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ABSTRACT

In the research area of Natural Language Processing (NLP), Part-of-Speech
(PoS) tagging is one of the first processes applied to input data (speech or
written text). It is responsible for assigning a proper part-of-speech (or word
class) to each word in a text. When it comes to User-Generated Content
(UGC) (e.g., tweets), however, there are additional challenges that undermine
current approaches to PoS tagging, and which call for NLP resources. These,
however, have so far focused on UCG orthographic and lexical phenomena
only (e.g., truncated word, graphical stretching, etc.), letting aside PoS itself.
To help fill in this gap, in this article we characterise DANTEStocks - a corpus
of stock market tweets annotated with morphosyntactic information - in
terms of the distribution of the PoS tags present in it. With this effort, we in-
tend to provide researchers a starting point for other investigations, along

with a benchmark against which to compare other corpora. Specifically,
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correctly characterising the corpus according to the PoS tags may support
the investigation of the syntactic relations called dependencies, since some of

them usually co-occur with specific PoS tags.

RESUMO

No Processamento Automatico de Linguas Naturais (PLN), a etiquetacao mor-
fossintatica é um dos primeiros processos aplicados aos dados de entrada
(como um texto escrito). Ela é responsavel por atribuir uma etiqueta a cada
palavra do texto, a qual representa a sua classe gramatical adequada. Quando
se trata de Conteddo Gerado pelo Usuario (CGU) (como os tweets), ha desafios
adicionais que afetam as abordagens atuais de etiquetacdo e que exigem re-
cursos de PLN. Estes, no entanto, tém focado apenas em fendmenos ortogra-
ficos e lexicais dos CGUs (como palavra truncada/quebrada, alongamento
grafico, emoticons, etc.), deixando de lado as categorias gramaticais. Para aju-
dar a preencher essa lacuna, caracterizamos o DANTEStocks - um corpus de
tweets do mercado de acoes anotado com informagoes morfossintaticas - em
termos da distribuicdo de suas etiquetas morfossintaticas. Por distribuicao,
entende-se a frequéncia geral de cada etiqueta no corpus e no interior dos
tweets. Assim, fornecemos aos pesquisadores um ponto de partida para
outras investigacdes, juntamente com um referencial para comparacao
com outros corpora. Ademais, caracterizar corretamente o corpus de
acordo com as etiquetas pode auxiliar na investiga¢do das relagdes sintati-
cas chamadas dependéncias, uma vez que algumas delas geralmente ocor-

rem entre palavras de categorias gramaticais especificas.
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RESUMO PARA NAO ESPECIALISTAS

Identificar corretamente a classe gramatical (nome, adjetivo, verbo, etc.)
de cada palavra ¢ tarefa essencial para os sistemas de PLN baseados em
conhecimento simbolico. Esse processo, chamado etiquetagdo morfossin-
tatica, associa uma etiqueta a cada palavra, representando a sua classe
gramatical. Para a interpretacdo de um tweet, por exemplo, a etiquetagdo ¢
mais complexa devido a linguagem ndo-padrao desses textos. Assim, des-

crever os fendmenos ortograficos e lexicais (como palavra
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truncada/quebrada, alongamento grafico, emoticons, etc.) tem fomentado
estratégias de tratamento computacional dos tweets. Tal descri¢do, no en-
tanto, nao tem focado nas categorias gramaticais. Para ajudar a preencher
essa lacuna, apresentamos uma investigacao sobre a distribuicao das eti-
quetas morfossintaticas no DANTEStocks, que é um corpus de tweets do
mercado de acdes em portugués. Por distribuicao, entende-se a frequén-
cia geral de cada etiqueta no corpus e no interior dos tweets. A caracteri-
zagdo das categorias gramaticais no corpus pode ser usada em outras in-
vestigagdes, principalmente nas que objetivam comparar este com outros
corpora (de outros géneros ou dominios, por exemplo). Ademais, saber
como as categorias gramaticais se distribuem em um corpus de tweets
pode auxiliar na identificacdo das relacoes sintaticas chamadas dependén-
cias, uma vez que algumas delas ocorrem entre palavras de categorias gra-

maticais especificas.

Introduction

In Natural Language Processing (NLP), Part-of-Speech (PoS) tagging is one of the first processes
applied to input data, being responsible for assigning a proper part-of-speech tag to each word in a
text. Such basic information is useful for several NLP tasks and applications, as information extrac-
tion (CABRAL et al., 2022) (BARBERO, 2022), semantic parsing (ANCHIETA; PARDO, 2022) (SENO et
al., 2022) and sentiment analysis (MACHADO et al., 2022), just to cite a few of very recently published
state of the art research for Portuguese.

PoS tagging can essentially be considered as solved for well-written texts (i.e. written text from tra-
ditional sources such as newspapers, books or academic papers), achieving accuracies over 97% for many
languages (WU; DREDZE, 2019), including Portuguese (FONSECA et al., 2015) (DE SOUZA; LOPES, 2019).

The development and availability of syntactically annotated corpora of UGC (especially contain-
ing tweets) over the last decade have generated a considerable amount of contributions on PoS tag-
ging of UGC data, especially for the English language. A good proportion of the resources that con-
tain syntactic (and also morphosyntactic) analyses have been annotated according to the Universal
Dependencies (UD) model (NIVRE et al., 2020), a dependency-based scheme which has become a
popular standard reference for treebank annotation because of its adaptability to different lan-
guages, domains and genres (SANGUINETTI et al., 2022).

