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Abstract
This chapter describes our study of verbs and prepositions for European Portuguese
as they are used in current articles in newspapers. The aim is to enrich the information
that is available in dictionaries. This particular study focusses on verbs indicating
movement. We have analyzed articles in six Portuguese newspapers and extracted more
than 200 thousand of potentially relevant verb + preposition/prepositional locution
cases. These were processed to identify similar cases and obtain the corresponding
frequencies. Furthermore, we have also used a clustering algorithm with the objective
of discovering clusters of similar verbs that are associated with similar prepositions/
prepositional locutions. Although this latest set of results is still preliminary, some
similarities among verbs were uncovered already. We hope to consolidate these results
in the future.
Keywords
Portuguese verbs of movement, verbs and prepositions, automatic extraction from
text, clustering of verbs
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1 - Introduction
Human language is a dynamic phenomenon, with variations that spread
not only geographically, but also temporally. Hence, the existing dictionaries and
grammars need frequent revisions. Human studies oriented towards how language
is used are costly, particularly in what concerns data collection. Consequently, it
makes sense to employ computer-based techniques for this task and even some of the
analysis tasks that can be easily automated.
In this work, we present a case study, which is oriented towards the combination
of prepositions/locutions with the verbs of movement in European Portuguese. Our
goal is to characterize the usage of prepositions with the verbs, therefore creating a
repository (database), which can be used for the revision of existing dictionaries, or
alternatively, for the creation of new up-to-date dictionaries that can be accessed by
computerized processes.
Knowing whether certain prepositions/locutions can be associated with
a given verb has several pragmatic goals. First, it can serve to enhance the body
of linguistic knowledge. Besides, it can help in language learning for non-native
Portuguese speakers. Finally, it can be exploited in automatic spell-checkers and
machine translation systems.
The existing dictionaries provide a fair amount of information, concerning
verb regency for preposition/locution usage (Luft 1995). Yet, this knowledge is
static. Therefore, this work aims at providing a dynamic and more complete resource
to enrich the existing dictionaries (Busse 1994; Luft 1995; Borba 1990; ACL 2001,
i.a.).
We began our study by focusing on a particular category of verbs – verbs
indicating movement, such as: ir ‘to go’, correr ‘to run’, saltar ‘to jump’, fugir ‘to
run away’, voar ‘to fly’, etc. In the future, we intend to extend the work to all verbs
of the Portuguese language. This allowed us to gather an important repository of
cases, like the one shown below, in which verb fugir ‘run away’ and preposition para
‘to’ are marked:
(1)		

Depois de roubar um banco com outros camaradas, Rita [foge] [para] o outro
lado e, com o beneplácito da Stasi, muda de identidade e instala-se na RDA.

One of the objectives is to provide an electronic resource to the community
enabling to list the most frequent prepositions that combine with a given verb and
that distinguish it from other verbs. For example, for the verb fugir ‘run away’ we can
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identify a relatively small subset of three classes of prepositions1: “de+”, “por+”,
“a+”.
We have designed and implemented an automatic system for extracting text
relevant to our study, from six online Portuguese newspapers. The system collects
and stores valid phrases in which combinations of Verb-Preposition occur. The
collected sentences are stored in a relational database for later analysis.
The rest of this document is organized as follows. In Section 2 we provide
details about some related work. The technical details on the method used are
presented in Sections 3 and 4 together with the results. Section 5 presents the
conclusions and discusses also possible future directions.

2 - Related work regarding verbs
2.1 - Dictionaries describing verbs
There are a number of conventional dictionaries of different kinds, which are
manually created and periodically updated. Relevant examples for the Portuguese
language are Busse (1994), Luft (1995), Borba (1990), and ACL (2001). From these,
the dictionary of verbal regency (Luft 1995) is the most relevant to our work, as it
shows verbs and the prepositions combining with it.
Figure 1 shows the prepositions that follow the verb fugir ‘run away’, which
are de, da, para, a, à, etc. However, it is evident that these are only the most frequent
prepositions following that verb, and others also quite frequent and equally relevant
have been omitted. This last set of prepositions can be divided into two groups.
The first one characterizes this verb (or some similar ones) and includes some
cases of de+ (dele, dela) and por+ (pelo, pela). The prepositions of the second group
do not characterize this verb, as they may occur with many other verbs. A particular
action or event can be executed before, during or after some other one (cases like
durante, depois de, após). Also, they can occur in a particular location (em, num,
nas, sobre) and together with or without some item or person (com, sem).

