
either by calculating the similarity between documents, through the usage of document
representations as Term Frequency-Inverse Document Frequency (TF-IDF) [Jones 1972]
or by word representations [Pennington et al. 2014].

After finding the appropriate document, one needs to extract the answer.
A possible approach task that gained attention in the literature is called Ma-
chine Reading Comprehension (MRC) [Hermann et al. 2015], which aims at teach-
ing machines to answer questions after comprehending given passages or contexts.
The state-of-the art in MRC are deep language models based on attention mech-
anism, such as BERT [Devlin et al. 2019], ELECTRA [Clark et al. 2020] and AL-
BERT [Lan et al. 2020]. Despite the many advances in the field, the usage of these tools
remains data intensive. For instance, when applying BERT for a domain-specific QA,
such as biology, a fine-tuning step is necessary since the word distribution can drastically
change across domains [Lee et al. 2020]. This is an important drawback, specially for
small to medium-sized distance learning platforms that do not have a reasonable corpus
for fine-tuning the model.

Due to the wide variety of strategies for performing retrieval and reading tasks,
choosing the appropriate model for each of them is cumbersome. In this sense, the
majority of work evaluate either the retrieval task, or the reading performances alone.
Nevertheless, some surveys provide a broader view on the subject. For instance,
in [Abbasiantaeb and Momtazi 2021], the authors provide a comprehensive review of the
complete QA pipeline, covering various deep learning approaches. Moreover, Fu et al.
(2020) covers traditional methods, such those that rely on predefined rules or templates
for answering questions.

In this context, our work differentiates itself from these approaches since it pro-
vides an empirical study of deep learning-based QA in the context of online distance
courses, predominantly with technology subjects. Therefore we present an empirical
study of retrieval and reading tasks working in consonance. Our study is centered around
an existing educational platform, the DAL platform. We investigate the following ques-
tions: (i) Which algorithms better fit the pipeline used for QA? (ii) Can pre-trained deep
learning models perform as well even when fine-tuning is not possible? (iii) Can deep
learning models be used for answering conceptual questions of the DAL platform stu-
dents?

The remainder of this paper is organized as follows. Section 2 gives an overview
of the proposed methodology with Document Retriever and Document Reader. Section 3
presents the results and inferences obtained from them. Section 4 draws the conclusions
we can draw from our work.
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2. Methodology

In this section we explore the methodology for QA. In particular, we propose using a
pipeline similar to that of [Abbasiantaeb and Momtazi 2021], with slight modifications. It
is composed by three elements: (i) a corpus of contexts, (ii) a document retriever module,
and (iii) a document reader module. An overview on how these components work in
consonance is shown in Figure 1.

—
— | Corpus of
Course Database Contexts
() Question | Document (3] Context Document
Stu-dent Retriever Reader

]

Answer

Figure 1. Pipeline for the MRC module.

2.1. Corpus of Contexts

We create a usable knowledge base for answering the students questions by gathering
textual content from courses offered in the DAL platform. The DAL platform provides a
variety of multidisciplinary online courses, mostly about technology or management. The
lectures of the courses are displayed as web pages or videos.

The data collection process was made through an automatic script that downloads
all the content from DAL’s platform courses. For online lectures, we parsed the HTML
files to extract the textual content of web lectures. For video lectures, we extracted the
textual content from subtitles. In total, we gathered 674 documents, from 189 lectures of
18 courses as illustrated by Figure 2.
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= o
i & & £ ) J
Machine Introduction Data . Ethics and
; ata C# Applications e a
carning to Python Visualization pplications  gutomated Tests | poirepreneurchip

Java

= = o o\ t,’ﬁ
o o -
Object Oriented Application Development ~ Web Programming Design Patterns Java
Programming with Java with Java with Java with Java Front/Back
Mobile
& &) = Fa Q
o— -
Application and Services  Database Mobile Develop ) Mobile Development
Integration with Java with Java with Android API IT Flutter with Android APTT|  Costumer Service

Figure 2. An overview of the 18 courses available in the DAL’s platform.

After obtaining the texts, we split the documents into segments consisting of a
maximum of 7" = 128,256, and 512 tokens, resulting in three knowledge bases with
the same content, but divided in distinct number of segments. In addition, we executed
prepossessing steps in the texts, which include normalization in lower case, removing stop
words, punctuation, numbers and accentuation, and lemmatisation.
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Furthermore, we also created a corpus of conceptual questions for evaluating our
pipeline. For the 10 most popular courses, DAL’s tutors created questions based on their
past experience of what students may ask. For each test question, the following labels
are available: the course and lecture related to the question, the context that answers the
question, and the desired answer within the context. This allows us to evaluate both the
retrieving and reading tasks.

2.2. Document Retriever

The Document Retriever component executes an Information Retrieval
task [Kolomiyets and Moens 2011] by retrieving from a corpus a document that is
expected to contain the answer for a question, i.e. the context of the question. The
criteria to find this context is to compute a similarity measure between the question and
the documents in a given vector representation, in which the document with a higher
similarity is chosen. The underlying hypothesis is that the greater the similarity between
the question and a document, the more likely that document contains the answer to the
question. In a distance learning application, each document refers to an excerpt of the
textual content of a lecture from an online course. Besides the text of the candidate
document, the name of the course and the lecture identifier is also returned.

There are various approaches for evaluating the similarity between documents
and questions. In this work we focus on those techniques involving the numerical rep-
resentation of documents. As follows, one tries to represent either the entire docu-
ment, or its words by a vector x € R”. Examples of the former approach are the
so-called Bag of Words (BoW) and TF-IDF [Jones 1972], which roughly rely on the
word frequency in each document. Moreover, Global Vectors (GloVe) word embed-
dings [Pennington et al. 2014], which are trained on large corpus of texts in an unsu-
pervised fashion is an example of the latter approach.

Once one has a representation for the document, it is still necessary to choose a
notion of distance between the vectors. A common choice in the literature is using the
cosine similarity. On the other hand, when using word embeddings, novel distances such
as the Word Mover Distance (WMD) [Kusner et al. 2015] can be used. The WMD is
particularly interesting since it considers documents as empirical probability measures
over the word space.

2.3. Document Reader

The Document Reader component works as a MRC module. It implements a Deep Learn-
ing model to predict possible answers to questions made by students using the DAL plat-
form. The Document Retriever module provides a context from which the Document
Reader extracts an answer to those questions. The prediction itself is made by finding the
beginning and the end of the answer in the context provided by the Document Retriever.
It uses ELECTRA as its deep learning model, but BERT, RoBERTa, and ALBERT were
also used for comparison purposes, and are briefly described below.

Bidirectional Encoder Representation from Transformers
(BERT) [Devlin et al. 2019] is a Masked Language Model (MLM) [Taylor 1953]
that selects a small subset of the unlabeled input data and masks its tokens identity (15%
of tokens are masked, replaced, or left unchanged at random.) The network is then
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trained to predict the original input. It achieved state-of-the-art results in various NLP
tasks, such as QA and Sentiment Analysis. One of BERT’s major innovations is applying
bidirectional training to language representations as opposed to single direction (usually
left-to-right modeling or a combination of both left-to-right and right-to-left modeling)
training. It allows the fusion of both contexts, the one to the left of the masked token and
the one to the right, to predict the masked word found in the original input. BERT also
uses a next sentence prediction task that can capture the relationship between sentences.

The Robustly optimized BERT approach (RoBERTa) [Liu et al. 2019] improves
on BERT by optimizing its method of pretraining. The authors evaluated how hyperpa-
rameter tuning and training set size impact the performance of BERT-like models. The
model is trained longer, with larger batches and learning rates, on more data. The model
excludes the next sequence prediction task and it is trained on longer sequences. Also,
the model has a dynamic masking strategy applied to the training data, where a masking
pattern is generated every time a sequence is fed to the model. The model itself is a reim-
plementation of BERT with the aforementioned modifications and improved on BERT’s
results on General Language Understanding Evaluation (GLUE) [Wang et al. 2018] and
Stanford Question Answering Dataset (SQuAD) [Rondeau and Hazen 2018] benchmarks.

The model A Lite BERT (ALBERT) [Lan et al. 2020] is a low memory consump-
tion model similar to BERT. It has two parameter reduction techniques that lower its
memory consumption and increase its training speed. The first technique consists in
decomposing the embedding matrix into two smaller ones, so it is easier to grow the
model hidden size without increasing the number of parameters. The second one is shar-
ing parameters across all layers to prevent the number of parameters from growing with
network depth. Both techniques improve parameter efficiency without reducing model
performance.

Efficiently Learning an Encoder that Classifies Token Replacement Accurately
(ELECTRA) was first proposed in [Clark et al. 2020]. The model detects replaced tokens
instead of recovering the original input. The input data is corrupted by replacing tokens
with some others generated by a small masked language model. The network is then pre-
trained as a discriminator that predicts if every token is in the original input or not and can
be fine-tuned on downstream tasks. ELECTRA’s greatest advantage over MLM is that it
learns from all input tokens instead of only from a small subset of the original data, which
makes it computationally more efficient.

3. Results

In this section we describe three experiments, and discuss our results. Section 3.1 ex-
plores the space generated by the TF-IDF representation. Section 3.2 presents a compar-
ative study of information retrieval and deep learning-based MRC algorithms. Finally,
Section 3.3 provides a broad discussion on the results we obtained.

3.1. Corpus Visualization

Based on the pre-processed text from the corpus, we built the TF-IDF representation
consisting on a matrix RV*M_ for N, the number of segments, and M = 18,233, the
vocabulary size. To further explore this representation of the corpus, we perform two
dimensionality reduction steps: (i) we apply Principal Component Analysis (PCA) to the
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data, reducing it to a reasonable dimension (100), (ii) from the reduced vector, we apply t-
distributed Stochastic Neighbor Embeddings (t-SNE) [Van der Maaten and Hinton 2008]
to visualize the data on R?, as shown in Figure 3.
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Figure 3. t-SNE embedding of the TF-IDF representation of documents. The
colours represent each the 18 courses in the DAL platform.

3.2. Pipeline Evaluation

The evaluation of the pipeline shown in Figure 1 is carried out in two steps. First, the
information retrieval task is evaluated, according to both course and lecture accuracy. It
is important to note that a lecture prediction is only correct if the document retriever also
predicts the course correctly. At this step, we also compare different choices for document
segmentation, as we evaluate each candidate retrieval algorithm for a maximum of 128,
256 and 512 tokens.

Thus, we compare 4 different approaches for retrieving documents: (i) the TF-
IDF representation [Jones 1972], (ii) the usage of BoW, both using cosine similarity (iii)
Portuguese GloVE Word Embeddings [Hartmann et al. 2017] using the so-called WMD
and (iv) using Word Centroid Distance (WCD), both as proposed by [Kusner et al. 2015],
which reported that WCD outperformed both BoW and TF-IDF in tasks of Information
Retrieval by significant margins in various datasets. The comparison is shown in Table 1.

Furthermore, for the comparison of MRC methods presented in Section 2.3, we
use the F-Score, a metric previously used in [Rajpurkar et al. 2016] for QA. Based on
this metric, we present two comparisons. First, we consider that the answer context is
known a priori, thus yielding a similar evaluation to previous studies, but in a different
context (DAL database). Second, we consider the evaluation of the pipeline as a whole.
In this case, the context is predicted using the best information retrieval method, which is
TF-IDF with a segmentation of 128 tokens, as presented in Table 1. The MRC results are
shown in Table 2.
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Course Accuracy Lecture Accuracy
Feature Choice 128 256 512 128 256 512
GloVE Embeddings
- WMD 38.18 33.66 37.12 26.73 23776 22.77
- WCD 35.15 34.16 31.18 23.76 17.82 13.86
BoW 50.49 42.08 42.08 39.11 32.17 32.17
TF-IDF 72.77 6584 63.86 6237 5594 5297

Table 1. Comparison of Information Retrieval methods based on course and lec-
ture accuracy.

Model # Parameters Context Known Context Retrieved
BERT 334M 13.39 9.22
ALBERT 235M 15.42 14.16
ELECTRA 334M 15.81 16.62
RoBERTa 354M 15.88 16.83

Table 2. Comparison of MRC algorithms based on F-Score, in two scenarios:
(i) context is known a priori, and (ii) context is retrieved by the document
retriever.

3.3. Discussion

Figure 3 evidences the difficulty of detecting the appropriate course for a given question,
as the course’s content can be highly multi-disciplinary. For instance, the extreme top
cluster of Figure 3 is composed by documents from “Web Programming with Java” and
“Automated Tests”. At a first glance, these two courses are unrelated, but the documents
treat the same subject (in the former course, it treats tests in Java).

Another source of confusion is related to the courses “Machine Learning”, “Data
Visualization” and “Introduction to Python”, at the bottom of Figure 3, in shades of pur-
ple. Even though the first 2 of these 3 courses treat advanced topics, they are taught using
Python, thus there is an intersection in their content, mostly in the initial lectures. This
is also the case for the course “C# Applications”, in yellow. The course content involves,
among other topics: object-oriented programming, databases, and web applications. Con-
sequently, the documents of this course are scattered throughout the t-SNE embedding.
Hence, the Information Retrieval task achieved better results for all methods with the seg-
mentation of 128 tokens, indicating that short texts are more easily distinguished. This
may happen since these have less possibility of overlapping topics.

As a possible solution for this issue, we may leverage the DAL platform by re-
trieving which courses a given student is enrolled in. This allows us to narrow the search
to a few courses. Even though a student may be enrolled in courses that share content, the
system will likely perform better in terms of document and lecture accuracy.

Secondly, unsupervised document representation approaches, such as Bow and
TF-IDF have superior performance than GloVe embeddings. This was expected, since
the domain of our application is very specific. More specifically, Hartmann et al.
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(2017) trained the embeddings on a corpus consisting mainly on Wikipedia and news
pages, whereas our application is mainly composed of technology-related courses. As
a consequence, training and test data follow different probability distributions, harming
the test performance. A possible solution that may improve the performance of GloVe
is training on a corpus that is more similar to our application, or performing fine-tuning.
However, due to the limited size of the DAL’s corpus, this was not feasible.

Thirdly, in comparison with the results reported on the respective paper of each
model, there is still a wide margin improvement. For instance, Clark et al. (2020) re-
port a F-Score of 94.9 on SQuAD vl1.1 dataset, whereas in the DAL test set the per-
formance is much lower (16.83 maximum). The reason for this performance gap is,
again, the distributional shift between training and test sets for these models. Possible
approaches for solving this issue are: re-training, fine-tuning or even performing transfer
learning [Ganin et al. 2016].

Finally, note that as reported in Table 2, RoBERTa and ELECTRA have slightly
better performance when the context is retrieved through the document retriever. This
is mainly due the fact that different contexts may contain the answer for a given ques-
tion. This also highlights that the context indicated by the tutors may not be the most
appropriate for the model to extract the answer from.

4. Conclusion

This work presented an empirical study of information retrieval and machine reading com-
prehension algorithms for an online education platform. We used a pipeline consisting of
a corpus of contexts based on courses content, a document retriever, and a document
reader. The pipeline has two challenges to overcome. First, contexts are not always in-
formative. They might be guessed wrongly by the document retriever, or the information
may be scattered across documents. Secondly, the Language Model (LM), which have
been built using general language and broad scope texts, are applied to a corpus that is
very content specific (technology courses, for instance). This hinders the quality of an-
SWers.

Concerning the best choices for the QA pipeline, using unsupervised document
representations, such as TF-IDF, yields better performance than pre-trained word em-
beddings, such as GloVe. Among these, the former has the better retrieval performance.
Furthermore, when comparing MRC algorithms, ELECTRA and RoBERTa give the best
results, having similar performance. Moreover, the overall pipeline, that is, TF-IDF re-
triever and RoBERTa-based reader with a document segmentation of 128 tokens, yields
slightly better answers than using the reader with contexts provided by the DAL tutors.
Furthermore, without fine-tuning, there is a considerable gap in F-Score when using pre-
trained deep learning-based MRC algorithms in a specific domain QA problem, such as
answering conceptual questions about technology courses.

Given the shortcomings of applying pre-trained deep learning-based models in
specific contexts, deep learning models can be used for answering conceptual questions.
Future work involve: (i) improving the DAL’s data base for allowing the fine-tuning of
MRC algorithms, and (ii) employing transfer learning for efficiently using the data at our
disposal for improving pre-trained models.

224



An Empirical Study of Information Retrieval and Machine Reading
Comprehension Algorithms for an Online Education Platform

References

Abbasiantaeb, Z. and Momtazi, S. (2021). Text-based question answering from informa-
tion retrieval and deep neural network perspectives: A survey. Wiley Interdisciplinary
Reviews: Data Mining and Knowledge Discovery, page e1412.

Barker, P. (2002). On being an online tutor. [Innovations in Education and Teaching
International, 39(1):3-13.

Bernath, U. and Rubin, E. (2001). Professional development in distance education — a
successful experiment and future directions. Innovations in Open & Distance Learn-
ing, Successful Development of Online and Web-Based Learning, pages 213-223.

Clark, K., Luong, M.-T., Le, Q. V., and Manning, C. D. (2020). Electra: Pre-training
text encoders as discriminators rather than generators. In International Conference on
Learning Representations.

Damasceno, A. R., Martins, A. R., Chagas, M. L., Barros, E. M., Maia, P. H. M., and
Oliveira, F. C. (2020). Stuart: an intelligent tutoring system for increasing scalability
of distance education courses. In Proceedings of the 19th Brazilian Symposium on
Human Factors in Computing Systems, pages 1-10.

Denis, B., Watland, P., Pirotte, S., and Verday, N. (2004). Roles and competencies of the
e-tutor. In Networked Learning 2004: A Research Based Conference on Networked
learning and lifelong learning: Proceedings of the fourth international conference,
Lancaster, pages 150-157.

Devlin, J., Chang, M.-W., Lee, K., and Toutanova, K. (2019). BERT: Pre-training of
deep bidirectional transformers for language understanding. In Proceedings of the
2019 Conference of the North American Chapter of the Association for Computational
Linguistics: Human Language Technologies, Volume 1 (Long and Short Papers), pages
4171-4186, Minneapolis, Minnesota. Association for Computational Linguistics.

Fu, B., Qiu, Y., Tang, C., Li, Y., Yu, H., and Sun, J. (2020). A survey on complex
question answering over knowledge base: Recent advances and challenges. arXiv
preprint arXiv:2007.13069.

Ganin, Y., Ustinova, E., Ajakan, H., Germain, P., Larochelle, H., Laviolette, F., Marchand,
M., and Lempitsky, V. (2016). Domain-adversarial training of neural networks. The
Journal of Machine Learning Research, 17(1):2096-2030.

Hartmann, N. S., Fonseca, E. R., Shulby, C. D., Treviso, M. V., Rodrigues, J. S., and
Aluisio, S. M. (2017). Portuguese word embeddings: Evaluating on word analo-
gies and natural language tasks. In Anais do XI Simpdsio Brasileiro de Tecnologia
da Informagdo e da Linguagem Humana, pages 122—-131. SBC.

Hermann, K. M., Kocisky, T., Grefenstette, E., Espeholt, L., Kay, W., Suleyman, M., and
Blunsom, P. (2015). Teaching machines to read and comprehend. Advances in Neural
Information Processing Systems, 28:1693—-1701.

Jones, K. S. (1972). A statistical interpretation of term specificity and its application in
retrieval. Journal of Documentation, 28:11-21.

Kolomiyets, O. and Moens, M.-F. (2011). A survey on question answering technology
from an information retrieval perspective. Information Sciences, 181(24):5412-5434.

225



An Empirical Study of Information Retrieval and Machine Reading
Comprehension Algorithms for an Online Education Platform

Kusner, M., Sun, Y., Kolkin, N., and Weinberger, K. (2015). From word embeddings to
document distances. In International Conference on Machine Learning, pages 957—
966. PMLR.

Lan, Z., Chen, M., Goodman, S., Gimpel, K., Sharma, P., and Soricut, R. (2020). Albert:
A lite bert for self-supervised learning of language representations. In International
Conference on Learning Representations.

Lee, J., Yoon, W., Kim, S., Kim, D., Kim, S., So, C. H., and Kang, J. (2020). Biobert:
a pre-trained biomedical language representation model for biomedical text mining.
Bioinformatics, 36(4):1234-1240.

Lentell, H. (2004). The importance of the tutor in open and distance learning. In Rethink-
ing Learner Support in Distance Education, pages 76—88. Routledge.

Liu, Y., Ott, M., Goyal, N., Du, J., Joshi, M., Chen, D., Levy, O., Lewis, M., Zettlemoyer,
L., and Stoyanov, V. (2019). Roberta: A robustly optimized bert pretraining approach.
ArXiv, abs/1907.11692.

Pennington, J., Socher, R., and Manning, C. D. (2014). Glove: Global vectors for word
representation. In Proceedings of the 2014 Conference on Empirical Methods in Nat-
ural Language Processing (EMNLP), pages 1532—1543.

Rajpurkar, P., Zhang, J., Lopyrev, K., and Liang, P. (2016). Squad: 100,000+ questions for
machine comprehension of text. In Proceedings of the 2016 Conference on Empirical
Methods in Natural Language Processing, pages 2383-2392.

Rondeau, M.-A. and Hazen, T. J. (2018). Systematic error analysis of the stanford ques-
tion answering dataset. In Proceedings of the Workshop on Machine Reading for Ques-
tion Answering, pages 12-20.

Simpson, O. and Sharma, R. C. (2002). Book review-supporting students in open and
distance learning. International Review of Research in Open and Distance Learning,
3(3).

Taylor, W. L. (1953). “cloze procedure”: A new tool for measuring readability. Journal-
ism Quarterly, 30(4):415-433.

Van der Maaten, L. and Hinton, G. (2008). Visualizing data using t-sne. Journal of
Machine Learning Research, 9(11):2579-2605.

Wang, A., Singh, A., Michael, J., Hill, F,, Levy, O., and Bowman, S. (2018). Glue: A
multi-task benchmark and analysis platform for natural language understanding. In
Proceedings of the 2018 EMNLP Workshop BlackboxNLP: Analyzing and Interpreting
Neural Networks for NLP, pages 353-355.

Wen, D., Cuzzola, J., Brown, L., and Kinshuk, D. (2012). Instructor-aided asynchronous
question answering system for online education and distance learning. International
Review of Research in Open and Distributed Learning, 13(5):102-125.

226



Proceedings of Symposium in Information and Human Language Technology.
Online event, MG, Brazil, November 29th-December 3rd, 2021. (©)2021
Sociedade Brasileira de Computacao.

Assessing the Impact of Stemming Algorithms Applied to
Brazilian Legislative Documents Retrieval

Ellen Souza'?, Gyovana Moriyama?, Douglas Vitério'3, André C. P. L. F. de Carvalho?,
Nadia Félix>*, Hidelberg O. Albuquerque’, Adriano L. L. Oliveira®

'MiningBR Research Group, Federal Rural University of Pernambuco
CEP: 52171-900 — Recife/PE — Brazil

?Institute of Mathematics and Computer Sciences, University of Sdo Paulo, Brazil
3Centro de Informatica, Federal University of Pernambuco, Brazil
“Institute of Informatics, Federal University of Goids, Brazil
ellen.ramos@ufrpe.br, gymori@usp.br, andre@icmc.usp.br

{damsv,hoa,alio}@cin.ufpe.br, nadia.felix@ufg.br

Abstract. The main purpose of stemming is to reduce the inflected words into its
root form or stem. Thus, words can be mapped to the same concept, improving
the process of information retrieval, regarding its ability to index documents
and to reduce data dimensionality. However, the efficiency of those algorithms
varies according to different aspects. Also, studies in the field area reached
contrasting conclusions. This work assesses the use of stemmers in the retrieval
of legislative documents written in Portuguese. Four stemmers together with
BM?25 were evaluated in two legislative corpora from the Brazilian Chamber of
Deputies. RSLP-S and Savoy stemmers showed the best improvements in the
information retrieval pipeline.

1. Introduction

Information retrieval (IR) looks for unstructured material from within large collections,
satisfying an information need [Manning et al. 2008]. Law was one of the first knowledge
areas to adopt IR, with the first domain-specific legal retrieval system appearing as early
as 1960 [Maxwell and Schafer 2008]. The importance of legal applications created a sub-
area of IR, Legal IR, which covers a large variety of legal texts, including legislation, case
law, and scholarly works [Maxwell and Schafer 2008].

In the last years, due to the huge amount of information available, which continues
to increase rapidly, improved IR techniques have become necessary [Moral et al. 2014].
Thus, stemming algorithms, which can generate concise word representations, has been
largely used in information retrieval systems [Alvares et al. 2005]. When used for IR,
stemming can improve predictive accuracy and reduce computational costs, being one of
the first steps in the IR pipeline [Moral et al. 2014, de Oliveira and Colago Jtnior 2017,
N de Oliveira and C Junior 2018].

A stemming algorithm, also called stemmer, extracts the morphological root, stem,
of a word. For such, a stemmer removes affixes that carry grammatical or lexical infor-
mation about the word [Moral et al. 2014]. A stemmer can: (i) cluster words according
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to their topic, as many words are derivations from the same stem and can be considered
as belonging to the same concept; (ii) index the documents in an IR process, according
to their topics, as their terms are grouped by stems (that are similar to concepts), and
(iii) reduce the collection of documents to a set of topics or stems, which can both re-
duce the space needed to store the structures used by an IR system and the computational
load [Moral et al. 2014].

The efficiency of stemmers varies according to the language used with and the
application domain [Alvares et al. 2005]. Studies evaluating the effects of stemming for
IR reached contrasting conclusions [Orengo and Huyck 2001]. Researchers compared
well-known stemming algorithms for texts in the English language and did not find any
significant improvement due to the use of stemming, with an increase in recall and re-
duction in precision [Orengo and Huyck 2001]. However, authors agreed on its benefits
in specific contexts, such as when the language is highly inflective (the case of the Por-
tuguese language), when documents are short or when there is limited space for storing
data [Alvares et al. 2005]. Some researchers also argue that the nature of the documents
can influence its predictive performance [Alvares et al. 2005].

This work investigates the effect of the use of stemmers in the retrieval of leg-
islative documents written in the Brazilian Portuguese language. It also investigates how
the predictive performance in an IR system is affected by using dimensionality reduction
techniques. To the best of the authors knowledge, this is the first evaluation of Portuguese
stemming algorithms using texts from the legislative domain. The reported research is
part of the Ulysses project, an institutional set of artificial intelligence initiatives to in-
crease transparency, improving the Brazilian Chamber of Deputies relationship with the
Brazilian population, and supporting the legislative activity [Almeida 2021].

This paper is organized as follows: Sec. 2 presents the major related studies. Sec. 3
details the IR pipeline used in this study. Sec. 4 presents the experiments performed and
discusses the obtained results. Sec. 5 brings the conclusion and points out future works.

2. Related Work

We found few papers investigating the application of stemming for IR, specifically for the
Portuguese language. In [Orengo et al. 2006], the authors evaluated three stemming algo-
rithms for texts in Portuguese: Porter, RSLP, and RSLP-S. According to the experimental
results, RSLP-S was the best algorithm in terms of MAP (Mean Average Precision) and
Pr@10 (Precision at 10 documents). Experiments were carried out with CLEF 2006’s
dataset, which contains texts from Pudblico and Folha de Sdo Paulo newspapers.

In [Flores et al. 2010, Flores and Moreira 2016], the authors evaluated the benefits
of stemming in four different languages, one of them Portuguese. They compared 8 stem-
mers, 5 specifically designed for the Portuguese language (Porter, RSLP, RSLP-S, Savoy,
and StemBR) and 3 language-independent ones (Linguistica, GRAS, and Stemmer-S).
The algorithms were evaluated in two different ways: 1) by their quality, using the Paice’s
method, which uses the metrics of Overstemming Index (OI), Understemming Index (UI),
Stemming Weight (SW), and Error Rate Relative to Truncation (ERRT); and 2) by their
impact on document retrieval effectiveness. For the Portuguese language, in the first eval-
uation, the best algorithms, using ERRT, were RSLP and Porter. In the second evaluation,
using MAP, Savoy presented the best predictive performance. All the experiments used
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datasets from the CLEF’s tracks of 2005 and 2006, whose Portuguese corpus contains
articles from the Brazilian newspaper Folha de Sdo Paulo.

Using jurisprudential data from the Supreme Court of the State of
Sergipe, the experiments reported in [de Oliveira and Colago Junior 2017,
N de Oliveira and C Junior 2018] also used Porter, RSLP, RSLP-S, and Savoy for
two stemming evaluations. They considered the average number of unique terms
obtained by each stemmer and its average percentage of reduction, in which the RSLP
proved to be the best. The stemmer’s impact on the legal document retrieval was
evaluated in terms of MAP, MPC (average of Pr@10), and MRP (average of R-Precision)
and using the BM25 IR algorithm. The best algorithms for this task were RSLP-S and
Savoy, as they reduced the dimensionality of the data and increased the effectiveness of
Information Retrieval. However, the authors pointed out that the use of radicalization
usually deteriorated the Okapi BM25 performance.

Although this last study focuses on the legal domain, the texts used are from judg-
ments and monocratic decisions of Appeals Court, and judgments and monocratic deci-
sions of Special Courts, which differ in size, entities, and vocabulary from the ones we
are using from the Brazilian Chamber of Deputies (see Sec. 3.1).

3. Method

3.1. Corpora

The Brazilian House of Representatives processes approximately 30 thousand bills! every
year. Each bill needs to be formalized as an initial legislative document draft and an op-
tional justification document. For a typical bill, a large number of documents, in different
formats, is produced and submitted to the Legislative Consulting (CONLE), an advisory
body of the House, whose main role is to provide the support to the law making process.

The process starts through job requests (legislative consultations). The job re-
quests are the queries and represent the user’s input to the system. While the bills and
other job requests are the output answer, ranked according to a matching rate between the
documents and the query. Thus, two legislative corpora were used to build and validate
this research: the Bills and the Job Request corpora. The former is made available, while
the latter has confidential information and cannot be made available?>. Both are detailed
in the following subsections.

3.1.1. Bills

For the experiments, the three most common types of bills were selected: Law Project
(Projeto de Lei - PL), Complementary Law Project (Projeto de Lei Complementar - PLC),
and Constitutional Amendment Proposal (Proposta de Emenda Constituicional - PEC). As
a result, the final corpus had 48,555 proposals. The attribute imgArguivoTeorPDF, which
is the bill itself, was used in the experiments. It has an average of 300 words.

"Legislative Information System - SiLeg
2https://drive.camara.leg.br/s/c3p2nLgL.RcMz6eX
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3.1.2. Job Request

This corpus represents the user query and contains 295 anonymized Job Requests from
2019. Data identifying the parliamentarian who made the Job Request to CONLE were
removed. This corpus has two attributes: NUMERO-PROPOSICAO-SILEG and TxTAs-
sunto. The former contains the number of the SiLeg bill that was originated from the Job
Request specified in the latter attribute. Table 1 shows examples of parliamentarians’ job
requests. Most job requests have between 10 and 40 words and other files may be attached
to it, such as: images, spreadsheets, links, and other documents.

Table 1. Samples from anonymized Job Request corpus.

NUMERO-PROPOSICAO-SILEG | TxTAssunto
Projeto para restabelecer na CLT a proibigdo de terceirizagdo para atividade fim

PL XXXX/2019 (Project to prohibit the outsourcing of core activity in the CLT)
Criagdo de PL, com base nos dois esbogos encaminhados anexo.
(Make of bill based on the two sketches sent in the attachment)
Solicito parecer pela aprovagio de acordo com a solicitacdo XXXX/AAAA.
(Request an opinion for the approval according to job request number XXXX/AAAA.)
Complementar parecer em fungdo da apensagdo do PL XXXX/AA ao mesmo
(Complementary opinion according to the PL XXXX/AA)
Parlamentar solicita aprovagdo
(Parliamentarian requests approval)

PL XXXX/2019

PL XXXX/2019

PL XXXX/2019

PL XXXX/2019

3.2. Preprocessing

Both corpora presented in previous subsections had their texts converted to lower-
case and the punctuation was removed. After this, every word was represented by its
stem [Hotho et al. 2005], according to the evaluated algorithm. All preprocessing steps
were performed using the Python NLTK library. The pipeline is available here’. Table 2
shows the application of four stemming algorithms used in the experiments.

* NoStem: generates no reduction of terms.

* Porter: originally written for the English language, in 1980, and adapted to the
Portuguese language later. Porter is a full stemming algorithm that is based on
a series of 5 conditional rules that are applied in sequence to remove the suf-
fixes [Porter 1980]. We used the Snowball implementation available on NLTK.

* RSLP (Removedor de Sufixos da Lingua Portuguesa): a rule-based al-
gorithm developed by [Orengo and Huyck 2001] and later improved in
2006 [Orengo et al. 2006]. Like Porter, it also applies successive steps to remove
the suffixes. However, as it was developed specially for the Portuguese language,
it has more rules than Porter. It has 8 steps and also presents a list of exception
which prevents the algorithm from removing suffixes of words that have endings
that are similar to suffixes. It was called STEMP, before.

* RSLP-S: is a variation of the RSLP algorithm, which applies only the first rule of
RSLP that deals with the plural reduction. We implemented the algorithm in the
Python language, based on [Orengo et al. 2006].

* Savoy (UniNE): developed by Jacques Savoy in 2006, this algorithm presents
stemmers for various languages, including Portuguese. It is simpler than the oth-
ers, as it has less rules. It removes inflections attached to both nouns and ad-
jectives, based on rules for the plural and feminine form. We implemented the
algorithm in the Python language, based on [Savoy 2006].

3https://github.com/Convenio-Camara-dos-Deputados/BM25-Experiments
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Table 2. Example of stemming for each algorithm used in the experiments

NoStem projeto | estado | solicito | deputado | aprovacdo | criagdo | federal
Porter projet | estad | solicit | deput aprov criacd | federal
RSLP (STEMP) | projet | est solicit | deput aprov cri feder

RSLP-S projeto | estado | solicito | deputado | aprovacdo | criagdo | federal
Savoy (UniNE) | projet | estad | solicit | deputad | aprovaca | criaca | federal

3.3. Information Retrieval

Best Match 25 (BM25) [Robertson et al. 1994] is the most well-known scoring func-
tion for “bag of words” document retrieval [Kamphuis et al. 2020]. It is derived
from the binary independence relevance model to include within-document term fre-
quency information and document length normalization in the probabilistic frame-
work for IR [Robertson and Zaragoza 2009]. The algorithm has also been used
successfully in the retrieval of legal documents [N de Oliveira and C Junior 2018,
Gomes and Ladeira 2020, Chalkidis et al. 2021]. We have implemented two variants pre-
sented in [Trotman et al. 2014] using the Python language.

The Okapi BM25’s [Robertson et al. 1994] scoring function estimates the rele-
vance of a document d to a query ¢, based on the query terms appearing in d, regardless
of their proximity within d: where g; is the i-th query term, with idf (¢;) inverse document
frequency and ¢ f(g;, d) term frequency. BM25L [Lv and Zhai 2011] is built on the obser-
vation that the Okapi variant penalizes more longer documents compared to shorter ones.
It shifts the term frequency normalization formula to boost scores of very long documents.

3.4. Evaluation

3.4.1. Stemming algorithms evaluation

As in [de Oliveira and Colaco Jinior 2017, N de Oliveira and C Junior 2018], to assess
the algorithm’s capacity of dimensionality reduction, we considered the average number
of unique terms (UDT) obtained by each stemmer and its average percentage of reduction
(RP). Those measures are computed as:

¢ Unique Terms (U DT;) = Frequency of unique terms after document stemming.
* Average of unique terms: = (UT' Dgy + UT Dgo + +UT Dyg,,) /.

* Reduction percentage: RPr = 100 — (UT'Dg x 100)/UT D yostem-

* Average of reduction percentage: 1 = (RPs; + RPss + ... + RPs,)/n.

3.4.2. Information retrieval evaluation

In our corpora, we have only a list of relevant documents. Therefore, we have evaluated
the results in terms of Recall (R), which is the fraction of relevant documents that are
retrieved. We analyzed the results from R@1 to R@20 (Recall at 1 document to Recall at
20 documents).

4. Results and discussion

The next subsections present and discuss the results for the stemming algorithms evalua-
tion (Section 4.1) and for the analysis of their impact in the IR task (Section 4.2).
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4.1. Stemming algorithms evaluation

Figure 1 presents the average number of unique terms per document (UTD) obtained
per stemmer in the Bills corpus (1A) and in the Job Request corpus (1B). The results
in both corpora were the same, in which the RSLP algorithm showed the largest reduc-
tion of unique terms: it decreased the dimensionality almost by 50, in average, when
dealing with bills, and by 2.5 dealing with job requests. RSLP-S, in its turn, presented
the smallest dimensionality reduction, while Porter and Savoy achieved similar UTD.
This finding was the same as that one obtained by [de Oliveira and Colago Jtnior 2017,
N de Oliveira and C Junior 2018], when dealing with jurisprudential data. In their work,
RSLP also showed the best capacity in terms of UTD, while RSLP-S was the worst.

Stemming Stemming
w0

—e— Bils —a— Jon Request

%0

Mean(UTD)
Mean(UTD)

g

A B

w0

NaStem RSLP RSLP S Poste: Savoy NoStem RSLP RSLPS Purte: Savoy
Stemmers

Figure 1. Average UTD per document obtained by each stemmer in the Bills
corpus (A) and the Job Request corpus (B).

By the analysis of the average percentage of reduction per document
(RP) in both datasets (Figure 2) we could also confirm the findings of
[de Oliveira and Colago Junior 2017, N de Oliveira and C Junior 2018]. The RSLP algo-
rithm achieved the best percentage of reduction as well.

The studies of [Orengo et al. 2006] and [Flores et al. 2010,
Flores and Moreira 2016] did not analyze the stemming algorithms using the same
metrics as we did (UTD and RP); however, in their experiments, RSLP was considered
the best stemmer in terms of reduction of terms and Error Rate Relative to Truncation.

So, we can conclude that RSLP is the most effective stemmer in terms of dimen-
sionality reduction for the legislative corpora analyzed, while RSLP-S presented the worst
results. These results confirm the ones found in the literature using datasets from other
domains, including jurisprudence. In addiction, it is worth mentioning that the RSLP-S
performance may be explained due to how it works: by focusing only on plural reduction.

4.2. Information retrieval evaluation

Assessing the impact of stemming in the IR task, Figure 3 brings the Recall obtained by
Okapi BM25 (3A) and BM25L (3B) using each stemmer for the Bills corpus.
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Stemming

—e— Bills

Mean(RP)

No Stem RSLP. RSLPS Porter Savoy
Stemmers

Figure 2. Average RP per document obtained by each stemmer.

