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Abstract This paper reports on the restructuring of a bilingual (Greek Sign Language, GSL – Modern 
Greek) lexicographic database with the use of the WordNet semantic and lexical database. The relevant 
research was carried out by the Institute for Language and Speech Processing (ILSP) / Athena R.C. team 
within the framework of the European project Easier. The project will produce a framework for intelligent 
machine translation to bring down language barriers among several spoken/written and sign languages. 
This paper describes the experience of the ILSP team to contribute to a multilingual repository of signs and 
their corresponding translations and to organize and enhance a bilingual dictionary (GSL – Modern Greek) 
as a result of this mapping; this will be the main focus of this paper. The methodology followed relies on 
the use of WordNet and, more specifically, the Open Multilingual WordNet (OMW) tool to map content in 
GSL to WordNet synsets.
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1. Paper outline

The first section of the paper gives a brief account of all the different parameters of this 
reorganization process. After a small summary of the Easier project, in the framework of 
which this research was undertaken (section 1.1), follows a description of the existing lexi
cographic database, namely, the Noema+ bilingual dictionary, which was based on a multi
modal bilingual corpus (section 1.2). The main part of the paper gives an account of the 
methodology that was used (section 2), first to automatically link the video signs of the 
dictionary to different synsets in WordNet (section  2.1), as well as to manually review, 
amend, and validate this mapping (section 2.2.1) through the use of the Greek part of the Open 
Multilingual WordNet tool. After that, follows an account of the enhancement of the dictio
nary database based on the semantic and lexical network of relations between words, namely, 
synonymy, and then between synsets themselves, namely, hyponymy/hypernymy (sec
tion 2.2.2). The paper concludes with an evaluation of this semiautomatic enhancement 
process and some suggestions for future research (section 3).

1.1 The Easier project

Easier (intElligent Automatic SIgn languagE tRanslation)1 is an ambitious project undertaken 
by fourteen European institutions that have joined forces to make available, within a period 
of three years, a unique and innovative service, i. e., an intelligent machine translation frame
work to bring down language barriers among several spoken/written and sign languages. 
The main aim of Easier is to develop a service that will facilitate automatic translation 
between any two pair of European languages, be them sign languages (SL) or spoken/

1 https://www.projecteasier.eu Di
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written languages. To this end, project partners contribute their own tools, technologies, 
and resources (for different sign languages). The relevant technologies that Easier comprises 
in this process are SL animation, SL recognition, machine translation, and communication 
technologies.

As far as the translation component is concerned, one of the main challenges has been to 
gather enough amounts of data for the required training of the machine translation system. 
Even though most of the European SLs share a good part of their grammar (including their 
phonology)2 and some lexicon (cf. e. g., Pizzuto/Volterra 2000), which is utilised in the project, 
there is great diversity among various sign languages. To make things harder, the raw data 
which will feed the machine learning process, however rich, is quite diverse. It, therefore, 
brings together a collection of different video formats, types of material (e. g., corpora, glos
saries, dictionaries), annotation schemes and annotation levels (e. g., in the inclusion of 
SLspecific aspects such as handedness),3 transcription focus (i. e., phonology as opposed to 
meaning and function), etc.

In addition, data is scarce for most SLs, even in the EU context, for a variety of reasons. 
Apart from the fact that all SLs are minority languages and, as a result, they are more likely 
to be low on resources compared to more widely used languages, collecting and properly 
annotating SL material is a timeconsuming process, which demands a considerable invest
ment in terms of both financial and human capitals (Vacalopoulou 2020, p.  431). In an  
attempt to bridge this gap, project partners have been linking different SL resources together 
and providing them with a common detailed phonological representation system. A central 
part of this effort is the attempt to harmonize this diverse set of data and make them usable 
for machine learning purposes. To this end, the project team, led in this task by the Institute 
for German Sign Language and Communication of the Deaf at the University of Hamburg, 
have been linking different SL resources together and providing them with a common 
detailed phonological representation system. The goal is to come up with a transferable 
system of phonological representation and grammar to be utilized for more underresourced 
European SLs.

One of the ways to proceed with this connection is the utilization of the WordNet semantic 
and lexical database. This selection was largely based on the assumption that the translation 
of European SLs into their respective spoken/written languages could never accurately 
grasp the full meaning of the original sign content; inevitably, something would be lost  
in translation. If one was to project this deviation in meaning across all languages of the 
project (both signed and spoken), it is not hard to understand that a considerable amount of 
meaning could be lost in the process. Therefore, the WordNet solution was seen as a way to 
get round the problem of spoken language interference and find a way to connect signs 
from different SLs via their meaning (see Bigeard et al. 2022).