For the Brazilian Portuguese language, efforts on PoS tagging for UGC are incipient. So far, to
the best of our knowledge, Da Silva et al. (2021) have carried out the first and only investigation on
PoS tagging for UGC. Specifically, the authors have proposed a customization of current state -of-

the-art UD-based tagging strategies for Portuguese, achieving a 95% f-score. In that work, the
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authors have used a corpus of tweets from the stock market domain, introduced by Da Silva et al.
(2020) and further modified by Di Felippo et al. (2021), that integrates the Porttinari treebank (PARDO
et al., 2021). This resource, called DANTEStocks, intends to be the first (syntactically) annotated cor-
pus of tweets (i.e., a tweebank) in Portuguese. Although the mentioned accuracy is close to the state-
of-the-art for standard language texts, the non-canonical language of CGU poses considerable chal-
lenges to their automatic processing.

Currently, descriptive investigations on UCG language have been focusing on systematizing
common orthographic and lexical phenomena across tweebanks in different languages/domains
(MELERO et al., 2012) (SANGUINETTI et al., 2022) or in similar data such as instant messages and blog
posts (LYDDY et al., 2014).

In this paper, we focus on describing how UD PosS tags are distributed within DANTEStocks. In
a future work, we intend to compare this distributive characterization to others, obtained from cor-
pora built from genres other than tweets and domains other than the stock market. The comparison
could be used as a starting point to the development of tools tailored to specific genres or domains,
as well as to the development of new theories on language use.

Moreover, the distributive characterization of the PoS tags within the corpus may support the
investigation of the dependency relations to be annotated, since some of them usually co-occur with
specific PoS tags (Duran, 2022). For example, oblique nominal relation (obl, in UD) usually depends
on verb, adjective and adverb; nominal modifier relation (nmod) depends on noun, and proper nouns
and some numbers (compound ones) are related by the £1at relation. By knowing the way PoS tags
are distributed along the corpus, one can infer prior probabilities for such relations, thereby speed-
ing up automatic methods that might be applied in the annotation process.

The rest of this article is organized as follows. In Section 1 we present some current initiatives
on the characterization of microblogging corpora. Next, in Section 2, we give a brief description of
the UD model, so as to familiarize the reader with it. DANTEStocks and its annotation are described
in Section 3, along with the questions we intend to answer with our research. Our analysis is then

presented next, in Section 4, with our final remarks being presented in Section 5.

1. Related Work

Twitter is arguably the most popular microblogging platform to the moment. As such, it has attracted
much attention in NLP and Linguistics. Overall, the Twitter posts are notoriously characterised by a
non-standard written language, which is much closer to oral language than to standard edited text.
Thus, tweets often contain ungrammatical sentence and phrase structures, non-standard words and
domain-specific entities.

About the linguistic characteristics of such social media data, several studies have been performed
to describe orthographic and lexical phenomena of tweets or similar types of UGC (instant messages and

blog posts). Melero et al. (2012), for example, have studied deviations from standard language norm in a
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Spanish corpus of texts from blogs, consumer reviews and Twitter, classifying each deviation as: (i) capi-
talization, (ii) graphical accent omission, (iii) punctuation (and whitespace) omission or reduplication, (iv)
informal spelling (i.e., systematic shortcuts and character substitutions intentionally made by users), or
(v) conventional misspellings. Besides these classes, Lyddy et al. (2014) have also classified non-standard
spelling utterances in a corpus of text-messages (SMS) in English as: (i) accent stylization, (ii) emoticons
and typographic symbols, (iv) initialisms, (v) letter /number homophones, (vi) onomatopoeic/exclama-
tory expressions, and (vii) semantically unrecoverable words.

Following previous works such as (EISENSTEIN, 2013) and (LIU et al., 2018), Sanguinetti et al.
(2021) recently presented the most extensive description of orthographic and lexical phenomena
based on corpora partially or entirely made up of tweets in different languages. The idiosyncrasies
were classified along two major dimensions: canonicallness and intentionality. “Canonicallness” re-
fers to whether a phenomenon is also observable in standard text, and “intentionality” refers to
whether its production was deliberate. These two dimensions have “types” and “subtypes”. As a re-
sult, the authors have proposed a hierarchy or typology of UGC phenomena. To illustrate, “marks of
expressiveness” is a type of non-canonical and intentional phenomenon, which has several subtypes,
to wit: punctuation reduplication (e.g. “Yes!!!"), graphemic stretching (e.g. “Yesss!”), emoticons and
smileys. This typology resulted in a set of UD-based annotation guidelines to promote consistent
treatment of the phenomena found in this type of texts.

As we can see from this brief review of the literature on linguistic characteristics of UGC, there seems
to be no current investigation on the morphosyntactic dimension of this type of data, which could then
be used to compare different corpora, so as to try to identify possible patterns and idiosyncrasies across
genres and domains. In this work, we intend to help fill in this gap, by carrying out such a study on DAN-

TEStocks, thereby providing a starting point for future research in this direction.

2. The Universal Dependencies Model

The UD model is an international project for building consensual annotation guidelines across dif-
ferent languages, searching for the so called “universality” in language structuring. UD specifies a
complete morphosyntactic representation in which grammatical notions may be indicated via word
forms (morphologically) or via dependency relations (syntactically).

The morphological specification of a (syntactic) word in the UD scheme consists of three levels
of representation: (i) a lemma representing the semantic content of the word; (ii) a part-of-speech
tag representing the abstract grammatical class associated with the word, and (iii) a set of features
representing lexical and grammatical properties that are associated with the particular word form.

Syntactic annotation in UD consists of typed dependency relations between words represented as a
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tree. In such representation, “one word is the head of the sentence, dependent on a notional ROOT
and all other words are dependent on another word in the sentence””.

The current version of this grammatical model (UD v2) encompasses 17 part-of-speech (PoS)
tags and 37 dependency relations that have been evolving through time with the collaboration of a
large research community, being already adopted by more than 100 languages for the production of
over 200 treebanks (NIVRE et al., 2020).