According to the Recall@10 results, we could observe that using Okapi BM25
without radicalization (NoStem) achieved better results than using stemming algorithms.
This confirms the finding of [N de Oliveira and C Junior 2018], that the use of stemmers
deteriorate the original BM25 performance. However, the same was not observed using
BM25L variant, for which stemming improved the results. For this IR algorithm, Savoy
was the best stemmer in terms of Recall@10. Nevertheless, considering the Recall@20
measure, the Savoy algorithm outperformed the use of IR without radicalization, using the
Okapi BM25. While for the use of BM25L, Savoy and RSLP-S were the best algorithms.

We also performed a statistical analysis using the Friedman test [Friedman 1937]
and the Nemenyi post-hoc test [Nemenyi 1963], considering the values of Recall@1 to
Recall@20 for each stemming algorithm. The Friedman test pointed out that there was a
difference between the algorithms for both Okapi BM25 and BM25L, while the Nemenyi
post-hoc test indicated which algorithms showed a difference. As we can see in the CD
diagrams from Figure 4, for Okapi BM25, IR without stemming (NoStem) achieved the
best results, being statistically similar only to Savoy and statistically better than the others.
However, for BM25L, the use of Savoy was the best and statistically better than NoStem.

In this sense, we could notice that the adoption of radicalization for legislative
documents retrieval depends on the IR algorithm chosen: using Okapi BM25, it is recom-
mended that no stemmer is used; while using BM25L, the dimensionality reduction may
improve the IR performance. Meanwhile, analyzing just the performance of the different
stemmers, Savoy and RSLP-S can be pointed out as the best ones in terms of Recall for
the scenarios analyzed; while RSLP and Porter (Snowball) achieved very poor results.

Finally, comparing these findings with the analysis from Section 4.1, we can state
that a great dimensionality reduction does not indicate a better performance for IR. The
RSLP algorithm showed the best results in terms of reduction, but when it was used for
IR, it deteriorated the BM25 performances. On the other hand, RSLP-S was the worst in
terms of UTD and RP, while one of the best for documents retrieval.
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Figure 3. Recall achieved by Okapi BM25 (A) and BM25L (B) using each stemmer.
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Figure 4. Results of Nemenyi post-hoc test for Okapi BM25 (A) and BM25L (B).

5. Conclusion

This paper presents a contribution related to the application of stemming algorithms on
the legislative domain for terms of data dimensionality reduction and evaluates the effi-
ciency of algorithms in the IR task. Four Portuguese stemmers were evaluated: Porter,
RSLP (STEMP), RSLP-S, and Savoy (UniNE). The average number of unique terms per
document and the average percentage of reduction per document were used to evaluate the
stemmers. For the IR task, two BM25 variants were evaluated using the Recall measure.

The RSLP algorithm showed the largest reduction of unique terms (UDT), while
RSLP-S presented the smallest dimensionality reduction. The RSLP also achieved the
best percentage of reduction (RP). Assessing the impact of stemming in the IR task with
the BM25L, Savoy was the best stemmer in terms of Recall@ 10, while, using Recall @20,
Savoy and RSLP-S achieved the same result. For the Okapi BM25, with Recall@10, we
could observe that IR without radicalization (NoStem) achieved better results than using
stemming algorithms, confirming the finding of [N de Oliveira and C Junior 2018].

We conclude that the adoption of radicalization for legislative documents retrieval
depends on the IR algorithm chosen and that a great dimensionality reduction does not
indicate a better performance for IR. For future work, we intend to analyze the impact of
the reduction using other corpora in the Legislative domain, measuring its impact on IR.
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Abstract. In this work, we carried out a study about the use of attention-based
algorithms to automate the categorization of Brazilian case law documents. We
used data from the Kollemata Project to produce two distinct datasets with ade-
quate class systems. Then, we implemented a multi-class and multi-label version
of BERT and fine-tuned different BERT models with the produced datasets. We
evaluated several metrics, adopting the micro-averaged F1-Score as our main
metric for which we obtained a performance value of {F1)micro = 0.72 corre-
sponding to gains of 30 percent points over the tested statistical baseline.

1. Introduction

In this work, we explore the use of BERT [Devlin et al. 2019] to develop a prototype to au-
tomate the categorization of Brazilian case law documents, known as “verbetacdo”. This
categorization has been done manually for the past 25 years by experts in the field of law,
without taking advantage of knowledge engineering techniques; as a result, the categories
are not organized as any computationally coherent data structure. Its automation could,
therefore, save time and labor, in addition to optimizing its ability to represent knowledge.
The problem was brought to us by the Kollemata Project team, which organized a library
of Brazilian jurisprudence, containing more than 24,000 case law documents from the
property law field, and whose dataset was used as the basis for this research.

Unlike other problems in NLP, this one was not clearly associated with a prede-
fined task. We raised several modeling possibilities and chose multi-label categorization
because of the high value of having an unified set of predetermined thematic categories
for this task, manifested both in the literature of the field and by law professionals we
consulted.

Considering the scarce literature on this problem, especially in Brazilian Por-
tuguese, our goals were (i) to provide an initial proposal for modeling the problem, com-
patible with the manifested needs of the consulted professionals, (ii) to assess the potential
performance of the main state-of-the-art methods (in this case BERT) on this modeling,
and (iii) to map the main obstacles to performance improvement on the adopted modeling.
The results of our work are prototypical and seek, mainly, to start the debate and indicate
the future paths that research on this topic could take.

To achieve these goals, we reformulated the Kollemata dataset with an appropriate
class system, and implemented a set of BERT classifiers, which can serve as prototypes to
automate the categorization of Brazilian case law documents, deepening our understand
of the addressed problem and the used algorithm and methodology.
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2. Related Work

Following the proposition of BERT, which included the presentation of the Multilingual
BERT model, the BERTimbau model [Souza et al. 2020] - the first BERT model trained
entirely in Brazilian Portuguese - was developed and used in the automation of several
tasks in Brazilian Portuguese [Leite et al. 2020, Souza et al. 2019, Salvatore et al. 2019].

As far as we know, this is the first work to explore the use of BERT to auto-
mate case law documents categorization in Brazilian Portuguese. Other works explore
the same problem in other languages or dialects of Portuguese [Calambads et al. 2015,
Gongalves and Quaresma 2003, Gongalves and Quaresma 2005, Feinerer and Hornik 2008,
Mencia and Fiirnkranz 2010], and one work explores a single-label version of the same
problem with less data in Brazilian Portuguese [de Colla Furquim and De Lima 2012].
All of these articles studied algorithms created before BERT.

Regarding our efforts to reorganize the data class system, we used clustering
techniques to produce an organized class hierarchy, which is not a new ideia for gen-
eral [Aggarwal and Zhai 2012] or legal applications [Moens 2001]. However, here we
adopted a methodology designed to meet the specific needs of this task.

Only few recent works relate to ours, both in method and type of task, as the
articles of [Villata et al. 2020] and [Chalkidis et al. 2019]. In the first one, the authors
explore different applications of machine learning to Italian law documents, including the
use of the Multilingual BERT model to perform the categorization of case law documents
under a proprietary taxonomy. In the second one, several algorithms, including BERT,
were tested to generate a multi-label classifier for European legislative documents in En-
glish, based on a large system of topics. These two works are those whose results are
most comparable to ours.

3. Problem

In Brazil, case law documents are called “acdrddos” and are used to register the decision
of a court and to serve as reference to similar cases in the future (jurisprudence). Search-
ing for these documents is a recurrent task for law professionals and to facilitate it, all case
law documents contain a component of jurisprudence (“ementa jurisprudencial”), formed
by (i) a brief summary of the documents content and (ii) a header, containing a set of de-
scriptive terms that represent the main legal topics covered in the decision. In Portuguese,
these terms are called “verbetes” and the header is called “verbetacdo”. Figure 1 contains
a gold standard example of a Brazilian component of jurisprudence [Guimaraes 2004].

PROVA DOCUMENTAL — AUSENCIA DE
IMPUGNAGAQ — VALIDADE
A prova documental apresentada por qualquer das partes,
€ perfeitamente valida, quando nao impugnada oportune
tempore pela parte adversa.

Figure 1. A gold standard example of a component of jurisprudence from a Brazil-
ian case law document, extracted from [Guimaraes 2004].

The purpose of this component of jurisprudence is to help readers in assessing
whether a document is relevant or not to them. However, [Guimaries 2004] identifies
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problems in the ways these headers are produced, including redundancy, usage of generic
terms, lack of a consistent vocabulary, and lack of well-defined syntactic structures, both
within the terms and between them. These problems affect the appropriate usage of the
component of jurisprudence and get in the way of having a well formed and nationally
validated set of case law descriptor terms, seen as an important asset within the Brazilian
theory of law.

As stated in Section 1, given the importance of having this set of predetermined
descriptor terms, we decided to model it as a task of multi-class and multi-label text
categorization i.e. the task of assigning to each document d; in a set of natural language
documents D, a variable number of categories ¢;, taken from a set of multiple possible
predefined categories C [Sebastiani 2002]. Also, fitting the data to this model could serve
as basis for the resolution of several problems identified by [Guimardes 2004].

4. Materials and Methodology
4.1. Kollemata and verBERT

We used data from the Kollemata Project'. Its database contains more than 24,000 en-
tries, each one corresponding to one case law document from the property law field and
containing its summary and header?.

Our goal was to use the pairs of summary and header content as the examples to
BERT fine-tuning, aiming to automatically generate the terms of the header from the sum-
mary content. The procedures performed to prepare this data for this usage are explained
in Section 5.

We implemented a Python3 program called verBERT, that uses the Hugging Face
Transformers Package [Wolf et al. 2019] to fine-tune, evaluate and test BERT multi-
label classifiers using pre-treined BERT models. In doing so, we refactored, adapted
and incremented the examples of Hugging Face for generating BERT Classifiers over
GLUE [Wang et al. 2019], with copyright from Hugging Face, Google and Nvidia, but
available under the Apache 2.0 License?.

Our multi-label categorization architecture was inspired by [Trivedi 2019] and
uses a simple feed-forward network coupled with sigmoid functions o as the categoriza-
tion layer (Equations 1 and 2, where a is the BERT output representation, W : W¢ €
R4*ICI g linear transformation matrix, b a bias vector, and d is the characteristic dimen-
sion of the model) [Han and Moraga 1995], and the mean of the binary cross-entropy
[Goodfellow et al. 2016, p. 65-66] over the labels as the loss function to be minimized
using Adam optimizer [Kalchbrenner et al. 2014, Goodfellow et al. 2016, p. 305-306]
with weight decay regularization [Loshchilov and Hutter 2017].

c=c(aW’ +b) (1)

"https://www.kollemata.com.br/

>The Kollemata Project dataset was given to our research by the Kollemata Project team. The data set
will not be publicly available for now, as Brazilian authorities are reviewing the correct way to make these
documents available on a large scale without exposing sensitive data.

3The verBERT source code, as well as other resources, are available in our repository: https://
github.com/frserras/verbert-categorization
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s(x={z1,...,zp}) = {o(x1), ..., 0(x,)} 2)

We evaluated and compared three pre-trained BERT models as bases for our
classifier generation: Multilingual BERT, a base model trained over 104 languages on
Wikipedia data [Devlin et al. 2019], and the two variants (base and large) of the BERTim-
bau Model, pre-trained entirely in Portuguese [Souza et al. 2020, Souza et al. 2019].

4.2. Metrics and Baseline

To compare the models produced by verBERT, we adopted three performance metrics
commonly used in problems of categorization and information retrieval: precision P,
recall R, and F1-Score F; [Godbole and Sarawagi 2004]. For each metric £ we computed
its three averaged multi-label versions: the micro-average (€)micro, the macro-average
(&) macro and the average by instance (£);, [Koyejo et al. 2015]

We also used the accuracy metric [Godbole and Sarawagi 2004], for which we se-
lected two versions for the multi-label case: the Hamming accuracy A i.e. the percentage
of labels correctly predicted over all examples, and the subset accuracy A, the percentage
of examples for which all labels were correctly predicted.

We selected the (F)micro @8 OUr main metric, since it tends to be more appropriate
for information retrieval cases with strong unbalanced categories, like ours. As secondary
metrics, we adopted (i) the (F7).macro» Which shows us the impact of category imbalance
on performance, if compared with its micro-averaged counterpart, and (ii) the subset ac-
curacy A, because is a more robust metric for problems of categorization, that serves as a
lower bound to our performance.

Besides the models produced by verBERT, we implemented a simple statistical
baseline method, where the n = 5 most common categories of the dataset were used to
categorize all of its entries*. Its results are presented in Table 2. This type of baseline,
despite its simplicity, is a robust option for unbalanced category systems, where betting
on the most likely categories can be a good strategy for blindly maximizing performance.

5. Data preparation and Ontological Adjustment

We used the pairs [summary, header], from the Kollemata Project dataset and pre-
processed them by (i) filtering corrupted HTML notation from the summaries, (ii) unify-
ing the terms for law entities across the dataset, and (iii) mapping and unifying different
segmentation symbols between descriptor terms. The data was structured in a list of
entries, each one corresponding to a case law document and containing the summary and
an ordered list of its header descriptor terms.

We then performed an exploratory analysis on the dataset, to identify its main
properties and eventual obstacles for automation. We evaluated the distributions, across
the data, of summary size, number of categories per header, presence of the descriptor
terms in their respective summary, and category occurrence.

From the summary size distribution, we observed that the expected number of sub-
words by summary is less than the internal BERT dimensionality d for our three models,

4We tested different values for n and choose the one that maximized the baseline performance for our
main metrics.

240



verBERT: Automating Brazilian Case Law Document Multi-label
Categorization Using BERT

which confirms that this configuration is in the range where BERT is expected to be more
efficient than recurrent models [Devlin et al. 2019].

The categories per header distribution revealed an average of 5 descriptor terms
per document, while the distribution of presence of the descriptor terms in their respective
summary revealed that most summaries contain a fraction of their respective descriptor
terms, but not all. Both of these results characterize a scenario compatible with modeling
the problem as a multi-label classification task.

On the other hand, the category occurrence distribution revealed a total number of
categories (20,780) close to the number of documents in the dataset, most of them with
low occurrence. This is due to the high specificity of the descriptor terms, that contain
many concepts and sub-concepts within themselves. The descriptor terms “ineficdcia da
adjudiacdo”, “ineficdcia da alienacdo” and “ineficdcia da caucdo” are a good example.
All of them represent, at the same time, the concept of “ineficdcia” and another sub-
concept, unique to each of these terms. Ideally, the concept and sub-concept would be

separated somehow.

This corroborates the problems pointed out by [Guimarges 2004], highlighted in
Section 3. To enable the treatment of the problem via multi-label categorization, we
performed an ontological adjustment step, in an attempt to extract the concepts contained
in each descriptor term and organize them in a class system with reasonable size.

Before that, however, we also examined the correlation between the orders of
appearance of any two terms in the headers, expecting to detect any type of underlying
hierarchy between them that could be used in our ontological adjustment. We observed
a strong pairwise correlation, but not to the point of building longer and more complex
hierarchical lineages between the categories. From this we concluded that segmenting the
categories in their components and then build a hierarchical structure from them, taking
advantage of these co-occurrences was the best way to adequate the class system.

During this ontological adjustment, category descriptor terms were tokenized
in its component words, stop words were removed using the NLTK® Portuguese stop
words list, and then stemmed with a manually enriched version of the RSLP Stem-
mer [Huyck and Orengo 2001]. We removed the terms with less then 5 occurrences to
eliminate spurious terms and then assigned paternity relations between terms with high
co-occurrence.

The terms in the top of the obtained hierarchy with low occurrence were grouped
under the “Others” category, while the ones with high occurrence were automatically
clustered in 25 super-categories, each connected to the component terms of the original
categories by the hierarchical structure. We clustered the categories using a K-means
clusterizer applied to arrays with identifiers of the documents in which each category
appeared® [Manning and Schiitze 1999, p. 515-518]. These arrays had their dimension
previously reduced to d = 50 using the scikit-learn Trucated SVD Algorithm’. We tested

Shttps://www.nltk.org/

This clustering was performed as a pre-processing step. The classifier performs the categorization on
already clustered data and therefore has no access to the arrays with identifiers of the documents in which
each category appeared, which could introduce a bias towards the actual labels.

"https://scikit-learn.org/stable/modules/generated/sklearn.
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different values of reduced dimension d and different clustering methods. Each combi-
nation resulted in different amounts of clusters, and the chosen combination was the one
whose clustering groups were the most cohesive.

Despite being justified by the properties of the data, the ontological adjustment
carried out here is extensive. For this reason, the performance values obtained should be
understood as the joint performance between the categorization method and the adopted
data reorganization methodology.

6. Experiments and Results

To evaluate and compare the performance of the models produced by verBERT and our
hierarchy of categories, we executed a series of experiments. We used three pre-trained
models, Multilingual BERT, BERTimbau base, and BERTimbau large; and two different
versions of the produced hierarchy and dataset: dataset 1, produced with a smaller group-
ing rate and maintaining the “Others” category, and dataset 2, a slightly more homoge-
neous option, produced with higher grouping rate and excluding the “Others” category.

Each combination of model and dataset prompted a group of experiments, in
which we varied the maximum learning rate [7], reached after 50 linear warming-up
steps (2-107%,4-1075,5-1075,1-107, 1-1073,5-107%, 51073, and 1 - 1072)8,
the maximum input sentence size |S| (52, 68, 131, and 200 tokens) and the categorization
threshold probability P,;, above which a category is assigned to a document by the model
(0.25, 0.50 and 0.75).

We divided each dataset in a training set (72%), a validation set (8%) and a test set
(20%). In each experiment the model was fine-tuned with the training set for 10 epochs
and evaluated at regular intervals against the validation set. The intermediate model with
the best performance on the validation set was then evaluated on the test set.

For that, we used two machines: (i) one with 48 cores, 378 GB of primary memory
and a NVIDIA Tesla K40c GPU (11.4 GB), and the other (ii) with 40 cores, 62.8 GB
of primary memory, and a NVIDIA GeForce GTX1080Ti GPU (11.7 GB). Since both
machines had secondary memory limitations, verBERT was planned to use little storage
as possible.

Comparing the results of the experiments, we observe an improvement in perfor-
mance with higher values of maximum learning rate [r] and input sentence size |S|.The
increase in performance with input sentence size is observed for all values of |S|, but
the increase rate decreases progressively, indicating saturation of this trend. On the other
hand, the growth in performance with maximum learning rate [7] is observed only up to
[7] = 5 10~*, from which point on, performance rates fall sharply. Our investigations
suggest that this is due to a local minimum, where the optimizer got stuck.

We also observed that the categorization threshold probability dictates the op-
timization strategy adopted by the algorithm: with higher values of P, it is easier to
maximize precision first and then slightly decrease it to increase recall and F1-score. In

decomposition.TruncatedSVD.html
8We used learning rate values based on the ones used in [Devlin et al. 2019] and [Souza et al. 2019],
and included larger values to get a more general picture of the performance evolution.
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Table 1. Best results for the main metrics and respective parameters from each
group of experiments on the test set.

JDataset/Model— BERTimbau LARGE
atas (F1)micro = 0.71 A=0.24
Dataset 1 (J:l>macr0 = 0.66 (Pl'im'im‘ = 0257 |—7ﬂ =1- 10_4§ |S‘ = 200)
<]:1>mic7'o =0.72 A =0.38
Dataset 2 <~Fl>macro =0.71 (Himiar = 050a |—7ﬂ =1 1074; |S‘ = 131)
JDataset/Model— Multilingual BASE
<]:1>mir:r() = 069 .A = 024
Dataset | <]:1>ma,cro =0.59 (Plivnia'r' = 0507 [771 =1 1074; |S‘ = 200)
<]:1>m1',cro =0.71 A =0.37
Dataset 2 <]:1>77La(:7'o =0.70 (Pl’im'iar = 0507 [f/w =5- 10_5; |S‘ = 200)
JDataset/Model — BERTimbau BASE
(F1)micro = 0.70 A=024
Dataset 1 (F ) maero = 059 | (Pramiar = 050; [7] = 1- 10~ % |S] = 200)
<-7:l>miuro =0.72 A =0.38
Dataset 2 (F ) macro = 0.70 | (Prmiar = 0.25; 7] = 4-10°5; 8] = 200)

contrast, with smaller threshold probability values, it is easier to maximize recall first and
then decrease it optimally, to enhance precision and F1-score.

To provide a global view, Table 1 presents the main performance metrics in the
best case for each group of experiments, and the parameters for which these results were
obtained.

We observed better results on average for the large model, than for the two base
models, for both datasets. However, this improvement is low: only two percent point
increase in (1) micro for the best case. This seems to indicate the superiority of the larger
model and the robustness of the smaller ones at the same time. This improvement is larger
for macro-F1 over the dataset 1. Since the dataset 1 is less homogeneous and the macro-
F1 is a metric more sensitive to the lack of homogeneity, this suggests that the large model
is better at dealing with less homogeneous category systems.

Comparing the results for the BERTimbau models with the results for the Multilin-
gual model, we see that using Portuguese based models improves average performance,
but again, this improvement is low, what may indicate the robustness of the Multilingual
model.

Looking at the impact of data homogeneity over performance, we see that the
use of dataset 2 instead of dataset 1 brings an improvement to all models, specially in the
subset accuracy A, which indicates a significant increase in our performance lower bound.
Furthermore, we also see an increase in the macro-averaged F1, which reveals that a small
improvement in homogeneity was enough to cause a great impact in the gap between the
micro-averaged and the macro-averaged F1 scores. These results should nonetheless be
interpreted with caution, given the difference between the test sets of dataset 1 and dataset
2 . Also, with dataset 2 we obtained our best model, the ver BE RT'*, obtained by fine-
tuning BERTimbau large with P, = 0.5, [n] = 1-107* and |S| = 131. In Table 2
we compare all the performance metrics obtained by ver BERTx and by our baseline,
described in Section 4
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Table 2. A comparison of the performance results obtained by the ver BERTx
model and by our statistical baseline, for all performance metrics.

<P>micr0 <P>7nac7"o <P>inst <R>mic7‘o <R>macro <R>inst
Baseline 0.33 0.06 0.33 0.47 0.19 0.49
verBERT* | 0.77 0.77 0.79 0.67 0.66 0.73
<-7:1>micv'o <-F1>macro <]:1>inst A A
Baseline 0.39 0.09 0.37 0.80 0.00
verBERT* | 0.72 0.71 0.73 0.95 0.38

7. Conclusions

The ver BE RT* model achieves results significantly superior to the baseline for all met-
rics. Beyond that, the value obtained by ver BERT* for our main metric, the micro-
averaged F1 score, is close to the 0.732 value obtained by [Chalkidis et al. 2019], and is
higher then the 0.505 value, obtained by [Villata et al. 2020] °.

These results are quite positive given the difficulties in modeling the problem, and
indicate that our approach is promising. However, (i) a direct comparison would be inap-
propriate, given the methodological differences between our work and those cited, (ii) the
observed performance is still far from the optimal values obtained for other applications in
NLP, and (iii) to obtain such a level of performance it was necessary to carry out a heavy
pre-processing in which we observed several of the taxonomic problems of the generation
of headers, pointed out in the literature. This indicates that the lack of standardization in
headers is the main obstacle to achieving better performance results.

Despite the usefulness of our models as categorization prototypes that could al-
ready be used to assist human classifiers, we believe that, given these results, better per-
formance values could only be obtained (i) by exploring models other than the catego-
rization, which would compromise the taxonomic value of the descriptor terms pointed
by field specialists, or (ii) by revisiting the production system of the headers in its core, in
order to manually generate a system of categories that is appropriate for the main activity
and that could be used in the automation process without so much pre-processing . In
addition, (iii) repetitions of our experiments could bring greater statistical value to these
results, mitigating the uncertainty brought by the differences between the class systems of
our two datasets, and (iv) the exploration of more robust baselines based on other natural
language processing techniques could help us better understand the quality of the perfor-
mance obtained by our method. These are the main issues we would like to address in
future works.
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Abstract. State-of-the-art models have obtained high accuracy on mainstream
Natural Language Inference (NLI) datasets. However, recent research has sug-
gested that the task is far from solved. Current models struggle to generalize and
fail to consider the inherent human disagreements in tasks such as NLI. In this
work, we conduct an experiment based on a small subset of the NLI corpora such
as SNLI and SICK. It reveals that some inference cases are inherently harder to
annotate than others, although good-quality guidelines can reduce this difficulty
to some extent. We propose adding a Difficulty Score to NLI datasets, to capture
the human difficulty level of agreement.

1. Introduction

Natural Language Inference (NLI), the task of determining whether a premise (P) en-
tails, contradicts or is neutral to a hypothesis (H), has recently seen tremendous progress.
The increasing availability of huge datasets has facilitated the training of massive models,
pushing the state-of-the-art (SOTA) to high levels of accuracy, with some papers even
claiming to reach human performance [Liu et al. 2019, Zhang et al. 2019]. With these re-
sults, one might consider NLI a solved task. To date, two different strands of research at-
tempt to show that this seemingly perfect performance does not make the task solved. One
strand focuses on detecting bias or artifacts in the training sets [Gururangan et al. 2018,
Poliak et al. 2018] and creating challenging datasets that expose the generalization dif-
ficulties of the models [Glockner et al. 2018, Nie et al. 2018, McCoy et al. 2019, inter
alia]. Another strand of research shows that due to inherent disagreements in tasks such
as NLI, current SOTA models cannot claim to capture human level inference capabilities
[de Marneffe et al. 2018, Palomaki et al. 2018, Pavlick and Kwiatkowski 2019].

This paper addresses both these directions. Specifically, in this work we discuss
an experiment realized at X University, which investigates whether some NLI pairs are
inherently more difficult and controversial to annotate than others, leading to significantly
lower Inter-Annotator-Agreement (IAA). Parallel to that, we investigate how such diffi-
cult pairs can be detected, as well as to what extent different annotation guidelines might
be able to solve some of the inherent complexity. For the latter investigation, we build
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on previous work by [Kalouli et al. 2017] and [Kalouli et al. 2019], who list difficult phe-
nomena that become sources of disagreement and also propose improved guidelines for
the task. Thus, in this work, our contributions are three-fold. First, we quantitatively
show that both corpora under investigation contain inherently controversial pairs that lead
to significantly higher disagreements than other pairs. Secondly, we propose the augmen-
tation of the NLI annotation task with a Difficulty Score. Such a score can contribute to a
better training process as well as capture and avoid some of the aforementioned artifacts
and bias. Finally, we show that the quality and thoroughness of guidelines and of the
corpus construction itself play an important role in the amount of disagreement.

2. The Experiment

Our experiment was undertaken with the help of nine Computer Science and Linguistics
graduate students in a Computational Linguistics seminar. These annotators were not un-
der time pressure, they did not have a financial motive and had a much smaller number of
pairs to work with than an average crowdworker. The students were split in three teams
of three, each receiving the same set of 100 NLI pairs but with different annotation guide-
lines. The goal was to observe whether the different guidelines lead to different amounts
of disagreement or whether some pairs have consistently lower IAA scores across guide-
lines. The students were asked to provide a label for each pair, but also to justify their
decision in a short comment. Additionally, they had to give a Difficulty Score from 1 to
5 for how hard the annotation of each pair was for them; 1 being very easy and 5 very
hard. Thus, the Difficulty Score is a subjective human rating score, similar to the common
semantic similarity score given to inference pairs (cf. [Marelli et al. 2014]).

The dataset The dataset used for this experiment was constructed with pairs originating
from the SICK [Marelli et al. 2014] and the SNLI [Bowman et al. 2015] corpora. SICK
is an English corpus of almost 10,000 pairs, annotated for their degree of similarity and
for the inference relation between the sentences of each pair. SNLI is an English corpus
of over 550,000 pairs, annotated for inference. Both corpora were created from captions
of pictures, talking about daily activities and non-abstract entities. SICK was also further
simplified in terms of linguistic phenomena included, e.g., named entities and temporal
phenomena were removed. From each corpus, we selected 50 pairs: 20 were originally
annotated as contradictions (C), 20 as neutrals (N) and 10 as entailments (E). We chose
this distribution of labels because controversies are most common in pairs labelled as con-
tradictions and neutrals [de Marneffe et al. 2008, McCoy et al. 2019, Kalouli et al. 2019]
and thus it makes sense to include more of these examples to test our hypothesis. From
these 50 pairs, 25 were pairs we considered clear-cut, i.e., easy, unambiguous inferences
where we expect people to agree on (10 Cs, 10 Ns and 5 Es), and 25 were controver-
sial, i.e., some ambiguity within the pair could potentially lead to different annotations
(10 Cs, 10 Ns and 5 Es). To capture the notion of controversy, we use the findings
of [Kalouli et al. 2019]: pairs with directionality, coreference and loose definitions phe-
nomena are considered controversial. Examples of each type are given in Table 1. At
this point, we should clarify that this distinction is annotation-based. This means that
the clear-cut vs. controversial distinction concerns the difficulty of the annotation of
the pair and not the linguistic complexity of the pair. This is important because recent
work [Glockner et al. 2018, Nie et al. 2018, Dasgupta et al. 2018, McCoy et al. 2019, in-
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Clear-cut Controversial
E | P: Amanisriding a horse on the beach. | P: A woman is making a clay pot.

H: A guy is riding a horse. H: An artist is sculpting with clay.
is everyone who is making something with clay an
artist?

C | P: A woman holding a boombox. P: A man is holding a small animal in one hand.

H: A man holding a boombox. H: A man is holding a big animal in one hand.
depending on the judge, an animal might be small
or big

N | P: A woman is running a marathon in a | P: A woman is being kissed by a man.

park.

H: The woman is running fast. H: A lady is being kissed by a man.
is lady a synonym to woman or not?

Table 1. Examples of clear-cut and controversial pairs.

ter alia] has shown how there can also be easy and hard inferences, based on the com-
plexity of the linguistic phenomena involved in the sentences. For example, sentences
with modals, passives, word-order scrambling, implicative and factive verbs, etc., are
considered hard because models struggle with them. This distinction between linguistic
phenomena and annotation difficulty is essential in our experiment.

The Guidelines As mentioned above, each group of annotators was given different
guidelines to deal with the task.! The goal behind this strategy is to see if different
guidelines lead to more or less controversy and whether there are pairs that are inherently
more ambiguous across guidelines. Group 1 received the original SNLI guidelines. These
guidelines provide a caption of a picture as the premise and ask the crowd workers to write
a sentence that is a definitely-true/definitely-false/might-be-true description of that pic-
ture/caption. Since now we already have the P-H pairs, we reformulated these guidelines:
the annotators were asked to judge whether H was a definitely-true/definitely-false/might-
be-true description of P, as the SNLI creators also did in their validation stage. Group 2
received the improved guidelines proposed by [Kalouli et al. 2019]* (KAL guidelines).
These guidelines attempt to address issues found in the original SICK and SNLI guide-
lines, e.g., tackling coreference phenomena. The annotators are asked to imagine P as a
caption of a picture, describing whatever is on that picture; P represents the truth based
on which they have to judge H. Finally, Group 3 was not given any guidelines.?

3. Results and Discussion

The set-up of our experiment allows for different kinds of observations. Here, we mainly
focus on the most prominent results. The overall goal of the experiment was to test

I'The exact guidelines will become available after publication.

2 Available under https://github.com/kkalouli/SICK-processing.

3They were only given the following: You get two pieces of text: a premise and a hypothesis. For
some examples, the hypothesis follows from the premise (“entailment”). In other cases, the text and the
hypothesis are contradictory (“contradiction”) and in some others the hypothesis neither follows from nor
contradicts the text (“neutral”). Annotate each pair with an inference label, i.e., E for entailment, C for
contradiction or N for neutral.
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Group: Guidelines Min | Max | Mean | St.Dev. | # Clear-cut | # Controversial
Group 1: SNLI guidelines 1 4 2.14 0.71 80 20
Group 2: KAL guidelines 1 4 1.95 0.75 86 14

Group 3: No guidelines 1 2.6 1.5 0.48 71 29

Table 2. The min, max, mean and standard deviation of the Difficulty score for

the pairs, as labeled by the annotators, and the number of clear-cut vs.
controversial pairs based on the z-score computation.

Own Classification Annotators’ Classification

Group: Guidelines Clear-cut | Controversial | Clear-cut | Controversial
Group 1: SNLI guidelines 72.1 51.9 72.1 20.6
Group 2: KAL guidelines 76.7 52.5 70.5 353
Group 3: No guidelines 50.8 38.9 51.5 233

Table 3. IAA between clear-cut and controversial pairs, across groups and guide-
lines, based on both classification schemes.

whether the controversial pairs correlate with low IAA and high Difficulty Scores. In
other words, we wanted to test whether the IAA is statistically worse in controversial
pairs. At the same time, we wanted to test what effect different guidelines have on this
aspect. To this end, we split the pairs into clear-cut vs. controversial in two different
ways: on the one hand, we relied on our own initial classification of the pairs into clear-
cut vs. controversial (cf. Section 2). On the other hand, we used the annotators’ Difficulty
Score to get a notion of ambiguity and controversy: for each group, annotator and pair,
we applied z-score normalization of the Difficulty Score to account for different raters
using the scale differently; then, if the z-score of a given pair was greater than 1, the pair
was considered controversial and, if it was equal or less than 1, it was considered clear-
cut. The minimum, maximum, mean and standard deviation of Difficulty Score for each
group, i.e. for each set of guidelines, is shown in Table 2. We also show the number of
pairs classified as clear-cut or controversial with this process (the exact pairs with their
classifications will be available after publication). Based on these two classifications of
the pairs, we calculated the IAA between clear-cut and controversial pairs, across the
three sets of guidelines. Results are shown in Table 3.

Despite the small-scale of this experiment, the results lead to enlightening ob-
servations. First, we observe that the clear-cut pairs have a significantly higher IAA (p
< 0.05) than the controversial pairs, both in ours and in the annotators’ classification.
Interestingly, the significance level is higher for the annotators’ classification, i.e., the
agreement for the controversial pairs as defined by the annotators themselves is much
worse than the agreement for the controversial pairs as defined by our classification. This
finding is in line with [Pavlick and Kwiatkowski 2019], who show that disagreements are
not to be dismissed as annotation noise, but rather persist as more ratings are collected and
as the amount of context provided to raters increases. Similarly, our experiment shows
that some disagreements are persistent, no matter the guidelines and the task definition;
those are inherent disagreements in the way humans perceive semantic notions and deal
with world knowledge. They can also not be solved by using a graded scale of annota-
tion rather than distinct labels: the extent of disagreement will always persist. However,
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this does not mean that the task is unsolvable, but rather that a different perspective is
required.

One solution is proposed by [Pavlick and Callison-Burch 2016], who show that
current SOTA models do not capture the same distribution over inference labels as
that of the human judgments. Thus, they argue that NLI evaluation should explic-
itly incentivize models to predict distributions over human judgments. This solu-
tion is useful but does not tackle the issues presented above: the artifacts of the
datasets and the generalization difficulties of the models. Concerning the artifacts, cur-
rent datasets have been shown to have strong correlations between labels and words
[Gururangan et al. 2018, Poliak et al. 2018], e.g. contradictions have a strong correlation
with the words no, not, nobody, sleep, etc., so that models only pick up such statistical
patterns rather than the reasoning rules behind the sentences. As far as the generalization
difficulty is concerned, current models struggle with complex linguistic phenomena such
as compositionality, negation, modals, passives, factives and implicatives, quantifiers, etc.
[Nie et al. 2018, Dasgupta et al. 2018, McCoy et al. 2019, Richardson et al. 2019]. How-
ever, such linguistically-hard phenomena can be annotation-clear-cut and unambiguous
for humans. For example, a pair like P: The man chased the cat. H: The cat was chased
by the man or P: The man walked the dog. H: The dog walked the man is very easy for
humans to annotate but contains compositionality rules which make it difficult for models
to get right. Thus, our proposal attempts to also address these challenges: the NLI annota-
tion should be complemented by a Difficulty Score like the one introduced here. This score
can then serve two roles. First, it can be exploited during the training process: pairs that
are clear-cut are more reliable for training and should thus have a stronger learning effect,
e.g., have higher training weights, than controversial pairs with lower IAA. The score can
also be exploited during the evaluation process by measuring performance on clear-cut
vs. controversial pairs: it is expected that current SOTA models will fail on many of what
might be annotation-clear-cut pairs (for humans) but linguistically-hard pairs (for ma-
chines), and thus this will reflect better the real reasoning power of these models. Second,
our proposal can help reduce the artifacts of the datasets. For example, if pairs containing
the word sleep in H are always judged as contradictory and clear-cut, no matter the com-
plexity of P (due to the artifact that sleeping is used to contradict any other action), they
can be recognized as artifacts and thus be removed or dealt with otherwise. Of course,
consistent human explanations would be even better than the proposed score. However,
these tend to be very expensive (if at all possible) during and after the corpus construc-
tion [Camburu et al. 2018]. Thus, a score seems a suitable way to mitigate the issues
with annotation unevenness, if one is embarking on an annotation project. The alternative
ways of generating explanations e.g. LIME (Local Interpretable Model-agnostic Expla-
nations [Ribeiro et al. 2016]), NILE (Natural-language Inference over Label-specific Ex-
planations [Kumar and Talukdar 2020]) or REXC (Rationale-inspired Explanations with
Commonsense [Majumder et al. 2021]) from already annotated corpora, seem less direct
and less trustworthy. Thus, the proposed difficulty score is one of the main contributions
of this paper that we expect to impact how future annotation efforts and NLI datasets are
conceived and executed.

Additionally, despite the small scale of this experiment and the inconclusive pic-
ture we get, we do observe that guidelines play an important role: Group 1, which was
given the SNLI guidelines, has the lowest IAA for the controversial pairs in the classifi-
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cation done by the annotators’ themselves (20.6 vs. 35.4 and 23.3). On the other hand,
Group 2 which is given the KAL guidelines, has the fewest controversial pairs (14 vs.
20 and 29) and the best IAA for these controversial pairs in both classification schemes
(in the annotators’ classification the difference is even statistically significant). Group 3
has the most controversial pairs and the lowest IAAs both for clear-cut and controversial
pairs in both classification schemes — except for the controversial in the annotators’ clas-
sification. From these findings, we can conclude that a) the nature of the SNLI guidelines
leaves much room for interpretation and does not avoid some of the controversy which
seems avoidable given the KAL guidelines, b) the SNLI guidelines do not address harder
cases and thus there is high disagreement for the annotation of the controversial pairs, c)
no guidelines whatsoever (Group 3) do lead people to think that the annotations are easy,
presumably because they are not given “restrictions” based on which they should judge
the pair (lowest mean Difficulty Score), but no guidelines clearly lead to poor IAA and
thus the claim that people should be annotating as naturally as possible [Manning 2006]
cannot be justified.

