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EXECUTIVE SUMMARY

The purpose of the inter-lingual index is to link the lexical resources from the different languages
of the project and make them machine-readable. The earlier deliverable D6.3 was the first
version of this index. It included German Sign Language (DGS) and Greek Sign Language
(GSL). This deliverable is the second version of the index. It covers further core sign languages
of the project: British Sign Language (BSL), Sign Language of the Netherlands (NGT), French
Sign Language (LSF) and Swiss-German Sign Language (DSGS). The next version will be
deliverable 6.5 and will include languages beyond the project’s core languages.

The deliverable is the index itself. This report provides background information on wordnet
research, explains our method and choices, and presents the resulting dataset.

Our interlingual index uses the wordnet concept of synonym sets (synsets), which define con-
cepts by gathering signs and words that can represent the same meaning. This approach is
more resistant to translation mistakes stemming from translation pairs being only valid for cer-
tain word/sign meanings. It also provides a new way to define sign types that does not rely on
approximate translations to a single spoken language word, the way glosses do. As a basis for
our index, we build on the synset inventory of Open Multilingual Wordnet (OMW).

We use a three-step method: The first step is automatically matching candidate synsets to signs
using the keywords and glosses associated with the sign. The second step is automatically
validating links that are most likely to be correct. The final step is manual validation of the
remaining links, prioritising the most useful signs.

This work has resulted in a dataset of 7929 signs in 6 sign languages linked to 11806 synsets.
Additionally, a web interface has been launched to make the index accessible for the general
public.
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1 INTRODUCTION

The purpose of the inter-lingual index is to link the lexical resources from the different languages
of the project and make them machine-readable. This deliverable follows D6.3 (Bigeard et al.,
2022)1, which was the first version of the index, covering German Sign Language (DGS) and
Greek Sign Language (GSL).

The version of the index presented in this deliverable also covers other core languages of the
project: BSL, NGT, LSF and DSGS.

The index uses the wordnet concept of synonym sets (synsets), which define concepts by gath-
ering signs and words that can represent that meaning. By equipping a synset with signs/words
from different languages, cross-lingual semantic information is established that can be used for
translation and other linguistic tasks. This approach is more resistant to translation mistakes
stemming from choosing the wrong meaning of a polysemous word/sign when deciding how
to translate it. It also provides a new way to define sign types that does not rely on approxi-
mate translations to a single spoken language word, the way glosses do, but rather on (largely)
language-agnostic concept representations. As a basis for our index, we build on the synset
inventory of Open Multilingual Wordnet (OMW)2.

We present our approach and results so far. We use a combination of automatic and manual
methods to integrate sign languages into a multilingual wordnet.

1https://doi.org/10.25592/uhhfdm.10170
2https://omwn.org
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2 BACKGROUND

2.1 WORDNETS

A more complete state of the art on Wordnets, and more particularly Wordnets for sign lan-
guages, can be found in D6.3 (Bigeard et al., 2022). Key information is repeated below.

The concept of a wordnet was first introduced by Miller et al. (1990) as the idea of a dictio-
nary based on psycholinguistic principles. While the original Princeton Wordnet (PWN) was
designed for English, wordnets for many different languages have since been created. Sev-
eral efforts to interconnect these into a multilingual wordnet have been undertaken. The most
prominent such resource that is still actively supported is the Open Multilingual Wordnet (OMW)
(Bond and Paik, 2012).

Most wordnet projects use Princeton Wordnet as a basis to expand upon, rather than develop-
ing their own wordnet from scratch (Bond et al., 2016). This approach is known as the expand
model. While this creates a bias toward English, it significantly reduces the amount of work
needed to create a new wordnet and connect existing ones.

Work on creating wordnets for individual sign languages has been reported for DSGS (Ebling et
al., 2012), Italian Sign Language (LIS) (Shoaib et al., 2014) and American Sign Language (ASL)
(Lualdi et al., 2021), although no publicly available resources have yet been released. All
of these works have in common that they seek to link wordnet structures to existing lexical
resources of the respective sign language.