This dependency model has become a popular standard reference for treebank construction in
the NLP field because of its adaptability to different languages, domains and genres, earning the
status of a linguistic theory (DE MARNEFFE et al., 2021). As practice has shown, UD is flexible enough
to accommodate, for example, the idiosyncrasies of UGC. At the morphological level, the model pre-
scribes mechanisms (i.e., features) for describing spelling variations arising from abbreviation and
typos, which are two very frequent phenomena of UGC. At the PoS level, UD provides tags (such as
X) to annotate tokens that are not properly recognised as usual words and, at the syntactic level,
specific dependency relations (e.g., parataxis) allow to structure sentences (or tweets) that have un-
conventional punctuation.

To illustrate the tweet challenges and the UD analysis style, see Figure 1, which shows an anno-
tated tweet from DANTEStocks. Since the current version of the corpus only have PoS marks used
in UD, the dependence relations in Figure 1 was manually annotated according to Duran (2022) and
Sanguinett et al (2022). For the sake of brevity, the figure does not present the lexical and grammat-
ical features, but we illustrate them with the noun acordo (in English, “agreement”), which has the

following features-values: Gender=Masc and Number=Sing.

e

root

v st
#BR *BOVESPA #GOLL4  Gol  assinw  acordo dn: compa.mlham:ntu de  voos - http/teo'wHGukBgTap
sBR #BOVESPA #GOLL4  Gol  assinar  acordo de compartilhamento de Voo - hpiiteo/wHGukBgTqp
X X X PROPN VERE  NOUNADP NOUN ADP  NOUN ADP PROP.?\ PUNCT SYM
FIGURE 1 - Example of UD-annotated tweet from the DANTEStocks
Source: authors

The figure shows a tweet in Portuguese from DANTEStocks? where we can see marks of the text

genre (UGC) (as hashtags and URL) and the complexity of the annotation that is intended. Above the

1https:/ /universaldependencies.org/u/overview/syntax.html

?Excluding the hashatgs and URL, it correponds “Gol signs a codeshare agreement with TAP.”
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words, there are the dependency relations codified by labelled arcs, and below the words, there are
the PoS tags in capital letters and the lemmas of the words.

Given the immense popularity of social media as an attractive source of data for a large number
of research fields and applications and the prominence of UD, the last decade has seen numerous
Twitter corpora in different languages that have been annotated according to the aforementioned
model and a proposal of UD-based annotation guidelines to promote consistent treatment of the
phenomena found in UGC (SANGUINETTI et al., 2022).

3. Materials and Methods

In this analysis, we rely on the DANTEStocks corpus (DI FELIPPO et al., 2021), which builds on a
corpus of stock market tweets written in Portuguese, where each tweet was annotated according to
the emotion it bears, following Plutchik’'s Wheel of Emotions (see Da Silva et al. (2020) for details).
The original corpus was automatically collected during the year of 2014, by fetching tweets men-
tioning ticker codes of any of the 73 stocks that compose IBOVESPA, the main index at B3 -- the
Brazilian Stock Exchange.

A ticker code corresponds to a five to six-character alphanumerical string, such as PETR3 for
Petrobras' ordinary stocks, representing a particular kind of stock of some company. DANTEStocks
contribution to the corpus presented by Da Silva et al. (2020) was to add an extra annotation layer
to it, by tokenizing it and assigning each token a PoS tag, according to the UD model. In its current
version3, DANTEStocks comprises a total of 4,048 tweets4, corresponding to 81,037 tokens, anno-
tated with their corresponding PoS tags.

For the morphosyntactic annotation of DANTEStocks, annotators used version 2 of the UD
guidelines, which defines 17 PoS tagsS. This task was carried out in a semi-automatic approach due
to the expensive nature of manual tagging. This means that the tweets were automatically tokenized
and tagged by a version of UDPipe2 (STRAKA, 2018) that was customized for the corpus (see Da Silva
et al. (2021) for details), and then manually revised. The revision effort was carried out by a team of
senior undergraduate students of Linguistics, under the supervision of a team of linguists and com-
puter scientists, during the year of 2020.

To help the experts in this task, an annotation manual was built with specific guidelines for the

phenomena that are typical of stock market tweets (see Di Felippo et al. (2022)). This supporting

% The corpus is currently being annotated with UD dependencies, so it is still under constant construction.
* The total amount of tweets differs from the 4,517 reported by Da Silva et al. (2020) and Di Felippo et al. (2021)
because, during the PoS annotation, some out of domain tweets were found, which were erroneously added to the

corpus by the automatic procedure.

°See https:/ /universaldependencies.org,/u/pos /all.html
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material was necessary since the annotation guidance described in the UD literature did not provide
strategies for the proper treatment of DANTEStocks lexical idiosyncrasies. Experts could also rely
on an annotation manual containing guidelines for the Portuguese languageB. As an example of the

tokenization and PoS tagging in DANTEStocks, consider the following tweet (la):

(la) “#VALES € #VENDA? rsss #DEAL! #DEAL! #DEAL! ‘16 de marco as 12:12’ apds vencto
das opgoes podem puxar na...http://t.co/4mOMj1Orn7d”7

which, after tokenised and PoS tagged, becomes:

(1Ib) #VALES /PROPN ¢é /AUX #VENDA/NOUN ? /PUNCT rsss/X #DEAL/NOUN ! /PUNCT
#DEAL/NOUN !/PUNCT #DEAL/NOUN !/PUNCT °'/PUNCT 16/NUM de/ADP
marco/NOUN a/ADP a/DET 12:12/NUM '/PUNCT apés/ADP vencto/NOUN de/ADP
as/DET op¢oes/NOUN podem/AUX puxar/VERB em/ADP a/DET ../PUNCT
http:/ /t.co/4mOM;jlOm7d /SYM

As it can be seen, the text does not comply with the standard rules for writing (especially re-
garding capitalization, punctuation, and abbreviations), also presenting elements that are charac-
teristic to the platform where it was written (e.g. the presence of hashtags and URLs).