4. Conclusions

In this work we presented an NLI annotation experiment, aimed at investigating whether
specific NLI pairs are inherently more difficult to annotate and thus lead to lower IAA.
The experiment considered this question given different guidelines, to test to what extent
the annotation difficulty is due to the guidelines quality. The results of this work show the
value of augmenting the NLI annotation task with a Difficulty Score and the ways in which
this score can be beneficial. Future work will seek to scale up these findings with a larger-
scale experiment and confirm further preliminary findings of the current experiment. We
also aim to reproduce the experiment with languages different from English, with corpora
as [Fonseca et al. 2016] and [Real et al. 2018] for Portuguese.
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Abstract. We evaluate and classify bottom-up and quali-quantitatively literary
genres from the BDCamées corpus. Chronicles, novels, short stories, and tales,
annotated in UD, are classified by random forests and analyzed based on the
Brazilian-Portuguese version of the LIWC dictionary. Results by class are re-
ported by the mean value, along with a measure of variability. The results
for features by class, LIWC tags, part of speech, and Universal Dependency
tags highlight the higher positive and lower negative features. Adapting this
method to the fluidity and mutability of literary genres circumvents the difficulty
of NLP’s standard tools, showing consistency and fewer errors in the results.

Resumo. Avaliamos e classificamos quali-quantitativamente géneros literdrios
do corpus BDCamdées. Cronicas, romances, historias curtas e contos, anota-
dos em UD, sdo classificados por florestas aleatorias, e analisados com base
na versao portugués-brasileira do LIWC. Os resultados por classe sdo reporta-
dos pela média, juntamente com uma medida de desvio padrdo. Os resultados
das caracteristicas por classe, rotulos LIWC, classes gramaticais e rotulos UD
destacam caracteristicas positivas altas e negativas baixas. A adaptacdo desta
metodologia a fluidez e mutabilidade dos géneros literdrios contorna as dificul-
dade normalemnet encontradas em NLP, apresentando consisténcia e poucos
erros nos resultados.

1. Introduction

Classifying documents according to their genre is proposed as a primary task in text
and document processing. Eissen and Stein [Sven Meyer zu and Stein 2004] claim genre
classification is usually performed by discriminating documents through their form, their
style, or their targeted audience. They also assure that genre classification is orthogonal
to a classification based on the documents’ contents. This study considers the artistic con-
tent of the analyzed texts since it focuses on literary genres, which materialize the style or
form adopted by the authors, being, therefore, closely linked to the organizational goals
and processes through which writing went.

The textual genre has a broad conception due to the socio-communicative func-
tion of documents, which encompasses the intention, context, social function, among
other aspects of the document [Martins 2008]. Text is formed from expressed ideas.
These ideas, structured in textual types, are also determined from interconnected fac-
tors, such as socio-historical context, physical and subjective structures of individuals,
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grammatical rules, social function, and interlocutors. This multiplicity of factors is mate-
rialized, in an unstructured way, in messages such as posts on social networks, scientific
articles, books, news, reports, and others, giving rise to different textual genres. This
article is dedicated to studying the classification of literary genres, a specific text clas-
sification task within natural language processing (NLP). Textual genres usually rely on
their differences in textual structure and leave behind a wide range of contextual fac-
tors. The challenge in analyzing literary genres lies in non-structured data from con-
text inputs that blend into words and expressions to carry meaning to the grammatical
reality of the text [Bronckart 2004, Monte-Serrat 2021, Monte-Serrat and Cattani 2021b,
Monte-Serrat and Cattani 2021a]. Textual genres are fluid and changeable, continuously
adapting to new social needs [Bronckart 2004, Matos 2021]. Suppose the focus falls on
only one of the features (only on a contextual feature or only on the human language’s
logic/grammatical feature). In that case, the differentiation process might be deficient,
carrying weakness that may be transmitted to the final findings.

Deepening the knowledge about literary genres classification can
improve web search and information access to extensive digital collec-
tions [Crowston and Kwasnik 2003, Karlgren et al. 1998].  If not only to improve
information retrieval, distinguishing different literary genres is a demanding task. The
difference between poetry and a novel may be evident for an educated human being, but
it may not be easy to discriminate a short story from a chronicle.

The main objective of this work is to study quantitative features that may differen-
tiate literary genres under the scope of the NLP subject. We aim to address some corpus
annotation features that may help find the regularity underlying the literary genres of the
corpus of the BDCamdes [Grilo et al. 2020]. This article is divided into five sections.
Section 2 deals with related research on textual genre identification, showing that genre
knowledge makes information more easily understood by search tools. Section 3 de-
scribes data and methods, discussing the corpus of textual genres BDCamdes annotated
according to the Universal Dependency framework. The results are described in Sec-
tion 4, where they are segmented by classes reported by the mean value and its standard
deviation. We also highlight the importance of features per class, LIWC labels, part-
of-speech and Universal Dependency labels. Section 5 addresses the discussion of the
results, showing from a bottom-up perspective how these NLP tools adapt to the contex-
tual characteristics of fluidity and mutability of literary genres. We conclude in Section 6
that the analysis of literary genres must contemplate their artistic content to identify the
aesthetics of the ‘best order or structure’ of words or the aesthetics of the ‘best word’.
For this, we suggest a combination of tools that balance structural and contextual aspects,
making the machine more intuitive with more consistent results.

2. Related work

Some papers focus on genre identification for information retrieval in extensive digi-
tal collections. When characterized only by the textual form, this identification is not
enough to define an information problem. This identification is due to the interde-
pendent relations, in textual genres, between linguistic units and contextual parame-
ters [Schneuwly 1997]. Search results containing genre information are easier understood
by search tools, as the genre is often an implicit notion.
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Karlgren and collaborators [Karlgren et al. 1998] make iterative information re-
trieval through topic grouping to build a multidimensional pre-representation interface of
the research results. This way, the authors enrich the information search dialogue, en-
couraging and supporting the iterative refinement of queries, and enrich the document
representation beyond the simple semantics of the terms frequencies.

Statamatos and co-authors [Stamatatos et al. 2000] use word frequency from The
Wall Street Journal training corpus. Compared to the most frequent words in plain English
cited in the British National Corpus, the authors claim that the latter contains more reliable
discriminators for classifying text genres than the most frequent words in their limited-
size training corpus. Similarly, Feldman and his team [Feldman et al. 2009] proposed
using part-of-speech (POS) histogram statistics to perform the classification of textual
genres. Together with a quadratic discriminant classifier, they show better performance
than techniques that use word frequency counting features and POS tri-gram features.
The authors claim that it is unclear what techniques would be needed to cover the entire
feature space and differentiate the sub-classes, suggesting to characterize the genre more
generalizable, as a multitasking learning, replacing singular genre classes with multiple
factors.

Nilan et al. [Nilan et al. 2001] employ a bottom-up approach to analyze percep-
tions of textual resources that assist users in characterizing documents. Using content
analytic techniques, the authors derive a set of genres built around the actual use of the
web to compare existing genre lists. Mark Rosso [Rosso 2005] reports a study in which
users classify genres according to a palette for use in web retrieval. Each participant re-
ceived a pile of 102 printed web pages and was asked to separate the pages into piles
according to the genre. The level of agreement reached 60%. In another study, the author
analyzes 18 genres in an online experiment in which 257 subjects. The agreement rate
reached more than 70% regarding the textual genre.

Omar [Omar 2020] brings together the Vector Space Clustering (VSC), ‘concept
pool’ (BOC), explicit semantic analysis (ASE), and ConceptNet methods to address the
classification of literary genres. They show that the computational and semantic mod-
els approach results to achieve better performance in the classification task. The author
claims that the dimensionality of the data makes it difficult to obtain reliable analytical
results, suggesting classification only in the most critical or distinct resources available.

3. Data and Methods
Data

The corpus of textual genres used in this research is the BDCamdes Collection of Por-
tuguese literary documents [Grilo et al. 2020]. Some features of the BDCamdes corpus
make it very useful for research in NLP: it is composed of 4 million words from more than
200 complete documents written by 83 authors in 14 genres. Its literary texts range from
the 16th to the 21st century and have been carefully edited. The dimensionality of the
data makes it difficult to obtain reliable analytical results [Omar 2020]. Monte-Serrat and
Cattani [Monte-Serrat and Cattani 2021a] mention the curse of dimensionality in data in-
terpretation. These arguments support the choice of the BDCamdes corpus to find reliable
results.
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The corpus includes automatically annotated linguistic information such as gram-
matical classes, morphological features, grammatical dependencies based on the Univer-
sal Dependency framework (UD) [Nivre 2015], and expressions denoting named entities.
BDCamdes brings classified texts according to the following literary genres: 92 tales; 26
chronicles; 25 novels; 21 short stories; 18 poems; 11 theater plays; 8 essays; 1 travel
guide; 1 sermon; 1 other; 1 narrative; 1 memoir; 1 letter; 1 anthology, totaling 208 docu-
ments and 3,945,943 words.

Methods

We chose random decision forests [Breiman 2001], an ensemble learning method, for the
literary genre classification task. Random forest is a popular machine learning algorithm
consisting of a combination of tree classifiers. Each classifier is generated using a ran-
dom vector sampled independently from the input vector. Every tree casts a single vote,
choosing the most popular class to classify an input vector. Decision trees seek to find the
best split to subset the data based on the features provided to the learning phase.

Linguistic Inquiry and Word Count (LIWC) [Tausczik and Pennebaker 2010] is
a text analysis system created by Pennebaker and collaborators [Pennebaker et al. 2001]
with the aim of grouping words into categories that can be used to analyze psycholinguis-
tic characteristics in different types of texts, making this tool interesting for the assessment
of literary genres. LIWC is composed of software tools and a lexicon/dictionary. Each
LIWC dictionary entry can be assigned to one or more categories (The word ’like’ can
belong to the category "pronoun’ or ’discrepancy’ or "affection’ or even ’simile’). LIWC
includes 17 standard linguistic dimensions (e.g., word count, percentage of pronouns, arti-
cles), 25 word categories tapping psychological constructs (e.g., affect, cognition), 10 di-
mensions related to “relativity” (time, space, motion), and 19 personal concern categories
(e.g., work, home, leisure activities)’: “LIWC successfully measures positive and negative
emotions, a number of cognitive strategies, several types of thematic content, and various
language composition elements” [Pennebaker et al. 2015]. The core of this program is
known as the LIWC dictionary, which was made available for the Brazilian-Portuguese.
In this research, we used this Brazilian version of LIWC 2007 [Balage Filho et al. 2013]
to present the best and worst combinations of categories in analyzing texts from the BD-
Camdes corpus.

BDCamdes delivers different numbers of classified texts according to literary gen-
res. To pursue consistent results, we selected only the literary genres that had more than
ten text samples. These were: tale (96), novel (25), short story (21), chronicle (26),
and poetry (18). As mentioned before, the corpus was already annotated with part-of-
speech and UD labels. We used these annotations as features for the random forest clas-
sifier, and we also added word categories labels obtained from the Brazilian Portuguese
LIWC [Balage Filho et al. 2013]. As for the latter, this dictionary/lexicon is composed of
64 word classes. Many words have multiple class labels. In this case, all word labels were
added as features for the classifier. We did not use words as a feature, as our goal is to
seek a categorization of texts focused on their structure, not on the content.

A grid search method was applied to find the best parameters to train a random
forests model. For this, we used stratified 3-fold cross-validation together with a total of
4,320 combinations of parameters. The best combination of parameters was chosen by
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calculating the F-measure. Once the best parameters were found, we configured a new
classifier model using these parameters with a stratified 5-fold cross-validation scheme.

In order to analyze and understand the importance of the selected characteristics
in the classification, we used the Python language module Eli5'. Eli5 allows the explana-
tion of weights and predictions made by machine learning models. The weights of each
attribute are calculated by following decision paths in all trees created by the classifica-
tion model. Each node of the tree has an output score. The feature contribution on the
decision path is calculated using the score difference from a parent to child node. Weights
of all features sum to the output score or probability of the estimator.

4. Results for literary genre classification

The results based on a classification of resources’ average among all classes of literary
genres make the data more similar to the expected target domain of each genre. See
Table 1. This table implies a balance between two aspects that literary genres commonly
bring embedded: i) the assessment that considers the textual type (in which what matters
most is the structural organization providing specific sequences for narration, description,
exposition, argumentation) [Marcuschi et al. 2002]; ii) and the assessment of the socio-
historical aspects, text function, media, type, and adequacy of language, among others,
which influence that textual type.

Table 1 shows the results for literary genre classification based on the compre-
hensive set of part-of-speech, UD, and LIWC features. The poetry genre obtained the
best classification scores for precision and recall measures among the five genres tested,
reaching a harmonic mean of 88% (SD 11%). Although the chronicle genre obtained
100% precision, 29% (SD 29%) recall contributed to the second-lowest F-measure (24%)
among all the genres. Novels also obtained inferior results, which reflected an F-measure
of 11%. Contrary to our initial guess, tales and short stories might have very few in com-
mon regarding these classification features. Tales presented an F-measure of 77% with
the lowest SD of 7%. On the opposite side, short stories presented higher percentages of
standard deviation for precision and recall, matching the final F-measure to its SD.

The weighted average is a metric computed this way: find the corresponding met-
ric’s average for each class weighted by the number of true instances for each label. Then
compute the average among all these classes. The weighted average values for precision,
recall, and F-measure reflect the inconsistency and the variety of the classes’ metrics.

The common ground on what constitutes a domain is something idealized. We
recall that for Plank [Plank 2011] the common ground does not exist. Plank affirms that
the literary genre can be considered a domain that mixes those textual types and socio-
historical aspects. While Table 1 idealizes the pattern of these aspects for each genre,
we can observe that poetry and tale present outstanding results (¥ =0.88 and 0.66; F-
measure=0.88 and 0.77, respectively). We infer this highlight occurs because their textual
type stands out to their socio-historical aspects. This result is not repeated with chron-
icles, novels, and short story. The socio-historical aspects of the latter are presented in
greater proportion compared to the textual type, which makes the normalization process
more difficult to reduce their differences (F-measures=0.24; 0.11; 037, respectively, as

'https://eli5.readthedocs.io/en/latest/
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shown in Table 1). When we address Table 2 we will clear these assertions. The analysis
of chronicles, novels, and short stories becomes challenging because of the uncertainties
in the choice or extension of the characteristics of each of these genres, which turns into
a contradiction if studies by two or more literary critics were compared. Literary genre
is an ongoing problem that the constitutive classification weaknesses of the gender no-
tion [Altman 1984]. The tool reflects this weakness when displaying the F-measure for
chronicle, novel, and short story, respectively.

Table 1. Results per class reported by the mean (average value) along with a
measure of variablility (SD, standard deviation).

Class Precision Recall F-measure
Mean SD Mean SD Mean SD
Chronicle 1.00 0.00 0.18 029 024 0.36
Novel 040 042 008 0.11 0.11 0.16
Poetry 087 0.19 093 0.15 0.88 0.11
Short story 073 043 030 033 037 037
Tale 0.66 0.08 092 006 077 0.07

Weighted average 0.57 0.12 0.66 0.07 0.58 0.09

Table 2 focuses on the feature importance per class, permitting to investigate the
artistic content of each literary genre [Marcuschi et al. 2002]as they are a set of works of
the same nature, with essentially identical trends [Almeida 2005], linked to similar cul-
tural periods. Features linked to the notion of time stand out in poetry, novels, and chron-
icles, such as: LW: t ime 0.036; 0.025 for poetry and novel respectively; and LW: past
0.019, 0.016 and 0.015 for chronicle, poetry, and novel respectively. These features ap-
pear as the lowest negative features for short stories and tales: LW: past -0.006, -0.044
and LW : t ime -0.053 respectively, confirming that these two genres focus more on struc-
ture than narrative, which is evidenced in the prevalence of morphosyntactic annotation of
universal dependence and POS aimed at analyzing the linguistic features of a word along
with its preceding as well as following words (PO and UD tags)

5. Discussion

How the authors of the texts under analysis write provide clues to emotion and cog-
nition [Gottschalk and Gleser 1979, Rosenberg and Tucker 1979]. The LIWC dictio-
nary [Balage Filho et al. 2013] offers an efficient method to study the emotional compo-
nents of literary works, going beyond the analyzes that commonly focus on the struc-
ture of those texts. We demonstrate that the analysis becomes more precise using a
context-motivated tool (taking the classification of textual genres as contextual informa-
tion), bringing results closer to state-of-the-art. Our strategies offer results with potential
uses to set limits on the accuracy, being easy to replicate and interpret: i) the use of LIWC
provides contextual data that make the tool more intuitive; the inclusion of all LIWC cat-
egories reduces complexity and facilitates tool optimization; ii) each node of the Random
Forest reduces the built-in freedom of context, softening the dispersion of available in-
formation; iii) Part-of-Speech label words identifying their function (grammatical class
tag such as noun, verb, article, adjective, preposition, pronoun, adverb, conjunction and
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Table 2. Feature importance per class. LW, PO and UD stand for LIWC, part-of-
speech and Universal Dependency labels, respectively.

Chronicle Novel Poetry Short story Tale
Feature Weight ‘ Feature Weight ‘ Feature Weight ‘ Feature Weight ‘ Feature Weight
Ten highest positive features
LW:past 0.019 | LW:time 0.025 | LW:time 0.036 | LW:ingest 0.006 | PO:UM 0.013
LW:assent 0.009 | UD:NSUBJ 0.017 | LW:past 0.016 | PO:LADV1 0.005 | UD:POBJ 0.012
LW:quant 0.008 | LW:past 0.015 | LW:preps 0.009 | LW:percept 0.005 | UD:CASE 0.010
PO:LTR 0.008 | LW:home 0.015 | PO:LTR 0.006 | LW:see 0.004 | UD:NUMBER  0.009
UD:CC 0.003 | PO:LTR 0.015 | UD:CASE 0.005 | UD:CC 0.002 | PO:PNT 0.009
LW:motion 0.002 | LW:see 0.013 | LW:sad 0.005 | PO:LADV2 0.002 | UD:ROOT 0.009
LW:ingest 0.002 | LW:assent 0.012 | LW:motion 0.004 | PO:LPREP1 0.002 | LW:cogmech 0.007
PO:GER 0.002 | PO:LITJ2 0.012 | UD:POBJ 0.004 | LW:i 0.002 | UD:MWE 0.007
LW:conj 0.002 | UD:PREDET 0.010 | LW:assent 0.003 | LW:health 0.001 | LW:bio 0.006
LW:see 0.002 | LW:sad 0.010 | LW:ingest 0.002 | PO:DGT 0.001 | UD:PUNCT 0.005
Ten lowest negative features
UD:CASE  -0.006 | PO:UM -0.003 | LW:cogmech -0.012 | UD:POBJ -0.009 | LW:time -0.053
UD:POBJ -0.005 | UD:ROOT -0.003 | LW:funct -0.009 | UD:CASE -0.008 | LW:past -0.044
LW:preps -0.005 | LW:future -0.001 | LW:cause -0.008 | PO:EOE -0.008 | PO:LTR -0.029
LW:time -0.005 | UD:POBJ -0.001 | LW:tentat -0.007 | UD:IOBJ -0.006 | LW:assent -0.024
PO:DA -0.003 | UD:CASE -0.001 | LW:inhib -0.006 | LW:past -0.006 | LW:see -0.019
PO:PNT -0.003 | UD:NUMBER  -0.001 | LW:adverb -0.006 | UD:NUMBER  -0.006 | LW:ingest -0.018
UD:NSUBJ  -0.003 | LW:bio -0.001 | LW:quant -0.006 | PO:UM -0.005 | UD:CC -0.015
PO:CARD  -0.003 | PO:LADV4 0.000 | PO:UM -0.005 | PO:PNT -0.005 | LW:home -0.014
PO:ORD -0.003 | UD:PUNCT 0.000 | PO:VAUX -0.005 | UD:MWE -0.004 | PO:LITJ2 -0.012
UD:MARK -0.003 | PO:LITJ1 0.000 | LW:conj -0.004 | LW:bio -0.004 | UD:NSUBJ -0.012

interjection) from the relationship with relative terms and by definition (probability-based
and rule-based) help to reduce ambiguity.

For the approaches to literary genres to achieve results in state-of-the-art, it is
necessary to adapt the tool to the fluidity and mutability characteristics of these genres,
making the machine obey the rules of the nature of the analyzed text. These are the
rules/strategies that we try to expose in this research work. Working bottom-up, the sys-
tem establishes the best and worst feature combinations to classify specific literary genres.

According to Liithi [Liithi 1970] tales follow a distinct style for unfolding the
genre in lasting appeal to people. Tale’s unique style of structure, symbolism, and mean-
ing offer “sharpness and precision” because it eliminates most descriptions (prevalent in
chronicles, novels, poetry, and short stories), giving tales a universal meaning that opens
up an opportunity for the use of the imagination. Therefore, we found consistency with
the results in Table 2, as the absence of those descriptive details gives greater importance
to the text structure than to the psychological characteristics, reducing the efficiency of
the LIWC.

The everyday basis of the narrative structure present in the chronicles, short sto-
ries, and novels did not ‘deceive’ the tool, giving less weight to the LIWC attributes
for the short story. This result in Table 2 is consistent because the linguistic sequences
of the short story are more streamlined than the chronicle and the novel, increasing the
importance of features related to the structure of the text relatively to the psycholinguis-
tic attributes of the LIWC. The short story is based on the principle of offering a faster
reading than a novel. Therefore, it condenses information, reduces the number of facts
presented, and aesthetic strategies meet this need.

It is important to emphasize that the novel genre can contain several textual types,
making the tool’s evaluation perform very poorly. In some cases, it is possible to find
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genres with a specific typology, such as poetry, which improves the performance of the
analysis. As seen in Table 1.

Time is a feature that stands out in romance and poetry. This highlight in the
novel is due to the intrinsic narrative situated in time. However, the tool also found
greater prominence for the feature time in poetry. See Table 2. This finding is justi-
fied because poetry evokes an imaginative awareness, organizing its meaning, sound, and
rhythm through language [Nemerov 2020]. There is a hypothetical expression of things
in poetry that stands out from the storytelling of facts in the novel. In poetry, contem-
plation evokes feelings, leading the reader to a delight intrinsic to art (the Beauty) so
as not to ‘freeze’ the senses in separate classes of objects. In this way, poetry acts on
the human spirit, becoming recognizable because it depends on a line as a parameter,
which guides the reading through the displacement of the latter concerning breathing and
syntax [Nemerov 2020]. This characteristic changes its appearance, which makes inter-
pretation by the tool more accurate. This reading process (line) is essential to differentiate
the tone or rhythm of poetry from the novel.

The precision-of-meaning effect is greater in the novel than in poetry, making
syntax-based tools more obvious to use as they deal with the measurable. Refer to UD
tags in Table 2. In poetry, meaning is less accessible to observing the ‘best order’ to oper-
ate in the ‘best words’, which determines the artistic attitude (the Beauty) concerning def-
initions in general. This poetic structure has to do with pleasure, with delight in the form
of arrangement of sounds about thoughts [Nemerov 2020]. Although poetry deals with
commonplace matters, its structure does not have the characteristic of the commonplace.
Poetry contains forms of production of inferences like the forms of parables, adapting
to the metamorphosis of sentences, transcending the topic dealt with, that is, extending
time [Monte-Serrat 2017]. It is inferred, therefore, why the feature time is so important in
poetry. See Table 2. These are some comments on considering these elements as strate-
gies to establish the relationship of literary genres with the interpretation to be performed
by our tool.

6. Conclusion

We conclude that analyzes of literary genres must consider the artistic content of the
texts, as aesthetics are a fundamental element for the various genres. The identification of
aesthetics from the search for the ‘best order or structure’ of words or aesthetics from the
search for the ‘best word’ is of paramount importance, since literary genres materialize the
style or form adopted by their authors, linking the writing of the latter to the objectives and
organizational processes through which the text went through. The combination of tools
that we suggest in this research work provides a textual analysis that balances structural
and contextual aspects so that the tool works more intuitively, approaching the state-of-
the-art. The cases in which the results were not satisfactory (see Table 1) are due to the
complexity of the elements that make up the literary genre. NLP deals with canonical
varieties that are considered standard [Plank 2016] and the challenge in analyzing literary
genres lies in data variations. Our method suggests how to improve data training. We
indicate how best to leverage contextual (literary genres) data that is forgotten and needs
to be refined to produce more robust models. It is not about making prescriptions for
dealing with textual genres. We make assumptions about which tools are best suited for
each genre, training the system to make fewer mistakes.
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Abstract. A chatbot is an artificial intelligence based system aimed at chatting
with users, commonly used as a virtual assistant to help people or answer ques-
tions. Intent classification is an essential task for chatbots where it aims to
identify what the user wants in a certain dialogue. However, for many domains,
little data are available to properly train those systems. In this work, we evalu-
ate the performance of two methods to generate synthetic data for chatbots, one
based on template questions and another based on neural text generation. We
build four datasets that are used training chatbot components in the intent clas-
sification task. We intend to simulate the task of migrating a search-based portal
to an interactive dialogue-based information service by using artificial datasets
for initial model training. Our results show that template-based datasets are
slightly superior to those neural-based generated in our application domain,
however, neural-generated present good results and they are a viable option
when one has limited access to domain experts to hand-code text templates.

1. Introduction

A chatbot is an artificial intelligence (AI) based system aimed at chatting with
users, commonly used as a virtual assistant to help people or answer ques-
tions [Al-Sinani and Al-Saidi 2019]. RASA [Bocklisch et al. 2017] is an open-source
tool that allows the development of chatbots by people who are not experts in this
area [Bocklisch et al. 2017]. The tool works by identifying the intentions contained in
the user’s messages, classifying them according to the intent defined by the developer,
and returning a response based on the intent, which may be an already defined text or a
custom action, such as access to database [Bocklisch et al. 2017].

Intent classification is essential for a chatbot since it must properly identifies what
the user wants and, consequently, what the response to be returned by the system. Thus
both a good database and a good model are needed. However, a good database for a given
task is not always available, especially when the task involves an unexplored domain,
making it difficult to train the model.

In this work, we investigated methods to the development of good synthetic
datasets with questions about public services of the government of the state of Ceara.
The generated data has labels to classify intentions that indicate what type of information
the question requires. We proposed methodologies to generate synthetic datasets based
on templates and neural generation (using neural networks). To evaluate this generated
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data, we trained deep learning models to classify intents to be used these models for the
development of chatbots.

1.0.1. Related works.

In [Amin-Nejad et al. 2020] the authors propose a methodology to guide the generation
with structured patient information in a sequence-to-sequence manner. They propose
an experiment with state-of-the-art Transformer models and demonstrate that their aug-
mented dataset is capable of beating baseline models on the downstream classification
task.

In [Ive et al. 2020] the authors present an approach to generate artificial medi-
cal documents. They propose an approach to discharge summaries from a large mental
healthcare provider and discharge summaries from an intensive care unit. They apply
several measures of text preservation and how much the model memorizes training data.
They estimate the clinical validity of the generated text based on a human evaluation task.
They found that using their artificial data as training data can lead to classification results
that are comparable to the original results.

Finally, in [Bird et al. 2020] the authors present an approach to the training of
deep learning chatbots for task classification called Chatbot Interaction with Artificial
Intelligence (CI-Al) framework. CI-AI augments human-sourced data via artificial para-
phrasing by the T5 model in order to generate a large set of training data for further
language learning approaches. The authors show that seven state-of-the-art transformer
models are improved when training data is artificially augmented with an average increase
of classification accuracy by 4%.

2. Language Understanding and Dialogue Systems

2.1. Language Models based on Transformers

In [Vaswani et al. 2017], the authors proposed the Transformer architecture. This archi-
tecture brought a new and simple network architecture based only on attention mecha-
nisms, thus dispensing recurrence and convolutions. They show that machine translation
tasks using these models are superior in quality and require significantly less time to train
since they can perform a better parallel computation.

2.1.1. BERT

Bidirectional Encoding Representations of Transformers (BERT) is an architecture pro-
posed by [Devlin et al. 2019] used as a pre-trained base model and which can be used to
create different state-of-the-art models in natural language processing tasks. This model,
based on the use of the transformer encoder proposed by Vaswani [Vaswani et al. 2017].
The BERT model is pre-trained using two tasks, masked language model (MLM) and
next sentence prediction (NSP) on an English Wikipedia text corpus and BookCorpus.
The model follows a multi-task learning strategy (MTL), where its parameters are trained
in a shared way between the two tasks simultaneously, through a shared loss.
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BERT is presented in two versions: a base (BERT-base) and a large (BERT-large).
BERT-base has 12 attention layers of 12 heads and a hidden layer with 768 neurons total-
ing 110M of parameters BERT-large has 24 attention layers with 16 heads each and one
hidden state of 1024 totaling 340M of parameters.

Given the new state-of-the-art obtained by BERT, was proposed BERTim-
bau [Souza et al. 2020], a Portuguese version of BERT. This new model based on BERT
was pre-trained on a large Brazilian Portuguese corpus named BrWaC (Brazilian Web as
Corpus) using the same pre-training method as BERT.

2.1.2. TS

Text-to-Text Transfer Transformer (T5) is a training framework that aims to unify dif-
ferent natural language processing tasks, making the resulting model robust enough to
handle a large set of tasks, defining them in the form of sequence-to-sequence problems.
This model was developed using an incremental methodology where each step a NLP
characteristic was evaluated, such as variable size architecture with respect to encoder
and decoder layers and the attention mask that should be used in the model.

The TS5 model were trained with unsupervised objectives providing mechanisms
by which the model acquires general-purpose knowledge to apply to further tasks. And,
similar to BERT, there is a TS5 version pre-trained for Brazilian Portuguese data named
PTTS5 [Carmo et al. 2020].

2.2. Dialogue Systems and Chatbots

Dialogue Systems is a term used to denote systems that provide a conversational interface
that allows users to interact with a computer using natural language. Chatbots describe
dialogue systems that use text to interact with a user.

Natural language understanding is a key task for dialogue systems. Its main goal is
to detect semantic information expressed in the current user utterance. Natural language
understanding can be decomposed into different subtasks [Deriu et al. 2021]: (i) identifi-
cation of domain (if multiple domains), (ii) identification of intents (that is, the question
type, the dialogue act, etc.), and (iii) identification of the slots or concept detection. We
focus in this work on identification of intents.

2.2.1. Intent Classification.

The NLU task of classifying an utterance into one of the pre-defined intents is
called intent classification [Chen et al. 2017]. In an utterance such as, “I want to
change my last reservation.”, the intent classifier should identify the ut-
terance intent as update_reservation rather than cancel_reservation or
new_reservation intent. The intent classifier could also associate a confidence value
to its output, as 0.9 to update_reservation and 0.1 to cancel_reservation.

Deep learning techniques have been successively applied in intent classifi-
cation [Dauphin et al. 2013, Deng et al. 2012, Hashemi et al. 2016, Huang et al. 2013,
Shen et al. 2014, Tur et al. 2012]. In particular, the RASA team introduces in
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[Bunk et al. 2020] a flexible architecture for intent and entity modeling called Dual In-
tent and Entity Transformer (DIET). DIET outperforms state-of-the-art models even in a
purely supervised setup without any pre-trained embedding.

2.3. Synthetic Data Generation Methods

Existing methods for synthetic text data generation can be summarized into two major
categories [Peng et al. 2020]: (i) template-based methods that require domain experts to
handcraft templates for each domain and a system fills in slot-values afterward; and (ii)
statistical language models that learn to generate fluent responses via training from a
labeled corpus.

2.3.1. Template-based Generation

As pointed in [Gatt and Krahmer 2018], when application domains are small and variation
is expected to be minimal, sentence generation is a relatively straightforward task, and
outputs can be specified using templates.

For example, the template Turn [direction] onto [road] and
continue for [distance] meters is a meta-sentence with three placeholders,
indicated by brackets, that can be filled with a direction, a thoroughfare indication, and
the distance one must keep producing for example Turn right onto 5th Avenue
and continue for 200 meters.

An advantage of templates is that they are easy to implement and they ensure
a good quality of the output by avoiding the generation of grammatically incorrect text
structures. The disadvantage of templates is that they might not scale well to applications
that require considerable linguistic variation [Gatt and Krahmer 2018].

2.3.2. Neural-based Generation

Neural-based generation uses language models to generate natural, meaningful phrases
and sentences. These models are used to generate natural sentences based on neural
networks.

The use neural-based generation has the advantage of insert variability to the gen-
erated dataset and reduce the effort from the template designer. The designer just set a
few examples in the template and, this generated example from a template is used to train
the neural models.

3. Experimental Setup and Results

3.1. Datasets

We choose as a domain a collection of frequently asked questions (FAQ) about several
public services of the government of the state of Ceara'. We intend to simulate part of the
task of migrating a search-based portal to a dialog-based information service.

!Available at https://cartadeservicos.ce.gov.br/
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We select six public services and nine classes of frequently asked questions related
to them. Each class of questions is related to a possible intent that can be raised in a
conversation in natural language. Table 1 shows the set of intents.

ID Intent

servico to know what a service is about

loc_presencial to know whether a service requires presence in loco

loc_presencial_obj to know whether a service is available in a given city

documentos to know which documents are required by a service

doc_obj to know whether a document is required by a service

doc_estado_civil to know which documents are required by a service for
a given marital status

doc_estado_civil_obj to know whether a document is required by a service
for a given marital status

hor_funcionamento to know the opening hour of a given service provider

hor_funcionamento_obj | to know whether a service is available in a given time

Table 1. Intents of the public services chatbot domain.

First, we build five synthetic datasets to evaluate the effects of template-based and
neural-based data for the initial training of chatbot systems (Table 2). Each dataset entry
contains a text in natural language corresponding to a dialogue question, an intention
descriptor, and a list of entities presented in it.

TBD1 and TBD2 datasets were generated by a set of hand-coded tem-
plate questions. Each template question is a text associated with a sin-
gle intention. Let audiometria, mamografia, and radiografia be
terms related to an entity class called servico (service), the template O que
é [mamografia] (servico)? produces the grounded entries: O que é
audiometria?, 0 que é mamografia?,and 0 que é radiografia-®.

TBD2 dataset is built based on seven template questions for each intent with up to
three placeholders for six different entities class: servico (service), horario (time),
dia (date), local (local), documento (document), and estado civil (marital
status). Each placeholder is replaced by terms related to its respective entity classes,
such as audiometria and mamografia for servico, including some synonyms
variation such as radiografia and raio-x.

Note that a template-based dataset will grow exponentially based on the num-
ber of placeholders within its template questions. Thus we limit in 600 the number of

Dataset | Description

TBD1 | Template-based small dataset with 4844 entries
TBD2 | Template-based large dataset with 5324 entries
TBTD | Template-based test dataset with 1254 entries
P5D1 PTTS5-generated small dataset with 3391 entries
PSD2 | PTT5-generated large dataset with 3727 entries

Table 2. Generated datasets.
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Tokenizer Intent Classifier
BERT DIET

BERT Multilingual | DIET

BERTimbau DIET

BERT Multilingual | BERT Multilingual
BERTimbau BERTimbau

Table 3. NLU models used in the experiments.

grounded entries generated for each intent, randomizing the choice of terms to replace
each placeholder.

In order to investigate how dataset variety influences the quality of the final result,
we build the TBD1 dataset intentionally less diverse, with fewer synonyms for each entity
and with placeholders happening only at the beginning or end of each template question.

TBTD is a test dataset generated using the same methodology of TBD2 but with no
common entries between them. TBTD is meant to be used to test the overall performance
of NLU models trained with the other synthetic datasets. We also built two datasets
TBDI1small and TBD2small to be used on the neural-based generation with 1453 and
1597 entries, respectively, with no intersection with TBD1 and TBD2.

We build P5SD2 by training PTTS5 to generate sentences in natural languages giving
a pair intent-entities as input and comparing its output with the respective sentence asso-
ciated in the TBLSsmall datasets. After training PTTS, we build P5D2 as the collection of
sentences generated when we give the intent and entities presented in TBD2 as input to
PTTS5. The P5SD2 dataset has BLEU of 56.6332, F1 of 0.7273, and exact match of 0.3565.
The same process is applied to build P5SD1 using TBD1small and TBD1 datasets. The
P5D1 dataset has BLEU of 62.2126, F1 of 0.7670, and exact match of 0.4638.

3.2. Experimental Setup

We evaluate the use of synthetic data by training five different NLU models. Each model
is a combination of a model tokenizer and an intent classifier as indicated in Table 3. Our
intent is to emulate five different approaches that can be used in the development of a
chatbot for Portuguese.

The first combination BERT+DIET? is one of the standard options when devel-
oping a chatbot using RASA. We use it as a baseline for our experiments. It is ex-
pected that this model does not perform well when dealing with Portuguese sentences.
Thus we built two other models combining the DIET classifier with BERT Multilingual
[Devlin et al. 2019] and BERTimbau [Souza et al. 2020], respectively.

We build two intent classifiers based on BERT multilingual and BERTimbau
model architectures, simulating the case where a developer creates his own component.
As before, our intention is also to approximate the intent classifier component to language
models trained for Portuguese.

Based on these five models we design the following experiments: (a) each model
will be fine-tuned with each one of TBD1, TBD2, P5DI, and P5D2 datasets; (b) we

2The RASA’s BERT default tokenizer is loaded with rasa/LaBSE model weights available in
https://huggingface.co/rasa/LaBSE.
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F1 Acuracy Recall
Dataset \ NLU Model 0% \ 70% \ 90% | 0% \ 70% \ 90% | 0% \ 70% \ 90%
BERTimbau 0.988 0.965 0.849 | 0.988 0.977 0.818 | 0.988 0.943 0.818

BERTimbau + DIET | 0.949 0.903 0.874 | 0.949 0.901 0.874 | 0.949 0.901 0.874
TBD1 | BERT multilingual | 0.902 0.794 0.742 | 0.905 0.826 0.695 | 0.905 0.763 0.693
BERT mult. + DIET | 0.931 0.892 0.888 | 0.931 0.891 0.891 | 0.931 0.891 0.891
BERT + DIET 0.881 0.876 0.846 | 0.883 0.872 0.849 | 0.881 0.872 0.849

BERTimbau 0.993 0.993 0.885 | 0.997 0.997 0.869 | 0.998 0.998 0.885
BERTimbau + DIET | 0.999 0.997 0.997 | 0.999 0.998 0.998 | 0.998 0.998 0.998
TBD2 | BERT multilingual | 0.998 0.998 0.909 | 0.997 0.997 0.908 | 0.997 0.997 0.909
BERT mult. + DIET | 0.999 0.997 0.995 | 0.999 0.997 0.995 | 0.998 0.997 0.995
BERT + DIET 0.997 0.997 0.996 | 0.998 0.997 0.996 | 0.997 0.997 0.997
BERTimbau 0.998 0.897 0.696 | 0.998 0.946 0.639 | 0.998 0.864 0.639
BERTimbau + DIET | 0.861 0.839 0.817 | 0.873 0.850 0.834 | 0.873 0.850 0.845
P5D1 | BERT multilingual | 0.996 0.839 0.753 | 0.996 0.857 0.674 | 0.996 0.787 0.674
BERT mult. + DIET | 0.810 0.808 0.768 | 0.816 0.814 0.776 | 0.816 0.814 0.776
BERT + DIET 0.750 0.729 0.724 | 0.758 0.736 0.715 | 0.759 0.736 0.725
BERTimbau 0.971 0954 0.853 | 0.972 0966 0.813 | 0.972 0.938 0.813
BERTimbau + DIET | 0.916 0.910 0.899 | 0.915 0912 0.767 | 0.921 0912 0.904
P5D2 | BERT multilingual | 0.959 0.945 0.901 | 0.959 0.939 0.936 | 0.959 0.918 0.836
BERT mult. + DIET | 0.908 0.900 0.897 | 0.909 0.902 0.899 | 0.909 0.902 0.899
BERT + DIET 0.840 0.793 0.784 | 0.847 0.803 0.801 | 0.846 0.803 0.795

Table 4. Result of the intent classification experiments.

measure accuracy, F1, and recall of predicting intents of the TBTD dataset; (c) these
metrics will be evaluated with three confidence scenarios: minimum of 90%, minimum
of 70% and no minimum required.