Other works do not seek to publish full signed language wordnets, but rather use existing word-
nets for a spoken language as an aid to internal work.

2.2 PREVIOUS WORK

This deliverable follows D6.3 (Bigeard et al., 2022), where we started the index with DGS and
GSL. We set up the method which we now use to add more languages to the index.

When D6.3 was submitted, the index contained 1819 GSL signs with validated synsets, 2230
DGS signs with validated synsets, and 11856 DGS signs yet to be validated. Since then, more
manual validation has been done on DGS, and the following languages have been added to
the index: BSL, NGT, LSF and DSGS.

© 2023 EASIER Consortium Page 9 of 26 Funded by the Horizon 2020
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3 RESOURCES

3.1 WORDNET RESOURCES

3.1.1 Open Multilingual Wordnet

We use OMW’s pre-existing list of synsets. A synset corresponds to a single meaning or sense
and is very fine-grained. It is identified by a numerical ID independent from any particular lan-
guage. It contains in several languages: a definition, words having this meaning, and example
sentences. Synsets are semantically linked, thus forming the "net" part of a wordnet. As an
example, the synset 07739125-n3 represents an apple in the sense of the fruit. Apple in the
sense of the tree species is instead represented by 12633994-n4, a different synset.

OMW by itself is a collection of individually built wordnets that share the same identifiers and
overall structure. All the spoken language of the project exist in OMW except German.

3.1.2 GermaNet

Since OMW doesn’t natively support German, we need to link it to a distinct resource. The
largest wordnet for German is GermaNet (Hamp and Feldweg, 1997). It contains 151843
synsets. While it is inspired by PWN, it was built independently, from German resources. Due
to licence restrictions it is not directly integrated into OMW. However, for 28564 of its synsets
a mapping to PWN exists, from which OMW identifiers can be inferred. For our multilingual
wordnet we decided to use GermaNet and expand the connections to OMW. We use GermaNet
when working on DGS and DSGS, where our lexical resources include German words.

3.2 SIGN LANGUAGE RESOURCES

3.2.1 DGS Corpus

The DGS Corpus (Hanke et al., 2020; Konrad et al., 2020) is our resource for DGS. It is
presented in detail in D6.3. This resource differs from the others we use by its implementation
of a type hierarchy, called ‘double glossing’ (Konrad et al., 2012, p. 88). Each type represents
a distinct sign realisation. It is further subdivided into subtypes, each of which represents a
lexicalised meaning of that sign which typically also determines potential mouthing. Glosses
for types and subtypes are available in English and German. In the interlingual index, we
operate at the level of the subtype. The double glossing system allows to distinguish keywords
that represent different meanings, and synonyms.

3https://compling.upol.cz/ntumc/cgi-bin/wn-gridx.cgi?gridmode=grid&synset=07739125-n
4https://compling.upol.cz/ntumc/cgi-bin/wn-gridx.cgi?gridmode=grid&synset=12633994-n
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3.2.2 Polytropon and Noema+ dictionary

The Polytropon (Efthimiou et al., 2016; Efthimiou et al., 2018) and the Noema+ dictionary are
our resources for GSL. They are presented in details in D6.3.

3.2.3 BSL Signbank

The BSL signbank (Fenlon et al., 2014)5 contains 3566 entries at time of writing. The data for
each sign includes video, ID-glosses, and a list of English keywords. Keywords may represent
each a different meaning, or synonyms with the same meaning. We use this resource as basis
for BSL.

3.2.4 NGT signbank

For NGT we use the NGT dataset in Global Signbank (Crasborn et al., 2016)6. It contains
4454 entries at time of writing. It has videos, as well as ID-glosses and keywords in both Dutch
and English. Keywords may represent each a different meaning, or synonyms with the same
meaning.