Tweet sizes in DANTEStocks vary from a couple up to 71 tokens in a single message (a mean of
20 tokens per tweet). It is worth mentioning that, by the time the corpus was collected, Twitter users
were limited to messages no longer than 140 characters. Each message, in turn, comprises from one
to a maximum of 16 different tags (found in a tweet with 31 tokens in total), with a mean value of 8.5
different tags per tweet. Tables 1 and 2 summarize these statistics. In Table 2, outliers are taken to
be points below Q1 - 1.5 IQR - where Q1 is the first quartile and IQR is the interquartile range - and
above Q3 + 1.5 IQR). All in all, this is currently one of the largest corpora of stock market tweets in

Brazilian Portuguese annotated under the UD paradigm.

Total amount of tweets 4,048
Total amount of tokens 81,037
Tweet size From 2 to 71 tokens (mean of 20 + 7.8)
Different tags in a tweet From 1to 16 (mean of 8.5 + 2.2)
TABLE 1 - Total, minimum, maximum, me ard deviation figures for DANTEStocks

SOUI(

% Available at https://sites.google.com /icmc.usp.br /poetisa /publications

T“#VALES is #SALE? rsss #DEAL! #DEAL #DEAL! ‘march 16 at 12:12’ after option expiration you can pull it in
at..http://t.co/4mOM;jlOm7d”
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Q1 Median Q3 >Q3+L5IQR <QI-1.51IQR
Tweet size 15 20 26 10 0
Different tags in a tweet 7 9 10 2 14

TABLE 2 - Median, quartiles and r

When analyzing DANTEStocks, we were mostly interested in determining how the PoS tags were
distributed along the corpus, so as to characterize it in terms of how morphosyntactic information

is used in the domain. As such, in this work we address the following questions:
1. What is the overall distribution of PoS tags along the corpus? And

2. How are the tags spread across the corpus?

To answer the first question, we determined the overall frequency of each PoS tag, by counting
the amount of times each tag was used along the corpus. This frequency, in turn, will allow us to
compare this corpus to others, so as to determine potential differences in their tag distributions.
For the second question, we calculated the amount of tweets where each of the tags occurs, thereby
determining how widespread is their use along the corpus. Under this approach, we can not only
have an idea of the most popular tags in this domain, given their high overall frequency, but also
build an intuition as to which tags can be considered more important, given the number of different

tweets containing them.

4. Results and Discussion

Figure 2 shows the overall frequency with which each PoS tag occurs across the corpus. As it turns
out, all of the seventeen tags proposed by UD can be found in DANTEStocks. Interestingly, PUNCT
is the most frequent one, with around 16% of all tokens being assigned this tag, followed by NOUN,
with around 15%, and PROPN, corresponding to approximately 14% of all the tags in the corpus.
Together, these three tags add up to almost half of all tags (around 45%).

PUNCT's high frequency may be due to the fact that unconventional uses of punctuation, spe-
cially reduplication, are fairly common in DANTEStocks' tweets. To add to this characteristic, by the
time DANTEStocks was created, there has been a design decision to split up repeated punctuation

wn

marks (e.g. “!!!'” became four “!” tokens), with each mark being annotated as a single token. These
features, in turn, affect the number of tokens annotated as PUNCT, inflating it, and might explain

this figure in DANTEStocks.
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Number of Tags

1221

0-

3 ‘\ 3 3 <
6}6‘ &L %Dc? & Qvé\

PoS Tag

FIGURE 2 - Overall PoS tags distribution.
Source: authors

The high frequency of NOUN tags is actually inline with current research in Linguistics, since
predicative nouns seem to be used more frequently in UGC about financial market than other types
of predicates, such as verbs, for example (see Voskaki et al., (2016)). Finally, the prominence of PROPN
reveals another characteristic of the corpus. Specifically, the high frequency of this tag results from
the fact that the tickers used to compile the tweets were annotated as PROPN, since they are com-
monly used as a surrogate for their company names.

At the other end of the scale, we find PART, with only three occurrences in the corpus (i.e. 0.004%).
About this tag, it is important to mention that, according the general UD guidelines, PART covers function
words that must be associated with another word or phrase to impart meaning and that do not satisfy
definitions of other universal parts of speech. In DANTEStocks, PART was only applied to the prefixes
“des-" and “pré-" used as free forms in two occurrences of the same neologism (e.g. “(des) Graca Foster”)
and in a case of wrongly split word (i.e. “pré abertura”® instead of “pré-abertura’).

Next to PART, we find INTJ, which corresponds to 0.18% of the total number of tags. The low fre-
quency of INTJ may be explained by the fact that this tag should be associated with a word that is used
most often to express an emotional reaction. In a corpus of UGC (like DANTEStocks), however, users
commonly apply other marks or linguistic devices to express emotions, such as duplicated punctuation,
graphemic stretching, emoticons and smileys (LIU et al., 2018, SANGUINETTI et al., 2021).

Regarding the low frequency of SCONJ, PRON, AUX and CCONJ, we believe that all these cases
might be caused by the size limit imposed to tweets by the time the corpus was built (i.e., 2014). For
PRON, its frequency might also be related to the domain, since stock market tweets tend to be very

factual, containing no significant occurrence of certain types of pronouns such as personal, reflexive,

8Such typos are not normalised in the corpus to keep the tokens as they originally occurred.
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interrogative, or demonstrative. In fact, we believe that most of PRON tags were assigned to relative
pronouns, but this still needs to be checked.