The confidence scenarios aim to emulate a common requirement of dialogue sys-
tems where a chatbot should proceed in a certain dialogue flow only when the confidence
in the predicted intent exceeds a given threshold.

3.3. Intent Classification Results

Table 4 summarizes the results of our experiments. The overall result is that all generated
datasets provide good training data. The experiments show that, with some exceptions,
most of the trained models have an F1 score over 0.8 with these datasets.

The best result is obtained with TBD2 where all models show an F1 score of 0.99,
except by BERTimbau and BERT Multilingual with 90% of confidence (0.885 and 0.909,
respectively). This is an expected result since TBD2 is more structurally similar to the
test dataset than the others.

The P5D1 dataset shows the lowest results among the training datasets. In the
BERT+DIET experiment, for example, we obtained an F1 score of 0.72 with 90% of
confidence (27% less than the TBD2 experiment). However, these models show F1 scores
up to 0.99 when we relax the confidence restriction.

By comparing the intermediate results of TBD1 and P5D2, P5SD2 seems to provide
a better result than TBD1. Although for BERTimbau they show a variation of F1 score of
1% to 3%, for BERT multilingual the difference of F1 score is up to 15% in the experiment
with 90% of confidence.
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When we compare TBD1 to PSD1 and TBD2 to P5D2, it is possible to notice that
the results of template-based datasets are slightly superior to those neural-based gener-
ated. This means that TS was able to extract information from the training data and gen-
erate databases similar to those template-based generated, but with small errors in some
texts, reducing the models’ performance. The greater amount of entries in the template-
based dataset could also be positively influencing the overall result.

Considering what was observed in these experiments, generating datasets from
text templates seems a good choice when a real database is not available and you have
an expert available for the task. One main concern is that it can lead to the generation of
bases with many similar texts, limiting the model’s ability to correctly classify texts that
are very different from the training dataset On the other hand, datasets generated with TS
seem to be a good option when there is at least a small initial dataset to seed the neural-
based generation, considering that this approach still achieves good general results.

4. Conclusions

In this work, we evaluate the performance of methods to generate synthetic data for chat-
bots in the domain of public services’ FAQ provided by the government of the state of
Ceara. We evaluate two methodologies to generate synthetic datasets: one based on tem-
plate generation and the other based on neural generation using transformer networks.
These datasets were used to train chatbot components in the intent classification task.

We generated two datasets, TBD1 and TBD2, from a set of hand-coded templates
and two neural-generated datasets, PSD1 and P5D2, by training PTT5 to generate sen-
tences in natural languages. We then train and evaluate five different models in the task
of intent classification.

The best result is obtained with TBD2 while the PSD1 has the lowest. This was
an expected result since TBD2 is indeed the most structurally similar to the test dataset
and P5D1 besides being the smallest among them also presents small grammatical text
errors due to neural-based generation. By comparing the intermediate results of TBD1
and PSD2, P5D2 seems to provide a better result than TBD1.

When we compare TBD1 to PSD1 and TBD2 to P5SD2, it is possible to notice that
the results of template-based datasets are slightly superior to those neural-based gener-
ated, however, datasets generated with TS5 seem to be a good option when one has limited
access to domain experts.

For future work, we intend to refine the quality of the generated datasets and
expand the generation methods to include generation based on structured knowledge, such
as an ontology-based generation approach.

Acknowledgments. This work is partially supported by the FUNCAP projects
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Abstract. Neural machine translation (NMT) nowadays requires an increasing
amount of data and computational power, so succeeding in this task with limited
data and using a single GPU might be challenging. Strategies such as the use
of pre-trained word embeddings, subword embeddings, and data augmentation
solutions can potentially address some issues faced in low-resource experimen-
tal settings, but their impact on the quality of translations is unclear. This work
evaluates some of these strategies on two low-resource experiments beyond just
reporting BLEU.: errors are categorized on the Portuguese-English pair with the
help of a translator, considering semantic and syntactic aspects. The BPE sub-
word approach has shown to be the most effective solution, allowing a BLEU
increase of 59% p.p. compared to the standard Transformer.

1. Introduction

Since the rise of the Neural Machine Translation (NMT) branch, many solutions solely
focused on surpassing the state-of-the-art, ignoring the associated computational burden.
Thus, most models have been progressively adopting deeper architectures, hugely increas-
ing the number of network parameters and, as a result, the dependence on more extensive
datasets. The excessive focus on boosting performance regardless of complexity deviated
the researchers from a more profound criticism over how such architectures address the
translation task, if more cost-effective models can be proposed, and how to better cope
with translation errors.

Low-resource NMT domains are defined as practical development scenarios
wherein the GPU memory and the amount of data available to train some model are
limited. Some techniques can potentially help under those circumstances, as the prior ini-
tialization of neural network embedding weights [Qi et al. 2018] with pre-trained word
embeddings, the production of embeddings at a subword level [Sennrich et al. 2015b]
or data augmentation with a monolingual dataset [Sennrich et al. 2015a] (also known as
back-translation).

To the best of our knowledge, experimental studies discussing and evaluating the
cost-effectiveness of strategies aiming to circumvent the practical issues faced with low-
resource domains, especially considering the English-to-Portuguese pair, are missing in
the literature. Many previous works only focused on optimizing metrics such as BLEU.
Despite its usefulness, this index is limited due to only accounting for matches of a fixed
number of n-grams, penalizing correct but different lexical translations.
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This work! uses Transformers [Vaswani et al. 2017] to experimentally evaluate
the impact of strategies such as transfer learning (by the use of pre-trained word embed-
dings), subword modelling, and data augmentation in the translation quality. It considers
only one average size GPU and small to medium sized datasets (low-resource), focusing
on the English-to-Portuguese pair. Additionally, a qualitative analysis of the translation
errors is derived over a sample of sentences by a native translator, considering a multi-
dimensional criterion, aiming to evaluate models’ performance on a broader scope than
BLEU.

This paper is structured as follows: Section II provides a brief coverage of the
Transformer architecture, and Section III discusses the main issues to be tackled in low-
resource domains, along with some potential strategies that can be exploited in such cases.
Section IV provides a brief description of the datasets considered in this work and depicts
quantitative and qualitative results for the strategies here considered. Finally, Section VI
poses the conclusions and next steps.

2. The Transformer Architecture

Transformers refers to a branch of algorithms based on the seminal work of
[Vaswani et al. 2017], representing the state-of-art. Differently from the sequential pro-
cessing inherent to the Recurrent Neural Networks (RNN) adopted in previous NMT mod-
els, the Transformer model processes large sentences in parallel, establishing a richer set
of interrelations between source and target sentence words, thus leading to a better infer-
ence of the words’ context and a higher performance with long sentences. The reader is
referred to the original paper for more details about this architecture.

3. Tackling low-resource settings

Low-resource constraints refer to limitations on dataset quality/size and computational
resources available. Small datasets can be strongly biased in specific contexts, which
may induce the predictions produced by the decoder model to move away from the ref-
erence or even turn the training process unstable, reducing the final model performance.
In turn, computational aspects are primarily related to the number of GPUs available and
their standalone memory. Memory constraints directly affect the definition of training and
model hyperparameters, such as the batch size, the number of hidden layers, the embed-
ding size, and the size of the attention mechanisms. To avoid an experiment failure due
to an out of memory error, one should first consider the largest sentence size, a common
batch size limiting factor. Too small batches may lead to unstable and biased training,
increasing the epoch time and resulting in sub-optimal translation quality. Moreover, the
estimation a priori of a minimum quantity of sentences for an adequate translation is also a
challenging task, severely depending on the complexity of the application domain. Hope-
fully, the following strategies may mitigate the need for abundant data and GPU memory
in the translation task:

3.1. Transfer learning methods

Transfer learning exploits other application parameters as initial values for the NMT
model training (warm-start). A typical example refers to using pre-trained word embed-
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dings in the embedding layer of neural models instead of the default random parameters’
initialization. This procedure accelerates and improves training since these embeddings
already carry out some semantic word meanings to be subsequently refined to a particular
translation task (fine-tuning).

The use of pre-trained words can be pretty effective in low-resource scenarios, as
pointed in the analysis conducted in [Qi et al. 2018]. According to the authors, there is
a “sweet spot” for dataset size, according to which this strategy is more effective. Sim-
ilarly, the impact over more related language pairs is often higher, such as Spanish and
Portuguese.

3.2. Subword methods

Subword embeddings represent a useful strategy to reduce the out of vocabulary (OOV)
occurrences. The central idea is decomposing words into sub-parts (character groups),
which are common to many words, turning the model less susceptible to the vocabulary
content and its size. This technique, referred to as BPE (Byte Pair Encoding) - a com-
pression algorithm, was introduced by [Sennrich et al. 2015b]. Roughly, BPE brokes the
words in a corpus into smaller parts (the small BPE unit is a character); some of them sub-
sequently merged, with the number of merge operations being the main hyperparameter
to be tuned. The BPE drawback is the impossibility of defining a maximum vocabulary
size a priori. A clear advantage of moving from word-level to subword NMT using BPE
is reported in [Sennrich and Zhang 2019]: an increase of BLEU score from 7.2 to 16.6 in
an ultra-low-resource setting as well as a consistent rise in the BLEU values for a wide
range of application scenarios.

Pre-trained word embeddings also followed the subword trend with the proposi-
tion of the Fast Text algorithm [Bojanowski et al. 2016]. This technique treats words as
a bag of character n-grams and adds tokens to distinguish among prefixes, suffixes, and
other character sequences. In practice, each word is assigned to a given number of n-
grams, typically 3 < n < 6. Finally, the word is represented by the sum of the vector
representations (embeddings) associated with the n-grams composing it.

3.3. Data Augmentation

Large-scale parallel corpora is not a common resource for most existing language pairs,
unlike monolingual corpora. However, is it possible to exploit the abundant and large
monolingual datasets widely available these days for data augmentation? The answer
is yes and this technique is referred to as Back-Translation (BT) [Sennrich et al. 2015a].
The idea is quite simple: let us consider the development of a translation model from
a language A to B. New pairs of sentences can be simply synthesized by training an
inverse model, i.e., a translator from the language B to A, with the same sentence pairs.
Once completed this training, this auxiliary model can be fed with corpora from a similar
or a different context domain to produce new sentence pairs. BT has shown to be a
simple but effective method to address low data availability in many domains, as shown
in [Poncelas et al. 2018], often increasing translation performance.

4. Experimental Setup

Datasets with low to medium complexity levels were carefully picked for the proposed
analysis: Tatoeba [Tiedemann 2020] and TED Talks [Cettolo et al. 2012]. Both repre-
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sent a low-resource scenario due to the scarce number of sentences, in alighment with
some references [Sennrich and Zhang 2019] [Zoph et al. 2016]. News Commentary v16
[Tiedemann 2012] is a different domain monolingual dataset used for BT and includes a
rich range of sentences in terms of content and complexity.

The reduced Tatoeba dataset contains 143.8k small and basic to intermediate En-
glish level sentences, posing a low complexity challenge for the NMT task. It includes
26.3k unique words in PT and 15.3k in EN. TED Talks is a medium-size database cover-
ing a range of subjects, including from low to high complex sentences.

In the experiments, 10% of Tatoeba was held out for testing, while the remaining
data was split into 10% for validation and 90% for training, using a seed equal 0. Despite
TED disposing predefined training, test, and validation sets, the original validation set is
too small (906 sentences), leading us to move the last 20 talks (2081 sentences) from the
training set to this set. As a result, the training set contains 236.1k (1918 talks) sentences,
randomly sampled to defining training batches using a seed equal to 157, and the test set
includes 11.4k sentences. Additionally, all text was pre-processed to eliminate all XML
enclosed sentences and tags, except for the ones related to title and description.

The experiments were performed on a single GPU, using Google Colaboratory
and Kaggle infrastructure. Typically such environments dispose of NVIDIA GPUs like
Tesla P100, Tesla K80 or Tesla T4, with a GPU memory ranging from 12GB to 16GB.

5. Results

Regarding the Transformers, the parameters adopted were dy,oqr = 256, dfp = 256, 8
attention heads, and Q, K and V square matrices with dimension 64. The pre-trained Fast
Text-based models, which employed embeddings described in [Hartmann et al. 2017],
are exceptions, considering d,,,qe; = 300 and 6 attention heads. All variants adopted
the Adam optimizer with 3 € (0.9,0.98) and ¢ = 1078, a learning rate of 10~ and the
beam search considered a beam with size 3. The early stopping criterion was based on the
validation perplexity behaviour for ten epochs, halting the training in case of performance
stagnation.

Sacrebleu [Post 2018] and NLTK [Loper and Bird 2002] are two BLEU variants
used for assessing the performance of the models. The major difference between them re-
sides in a stronger Sacrebleu’s penalization over cases where the translated and reference
sentences differ in length.

5.1. Effects of restricting dataset content

To shed light on the possible effects of limited data on the performance of NMT mod-
els, we considered a hypothetical experimental scenario where only a fraction of TED
and Tatoeba training sets were used in training, according to the following percentages:
33.3%, 50%, 66.6%, 83.3%. Table 1 summarizes the results.

Results show that the Sacrebleu scores for Tatoeba were about twice the achieved
with TED, corroborating with the much higher complexity of the latter. The BLEU met-
rics for both datasets have shown a monotonic behaviour, with exceptions to TED in two
cases: Sacrebleu (100% x 83.3%) and NLTK (100% x 83.3 and 83.3% x 66.6 %). The
reasons for such findings may include: (1) the possible use of synonyms in the transla-
tions, an aspect ignored by any BLEU metric; (2) a higher incidence of repetition errors
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Table 1. Data augmentation scores

Fraction of Tatoeba TED
the Dataset | Sacrebleu| NLTK | Batch | Epochs| Sacrebleu| NLTK | Batch | Epochs
BLEU Size BLEU Size

33.3% 48.64 67.09 512 76 24.7 57.65 30 40
50% 52.53 70.12 512 65 25.18 56.46 30 40
66.6% 55.3 72.12 512 58 26.22 56.81 29 36
83.3% 56.24 73.18 512 58 26.74 56.57 28 30
100% 57.99 74.07 512 58 25.24 55.36 28 30

due to data quality issues (to be discussed further in the following section); (3) the more
complex and richer TED content, which might have led to a wider subject coverage in
the training set, reducing model accuracy, a hypothesis deserving a future investigation.
Finally, models developed with a fraction of the original training datasets ( 66.6%) per-
formed surprisingly well.

5.2. Effects of transfer learning and subword embeddings strategies

Aiming to evaluate the leveraging effects of pre-trained Fast Text and BPE
[Sennrich et al. 2015b] strategies in low-resource NMT tasks, BPE models were imple-
mented in the Texar framework [Hu et al. 2019] (PyTorch version). In contrast, the al-
ternative models considered a customized PyTorch [Paszke et al. 2019] solution. Table 2
exhibits these results, reproducing the last line of Table 1 to allow an easier comparison
of the results.

Table 2. Transfer learning and subword embeddings translation results

Technique Tatoeba TED

applied Sacrebleu | NLTK | Batch | Epochs| Sacrebleu | NLTK | Batch | Epochs
BLEU | Size BLEU | Size

None 57.99 74.07 | 512 58 25.24 55.36 28 30

Fast text 56.96 69.91 | 512 50 24.07 51.69 30 45

Subword BPE 66.63 83.02 | 512 40 40.26 72.20 32 40

Curiously, the use of Fast Text embeddings is associated with an unexpected per-
formance drop for both datasets. Conversely, the gains observed with BPE, which also
exploits word embeddings, were impressive. One hypothesis for the bad Fast Text per-
formance is a possible overspecialization to other text domains, since it was produced
with content mined by a crawler [Hartmann et al. 2017]. The higher BPE gain in TED
(15.02) compared to Tatoeba (8.64) signalizes the effectiveness of BPE in dealing with
more complex NMT scenarios, especially regarding a more diverse vocabulary, avoiding
OOV occurrences.

5.3. Effects of the Back-Translation (BT) strategy

The BT experiments were restricted to the TED dataset. Data augmentation was per-
formed with synthetic sentences produced with the own TED (using its left out sentences)
and with the News dataset. These experiments aimed to verify if data augmentation can
result in higher BLEU scores under low-resource constraints.
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A single EN-PT Transformer was trained with the entire TED dataset to generate
the synthetic sentences, reaching 27.73 and 63.8 points for the Sacrebleu and NLTK,
respectively. The subset of back-translated sequences appended to the training sets was
randomly sampled using the following seeds: 157 (TED) and 0 (News).

Table 3. TED Talks back-translation results

Technique applied Batch Epochs Sacrebleu | NLTK

size Trained BLEU
None (Original TED) 30 27 25.24 55.36
Reduction of TED to 50% 40 30 25.18 56.46
BT (50% of News synthetic examples) 34 33 21.80 51.34
BT (50% of TED synthetic examples) 34 28 25.95 56.42
Reduction of TED to 66.6% 36 29 26.22 56.81
BT (33.3% of News synthetic examples) 34 27 24.12 53.77
BT (33.3% of TED synthetic examples) 34 27 27.54 58.95
Reduction of TED to 83.3% 28 30 26.74 56.57
BT (16.6% of News synthetic examples) 34 29 31.28 63.30
BT (16.6% of TED synthetic examples) 34 27 34.62 64.61

Table 3 exhibits the results. For a more severe restriction on the dataset size (50%),
using other domain synthesized sentences is harmful to model performance, while own-
domain synthesis resulted in a marginally better BLEU score. However, for a lower per-
centage of synthetic data, positive effects start to appear. Considering an intermediate
restriction (=~ 33%), using the same domain sentences in back-translation led to a mild in-
crease in both BLEU values compared to the Original TED, signalizing that such “noisy”
sentences may contribute to increasing translation quality. Finally, considering a small
restriction (=~ 16.6%), both domain approaches are quite effective, resulting in models
that largely surpasses the model developed over original data.

5.4. Subjective evaluation

This analysis focused on two dimensions: sentence complexity and error patterns. Ran-
dom samples were selected from TED, analysed by a human translator, and stratified
according to the CEFR scale [Council ]. Due to dataset characteristics, this study was
restricted to sentences classified as A1, A2, B1 and B2. Ten sentences from each level
were presented to two models: the Transformer trained over a fraction of 66% of original
data and the BPE variant developed over the entire dataset. The idea here was twofold:
first, evaluate the effects of restricting the dataset size over the error patterns; and sec-
ond, assessing qualitatively the translations produced by the model of best performance,
and thus the impact of eliminating <unk> occurrences, generating custom words, and
switching from word to subword level.

Regarding the identification of error patterns, a multidimensional evaluation in
eight categories was considered: similar word choice, omission, out of context, verb tense,
sentence choice (the translation is OK, but the outcome is entirely different from the ref-
erence), insertion, repetition and <unk> errors 2. Table 4 shows the number of errors
committed by each model, stratified by sentence complexity and error category. Con-
sidering the limitations of such analysis, such as the reduced sample and the analysis of

2A detailed error description and some evaluation samples can be found at https://github.com/
Art31l/pt-nmt-low-resource.git.
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only one translator, both models performed quite similarly regarding the similar word
choice” occurrence. Nonetheless, the BPE produced fewer errors related to “omission”
(levels A1 and B1), ’sentence choice” (B1), "insertion” (A1, A2 e B1), “repetitions” (all),
and ”<unk> errors” (all), performing worse regarding ~out of context” and “verb tense”.

Table 4. Class-error ratios per dataset and sentence complexity.

Model | Comple-| Similar | Omis- | Out of Verb | Sentence | Inser- | Repeti- | <unk>
Name xity word sion | context | tense choice tion tion error
choice
Al 2/10 3/10 0/10 0/10 /10 %10 3/10 2/10
66% A2 /10 6/10 /10 /10 3/10 4/10 2/10 2/10
TED B1 7/10 5/10 310 3/10 3/10 2/10 2/10 3/10
B2 810 /10 %ho Tho 510 5/10 %10 510
Average | 60.0% | 52.5%| 15.0% | 27.5% | 30.0% | 42.5% | 32.5% | 30.0%
Al 2/10 0/10 0/10 /10 /10 2/10 0/10 0/10
A2 /10 610 310 4/10 310 1/10 0/10 0/10
BPE B1 4/10 3/10 1/10 3/10 1/10 /10 /10 /10
B2 810 5/10 30 5o 2/10 510 o 0/10
Average | 52.5% | 35.0% | 17.5% | 32.5% | 17.5% | 22.5%| 2.5% | 0.0%

Results from Table 4 underwent a Multiple Fisher test to evaluate if the differences
observed between the error ratios of the two models are statistically significant. This
analysis considered multiple 2x2 tables (one to each class of error), with rows defining
the model and columns associated with the occurrence or not of some class of error. The
significance level was set to 5%; thus, the null hypothesis was rejected whenever the p-
value was lower than 0.05, representing a statistically significant difference. This analysis
concluded that the “repetition error” (p = 0.0002), the ”<unk> error” (p = 0.0001) and
the “insertion error” (p = 0.0001) are indeed less frequent in BPE than 66% TED.

6. Conclusion

This paper focused on dealing with low-resource NMT scenarios, considering low and
medium complexity Portuguese-English datasets (TED and Tatoeba). It experimentally
evaluated the impact of transfer learning (pre-trained word embeddings), subword embed-
dings (BPE), and Back-Translation strategies (using the same and different domains data)
over BLEU performance. In addition, this work presented a qualitative analysis conducted
by a human translator over the outcomes of some best performing models, considering a
specifically designed multidimensional evaluation criteria, for a sample constituted by a
total of 40 sentences, equally stratified in four CEFR levels.

The BPE was the most effective technique for dealing with a low-resource set-
ting, attaining the highest BLEU values and the lower error rates in six from eight error
categories defined by the qualitative analysis. Same domain data augmentation has also
led to exciting results when synthesising only a small portion of the original training set

(16.6%).

Future works include evaluating models exploiting both BPE and BT and consid-
ering more sentences, as well as CEFR levels, in the qualitative analysis, possibly bring-
ing a clearer view of error patterns and enlighting the practical effects of each strategy in
objective and subjective translation quality aspects.
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Abstract. The advance on Question Answering systems has achieved significant
results, and new related problems have arisen. Few studies have addressed
the Complex Knowledge Base Question Answering (C-KBQA) problem. This
work presents an overview of C-KBQA systems. A collection of 54 papers were
systematically selected, and a map of the methods, approaches, trends, future
directions, and gaps in the C-KBQA research was performed. This study shows
that C-KBQA systems need to handle multi-hop and constraint questions, and
two approaches are usually used to address this problem.

Resumo. O avanco nos sistemas de Question Answering alcangou resultados
importantes e novos problemas relacionados, como Complex Question Answe-
ring e Knowledge Base Question Answering, surgiram. No entanto, faltam es-
tudos que analisam o problema e abordagens para Complex Knowledge Base
Question Answering (C-KBQA). Este trabalho preenche essa lacuna apresen-
tando uma visdo geral do C-KBQA. Uma colecdo de 54 artigos foi selecionada
e um mapa dos métodos, abordagens, tendéncias e lacunas sobre C-KBQA foi
realizado. E mostrado que as questées de miiltiplos saltos e restritivas sdo os
dois tipos de questoes abordadas na literatura. Trés etapas foram identificadas
para criar um sistema C-KBQA e duas abordagens sdo geralmente usadas.

1. Introducao

Sistemas de Perguntas e Respostas (do inglés Question Ansewring - QA) tém o propdsito
de recuperar a informacdo mais relevante (resposta) para uma pesquisa (pergunta) feita
por um usudrio [Croft et al. 2010]. Diferente dos motores de busca, os sistemas de QA
visam encontrar as respostas exatas para uma pergunta em linguagem natural (do inglés
Natural Languague Question - NLQ) [Yin et al. 2014, Rodrigo and Penas 2017]. Para
fazer isso, os sistemas de QA precisam reconhecer as informagdes dentro de uma NLQ.
Esta tarefa implica na identificacdo de objetos relevantes e suas conexdes, extraindo as
principais descri¢des ou ideias que estdo contidas em uma pergunta. O mapeamento de
uma pergunta para seus principais assuntos (conceitos, organizagdes, pessoas, etc) ¢ uma
tarefa que tem sido explorada para sistemas de QA [Hao et al. 2019, Hua et al. 2020a].
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Bases de conhecimento (do inglés Knowledge Base - KB) é um modelo de dados
baseado em uma rede semantica que, usualmente, utiliza um formato de triplas para repre-
sentar e relacionar as informagdes contidas em um dominio de dados [Ji et al. 2020]. Os
sistemas de QA que fazem uso de KBs sdo chamados Knowledge Base Question Answe-
ring (KBQA). Estes sistemas usam essas estruturas semanticas, por exemplo, Freebase
ou Wikidata para responder diretamente uma pergunta. Portanto, os sistemas de KBQA
extraem os principais recursos do texto e os mapeiam em uma KB para responder a uma
pergunta. O uso de KBs fornece um resultado mais preciso e conciso, uma vez que uma
NLQ pode ser mapeada para consultas estruturadas em uma KB [Cui et al. 2019].

Mesmo com o uso de KBs, os sistemas de QA ainda precisam lidar com diferen-
tes tipos de perguntas. Pode-se dividir esses tipos de perguntas em dois grupos: sim-
ples e complexas. Perguntas simples sdo aquelas que contém respostas diretas e ape-
nas um fato precisa ser detectado para obter a resposta [Bordes et al. 2015]. J4 pergun-
tas complexas precisam de mais informagdes do que as explicitas que podem ser ex-
traidas diretamente. Nesse caso, é necessario realizar consultas avangadas para coletar
a resposta dos KBs, como a exploragdo de relacdes indiretas entre entidades, multi-
relacdes, restricdes qualitativas e quantitativas, entre outras [Bao et al. 2016]. Atual-
mente, os sistemas de QA obtém melhores resultados ao responder a perguntas simples
e, por conta disso, os sistemas de QA para perguntas complexas estdo recebendo atengdo
[Ding et al. 2019, Bhutani et al. 2020].

Assim, este trabalho visa apresentar uma visdo geral de sistemas Complex Kno-
wledge Base Question Ansering (C-KBQA). A compreensdo das solugdes para C-KBQA
inclui a investigagdo das técnicas mais utilizadas, as principais solugdes atuais, onde essas
solucdes sdo aplicadas, e a identificacdo dos principais desafios desse campo de estudo.
As principais contribui¢cdes deste trabalho sdo: (i) uma visdo geral do estado da arte em
C-KBQA; (ii) uma colec@o de 54 artigos selecionados sistematicamente a partir de 898
artigos; (iii) um mapeamento de métodos e abordagens usadas no cendrio de perguntas e
respostas complexas. E mostrado que os sistemas de C-KBQA tentam resolver dois tipos
de perguntas complexas: perguntas com multiplos saltos e perguntas restritivas. Além
disso, existem trés etapas para construir sistemas de C-KBQA e duas abordagens sdo
usadas nesse processo. Por fim, sdo discutidos os desafios e tendencias para C-KBQA.

Este trabalho € assim estruturado: a Secdo 2 apresenta os trabalhos relacionados.
A Secdo 3 descreve o protocolo do mapeamento sistematico. A Seg@o 4 apresenta as
discussdes do mapeamento. A Secdo 5 apresenta as tendéncias e desafios futuros pra os
sistemas de C-KBQA. A Secdo 6 apresenta as consideracdes finais do trabalho.

2. Trabalhos Relacionados

De acordo com [Dimitrakis et al. 2019], o problema de responder perguntas comple-
xas foi reconhecido como um desafio para sistema de QA sobre dados ligados em
[Hoftner et al. 2017, Rodrigo and Penas 2017]. No entanto, faltam trabalhos que apre-
sentem um mapeamento para esse problema no campo KBQA. Trabalhos anterio-
res focam em sistemas de perguntas e respostas simples e apresentaram uma breve
introducdo ao assunto de perguntas complexas, mesmo em revisdes recentes de QA
[Hoffner et al. 2017, Wu et al. 2019b, da Silva et al. 2020]. Esses trabalhos ndo deixa-
ram claro o problema do C-KBQA, quando surgiu e como ele vem sendo resolvido na
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literatura.

Em [Hoffner et al. 2017], os autores realizaram um levantamento sobre os desa-
fios de responder a perguntas na Web semantica. Os autores reinem um total de 62
sistemas desenvolvidos entre 2010 e 2015. No entanto, o problema da pergunta complexa
nao ¢ discutido em detalhes. Os autores t&ém apenas uma se¢ao que apresenta uma visao
geral de alto nivel do problema de responder a perguntas complexas. Isso era esperado
uma vez que os artigos analisados pelos autores foram publicados até o inicio de 2015 e
o assunto de pergunta complexa ainda nio estava profundamente enunciada para ser pes-
quisada. [Hoffner et al. 2017, Rodrigo and Penas 2017] discutem que os sistemas ainda
ndo estdo preparados para ter um bom desempenho dentro do cendrio de perguntas e res-
postas complexas como ja fazem no cendrio de perguntas simples. No entanto, com o
crescimento das pesquisas na drea de perguntas complexas, fica evidente o contrario.

Além disso, em [Dimitrakis et al. 2019] os autores apresentam um mapeamento
geral do cendrio KBQA. No entanto, eles discutem apenas pequenas lacunas no cendario
de perguntas complexas mostrando também que as pesquisas em perguntas complexas
precisam de melhorias. Isso confirma a necessidade de estudar e compreender este pro-
blema. O principal objetivo deste trabalho é ajudar outros pesquisadores(as) da 4rea e
permitir que eles(as) entendam os principais conceitos e desafios do C-KBQA.

Este trabalho se diferencia dos demais por realizar uma anélise dos métodos pro-
postos para os sistemas de C-KBQA. Além disso, realizamos uma abordagem sistematica
com o objetivo de encontrar os trabalhos de forma mais precisa e imparcial, dando a
outros pesquisadores a op¢ao de reproduzir os processos que foram feitos. O trabalho
apresenta um mapeamento quantitativo e qualitativo de diversos aspectos do CKBQA e
permite uma visdo geral do que tem sido feito na drea. Portanto, este estudo facilita o
primeiro contato de novos pesquisadores com o tema.

3. Mapeamento Sistematico

O processo utilizado neste trabalho foi baseado no protocolo apresentado por
[Neiva et al. 2016]. O processo consiste nas seguintes etapas: (i) defini¢do das questdes
de pesquisa, (ii) selec@o dos termos de pesquisa relevantes, (iii) defini¢do dos critérios de
exclusdo e (iv) selecdo dos repositérios de pesquisa.

As questdes de pesquisa objetivam categorizar e criar uma visao geral da lite-
ratura, descobrindo tépicos cobertos na drea de pesquisa [Petersen et al. 2015]. Foram
definidas duas questdes de pesquisa (QP): “Que tipos de perguntas sido definidas como
perguntas complexas para os sistemas de C-KBQA na literatura e como elas tem sido
resolvidas?”(QP1) e “Quais sdo os recursos e métodos usados para resolver o problema
C-KBQA?’(QP2). O método PICOC (Population, Intervention, Comparison, Outcome,
e Context) foi usado para definir o escopo da pesquisa [Petticrew and Roberts 2006]. A
Tabela 1 descreve os elementos PICOC e os termos de pesquisa para cada elemento. A
string de busca foi criada usando os termos de pesquisa, onde cada elemento foi separado
por um AND e seus sindnimos foram separados por OR.

Foram definidos 6 critérios de exclusdo (CE) para que trabalhos nao relacionados
fossem excluidos da avaliagdao: Duplicado (CE1); Nao apresenta um sistema de KBQA
(CE2); Néo trata o problema de pergunta complexa (CE3); Nao escrito em inglés (CE4);
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Tabela 1. Definicao do PICOC e os termos de pesquisa.

Elemento Descricao Termos e Sindnimos
. Artigos que apresentam siste-  question answering, qa, semantic search, se-
Population (P) . . .
mas de QA arch engine, answering engine
Abordagens para resolver per- complex question, complex information, com-

Intervention (I) :
guntas complexas plex queries, complex query, complex answer

Comparison (C) - R
As solugdes para responder a  method, technique, algorithm, approach, appli-

Outcome (O) .

perguntas complexas cation, system

Sistemas de QA que fazem uso  knowledge base, knowledge graph, kb, kg, lin-
Context (O) de bases de conhecimento ked data, linked open data, lod, semantic web,

semantic data

Literatura cinzenta! (CES5); Indisponiveis na integra (CE6). As bases Scopus, Google
Scholar, ISI Web of Science, IEEE Digital Library foram selecionados para a execugdo
da string de busca. A coleta dos artigos foi finalizada em 17 de novembro de 2020 e
898 artigos foram obtidos. Os artigos duplicados foram excluidos e a leitura do titulo
e do resumo foi realizada. Os artigos restantes tiveram suas introdugdes e conclusodes
lidas. Foram selecionados 45 artigos por responderam as QP. Finalmente, 9 artigos foram
adicionados apds a etapa de snowballing, resultando nos 54 artigos mapeados. Esta etapa
tem como objetivo encontrar artigos relevantes que ndo foram retornados pela string de
busca, observando os trabalhos citados nas referéncias dos artigos aceitos.

4. Relatério do mapeamento sistematico

Esta secdo discute os dados coletados para responder as perguntas da pesquisa. Os artigos
analisados estdo disponiveis e informagdes adicionais podem ser encontradas aqui’.

4.1. Resultados relativos a QP1

Foram identificados dois subtipos de perguntas complexas: perguntas com multiplos sal-
tos e perguntas com restricdes. Foram encontrados 52 trabalhos abordando perguntas
com multiplos saltos e 17 trabalhos abordando perguntas com restri¢gdes. Alguns tra-
balhos tentam resolver os dois tipos de perguntas complexas simultaneamente e que o
termo “perguntas com multi-restricdes” se refere a unido das categorias listadas anterior-
mente. Ao abordar perguntas com miltiplos saltos, um sistema C-KBQA tem que lidar
com vdrias entidades que podem ser extraidas de uma pergunta. As entidades detecta-
das nessas perguntas precisam ser vinculadas e tratar relagdes indiretas, ao contrario de
perguntas simples que podem ser respondidas diretamente. As triplas (sujeito, predicado,
objeto) sdo exploradas dentro de uma KB, e os sistemas fazem saltos entre os objetos
detectados na pergunta e as entidades/predicados do KB para obter a resposta. Quando
relacionado a questdes com restrigdes, a pergunta inclui algumas restricdes que limitam as
opgdes de resposta para uma determinada pergunta [Shin and Lee 2020]. Essas restri¢des
podem ser de vérios tipos, por exemplo, temporal (“... antes de 2000”), ordinal (“O pri-
meiro que ...”), quantitativa (“... tendo mais de 5 ...”), dentre outras. Essas restri¢des
podem modificar o assunto principal e consequentemente, alterar a resposta a ser obtida.

! Artigos sem revisdo dos pares, como, por exemplo, pre-prints, relatérios técnicos, patentes, etc.
2A lista de artigos e informacdes adicionais podem ser acessadas em https://github.com/
lapic-ufjf/CKBQA-systematic-mapping-2021
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Os artigos da categoria multiplos saltos tentam resolver este problema detectando
as entidades e relacdes, criando uma lista de possiveis candidatos para realizar os saltos
entre as relacdes e predicados. Para as perguntas com restri¢des, a criacdo de um mo-
delo de perguntas, regras de restricdes e decomposi¢do de perguntas é o caminho mais
utilizado. O custo computacional € um dos principais problemas que artigos procuram
resolver em C-KBQA. Primeiro, uma pergunta pode precisar de muitos saltos para obter
aresposta. Em segundo lugar, os sistemas de C-KBQA podem gerar um alto nivel de lista
de candidatos, uma vez que é necessdrio certo tempo para processar varias conexdes de
triplas do KB. Finalmente, uma vez que os dois foram resolvidos, é necessario limitar a
lista de candidatos apenas dentro das restrigdes. A maioria dos artigos tem um mddulo
apenas para podar e classificar os melhores candidatos para esses problemas.

4.2. Resultados relativos a QP2

Em geral, pode-se dividir o pipeline C-KBQA em trés etapas: Andlise da pergunta,
Representacdo da pergunta e Classificagdo de candidatos. Na etapa de andlise da per-
gunta, é realizada a sele¢do do tipo de pergunta e a identificacdo dos principais temas.
Primeiro, é preciso encontrar os tipos de perguntas que um NLQ possa corresponder,
como “quando”, ”o qué&”, “como”, entre outros. Esses tipos de perguntas sdo chamados
de wh-questions. A marcagdo Part-of-speech (POS) e as arvores de dependéncia sdo ge-
ralmente usadas para extrair a semantica da frase e para entender qual € tipo da pergunta.
Além disso, o Reconhecimento de Entidade Nomeada e os métodos de reconhecimento
de relacdo sdo realizados para extrair as principais informagdes da frase. O DBpedia Spo-
tlight [Mendes et al. 2011], S-MART [Yang and Chang 2015] e Stanford Named Entity
Recognizer’ sdo exemplos de ferramentas usadas nesta etapa.