3.2.5 DSGS database

We have access to an internal database of 3755 signs with video, ID-glosses and German
keywords, kindly provided by Penny Boyes Braem. Keywords may represent each a different
meaning, or synonyms with the same meaning. This dataset is not currently public data, but
efforts are being made toward making the videos shareable in the future. Once the dataset
becomes public data, the wordnet will be updated accordingly.

3.2.6 Dicta-Sign

Dicta-Sign (Efthimiou et al., 2010)7 was a project that aligned 1046 concepts to signs from BSL,
DGS, LSF and GSL. The concepts were linked to PWN synsets where available. This dataset
provides links between signs and wordnet synsets, making their inclusion into the index trivial.
3847 signs were imported, each linked to one synset.

This is the only resource we have available for LSF. However, for DGS, GSL and BSL we
also have signs from other resources. The same sign might appear in two resources, creating
duplicates. For this reason, in this report, Dicta-Sign entries for languages other that LSF are
not counted in the total of signs, unless clearly stated otherwise.

5https://bslsignbank.ucl.ac.uk/
6https://signbank.cls.ru.nl/datasets/NGT
7https://www.sign-lang.uni-hamburg.de/dicta-sign/portal/
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3.2.7 Other languages

The aim of this version of the index was to cover all core languages of the project. However, in
the case of LIS, while corpus resources are available, we could not identify a publicly available
lexical resource that would have been suitable for inclusion in the index. We are aware of
(Shoaib et al., 2014), but the resource is not currently available. Therefore, LIS is absent
from the current version of the index. A decision was reached to replace it with another sign
language (SL) outside of the project’s core languages. Efforts have been made to reach out to
other resources. Owners of the Corpus of Polish Sign Language (Kuder et al., 2022; Wójcicka
et al., 2020) and of the Swedish Sign Language Dictionary (Svenskt teckenspråkslexikon, 2023)
have expressed interest, but at the time of writing this report, we don’t have yet confirmation of
a possible collaboration.

© 2023 EASIER Consortium Page 12 of 26 Funded by the Horizon 2020
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4 WORDNET CREATION

We follow the same general method for each language, with adaptations to address specific
problems or better make use of extra data available. This is a three-step method.

The first step is to automatically match a sign’s spoken language equivalents (glosses and
keywords) to lemma present in this language’s pre-existing wordnet. Words in contact language
are preferred to English words when both are available, assuming that the annotators who
associated this word with the sign are more familiar with the contact language language.

The second step is applied if this process results in a one-to-one match. The link is then
assumed correct, and automatically validated. This is the case for single-sense words such as
refrigerator.

In most cases, several candidates are associated with each sign. This leads to the third step:
manual validation. Ideally, native signers would perform this work. But due to limited resources,
fluent non-native signers were also deployed as annotators.

The annotators are as follows:

• DGS: Maria Kopf

• GSL: Kiriaki Vasilaki, Anna Vacalopoulou, Theodor Goulas, Athanasia–Lida Dimou,
Stavroula–Evita Fotinea and Eleni Efthimiou

• BSL: Neil Fox

• NGT: Onno Crasborn and Lianne Westenberg

• DSGS: Laure Wawrinka

The annotation interface is shown in Figure 4.1. To better identify the meaning of synsets,
annotators have access to lemmas, definitions and examples in their preferred language when
available, English otherwise. Concerning signs, video and gloss are displayed. They can also
open the page of the sign in its original resource to have access to more information, such as
examples of use in corpus.

We do not have the resources for an exhaustive manual annotation of each language. This
leads to the question of priority. Annotators were instructed to first cover synsets that are
already in use and validated in other sign languages. This leads to the creation of a core set of
senses covered in multiple SLs.

Then, signs in the language of the annotator are displayed in frequency order, to prioritise the
most useful signs. If the lexical database of this language is linked to a corpus, we import
frequencies from it. Otherwise, we derive frequencies from the synsets.