2 According to Brentari/Fenlon/Cormier (2018, Summary), “sign language phonology is the abstract 
grammatical component where primitive structural units are combined to create an infinite number 
of meaningful utterances. Although the notion of phonology is traditionally based on sound systems, 
phonology also includes the equivalent component of the grammar in sign languages, because it is 
tied to the grammatical organization, and not to particular content.”

3 Handedness in sign production refers to the dominant hand a signer uses without altering the intended 
meaning of the content.
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This paper will focus on the experience of the ILSP team with the use of WordNet and, 
more specifically, the Open Multilingual WordNet (OMW) tool to map content in Greek 
Sign Language (GSL) to WordNet synsets with a twofold purpose in mind:
1) Contribute to a multilingual repository of signs and their corresponding translations, 

and
2) Organizing and enhancing the Noema+ bilingual dictionary (GSL – Modern Greek, hereby 

‘Greek’) as a result of this mapping; this will be the main focus of this paper.

1.2 The Noema+ multimodal database

One of the sign resources that have been gathered to contribute to the Easier project is 
Noema+,4 a bilingual (Modern Greek – GSL) dictionary currently comprising more than 
12,000 entries. This is the most extensive reference work for this language pair to date that 
has combined various smaller resources and undergone multiple phases of revision and 
update. The lexical database of the dictionary is a fully annotated multipurposemultiuse 
resource.

In terms of its source material, Noema+ was based on the extensive Polytropon bilingual 
corpus.5 This resource has been used to build several end products, mainly targeting the 
bilingual education of deaf children and GSL learning as a second language, as well as ser
vices such as the enhancement of the official platform for secondary education in Greece, 
and an eclass platform as adapted by the Technical Vocational Institute of Athens for acces
sibility (Efthimiou et al. 2016). Furthermore, it is exploitable for developing a series of SL 
technologies, including information extraction, Web accessibility tools, incorporation of 
SL lexical information in natural language processing systems as in the case of machine 
translation from and into GSL, creation of training material for sign recognition and input 
to sign synthesis tools enabling signing by virtual signers, i. e., avatars. This extensive cor
pus was incorporated in the dictionary after an evaluation process of several internal and 
external stages involving lexicographers, GSL experts, and endusers (Efthimiou et al. 2019). 
The dictionary was developed in SiSBuilder,6 a specially designed webbased open environ
ment that enables lexicographers to access other relevant lexical resources and tools in the 
compilation process (Goulas et al. 2010).

In terms of dictionary microstructure, each video entry consists of one or several translation 
equivalents in Greek, the use of which is shown in simple, onesentence examples in both 
languages. Other microstructure elements contain GSL synonyms, such as ξυράφι (‘razor’) 
in Figure 1; Greek synonyms, which were added mainly for search purposes to offer a variety 
of starting points to users who want to look up a certain sign; and multiword expressions 
which are crossreferenced to the respective singleword entries.

4 Noema+ is freely available in ILSP’s Sign Language Technologies team website:  
http://sign.ilsp.gr/signilspsite/index.php/en/home3/.

5 Part of the annotated Polytropon bilingual parallel corpus is freely available via the clarin:el repository, 
the Greek sector of CLARIN, the European infrastructure for language resources and technology: 
https://inventory.clarin.gr/corpus/835.

6 SiSBuilder can be accessed in http://sign.ilsp.gr/sisbuilder/.
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Fig. 1: GSL synonyms (two different signs) for the same meaning (ξυράφι, ‘razor’) in Noema+ 

2 Linking Noema+ to the WordNet database

The decision to map the entries in Noema+ to the WordNet database was based on the idea 
to assign concepts directly to signs without having to go through the words of oral lan
guage. Compared to more extended sign resources such as corpora, Noema+ is more con
textfree as it works primarily as a standalone bilingual dictionary; as in any dictionary, its 
entries consist of items in isolation – in this case, signs – which are then put into context in 
the examples of use. Starting from work undertaken for the Easier project, this resource’s 
entries were mapped to corresponding WordNet concepts. The goal was, firstly, to enhance 
the content of the dictionary database with more alternative translations of signs in Greek 
and, secondly, to attach translations in more languages towards the future end of making 
the database multilingual.