About SCONJ and CCONYJ, it is worth mentioning that these (and mainly SCONYJ) are tags that should
be used in tokens that link constructions (or clauses). Thus, given the tweets length limit, it is not sur-
prising to find these two tags with low frequencies. We can say something similar about AUX. Once aux-
iliaries are used to compose passive voice constructions, which are longer than constructions in the ac-
tive voice, users might be choosing the later in tweets. Finally, and as a design decision in DANTEStocks,
X was assigned to hashtags and cashtags (e.g. #petr4 and Spetr4, respectively) where these are used for
indexing purposes only (i.e. with no syntactic function), which are not frequent.

In the middle of the scale, we find SYM, which is more frequent than ADJ and ADV, for example.
One possible reason for this is the fact that the frequent unconventional use of punctuation, espe-
cially strings of repeated punctuation marks (e.g., !!!), was split so that each punctuation mark was
considered an individual token (e.g., “!” + “I” + “I” + “I"),

Regarding the frequency of each tag inside the tweets, figures vary from no occurrence at all (i.e. the
tag does not show up in the tweet) up to 32 times in a single tweet, with NUM (Figure 3). Although this
may come up as no surprise, since these are tweets from the stock market domain, the tweets where this
happened had, in fact, a political content. In one of them, the author only repeated the number of a po-
litical party over and over, blaming it for the profit results of a state company, whereas the other re-
tweeted this content, adding a little more to it. As it seems, not only the domain plays a role in the PoS
tags one finds in tweets, but the political moment also has something to contribute to it.

These values can be seen in more detail in Figure 3, which summarizes some statistics on the
frequency of each tag within the tweets where they can be found. As it turns out, the smallest fre-

quency of each tag corresponds to a single occurrence’

, meaning that no tag starts with more than
one occurrence inside a tweet. At the other side of the scale, two tags stand out: NUM, with 32
occurrences in two tweets, and PUNCT, which can be found 30 times in one tweet and 29 in another.
Interestingly, these are the same tweets with the 32 occurrences of NUM. This, however, must not

be taken as a widespread phenomenon, since both examples are outliers, as shown in the figure.

9 Recall that these are tweets in which the tag occurs.
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FIGURE 3 - PoSt frequency inside the tweets where they occur

Source: authors

Interestingly, of the 17 tags that can be found in the corpus, in 11 of them the median lies at the
minimum frequencys, i.e. in at least half of the tweets where these tags occur, they happen only once.
This is the case with X, SYM, SCONJ, PRON, PART, NUM, INTJ, CCONJ, AUX, ADV and ADJ. Moreover,
in only five tags (VERB, PUNCT, PROPN, NOUN and DET) the median lies inside the interquartile
range (i.e. above the first quartile), with one of them (ADP) lying at the first quartile's border.

This, in turn, along with the fact that outliers'®

can be found at the upper side of the scale only,
indicates the distribution of tags inside tweets to be right skewed. As it seems, the limitation on text
size imposed by Twitter, which naturally leads to smaller texts, may also lead people to be as short
as possible when it comes to the syntactic choices they make, thereby preferring structures with a
small number of different morphosyntactic categories over more diversified ones. This, however, is
still to be determined.

Regarding tag coverage in DANTEStocks, Figure 4 shows the number of different tweets where
each tag happens at least once. Not surprisingly, the top three most frequent tags in the corpus (i.e.
PUNCT, NOUN and PROPN) are also the ones that can be found in the highest number of tweets,

although in a different order of frequency, being found in over 90% of all tweets. The most commonly

10 Values above 1.5 times the interquartile range.
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found tag, in this case, is PROPN, which can be found in 98% of the tweets. In the sequence, we find

NOUN, present in 94.3% of all tweets, and PUNCT, which covers 91.3% of the corpus.
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FIGURE 4 - Number of distinct tweets where each PoS tag occurs

Source: authors.

Of the 17 tags present in DANTEStocks, nine (PROPN, NOUN, PUNCT, ADP, VERB, DET, SYM,
NUM and ADJ) can be found in more than 50% of the tweets (i.e. more than 2,024 tweets). That means
around half of the tags can be found in over half of the tweets in the corpus. With a mean value of
8.5 different tags per tweet, and recalling that the top three tags are present in over 90% of all
tweets, these nine tags dominate a good deal of the corpus.

At the bottom line, we find PART, present in only three tweets (~ 0.07% of the corpus), and INT]J,
with 133 occurrences (~ 3.3%). Once again, these are also the same tags with the smallest overall
frequency in the corpus. Possible reasons for this behavior have already been discussed earlier in
this section. Finally, it is interesting that PRON, which stands mostly for all types of pronouns, can
be found in 20.7% of the corpus only. As we pointed out earlier, it might be related to the factual
nature of the tweets from DANTEStocks and to the Twitter's message length limit.

Regarding specifically the PoS tags PUNCT, NOUN and PROPN, which are the most frequent
ones in the entire corpus, occurring in more than 90% of the tweets, we present some observations
on their impact on the annotation of dependency relationships (deprels). This, by the way, is the next
step in DANTEStocks development.

As noted, the PUNCT tag is the most frequent in the corpus. With that, we know in advance that the
DANTESocks annotation at the syntactic level will involve the identification of many punct relations, since
this dependency relation occurs between a PUNCT tag (i.e., a punctuation symbol) and a word of content

from its neighborhood. In this sense, the following examples (2-4) illustrate the main phenomena related
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to punctuation, which are sequences of repeated punctuation marks (2) and long lists of items, separated
by vertical bars (3) or commas (4). As every punctuation mark will depend on a punct deprel, these exam-

ples show that the corpus will be strongly marked by this deprel.
(2) vale petrd hrt Explode cotacaottt

(3) Maiores Altas: LLXL3 +7,79% | OIBR4 +6,14% | JBSS3 +6,11% | RSID3 +5,67% | ELET3
+4,83%.%2

(4) Maiores Baixas: MRVE3 -12,50% RS$7,35, DASA3 -9,67% RS$15,13, CMIG4 -5,69%
RS$12,94, GFSA3 -4,76% RS$3,00, ELPL4 -4,03% R$7,62.13