The “+” after the preposition token indicates set of prepositions (combination of preposition with different
determiners or pronouns). For example, “de+” represents “de”, “do”, “da”, “dos”, “das”, “dele”, “deles”, “disso”,
“dessa”, ...

1
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Figure 1 - Verbal regencies of verb fugir ‘run away’, from the Luft (1995) dictionary

Our approach is able to identify in particular those prepositions that characterize
each verb. One limitation of the dictionary of verbal regency Luft (1995) is its
orientation towards Brazilian Portuguese only.

2.2 - Leipzig Corpora Collection (LCC)
The Leipzig Corpora Collection (LCC) is a huge collection of texts
automatically gathered from many web sources, for more than 350 languages and
dialects, along a period of fifteen years (Eckart & Quasthoff 2013). It includes tools
for querying the corpus, especially for word co-occurrence statistics. The interface
allows visualizing the words that occur frequently in the vicinity (e.g. following) of
a given word. For instance, if we use its web portal2 for Brazilian Portuguese and for
the verb fugir ‘run away’, the system returns a sample of sentences in which the verb
occurs, together with the respective source from which each sentence was obtained:
(2)

(3)

2

Afirmou que a legislação que impede a candidatura de políticos condenados
por órgãos judiciários ou que renunciam ao mandato para fugir da cassação
valoriza a moralidade pública. (www.estadao.com.br, 13.03.2011)
Na tentativa de fugir do local, o homicida ainda tentou ferir outras pessoas,
chegando a riscar um rapaz com a faca que ele usou contra o “Nandinho”.
(www.diaadianews.com.br, 05.03.2011)

The LCC portal address: http://corpora.uni-leipzig.de/ (Consulted on February 2018).
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The user can also scan for the kind of words appearing before or after the
given verb. In this example and if we opt for the word that follows, we get:
da (7,362), do (6,493), . (4,385), , (1,571), dos (1,432), pulando (1,415),
das (1,210), correndo (733), levando (673), e (507), com (458), após (458),
antes (431), dessa (39), entrando (311), à (309), para (303), ao (295), pelos
(283), sem (250), disso (234), de (229), pela (219), novamente (171), pelo
(168), desse (160), adentrando (158), quando (156), dela (152), mas (120),
escalando (115), dele (103), em (101), usando (92), ...
That is, we obtain the terms that follow most frequently the verb fugir. We note
that no syntactical categorization is provided, and that terms sorted by frequency
are intermixed, irrespective whether they are prepositions, verbs or other syntactic
category. In our study, we are especially interested in analyzing the occurrence of
prepositions and this interface is not very helpful for this aim. We also note that the
LCC resource is oriented towards the use of Brazilian Portuguese, which in terms
of verb + preposition construction is different in several aspects from European
Portuguese.

3 - Methods and techniques involved
Figure 2 presents a conceptual schema of our system. It includes a crawling
system for news extraction from web pages, a relational database in which the
extracted cases are stored and an interface for users.

Figure 2 - General conceptual scheme of the implemented system

The central block of the schematic of Figure 2, called the “Crawling System”,
is a process that sequentially scans a set of web sites for the purpose of finding
and extracting the relevant information. In our case, this information consists of
the well-formed phrases that contain a certain linguistic pattern, namely verbs and
prepositions.
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3.1 - Web crawling
There are several web crawling strategies and almost all involve deep search
in hyperlink trees. For example, a search engine like Google uses multiple crawlers
to index all found (visible) web pages, on a periodic basis. Starting from a general
set of addresses, many provided by organizations, a crawler follows the links found
on the pages to get to new pages and so on (Brin 1998).

