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Abstract

The paper presents the compilation of the Collocations Dictionary of Modern Slovene, a new resource targeting 
the language production needs of Slovene speakers. An important aspect of the compilation of the dictionary 
is the immediate publication of all the entries, from automatic, postprocessed, finalized by lexicographers and 
so on, and indicating to the users their status, i.e. the stage in the compilation process. Furthermore, we discuss 
the introduction of crowdsourcing into the lexicographic workflow. The paper also focuses the development 
and presentation of the interface, which introduces new approaches to collocation presentation. The aim was 
to develop a collocation-driven interface that would allow different types of users a great deal of flexibility 
and customizability in exploring collocational information about words. In this way, the interface represents 
a hybrid between a more corpus-based presentation of collocations (e.g. in tools such as Word Sketch) and a 
traditional sense-driven presentation of collocations as found in existing collocations dictionaries.
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1	 Background

In recent years, collocations have received a great deal of attention in Slovenian lexicography, ini-
tially mainly in relation to the conceptualization of a new monolingual dictionary of modern Slovene 
(Gorjanc et al. 2015, 2017). Relatedly, procedures for the automatic extraction of collocations and 
their examples have been developed and continuously improved (e.g. Kosem et al. 2013; Gantar et al. 
2016). This means that lexicographers can now very quickly obtain large quantities of collocational 
information about words, which has facilitated the compilation of dictionaries, both general and ter-
minological (e.g. Logar et al. 2013). However, despite these methodological advances, existing Slo-
vene dictionaries, many of which are also outdated, offer users little help with language production 
tasks such as writing.

Interestingly, despite the advances in methods for collocation identification and the advantages of-
fered by digital media, not many born-digital collocations dictionaries (i.e. dictionaries developed 
with a digital medium in mind) have been published. The examples the authors are familiar with 
include the Estonian Collocations Dictionary (Kallas et al. 2015; the dictionary will be published in 
2018), the German Collocations Dictionary (Roth 2013; Häcki Buhofer et al. 2014),1 and the Spanish 
Collocations Dictionary (DiCE; Vincze et al. 2011; Vincze & Alonso Ramos 2013). Furthermore, 
projects such as automatic collocation dictionaries (see Kilgarriff et al. 2013) and SkeLL have shown 
that even automatically extracted data can be useful for language users. All of the aforementioned 
dictionaries target L2 learners, as collocations specifically tend to pose significant problems for lan-
guage learners (e.g. Granger & Meunier 2008; Schmitt 2004; Nation 2001); however, even L1 users 

1	 https://kollokationenwoerterbuch.ch/web/. The dictionary was also published in paper format.
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encounter challenges in language production and can benefit from having such resources at their 
disposal. 

The lack of productively-oriented dictionaries for Slovene, regardless of the types of users, prompted 
the compilation of the Collocations Dictionary of Modern Slovene (CODICT, Gantar et al. 2015). A 
great deal of attention was paid to the design and customizability of the interface. One of the impor-
tant decisions was not to publish only completed entries, but also include entries in various stages of 
completion, mainly in order to avoid causing user frustration due to the lack of collocational data for 
those headwords without complete entries in CODICT. As we wanted to inform design-related deci-
sions with empirical data as much as possible, we first conducted a small test on a sample database to 
get feedback on the presentation of collocational information, and to investigate how Slovene users 
react to automatically created (not manually curated) content.

2	 Initial Test with a Sample Collocations Database and Its Interface

In 2016, a sample of 2,500 automatically extracted collocational entries for Slovene (Krek et al. 
2016) was extracted and published at http://bkssj.cjvt.si/. Each entry included collocations grouped 
by grammatical relation and their corpus examples (extracted using GDEX; Kilgarriff et al. 2008). 
Some additional post-processing was conducted, e.g. putting the collocates in the required case, gen-
der, removing duplicate examples, etc. 

Figure 1: The interface of the sample collocations database.