Regarding the PROPN tag, considering that the corpus is on the stock market domain, a portion
of the tokens annotated as PROPN make up multiword expressions that usually designate companies,
such as "CLWP Brasil III Participacoes” (5) and "Tim Part S/A" (6). Since the tokens that make up
these expressions (such as "Tim", "Part" and "S /A" in (6)) are somehow related, but not syntactically
related, there is no naturally identifiable head and dependent. Instead, we relate them with the flat
relation. On the other hand, some multiword expressions do have a syntactic relationship between
their tokens, such as in "Companhia Energética de Minas Gerais" (6), which must be annotated with
normal relationships. In these cases, the deprels that will probably predominate are amod (between
"Companhia” and "Energia", for example) and nmod (between "Companhia” and "Minas", for example).
Furthermore, it was observed that DANTEStocks is characterized by the occurrence of tweets com-
posed of a noun phrase, such as "Maiores Altas" (3) and "Maiores Baixas" (4), followed by a colon and
alist of PROPN tags. The occurrence of this type of construction highlights the probable prominence
of the appos deprel, which, in this case, is established between the nominal to the left of the colon
(head) and the first PROPN in the list (dependent). Among the elements of this type of list, in partic-
ular, we believe that the most appropriate relationship is list, since the last item in the list is not
introduced by an “and”. By the way, lists like the one exemplified in (8) -- very common in the corpus
-- also show that we will often see the nummod deprel between the PROPN tags and a numerical
modifier (NUM PoS).

2 Top Highs: LLXL3 +7,79% | OIBR4 +6,14% | JBSS3 +6,11% | RSID3 +5,67% | ELET3 +4,83%.

18 Top Lows: MRVES -12,50% R$7,35, DASA3 -9,67% R$15,13, CMIG4 -5,69% R$12,94, GFSA3 -4,76% R$3,00, ELPL4 -
4,03% R$7,62.
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(5) STBLE3 - TRACTEBEL (TBLE3) adquire totalidade do capital social da CLWP Brasil
I1I Participagoes http://t.co/UGYeSzmmjk14

(6) STIMP3 - Tim Part S/a (timp-nm) - Arquivamento Do Formulario Anual 20-f
http://t.co/OLZrEpFUch5

(7)  SCMIG4 - Aviso de Video Webcast: A Companhia Energética de Minas Gerais -
CEMIG anuncia a Video Webcast e http://t.co/bUOSWMOFUN16

(8) Maiores Altas: ALLL3 +7,16% | CRUZ3 +6,71% | PRML3 4,35% | CSAN3 +2,98% |
ELET3 +2,64%."

Finally, regarding the NOUN tag, we believe that many of the corresponding tokens must be
predicate names, since, as mentioned, these tend to be frequent in the stock market /financial /eco-
nomic domain, especially in digital genres. Thus, names such as "totalidade" and "capital" in (5), "ar-
quivamento" and "formulario” in (6) and others (e.g., "venda", "compra”, "valorizag¢ao", etc.) may occur
with complements. In such cases, the head is a nominal and the dependent is a modifier, which can
commonly be nmod (between "totalidade" and "capital”, for example) or amod (between "capital” and

"social", for example).

Conclusion

In this article, we reported on some statistics regarding UD PoS tags distribution in DANTEStocks -
a corpus of stock market tweets annotated with morphosyntactic information. Amongt our main
contributions, we highlight the characterization of the corpus, thereby providing researchers a way
to compare DANTEStocks to other corpora, possibly from different genres and domains. To this end,
we present two different distributions, to wit, the overall distribution of tags across the corpus, and

the coverage of each tag, in terms of the number of different tweets where they can be found.

" STBLE3 - TRACTEBEL (TBLE3) acquires the totality of CLWP Brasil Il Participagdes share capital
http://t.co/U6Ye8zmmjk

15 $TIMP3 - Tim Part S/a (timp-nm) - 20-f Annual Form Filing http:/ /t.co/OLZrEpFUc]

16 $CMIG4 - Video Webcast Notice: The Companhia Energética de Minas Gerais - CEMIG announces Video Webcast
and http://t.co/bUOSWMOFUN

" Top Highs: ALLL3 +7,16% | CRUZ3 +6,71% | PRML3 4,35% | CSAN3 +2,98% | ELET3 +2,64%.
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These figures could in turn be used to compare this corpus to others in the same genre and
domain, or even as a first step in determining how apart corpora from different genres and domains
can lie. Given enough research in this direction, this information could be used as a way to build
some sort of corpora proximity measure based of UD PoS tags distribution.

To the best of our knowledge, this is one of the few, and possibly the only research so far to
focus on how morphosyntactic information is used in a corpus of UGC and, more specifically, stock
market tweets. As a consequence, our results can serve as a starting point for other investigations
and, as mentioned, comparisons with other efforts on the same direction, so as to advance our
knowledge not only in terms of the linguistic tools used in different genres and domains, but also on
how automatic techniques can be tailored to them.