Algorithm 1 - Recursive crawling of websites

An HTML page from a website can contain thousands of hyperlinks, either
pointing outside or inside the website. Here we use online pages of newspapers,
in which new stories, reports and chronicles are typically added every day. Some
newspapers keep a full repository of news accessible over a long period of time.
These are usually organized according to a thematic hierarchy.
A crawler has to search through the hierarchy, taking care to avoid links
pointing to higher levels in it, which would form a closed search loop, causing
the crawling process to get stuck. The crawler must also avoid following links to
pages that have already been visited in the past. It must memorize the pages that
have already been visited. This corresponds to the set represented by the variable
linksMemo in Algorithm 1, which captures the search strategy implemented in our
system.
Our set of websites corresponds to the set of Portuguese online newspapers:
Expresso, Público, Observador, Jornal de Notícias, Diário de Notícias, and
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UrbiEtOrbi. For each newspaper, the system performs a recursive3 search, starting
with the top page, avoiding links pointing outside the newspaper and links previously
visited, during the same run. In our case the depth of the recursive call was limited
to a maximum of seven levels.

Figure 3 - Part of the log capturing the web crawling process for the Observador newspaper

Figure 3 illustrates a part of the execution of the crawling process for one
of the newspapers considered. Each line corresponds to a recursive call. The first
column contains the log of runtime since the start of the process. The second column
(“branching state”) indicates the number of hyperlinks found for each level of the
call. For example, in the second column of the third line we have the expression
“|361|50|101|”, which means that the webpage being processed contains 361 links.
Following the first link we find a page with 50 links and following the first one of
these we find another page having itself 101 links, and so on. The third column
shows the number of relevant cases found on the corresponding visited webpages.
This kind of output provides information about the pages that are processed
and the corresponding time. The constraint of having a maximum limit for the depth
of recursive calls (7) is merely pragmatic. It restricts the search space. Section 4
includes details about data volume processed and the corresponding runtimes.
In Algorithm 1, function “compute(t)” deals with the processing of the selected
text (t) from the current webpage. We use a set of linguistic resources to look for the
relevant cases in the sentences of t. However, before that, it is necessary to select
the text from the webpage, corresponding to the function “selectText(url)”, which
involves important challenges. The approach adopted is described in the next section.

3

A call to crawlPage within crawlPage.
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3.2 - Extraction of relevant text
Most web pages, including online newspapers, have spurious text elements,
which are unrelated to the main subject of the text and irrelevant. These elements
include advertising (advertising slogans, etc.) and text related to the site structure,
like hyperlinks and navigational text. One may refer to this kind of text as accessory
text. This is illustrated in Figure 4.
Accessory text

Accessory text

Figure 4 - A webpage of a Portuguese online newspaper, containing examples
of accessory text and news of interest

Given the high variability of the structure and style adopted in web sites,
accessory text represents a challenge to any automatic text extraction system.
Our aim is to extract relevant text and discard the accessory one. The work
of Pedrosa (2011) addresses this issue, focusing on the automatic elimination of
readers’ comments to news and advertising. The method is based on the occurrence
of certain keywords, indicative of the presence of such comments. However, as
it was reported by the author, this approach is not easily generalizable to other
newspapers or websites, since each one may follow a particular structure and use
specific keywords. Thus, this method would require a manual readjustment before
being applied to a new site.
The approach that was adopted here analyses the HTML structure of web
pages with recourse to existing software packages, such as jsoup (Hedley 2017), for
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the Java programming language, or rvest (Wickham 2016) for the R language. The
tree like structure can be analyzed and the most promising zones for relevant text
extraction identified.
Unfortunately, there are websites that do not delimit the text well with
appropriate tags. For example, in many cases paragraph tags (“<p>”) are absent
from true paragraphs in the text. Therefore, we cannot rely exclusively on the HTML
structure of a page, as a way to select the relevant text content. It is necessary to
employ other techniques as well.
In this work we have applied a heuristic, which despite being rather simple,
works quite well, satisfying the practical needs of the project. We have observed that
a well-written content sentence tends to be well punctuated, ending with a period,
an exclamation or question mark. In contrast, most accessory text is often not well
punctuated, having no punctuation at all in almost all cases. We noticed that in the
web this is a prevalent pattern. Therefore, for each newspaper webpage we only
select well punctuated sentences and with a given minimum number of words (this
parameter was set to 3).
In the future we could adopt a more elaborated approach that would require
that the text contain informative words, as judged by TFIDF metric (Salton &
Buckley 1988; Bruno & Cordeiro 2015), or topics identified using LDA (Blei 2012;
Blei, Ng, & Jordan 2003) and other approaches of topic modeling.

