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Abstract. This paper gives an overview of the conducted research on Lithuanian multi-word
expressions, particularly, collocations, and presents the developed resources. Beginning from the
identification, analysis, and lexicographic description of MWEs in general, the focus of the re-
search was narrowed down to collocations and their certain features, such as arbitrariness, during
the later stages. Arbitrary collocations were seen as having lexically motivated relations and a cer-
tain degree of restricted collocability of constituents. Within the framework of the two projects,
PASTOVU (2016-2018) and ARKA (2020-2022), corpus-driven approaches were applied to ex-
tract and document Lithuanian collocations and develop a number of lexical resources to be
discussed in this paper.
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1 Introduction

Prior to the corpus-driven research of multi-word expressions (MWEs), the related
Lithuanian lexical resources were mostly devoted to the description of figurative ex-
pressions as idioms or sayings. Such MWEs would typically be marked in general dic-
tionaries or published in specialized dictionaries of phraseology (Frazeologijos žody-
nas)1, collections of sayings, and other publications (for example, (Lipskienė, 2008);
(Kašėtienė and Kudirkienė, 2016)). Research on collocations, which form a significant
part of the formulaic language, began with the automatic identification of MWEs in cor-
pora, specifically, the Corpus of Contemporary Lithuanian Language and the DELFI.lt
corpus. In addition to collocation research, lexical bundles defined by Biber (2009) have
been studied in Lithuanian texts (for example, in academic discourse) on the basis of

1 https://ekalba.lt/frazeologijos-zodynas/
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which special databases representing the academic formulaic language were developed
(e.g., the Compendium of Academic Phrases)2.

The aim of this article is to present the developments of research on Lithuanian col-
locations and related corpus-driven resources. In Section 2, research on the Lithuanian
MWE identification in the general corpus and the retrieved data on formulaic language
are described. We narrow the focus down to collocation research in Section 3, which
presents the outcomes of the PASTOVU and ARKA projects. During the PASTOVU
project, hybrid methods were applied for the collocation extraction in non-general cor-
pus; as a result, lexical database PASTOVU was compiled. This database was used to
extract arbitrary collocations during the ARKA project. A demonstration of the PAS-
TOVU database which integrates the results of the two projects is presented in Section
4.

2 Extraction of Multi-Word Expressions from the Corpus of
Contemporary Lithuanian Language

First attempts to extract Lithuanian MWEs automatically were made using the general
Corpus of Contemporary Lithuanian Language3 (Rimkutė et al., 2010), particularly,
its unannotated version consisting of 100 million running words. As expected, a rich
diversity of MWEs was detected because of the corpus structure and extraction methods
described further on.

2.1 MWE Identification Using Gravity Counts

The method of Gravity Counts (GC) (Daudaravičius and Marcinkevičienė, 2004) was
used for the extraction of collocational chains. The method measured the combinability
and collocability for each pair of words in the corpus within the moving span of three
words to detect frequent, recurrent, and uninterrupted strings of word-forms. GC was
based on a full text approach, where the corpus is seen as a changing curve of lexical
combinability (see Daudaravičius and Marcinkevičienė, 2004, Fig. 5): "A collocational
chain is [. . . ] a segment of text where the combinability of constituent adjacent word
pairs is above the arbitrary chosen point of collocability. The lower combinability of
word pairs preceding and following the segment marks the boundaries of a chain" (see
Daudaravičius and Marcinkevičienė, 2004, p. 334). GC was based on a statistical ap-
proach with no machine learning involved.

2.2 Lexical Database of the Dictionary of Lithuanian Phrases

The statistical collocational chains obtained from the corpus were processed manu-
ally. Certain chains were autonomous and grammatically well-formed phrases, whereas
other chains were deficient. Thus, during the linguistic evaluation, some chains were
deleted, shortened or augmented to select only grammatical and meaningful phrases.