As an additional contribution, we also presented some possible reasons for the observed phe-
nomena, such as the small number of each tag occurrence within tweets, for example, which leads
to a right skewed distribution of these tags inside the tweets (i.e. their concentration at the smallest
side of the scale). In this case, people are actually using a higher number of different tags, but a
smaller amount of times, i.e. they might be preferring diversity over quantity. To what extent this is
a DANTEStocks feature, a domain feature, or even a feature of the microblogging genre is still to be

determined by future investigation.
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EVALUATOR 1

O artigo apresenta movimentos retoricos previstos no processo de textualizacdo de uma pesquisa.
Tem como objetivo caracterizar o corpus DANTEStocks em termos de sua distribuicao morfossinta-
tica. Metodologicamente, os autores informam que as etiquetas foram inseridas de forma semiauto-
matica e revisadas por especialistas da computagdo e da linguistica. Os resultados apresentados sdo
compostos de uma lista de frequéncia dessas etiquetas. Do ponto de vista linguistico, ndo se observa
qualquer detalhamento da tomada de decisoes que levaram a etiquetagem. As afirmagoes sdo vagas,
como 'frases curtas', 'textos menores', 'categorias morfossintaticas simples e complexas', etc. Para
além da contagem de palavras e etiquetas (nomeadas como morfossintaticas), ndo se observa ne-
nhuma analise linguistica acurada. Nesse ambito, os resultados e conclusdes, superficialmente, apre-
sentam afirmacdes com modalizadores (como might be) ou crencgas dos autores, haja vista o emprego
de verbos como 'to believe' e 'to tend'. Recomenda-se o desenvolvimento de uma argumentagao con-

solidada do tratamento linguistico do estudo.

EVALUATOR 2
TITULO
O titulo ¢ adequado e expressa exatamente aquilo que o artigo faz, que € prover uma analise da dis-
tribuicao dos POS em um corpus chamado Dantestocks, seguindo diretrizes da Universal Dependencies.
RESUMO
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O resumo esta claro e compreensivel, apresentando de forma sucinta o contexto, a lacuna e o
objetivo da pesquisa. Faco apenas 2 ressalvas:

1. No Resumo (em portugués), onde se 1& "a qual representa a sua categoria gramatical
(parte do discurso) adequada”, sugiro substituir "parte do discurso" por "classe de pala-
vra" ou "classe gramatical”, que sao termos mais adequados para representar "part-of-
speech"; e

2. No Lay Summary, onde se 1€ "Para os computadores interpretarem adequadamente um
texto, identificar corretamente a categoria gramatical (nome, adjetivo, verbo, etc.) de
cada palavra do texto é essencial." Dadas as novas abordagens, isso nao € mais essencial,
entdo sugiro excluir essa afirmagdo ou reescrevé-la de forma mais modalizada.

INTRODUCAO

Aintroducdo ¢é clara, apresentando o contexto do PLN e da tarefa de etiquetagem de POS dentro
do PLN. Também apresenta o estado da arte e acurdcia da anotagdo em textos bem escritos (97%),
comparando-o com a acuracia conseguida pelo corpus Dantestocks, que ¢ user-generated-content
(95%). Fico me perguntando se essa diferenca de 2% ¢ relevante o suficiente para ser considerada a
principal justificativa do trabalho...

RELEVANCIA

A relevancia do trabalho € justificada a partir das possibilidades de desdobramento da pesquisa,
a saber:

1. subsidiar anotacdo de relagdes de dependéncia; e /ou

2. poder ser usado como ponto de partida para o desenvolvimento de ferramentas e novas
teorias de linguagem, especialmente para géneros e dominios especificos.

Mas qual a relevancia da pesquisa em si? Qual a relevancia em apresentar a distribuicao das
etiquetas morfossintaticas em um corpus? Entendo que essa relevancia ficaria mais explicita se os
autores tivessem feito uma comparagao com a distribuicao das mesmas etiquetas em outros corpora
de outros géneros (por exemplo, jornalistico ou wikipedia) ou de outros dominios. Se apresentassem
um comparativo com géneros e dominios mais "comuns" de textos bem-escritos, o leitor conseguiria
ter um baseline para saber se a distribuicdo dos POS ¢ parecida ou em quais etiquetas um corpus de
tweets de acoes se difere de outros corpora de linguagem mais usual. Isso sim poderia contribuir
com a caracterizacdo do género tweet e do dominio de mercado de agdes.

LACUNA

Na secdo de trabalhos relacionados, assim como na Introducdo e no Resumo, os autores justifi-
cam a anotacao de POS em tweets por conta de uma lacuna: outros trabalhos que pesquisaram
tweets focaram em investigar fendmenos lexicais e ortograficos do género, em vez de POS. AFAIK,
ambas as abordagens (distribuicao de POS e andlise de fendmenos lexicais /ortograficos) sdo depen-
dentes de lingua. Portanto, ndo faz muito sentido indicar trabalhos de espanhol e inglés que abordam
fendmenos lexicais e ortograficos dos tweets como uma lacuna para uma abordagem de POS em
portugués. Em outras palavras, o que o presente artigo faz (anotar POS e apresentar sua distribuicdo

em um corpus em portugués) ndo preenche a lacuna de que os estudos anteriores s6 focaram em
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fenémenos lexicais e ortograficos, pois aqueles estudos sdo de outras linguas e as duas abordagens
sdo language-dependent.

METODOS

A amostragem dos dados é adequada. Ressalte-se que foi anotada uma amostra de 4.048 tweets,
que corresponde a 81.037 tokens, usando as guidelines de anotacao da UD versao 2, que contém 17
PoS tags.

A secdo de materiais e métodos esta bem explicada e os experimentos podem ser reproduzidos,
tanto a anotacao de mais dados seguindo as mesmas diretrizes, quanto os calculos e estatisticas da
distribuicdo das etiquetas no corpus. Trés informag¢des muito importantes dessa secdo nio estdo
contidas no proprio artigo, mas estao indicadas no artigo e disponiveis na web:

1. o manual de anotagdo construido pelos autores e ja divulgado em outra publicacao (Re-
latério técnico do ICMC/USP em Di Felippo et al, 2022);

2. asdiretrizes da Universal Dependencies v2, cujo link esta em nota de rodapé; e

3. ocorpus Dantestocks com as anotagdes, disponivel para Download em um link do Drive.