2.1 Automatic mapping to the Greek WordNet

In the first stage of this process, the dictionary entries were automatically mapped to 
WordNet synsets through the use of OMW. Synsets are sets of unordered synonyms that 
correspond to the same concept accompanied by a simple definition that can have the form 
of an “explanatory gloss” (Fellbaum 1998) and, in some cases, by a domain label (Fellbaum 
2006). An example of the two synsets for the Greek word βιβλίο (‘book’) can be seen in 
Figure 2. Thus, synset 03165211n corresponds to ‘an accounting journal as a physical 
object’ whereas synset 02870092n covers ‘physical objects consisting of a number of pages 
bound together’. OMW provides access to synsets in a multitude of languages, linking back 
to the respective WordNets (Bond/Paik 2012). Figure 3 presents an example of the 02870092n 
synset in various languages.

Fig. 2: Search results for the Greek word βιβλίο in the Open Multilingual WordNet
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Fig. 3: Book in different languages in the Open Multilingual WordNet

In this initial phase, the Greek part of WordNet was downloaded from OMW in the form of 
a text file with tab delimited values, which is available in the rich resources archive of the 
website. This file comprises approximately 42,200 lines and contains entries that are broken 
down in several rows. This format was not very practical to use in parallel with the Noema+ 
database; as a result, the table was converted to a more suitable layout, in which all the con
tents of the same lexical entry were moved in the same row. Thus, as the goal was to check 
concepts against GSL video signs without the interference of their Greek equivalents, 
lexical items sharing a common WordNet ID were grouped together in one entry containing 
the entire WordNet synset. Figure 4 shows the initial arrangement of the WordNet entry 
#00006238v for the Greek αποχρέμπτομαι (‘expectorate’) and the results of the automatic 
rearrangement in the mapping process. In the first version, the contents of the synset 
(αποχρέμπτομαι, πτύω, and φτύνω) are aligned horizontally, whereas in the second version, 
they are arranged vertically to facilitate the automatic mapping process.

Fig. 4: Initial layout (above) and its rearrangement (below) of the OMW entry for αποχρέμπτομαι 
(‘expectorate’) before mapping it to the Noema+ lexical database
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In the next stage, the newly created table (WordNetGR) was joined with the bilingual 
dictionary database with SQL queries. As the entire synset was now one single entry in the 
table, it was split by the number of its contents within the SQL query so that it could match 
dictionary entries and thus create the mappings to the GSL videos. An example can be seen 
in Figure 5, which shows WordNet ID #00220869v for δυναμώνω (‘strengthen’), which has 
2 delimiters as the synset contains 3 Greek synonyms: δυναμώνω, ενισχύω, ισχυροποιώ. In 
order to execute the SQL join query, it was necessary to split the field to its contents. The 
corresponding dictionary entry to which this synset was mapped was rearranged to a total 
of three entries, each containing one of the three Greek synonyms. The third entry was in
cluded in the SQLresults, because the corresponding equivalent in Greek is not contained 
in the bilingual dictionary.

The result of this process was the full mapping of dictionary entries to corresponding 
synsets in WordNet. For quality control purposes, this result was later doublechecked by 
GSL experts, who made corrections if appropriate.

Fig. 5: WordNet ID #00220869v for δυναμώνω (‘strengthen’) produced two extra entries in the diction
ary database after mapping the entries to the corresponding synonyms

2.2 Manual organization of the Noema+ database

The second part of the mapping process was the manual processing of the automatically 
generated results. The purpose of this stage was to review and amend these results on one 
hand, and to enhance the content of the dictionary database on the other hand.

2.2.1 Review and amendments

Following the automatic mapping of GSL signs to their corresponding Greek words in 
OMW, an important goal was to evaluate whether GSL signs and OMW Greek words were 
semantically equivalent. To this end, each sign was carefully checked by expert GSL signers 
against its corresponding OMW synset to ensure that they shared the same meaning. In 
order to decide whether an OMW Greek equivalent indeed corresponded to the meaning of 
a particular sign, several parameters were taken into consideration including the videos 
of both isolated signs and their linked examples of use in the Noema+ dictionary, as well as 
the definitions or explanatory glosses of synsets. An example of this process would be the 
sign entry for αστέρι (‘star’), which had been automatically linked to the following two 
Greek ΟΜW synsets:
1) WordNet ID #09444100n, i. e., “a celestial body of hot gases that radiates energy derived 

from thermonuclear reactions in the interior”, and
2) WordNet ID #09762509n “someone who is dazzlingly skilled in any field”.
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Although the mapping was successful in terms of the equivalents in Greek, it is only the 
first sense of this polysemous word that corresponds to the video equivalent found in  
the GSL database. The second sense was, therefore, deleted from the dictionary database. 
Luckily, almost 70% of the GSL synonyms that had been automatically linked to the same 
WordNet ID were verified as correct matches at this stage, rendering the automatic mapping 
process successful.