The interface and the contents of this sample collocations database were then evaluated by a group 
of linguists and linguistics students. The data was found to be useful despite the fact that it contained 
a certain degree of noise. The users commented on several issues, which can be grouped into two 
categories. The first is related to content, such as large quantities of data, lack of data structure (e.g. 
missing sense information), small number of entries, distracting irrelevant or incorrect information 
(i.e. noise). The second category involves the presentation of lexical information, for example the 
lack of (statistical) information on collocations to help assess their relevance, the lack of options for 
sorting collocations, and so on. In sum, while the automatically extracted information was well- re-
ceived among the users, they also noted a need for more structure being given to the data, and more 
options with regard to manipulating it. 
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3	 Collocations Database and Collocations Dictionary of Modern Slovene

After concluding the initial test, we first extracted a much larger dataset, containing 35,989 entries 
with automatically extracted collocational data (nearly eight million collocations and nearly 37 
million corpus examples), using the Sketch Engine API. The data was obtained from Gigafida, the 
1.2-billion-word reference corpus of written Slovene (Logar Berginc et al. 2012). Compared to the 
sample database, several improvements have been introduced, both to the data extraction procedure 
and the post-processing of the extracted data. For example, good examples, five per collocation, were 
extracted using an updated GDEX configuration (e.g. penalties for sentences ending with an ellipsis 
and containing only upper-case letters have been introduced). Secondly, additional filtering of collo-
cational data was used in the post-processing stage; this excluded all collocations containing the verb 
biti (‘to be’) and removed prepositional grammatical relations (preposition + noun in a specific case) 
that were not in accordance with the rules of the Slovene Orthography (Toporišič 2001).2 This dataset 
presented a basis for CODICT.

Nowadays, dictionaries mainly use two approaches in the way they publish entries. One is to wait un-
til the entire dictionary is compiled, and the other one, which has become the norm for online diction-
aries, is to publish newly compiled entries at regular intervals (e.g. once a year) – this is what Klosa 
(2013) calls a dictionary under construction. For our purposes, none of these approaches seemed suit-
able, so we decided to use the approach proposed by Krek et al. (2013), where all the entries are made 
available to the users immediately, with a clear indication of their status in the lexicographic process. 
We introduced five stages: automatically extracted entry, postprocessed entry (semi-automatically 
cleaned and improved data based on lexicographic decisions), entry with validated collocations, entry 
with collocations distributed under senses, and final entries. There are several reasons for this, such as 
improvements in (semi-)automatic methods of processing of language data, especially collocations, 
the way that users can benefit from all this information immediately, the fact that in many cases clus-
tered collocations already clearly indicate different senses, and so on. In addition, the dictionary will 
benefit from the results and findings of a research project called KOLOS (Collocations in Slovene), 
which is focused on collocations and aims to improve methods of collocation detection, collocation 
clustering, and the use of collocations in comparing synonyms.

The ultimate aim is to have all the entries manually edited, i.e. validated and cleaned data obtained 
with automatic extraction, with added information such as sense division, labels, collocate groupings 
(clusters), as well as providing collocations in their typical form (e.g. nouns in plural, adjectives in 
superlative, verbs in negative). For each collocation, at least two good examples should be provided. 
Rather than using definitions for senses, we decided to use short indicators, similar to signposts (used 
first by the Longman Dictionary of Contemporary English) and short definitions in menus (introduced 
by the Macmillan English Dictionary for Advanced Learners) (see also Kosem et al. 2017). The most 
important role of the indicators is thus not to explain the meaning, but to help the users clearly distin-
guish between different senses.