3.3 - Localization of verbs and prepositions
The identification of the relevant sentences for extraction requires that we
identify certain verbs and prepositions/locutions occurring in them. As our study
focuses on movement verbs, we have prepared a list of such verbs beforehand (see
Figure 5). Similarly, we have prepared a list of prepositions and locutions (see Figure
6).
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Figure 5 - Partial list from the 382 movement verbs

Figure 6 - A partial list of 269 prepositions and prepositional locutions considered
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For each sentence, it is necessary to verify whether a particular movement
verb occurs in that sentence together with a preposition or prepositional locution on
the right-hand side.
Another possibility would be to use here a part-of-speech tagger, for example
the LX-Parser (Silva, Branco, Castro & Reis 2010), that provides an automatic analysis
of the constituents of each sentence and could provide a tagging of verb-preposition
combinations. However, as our focus was restricted to only certain types of verbs
(i.e. movement verbs), which could easily be represented in the form of a list, we did
not resort to such tools.
Furthermore, our aim was to analyze not only prepositions, but also a rich set
of prepositional locutions (consisting of more than one token), for which the PoS
tagger might not provide an adequate solution. This reinforced our belief that using
an explicit list represents a good choice here.
We note that the list of verbs used (Figure 5) includes verbs in the infinitive
form, contrary to what occurs mostly in the text, in which verbs are usually conjugated,
regarding person, number, tense and mood. To overcome the difficulty of matching
two forms that are slightly different (ex. fugir versus fugiu), we have employed an
automatic lemmatizer for Portuguese, namely the Unitex lemmatizer (Muniz 2004).

3.4 - Visualization and interactive correction of cases
The process of identifying the combinations of prepositions or verbs in text
is not entirely reliable. In order to obtain a better-quality result, the combinations
extracted need to be analyzed by specialists. The aim is twofold. One aim is to
identify the badly marked cases (prepositions or verbs). The other one is to obtain a
cleaned-up dataset that can be used in further analysis.
Our system includes thus an interface that allows selecting, viewing and
marking different cases. The interface is shown in Figure 7.
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Figure 7 - A part of a web page showing some retrieved cases to be marked

The top section of each page contains a descriptive header to help the user.
Each page includes a maximum of 50 cases. There are also navigation links allowing
going to the previous or subsequent page. This is done using arrows at the end of the
header. At the end of each case/sentence there is a text box, enabling the specialist
to confirm that the case is correct and hence should be kept. Each page has a button
for saving the marked cases.
The erroneous cases identified could be used in future to enhance the
functioning of our system. The knowledge of these cases can be synthesized by a
human expert, by indicating rules and exceptions to be considered. Alternatively, the
erroneous cases could be supplied as input to a machine learning system that can be
trained to identify such cases in future.

4 - Implemented system and results
This work has already allowed us to collect a quite extensive number of
examples and of case studies, showing the effective use of prepositions/prepositional
locutions with verbs of movement for the European Portuguese, as illustrated in
some examples below:
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(4)

1. Os problemas de dependência ao jogo [surgem] [em] cinco anos, no
máximo numa década.
2. Naquele momento, Eder, o herói, [desceu] [ao] nível de toda uma nação.
3. O gabinete dos eurodeputados comunistas confirmou ao Publico que
foram reunidas as assinaturas necessárias para que as propostas [subam]
[a] plenário.
4. O despiste de um autocarro na madrugada de domingo na Estrada Nacional
79, na direcção Mâcon-Moulins, França, provocou quatro mortos, três
feridos graves e 25 ligeiros, que [seguiam] no veículo [a caminho de]
Genebra, Suíça.

The verbs are marked in yellow and the corresponding prepositional locutions/
prepositions in green.

4.1 - Implemented system
The relevant cases are stored in a relational database, in which we store the
extracted sentences, the web pages to which they belong and the combination of
“verb + preposition/prepositional locution” occurring in the sentence. The EntityRelationship (ER) diagram (Elmasri & Shamkant 2010) of our database is shown in
Figure 8.