2 http://www.frazynas.flf.vu.lt
3 http://corpus.vdu.lt/lt/
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Phrases with at least one noun were included in the database. The collected database
contains phrases of different lengths, from 2 words to 46 words, in total 69,000 phrases.
2-word, 3-word, and 4-word phrases make up 84 percent of all the data (for more details
on the lexical and grammatical structure of the phrases (Marcinkevičienė and Grigonytė,
2004); (Rimkutė et al., 2012, p. 19-23). 2-4-word phrases revealed many collocations;
other types of MWEs (idioms, sayings, formulas, etc.) were also represented. Accord-
ingly, in the Database of the Dictionary of Lithuanian Phrases4 (2012), the user could
see the whole spectrum of the Lithuanian formulaic language and to search the data by
lexical and grammatical criteria for the first time. This database became a basis for fur-
ther Lithuanian MWE research (see (Marcinkevičienė and Grigonytė, 2004); (Boizou
et al., 2015)).

3 Extraction of Multi-Word Expressions from the DELFI.lt
Corpus

In 2016-2018, the project "Automatic Identification of Lithuanian Multi-word Expres-
sions (PASTOVU)"5 became a second step in deeper investigations of the Lithuanian
collocations. The project aimed to create a methodology for the MWE (collocations
and idioms) analysis in contemporary written Lithuanian, to investigate Lithuanian col-
locations, to create or adapt tools necessary for the Lithuanian collocation research, and
to compile the Database of Lithuanian MWEs and the first Dictionary of Lithuanian
Collocations.

For the collocation extraction task, the DELFI.lt corpus6 was compiled to test statis-
tical, machine learning, and hybrid methods. This corpus consists of 70 million running
words of articles published in 2014-2016 in the DELFI.lt news portal. Texts were col-
lected from the 12 topical categories (science, sport, people, automobiles, and others).
The DELFI.lt corpus was automatically morphologically annotated using the morpho-
logical analyser of the webservice Semantika.lt7.

3.1 Extraction of Multi-Word Expressions Using Hybrid Methods

The data provided in the Database of Lithuanian MWEs (further on, lexical database
PASTOVU) is a small part of a large set of MWEs that were extracted from the DELFI.lt
corpus by applying machine learning (ML) approaches. Training was carried out using
a small subset of the corpus manually annotated by a group of linguists. The validity of
the identified MWEs was checked by cross-validation. The characteristics used to build
the ML model included MWE forms, as well as morphological information and a set of
17 statistical measures: mutual information (MI), pointwise mutual information, MI2,
MI3, log likelihood ratio, Dice coefficient, logarithmic Dice coefficient, t-test, Pearson’s
chi-square test, phi coefficient, odds ratio, z-score, Poisson-Stirling measure, geometric

4 https://klc.vdu.lt/fraziu-zodynas/
5 https://pastovu.vdu.lt/en/
6 https://klc.vdu.lt/pastovuSearch.html
7 http://semantika.lt/
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mean score, relative risk, Liddel coefficient, and minimum sensitivity (MS). In order to
make the values comparable, all measures that are not originally expressed from 0 to 1
were re-scaled accordingly.

Using these features, two types of ML methods were used to extract potential
MWEs from the whole corpus:

• n-gram classifier: Naive Bayes;
• sequence classifiers: conditional random fields (CRF) and long short-term memory

(LSTM).
The Naive Bayes method was used to identify bigrams, while trigrams were rec-

ognized by either sequence classifier. The use of ML approach (with statistical mea-
sures as features) significantly improved the F1 score (0.6 for bigrams) in compari-
son to the usual statistical approaches (0.31 for Dice coefficient, other measures or
combination of measures giving even lower F1 scores) (for more details, see (Bielin-
skienė, Boizou, Bumbulienė, Kovalevskaitė, Krilavičius, Mandravickaitė, Rimkutė and
Vilkaitė-Lodzienė, 2019)).

This approach was also used in the development of the Colloc tool8, which is de-
signed to identify MWEs in a given text. This tool is freely available, thus users can
extract collocations in their own texts by uploading the file to the tool which returns
the annotated text. The experimental prototype includes all the steps of linguistic anal-
ysis, namely: text pre-processing; PoS tagging; n-gram generation and calculation of
their statistical properties; calculation of Lexical Association Measures (LAMs); word
embedding generation; MWE identification using filtering (gazetteers, dictionaries), the
application of LAMs, the application of machine learning, and the hybrid methods. The
tool has been statistically trained on the GloVe word vectors and uses neural networks.

3.2 Data Selection for the PASTOVU Database

The procedure described in Section 3.1 allowed us to obtain a list of co-occurrences,
i.e., potential MWEs, that amounted to hundreds of thousands. Since the purpose of the
PASTOVU database was to provide rich and linguistically sound information, the list
had to be heavily reduced to be manually reviewed by the linguists.