Na etapa de representacio da pergunta é realizado o mapeamento seméantico. Apds
a andlise da pergunta, o sistema C-KBQA possui as entidades e relagdes extraidas de uma
NLQ. No entanto, € necessario mapear e conectar as entidades e relagdes identificadas
para corresponder a estrutura da KB. As pesquisas seguem dois caminhos: abordagens ba-
seadas em andlise semantica e abordagens baseadas em redes neurais. Abordagens basea-
das em andlise semantica (ou baseadas em regras) mapeiam as questdes e as informagdes
extraidas em um conjunto de formularios l6gicos para serem posteriormente transforma-
das em modelos de consulta de tripla do KB. Abordagens baseadas em rede neural (ou
livre de regras) usam redes neurais para identificar automaticamente os tipos de pergun-
tas e quais s@o os padrdes de consulta mais apropriados para obter a resposta. Ambas as
abordagens podem criar um conjunto de candidatos que podem ser considerados como a
resposta final. A Secdo 4.2.1 apresenta os detalhes sobre essas duas abordagens.

z

Apbs a representacdo semintica e a geragdo dos candidatos, € realizada a
classificacdo dos candidatos. O objetivo desta etapa é remover as respostas incorretas
com base no tipo e na semantica da NLQ original. O melhor candidato ¢ selecionado
com base em uma funcdo de avaliacdo. Para isso, alguns trabalhos utilizam métricas
de avaliacdo como similaridade por cosseno ou funcdo de log-verossimilhanca. Em ou-
tros casos, um modelo de aprendizado de maquina (ex. SVM) € treinado para coletar os
padrdes e classificar os candidatos em uma lista dos melhores resultados.

Por fim, as etapas acima sdo realizadas em duas fases: experimentos offline e

*https://nlp.stanford.edu/software/CRF-NER.html
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experimentos online. Os experimentos offline t€m como foco a geracdo de materiais a
serem utilizados nos experimentos online e ndo possuem interacdo com os usuarios. A
etapa de criagcdo do candidato ¢ criada na etapa offline, pois precisa predefinir o conjunto
de regras ou treinar um modelo de rede neural. Os modelos de aprendizado de méquina
também precisam ser treinados na etapa offfine para serem usados na etapa de classificagdo
de candidatos. Nos experimentos online, todas as etapas do pipeline sdo executadas para
obter a resposta, utilizando os modelos gerados na etapa offline.

4.2.1. Representacao das perguntas e geraciao de candidatos

As abordagens de representacdo de perguntas e geragdo de candidatos para C-KBQA
podem ser divididas em dois tipos: abordagens baseadas em analise semantica e baseadas
em redes neurais. Foram encontrados 47 trabalhos abordando abordagens baseadas em
andlise semantica e 31 trabalhos abordando abordagens baseadas em redes neurais.

A abordagem baseada em andlise semantica (baseada em regras) é o mapeamento
de uma NLQ para sua representacdo de significado [Tong et al. 2019]. A NLQ ¢ trans-
formada em uma representagdo intermediaria que pode ser posteriormente representada
como uma forma légica [Trivedi et al. 2017]. As abordagens nesta categoria criam uma
lista de regras predefinidas como expressdo logica, tempalte questions, aproximagao de
sub-grafos, regras gramaticais ou outra estrutura semantica equivalente que representa a
semantica da NLQ [Wu et al. 2019a]. Quando a NLQ corresponde a esses padrdes, ¢ mais
facil consultd-lo em uma KB. Sistemas de C-KBQA fazem uso da andlise semantica para
mapear os assuntos da NLQ em dados semanticamente estruturados, mapear os dados
estruturados dentro da representacdo tripla KB e, finalmente, responder a NLQ de forma
concisa. Inicialmente, € realizada a quebra da NLQ em sub perguntas. Apés a extragdo
do assunto principal da NLQ, cria-se a representacio intermedidria de cada sub pergunta.
Em seguida, a unido das formas légicas de cada NLQ na representagdo da KB. Por fim, a
tripla da KB € criada e pode ser executada posteriormente no esquema da KB.

Esse mapeamento facilita o processo de extragdo dos termos relevantes de uma
pergunta e o processo de conexdo com as triplas do KB. No entanto, por ser dependente
de regra, as vezes essas abordagens podem ndo funcionar bem para NLQ que ndo tem
um formato de decomposicdo e recomposicao no conjunto de regras. Essas abordagens
também podem ter problemas com a escalabilidade da consulta ao usar muitos relaciona-
mentos, devido a grande quantidade de regras candidatas que, consequentemente, aumen-
tam o nimero de triplas do KB [Agarwal et al. 2019].

Abordagens baseadas em redes neurais (livres de regras) tentam usar arquiteturas
de redes neurais para codificar perguntas e respostas em um modelo de espaco vetorial e
selecionar os padrdes de consulta mais apropriados para obter a resposta [Luo et al. 2018].
Com isso, € possivel identificar tipos de questdes e padrdes comuns para responder a um
determinado tipo de pergunta [Luo et al. 2018]. Os trabalhos nesta categoria geralmente
sdo compostos de uma camada para coletar os embeddings e uma camada de rede neural.

Primeiramente, a camada de embeddings é usada para transformar a NLQ em uma
sequéncia de vetores de palavras ou vetores de frases. Embeddings de palavras reduzem
a complexidade computacional, ja que as operacdes de vetores e matrizes sdo rapidos
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de calcular. Word2vec [Mikolov et al. 2013], GloVe [Pennington et al. 2014] e FastText
[Bojanowski et al. 2017] sdo exemplos de arquiteturas de embeddings de palavras usadas
na literatura por sistemas de C-KBQA. Em seguida, uma rede neural profunda é usada.
Nesta etapa, Redes Neurais Recorrentes (RNNs) € a arquitetura mais comum. A RNN ¢é
usada para transmitir uma cadeia de informagdes histdricas por meio de uma sequéncia
de unidades de rede neural. A RNN funciona como uma arquitetura de rede em cadeia
e analisa a entrada atual e a saida anterior em cada etapa de tempo durante o proces-
samento de dados sequenciais. Assim, a RNN pode extrair a propaga¢cdo do contexto
de informagao de uma NLQ. Além disso, a RNN tem sido usada como arquiteturas de
codificagdo e decodificacdo (seq-2-seq). Nesse processo, uma unidade RNN € usada para
codificar a NLQ e outra RNN ¢ usada para coletar as informacdes histéricas da NLQ e
decodifica-las na sequéncia de resposta. Gated Recurrent Unit (GRU), Long Short-Term
Memory (LSTM) e suas variantes sdo as mais usadas para realizar esta etapa, uma vez que
essas RNNs podem lidar melhor com o problema da dissipag@o do gradiente.

Um dos principais problemas da RNN € a queda no desempenho para sequéncias
mais longas e complexas. Para resolvé-lo, trabalhos recentes utilizam o mecanismo de
atengdo para enfatizar as partes mais relevantes de uma NLQ e preservar o contexto das
sentencas [Bhutani et al. 2019, Ding et al. 2019, Tong et al. 2019, Bhutani et al. 2020].
Embora RNNs sejam amplamente utilizadas, Redes de Memoria [Miller et al. 2016,
Hao et al. 2019, Saha et al. 2018, Hua et al. 2020b, Hua et al. 2020a] e Redes Neurais
Convolucionais [Hu et al. 2018, Bao et al. 2016] podem ser usadas nesta etapa. Indepen-
dente da rede utilizada, esta etapa de treinamento depende de recursos computacionais e
pode levar muito tempo para obter resultados satisfatérios, além de depender de conjun-
tos de dados suficientemente grandes e diversificados para evitar problemas de overfitting.
Entretanto, bases de dados para sistemas de C-KBQA ainda sdo um problema em aberto
para o cendrio, por ser uma campo de pesquisa recente.

As abordagens de andlise semintica baseada em redes neurais tentam resolver
perguntas complexas usando uma combinacio de andlise semantica e arquiteturas de redes
neurais e estdo se tornando o estado da arte [Luo et al. 2018, Ding et al. 2019]. Essa
abordagem consiste em treinar uma rede neural para corresponder a um conjunto de regras
de andlise semantica, em vez de apenas a resposta final. Assim, o modelo aprende a
semantica por trds de um NLQ em vez de apenas aprender os padroes de consulta mais
apropriados para obter a resposta. Essas abordagens tendem a ser mais generalistas, pois
aprendem o passo a passo para responder uma pergunta.

5. Tendéncias e desafios futuros

Redes Neurais Recorrentes t€m se tornado bastante utilizadas neste campo, porém tra-
balhos recentes mostram que o uso de modelos pré-treinados e transferéncia de apren-
dizagem podem ser uma nova opg¢do para treinar mais rapidamente novas solugdes.
[Lukovnikov et al. 2019] mostrou que modelos pré-treinados como o BERT obtém bons
resultados para responder a perguntas simples. Os autores afirmam que esses modelos
podem ter um impacto maior em sistemas de C-KBQA. Avancos em C-KBQA e Deep
learning podem criar arquiteturas que demandam menos memdria e t€m menor custo de
treinamento, permitindo a popularizagcdo dos modelos KBQA para dominios especificos.

Os sistemas de KBQA s@o dependentes das informagdes contidas nas KB e ndo
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é trivial criar sistemas que utilizem informacdes atualizadas em suas respostas, uma
vez que o sistema aprende a responder as perguntas relacionadas ao conjunto de da-
dos de treinamento e teste. E necessdrio comparar esses sistemas com usudrios re-
ais e também avalid-los em cendrios reais. Uma op¢do para fazer isso é testd-los
usando plataformas de crowdsourcing e avaliar sua usabilidade. Os sistemas podem
fazer uso de abordagens cross-language aplicadas ao KB [Schumacher et al. 2020],
desambiguacdo [Kartsaklis et al. 2018], busca em grafos [Namaki et al. 2017], embed-
ding [Dettmers et al. 2018] e reasoning [Chen et al. 2020]. Além disso, novas técnicas
de compreensdo de linguagem natural podem melhorar sistemas de perguntas e res-
postas, como avancos no tratamento de perguntas com ruido [Zhang et al. 2018],
novos analisadores de dependéncia e métodos de rotulagem de funcdo semantica
[Zheng and Kordjamshidi 2020], e raciocinio de senso comum [Liu et al. 2020].

Por fim, esses sistemas podem ser frigeis e esptirios. Frageis porque ainda nao
sdo robustos o suficiente e podem falhar em responder uma pergunta quando apenas algu-
mas partes da pergunta sdo um pouco modificadas, mesmo se o significado principal for
preservado [Jia and Liang 2017]. Além disso, sdo espurios porque, mesmo se a mesma
arquitetura for treinada vérias vezes no mesmo conjunto de dados, cada modelo pode me-
morizar artefatos e vieses diferentes em vez de realmente aprender e, portanto, falhar no
desempenho de generalizacio [McCoy et al. 2019]. E necessério lidar cuidadosamente
com a etapa de pré-processamento do conjunto de dados, separd-la com classes de treina-
mento balanceadas e também tentar explorar algumas parafrases de perguntas para garan-
tir que a maioria dos tipos de perguntas estd sendo explorada.

6. Consideracoes finais

Este artigo apresentou um mapeamento sistemdtico sobre Complex Knowledge Base
Question Answering Systems (C-KBQA). Sistemas de C-KBQA tentam lidar com dois
tipos de perguntas complexas: perguntas com multiplos saltos e perguntas com restri¢des.

Além disso, foi apresentada uma visao geral do processo de construcio de siste-
mas de C-KBQA e como as principais abordagens sdo realizadas. Os trabalhos usam duas
abordagens principais: Andlise Semantica e Redes Neurais. No entanto, nos dltimos anos,
a combinacdo dessas duas abordagens tornou-se o estado da arte (chamada de andlise
semantica baseada em redes neurais). Por fim, foi discutido como a area C-KBQA esta
em crescimento e que novos sistemas de C-KBQA ou médulos que tentam melhorar par-
tes das etapas de C-KBQA sdo provaveis de serem criados nos proximos anos.

Como trabalhos futuros estdao a andlise detalhada de conjuntos de dados para C-
KBQA e as métricas de avaliagdo mais usadas nesse cendrio, que ainda sio desafios em
aberto. Por fim, um panorama das publicacdes e dos locais mais relevantes através dos
anos mostrard como a area do C-KBQA vem crescendo e recebendo mais atengao.
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Abstract. This study presents a new version of the lexical decision test desig-
ned to capture the social appreciation of variable phonological phenomena
[Freitag e Souza 2019]. The effects of lexical decision were tested in standard
and non-standard variants of the phenomena of monophthongtion descending
and increasing, denasalization of final unstressed nasal diphthong and palatali-
zation of alveolar stops, in progressive and regressive environment, in a sample
of 25 university students from Sergipe. The results reinforce what has already
been identified in the previous study: stereotype and marker type variants are
significantly associated with non-word; while the indicator variants do not show
this relation.

Resumo. Este estudo apresenta uma nova versdo do teste de decisdo lexical de-
senvolvido para captar a apreciag¢do social de fendmenos fonologicos varidveis
[Freitag e Souza 2019]. Os efeitos de decisdo lexical foram testados nas vari-
antes padrdo e ndo padrdo dos fendmenos de monotongagdo de ditongo decres-
cente e crescente, desnasalizacdo de ditongo nasal dtono final e palatalizacdo
de oclusivas alveolares, em ambiente progressivo e regressivo, em uma amostra
de 25 universitdrios de Sergipe. Os resultados reforcam o que jd foi identifi-
cado no estudo anterior: as variantes do tipo esteredtipo e marcador sdo sig-
nificativamente associadas a ndo palavra; enquanto as variantes indicador ndo
apresentam essa relagdo.

1. Introducao

O campo do processamento da variag@o linguistica tem demandado o desenvolvimento
de novas técnicas de coleta de dados e métodos de anélise, com o objetivo de identifi-
car a relagdo entre a indexag@o social e um dado trago sociolinguistico varidvel. Nessa
direcdo, o foco na consciéncia linguistica, em suas diferentes dimensdes, tem sido mobi-
lizado no desenvolvimento de coletas de dados, como a consciéncia lexical. Categorizar
em palavra ou ndo palavra itens como parede e repede € tarefa de facil resposta entre fa-
lantes do portugués brasileiro. O paradigma de decisdo lexical tem ampla aplicabilidade,
sendo utilizado na investigacdo de processos como a natureza do 1éxico mental, efeitos de
frequéncia de palavras, efeitos de vizinhanca, medida de priming e efeitos de contexto, e
como um {ndice de deficiéncias apds dano cerebral [Goldinger 1996].

Ao introduzirmos neste processo o efeito de um trago fonoldgico varidvel, po-
demos perceber, de maneira indireta, 0 modo como os falantes de um dado grupo ava-
liam socialmente este trago. Fendmenos fonolégicos varidveis na lingua sdo avaliados de

297



Efeitos da variacao linguistica na decisao lexical

modo diferente a depender do nivel de consciéncia social atrelado ao traco linguistico.
Tradicionalmente, a sociolinguistica se pauta em uma classificacdo ternaria da apreciacdo
social de tracos varidveis [Labov 2008]: i) indicadores, tragos que estdo abaixo do nivel
da consciéncia e por isso possuem pouca forca avaliativa; ii) marcadores, sensiveis a
estratificacdo social e estilistica; e iii) esteredtipos, tracos linguisticos socialmente cons-
cientes e marcados.

Um teste de decisdo lexical voltado a identificacdo da avaliag@o social de tracos
fonoldgicos varidveis (Figura 1) mostrou que diferentes niveis de avaliag@o social atre-
lados a tracos linguisticos interferem na decisdo em palavra ou ndo palavra da lingua
[Freitag e Souza 2019].

Padrio na comunidade  Ocorréncia
Processo Exemplo - monitorado -+ monitorado  dialetal social Tipo de avaliagio
B
4 cen/ow/ra nunca frequente
Monotongagio -ow cenoura nio  nio

cen/o_/ra sempre as vezes

10pedsipuy

55 c/ai/xa as vezes Sfrequente
Monotongagio -aj, -¢j caixa nio  nio
c/a/xa Sfrequente as vezes
™

[\ vespsido  frequente frequente
Palatalizagdio regressiva vestido sim nio
ves/tf/ido ds vezes as vezes

//i_ vag/eN/ frequente sempre

Desnasalizagio ditongo final itono  vagem nio sim
vag/e/ ds vezes raro

Jopedsew

odngaiaysd

oi/t/o/ Sfrequente sempre
Palatalizagio progressiva oito sim  sim
oi/tf/o ds vezes raro

Figura 1. Tragos variaveis controlados em [Freitag e Souza 2019]

As palavras que continham os tragos varidveis controlados em sua variante estig-
matizada receberam mais julgamentos de ndo palavra do que palavras nao afetadas pelos
fendmenos. Os resultados do estudo experimental quanto a tarefa de discriminacdo e ao
tempo de resposta apontam que as variantes do tipo esteredtipo negativo e marcador sdo
associadas a ndo palavra; enquanto as variantes do tipo indicador e esterétipo positivo sdo
associados a palavra.

Estes resultados seguem a mesma direcdo de outros estudos. Variantes nao
canOnicas no inglés americano sdo mais custosas em termos de processamento e
sdo associadas em maior percentual a categoria de ndo palavra [Viebahn e Luce 2018,
Viebahn e Luce 2020]. Em variedades do inglés americano, formas com reducao fonética
demandam maior esforco cognitivo [Tucker e Warner 2007, Tucker 2011], e juizes-
ouvintes tendem a classificar como ndo palavra estimulos que contém formas linguisticas
de baixo prestigio social [Monteserin e Zevin 2016].

Assim, o aprimoramento de tarefas experimentais que se valem de teste de decisao
lexical para desvelar o grau de apreciacio social de um fendmeno fonoldgico variavel, a
partir do julgamento de palavra ou ndo palavra, pode ampliar o poder explanatdrio dos es-
tudos de processamento sociolinguistico. Neste texto, apresentamos uma nova versao do
teste de discriminacdo desenvolvido para captar a apreciacdo social de cinco fendmenos
varidveis [Freitag e Souza 2019]; foi modificado o parametro de producdo dos estimulos
(uma locutora, em alinhamento a outros estudos, em vez de locutor, como no teste origi-
nal), foram corrigidos contextos ambiguos e sem pareamento nos itens constantes do teste.
Outra diferenca em relacdo ao teste original foi a aplicagdo online, ao invés de coleta pre-
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sencial em laboratério. A reproducdo do experimento, em alinhamento a0 movimento
Ciéncia Aberta, contribui para o aprimoramento do teste e validacdo do paradigma de
decisdo lexical para o estudo do processamento da variagao linguistica. Mais um aspecto
a ser considerado foi o fato de que este teste foi desenvolvido e aplicado em meio ao dis-
tanciamento fisico imposto pela pandemia de covid-19, limitado aos recursos acessiveis
(o que impactou diretamente na producao dos audios e na selecdo de uma plataforma para
o experimento de acesso aberto).

2. Caracterizacio dos fendmenos-alvo

Foram testados os efeitos da variag@o linguistica na tarefa de decisdo lexical nos mes-
mos cinco fendmenos varidveis (com acréscimo da monotongagao de ditongo crescente)
na comunidade de fala de Aracaju, Sergipe, Brasil, com diferencas quanto ao nivel de
consciéncia social, ja testados anteriormente (Figura 1).

O processo de monotongagdo consiste no apagamento da semivogal do ditongo.
No portugués brasileiro, podem ser monotongados ditongos decrescentes, vogal seguida
de glide, e ditongos crescentes, compostos por glide seguido de vogal. A monotongacdo
de ditongo decrescente pode ocorrer com o apagamento do glide palatal [j], como em
[kafs], ou do velar [w], como em [senors]. O fendomeno € estavel em todas as regides
do Brasil, sem sensibilidade social ou dialetal [Araujo e Borges 2018]. O apagamento
do glide velar é visto como uma mudanca consolidada no portugués brasileiro, sem
restricdes linguisticas ou sociais, apresentando percentuais elevados em todos os contex-
tos linguisticos [Cristofolini 2011, Freitas 2017, Silveira 2019], inclusive em situagdes
de maior monitoramento estilistico como a leitura em voz alta [Hora e Aquino 2012,
Machado 2018]. A monotongacdo de /aj/ e de /ej/ apresenta restri¢des estruturais rela-
tivas ao contexto fonolégico seguinte, isto é, o apagamento da semivogal depende do
som que vem depois do ditongo. A reducdo de /ej/ se comporta como um fendmeno
tipicamente varidvel, com frequéncias distribuidas entre ditongo preservado e vogal sim-
ples. O processo tem motivacdo estrutural relacionada principalmente ao contexto fo-
noldgico seguinte constituido por tepe [r] e, com menor for¢a, por consoantes palatais
[[, 3] [Haupt 2011, Toledo 2011, Freitas 2017, Silveira 2019]. A monotongagdo de /aj/
possui dois contextos propicios especificos: em silaba aberta, em contexto seguido de
consoante palato-alveolar [[], sendo o ditongo preservado nos demais contextos; € em
silaba fechada, quando a fricativa final é palatalizada, ocorrendo principalmente em fa-
lantes da regido Sul do Brasil [Haupt 2011, Silveira 2019].

No caso dos ditongos crescentes, estudos apontam para i) variacdo livre entre di-
tongo, monotongo e hiato [Silva e Faria 2014] e ii) reducdo da semivogal relacionada a
saliéncia articulatéria entre a vogal e a semivogal do ditongo [Hora e Aquino 2012]. A
monotongacao de ditongos crescentes constituidos por vogal e semivogal salientes em
termos articulatérios, como [polisa], sdo esteredtipos negativos associados a falantes de
baixa escolaridade e da zona rural. A reducdo da semivogal em ditongos crescentes cons-
tituidos por vogal e semivogal mais préximas do ponto de vista articulatério, como [ser1],
nio € sensivel a avaliagdo social [Araujo e Borges 2018].

O processo de desnasalizacdo de ditongo nasal 4tono final decorre do apagamento
do segmento nasal em nomes, como [masagzi], € em verbos de terceira pessoa, como [fa-
laru]. Em nomes, o apagamento do segmento nasal € associado a aspectos sociais, como
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escolaridade e ruralidade, com sensibilidade ao contexto de monitoramento estilistico; a
variante desnasalizada € considerada, conforme a tipologia de apreciacdo social, um mar-
cador [Gomes et al. 2013, Gomes 2017]. Nos verbos, também com relativa sensibilidade
ao contexto de monitoramento estilistico, a variante desnasalizada tem ocorréncia estavel
em todo o portugués brasileiro, com interferéncia nas relacdes morfossintaticas.

A palatalizag@o das oclusivas alveolares /t/ e /d/ no portugués brasileiro pode ocor-
rer em dois ambientes fonolégicos, anterior e posterior a vogal [i], que apresentam com-
portamentos sociolinguisticos e niveis de aprecia¢do social distintos. A palatalizacdo
regressiva € desencadeada por vogal alta [i] posterior as consoantes /t, d/, que resultam
nas realizag¢des palatais, como [dfiks], [t[ipu]. A variante palatalizada nesse ambiente é
reconhecida como de prestigio, caracterizando-se como esteredtipo positivo; a variante
oclusiva, por sua vez, é associada ao dialeto nordestino e rural. Em Sergipe, onde a vari-
ante oclusiva é predominante, percebe-se uma mudanga incipiente em direcdo a variante
palatalizada [Souza Neto 2008, Freitag e Santos 2016, Ribeiro et al. 2018].

A palatalizagdo progressiva ocorre quando desencadeada por glide palatal [j]
anterior as consoantes /t, d/, resultando nas realiza¢des palatais, como [pejtfv]. Essa
realizacdo € associada socialmente a pessoas mais velhas, com baixa escolaridade e da
zona rural, o que, segundo a tipologia da apreciag@o social, a aponta como estere6tipo
negativo. Em Sergipe, quanto a producdo sociolinguistica, estudos [Souza Neto 2008,
Freitag e Santos 2016, Ribeiro et al. 2018] apontam a reducdo dessa variante em face a
implementagao da variante oclusiva, que se caracteriza como indicador.

3. Método

3.1. Instrumento

A tarefa experimental desenvolvida constituiu-se no julgamento de estimulos linguisticos
em “palavra” ou “ndo palavra” do portugués. Para compor o conjunto de estimulos, as
palavras foram definidas segundo critérios de familiaridade (produtividade na lingua), de
tamanho (mesmo numero de silabas e tamanho) e de barramento de palavras que pu-
dessem apresentar outros fendmenos varidveis. Estes mesmos critérios foram utilizados
no estudo anterior [Freitag e Souza 2019]. Aprimoramos principalmente a padronizagdo
entre os pares, de modo que o contexto alvo estivesse na mesma posicao.

Os audios foram gravados por meio de aparelho celular Galaxy J5 Prime, em
formato de som .wav e taxa de compressdo de 1411kbps. O conjunto de palavras foi
enunciado por uma unica locutora, reconhecida como representativa da comunidade de
fala de Aracaju, Sergipe, segundo seus pares, na seguinte frase-veiculo: “Eu falo —
devagar”, a fim de favorecer a realizacdo ndo-final. Apds esta etapa, os dudios foram
recortados no software Audacity para producgdo dos estimulos para a tarefa.

Do mesmo modo que no estudo anterior [Freitag e Souza 2019], os estimulos fo-
ram divididos em trés conjuntos (Figura 2):

* estimulos-alvos: composto por cinco fendmenos varidveis na comunidade de fala
de Aracaju, Sergipe, Brasil (variante padrdo e ndo padrdo de monotongacao de
ditongo decrescente e crescente, desnasalizacdo de ditongo nasal dtono final e
palatalizacdo de oclusivas alveolares em ambiente progressivo e regressivo);
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e distratores: constituido por palavras do portugués que barram a variagdo
linguistica;

* pseudopalavras: composto por palavras com a fonotaxe do portugués brasileiro,
que, no entanto, nao se configuram lexicalmente como palavra.

Monotongagio Desnasalizacao de ditongo
Ditongo crescente Ditongo decrescente nasal dtono final
Tow! Teil e fajl
Ditongo | Monotongo | Ditongo | Monotongo | Ditongo | Monotongo Nasal | Desmasalizada
Gy | polic_z cemowma | vssem | peae Tene conezgeN | gamaze
pacitncia’ | citng » fowio o e eiize que /xo passazizel/ | mensagle /
coméreje’ | megsg/ of Vowizo po_ieo s 2 /xa imageN | viage /
carel s o powps | roipa qusijo bie o om3eN | home
superficiie’ | espécl e Vow/ca two_fxa dinkejro | brasilie /ro od3eNi | jovle
srdiwof vie/ of powss | replo fe0 | gpeladiejra | bande s g
Palatalizacao Distratores Psendopalavras
Ambiente regressivo “Ambiente progressiv
Oclusive Palatal Oclusiva Palatal
Testido | desitfimo oo dezoijVo | mola tebelz tapi pimada
tarde partfe paitio respeitfio | sapo palito sifo navela
bandide | mendgige | prefeitura | leithwa | bola fvela o dibta
genltie mentfe muita mitfio | rato cinema pila butove
Hipo ldyfica biscoitio | doiidzo | gelo cabelo Tobe bareza
metaidie | smudaldye coitado cuiidg/ado | cubo barata cafa decato

Figura 2. Conjunto de estimulos linguisticos do teste de decisao lexical.

O teste foi estruturado no software OpenSesame [Mathot et al. 2012] (Figura 3).
Testamos a compatibilidade do teste na versdo online através da ferramenta OSWeb, que
permite verificar se o experimento é compativel para a versdo online e executar o teste
localmente no navegador.

Instrugdes

Tnstrugdes

Instrugdes Q

P

Tarefa

Figura 3. Estrutura do teste de decisao lexical.

3.2. Procedimentos de coleta

O experimento foi aplicado através da plataforma de gerenciamento de experimentos Just
Another Tool for Online Studies — JATOS [Lange et al. 2015]. Essa plataforma, open-
source, gratuita e com interface grafica do usudrio, permite configuar e executar estudos
online, possibilitando total controle sobre o acesso aos dados dos resultados, garantindo
que cada participante so realize o teste uma vez.
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O experimento foi exportado do OpenSesame e importado no JATOS. Além do ar-
quivo do OpenSesame, foi importado também formulario para o termo de consentimento
livre e esclarecido e para a coleta de informacdes sociais do informante, como sexo, ci-
dade de realizagao do teste.

O teste foi transformado em link através do gerenciador da plataforma e compar-
tilhado com os participantes da pesquisa através do Ambiente Virtual de Aprendizagem
(AVA) da Universidade Federal de Seripe (UFS). Junto ao link, os participantes foram ins-
truidos de que o teste s6 poderia ser realizado uma vez, exclusivamente em computador
ou notebook e utilizando fones de ouvido. Além disso, os participantes foram alertados
sobre evitar qualquer tipo de distrac¢do (rede social, televisdo, etc.) ao longo da realizagdo
do teste.

3.3. Participantes

Participaram da pesquisa 25 estudantes de graduacdo do curso de Letras do Centro de
Educacdo Superior a Distancia (CESAD) da Universidade Federal de Sergipe (UFS) —de
vdarios municipios do estado — que estavam cursando a disciplina Fonologia da Lingua
Portuguesa (LETRV0057), componente curricular do primeiro periodo do curso. Restrin-
gimos a distribui¢do do link apenas aos alunos da disciplina devido limitag¢des do servidor.
O disparo do instrumento de coleta foi antes do inicio das aulas, de modo que os partici-
pantes nao tinham conhecimento tedrico sobre os fendmenos varidveis.

3.4. Tratamento estatistico dos dados

Apbs a coleta, os dados foram tratados quantitativamente. Foi calculada a propor¢do
de decisdo entre palavra e ndo palavra para cada conjunto de variantes dos processos
sob andlise, e teste-t entre as médias de tempo de resposta e as variantes dos proces-
sos. A visualizacdo grafica foi desenvolvida na plataforma R [Wickham et al. 2019,
Wickham 2016, Kassambara 2020a, Kassambara 2020b].

4. Resultados e discussoes

Os resultados de decisdo lexical aos estimulos seguem a tendéncia identificada no estudo
anterior de que variantes avaliadas negativamente tendem a ser consideradas como “ndo
palavras” da lingua, enquanto esteredtipos positivos ou com distribui¢io ndo saliente ndo
apresentam diferengas em relacao as decisdes lexicais (Figura 4).
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Figura 4. Proporcao de decisao lexical para cada tipo de estimulo.

O percentual de decisdo lexical positiva para os estimulos distratores é de 91%;
para as pseudopalavras o percentual é de 21%. Em relacdo a comparagdo entre variante
padrdo e ndo padrdo de cada fendmeno, os percentuais de julgamento como ndo palavra
sd30 maiores para os itens com a variante ndo padrdo com avaliagdo social negativa. A

forma monotongada de ditongo crescente apresentou um percentual de 39% de decisodes
lexicais negativas; o ditongo crescente preservado, por sua vez, foi avaliado como ndo
palavra em apenas 10% dos casos. A variante desnasalizada do ditongo nasal atono fi-
nal apresentou percentual de julgamento negativo maior do que o da variante nasal, com
percentuais de 40% e 8%, respectivamente. Na mesma dire¢@o, a realiza¢do palatal em
ambiente progressivo de /t/ e /d/ apresentou maior percentual de decisdes como nao pala-
vra (49%) se comparada a variante oclusiva (7%). A tendéncia observada é a de que as
variantes resultantes de fendmenos variaveis estigmatizados socialmente (monotongagdo
de ditongo crescente, desnasalizagdo de ditongo nasal atono final e palatalizagdo progres-
siva) sdo associadas a ndo palavra, enquanto variantes sem sensibilidade a avaliag@o social

nao apresentam essa relacdo (monotongacao de ditongo decrescente).
O esforgo cognitivo do processamento de uma variante ndo esperada para o con-

texto ou estigmatizada pode ser medido quanto ao tempo de resposta a tarefa de decisdo
lexical, uma medida on-line do processamento também controlada no estudo anterior (Fi-
gura 5). Itens com variantes estigmatizadas socialmente demandam maior tempo de pro-

cessamento, medido em termos de maior tempo de resposta, do que itens com variantes

sem sensibilidade a avaliag@o social.
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Figura 5. Tempo médio de resposta para cada tipo de estimulo.

Os resultados apontam que os itens com as variantes ndo padrdo demandaram

maior tempo de processamento, se comparados aos itens com as variantes padrao. To-

das as variantes tidas como nio padrio apresentam tempo de resposta superior a variante
tida como padrdo em situagdes formais na comunidade: a realizag¢do de ditongo decres-
cente tem tempo médio de 556ms, e a variante monotongada, 549.50ms; o ditongo cres-

cente tem tempo médio de 553.50ms, e a variante monotongada tem 748ms; a realizacdo
da atona final nasal tem tempo médio de 427ms, e a variante desnasalizada 864.50ms;
a realizacdo de /t, d/ em ambiente seguinte a vogal alta, regressiva oclusiva, apresenta
tempo médio de 478ms; e a realizacdo palatal, 481.50ms; a variante oclusiva em am-
biente progressivo tem tempo médio de 561.50ms, a palatal tem média de 786.50ms.
Esse resultado reforca a hipdtese de que o processamento da variagdo linguistica, quando
em variantes alvo de avaliagdo social, sdo mais custosas em tempo de processamento

[Viebahn e Luce 2018, Viebahn e Luce 2020].
5. Consideracoes finais
Os resultados do teste de decisdo lexical com estimulos em dudio envolvendo tracos fo-
nolégicos varidveis com diferentes padrdes de avaliagdo social refor¢am o que ja foi iden-
tificado no teste anterior, evidenciando que variantes nao padrdo demandam maior esfor¢o
cognitivo de processamento e tendem a ser categorizadas como ndo palavra.
Este estudo contribui para a replicabilidade (entendida aqui como a replicacdo de
um estudo com a mesma abordagem analitica) como também para a generalizagdo (en-
tendida aqui como a mesma abordagem analitica em conjuntos de dados diferentes), em

alinhamento aos preceitos de Ciéncia Aberta [Freitag et al. 2021], ao mesmo tempo que
contribui para o desenvolvimento de técnicas que possam automatizar o processamento

da linguagem, com a identificacdo de tragos linguisticos varidveis sensiveis a avalia¢do

social.
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Abstract. A comparative analysis of the palatalization of /t/ and /d/ in two inde-
pendent and different-sized samples, composed of speech (n = 8.850) and read-
aloud (n = 831) data from students at the Universidade Federal de Sergipe, is
presented. Social variables displacement and time in the course, and linguistic
variables anterior context, posterior context, tonicity, and sonority, were con-
trolled in order to identifying whether the constraining effects of palatalization
in speech also act on reading aloud data. The results point out that, even in
distinct samples, the behavior of social and linguistic constrains shows stability
in the change and propagation of palatalization process in the community.

Resumo. Apresentamos uma andlise comparativa acerca da palatalizacdo de
/t/ e /d/ em duas amostras independentes, e com tamanho distinto, compostas
por dados de fala (n = 8.850) e de leitura em voz alta (n = 831) de estudantes
da Universidade Federal de Sergipe. Controlamos as varidveis sociais desloca-
mento e tempo no curso, e as varidveis linguisticas contexto anterior, contexto
posterior, tonicidade e sonoridade, com o objetivo de identificar se os efeitos
condicionantes da palatalizacdo da fala atuam na leitura em voz alta. Os resul-
tados sinalizam que, mesmo em amostras distintas, o comportamento dos fato-
res sociais e linguisticos apresentam estabilidade na mudanga e propagagdo da
palatalizacdo na comunidade.

1. Introducao

A palatalizacdo regressiva de /t/ e /d/, como em tia[tfia] ou dia[d3ia], é um traco
fonético-fonolégico que, no estado de Sergipe, passa por mudanga incipiente com o
aumento das variantes palatalizadas. O fendmeno foi descrito tanto em amostra de
fala espontinea [Souza Neto 2008, Souza 2016, Freitag and Souza 2016, Corréa 2019,
Freitag et al. 2019], quanto em leitura em voz alta, com estudantes da educacdo basica
[Pinheiro et al. 2017], assim como em estudos de percepcdo [Freitag and Santos 2016,
Freitag 2020]. Os mesmos estudos apontam para o efeito dialetal condicionador da
variac¢do, com diferenca na frequéncia entre moradores da capital sergipana, sendo o pro-
cesso da palatalizagdo mais frequente na capital [Souza 2016, Corréa 2019].

Processos fonolégicos da fala podem ser transpostos para a leitura em voz
alta [Freitag and S4 2019, Souza et al. 2020, Pinheiro et al. 2017] A identificagdo do
fendmeno da palatalizagdo na leitura em voz alta sinaliza que a varidvel emergente — a
realizacdo palatal — ndo € estigmatizada na comunidade. No escopo do projeto Como
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fala, 1é e escreve o universitdrio?, a fim de identificar se condicionadores internos e ex-
ternos da palatalizagdo em contextos da fala atuam na leitura em voz alta, controlamos
as variaveis sociais deslocamento e tempo de curso, e as varidveis linguisticas contexto
anterior, contexto posterior, tonicidade e sonoridade em dois conjuntos de dados: uma
amostra composta pela leitura em voz alta por 36 estudantes universitarios sergipanos
[Silva 2021], e o conjunto de dados de palatalizagdo de uma amostra composta por entre-
vistas sociolinguisticas com 64 estudantes universitarios sergipanos [Corréa 2019].

A comparagdo dos condicionadores pode contribuir para identificar padrdes na
fala e na leitura em voz alta para a emergéncia de fendmenos varidveis no portugués
brasileiro, ampliando o escopo de técnicas de coleta de dados.

2. Método

O conjunto dos dados de palatalizagdo na fala espontanea € composto por 8.550 contextos
de /t/ e /d/ diante de /i/ [Corréa 2019]. Destas observacdes, 7.543 (88,2%) referem-se a
realizacdo oclusiva. O conjunto dos dados de leitura em voz alta é composto por 831
contextos de /t/ e /d/ diante de /i/, dos quais 424 (51,02%) referem-se a realizacio oclusiva
[Silva 2021]. Ambos os conjuntos de dados provém de uma mesma comunidade de fala,
a de estudantes universitdrios da Universidade Federal de Sergipe, estratificados quanto
ao tempo do curso, ao sexo e ao tipo de deslocamento que realizam: D1, D2, D3.

* Deslocamento 1 é composto por estudantes que residem na grande Aracaju;

* Deslocamento 2 é composto por estudantes residentes do interior do estado de
Sergipe (nascidos e criados) e que fazem o movimento pendular didrio para a
UFS;

¢ Deslocamento 3 é composto por estudantes nascidos e criados no interior do es-
tado de Sergipe, mas que moram na grande Aracaju por causa de UFS.

As amostras s@o independentes, e com tamanho distinto. Para poder reali-
zar a comparacdo dos efeitos condicionantes, foi calculada a taxa de realizacdo da
varidvel dependente por falante, na fala espotinea e na leitura em voz alta, conside-
rando o estudande como unidade de andlise. Utilizamos o teste de Wilcoxon para
amostras ndo pareadas. Primeiro, consideramos a frequéncia em cada varidvel, e de-
pois, em cada varidvel, frequéncia e estilo, com ajuste de Bonferroni para ambos
os casos. Os graficos foram produzidos no R [Wickham et al. 2019, Wickham 2016,
Kassambara 2020a, Kassambara 2020b].