Figure 8 - The Entity-Relationship diagram (E-R) of the VPLPBD database.
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The central table of the database is VerbPreposition that associates three
fundamental entities: the verb, the preposition and the sentence, also represented by
three tables (Verb, Preposition and Sentence) with the same names.
The Sentence table stores the relevant cases extracted from the news, sentences
in which combinations of verbs occur with the prepositions and the prepositional
locutions contained in the list.
The Document table represents a news story from an online newspaper whose
website reference is stored in the WebSite table.
The Domains table stores the online newspaper domains, which so far are only
from the “.pt” domain. Other domains may be entered in the future, such as “.org”.
The Verb and Preposition tables store the lists of verbs and prepositions we are
working with (parts of them were shown in Figures 5 and 6).
Our study used data gathered for six Portuguese newspapers - iOnline, Publico,
Expresso, DN, Observador, UrbiEtOrbi - in the period between the 28th and 30th of
March 2017. Some summary statistics regarding this process are shown in Table 1.
Execution features

outcomes

Number of tokens involved
Number of sentences processed

15 206
1 599 423

Number of documents processed
Number of relevant cases extracted
Total execution time

52 032
226 337
21h49

Table 1 - Descriptive statistics related to processing six Portuguese newspapers

The number of relevant cases identified represents 14.15% of the total
sentences processed. Table 2 shows the number of pages analyzed and extracted
cases for each of the six newspapers considered.
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Online
Newspaper

Analyzed
Pages

Proc.
Time

Extracted
Cases

%

www.ionline.pt

2 725

1:12:43

7 914

3,50%

www.publico.pt

19 952

8:16:30

96 862

42,80%

expresso.sapo.pt

4 872

2:32:54

16 684

7,37%

www.dn.pt

3 648

1:35:31

10 615

4,69%

15 206

5:34:54

74 465

32,90%

5 629

2:37:02

19 797

8,75%

52 032

21:49:34

226 337

100%

observador.pt
www.urbi.ubi.pt
Totals

Table 2 - Number of pages analyzed and extracted cases per each newspaper

We note here that the majority of the extracted cases (75%) came from
newspapers Público and Observador and consequently a great proportion of
extracted cases come from these two sources.

4.2 - Sequentially ordered results
The data collected from the web are stored in our relational database, allowing
us to obtain various relevant statistics, as well as to select specific combinations of
verb and prepositions, which are important for further study.

Figure 9 - Some data stored in the VPLPBD VerbPreposition table

117

Empirical study of verbs and prepositions in European Portuguese with recourse to Web / Text Mining
João Cordeiro, Pavel Brazdil and António Leal

The table shown in Figure 9 presents a small portion of the data stored in
the VerbPreposition database table. For each line, the first two columns show the
extracted case. The third column shows the position (in number of words) in which
the verb occurs in the sentence. The last (4th) column shows the initial part of the
sentence. For example, in the line referring to the verb abandonar, we see that it
appears conjugated (abandona) in position 3 of the sentence (the count begins at
zero).
When analyzing the occurrence of prepositions and verbs in the extracted
cases, we note that we are dealing with long tail distributions (Zipf’s law, or power
law), similar to what happens with the occurrence of words in corpora. Figure 10
shows the distribution for the subset of the 30 most frequent verbs and prepositions/
prepositional locutions ordered by frequency.

Figure 10 - The distribution of some of the verbs and prepositions in our dataset

We observe that the first six verbs occur in about 53% of the cases. In case of
prepositions, the mass concentration at the top is still higher, with only the first four
occurring in about 52% of the cases.
Not all verbs listed in Figure 5 occurred in our dataset, some are rare and do
not occur, even after processing near 1.5 million sentences. From our list of 398
verbs, 198 (49.75%) occurred at least once in an extracted case. The other ones
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were not encountered at all. The situation for prepositions/ prepositional locutions is
somewhat similar. From our list of 269 prepositions, 171 (63.57%) occurred at least
once in the extractions. Here, the percentage is a bit higher.