In order to have a synthetic view of some lexical variations and to avoid considering
only the highly frequent combinations, a decision was made to select the items contain-
ing the most frequent 97 nouns (three nouns of the original list of the first 100 nouns
were discarded because they belonged to several parts of speech) in the automatically
retrieved potential MWEs. In addition, only MWEs with a frequency of 10 or more
occurrences in the corpus were selected to ensure a minimal diversity among concor-
dances. This new list (about 30,000 items) was manually filtered out according to the
selected grammar patterns (noun + noun, adjective + noun, verb + noun), thus leaving
a final list of about 12,000 MWEs. As MWEs were only 2- and 3-word units, most of
them were collocations, with a rather low percentage of idioms.

Additional automatic steps were performed to enrich information for the selected
MWEs using information from the DELFI.lt corpus. For each MWE, grammatical
forms, their frequency, and a set of concordances were retrieved (see Section 3.4 for

8 https://resursai.pastovu.vdu.lt/atpazintuvas
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more information about the PASTOVU database). The concordances allowed to select
usage examples.

3.3 Identification of Arbitrary Collocations

In the lexical database PASTOVU, the largest part of the data consists of collocations,
understood here as usage-based grammatically well-formed word combinations. Never-
theless, a significant part of the data form trivial collocations – semantically motivated
and largely predictable word combinations depicting the nonverbal reality (e.g., saulėta
diena ‘a sunny day’, atidaryti langą ‘to open the window’). Accordingly, only a part of
collocations can be seen as arbitrary (further on ACs), characterized by lexically mo-
tivated relations between the constituents and a certain degree of usage restrictedness:
e.g., although there may be several close synonyms, a particular one is preferred in a
certain word combination (e.g., broad/wide outlook vs.*big outlook). ACs are particu-
larly important in foreign language learning, teaching, translating, or text editing.

Within the framework of the project "Arbitrary Collocations of Lithuanian: Identifi-
cation, Description and Usage (ARKA)"9, a methodology for the recognition of Lithua-
nian ACs was developed. The source for AC extraction was the PASTOVU lexical
database that encompasses more than 12,000 collocations from the DELFI.lt corpus.
The data included adjectival (e.g., greitas sprendimas ‘a quick decision’), verbal (e.g.,
sekti įvykius ‘to follow events’), and nominal collocations (e.g., žemės sklypas ‘a land
plot’). The AC identification workflow consisted of manual and semi-automatic data
analysis.

Manually, collocations were marked as arbitrary if they met (1) lexical restricted-
ness (Nesselhauf, 2003) and (or) (2) meaning transfer criteria (Marcinkevičienė, 2010).
Lexical restrictedness was evaluated by applying a synonym substitution of pre-modifier
and (or) semantic field comparison of the head noun test:
1. Synonym substitution: a collocation was seen as arbitrary if the pre-modifying

component of the collocation could not be replaced by a close synonym with-
out a change in the meaning (e.g., palanki aplinka ‘favourable environment’ vs.
*naudinga aplinka ‘useful environment’);

2. Semantic field comparison: the potential collocability of collocation constituents
with a wider or narrower range of nouns was discussed (e.g., parkuoti automobilį
‘to park a car’ vs prišvartuoti laivą ‘to moor a ship’);

3. Meaning transfer: collocations with restricted collocability words, abstract nouns,
and metaphorization potential were seen as arbitrary (e.g., skaudus klausimas ‘a
painful question’).
The semiautomatic approach consisted of three stages: (1) automatic generation

of vector strings with potential synonyms (Pennington et al., 2014)10; (2) manual vector
string editing to reduce the noise, as the same vector string could include both close and
distant synonyms (sometimes several pairs) or antonyms; (3) semiautomatic process
during which the collocations were compared to particular synonym pairs in vector

9 Project conducted in 2020-2022, https://arka.pastovu.vdu.lt/en/.
10 To minimize noise in data extraction, the similarity index was modified to no less than 0,5 (the

maximum similarity index is 1).
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strings to be approved or not as arbitrary. An example of AC recognition workflow is as
follows:
1. synonym pairs in the adjective vector string: svarbus ‘important’; reikšmingas ‘sig-

nificant’;
2. available collocations with the noun asmuo ‘person’: svarbus asmuo ‘important

person’;
3. decision: svarbus asmuo ‘important person’ is an AC.