3. Resultados
3.1. Condicionamentos sociais

Considerando os deslocamentos dos universitarios sergipanos, ndo hd diferenca estatisti-
camente significativa entre a taxa média de palatalizagio na fala e na leitura em voz alta
(Figura 1).

Os estudantes que tém maior contato com a regido da grande a Aracaju (D1 e D2)
tendem a fazer maior uso das variantes palatalizadas tanto na fala quanto na leitura em voz
alta. A compara¢do em cada um dos niveis de deslocamos entre a taxa de palataliza¢do na
fala e na leitura em voz alta € estatisticamente significativa. Os universitarios oriundos do
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Comparagao da média de palatalizagao na fala e na leitura quanto ao deslocamento
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Figura 1. Comparacao entre a taxa de realizacao de palatalizacao na fala e na lei-
tura quanto ao deslocamento, com teste de Wilcoxon para o estilo, e comparacao
pareada entre os niveis

Comparacao da média de palatalizacdo na fala e na leitura quanto ao tempo do estudante no curso
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Figura 2. Comparacao entre a taxa de realizagcdo de palatalizacao na fala e
na leitura quanto ao tempo de curso, com teste de Wilcoxon para o estilo, e
comparagao pareada entre os niveis

interior do estado de Sergipe que foram morar na regido da grande Aracaju apresentam a
menor média na taxa de palatalizacdo.

O tempo de curso pressupde que o contato com a norma da comunidade pode
afetar o padrao de uso da palatalizagdo: universitarios ao final do curso tendem a ter um
comportamento linguistico diferente daqueles do inicio do curso. A comparagdo entre as
taxas de palatalizacdo na fala e na leitura em voz alta considerando o tempo de curso do
estudante ndo se mostrou estatisticamente significativa (Figura 2). O tempo do curso ndo
interfere na palatalizacdo na leitura em voz alta. Mesmo ndo havendo diferenca estatis-
ticamente significativa, pelos valores das médias da taxa de ocorréncia da palatalizacdo,
podemos inferir que os universitirios do inicio do curso sdo os que fazem o maior uso
das realizacOes palatalizadas. Novamente, hd diferenca estatisticamente significativa na
comparacgdo entre a fala e a leitura em cada um dos niveis da varidvel.
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3.2. Condicionamentos linguisticos

O contexto linguistico antecedente ao ambiente apresenta diferenca estatisticamente sig-
nificativa na comparacdo entre a fala e a leitura em voz alta (Figura 3). Nos contextos de
fricativas alveolares, a exemplo de nos dizia [nuzd3zi'zia], se tivéssemos [s tfi'vesimus],
as médias na taxa de palatalizacdo na fala e na leitura em voz alta foram, respectiva-
mente, 0,67 e 0,75, sem diferenca estatisticamente significativa. Nos demais contextos,
houve diferenga estatisticamente significativa entre as médias de palatalizagdo na lei-
tura, todas superiores as encontradas na fala: fricativas alveolopalatais (tivéssemos de
[ti'vesimu3z'ds1]) e glotais (morte ['moht[i]); vogais anteriores (que tinham [k1 'tfipgu]) e
vogais centrais (atirariamos [a.tfira'ridmus]).

Comparacgédo da média de palatalizagdo na fala e na leitura quanto ao contexto anterior

1y

Fricativa alveolar Fricativa alveolopatal/glotaf Vogal anterior/central Vogal nasal Vogal posterior

taxa de ocorréncia

I

contexto anterior

estilo B faia BR leitura

Figura 3. Comparacao entre a taxa de realizacao de palatalizacao na fala e na
leitura quanto ao contexto linguistico anterior, com teste de Wilcoxon para o
estilo, e comparacao pareada entre os niveis

Mesmo padrao de comportamento identificado no contexto linguistico sucedente
ao ambiente, que também apresenta diferenca estatisicamente significativa na comparagdo
entre fala e leitura em voz alta (Figura 4). A diferenca entre as médias de palatalizagdo
entre fala e leitura € mais acentuada nos ambientes seguidos por pausa (balde ['bawd31])
e por vogal (apaixonamentente e... [apaifonada' mét1 e]), do que nos ambientes seguidos
por consoante liquida ou fricativa (atirariamos [atfira'tidmus] e utilizando [utfili'zadv])
e consoante oclusiva/nasal (tipo ['tipu] e continham [kotfipudu]). O resultado segue o
continuum para a mudanca e propagacao da palatalizagdo, na fala e na leitura em voz alta,
primeiro sendo as vogais e pausa em contexto seguinte as favorecedoras para a emergéncia
do fendmeno em Sergipe [Corréa 2019].

Quanto a tonicidade e a sonoridade, ndo ha diferenca estatisticamente significa-
tiva na taxa de palatalizacdo na fala e na leitura. Na comparacdo entre os niveis de to-
nicidade (Figura 5), as médias na taxa de palatalizacdo na leitura sdo superiores as da
fala no postdnico final (morte, apaixonadamente, balde, pode), pretonico (continuam,
antigamente, tivéssemos, dizia) e tdnico (iludindo, ditas, tinham). As médias na taxa de
palatalizacdo na fala e na leitura em voz alta sdo maiores no contexto tdnico, corrobo-
rando a hipétese de que a emergéncia da palatalizagio se da em contexto de silaba tonica
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taxa de ocorréncia

Comparagdo da média de palatalizagdo na fala e na leitura quanto ao contexto seguinte

il

Liquida/Fricativa Oclusiva/Nasal Pausa

contexto seguinte

estilo BF fala BY leiura

Figura 4. Comparacao entre a taxa de realizacao de palatalizacdo na fala e na
leitura quanto ao contexto linguistico posterior, com teste de Wilcoxon para o
estilo, e comparacao pareada entre os niveis

[Camara 1970].

Comparacao da média de palatalizagcéo na fala e na leitura quanto a tonicidade

taxa de ocorréncia

0.25

ns

Preténica

Ténica Posténica
Tonicidade

estilo BR faia B leiwra

Figura 5. Comparacao entre a taxa de realizacao de palatalizacdo na fala e na
leitura quanto a tonicidade da silaba, com teste de Wilcoxon para o estilo, e
comparacao pareada entre os niveis

A diferenca entre as amostras de fala e de leitura nfo € estatisticamente signifi-
cativa quanto a sonoridade da consoante (Figura 6). As médias na taxa de palatalizacdo
apresentam semelhanca em ambas as amostras: na fala, média = 0,12 para sonoras e média
= 0,16 para surdas; para a leitura, média = 0,48 das sonoras e média = 0,59 das surdas.

Em ambas as amostras, a consoante surda /t/ apresenta maior média de palatalizacéo.

4. Discussao

Os resultados apresentados apontam que, embora haja diferenca nos valores de
frequéncia, com médias maiores na leitura do que na fala, o comportamento dos fato-
res sociais e linguisticos controlados apresentam estabilidade. A realizagdo palatal € uma
variante que tem aumentado sistematicamente (ndo em progressdo exponencial), sendo
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taxa de ocorréncia

Sonoridade

estilo B raa B leiwra

Figura 6. Comparacao entre a taxa de realizacao de palatalizacao na fala e na
leitura quanto a sonoridade da consoante, com teste de Wilcoxon para o estilo,
e comparacao pareada entre os niveis

socialmente prestigiada, conscientemente bem avaliada pela comunidade e associada aos
falantes com alta escolaridade. Por isso, as maiores médias de frequéncia da palatalizacdo
na leitura em voz alta de universitirios podem apresentar associacdo com o prestigio da
variante e com o fato da tarefa de leitura ser altamente monitorada e consciente pelos
estudantes.

Nas varidveis linguisticas, mesmo tendo diferencas estatisticamente significativas
nos contextos seguinte e antecedente, os resultados sao inconclusivos e ndo nos permitem
fazer generalizagOes, uma vez que metodologias diferentes quanto aos dados de fala e de
leitura foram adotadas. Para realizar a comparagdo, foi necessario realizar amalgamagoes
entre niveis. Além disso, hd menos itens lexicais nos dados de leitura ou itens sobrepos-
tos: por exemplo, na leitura, a fricativa alveolar ocorre em seis contextos, dos quais cinco
eram de consoante sonora, o que pode ter levado a uma diferenca e ndo permite estabe-
lecer uma generalizag@o acerca da comparagdo entre os contextos. Tanto na fala quanto
na leitura, o contexto das fricativas alveolares [s, z] € o que mais favorece a ocorréncia
de palatalizacdo, resultado que segue a dire¢do de outros estudos ja desenvolvidos em
Sergipe [Souza Neto 2008, Souza 2016, Corréa 2019].

Ao receber alunos de diversas regides geogrificas de Sergipe, a Universidade Fe-
deral de Sergipe configura-se como um ambiente de troca de experiéncia. A inserc¢do de
universitarios de outras comunidades do interior de Sergipe a grande Aracaju e, sobretudo,
a Universidade Federal de Sergipe, contribui para o aumento da taxa de palatalizagdo, uma
vez que os estudantes assumem novas experiéncias linguisticas enquanto falantes.

No contexto altamente monitorado, como € o da leitura em voz alta, a média na
taxa de realizagdo de palatalizagdo é maior em estudantes residentes no interior do estado
de Sergipe, o que vai de encontro aos estudos ja desenvolvidos acerca da palatalizagdo
em Sergipe com dados de fala e que apontam que o fendmeno da palatalizagdao é mais
frequente na grande Aracaju. Este resultado pode ser decorrente de hipercorre¢do, o que
pode ser melhor explorado em outras abordagens.
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Abstract. This work investigates the syntactic-semantic proprieties of the verb
“falar” (to speak) of Brazilian Portuguese (BP) in a journalistic corpus and
three BP verbal databases (VerbNet.Br, VerboWeb and Verbo-Brasil). The data
demonstrate a polyvalence and complexity of “falar”. In addition, concerning
the analysis of the databases, it was verified a need for manual reviews, made
out by linguists, and/or expansions of the linguistic descriptions, especially
when considering the relevance of constructions with the verb "falar" for
different applications in the Natural Language Processing area.

Resumo. Neste trabalho, investiga-se o comportamento sintdtico-semdntico do
verbo “falar” no portugués brasileiro (PB) em um corpus jornalistico e em trés
bases de dados verbais do PB (VerbNet.Br, VerboWeb e Verbo-Brasil). Os
dados demonstram a polivaléncia e complexidade de “falar”. Além disso, no
que se refere a andlise das bases de dados, foi possivel constatar a necessidade
de revisées manuais, realizadas por linguistas, e/ou ampliacoes das descrigcoes
linguisticas, principalmente ao considerar a relevdncia de construcdes com o
verbo “falar” para diferentes aplicacdes na drea de Processamento de Lingua
Natural.

1. Introducao

O verbo € um elemento nuclear das linguas naturais e atua, sobretudo, como responsavel
pela selecdo dos argumentos necessdrios e essenciais para a constru¢do de uma oragao.
Hé4 muitas pesquisas descritivas sobre o comportamento dos verbos do portugués
brasileiro, doravante PB, a partir de diferentes abordagens tedrico-metodolégicas. Pode-
se mencionar trabalhos que se dedicam a descricdo morfoldgica dessa classe de palavras
[Bassani 2009], além de investigagdes de cunho sintitico-semantico com propostas de
tipologias [Rassi e Vale 2013] e a criacdo de variadas obras lexicogréficas para os
usudrios comuns da lingua [Fernandes 2005 (1940)], [Borba 1990], entre outros.

As descrigdes formalizadas sobre as construgdes verbais do PB podem ainda atuar
como recursos para diversos empreendimentos na drea de Processamento de Lingua
Natural (PLN), como a sumarizag@o e tradugdo automaticas e a andlise de sentimentos.
Em um estudo recente [Rodrigues - no prelo], foram selecionadas, analisadas e
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comparadas trés bases de dados verbais do PB (VerbNet.Br, VerboWeb e Verbo-Brasil)!,
que, ademais de seu inegdvel valor descritivo em si, contribuem com os recursos
disponiveis para o PLN. Em suma, o estudo enfatizou a existéncia de bases de dados
robustas com informagdes sintdtico-semanticas sobre os verbos PB e o papel
imprescindivel do linguista na elaboracdo e revisdo de dados lexicais para fins
computacionais. Além disso, a pesquisa revelou a necessidade de adaptacdo, ampliagdo
e, até mesmo, a criagdo de bases de dados verbais que considerem a polivaléncia e
polissemia de determinados verbos e¢ construgdes para além de seu uso como pleno,
incluindo verbos auxiliares, verbos-suporte, ou verbos em expressdes multipalavras.

Neste artigo, serdo discutidos, mais especificamente, alguns dos aspectos
sintatico-semanticos do verbo falar no PB. Pode-se mencionar ao menos trés motivacdes
principais para a elaboragd@o do presente estudo, a saber: (i) o fato de falar ser um verbo
polivalente e bastante frequente na lingua; (ii) o valor de falar em construcdes (didteses)
de comunicagdo [Couto 2017], que se constituem por um emissor, na posi¢do de sujeito
agente, uma mensagem e um destinatdrio, relevantes para o PLN ao se considerar,
principalmente, sua atuagdo na introdu¢@o de discursos reportados que expressam falas
(opinides); e (iii) o comportamento de falar no PB, contrapondo-o ao verbo dizer,
demarcando especificidades de usos se comparados a outras linguas naturais, como o
espanhol [Humblé 2006] e o inglés [Dehaspe e Eynde 1991]>.

Portanto, esta pesquisa se dedica a discutir as seguintes questdes: (i) quais os
comportamentos sintatico-semanticos de falar no PB, a partir de uma andlise em corpus;
(ii) como o verbo falar estd descrito em trés bases de dados verbais do PB: VerbNet.Br,
VerboWeb e Verbo-Brasil; e (iii) quais informagdes sobre falar poderiam ser incluidas
nas bases analisadas. Sendo assim, espera-se propor uma descricdo sintdtico-semantica
de falar, além de divulgar, analisar e contribuir com as bases de dados verbais disponiveis
na lingua.

Desse modo, este trabalho se organiza da seguinte maneira: na secdo 2, sdo
apresentados os usos de falar, encontrados no corpus de noticias do jornal Folha de Sao
Paulo [Santana 2019], com a utilizagdo do software Unitex. Na secdo 3, descreve-se e
compara-se o lexema falar nas trés bases de dados selecionadas nesta investigacdo. Por
fim, na sec@o 4, sdo apresentadas as consideracdes finais e os encaminhamentos para
pesquisas futuras.

2. O verbo falar em corpus

A fim de verificar como o verbo falar se comporta em uso, além dos conhecimentos
introspectivos dos pesquisadores e da classificacdo proposta por Borba (1990), foram
analisadas as suas colocagdes no corpus do jornal Folha de Sdo Paulo [Santana 2019],
que consta de 167.053 noticias. Os dados foram processados pelo Unitex®, uma

I'As bases de dados selecionadas no trabalho - VerbNet.Br [Scarton 2013], VerboWeb [Cangado et al.,
2018] e Verbo-Brasil [Duran et al. 2013] - sofreram atualizagdes na tltima década, estdo disponiveis on-
line e de maneira gratuita e apresentam a descri¢do sintitico-semantica de, pelo menos, 1.000 lexemas
verbais do PB.

2 As pesquisas citadas destacam especificidades de uso de hablar e decir, em espanhol, e fo tell, to say, to
speak e to talk, em ingl€s, contrapondo-as aos casos em que falar atua como sindnimo de dizer, em alguns
contextos do PB que introduzem um discurso reportado.

3 Unitex/GramLab. Disponivel em: <https://unitexgramlab.org/pt>. Acesso em: jun. de 2021.
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ferramenta plurilingue, de c6digo aberto, que possui diciondrios eletronicos e gramdticas

locais para processamento e andlise de dados textuais.

Quadro 1. Verbo falar em corpus

Colocacoes Especificidade Estrutura* Papéis Tematicos Exemplo
Construcao _ Camila fala
0 intransitiva No V No = Agente tranquilamente.
sobre O deputado ndo fala
sobre o assunto
No = Agente .
de No V Prep Nnr Nnr = Tépico Aquele cara so fala de
economia.
Ddria fala em alterar a
em .
lei.
Preposicdo com’ Ny V Prep No = Agente Machado fala com a
NHum NHum = Co-Agente | Folha.
a A candidata falou a uma
No V Prep No = Agente multiddo.
NHum NHum =
Destinatario Ele fala para uma
para plateia de 300
brasileiros.
No = Agente . .
Complemento Discurso No V Que F, Fi = Mensagem F;Ze;e]: Z;ZDOSS ’i ;ggjfaiﬁi
direto reportado Prep NHum, NHum, = 4
L grande.
Destinatario
No = Agente L
Comp]emento Nome restrito No V Nr Nr = Objeto Ana f alaA (m;gles,
direto . portugués, drabe)
[lingua]
No = Agente Rui fala (bobagem,
Complemento . Nr = Objeto palavrdo, besteira,
direto Nome restrito No V Nr [qualidade da amenidades,
mensagem] inverdades).
Expressoes Diferentes Carlos fala (grego,
. - - pelos cotovelos, a
multipalavras estruturas .
mesma lingua que Ana)

4 Notagdo da estrutura sintdtica: Ny, N; Ny: argumentos na posicdo de sujeito, primeiro complemento e
segundo complemento; Nr: argumento preenchido por um nome restrito; Nnr: argumento preenchido por
um nome sem restrigdo; NHum: argumento preenchido por nome humano; F;: oragdo; Prep: preposicao.

5 Além da construgdo com a preposi¢io com, foram encontrados, no corpus, construgdes pronominais com
o verbo falar sempre construidas com sujeito plural. Neste trabalho, entende-se que tais construgdes sao
resultado de um processo transformacional de pronominaliza¢do, devido & simetria encontrada em: “A [n3o]
fala com B” e “B [ndo] fala com A”, assim “A e B [ndo] se falam”, como no exemplo retirado do corpus:
Os irmdos ndo se falam desde o fim do Oasis.
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Ao todo, foram encontradas 49 mil ocorréncias com falar® e investigadas 1.470
colocagdes. No Quadro 1, apresentam-se as construcdes analisadas, assim como uma
proposta de descri¢do sintdtica (estrutura) e semantica (papéis tematicos)’, seguindo a
terminologia adotada pelo modelo tedrico-metodolégico do Léxico-Gramatica [Gross
1975].

Conforme se verifica no Quadro 1, o verbo falar aparece em oragdes intransitivas,
que, por sua vez, geralmente selecionam um circunstancial de modo. Além disso,
encontraram-se casos em que falar: (i) seleciona uma preposi¢do, desencadeando
diferentes construgdes sintdticas e semanticas; (ii) seleciona complemento direto e
indireto, constituindo um discurso reportado; (iii) seleciona um complemento direto com
nome restrito (de idioma/dialeto), que, conforme aponta Borba (1990:740), se refere a
uma constru¢do estdtica, sinonimia de “ter a capacidade de”; (iv) seleciona um
complemento com nome restrito, fazendo referéncia a qualidade da mensagem; e (v) é
um constituinte nuclear de expressdes multipalavras®.

E interessante mencionar que, mesmo em se tratando de um corpus de textos
jornalisticos, falar como verbo constituinte de construgdes comunicativas apresenta
cardter informal, sendo encontrado em discursos reportados (marcado por aspas) e/ou em
secdes com menor formalidade na escrita, como o “caderno de esportes”.

3. O verbo falar nas bases de dados verbais do PB

Conforme mencionado, nesta se¢do, serdo apresentadas as descri¢des de falar, juntamente
com uma andlise comparativa com o Quadro 1, na VerbNet.Br, Verbo-Brasil e
VerboWeb, bases de dados verbais relevantes do PB, que podem ser utilizadas em
diferentes empreendimentos na drea de PLN.

A VerbNet.Br [Scarton 2013] é um recurso léxico-computacional (RLC) que
agrupa verbos do PB em diferentes classes semanticas. O recurso foi criado de maneira
semiautomadtica a partir do RLC do inglés, a VerbNet [Schuler 2005]. As classes
semanticas, inspiradas em Levin (1993), agrupam os verbos de acordo com semelhancas
semanticas compartilhadas e suas alternancias sintaticas.

Por conta da abordagem inter-linguistica utilizada na criacdo desse RLC, as
classes presentes na VerbNet.Br sdo alinhadas diretamente com as classes do inglés. Cada
uma delas apresenta as seguintes informacdes: (i) os membros que a compdem; (ii) os
papéis tematicos, que foram herdados da versao do ingl€s; (iii) as restri¢des seletivas, que
sdo impostas aos papéis temdticos (como animacidade, concretude etc.), também
herdadas do inglés; os frames sintaticos do PB e do inglés, que descrevem a transitividade
verbal e, também, itens lexicais selecionados em alternincias em particular; e (iv) os
predicados semanticos, que fornecem informacdes sobre as relacdes entre os participantes
e o evento da acdo verbal.

% Este niimero abarcou também as formas nominais a fala e o falar. Neste trabalho, analisaram-se somente
as construcdes verbais.

7 Os papéis temdticos utilizados na pesquisa baseiam-se no estudo de Santos (2014).

8 Em Vale (2002) estdo descritas e classificadas, sintdtico-semanticamente, 22 expressoes multipalavras
com o verbo falar no PB, tais como: falar da boca pra fora ou falar de barriga cheia.
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Quadro 2. Verbo falar na VerbNet.Br

FALAR
Classes Papéis tematl?os [restricoes Alternancias
seletivas]
Experiencer [+animate]
amuse-31.1 Stimulus V; V_NP; V_NP_PP [com]

Result

Agent [+animate | +organization]
chit_chat-37.6 Co-Agent [+animate | +organization]
Topic [+communication]

V; V_PP[com]; V_PP[sobre];
V_PP[sobre]_PP[com]

Agent [+animate | +organization]
correspond-36.1 |Co-Agent [+animate | +organization] |V; V_PP[com]_PP[sobre]; V_PP[sobre]
Theme

Agent [+animate | +organization]
dub-29.3 Theme [+concrete | +organization] V_NP
Result

Agent [+animate | +organization]

establish-55.5 Theme

Agent [+animate | +organization]
lecture-37.11 Topic all
Recipient [+animate | +organization]

V; V_PP[com]; V_PP[com]_PP[sobre];

Agent [+animate | +organization] V_PP[para]; V_PP[para]_PP[sobre];
talk-37.5 Co-Agent [+animate | +organization] |V_PP[sobre]_PP[com];

Topic [+communication] V_PP[sobre]_PP[de];

V_PP[sobre]_PP[para]

Agent [+animate | +organization] V; V_NP; V_NP_PP[a];

. Topic V_NP_PP[para]
transfer_mesg-37.1.1 Recipient [+animate | +organization]
Source

Nota. Fonte: Adaptado de Scarton (2013).

Conforme se observa no Quadro 2, o verbo falar estd presente em oito classes da
VerbNet.Br. e muitos frames sintiticos estio presentes em mais de uma classe. E
importante salientar que a VerbNet.Br ndo exemplifica as alternancias com dados reais
do PB ou mesmo criados por introspec¢do do falante, o que dificulta, em alguns casos, a
interpretacdo dos dados descritos. Para a alternincia sintdtica V_PP[sobre]_PP[de], da
classe talk-37.5, por exemplo, ndo foi localizada nenhuma ocorréncia compativel no
corpus de dados jornalisticos como se verifica nos dados dispostos no Quadro 1. A pista
para o PB ¢ que se trata de um frame com duas preposi¢oes (sobre/de) e com a restri¢do
seletiva [+comunication] imposta ao papel temdtico Topic. Note-se que as preposicdes
sobre e de precedidas do verbo falar selecionam potencialmente argumentos com papel
temadtico assunto (Tépico) ou conterido da mensagem (Mensagem), conforme defende
Couto (2017). No entanto, no corpus nio ha ocorréncia do verbo falar com essas duas
preposi¢des antecedendo o contetido da mensagem.

Salienta-se, ainda, o comportamento do verbo falar descrito na classe lecture-
37.11,0 qual possui a descri¢do all no que diz respeito as alternancias sintdticas. Isso quer
dizer que o verbo falar admite todas as alternancias sintaticas do PB. Essa é uma
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informagdo dificil de ser atestada, porque ndo existe uma delimitacdo tedrico-
metodoldgica de quais seriam essas alternancias ou uma lista das alternancias do PB para
realizar buscas e testes com maior rigor metodologico. Novamente, a auséncia de
exemplos é um outro grande limitador dessa verificacdo.

A VerboWeb [Cangado et al. 2018] € uma base digital de consulta lexical, que,
devido sua organizacdo e metodologia, pode ser utilizada como RLC. Nela, os verbos
estdo classificados em funcio de suas caracteristicas sintdtico-semanticas também com
base nas classes de Levin (1993). A descricdo proposta foi realizada de maneira manual
por linguistas e a tipologia verbal ocorre em duas etapas de categorizacdo: classes e
subclasses. A classificagdo em classes consiste em uma divisdo dos verbos em funcio de
quatro caracteristicas: Estrutura sintdtica bdsica (disposicao sintdtica dos constituintes:
Sintagma Nominal+Verbo, etc.); Papéis temdticos (relagdo semantica entre um predicado
e seus argumentos: agente, paciente, etc.); Decomposicdo de predicado (demonstracdo de
um predicado em fun¢do de predicados primitivos, ou seja, a descricdo dos predicados
irredutiveis que compdem um predicado complexo: O palestrante falava muito = [X DO
<EVENT>]); Aspecto lexical (classificagdo dos predicados em fungdo de duragdo,
telicidade e dinamicidade nas classes de Vendler (1967)). Por sua vez, a organizacdo das
subclasses consiste no arranjo interno dos verbos de uma classe em funcio de suas
caracterfsticas sintdtico-semanticas em comum.

Quadro 3. Verbo falar na VerboWeb

Verbo: Falar
Exemplo: O palestrante falava muito

Classe: Atividade: verbos internamente causados (inergativos)

Propriedades da Classe:

Contetido semantico recorrente na classe: x faz/produz um evento em si mesmo

— Estrutura sintatica basica: [SN V] (verbo intransitivo)

— Estrutura de papéis tematicos: {Agente}

— Estrutura de decomposicao de predicados: [X DO <EVENT>]

— Aspecto lexical basico: atividade

— Licencia um objeto cognato: O palestrante falou uma fala bonita.

— Licencia um adjunto equivalente ao objeto cognato: O palestrante falou muito bonito.

Subclasse: Verbos de expressao (modo de fala)

Propriedades da Subclasse:

Denota um evento de fala

— Licencia mensagem comunicada na posic@o de objeto: O palestrante falava muita besteira.
— Licencia a mensagem e o destinatdrio nas posi¢oes de objeto: O palestrante falava muita
besteira para o publico jovem.

— Licencia um objeto sentencial : O palestrante falava que os jovens sdo o futuro do pais.

— Licencia destinatario na posicdo de objeto indireto: O palestrante falava animado para o
publico jovem.

Nota. Fonte: Cancado M., Amaral, L., e Meireles, L. (2021). VerboWeb. Falar.
http://www letras.ufmg br/sistemas/verboweb_cliente/ver_verbo.php?id=1220, junho de 2021.

O verbo falar é descrito dentro da VerboWeb como parte da subclasse dos verbos
de expressdo dentro da classe verbos de atividade internamente causados (inergativos),
como € replicado no Quadro 3.
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Com o Quadro 3, pode-se notar que a base descreve dois usos de falar, o primeiro
como verbo intransitivo, fazendo parte da classe dos verbos inergativos, e o segundo
como verbo de comunicagdo, referente a subclasse dos verbos de expressdo,
desconsiderando, no entanto, os casos em que falar ocorre precedido das preposicdes
sobre, de, em e com, presentes no Quadro 1.

Ademais, pode-se reparar também que o “licenciamento de mensagem
comunicada na posicdo de objeto” proposto na VerboWeb faz referéncia ao mesmo uso
(iv) no Quadro 1, porém, o exemplo utilizado (O palestrante falava muita besteira) nao
se refere ao contetido da mensagem como proposto na VerboWeb, mas sim, como descrito
na secio 2, a qualidade da mensagem. Besteira no exemplo, ndo seria a fala em discurso
reportado, mas sim uma qualidade/caracteristica associada a ele pelo locutor.

Por ultimo, a Verbo-Brasil [Duran et al. 2013] ¢ um RLC em que, ao contrério
das bases anteriores, os verbos ndo estdo distribuidos em classes maiores de
categorizacdo, mas sim descritos individualmente em funcdo dos diferentes sentidos
(roleset) que podem assumir. Mesmo que exista dentro da base uma possivel classificagdo
(vncls: verbnet class) em fungdo das classes da VerbNet [Schuler 2005], existem sentidos
que sdo vazios quanto essa classificagdo por ndo estarem contemplados na VerbNet.

Assim como as outras bases, a Verbo-Brasil é orientada pela descri¢do das classes
de Levin (1993), em que cada verbo € classificado de acordo com suas propriedades
sintdticas e aspectos semanticos em comum. Além disso, na Verbo-Brasil, cada sentido é
descrito e classificado em fun¢do dos seus argumentos e vinculado a um sentido existente
no PropBank [Palmer et al. 2005] quando possivel. Cada argumento recebe uma
identificacdo de papel temdtico (vrrole: verbnet role) em fungdo dos papéis tematicos
descritos na VerbNet [Schuler 2005].

O verbo falar € descrito dentro da Verbo-Brasil [Duran et al. 2013] com apenas
um sentido contendo quatro argumentos que ndo necessariamente precisam ocorrer juntos
em uma sentenga. Dentro da descri¢do de falar, encontra-se também o sentido de duas
expressoes multipalavras: falar mal e dar o que falar e os seus respectivos argumentos e
papéis temadticos. A descri¢do do sentido de falar pode ser verificada no Quadro 4:

Quadro 4. Verbo falar na Verbo-Brasil

Sentido Estrutura Argumental

Falar Roleset id: falar.01, dizer; Arg0: falante (vnrole: 37.7-agent)
declarar; vnels: 37.7; Argl: idioma falado; assunto (falar de, falar sobre,
Mapeamento para o inglés: falar contra, falar a favor de) ou elocugdo (vnrole:
say.01, talk.01, speak.01 37.7-topic)

Arg2: ouvinte, interlocutor (falar a, falar para,
falar com) (vnrole: 37.7-recipient)
Arg3: atributo do arg0 (falar como)®

Nota. Fonte: Duran, M. S., Martins J. P., Coimbra, M., Patire, P. A., Hartmann N., e Aluisio, S. (2014).
Verbo-Brasil. Framefile-falar-v. http://143.107.183.175:21380/verbobrasil/textoFrames/falar-v.html,
junho de 2021.

9 A construgio falar como foi encontrada no corpus mas, por nio se tratar de um argumento selecionado
pelo verbo, ndo foi inserida no Quadro 1.
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A forma como falar est4 descrito no Quadro 4, mesmo que abrangente, pode gerar
alguns problemas de descricdo, uma vez que o roleset falar.01 apresenta 32 exemplos!®
diferentes de constru¢cdes com o verbo, em que cada constru¢do tem especificidades
sintdticas distintas, apresentando nimeros distintos de argumentos. Vale ressaltar também
que em alguns exemplos da Verbo-Brasil, como o roleset falar.01 exemplo 2 (Ndo ouvi
falar nada sobre arbitragens) e o roleset falar 01 exemplo 30 (Takuo Hirano e Tetsuyuki
Hirano, pai e filho, vieram falar sobre o novo conceito de design que estdo
desenvolvendo), sdo representados na base com estruturas argumentais idénticas
(contando apenas com argl), o que € um problema considerando que ambos os exemplos
apresentam estruturas distintas, enquanto que no exemplo 2 ndo hd a presenca explicita
de um arg0, no exemplo 30 Takuo Hirano e Tetsuyuki Hirano é arg0 nao somente de vir,
mas como também de falar.

Como visto na se¢do, cada base exprime uma cobertura distinta dos usos de falar,
isso ocorre devido a polivaléncia e polissemia de falar, reforcando a necessidade da
revisao e ampliacdo das descri¢des disponiveis sobre esse verbo nas bases de dados
analisadas.

4. Consideracoes finais

Por se tratar de um verbo bastante frequente, o comportamento do verbo falar apresenta
um ndmero considerdvel de empregos que merecem ser considerados em qualquer
trabalho descritivo. Esse € um fato comum em itens de alta frequéncia que apresentam,
via de regra, uma polissemia que nem sempre € detectdvel a primeira vista.

De fato, retomando as questdes que nortearam esta pesquisa, nota-se que o verbo
falar no PB apresenta um comportamento sintatico-semantico variado, que requer estudos
aprofundados. Além dos casos recenseados no Quadro 1, destaca-se ainda a necessidade
de andlises dedicadas a polivaléncia e polissemia de falar em constru¢des como: falar em
(seu discurso + casamento + inglés...), falar (como + na condi¢do de + na qualidade de)
(presidente + professor) e falar (por + no lugar de) alguém. Tais complementos poderiam
ser atribuidos a estrutura argumental do verbo? Esse tipo de pergunta poderia ser
estendida a outras constru¢cdes de comunicagdo, considerando-se o comportamento de
diferentes verba dicendi [Costa e Freitas 2017] [Baptista 2010].

No que se refere ao estudo de falar nas bases de dados verbais, verificou-se que
todas as bases enfatizam o uso de falar em construgées de comunicagdo. Constatou-se
ainda que as bases verbais construidas para fins computacionais (VerbNet.Br e Verbo-
Brasil) necessitam de uma revisdo linguistica especializada, seja para incluir exemplos
reais da lingua, seja para refinar a descrigcdo e propor classificagdes mais granulares dos
dados. Por sua vez, a base que se constréi sob descrigdes linguisticas manuais
(VerboWeb) parece ser a que possui maior coeréncia tedrico-metodoldgica, embora
apresente um nimero reduzido de constru¢des analisadas, podendo ampliar o estudo de
tal verbo em futuras atualiza¢des da base.

Sendo assim, acredita-se que as informacdes sobre o verbo falar levantadas no
corpus e descritas neste trabalho podem impulsionar ndo sé ao incremento e atualizagdo
das bases de dados verbais elencadas, como também a realizacdo de novos estudos
sintdtico-semanticos sobre esse verbo.

1005 exemplos da Verbo-Brasil foram extraidos do corpus PLN-Br [Bruckschen et al. 2008].
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Abstract. Proverbs are a special type of linguistic unit that have been largely ig-
nored by the Natural Language Processing (NLP) community, though they pose
interesting challenges to NLP systems. This paper presents the procedure of in-
tegrating the Paremiological Minimum of Portuguese into the STRING system,
and the distribution of these most usual proverbs in three different (European)
Portuguese corpora.

Resumo. Os provérbios sdo um tipo especial de unidades linguisticas que tem
sido amplamente ignorado pela comunidade de Processamento de Linguagem
Natural (PLN), apesar de levantarem desafios interessantes para o processa-
mento. Este artigo apresenta o procedimento de integracdo do Minimo Pare-
mioldgico do Portugués no sistema STRING e a distribuicdo desses provérbios
mais usuais em trés corpora distintos do portugués (europeu).

1. Processamento de provérbios em textos

Tanto quanto sabemos, os provérbios estdo praticamente ausentes dos recursos
linguisticos de muitos sistemas de Processamento de Linguagem Natural (PNL) desen-
volvidos para o portugués. Tal resulta, provavelmente, do seu estatuto linguistico pouco
consensual, algures entre o léxico e a cultura, que estd certamente na origem da sua
auséncia dos diciondrios de lingua, encontrando-se antes recenseados em coletaneas de
provérbios, onde convivem com outras expressdes (locucdes) de natureza muito variada,
frequentemente idiomaticas (i.e. semanticamente nao composicionais). Outro aspeto é o
seu extenso nimero e a sua variagdo formal, lexical e sintatica, que dificultam o reconhe-
cimento destas expressdes em textos [Rassi et al. 2014a, Rassi et al. 2014b]. Finalmente,
o seu estatuto de citacdo, nem sempre formalmente assinalado (aspas/discurso relatado),
confere-lhe uma certa autonomia relativamente o texto em que se insere, permitindo que
sejam violados mecanismos de coesdo discursiva (processos anaféricos, concordancia
verbal na subordinacio), ainda que os seus elementos se prestem a ser retomados nou-
tros locais do discurso, dando origem a criativos jogos de palavras. Sao, pois, complexos
os desafios que os provérbios levantam ao seu processamento automatico em textos.

O estudo dos provérbios no quadro do PLN pode dar origem a aplicacdes soci-
etalmente relevantes. [Reis and Baptista 2016b] desenvolveram dois conjuntos de jogos
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com provérbios, linguisticamente motivados, com base nos provérbios do MP, que podem
ser utilizados para ensino de lingua ou até para o digndstico/terapia de algumas patolo-
gias da linguagem. Mais recentemente, [Mendes and Oliveira 2020a] testaram diferentes
técnicas de representacdo semantica (e.g. Jaccard) para avaliar a similaridade semantica
entre um corpus de aproximadamente 1.600 provérbios e manchetes de jornais, no qua-
dro de uma tarefa de recomendacdo automatica de texto. A avaliagdo dos resultados por
meio de questiondrio revelou que, na maioria das vezes, as pessoas conseguiram estabe-
lecer uma relacdo entre a expressao selecionada e a manchete correspondente, chegando,
mesmo, a achd-la potencialmente engragada. Verificam ainda que os provérbios que par-
tilham as mesmas palavras com a manchete, nomeadamente os escolhidos por métodos
mais simples (e.g. Jaccard) sdo mais facilmente relacionados com as manchetes. J4 o
uso de representagdes semanticas mais profundas como word embeddings (e.g. BERT)
[Mendes and Oliveira 2020b] revelou piores resultados, o que foi justificado pelos auto-
res pela linguagem figurada prépria destas expressdes. Numa linha mais proxima da deste
artigo, [Davis et al. 2021] analisam a frequéncia e a dinAmica de provérbios em diferentes
tipos de texto e ao longo do tempo, baseando-se numa lista de +14 mil provérbios ameri-
canos e usando como corpora: (i) o corpus Gutenberg (60.000 documentos); (ii) o corpus
New York Times (1,8 milhdes de artigos de 1987-2007); (iii) dados do Google (a partir de
2020); e (iv) dados do Twitter (a partir de janeiro de 2021). Os autores identificaram as ex-
pressdes que mais se repetem em cada um destes corpora, admitindo que uma limitagdo
do seu estudo é a questdo da representatividade, ja que os dados de partida, de um di-
ciondrio de provérbios americano, sdo limitados. Ainda assim, a maior disponibilidade
de dados textuais abre caminho a estudos fraseolégicos longitudinais.