It is important to note that not all collocations that are validated by lexicographers are included in the 
final entries. This is because of the difference between statistical collocation, i.e. any combination of 
two or more words that is statistically relevant, and a collocation that is deemed relevant for inclusion 
in a collocations dictionary. Our inclusion criteria for collocations (and headwords) are less strict than 
the criteria used to make works such as the Macmillan Collocations Dictionary, where the authors 
excluded headwords such as house, buy, good on account of the fact they do not have any strong 

2	 Some of these excluded prepositional grammatical relations may contain valid information, but we will conduct a detailed analysis 
before including them in the database.
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collocates.3 In the digital age there is no longer any need to limit the number of headwords, but there 
remains a need to determine which collocations to include; for example, do we include numerous 
modifiers of the word prestolnica (‘capital’) related to countries, e.g. Austrian, German, etc., or do 
we include only the most salient ones, or none at all? In any case, even when statistically relevant 
collocations are excluded from CODICT, they are still kept in the database as they will be of use for 
the compilation of other resources, e.g. general language dictionaries, valency dictionaries, etc.

3.1	 Implementing Crowdsourcing into Lexicographic Workflow

Considering the high number of collocations per headword and financial and time constraints related 
to the compilation of CODICT, we decided to introduce crowdsourcing methods into the lexico-
graphic workflow. Previous tests (Kosem et al. 2013) have shown that tasks such as assigning col-
locations, via examples, to the relevant senses are not very demanding (even for non-linguists) and 
provide highly reliable results. We conducted such a task on 6,590 collocations (microtasks) for 88 
sample headwords in CODICT, using four annotators (students of linguistics) and requiring three 
answers per microtask (see Figure 2). In addition to senses, the annotators were given the answer op-
tions “None of the above” (if the example indicated a sense of the headword not covered by the ones 
provided) and “I don’t know”. The results showed a high degree of annotator agreement: each pair of 
annotators agreed in 79-86% of the cases (83% on average, with an average Cohen’s kappa of 0.83). 
A total of 4,258 collocation examples (65%) showed perfect agreement.

Figure 2: The crowdsourcing task in Pybossa (an example of a microtask).

In addition to saving lexicographers’ time and consequently speeding up the compilation of entries, 
the crowdsourcing method provides important feedback on sense division even during the process 
of dictionary compilation. As the experience from our crowdsourcing task has shown, the analysis 
of annotators’ responses can reveal which indicators need to be improved, and potentially identify 
groups of collocates that might require their own sense, or senses that might have been overlooked. 
Furthermore, there were instances where the annotators’ responses indicated that the sense division 
was too fine-grained.

3	 http://www.macmillandictionaries.com/features/how-dictionaries-are-written/macmillan-collocations-dictionary/ 
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3.2	 Designing the Interface

A great deal of attention has been paid to the development of the interface,4 which has to be easy to 
use and makes it clear to the users the status of the entry they are consulting. The status is indicated 
both directly, with the use of a pyramid icon with completed stages colored in red, and indirectly, for 
example the Sense filter is introduced only in the last two stages of entry compilation. The design has 
been greatly informed by user feedback on the interface of the aforementioned sample collocations 
database. An important decision made in the design process was that the interface would be collo-
cation-driven rather than sense-driven; as a result, the user would be initially given a more general 
overview of the collocations of the word, and would then be able to explore collocational information 
further using sorting options and filters (by sense, grammatical relation, frequency, etc.). The inter-
face was designed for different devices, i.e. a computer, tablet, and smartphone; some adjustments, 
e.g. exclusion of certain functions, had to be implemented for smaller screens such, as phones.

The initial view (i.e. general overview) provides a quick summary of most relevant collocations, di-
vided by grammatical relations. We therefore attempt to maintain some grammatical diversity of the 
collocational overview; normally, there is one line per grammatical relation, although multiple lines 
can be allocated to a single relation if the number of (salient) collocations it contains is significantly 
higher than the number of collocations found in other relations. In this initial view, the users can 
select a specific grammatical relation to get a view of all the collocations in it, or they can click on a 
particular collocation to see its examples of use.

Figure 3: The interface of CODICT (first page of the entry jezik).

4	 http://viri.cjvt.si/kolokacije/. 
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The left-hand panel (located at the top in the mobile version) contains sorting and filtering options. 
Sorting is available only for the single relation view, and enables the user to sort collocates by rele-
vance (default setting), semantic characteristics (clustering), and alphabetical order. There are four 
types of filters available: 

•	 The frequency filter enables the users to filter collocates according to their frequency in the cor-
pus. The filter can thus help the users to focus on a more frequent or rare collocates.