In the first stage, out of 12,000 collocations, 2,000 were identified as arbitrary in
the PASTOVU database. Approximately half of ACs were detected manually, one-
third semiautomatically, and one fifth using a combination of both methods (see (Ko-
valevskaitė et al., 2021b); (Kovalevskaitė et al., 2021a)). In the next stage, to reduce
manual work, new ACs were extracted semi-automatically from the dataset of 2-grams
(freely available at https://clarin.vdu.lt/xmlui/handle/20.500.11821/25) generated on the
basis of the DELFI.lt corpus. As a result, 7000 new ACs were added to the PASTOVU
database.

3.4 The Database of Lithuanian MWEs

At present, the PASTOVU database contains 19,000 collocations: 10,000 trivial col-
locations or idioms consisting of 2- or 3-words (see section 2.2) and, approximately,
9,000 ACs (see Section 2.3.). Although some MWEs are idioms, their number is low.

The database provides diverse information about collocations: lemmas, word forms
and their frequency, morphological information, and syntactic relations of 2-word col-
locations (attributive, subject, object, or adverbial). The collocation entry also includes
usage-related information: grammatical variants (Bielinskienė, Kovalevskaitė, Rimkutė
and Vilkaitė, 2019), examples of concordances, information on possible insertions of
words between the MWEs parts, and changes in word order:

Fig. 1. Example of search results in the database

The database can be queried through simple or advanced search (by selecting such
parameters as syntactic relations between collocation constituents, the frequency of use,
arbitrariness, etc.) (see Figure 2).
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Fig. 2. An example of advanced search in the PASTOVU database

The database was used as a resource for the compilation of the Lithuanian Colloca-
tion Dictionary((Bielinskienė, Boizou, Bumbulienė, Kovalevskaitė, Krilavičius, Man-
dravickaitė, Rimkutė and Vilkaitė-Lodzienė, 2019)) which includes approximately
12,000 collocations with the 97 most frequently used nouns in the word list (see Sec-
tion 2.2). The dictionary presents the collocates of these nouns, classified according to
the part of speech and syntactic relations. All inflectional forms of each MWE are pro-
vided as a dictionary appendix. As one the results of the ARKA project, a Dictionary of
Lithuanian Arbitrary Collocations (Boizou et al., 2022) was compiled. In the main part
of the dictionary, ACs are arranged according to the head noun and accompanying ad-
jectives, nouns, and verbs (syntactic relations are also reflected for the latter category).
The first appendix lists all ACs included in the dictionary in alphabetical order. The
second appendix lists all AC constituents (2318 different words in total) in alphabetical
order. Both dictionaries are freely available for users via the project websites.

4 Conclusions and Further Research

The aim of the article was to briefly overview the most recent Lithuanian colloca-
tion research and developed resources. At present, two Lithuanian MWE databases are
freely available online: the Database of the Dictionary of Lithuanian Phrases and the
Database of Lithuanian Multiword Expressions. The PASTOVU database, which was
described in more detail, makes a distinction between the trivial and arbitrary colloca-
tions. For example, of the 7300 adjectival collocations, 3500 are marked as arbitrary. It
would be relevant to continue research by investigating the collocational strength dif-
ferences of the constituents of these collocations. It might be argued that ACs would
be more likely to fall within the medium collocability range combinations of words (in
comparison to trivial collocations or free combinations of words). To test these predic-
tions, relevant collocation strength measures should be selected as, for example, direc-
tionality ((Brezina et al., 2015); (Gries, 2013); (Handl, 2008), cited in (Gablasova et al.,
2017, p. 160)). An important question is whether collocational strength can contribute
to automatic AC recognition and, accordingly, minimize manual work in the AC iden-
tification task. In sum, the PASTOVU database includes a large number of collocations
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described in terms of composition and usage and could be further developed by includ-
ing the data (ACs) not only from journalistic, but also form other types of discourse
(both written and spoken).
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Kovalevskaitė, J., Rimkutė, E., Vaičenonienė, J. (2021b). Automatizuotas arbitraliųjų kolokacijų
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