Faco uma ressalva em relacdo a uma informacdo faltante nesta se¢ao. Na pagina 7, onde se 1é
"the tweets were automatically tokenised and tagged (see Da Silva et al. (2021) for details), and then
manually revised", entendo que os detalhes podem ser conferidos nessa outra publicacao, porém é
necessario indicar neste artigo pelo menos qual ferramenta (tagger) e qual modelo de pt foram usa-
dos para etiquetar automaticamente. Mesmo que ndao mencionem os detalhes, essa informacao prin-
cipal precisa estar explicia neste artigo.

Ademais, a se¢do "Materiais e métodos" indica algumas medidas estatisticas na Tabela 1, como quan-
tidade absoluta de tokens e de tags (minimo, maximo e média). Naquele momento, senti falta também de
outras medidas tais como mediana, desvio padréo, quartil, outliers, etc. Seguindo a leitura, percebi que
os autores explicitam algumas delas na se¢do de resultados e discussdo. Para fins de sistematizagado e
clareza, sugiro que os autores apresentem as técnicas e medidas estatisticas na secao "Materiais e méto-
dos" e indiquem que algumas delas serao discutidas posteriormente na secao "Resultados e discussao”. A
tabela 1 também pode ser complementada com essas informacodes estruturadas.

RESULTADO

Dado o objetivo principal do trabalho, que € analisar a distribui¢cdo de POS tags no corpus Dan-
testocks, considero que a secdo de "Resultados e discussdo" seja o ponto-chave do artigo. As figuras
apresentam os dados de forma resumida e os textos que se seguem as figuras apresentam exemplos
e alguma informagao a mais, além da informacao da figura. Mas sinto que faltou aprofundamento em
algumas discussoes.

Por exemplo, quando se fala da quantidade de PROPN no Dantestocks e se justifica sua alta frequén-
cia por conta da quantidade de tickers (para nomes das empresas), eu gostaria de comparar essa frequén-
cia com a de outros corpora. Em outros textos, a frequéncia de PROPN costuma ser baixa ou igualmente
alta? E se forem textos jornalisticos do dominio de agdes, os quais também usam tickers para nomes de

empresas? Isso depende mais do género tweet ou do dominio de mercado de a¢des?
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Quando se fala de PRON, parece ter uma ambiguidade ou falta clareza. Nas p.10 e 11, a baixa
frequéncia de PRON parece estar relacionada ao dominio do mercado de ac¢oes ("For PRON, its fre-
quency might also be related to the domain, since stock market tweets tend to be very factual"). J&
na p. 13, parece estar relacionada ao género tweet ("which might come up as a result from Twitter's
message length limits"). Nao esta claro se a baixa frequéncia de PRON ¢ devida ao género tweet ou
ao dominio de mercado de ac¢des. Esse tipo de avaliagdo/andlise € necessaria, por exemplo, para
quem trabalha com resolucao de anafora em tweets ou posts de redes sociais.

A alta frequéncia da tag SYM ¢ algo que carece de explicagdo, pois isso provavelmente se difere
da distribuicao de outros corpora. Nas Figuras 2 e 4, a distribuicdo de SYM € maior que de ADJ e
ADV, que sdo tags extremamente frequentes em pt. O que justifica essa alta frequéncia? Tem a ver
com o uso de emoticons para substituir interjei¢cdes? (Referéncia: p.10: "social media users apply
duplicated punctuation, graphemic stretching, emoticons and smileys as marks of expressiveness")
Ou tem alguma outra explicacao?

No mesmo sentido, imagino que a quantidade de INTJ também deve ter uma diferenca relevante
em relacdo a outros dominios. Mesmo aparecendo pouco no Dantestocks, deve aparecer ainda me-
nos em corpora de linguagem mais comum, certo? Para entender a "baixa frequéncia" de SCONJ,
PRON, AUX and CCONJ, também seria interessante comparar com outros corpora.

Se os autores tivessem comparado essas estatisticas com as de outros corpora, principalmente
os de linguagem mais corriqueira ou de textos bem-escritos, ficaria mais claro para o leitor o que
esta sendo considerada alta, média e baixa frequéncia para algumas etiquetas. Também ficaria mais
claro se essa distribuicdo é especifica de tweets de mercado de a¢des ou segue uma distribuicao
parecida com outros géneros e dominios da lingua portuguesa.

GENERALIDADES

De maneira geral, o artigo estd bem escrito, claro, coerente e apresenta todas as secoes rele-
vantes para um artigo cientifico da Revista em questao. Elenco a seguir alguns pontos especificos a
serem revisados:

1. (Obrigagdo) Nas referéncias, estd faltando CHIARA (2022)

2. (Recomendag¢do) Nao me sinto confiante em avaliar a escrita em Lingua Inglesa, mas algu-
mas estruturas me chamaram aten¢do por serem incomuns em artigos cientificos, por ex:

1. p.13: Of the 17 tags [...] nine [...] can be found;

2. p.13: With that, [...];

3. p.2 "scientific articles" instead of "academic papers". Sugiro uma revisdo mais de-
talhada por algum especialista.

1. (Obrigagdo) Existe uma citagao literal na pagina 5 que deveria estar entre aspas e com
indicacdo da fonte: https://universaldependencies.org/u/overview /syntax.html. O tre-
cho é: "one word is the head of the sentence, dependent on a notional ROOT and all other
words are dependent on another word in the sentence."

2. (Recomendacao) Ao falar do modelo de Universal Dependencies, eu ndo entendi o motivo

de usarem o exemplo da Figura 1.
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Por que usar um exemplo em italiano em vez de um em portugués (ou inglés)?
Por que ndo usar um exemplo real do corpus Dantestocks ou pelo menos algum exemplo
de sentenca do dominio de mercado de a¢oes?

5. O exemplo usado contém 2 sentengas (1. Chi mi fa un po' di compagnia a quest'ora? e 2. Mi
sento sola.) e uma anica root ligando ambas por uma deprel de parataxis. Acho que isso

pode confundir o leitor, entao sugiro usarem um exemplo com 1 Gnica sentenga.
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