4.3 - Results for individual verbs
The results presented in the previous section were reorganized. The aim was
to join all cases relative to each verb. So, for instance, for verb fugir we obtain the
following prepositions and their frequencies:
Verb

a+
com+
fugir

Rel.
Frequency
231
33.82%

Preposition Frequency

42

3.59%

de+

586

50.04%

no+

41

3.50%

por+

205

17.51%

Others

66

5.64%

1171

100.00%

Total

Table 3 - Frequency of preposition sets for the verb fugir ‘run away’. Each set contains a number of
related prepositions, for instance, “a+” represents “a”, “ao”, “à”, “às”, etc.

For a great proportion of the 382 movement verbs used by our extractor,
various prepositions were found co-occurring with those verbs. From our list of
269 prepositions, 171 were found co-occurring with the verb fugir, although their
frequencies of occurrence were quite different. Table 3 shows several sets of such
prepositions co-occurring with the verb fugir. Each set class represents a subset of
prepositions of a similar type. This provides valuable information to linguists for
further analysis and comparisons with existing information. For instance, it may be
possible to characterize a verb based on its distribution over prepositional sets.
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4.4 - Verb clustering
The collected data was used to conduct an experiment to discover clusters of
verbs based on their association with prepositions. This was done with recourse to a
method of automatic clustering. The training data was arranged in a form of a table,
in which each line contains the lemmatized verb, which is followed by frequencies
of prepositions that co-occur with that verb. This is exemplified in Table 4.

Table 4 - Example of training data used for clustering
(only a small portion of verbs and prepositions are presented)

Each line is considered as a training instance in which individual prepositions
represent the attributes. The complete dataset contains 198 instances (verbs) and 171
attributes.
EM4 clustering algorithm (Dempster, Nan & Donald 1977) was used to
determine the best number of clusters. This system recommended the 3 clusters to
be used. A subsequent application of k-Means (with K=3) generated clusters with
centroid words ir, levar, and passar. The dataset was preprocessed, and all values
became normalized. The clustering metric employed was the cosine similarity. The
verbs more related to the centroid words were:
ir ==> circular, cair, desfilar, dançar, marchar, afundar, voar, ...
levar ==> emergir, propalar, progredir, surgir, flutuar, ...
passar ==> passear, espalhar, errar, ...

4

The Expectation Maximization clustering algorithm.
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Some affinities are evident (e.g. [ir, cair], as both verbs select complements
that are prepositional phrases headed by a) and others not so much. We believe that a
dataset that includes a carefully selected set of features should lead to better results.
We hope to achieve a better understanding regarding different classes of verbs.

5 - Conclusions and future work
This work was oriented towards the study of verbs and prepositions in
European Portuguese as they are used in current articles in newspapers. We have
analyzed articles in six Portuguese newspapers and extracted about 226 thousand of
potential relevant verb + preposition cases.
For each of the 382 verbs related to movement, we have provided a list of all
possible prepositions that were encountered together with their frequencies. This
provides valuable information for further analysis.
The extracted cases were processed by a clustering algorithm in order to
discover clusters of similar verbs that are associated with similar prepositions.
Although this was quite a preliminary study, some similarities between verbs were
uncovered by this process, like for example [ir, cair], [passar, passear]. A larger
dataset will help us to consolidate these results, as well as discover new ones. We can
then compare these results to what is currently known and described in grammars of
Portuguese language.

Future work
A small percentage of extracted cases were false positives. They represent
cases that were identified erroneously by the system as verb + preposition group. A
sample of the extracted cases were manually analyzed and tagged by human experts.
The outcome is useful in two ways. First, the cleaned dataset can be used in further
processing and/or analysis. Second, the two categories of examples (true positive
and false positive cases) could be used to train a classifier for a more advanced
extraction system. This would lead to a more advanced version of the current system.
The learning process could continue, as long as new-tagged examples are provided,
thereby improving continuously its accuracy.
So far, the system targeted only a few Portuguese mainstream newspapers,
but there are a wide range of other possibilities, from regional newspapers to online
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magazines and blogs. Expanding the text input sources, combined with accurate
extraction methods, will certainly yield better results, both in quantitative or
qualitative terms.
A more user-friendly front-end for interacting with the continuously stored
information is also being designed and implemented. It will allow users to search for
usage of certain patterns and count specific verb + preposition combinations, in a
more user-friendly fashion than what current dictionaries provide nowadays.
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