Following the abovementioned process, all entries in the new combined database were double 
checked manually one by one by GSL experts, and items were deleted or verified accordingly, 
before proceeding to the next stage of dictionary enhancement.

2.2.2 Enhancing the Noema+ database through WordNet

The next, and final, stage in this process was the enhancement of the dictionary database 
with new entries as a result of their mapping to WordNet synsets. This was pursued mainly 
by exploiting the richness of each synset, which in some cases contained multiple synonymic 
items, and by further experimenting with other lexical relations, such as hyponymy and 
hypernymy.

In regard to the synsets, it was found that they were helpful in the enrichment of the dictio
nary with multiple Greek equivalents in this relatively quick, semiautomatic process. Thus, 
more synonymic items from the corresponding synset were added to the database under 
each GSL entry after being validated by GSL experts. Examples of this type of enrichment 
include items such as κατάστημα (‘store’) and μαγαζί (‘shop’), or αναζητώ (‘search’) and 
ψάχνω (‘look for’).

Apart from this firstlevel enhancement, the mapped WordNet synsets gave the team of 
experts the opportunity to further explore polysemy in the context of GSL by adding more 
senses to specific video signs. For instance, whereas the sign for άνεση (‘comfort’) in GSL 
had been automatically mapped to WordNet ID #14491889n, i. e., “freedom from financial 
difficulty that promotes a comfortable state”, careful examination of the Greek WordNet in 
OMW produced additional senses of the corresponding word in Greek that were found to be 
translations of the original GSL sign as well. In this case, as shown in Figure 6, the same 
video was linked to two additional WordNet IDs, namely, #14445379n (“a state of being 
relaxed and feeling no pain”), and #07492516n (“a feeling of freedom from worry or disap
pointment”), as all three senses are represented by the same sign in GSL. The added value of 
this procedure was that it allowed for a more detailed documentation of polysemy in GSL.

Fig. 6: Multiple WordNet IDs were linked to the same GSL video sign allowing for a more detailed 
documentation of GSL polysemy

Taking the enhancement process one step further from the synset itself, effort was made to 
explore lexical relations in which synsets themselves are connected to one another, namely, 
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hyponymy and hypernymy. Thus, synsets that link to other synsets through such relations 
were analysed for the possibility of offering ways to further enhance the dictionary 
database.

Fig. 7: Lexical relations of synset #10794014n for συγγραφέας (‘writer’) with other synsets

A relevant example is the case of συγγραφέας (‘writer’), which is connected to multiple hypo
nyms as shown in Figure 7. As expected, ‘writer’ is linked to several hyponymic synsets 
such as ‘biographer’, ‘dramatist’, and ‘poet’. As observed, this could be a valuable source of 
creating additional dictionary entries for senses that had not been linked to a dedicated sign 
by the natural GSL signers, who served as informers in the development of the corpus upon 
which the first version of the dictionary was based. An example of this would be the hypo
nym of ‘writer’ δραματουργός (‘playwright’) for which there was no entry in the dictionary 
database as no dedicated sign had been reported to date. In this case, the lexical relations 
between synsets recorded in WordNet allowed GSL experts to add a compound sign consisting 
of the simple signs for θεατρικό ‘play’ and γράφω ‘write’ to represent this concept (Figure 8). 
Indeed, this kind of compounding is a very common technique in sign language morphology 
(Sandler/LilloMartin 2006, pp. 72–75) and a natural way of producing new lexicon within 
signing communities. Nevertheless, as valuable, and extremely promising as this technique 
is, it needs to be applied with extra care, as its results are far from selfevident and require 
multiple levels of validation by native signers and/or against GSL corpora.

Fig. 8: Combining the signs for γράφω (write) and θεατρικό (play) to enhance the dictionary database 
with a new sign for δραματουργός (playwright)

3 Conclusion and future steps

This contribution presented an account of the rearrangement and enrichment of the data
base of the NOEMA+ bilingual GSL – Greek dictionary after mapping its entries to cor
responding WordNet synsets. In this ongoing process, more than 1,200 lexical items have 
already been identified as possible candidates for dictionary enhancement either from ana
lysing the synsets themselves, or by an extended investigation of lexical relations between 
synsets. These will be evaluated by the team of lexicographers and GSL experts for inclu
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sion in NOEMA+ as this research is still in progress. Based on these promising results, the 
team will explore further enhancement possibilities towards opening the dictionary to 
more languages through their respective WordNets with a view of making the resource 
multilingual.
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