Enquanto unidade linguistica, dada a sua variacdo, os provérbios podem ser or-
ganizados em unidades paremiolégicas (UP), isto €, unidades conceptuais representa-
das pelo conjunto das multiplas variantes de um mesmo provérbio e que sio definidas
com base em critérios formais, semanticos e pragmaticos [Reis 2020]. Dado o elevado
nimero de provérbios conhecidos, na ordem das dezenas de milhar, pode ser util restrin-
gir o Ambito da investigacdo ao Minimo Paremiolégico (MP) de uma lingua, ou seja, o
conjunto dos provérbios mais usuais de uma dada lingua, conhecidos e empregues pela
maioria dos falantes de uma dada comunidade linguistica.

Até a data, os provérbios tém estado fora do ambito dos objetos linguisticos pro-
cessados pela STRING [Mamede et al. 2012], uma cadeia de Processamento de Lingua-
gem Natural, construida especificamente para processar textos em portugués. Este artigo
apresenta a integracdo na STRING do conjunto de expressdes que formam o Minimo
Paremiolégico do Portugués Europeu [Reis and Baptista 2020], e estd organizado do se-
guinte modo: na sec¢@o seguinte, apresentamos o minimo paremiolégico e a forma como
foi constituido; depois, descrevemos o método de representagdo dos provérbios do MP e
suas variantes para a sua integracdo na STRING; de seguida, descrevemos os 3 corpora
utilizados neste estudo e a distribui¢do dos provérbios do MP nesses textos, procurando
determinar fatores que expliquem as assimetrias encontradas; o artigo conclui-se com
breves notas sobre perspetivas futuras.

2. Minimo paremiolégico

O Minimo Paremiolégico do Portugués Europeu (MP) [Reis and Baptista 2020] foi deter-
minado, reunindo primeiro varias listas de provérbios a partir de diciondrios/coletaneas
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de referéncia [Moreira 1996, Costa 1999, Parente 2005, Machado 2011] e depois esti-
mando a sua disponibilidade lexical com base na sua ocorréncia em variadas fontes
[Reis and Baptista 2016a]. Em primeiro lugar, com base numa listagem de +114 mil
provérbios foi produzida, de forma independente, uma classificacio manual por dois
anotadores humanos, que identificaram os provérbios que consideravam serem ‘“usuais”,
sendo depois comparadas as respetivas anotagdes. Os resultados obtidos permitiram atri-
buir um nivel provisério de disponibilidade lexical aos provérbios, utilizando uma escala
de 3 niveis (0, 1 e 2, em que ‘0’ corresponde a expressdes pouco usuais, raramente dis-
poniveis; ‘1°, moderadamente disponiveis; e ‘2’ para as expressdes muito usuais, alta-
mente disponiveis). De seguida, a partir de uma selecao aleatdria de provérbios de cada
um dos niveis assim determinados, foi aplicado um questiondrio on-line, a que respon-
deram 735 informantes, o qual veio confirmar, em grande medida, a sele¢cdo dos ano-
tadores. Por outro lado, foi determinada a frequéncia dessa mesma lista de provérbios
obtida a partir da web, no dominio de topo . pt e utilizando dois motores de busca (Bing
e Google). Os resultados de ambos os motores de busca foram muito semelhantes (Pe-
arson: 0.96), e mostram uma correlagio relativamente alta (Pearson: aprox. 0.70) com a
classificacdo manual dos anotadores. A mesma experiéncia foi realizada no corpus CE-
TEMPiiblico [Santos and Rocha 2001] e os resultados obtidos correlacionaram-se bem
com a classificagdo manual dos anotadores, ja que ndo hé provérbios de nivel O (raros ou
pouco usuais) e que foram encontrados mais casos de provérbios de nivel 2 (muito usu-
ais) do que de nivel 1 (usuais). Uma vez que os provérbios sao frequentemente utilizados
num contexto educacional para a aprendizagem de lingua (e cultura), foi reproduzida a
experiéncia tanto em manuais didaticos de portugués L1 [Reis and Baptista 2016¢c] como
em manuais de portugués L2 [Reis and Baptista 2017]. Os resultados destas experiéncias
tornaram possivel o estabelecimento do Minimo Paremiolégico do Portugués Europeu,
que contém 318 UPs, ou seja os provérbios mais usuais e representando mais de 14.500
expressdes proverbiais (variantes) [Reis and Baptista 2020]. Por outras palavras, cada
provérbio estd associado ao conjunto das suas variantes, ja recolhidas em diciondrios e
coletaneas especializadas e, em alguns casos, variantes encontradas em outras fontes, in-
cluindo a Internet.

3. Expressoes regulares e integracao do MP na STRING

Descrevemos agora a metodologia de integracdo do léxico do Minimo Paremiolégico no
sistema de processamento computacional do portugués STRING [Mamede et al. 2012],
com vista a identificacdo destes provérbios nos textos em que ocorram. Para tal,
determinaram-se primeiro os requisitos de informacdo necessarios para encontrar a
solugdo Otima com vista a integracdo deste tipo de objetos na arquitetura geral da
STRING. Um dos requisitos fundamentais € poder representar os provérbios contando
com a andlise morfossintitica dos itens lexicais, no minimo, a informagdo quanto ao
lema das formas e a respetiva categoria morfossintdtica. Outro requisito prende-se com
a possibilidade de insercdo de separadores no meio das expressdes, ji4 que a pontuagdo
de muitas expressdes proverbiais € bastante “criativa”. Assumiu-se, além disso, que,
a semelhanca de uma palavra composta, os provérbios funcionam como uma “ilha”
no corpo do texto, ndo sendo relevante (pelo menos numa andlise inicial) atribuir-lhes
uma andlise sintdtica, proceder a extracdo de papéis semanticos [Talhadas et al. 2013],
ou mesmo fazer a resolucio de relacdes anaféricas [Mitkov 2002, Marques 2013]. Fi-
nalmente, ainda que nesta fase apenas se tenha representado os provérbios do Minimo
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Paremiolégico, constituido pelas 318 unidades paremioldgicas mais usuais e frequentes,
pretende-se que o método permita, progressiva e cumulativamente, representar uma mais
lata extensao do rico patriménio linguistico e cultural que constitui o 1éxico dos provérbios
(dezenas de milhar de unidades paremiolégicas).

Assim, considerando a arquitetura da STRING, decidiu-se delimitar e anotar o
provérbio numa fase bastante inicial do processamento, tratando-o como uma unidade
textual, mas s6 depois da fase de andlise e desambiguacdo morfossintatica, para poder
recorrer a essa informacdo. Isso corresponde a utilizar o0 mecanismo que, no analisa-
dor sintatico da STRING, se chama de gramadticas locais (GramLoc). Estas consistem
em, numa fase preliminar de andlise sintdtica (ing. parsing), construir um né noun
na estrutura da frase, com base no emparelhamento de uma dada expressdo com um
padrdo descrito por uma expressdo regular (RegExp), associando-lhe depois as propri-
edades linguisticas relevantes. No sistema, as expressodes regulares das gramadticas locais
obedecem a uma sintaxe prépria, cujo formalismo € razoavelmente complexo, pelo que a
sua construgdo manual, diretamente a partir das formas a descrever, estd muito sujeita a
introdugdo de erros. Por essa razdo, a integracao dos provérbios na STRING foi feita em
duas etapas: num primeiro momento, as variantes dos provérbios sio representadas por
meio de expressdes regulares relativamente transparentes, cuja construgao € mais simples
e mais adequada para um linguista, preocupado sobretudo em descrever os padroes com-
binatdrios dos provérbios, do que o formalismo usado pelo sistema nas suas gramaticas
locais; e num segundo momento, um programa especialmente construido para o efeito
converte essas expressoes regulares no formalismo mais complexo das gramadticas locais
usado pela STRING.

Dada a natureza da variagdo formal observada neste tipo de expressdes, adotou-
se uma representacdo por expressdes regulares que permitisse descrever a estrutura e
variacdo destas formas tendo em conta: (i) possibilidade de indicag¢do dos items lexi-
cais tanto pela forma como pelo <lema>, e.g. gato ou <gato>, eventualmente acom-
panhada da categoria morfossintdtica, e.g. <ser, V>; (ii) possibilidade de representar
qualquer sequéncia de separadores (‘#) ou de palavras (‘@"); (iii) operadores mais usu-
ais de expressdes regulares como a disjun¢do ‘|’ ou a sequéncia vazia ‘$’. Assim, por
exemplo, considerando o provérbio Velhos sdo os trapos (MP-315), em que se observa a
possibilidade de comutar trapos com farrapos, o linguista constréi a RegExp:

velhos <ser,V> os (trapos]|farrapos).

que € depois convertida automaticamente no formalismo da GramLoc:

1> noun[proverb=+]

@= ?[surface:velhos];?[surface:Velhos],
verb[lemma:ser], ?[surface:os],
?[surface:trapos]; ?[surface:farrapos].

Esta GramLoc constréi um né noun, com a propriedade proverb=+, juntando a
sequéncia de palavras formadas pelas formas velhos, uma forma flexionada associada
ao lema do verbo ser, o artigo os e as formas em alternativa (;) trapos ou farrapos;
note-se que a primeira forma tem de ser representada como duas alternativas, para dar
conta do emprego de maitiscula inicial (uma alternativa seria usar o lema <velho>).
Num segundo momento, ao nivel da andlise sintdtica do texto, uma regra geral extrai a
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dependéncia unaria PROVERB, que identifica o provérbio:
| noun#l[proverb] | PROVERB (#1).

O sistema identifica, assim, este provérbio nos textos em que ocorra, produzindo como
saida a dependéncia correspondente (exemplo retirado do corpus Desportivo, v. adiante;
na dependéncia os elementos do provérbio sdo, para j4, identificados pelo respetivo lema):

[DSP] Cumpriu o seu 300° jogo para o campeonato e continuou a provar
que velhos sdo os trapos.
PROVERB (velho ser o trapo)

Para cada unidade paremiolégica do MP foram construidas manualmente mais de 1.100
RegExp, dando conta de fenémenos tao variados como permutas, reducdo de elementos,
variacdo lexical e insercdo de sinais de pontuacdo. Em paralelo, foram produzidos se-
miautomaticamente mais de 14.500 exemplos ilustrativos das variantes representadas por
essas RegExp, que funcionam como material de validacdo das GramLoc que sdo cons-
truidas a partir daquelas.

4. Distribuicao dos provérbios do MP em corpora

O estudo da distribui¢do dos provérbios do Minimo Paremioldgico do Portugués Europeu
(MP) em corpora visa ndo s6 avaliar o desempenho da STRING em textos de natureza
e topicos variados, como também procurar padrdes que revelem diferencas no uso destas
expressdes em contextos diferentes. Para aferir a distribuicdo em corpora dos provérbios
usuais do MP, foram utilizados 3 corpora j existentes e processados pela STRING: o CE-
TEMPiiblico (CTP) [Santos and Rocha 2001], o Desportivo (DSP) e o Parlamento (PRL)
[Trindade 2020]. O corpus CETEMPublico, de cariz jornalistico, é um corpus, disponivel
publicamente, que contém 175.350.145 palavras (apds processamento na STRING) e é
distribuido pela Linguateca'. O corpus Parlamento resulta da compilacio das atas de
sessoes da Assembleia da Reptiblica, de 1976 a 2018, apresentando 123.633.859 pala-
vras. Finalmente, o corpus Desportivo, com 100.161.374 palavras, é um corpus de texto
jornalistico, de temdtica desportiva (sobretudo futebol), composto por textos dos jornais
0 Jogo (1999-2005) e A Bola (2000-2006).

Através da aplicagdo das gramaticas locais da STRING aos 3 corpora, foram iden-
tificadas 7.334 ocorréncias de provérbios, das quais, 45,1% encontram-se no Desportivo,
30,4% no CETEMPublico e 24,5% no Parlamento. Por razdes de espago, apenas alguns
resultados serdo reportados neste artigo?.

A grande maioria das expressdes encontradas nos corpora correspondem efeti-
vamente a instincias dos provérbios do MP, sendo a precis@o alcangada bastante ele-
vada (99,86%). A avaliacdo da abrangéncia, pelo menos para j4, s6 faria sentido para os
provérbios do MP, ja formalizados, e respetivas variantes. Um pequeno nimero de casos
(#10) sdo, porém, falsos-positivos e correspondem as seguintes situacdes: (i) insergdes,
como sucede na RegExp: ($|a) paciéncia @ <ter,V> limites. que descreve o

Twww . linguateca.pt/cetempublico

2A lista integral das UP, com a distribuicio dos provérbios por cada corpus, bem
como outras informagdes quanto as respetivas variantes, encontra-se disponivel on-line:
https://www.researchgate.net/publication/354997837; DOI: 10.13140/RG.2.2.14732.44164.
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provérbio MP_024 A paciéncia tem limites, pelo que o sistema emparelha esta expressdo com a
frase seguinte:

[CTP] [...] José Afonso mostra que a festa de_os sons ndo tem limites .
(i) expressdes ambiguas como, por exemplo:

[CTP] S6 que o problema ndo é querer , € poder.

[CTP] Deve situar se acima de os partidos politicos , sem querer ser contrapoder nem em
relacdo a o Governo , nem em relacdo a a Assembleia da Repiiblica

[CTP] E, sugere, o ‘ salve se quem puder ’ podera ndo ser assim tdo mau .

[DSP] E a deslocagdo a o American Airlines Arena ndo serd o melhor jogo para quem procura
encontrar definitivamente o caminho de as vitorias .

No primeiro exemplo, estamos perante sequéncias de palavras de duas orag¢des distintas, separa-
das por virgula, que emparelharam com a RegExp do provérbio MP_290 Querer é poder, pois
nela admitia-se a inser¢do de pontuagdo (‘#’): querer# <ser,V> <poder,V>. No se-
gundo exemplo, mais curioso, o nome contrapoder, cujo lema na STRING € poder, também foi
capturado pela expressao regular. No exemplo seguinte, a expressdo Salve-se quem puder esta in-
tegrada como discurso reportado (entre aspas) e como sujeito de poderd, pelo que emparelha com
a RegExp: quem <poder,V># <poder,V>. do provérbio MP_271 Quem pode, pode. No
segundo caso, estamos perante uma construcdo de verbo auxiliar modal procurar + infinitivo que
se confunde com esta variante do provérbio MP_272 Quem procura acha.

Em termos de diversidade de UP distintas presentes em cada corpus, observa-se va-
lores semelhantes: o CTP apresenta ocorréncias de 241 UP diferentes, o DSP 230 e o PRL
apenas 200. Considerando como densidade (Dens) o n.° de palavras de cada corpus a dividir
pelo n° de provérbios nele encontrados, verifica-se que Dens(CTP)=78.562, Dens(DSP)=30.279
e Dens(PRL)=68.915, ou seja, o corpus CTP apresenta uma maior densidade destas expressoes
(2,6 vezes relativamente ao DSP e 1,1 vezes mais em relagdo ao PRL). A densidade média dos
provérbios do MP no conjunto dos 3 corpora é de 1 provérbio por cada 54.424 palavras. Quando
comparamos as séries de valores de frequéncia das unidades paremioldgicas encontradas em cada
corpus, verifica-se uma correlacdo média-alta entre os dados obtidos nos corpora CTP e DSP
(Pearson=0,691) e entre o CTP e o PRL (Pearson=0,671) mas uma correlacio média-baixa entre
o DSP e o PRL (Pearson=0,379). Neste sentido, a distribuicdo dos provérbios nos corpora DSP
e PRL ¢ mais dissemelhante do que a que se verifica quando cada corpus € comparado com o o
CTP. Finalmente, verifica-se que metade (159; 50%) dos provérbios do MP ocorrem nos 3 cor-
pora; cerca de um quarto (77; 24%) ocorre apenas em 2 dos corpora (a maioria no CTP e no
DSP: 48; 15%); 40 provérbios (13%) ocorrem apenas num dos corpora, distribuindo-se de forma
equilibrada; e apenas 42 ndo ocorreram em nenhum dos 3 corpora. A Fig. 1 apresenta (por ordem
de ID) a distribuic@io dos 10 provérbios mais frequentes do MP pelos 3 corpora e que represen-
tam 25% do total de provérbios encontrados. Ora, apesar de, neste conjunto dos provérbios mais
frequentes, a maioria (50%) das ocorréncias se encontrar no DSP, verifica-se claras assimetrias da
distribuicao de cada provérbio.

Estes provérbios parecem também ser mais neutros do ponto de vista dos tépicos a que
se podem aplicar e respetivos contextos de uso em que podem ocorrer (exceto, talvez, o MP_185
O segredo é a alma do negocio). Veja-se, por exemplo, alguns dos contextos em que ocorre 0
provérbio MP_133 Mais vale tarde do que nunca, que é, quanto ao total de ocorréncias, o mais
frequente nestes 3 corpora:

[CTP] Depois de um complexo processo burocrdtico , a inauguragcdo de uma embarcagdo para
o transporte de 22 passageiros em o passado més de Agosto acabaria por ser saudada com um
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Quem ndo deve nio teme
ID_261 S8 55 124

0 segredo & a alma do negbeio
ID_185 55 100 31

O futuro a Deus pertence
D171 14 119 3

Nio ha duas sem rés
ID_147 62 216 12

Mais vale tarde do que nunca
Ip_133 7 8 204

Mais vale prevenir do que remediar
o_132 45 48
Errar é humano
ID_111 17 98 16

Do mal, o menos
I>_os7 52 115 32

A paciéncia temn limites
I_024 7 b vi}

A esperanga € sempre a Gltima a morrer
Io_oo7 249, 138 g

Figura 1. Distribuicao dos 10 provérbios mais frequentes do MP pelos 3 corpora.

“mais vale tarde do que nunca”.

[DSP] Antes tarde que nunca : em a segunda parte , Scolari colocou em campo os dois Juninhos
( Pernambucano e Paulista ) e com isso ganhou maior eficdcia em o meio-campo .

[PRL] S Presidente, Sr. Primeiro-Ministro, em primeiro lugar , relativamente a as duas medidas
que anunciou , era importante lembrar que “mais vale tarde do que nunca” .

A aparente neutralidade temdtica deste provérbio deveria permitir que o mesmo ocorresse em dife-
rentes situagdes comunicativas. Contudo, relativamente a sua distribui¢ao nos 3 corpora, verifica-
se que este provérbio ocorre praticamente o mesmo nimero de vezes no CETEMPublico e no Des-
portivo (79 e 78 vezes), mas aparece 204 vezes no Parlamento. Considerando frequéncia média
(Frgmed), como o n.° ocorréncias do provérbio dividido pelo n.° total de ocorréncias de todos os
provérbios num dado corpus, temos para este provérbio: Frqmed(CPT)=3,53%, (DSP)=2,35% e
(PRL)=11,37%, ou seja, o provérbio é 3 a 5 vezes mais frequente no PRL do que nos outros dois
corpora, no CTP e no DSP, respetivamente. Como explicar esta assimetria? Veja-se, também,
0 que se passa com os provérbios com maior assimetria neste conjunto: MP_171 O futuro a
Deus pertence, em que 119 (88%) das ocorréncias se encontram no corpus DSP, e MP_007 A
esperanga é sempre a tiltima a morrer com 170 (81%) instancias no mesmo corpus DSP. Ambos
os provérbios t€m uma frequéncia baixa no corpus CTP (14 e 23 ocorréncias) e praticamente resi-
dual no PRL (3 e 9 ocorréncias), respetivamente. Dificilmente € possivel detetar alguma razdo no
contetido e nos contextos de uso destes provérbios que justifique esta distribuicdo.

Dos 318 provérbios do MP, hd 42 (13,2%) que ndo aparecem em nenhum dos 3 corpora.
Trata-se, nalguns casos, de provérbios tematicamente bastante mais marcados do que os da lista
acima, o que poderd explicar a sua auséncia neste tipo de textos: um ideal de mulher: MP_020 A
mulher e a sardinha querem-se da mais pequenina; a alimentacdo: MP_016 A laranja, de manhd
¢é ouro, a tarde é prata e a noite mata; os filhos: MP_114 Filhos criados, trabalhos dobrados;
etc. Noutros casos, sdo provérbios que ditam uma filosofia de vida, de ordem geral, e.g. MP_065
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Cada qual com o seu igual; MP_159 No meio é que estd a virtude; MP_204 Os opostos atraem-
se; MP_247 Quem espera sempre alcanga; MP_275 Quem sai aos seus ndo degenera; MP_316
Vivendo e aprendendo, sendo mais dificil explicar por que razao ndo ocorreram numa quantidade
tdo aprecidvel de textos. A maioria (237, 74%) dos provérbios do MP aparece com uma frequéncia
inferior a 50 ocorréncias. Alguns destes sdo também tematicamente bastante marcados, como, por
exemplo, MP_011 A fome é o melhor tempero, MP_035 Abril, dguas mil, ou MP_117 Gordura
é formosura. Outros, nem por isso: MP_032 A vida sdo dois dias, MP_042 Amigo ndo empata
amigo, MP_088 Deitar cedo e cedo erguer, dd saiide e faz crescer. Destes, 24 provérbios ocorrem
apenas uma vez: MP_148 Ndo hd regra sem excecdo, MP_175 O primeiro milho é dos pardais,
MP_177 O que arde cura.

5. Conclusao

Neste artigo, apresentdmos sucintamente os desafios que pela sua natureza, variagdo formal e
modo de funcionamento nos textos, os provérbios levantam ao seu processamento computacional.
De seguida, delineimos a metodologia seguida na constitui¢do do Minimo Paremiolégico do Por-
tugués Europeu (MP), constituido pelos 318 provérbios mais usuais, de acordo com critérios de
frequéncia em corpora de natureza variada e de disponibilidade lexical. Os provérbios estdo or-
ganizados em Unidades Paremioldgicas (UP), que agregam a um mesmo provérbio o conjunto de
variantes que este permite, recolhidas de diversas fontes. Em seguida, descrevemos o modo como
este léxico de provérbios e suas variantes foram formalizados em gramdticas locais para integrar a
STRING, de modo a permitir a sua identificagdo em textos. Finalmente, usando os resultados do
processamento, descrevemos a distribuicdo dos provérbios em 3 corpora de natureza distinta e de
grande dimensdo.

A aplicacdo das gramadticas locais aos 3 corpora permitiu a identificacdo com elevada pre-
cisdo (99,8%) de mais de 7.300 expressdes proverbiais, nas suas miltiplas variantes. O método
apresentado €, pois, vdlido e pode ser aplicado a textos de diversa natureza. Confirma-se, talvez
dada a natureza destes corpora, a baixa frequéncia dos provérbios em textos escritos. Os poucos
casos de falsos-positivos encontrados (#10) resultam sobretudo ou de inser¢des de elementos lexi-
cais, ou de sinais de pontuacdo espurios, ou ainda de problemas gerais de ambiguidade. O estudo
da distribui¢c@o dos provérbios pelos trés corpora revela a diversidade de situagdes e contextos de
usos, dada a diversidade de unidades paremioldgicas encontradas em cada corpus. Contudo, nido
é possivel discernir padrdes consistentes que expliquem, dada a natureza dos textos, as assime-
trias encontradas na distribuicdo de cada unidade paremioldgica pelos 3 corpora utilizados, seja
quanto a sua frequéncia média, seja quanto as tematicas a que se aplicam. Este resultado €, em
parte, esperavel, ja que, tratando-se dos provérbios mais usuais, seria esperavel que apresentassem
uma distribuicdo mais lata. Este artigo permitiu, assim, a constru¢cdo de um conjunto de textos
com provérbios usuais anotados, que ficara disponivel para a comunidade cientifica. No futuro, a
exploragdo de outro tipo de fontes textuais, ainda que suscite certas cautelas metodoldgicas na sua
validagdo, deverd permitir encontrar outros contextos e novas variantes, validando eventualmente
a intui¢do de que se trata de um tipo de unidade linguistica mais ligada a um registo informal
e a contextos predominantemente orais. Outra dimensdo a explorar é a dindmica temporal dos
provérbios, sobretudo quando € possivel relacionar estes com os tépicos (ou mesmo os aconteci-
mentos) que motivaram o seu emprego, como sucede nos corpora do Desportivo e do Parlamento.
Finalmente, pretende-se integrar a informag@o sobre os provérbios nos corpora ja processados,
permitindo a pesquisa on-line no demonstrador da STRING [Trindade 2020]3.
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para a Ciéncia e a Tecnologia (UIDB/50021/2020).

Shttp://string.hlt.inesc-id.pt
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Abstract. The annotation of informal texts within the Universal Dependencies
framework requires two segmentation processes: definition of the relevant
unity for syntactic analysis and identification of syntactic words. In this paper,
we present the linguistic idiosyncrasies of DANTEStocks, a corpus of tweets
from the financial market, written in Portuguese, and the general guidelines
for their automatic segmentation. As such, this work contributes to a better
understanding of linguistic aspects of tweets and the development of resources
and tools for automatic processing of this subgenre of user-generated content.

Resumo. A anotagdo de textos informais segundo a Universal Dependencies
requer dois processos de segmentagdo: delimita¢do da unidade relevante para
a andlise sintatica e identificagdo das palavras sintaticas. Neste artigo,
apresentam-se as idiossincrasias linguisticas do corpus DANTEStocks,
composto por tweets do mercado financeiro, escritos em Portugués, e as
estratégias gerais de segmentagdo automdtica. Assim, contribui-se para a
descri¢do de aspectos linguisticos dos tweets e para o desenvolvimento de
recursos e ferramentas de processamento automdtico desse subgénero de
“user-generated content”.

1. Introduciao

Diante da imensa relevancia adquirida na tultima década, as redes sociais (como
Facebook, WhatsApp, Twitter, etc.) sdo fontes de conteudo (em inglés, user-generated
content - UGC) inestimaveis para consumidores, politicos e governos no geral. Com
isso, o desenvolvimento de ferramentas e aplica¢des linguistico-computacionais (como
as de analise de sentimento e minera¢do de opinido) tem se tornado topico central do
Processamento Automatico das Linguas Naturais (PLN) [Sanguinetti et al., 2020a].
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Nesse cenario, ja ha varios taggers (etiquetadores morfossintaticos) [p.ex.:
Owoputi et al., 2013; Lynn et al., 2015; Bosco et al., 2016; Proisl, 2018] e parsers
(analisadores sintaticos) [p.ex.: Foster, 2010; Petrov, Mcdonald, 2012; Kong et al., 2014
e Liu et al., 2018] relativamente precisos para o processamento de UGCs, sobretudo em
inglés. E esse ferramental sé foi desenvolvido gracas aos corpora anotados (treebanks)
e aos algoritmos de aprendizado de maquina. Grande parte dos treebanks de UGC
construidos nos ultimos anos sdo compostos exclusivamente por tweets. O destaque dos
corpora de tweets (os tweebanks) se deve pela facilidade de obtengdo dos dados,
politica do Twitter sobre o uso dos dados para fins académicos e relevancia para
aplicagdes de PLN. O tamanho desses recursos varia de 500 a aproximadamente 6,700
mensagens [Sanguinetti et al., 2020a].

Os tweebanks mais recentes possuem anotagdo segundo a Universal
Dependencies (UD) [Nivre, 2015; Nivre et al., 2020], um modelo gramatical que
fornece principalmente um conjunto de etiquetas morfossintaticas universais e de
relagdes de dependéncias sintaticas para anotacdo de corpus, o que possibilita estudos
“cross-linguisticos” e reuso de metodologias.

A anotacdo UD de UGC, como os tweets, requer inicialmente que a unidade
relevante para a analise sintatica seja definida. Isso significa decidir se essa unidade sera
delimitada com base na nog¢ao de sentenca (como nos textos formais) ou outro critério.
Ademais, por se basear em uma visdo lexicalista da sintaxe, a anotagdo UD necessita
que as palavras sintaticas' sejam identificadas (tokenizadas)’. Para tanto, ¢ preciso
descrever as caracteristicas linguisticas (estruturais, ortograficas e lexicais) do tweets
que compdem o corpus que sera anotado [Liu et al., 2018; Sanguinetti et al., 2020a,b].
Por exemplo, uma caracteristica geral dos tweets € a ocorréncia de autocensuras (“m*”’
- “merda”). Para o reconhecimento das autocensuras como palavras, € preciso prever
que o asterisco ndo seja segmentado, mas reconhecido como parte constitutiva do foken.

Neste artigo, descrevem-se as caracteristicas linguisticas do corpus construido
por Silva et al. (2020) e as decorrentes estratégias automaticas de segmentacédo (isto &,
delimitacdo da unidade de analise sintatica e tokenizacdo) para anotagdo UD.
Denominado DANTEStocks, o corpus é composto por tweets em portugués sobre agdes
do indice Ibovespa e possui anotagdo de emogdes. O DANTEStocks serda o primeiro
corpus de UGC em portugués com anotagdo UD. Acredita-se que a anotagao UD podera
potencializar o emprego do corpus nas investigacdes sobre andlise de sentimentos e
ampliar a sua utilidade em outros tipos de pesquisas linguistico-computacionais. Dessa
forma, esse trabalho contribui para os estudos descritivos sobre as caracteristicas
linguisticas dos tweets e para o desenvolvimento de recursos, ferramentas e aplicacdes
de processamento automatico desse tipo particular de UGC.

Nas Secdes 2, descreve-se brevemente o modelo UD. Na Secdo 3, apresentam-se
o corpus DANTEStocks, as caracteristicas estruturais de seus tweets e a decorrente
delimitagdo da unidade de andlise sintatica. Na Sec¢do 4, sistematizam-se os dispositivos
linguisticos (lexicais e ortograficos) que caracterizam o corpus e discute-se a
tokenizacdo de alguns deles. Na Sec@o 5, apresentam-se as consideracdes finais sobre o
trabalho, destacando suas contribuigdes e estudos futuros.

! Palavra sintatica (em inglés, syntactic word) é a unidade minima a que corresponde uma funco sintatica
(https://universaldependencies.org/u/overview/tokenization.html).
2 Na anotagdo UD, palavras sintaticas (ou itens lexicais) sdo sindnimos de tokens.
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2. O Modelo Universal Dependencies

O modelo UD prevé anotagdo no nivel sentencial e diretrizes para tokenizagdo e
anotagdo morfossintatica e sintatica®. Sobre a tokenizagdo, a UD, a partir de uma visio
lexicalista da sintaxe, define que uma relacdo de dependéncia (deprel) ocorre entre
palavras de uma sentenga e as caracteristicas morfolégicas sdo representadas por
propriedades (ou features). Assim, as unidades basicas de anotagcdo sdo palavras
sintaticas. Com isso, os cliticos precisam ser separados de seus hospedeiros (“prepare-
se” > “prepare” “se”) e tratados como palavras independentes, assim como as
contracOes precisam ser decompostas (“das” > “de” “as”). Excepcionalmente, o
modelo permite a combinagdo de tokens ortograficos em uma Unica palavra, como é o
caso das abreviagdes (p.ex.: “e.g.”). Quanto a anotacdo linguistica, a UD prevé 2 niveis.
No nivel morfoldgico, especificam-se 3 tipos de informacdo: lema, etiqueta
morfossintatica e tracos lexicais/gramaticais (das palavras). No nivel sintatico, parte-se
da premissa de que as deprels sdo relagdes binarias e assimétricas [Nivre, 2015; Nivre et
al., 2020; Marnefee et al., 2021] e que a representagdo basica de uma estrutura de
dependéncias € arborea, na qual uma palavra é o root (raiz) da sentenca.

Na Figura 1, ilustra-se a anotacdo UD de uma sentenga de um corpus jornalistico
em portugués. Em caixa alta, estdo codificadas as etiquetas morfossintaticas, como DET
para “esse”, NOUN para “carro” e VERB para “achado”. A versio 2.0* da UD dispde
de 17 etiquetas, juntamente com critérios para o emprego de cada uma delas. Logo
acima das etiquetas, estdo as formas canénicas, por exemplo: “esse”, “carro” ¢ “achar”
s80 respectivamente os lemas de “esse”, “carro” e “achado”. As deprels estdo indicadas
por setas rotuladas que se originam no head (cabega) e se destinam ao dependente. Na
Figura 1, “carro”, por exemplo, é dependente de “achado” (cabeca) e estes estdo
conectados pela deprel nsubj:pass (sujeito nominal da passiva). O verbo “achado” é a
raiz da sentenca-exemplo. A UD (2.0) fornece 37 relagdes, juntamente com critérios
para 0 emprego de cada uma delas. A UD também fornece uma lista bastante extensa de
tracos que codificam propriedades lexicais e gramaticais das palavras. Embora ausentes
na Figura 1, “carro”, no caso, possui 0s tragos-valores: Gender=Masc e Number=Sing®.

{punct}

Esse carro foi achado em

inicio de a tarde em Engenheiro Marsilac
esse carro ser achar em o inicio de o tarde em Engenheiro Marsilac .
DET NOUN AUX VERB ADP DET NOUN ADP DET NOUN ADP PROPN PROPN PUNCT

Figura 1. Exemplo de anotagao sintatica segundo a UD [Rademaker et al., 2017].

A seguir, apresenta-se 0 DANTEStockes para, na proxima sec¢do, descrever as
suas particularidades lexicais, ortograficas e estruturais.

3 Para o portugués do Brasil, Duran (2021) construiu um manual com diretrizes de tokenizagdo e de
anotacdo morfossintatica segundo a UD (especificamente para textos formais, como os jornalisticos).

4 https://universaldependencies.org/guidelines.html

5 Essa informagao foi recuperada do corpus UD-Portuguese-Bosque por meio da plataforma online Grew-
match (http://match.grew.fr/?corpus=UD_Portuguese-Bosque@2.8).
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3. DANTEStocks - Estrutura dos Tweets e Definicao da Unidade de Analise

O DANTEStocks® é um corpus de material textual compilado do Twitter, que parece
uma mescla de rede social e microblog’ [Freitas, Barth, 2015], e cujas principais
caracteristicas sdo a dinamicidade das interagdes (sejam comentarios ou republicagdes)
e a brevidade das mensagens (restrigdo de 140 caracteres). Considerado um género, 0
tweet parece ser constituido por resquicios de outros géneros (como noticia,
propaganda, bilhete, diario intimo, etc.), que foram modificados para atender as
necessidades de comunicagdo da rede [Marcuschi, 2008, Freitas, Barth, 2015]. Aliés,
esses diferentes géneros que se entrelacam nos tweets evidenciam a influéncia da
oralidade nessa escrita online. O DANTEStocks engloba especificamente 4.517 tweets
contendo mencdo a alguma das acBes do indice Ibovespa®. As postagens foram
coletadas automaticamente em 2014 com base nos tickers (cddigos) (isto é, cadeias de 4
letras € 1 nimero que fazem alusdo ao nome da empresa e ao tipo de acdo, como
“PETRA4”) das a¢des do indice. O corpus, originalmente construido para pesquisas sobre
andlise de sentimentos, ja possui anotacdo de emogdes [cf. Silva et al., 2020].

Quanto a composi¢ao estrutural, os tweets do corpus variam bastante. Ha tweets
formados por uma ou mais sentengas claramente delimitadas, como (1), (2) e (3). Mas
ha também ftweets que apresentam, frente as normas da lingua padrdo, auséncia de
pontuacdo (4) ou pontuacdo equivocada (5). Tweets relativamente fragmentados (6)
também compdem o corpus. Em (4), o tweet parece ser composto por duas sentencas
(“O #PT conseguiu fazer propaganda eleitoral antecipada” e “O que a @dilmabr tem a
dizer sobre isso”). Essa interpretacdo pode ser corroborada pela capitalizacdo do
segundo “o0” (negrito). Em (5), o exemplo é de uso inadequado da virgula,
provavelmente em substitui¢do ao ponto de exclamagdo. O tweet (6) exemplifica uma
postagem relativamente fragmentada, composta por uma hashtag seguida por um
sintagma nominal e um /ink. O tweet (3), em especial, apresenta alternancia de codigo
linguistico (em inglés, code-switching) (portugués-inglés) em nivel sentencial.

(1) Sera k petr4 ja entrou na baixa?

(2) PETR4 subiu na bolsa 13,50. Muito bem, surpreso com o resultado.

(3) #CSNA3: Esta em regido de suporte que vem resistindo. Who knows?

(4) O #PT conseguiu fazer propaganda eleitoral antecipada O que a @dilmabr tem a
dizer sobre isso?

(5) Bom dia Marcos, Alguma previsao para petr4?!

(6) #GGBR4 Suportes e resisténcias http://t.co/Azw6ylEVI9

Para a anotagdo sintatica de textos formais, a unidade de anotagdo é comumente
a sentenca, cuja segmentacdo automatica € tarefa relativamente simples, pois a
pontuacdo pode ser usada como critério [Reynar e Ratnaparkhi, 1997]. Buscando
estabelecer certa compatibilidade com os treebanks de textos formais, Sanguinetti et al.
(2020b) optam por segmentar (automaticamente) somente os tweets com sentengas bem
delimitadas (como (1), (2) e (3)), podendo utilizar indices para reconstruir, se
necessario, as mensagens segmentadas [Rehbein et al., 2019].

¢ Disponivel em: https://www.kaggle.com/fernandojvdasilva/stock-tweets-ptbr-emotions/data.

" Microblog é um tipo de blog no qual os usuarios fazem atualizaces breves de texto (até 200 caracteres),
sobretudo veiculando impressdes pessoais.

8 Principal indice da bolsa de valores oficial do Brasil, a B3 (de “Brasil, Bolsa, Balcdo”).
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Em outros trabalhos, o tweet é considerado unidade minima de anotagdo [Kong
et al., 2014; Liu et al., 2018; Sanguinetti et al., 2018]. Embora a nido-segmentacdo dos
tweets em unidades menores possa levar a um emprego excessivo da parataxis’
[Sanguinetti et al., 2020], que € a deprel usada para relacionar elementos justapostos que
ndo estejam coordenados, subordinados ou em outra relagdo argumento-predicado, essa
foi a op¢ao adotada para o DANTEStocks. Com isso, a anotagdo UD (morfossintatica,
por enquanto) do corpus esta sendo feita no nivel do rweet.

Essa opcdo se justifica por algumas razdes. Uma delas sdo os problemas de
pontuacdo, que dificultam a segmentacdo sentencial automatica. Embora haja outros
critérios para essa segmentacdo, como a deteccdo de estruturas verbo-argumento, estes
ndo foram considerados devido a complexidade de se processar automaticamente os
tweets. Assim, considerar o tweet como unidade inica economiza o esfor¢o necessario
para desenvolver, manter, adaptar ou realizar o pds-processamento em um segmentador
automatico. Além disso, considerar o tweet como unidade minima pode ser relevante
para pesquisas linguistico-computacionais a respeito desse tipo de UGC. Cignarella et
al. (2019), por exemplo, destacam que o estudo da correlagdo entre aspectos sintaticos
(via UD) e ironia s6 foi possivel diante dos tweets enquanto unidade. Outra razao
importante ¢ a interpretacdo (e consequente anotagdo sintatica) dos tweets, que, muitas
vezes, depende da mensagem completa. Isso fica evidente diante dos tweets que tém
certa fragmentag@o, como (6). Somente ¢ possivel interpretar que os niveis de “suporte”
e “resisténcia” (isto é, conceitos de analise grafica) de interesse sdo os relativos a
acao/ticker “GGBR4” com base na mensagem completa. A anotacdo intersentencial de
alternancia de codigo também pode ser considerada mais apropriada no nivel do tweet.