•	 Pomeni – the sense filter (available for entries in the final two stages) provides an overview of the 
senses in which the collocations can be found.

•	 Strukture – the grammatical relation filter provides the users with the option to limit the results 
to relations according to the word class of the collocate (e.g. noun, adjective, verb, adverb), and 
subcategories such as case or degree (e.g. superlative).

•	 Predlogi – the preposition filter applies to prepositional relations (trinary) in which collocations 
can be found, and is offered as a separate filter because it transcends different top-level categories 
in the grammatical relation filter.

As the idea is to give the users flexibility in limiting the amount of data displayed on the screen in 
order to facilitate finding the relevant information, multiple types of filters, as well as sorting, can be 
active at the same time. However, only one category within a certain type of filter, e.g. prepositions in 
the Predlogi filter, can be selected by the users at a time. There is a difference in behavior of the sense 
filter, where all the senses of a word always remain visible, even if some of the sense do not apply 
to the selection (those are then are greyed out), and the grammatical relation and preposition filters, 
where only the selected or relevant relation (and its subcategory) is shown.

Even if the users are not using filters and are conducting their activities only in the right-hand of 
the interface (main panel), the filters remain dynamic and in that way informative, as they provide 
information on the current selection in the main panel. For example, if the user selects one of the 
grammatical relations in the main panel, they are taken to the collocations of that relation, and at 
the same time, the senses in which the collocations belonging to that particular relation are not 
found are greyed out, and grammatical relation and its subcategory in the grammatical relation 
filter is selected. This solution has been formed based on users’ feedback to the sample colloca-
tions database interface, as they found listing all available grammatical relations on the right side 
overwhelming, and the names of the relations confusing (e.g. verb + noun4 meant verb followed by 
a noun in the accusative case).

There are additional filters available in the right-hand panel (in the main view), which are based on 
the characteristics of the headword. For example, the collocations of the adjective headword in the 
grammatical relation adjective + noun can be filtered by gender. So, as shown in Figure 4, selecting 
okusna (the feminine form of the adjective okusen, ‘tasty’) shows only feminine nouns as collocates 
(sladica ‘dessert’, hrana ‘food’, etc.).

A very important feature of the interface is its search functionality, which offers searches by both 
headwords and collocations. It is important to note that if the user searches for a specific collocation, 
the result differs from the output obtained if opening the same collocation within a particular entry. 
This is due to the difference in user focus – if a specific collocation is selected within a certain head-
word, the user’s focus comes from the headword, whereas when a specific collocation is searched for, 
the information on all its elements, and related collocations, is useful.

Finally, the interface also provides links to other resources. A page of each individual collocation, 
which contains corpus examples, contains a direct link to the corpus concordances for the colloca-
tion. Furthermore, the main features of the interface are shared by all the resources of the Centre for 
Language Resources and Technologies at the University of Ljubljana, so the user can, by clicking 
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on a specific button in the search row, obtain a quick view of links to all the available resources that 
contain entries related to his or her search.

Figure 4: An additional filter in the main collocations view (single relation).

4	 Future Plans

Future plans for this project involve making several improvements to the methodology of compilation 
of collocational data. This involves improving the precision of collocation detection using approaches 
such as distributional semantics and extraction of collocations from parsed corpora. In addition, we 
plan to update CODICT with the information from a new version of the Gigafida corpus, which is 
due to be published at the end of 2018. We will also explore gamification forms of crowdsourcing to 
identify valid collocations.

Equally important as improving the methodology is testing the interface with different user groups. 
At the time of writing this paper we are already preparing a survey that will be conducted among 
the users, and will be complemented with interviews. The study will focus mainly on the content of 
the initial view, i.e. what different users would expect or want to be offered when opening the entry. 
Other plans include adding new filters based on the metadata of corpus texts, e.g. text type and year 
of publication.
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