4. Os Fenomenos UGC do DANTEStocks e a sua Tokenizaciao

A partir de trabalhos como os de Lyddy et al. (2014), Liu et al. (2018) e Sanguinetti et
al., 2020a,b), as particularidades ortograficas e lexicais do corpus foram sistematizadas
em 7 dimensdes. As dimensdes e os fendmenos estdo exemplificados no Quadro 1.

1. Simplificacdo de codigo: engloba os fenomenos “ergograficos” (em inglés,
ergographic phenomena), que reduzem o esforgo de escrita de um unico token, como
remogdo/adi¢do de diacritico, auséncia de hifen, substituicdo de diacritico (pela letra
“h”), omissdo de letras (finais e mediais), erro ortografico/digitagio e fonetizagao.

2. Abreviacao: toda sequéncia de caracteres que representa de forma reduzida varias
palavras; a abreviacdo pode ser do tipo contracdo (de elementos gramaticais),
acrénimo ou inicialismo (do inglés, initialism) (isto é, abreviacbes compostas pelas
letras iniciais de palavras comuns (“Ip” = “longo prazo”) [Lyddy et al., 2014].

3. Expressao de sentimento: fenomenos que emulam o sentimento expresso pela
prosodia, expressdo facial ou gesto na interagdo via tweef, como alongamento
grafémico (sobretudo de vogais), repeticdo de pontuacdo, autocensura e emoticons.

4. Influéncia de lingua estrangeira: vocabulo formado com base em outra lingua;
“estopar”, por exemplo, baseia-se no verbo em inglés “stop” (“parar”) (isto &,
interromper venda ou compra de um ativo diante de dado preco).

5. Expressao de oralidade: toda palavra cuja grafia remonta a comunicagdo (fala)
informal, as quais sdo, por vezes, empregadas com fungdo humoristica.

9 https://universaldependencies.org/u/dep/parataxis.html
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6. Elemento metalinguistico: todo elemento que tipicamente ocorre no 7witter, COMO
hashtag, mencéao, marca de retweet, URL e truncamento lexical (quebra de palavra).

7. Fendmeno de dominio: todo fendmeno lexical/grafico que diferencia os tweets do
DANTEStocks dos demais tweets, a saber: tickers, cashtag, numerais com parte
decimal indeterminada, indices de (des)valorizacdo das agdes, substituicoes lexicais
(por simbolo), expressdes temporais alfanuméricas e valor monetario aglutinado.

Quadro 1. Exemplo dos fendmenos UGC no DANTEStocks.

Fendmeno

Exemplo

| Forma padrao/glosa®

Simplificacdo de codigo

Auséncia/adicdo de diacritico

proprio, milhao, Graca, féz

proprio, bilhdo, Graga, fez

Auséncia de hifen

sexta feira, caca niquel

sexta-feira, caca-niquel

Substituicdo de diacritico

eh, neh, tou

é, né, to

Omissao de letras

d, n, qdo, tx, ult, pg

de, ndo, quando, taxa, Ultimo, porque

Erro ortogréfico/digitacdo

comrpa, agradeveis

compra, agradaveis

Fonetizacdo k, kd, krk, kct que, cadé, caraca, cacete

Abreviacdo
Contracao 04, pq 0 que, por que, por favor
Acrdnimo/inicialismo BB, cf, Ip Banco do Brasil, conselho fiscal, longo prazo

Expresséo de sentimento

Alongamento de pontuacdo

Onde a #OIBR4 vai parar???

Onde a #0IBR4 vai parar?

Alongamento grafémico noosaaa, LINNDA nossa, linda
Autocensura p**a m* puta, merda
Emoticon 0.0 ) : surpresa, sorriso (feliz), indecisdo

Influéncia de lingua estrangeira

Formacao verbal

estopar

| ‘parar investimento’

Marca de oralidade

Coloquialismo

guvérno, béo, ae, péra, vamu

governo, bom, ai, espere, vamos

Expressdo cristalizada né, dai (dae) ‘ndo é’, ‘deai’
Exclamacdo onomatopeica hahaha, hehehe risos
Elementos metalinguisticos (do Twitter)

Hashtag #Petr4 ‘indexadores de tépicos ou assuntos’
Mencéo @garimpodeacoes ‘perfil/usuario’

Marca de retweet RT @Ary AntiPT ‘republicacdo de um tweet’

URL http://t.co/sROpyWPbIN ‘endereco da web’

Truncamento (lexical)

Acao sobe fo...

Acdo sobe fo(rte)

Fendmeno do dominio (Ibovespa)

Ticker Petr4 ‘codigo de uma acéo’
Cashtag SLREN3 ‘codigo de acéo precedido por $’
Indeterminacéo da parte decimal | De 18,xx a 21,00 ‘qualquer valor na parte decimal’

indice de (des)valorizacio

+2,09%, -11,42%

‘percentual de (des)valorizacdo de acdo’

Substituico lexical

... precisam de muito $

... precisam de muito dinheiro

Expressdo (temporal) hibrida

1T14

primeiro trimestre de 2014

Valor monetério aglutinado

R$20,00

R$ 20,00

10 As formas de superficie do corpus ndo foram substituidas pelas formas da linguagem padréo, as quais
estdo no Quadro 1 apenas como recurso didatico fornecido ao leitor para a compreensdo dos fendmenos.
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Partindo-se da decisdo de ndo normalizar os tweets do corpus com o objetivo de
desenvolver ferramentas e sistemas para o mundo real, foi necessario definir o estatuto
de palavra de alguns dos fendmenos sistematizados para a subsequente tokenizacéo.

Quanto aos fendmenos de simplificacdo de cddigo, ressalta-se que um composto
hifenizado (como “caga-niquel”) constitui, segundo a visdo lexicalista da UD, uma
unica palavra. Assim, mesmo que a auséncia do hifen, como em “caga niquel”, resulte
na identificagdo automatica de dois fokens (“caga” e “niquel”), a anotagdo UD precisa
evidenciar que se trata de um composto, isto ¢é, token inico. Uma alternativa pode ser a
utilizagdo da deprel compound, como é feito no corpus UD_English-EWT!! em inglés.

As contracdes sdo formas abreviadas de duas palavras funcionais com remocao
de espacos e letras. Nessa categoria, no entanto, ha diferentes fenémenos de reducéo, os
quais necessitam, por isso, de estratégias distintas de tokenizagdo. A forma superficial
“0q” (em “Oq faz?”), por ser constituida por dois pronomes (“0” “que”™) e ter a funcédo
Unica de pronome, corresponde a um token Gnico. Ja “pq”, ao reduzir duas palavras
(“por” “que”), de categorias morfossintaticas diferentes (preposicdo e pronome,
respectivamente), deve ser decomposta em dois tokens. Os outros tipos de abreviacéo,
ou seja, acrénimos (que reduzem nomes de entidades), como “BB” (“Banco do Brasil”),
e inicialismos (que abreviam expressdes compostas por palavras comuns), como “cf”
(“conselho fiscal”), sdo tokens tinicos, uma vez que desempenham fungdo sintatica
especifica, sendo possivel atribuir a forma reduzida a categoria morfossintatica do head.

Quanto as expressdes de sentimento, destaca-se que as autocensuras, como
“car*” (“caralho”), e os emoticons (“;-*” > “beijo”) correspondem a palavras sintaticas.
No entanto, o adequado reconhecimento destes como tal requer que os sinais de
pontuacdo e os caracteres especiais sejam reconhecidos como elementos constitutivos
do token. No DANTEStocks, os emoticons ocorrem ao final dos tweets, ndao havendo
uma ligacdo clara com a estrutura do tweet, a ndo ser “discursiva”.

As marcas de oralidade classificadas como “expressao cristalizada” — “né” e
“dai” (ou “dae”) — s@o etimologicamente contracdes de “ndo ¢” e “de ai”. Sendo
contragdes (ou seja, fokens compostos por mais de uma categoria gramatical), elas
seriam tokenizadas segundo a UD. No entanto, essas expressdes funcionam no corpus
como uma unidade, sendo o mais adequado, nesse caso, ndo realizar a decomposigao.
Atualmente, a categoria gramatical mais adequada a ser atribuida a elas estd sob estudo
(se advérbio ou interjei¢do). No nivel sintatico, no entanto, sabe-se que essas expressoes
desempenham fung¢do discursiva e a anotagdo via deprel precisara evidenciar isso.

Sobre os elementos metalinguisticos, os truncamentos lexicais ocorrem
principalmente no fim de um tweet devido ao limite de caracteres. Na literatura, eles sdo
tokenizados e, caso as formas completas possam ser recuperadas, os truncamentos sao
anotados em funcdo delas. No que diz respeito as hashtags (e também cashtags) e
mengdes, o reconhecimento dos simbolos “$” e “@” como parte constitutiva dos tokens
parece variar na literatura. No DANTEStocks, esses simbolos foram considerados como
tal, compondo um foken inico com a palavra ou expressdo que eles precedem.

Quanto aos fenomenos de dominio, os indices de (des)valorizacdo das agdes
compreendem 3 tokens (“+2,09%” > “+” “2,09” “%”). Especificamente, reconhecer
“+” como token (no caso, um simbolo) justifica-se pela possibilidade de substitui-lo por

1 https://github.com/UniversalDependencies/UD_English-EWT
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outra palavra (como “subiu”). Outra caracteristica de dominio sdo as formas reduzidas
de expressdes temporais, como “1T14” (“primeiro trimestre de 2014”). Estas, ao
funcionarem como unidade, sdo consideradas palavras Unicas e anotadas com a
categoria morfossintatica do head, como sugerido para os acronimos e inicialismos. No
DANTEStocks, as expressdes monetarias podem ocorrer aglutinadas (isto €, sem espago
entre o simbolo monetario e o numeral) (“R$20,00”). Estas, no entanto, sio compostas
por dois fokens (ja que “R$20,00” ¢ o mesmo que “vinte reais”) e, por isso, precisam ser
tokenizadas.

5. Consideracdes finais

A caracterizacdo linguistica ora apresentada revelou que os tweets do DANTEStocks
sd0 marcados por convengdes e limitagdes impostas pela plataforma, marcas de
informalidade e certos dispositivos linguisticos, alguns deles, alids, dependentes de
dominio. O estudo sobre a estrutura dos tweets e a descri¢do dos dispositivos lexicais e
graficos fundamentaram a segmentacdo do corpus para a anotagdo UD. A definicdo do
estatuto de foken dos fendomenos resultou em algumas regras contextuais utilizadas por
Silva et al. (2021) para adaptar o tokenizador simbélico de tweets do pacote NLTK'? ao
DANTEStocks. Para dar continuidade a este trabalho, pretende-se quantificar os
fendmenos no corpus, gerando estatisticas de frequéncia/relevancia.
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Abstract. This paper describes the instantiation of Universal Dependencies
(UD) guidelines for the annotation of numerals in Portuguese. We show the
importance of knowing the topic to be instantiated in the context of several
languages, since UD annotation aims to promote, as much as possible,
parallelism between languages. We then explore the description of numerals in
grammars, seeking subsidies to elaborate instructions for assignment of the
UD part of speech tag NUM. The results of combining the UD guidelines with
the characteristics of numerals in Portuguese are presented in detail, with
examples, along with arguments supporting each decision made.

Resumo. Este artigo descreve a instanciagdo das diretrizes do modelo
Universal Dependencies (UD) para a anotagdo de Numerais em portugués.
Mostramos a importancia de conhecer o topico a ser instanciado no contexto
de varias linguas, uma vez que a anota¢do UD tem por objetivo promover, o
mdaximo possivel, o paralelismo entre as linguas. Exploramos entdo a
descri¢do dos numerais nas gramaticas, buscando subsidios para elaborar
instrugoes para atribuir a etiqueta NUM da UD. Os resultados da combinagdo
das diretrizes da UD com as caracteristicas dos numerais em portugués sao
apresentados em detalhes, com exemplos, juntamente com os argumentos que
amparam cada decisdo tomada.

1. Introducio

Universal Dependencies (UD) é uma iniciativa multinacional de anotacdo sintatica de

corpus que tem por objetivo estabelecer um maior paralelismo entre as linguas. A ideia

subjacente € a de que, usando um mesmo esquema de anotacdo, facilita-se o estudo e a
construcdo de aplicagdes multilingues de processamento de linguas naturais. Por
“esquema de anotagdo”, entende-se tanto conjuntos comuns de etiquetas (morfoldgicas,
morfossintaticas e de relacdes de dependéncia sintatica) quanto diretrizes comuns para
atribuig@o dessas etiquetas. O projeto UD é uma abordagem lexicalista (as palavras sdo
as unidades minimas as quais se atribuem as etiquetas) e fundamentada em gramaticas
de dependéncias (Nivre et al., 2020). Atualmente o site da UD' disponibiliza cerca de
200 corpus anotados em mais de 100 linguas, o que demonstra a grande adogdo do

" https://universaldependencies.org/
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modelo. Das linguas do Brasil, no momento da escrita deste artigo, ha trés corpus de
portugués disponiveis (corpus PUD, GSD e Bosque-UD) e seis corpus de linguas
indigenas (apurina, guajajara, kaapor, makurap, mundukuru e tupinamba).

Um desafio que se apresenta para todas as linguas antes de fazer a anotagéo ¢
adaptar as diretrizes da UD para as especificidades da lingua. Essa fase de um projeto
de anotagdo de corpus é chamada por Hovy e Lavid (2010) de “instanciag@o da teoria”.
A UD recomenda que, uma vez que o trabalho de instanciacdo da teoria tenha sido
concluido, as diretrizes especificas da lingua sejam publicadas no proprio site da UD, de
forma que as demais iniciativas de anotacdo possam toma-las como base. Até onde ¢é de
nosso conhecimento, ainda ndo foram publicadas diretrizes especificas para atribuig¢do
das etiquetas da UD para o portugués. E muito desejavel que essa lacuna seja sanada
para que alcancemos anotagdes consistentes em UD, ndo apenas dentro de um mesmo
corpus, mas entre os corpus de portugu€s. Material teérico de suporte a anotagdo
especifico da lingua é um recurso essencial para que eventuais anotadores de corpus
tomem decisdes menos subjetivas (na medida do possivel) quando se deparam com
situagdes ndo previstas nas diretrizes gerais da UD.

Imbuidos do propoésito de prover os anotadores de UD em portugués com
diretrizes de anotacdo, decidimos divulga-las sob a forma de manuais de anotagio.
Nesses, cada uma das 17 PoS tags (Part-of-Speech tags ou etiquetas morfossintaticas) e
das 37 deprel (dependence relations ou etiquetas de relagcdes de dependéncia) da UD
serdo objeto de instrugdes detalhadas, ricamente ilustradas com exemplos. Neste artigo,
descrevemos parte do esfor¢o de elaborar esse material. Abordamos a questdo da
anotacdo morfossintatica dos numerais em portugués de acordo com as diretrizes da UD
e os estudos e argumentos que embasaram nossas decisoes.

O artigo esta organizado em 5 sec¢des, incluindo esta introdugdo. Na Segdo 2,
apresentamos reflexdes acerca dos numerais e sua expressao linguistica. Em seguida, na
Secdo 3, expomos as divergéncias que encontramos entre gramaticos no que concerne a
classificagdo dos numerais no portugués. Na Secdo 4, descrevemos as diretrizes que
produzimos para a anotagdo de numerais em portugués seguindo a abordagem da UD e,
por fim, na Secdo 5, tecemos nossas consideracdes finais.

2. Os numerais como parte integrante das linguas naturais

Os sistemas numéricos (ou sistemas de contagem) tém uma quantidade finita de
algarismos tinicos. Por exemplo, os algarismos arabicos constituem um conjunto com
10 integrantes (0, 1, 2, 3, 4, 5, 6, 7, 8, 9) ¢ os algarismos romanos constituem um
conjunto com 7 integrantes (as letras I, V, X, L, C, D e M). A partir desses algarismos
unicos, os sistemas de contagem utilizam estratégias de posicionamento, de soma, de
multiplicacdo e de subtracdo para expressar outras quantidades. Assim, um “1” na
segunda casa decimal representa uma dezena e, somado a um “3” na primeira casa,
resulta no numeral 13. Nos algarismos romanos, além de multiplicacdo ¢ adicdo,
utiliza-se também a operagdo de subtragdo, motivo pelo qual “quarenta” ¢ expresso por
XL (L menos X, ou seja, cinquenta menos dez).
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Na escrita, um token de numeral pode conter, além de varios algarismos, sinais
de pontuacio, como virgula, ponto e barra: 1,07; 127.234; 4/7. No entanto, quando um
numeral € expresso por extenso, nem sempre corresponde a um unico token: & & “oito™
(um token), mas 349 & “trezentos e quarentia e nove (cinco fokens). Ha tambeém casos
em que um nomero constrtuido de mais de um algarismo corresponde uma unica
palavra, como 15 (dois algarismos), que & expresso como ~quinze” (um tfoken). Em
suma, ha falta de simetria entre a quantidade de algarismos de um numero e a
guantidade de palavras usadas para expressa-lo por extenso.

Além disso, oufra assimetria € observada: linguas que compartilham um mesmo
sistema numerico possuem gquantidades diferentes de itens lexicais para expressar os
numeros. Apesar dessas diferencas, Hurford (2007) defende que ha regras universais
atuando na forma como as linguas usam um conjunto finito de palavras para expressar
uma série infinita de numeros. Para ele, as estratégias usadas para compor os nimeros a
partir de uma gquantidade finita de algarismos sio as mesmas usadas na expressio
linguistica desses mesmos nimeros. As principais estratégias sdo a juncHo (soma) e a
multiplicagio. No Portugués, a juncio de algarismos é comumente indicada pela
coordenacio de palavras, usando uma conjungiio aditiva, enquanto a multiplicacio &
indicada pela justaposicio de palavras. Assum, 37 (30 + 7) € “trinta e sete” e 8.000 (8 x
1000} € “omo mil”. QOutras linguas, contudo, utilizam a justaposicio em ambas as
situagdes. Ha, inclusive, linguas que concatenam as palavras em outra ordem, como em
alemio, na qual 37 ¢ siebenunddreibig (sieben=7 und=¢ dreiBig=30).

O fato de cada lingua possuir uma quantidade diferente de palavras para
expressar 0s numeros prejudica um pouco o paralelismo entre elas. No francés, por
exemplo, setenta, oitenta e noventa nio sdo nimeros expressos por palavras unicas: 70 &
soixante-dix (sessenta mais dez), 80 & quatre-vingt (quatro vezes vinte) = 90 &
quatre-vingt-dix (quatro vezes vinte, mais 10). Da mesma forma, no inglés e no francés,
ao conirario do portugues, nio ha palavras para designar as centenas e, por isso, sdo
usadas combinacdes da palavra “cem”™ com a quantidade de centenas, ficando
subentendida a multiplicag8o. Assim, 200 & fwo hundred (dois cem) em inglés e deux
cent (dois cem) em francés . Essas poucas comparagdes sdo suficientes para se perceber
que € um desafio, para a UD, manter o maximo de paralelismo entre as linguas no que
diz respeito a anotacio de numerais.

3. Os numerais nas gramiticas do portugueés

Em 1939, o Ministério de Educagio e Cultura publicoun, com forga de lei. a
Nomenclatura Gramatical Brasileira (NGB). O objetivo era criar uma ontologia dos
topicos de gramatica que deveriam ser ensinados no Brasil, padronizando os termos
usados para designar cada topico. A NGB estabeleceu que ha 10 classes de palavras no
portugués, uma das quais ¢ a dos numerais. Segundo o documento, a classe dos
numerais se subdivide em quatro subclasses: cardinais (um, dois, trés), ordinais
(primeiro, segundo, terceiro), multiplicativos (dobro, triplo) e fracionarios (meio, terco).
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A NGB? estd em vigor até hoje e orientou a confecgdo de diversas gramaticas
escolares desde 1959. Todos os gramaticos que almejavam ter suas obras referenciadas
para uso no ensino € em concursos tiveram que seguir a norma estabelecida pela NGB.
Curiosamente, quando Portugal publicou a Nomenclatura Gramatical Portuguesa, em
1967, apresentou as mesmas 10 classes de palavras e, na classe dos numerais, incluiu a
subclasse dos “numerais coletivos”, ou seja, palavras que trazem embutida a ideia de
uma quantidade (quinzena, bimestre, bi€nio, dizia, dezena, par, quinteto, etc.).

Desde o inicio da vigéncia da NGB, contudo, ndo faltaram criticas a varios de
seus topicos. Uma das criticas € justamente com relacdo a classe dos numerais. Camara
Jr. (1986), por exemplo, diz que a NGB misturou critérios de forma, funcdo e sentido
das palavras ao propor 10 classes gramaticais (para ele so existem trés classes de
vocabulos: Nomes, Pronomes e Verbos). O autor considera os numerais como
pertencentes a classe dos Nomes, a qual abriga as funcdes de substantivo e adjetivo.
Monteiro (1991) também considera os numerais como integrantes da classe dos Nomes
e exemplifica: em “trés ¢ impar", a palavra “trés” exerce a fung@o de substantivo e, em

“trés impares”, a palavra “trés” exerce a fungéo de adjetivo.

Para Azeredo (2000), numeral é uma fungdo semantica e, por isso, ndo deveria
haver uma classe chamada “numerais”. Segundo o autor, “O numeral é sempre
constituinte de um sintagma nominal, ora ocupando a posi¢do de nucleo - numerais
fracionarios e multiplicativos, ora ocupando a posi¢do de termo adjacente - numerais
cardinais e ordinais.” (Azeredo, 2000, versao digital).

Uma visdo intermediaria entre a NGB e os autores que descartam a pertinéncia
de uma classe de numerais ¢ apresentada por Macambira (1987). Segundo esse autor,
apenas os numerais cardinais pertencem a classe dos numerais propriamente ditos. Os
numerais ordinais, segundo ele, comportam-se mais como os adjetivos, ao passo que os
fracionarios e multiplicativos comportam-se como substantivos. Além disso, apenas
numerais que modificam diretamente um substantivo devem ser considerados, o que
implica a exclusdo de palavras quantitativas que se ligam ao substantivo por intermédio
da preposicdo “de”. Assim, em “mil canetas”, “mil” é numeral, enquanto em
milhdo de canetas” “um” ¢ numeral ¢ “milhdo” ¢é substantivo. Macambira (1987)
destaca também que apenas o nimero “um” e o feminino “uma” sdo singulares, pois os
demais nimeros, por expressarem mais de um, trazem implicitamente a ideia de plural.
Com isso, o autor conclui que nenhum numeral admite a flexdo de nimero, pois ndo ha
sentido em fazer o plural de uma palavra que ja ¢é plural. Esses critérios de Macambira
para julgar se uma palavra pertence ou ndo a classe dos numerais serdo, como veremos
na Secdo 4.4, muito relevantes dentro da abordagem de anotacdo UD.

3

‘um

E importante esclarecer que, embora nenhum numeral admita flexdo de namero,
na lingua portuguesa ha onze numerais que admitem flexdo de género:

2 Os bastidores da criagdo da NGB sdo discutidos por Henriques (2009), o qual traz anexas a
Nomenclatura Gramatical Brasileira e a Nomenclatura Gramatical Portuguesa.
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meio/meia, um/uma, dois/duas, duzentos(as), trezentos(as), quatrocentos(as),
quinhentos(as), seiscentos(as), setecentos(as), oitocentos(as) e novecentos(as).

4. A anotacio de numerais segundo as diretrizes da UD

As diretrizes da UD apresentam muitas diferengas em relagdo ao que estad previsto para
os numerais na NGB e na NGP. HA uma PoS tag especifica para numeral na UD
(NUM), porém ela é reservada unicamente aos numerais cardinais, seja em sua forma
como algarismos (ardbicos ou romanos), seja por extenso. Os numerais ordinais, por
outro lado, sdo anotados na UD como adjetivo (ADJ). Assim, 9 ¢ NUM e 9° ¢ ADJ. As
demais subclasses de numerais previstas na NGB e na NGP (multiplicativos,
fracionarios e coletivos) ndo sdo mencionadas pela UD.

Para a UD, a classe dos numerais (representada pela PoS tag NUM) é uma
classe que abriga palavras de uma classe fechada (os algarismos e suas respectivas
formas por extenso), que ora exercem funcdo de modificador nominal, ora fungdo de
pronome, e ora funcdo de substantivo:

Ele teve trés chances de acertar. As trés foram desperdigadas. E achava que o
trés era seu namero de sorte!

Na primeira sentenga, “trés” atua como modificador nominal; na segunda, como
pronome e na terceira, como substantivo. Em todas as sentengas, contudo, “trés” ¢é
anotado como NUM. Assim, os tokens em negrito a seguir sdo anotados com NUM:

Nos dois somos brasileiros.

Ha 2 anos que nos conhecemos.

Sdo dois os motivos pelos quais desistimos.

Dois de nds sdo brasileiros e dois sdo estrangeiros.
Dois mais dois sZo quatro.

O Canal 2 ¢ a TV Cultura.

Apresentamos, em seis subsecdes, as principais questoes que suscitam davidas
durante a anota¢do de numerais.

4.1 Fracoes

As fragdes ndo sdo sindnimo de numerais fracionarios. Os numerais fracionarios da
NGB correspondem aos denominadores das fragdes, quando expressos por uma tnica
palavra. Na UD, o numerador de uma fragdo ¢ sempre expresso por um numeral
cardinal e o denominador é expresso por um substantivo (de “meio” a “décimo”) ou por
um cardinal seguido do substantivo “avos”: 3/15 = trés quinze avos (a partir do
denominador 11: onze avos). Embora os denominadores de “quarto” a “décimo” tenham
formas iguais aos numerais ordinais (anotados como ADJ), eles devem ser anotados
como NOUN nessa fungdo.

% = dois tergos (NUM, NOUN)

% = trés quartos (NUM, NOUN)

4/11 = quatro onze avos (NUM, NUM, NOUN)

A palavra “meio” (72) € a Gnica que denota uma fracdo completa e, por isso, ¢

anotada como NUM quando se liga diretamente a um substantivo, quantificando-o.
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2 = meio, meia (NUM): Comeu meia pizza.
No entanto, em contexto matematico usa-se dizer “tr€s meios” (correspondendo
a fracdo impropria 3/2) e, nessa situagdo, “meio” é NOUN, como os demais
denominadores de fragdes, pois flexiona no plural. Cabe aqui mencionar que ha outro
NUM representado pela palavra “meia”, que € quando o algarismo 6 ¢ expresso por
extenso como “meia”, alternativamente a “seis”.

4.2 Algarismos romanos

A UD, em suas diretrizes, trata os algarismos romanos da mesma forma que os
algarismos arabicos, ou seja, considera ambos numerais cardinais e, consequentemente,
atribui-lhes a etiqueta NUM. Contudo, ¢ importante ressaltar que os algarismos romanos
podem apresentar uma leitura de numeral ordinal em algumas situagdes no portugués e,
mesmo assim, devem ser anotados como NUM e ndo como ADJ como os numerais
ordinais. Isso porque, enquanto os numerais ordinais t€m uma marca grafica indicando
sua condigio, os algarismos romanos nio a tém em portugués. E possivel, inclusive, em
alguns casos, admitir as duas leituras, como € o caso de “capitulo XII” (capitulo doze ou
capitulo décimo segundo). Assim, nos dois exemplos abaixo, o numeral VIII é anotado
como NUM, embora no segundo tenha leitura de um numeral ordinal.

No século VIII ndo se sabia que a Terra era redonda ainda. (VIII = oito)
O rei Henrique VIII casou-se sete vezes. (VIII = oitavo)

4.3 Palavras que expressam ideias numéricas

O fato de a UD nao mencionar outras formas de numerais, além dos cardinais (NUM) e
ordinais (ADJ), ndo ¢ estranho. Como vimos, os criticos da NGB diziam que os
numerais pertencem a classe dos nomes, a qual abriga as fun¢des de substantivo e
adjetivo. Por exemplo, entre os multiplicativos estdo incluidos os substantivos “dobro” e
“triplo” e os adjetivos “duplo” e “triplice”; entre os coletivos, estdo incluidos os
substantivos “bimestre” ¢ “biénio” e os adjetivos “bimestral” ¢ “bianual”. Além disso,
ha os prefixos que permitem formar novos substantivos: “bi”, “di”, “tri”, etc. Algumas
palavras podem, inclusive, ora ser ADJ, ora ser NOUN, dependendo do contexto:

O DNA ¢ uma cadeia de dupla hélice. (dupla = ADJ)
A dupla sertaneja foi formada nos anos 90. (dupla = NOUN)

4.4. O caso de “cento”, “milhao”, “bilhao”

Ha algumas palavras que, por participarem da expressdo de um niimero, podem causar
estranheza por serem anotadas como substantivos (NOUN). E o caso de “cento”,
“milhdo”, “bilhdo”, “trilhdo”, etc.

101 = cento ¢ um
2.221.000 = dois milhdes e duzentos e vinte e um mil

Contudo, tais palavras nunca se ligam a um substantivo sem a intervencdo da
preposicdo “de”, ao contrario dos numerais, que se ligam diretamente como
modificadores nominais. E agramatical dizer:

*Cento pessoas compareceram.
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*Milhdes pessoas compareceram.

“Cento” € uma palavra que substitui “cem” nas expressdes de numeros de 101 a
199, ou seja, num contexto bem limitado. Ha contextos, porém, em que o
comportamento de “cento” mostra claramente tratar-se de um substantivo, sendo
passivel de flexao de niimero e ligado a outro substantivo por meio da preposicao “de’:

Dois centos de docinhos

N 9

No caso de “milhdo
palavra flexionavel em numero e exige a preposicdo “de” para se ligar a um substantivo.
Quando precedida de um verdadeiro numeral, “milhdo” denota quantidade precisa:

(assim como “bilhdo”, “trilhdo”, etc.), percebe-se que €

Dois milhdes de pessoas compareceram.

Quando utilizada no plural e ndo precedida de um verdadeiro numeral, “milhdo”
denota uma quantidade imprecisa, genérica:

Milhdes de pessoas compareceram.

Portanto, os critérios de Macambira (1993), apresentados na Segdo 3,
mostram-se relevantes para distinguir um numeral (NUM) de um substantivo (NOUN)
na UD e ratificam a interpretacdo de que “cento”, “milhdo”, “bilhdo”, etc. devem ser
anotados como NOUN.

4.5 A ambiguidade das formas “um/uma”

O caso que apresenta maior dificuldade na anotacdo de numerais estd associado a
ambiguidade das palavras “um/uma”. Nem sempre ¢ simples decidir entre as etiquetas
DET (determinante, que ¢ a categoria da UD que abriga os artigos indefinidos), PRON
(pronome) e NUM. Para auxiliar os anotadores nessa decisdo, fixamos algumas regras,
parte das quais coincide com pistas de desambiguagdo mencionadas por Macambira
(1987). Trata-se de NUM se:
e “um” ou “uma” responder a pergunta “Quantos?”. Ex: Ganhou uma medalha de
ouro. Quantas medalhas ganhou? Resposta: uma.
e “um” ou “uma” estiver em oposicdo a outras quantidades na mesma sentenca.
Ex: Comprou um abacate e trés magas.
e “um” ou “uma” estiver seguido da preposi¢ao “de”, indicando a sele¢do de um
entre varios, mas que poderia ser “dois”, “trés”, etc.. Ex: Um dos alunos foi
eleito representante.’

Trata-se de DET se:

e 0 substantivo que sucede “um” e “uma” for incontavel. Ex: Tenho uma grande
esperanga de que isso funcione.

e “um” ou “uma” puder ser suprimido. Ex: Tive uma impressdo errada. Tive
impressao errada.

3 Observa-se que a sentenga nio muda de sentido com a inversdo dos constituintes: “Dos alunos, um foi
eleito representante”. Além disso, “um” poderia ser substituido por “dois” ou outro numeral: “dois dos
alunos foram eleitos representantes”.
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e “um” ou “uma” ndo puder ser substituido por outros nimeros. Ex: Saiu para dar
um passeio. *Saiu para dar dois passeios (ndo ¢ agramatical, mas ¢ improvavel)

Trata-se de PRON se:

e “um” ou “uma” estiver em oposicdo a outros pronomes indefinidos, como
“outro” e “outra”. Ex: Um ou outro vai vencer.

e “um” ou “uma” estiver precedido do pronome indefinido “cada” (DET na UD).
Ex: Cada um deu o melhor de si. Cada um de nés deu o melhor de si.*

4.6 Casos especiais de tokens que incluem numerais

Na UD, problemas de tokeniza¢do podem alterar a forma de anotagdo. Se um numeral
cardinal fizer parte de um token que contém um substantivo ou um nome proprio, por
exemplo, ele ndo sera anotado como NUM, mas sim com a etiqueta da outra classe:

A banda U2 fez muito sucesso no Brasil.

(U2 ¢ anotado com a etiqueta de nome proprio PROPN).

Hoje é 24/jul/2021

(como contém o nome do més, esse token ¢ anotado na UD como substantivo,
ou seja, um NOUN).

Ja andamos 24km nesta semana.

(24km ¢é anotado como substantivo, pois contém uma unidade de medida e
unidades de medida, abreviadas ou por extenso, sio NOUN, segundo a UD).

6. Consideracdes finais

Apresentamos o desafio de instanciar as diretrizes da UD na lingua portuguesa no que
se refere a anotacdo morfossintatica dos numerais. Esperamos, com isso, auxiliar outros
estudos linguisticos e projetos de anotagdo de corpus que se filiem ao mesmo modelo,
pois poderdo antecipar questdes relevantes. No nosso caso, embora tenhamos elaborado
um manual prévio para orientacdo dos anotadores, tivemos que complementa-lo para
contemplar situa¢des que geraram duvidas durante a anotacdo. Também produzimos
instrugdes para as demais etiquetas utilizadas pela UD e, em breve, esperamos divulgar
0o Manual para Anotagdo de PoS tags da UD na Lingua Portuguesa, assim como
produzir outros artigos com descri¢des e discussdes linguisticas relevantes.

O trabalho reportado faz parte de um projeto maior - 0 POeTiSA’, cujo proposito
€ avancar as pesquisas em sintaxe e parsing para o portugués brasileiro, construindo um
grande treebank multi-género e produzindo taggers e parsers do estado da arte.

Agradecimentos

Este trabalho foi realizado no d&mbito do Centro de Inteligéncia Artificial da USP (C4Al
- http://c4ai.inova.usp.br/), com o apoio da IBM e da FAPESP (#2019/07665-4).

4 Aqui a regra do “de” é sobreposta pela regra do “cada”. Na expressdo “cada um de”, ndo hd opgio de
inverter a ordem dos constituintes: *Dos alunos, cada um deu o melhor de si.
® https://sites.google.com/icmc.usp.br/poetisa

351



Descricao de numerais segundo modelo Universal Dependencies e sua anotagao
no portugueés

Referéncias bibliograficas

Azeredo, José Carlos de. Fundamentos de Gramatica do Portugués. Editora Zahar, 2000.
Verséo eletronica.

Céamara Jr., Joaquim Mattoso. Dicionario de Linguistica e Gramatica: referente a lingua
portuguesa. Petropolis: Vozes, 1986, 137 ed.

Henriques, Claudio Cezar. Nomenclatura Gramatical Brasileira: cinquenta anos depois.
Sao Paulo: Parabola, 2009.

Hovy, E. and Lavid, J. (2010). Towards a ‘Science’ of Corpus Annotation: A New
Methodological Challenge for Corpus Linguistics. International Journal of
Translation, Vol. 22, N. 1, pp. 13-36.

Hurford, James R. (2007). A performed practice explains a linguistic universal:
Counting gives the Packing Strategy. Lingua,Volume 117, Issue 5, p. 773-783.

Macambira, José Rebougas. A Estrutura Morfo-Sintatica do Portugués. Sdo Paulo:
Livraria Pioneira Editora, 1987.

Monteiro, José Lemos. Morfologia Portuguesa. Campinas: Pontes, 1991.

Nivre, J.; Marneffe, M-C.; Ginter, F.; Haji¢, J.; Manning, C.D.; Pyysalo, S.; Schuster, S.;
Tyers, F.; Zeman, D. (2020). Universal Dependencies v2: An Evergrowing
Multilingual Treebank Collection. In the Proceedings of the 12nd International
Conference on Language Resources and Evaluation (LREC), pp. 4034-4043.

352



Proceedings of Symposium in Information and Human Language Technology.
Online event, MG, Brazil, November 29th-December 3rd, 2021. (©)2021
Sociedade Brasileira de Computacao.

Construcoes de Estrutura Argumental com Argumento
Preposicionado: uma modelagem linguistico-computacional
na FrameNet Brasil

Véania Gomes de Almeida’, Tiago Timponi Torrent?
"Doutoranda em Linguistica - Universidade Federal de Juiz de Fora

ZProfessor Associado — Universidade Federal de Juiz de Fora — Juiz de Fora, MG -
Brasil

vania.almeida@estudante.ufjf.br, tiago.torrent@ufjf.edu.br

Resumo. Este trabalho apresenta uma proposta para representar computacio-
nalmente as constru¢oes Transitiva Indireta, Transitiva Obliqua e Bitransitiva
do Portugués Brasileiro, no ambito do Constructicon da FrameNet Brasil.
Dessa forma, demonstra de que maneira as teorias irmds da Semdntica de Fra-
mes e da Gramdtica das Construgdes podem contribuir na busca por um modelo
de lingua que alie forma e sentido em uma unica representagdo.

Abstract. This work presents a proposal to computationally represent the
Indirect Transitive, Oblique Transitive and Ditransitive constructions of
Brazilian Portuguese, in the framework of the Constructicon of FrameNet
Brasil. In this way, it demonstrates how the sister theories of Frame Semantics
and Construction Grammar can contribute to the quest for a language model
bringing together form and meaning in one same representation.

1. Introducio

Este trabalho tem como objetivo a apresentagdo de uma proposta de investigagdo de uma
modelagem linguistico-computacional de construgdes de estrutura argumental no
Portugués Brasileiro (PB). Tal proposta se enquadra nas discussdes tedrico-
metodologicas da FrameNet Brasil (FN-Br) (SALOMAO, 2009). A FN-Br esta envolvida
em varios campos de pesquisa, que incluem desde a constru¢do de recursos lexicais a
identificacdo e catalogagdo de construgdes. A FrameNet comecou em 1997 como um
projeto de lexicografia computacional para o inglés, liderado po