Annotators may be confronted with long lists of synsets per sign, some close in meaning,
needing to spend extra time to understand the difference between them. This is especially

© 2023 EASIER Consortium Page 13 of 26 Funded by the Horizon 2020
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Figure 4.1: Screenshot of the annotation interface

the case for the most frequent signs which link to lemmas such as to have (20 linked synsets)
or good (27 linked synsets). In such cases, annotators are encouraged to limit the time they
spend on each sign to increase coverage, which leads to only some of the synsets of these
signs being validated.

OMW, by design, doesn’t have synsets for function words, such as pronouns. To allow more
complete linking of lexical resources and open up use of our wordnet resource for tasks that
also require sense-disambiguated information for function words, we expand the scope of our
resource accordingly. We created 39 custom synsets to cover high frequency cases. This
includes personal pronouns, interrogative pronouns, conjunctions and items specific to sign
languages such as pointing and the palm-up gesture.

Below we describe steps specific to certain sign languages. The specificities of DGS and GSL
are already discussed in D6.3.

4.1 BSL

For BSL the equivalents are given only in English. While this removes one level of possible
mistranslation, it also increases the noise: The basis for OMW is Princeton Wordnet, which is
in English. The English part of OMW contains far more synsets per lemma, many of which are
too specific for our purpose. This increases the time annotators must spend per sign. Because
of that, the coverage of the manual validation is smaller for BSL compared to other languages.

© 2023 EASIER Consortium Page 14 of 26 Funded by the Horizon 2020
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4.2 DSGS

In the lexical resource used for DSGS, spoken language equivalents are only available in Ger-
man. This is a difficulty, as OMW doesn’t natively support German, and links between Ger-
manet and OMW are not always available. In those cases, we fall back on automatic translation
of the German equivalents into English, which results in low quality candidates. For the case
of DSGS, we decided to only keep automatically translated candidates if the automatic transla-
tion suggests a single possibility, or the translation was identical to the source lemma (case of
named entities). In other cases, no candidates were kept, even if this results in signs with no
candidates at all. This avoids long lists of irrelevant candidates.

4.3 LSF

As Wordnet links were already present in Dicta-Sign, there was no need to create or validate
new links.

© 2023 EASIER Consortium Page 15 of 26 Funded by the Horizon 2020
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5 RESULTS

We will first present our work through a few examples to better show what the data looks like,
and how it can be browsed. Statistics on the size of the index are given afterwards.

5.1 EXAMPLES

Figure 5.1 shows an example of a sense which has been linked to all the sign languages we
cover so far.8 This sense typically links to mono-sense spoken lemmas, which makes it easy to
auto-validate. In our index, the senses with the most languages coverage tend to be this kind
of sense.

The complete list of correct lemmas for this synset is as follows. For each sign, we show the ID
of the sign, local language gloss, English gloss if available, and the webpage of that sign if it’s
in a public dataset.

• gsl.6902 φθινόπωρο video

• lsf.56 AUTOMNE webpage

• ngt.438 HERFST / AUTUMN webpage

• bsl.2695 AUTUMN webpage

• bsl.5948 AUTUMN02 webpage

• dgs.9761 HERBST1A / AUTUMN1A doi,
webpage

• dgs.76225 HERBST1B / AUTUMN1B

• dgs.13038 HERBST2A / AUTUMN2A

• dgs.58031 HERBST2B / AUTUMN2B

• dgs.74076 HERBST2C/ AUTUMN2C

• dgs.58320 HERBST3 / AUTUMN3 doi,
webpage

• dgs.72471 HERBST4 / AUTUMN4

• dgs.73085 HERBST5 / AUTUMN5 doi,
webpage

• dgs.74097 HERBST6A / AUTUMN6A

• dgs.74117 HERBST6B / AUTUMN6B

• dsgs.1354 HERBST_1B

• dsgs.1355 HERBST_1C

• dsgs.1356 HERBST_1E

This sense also is linked to the following spoken language lemmas, and lemmas in many other
languages not displayed here:

• English: fall, autumn

• German: Herbst

• Dutch: herfst

• Greek: φθινόπωρο

8As we use non-public DSGS data, the DSGS entry shown in Figure 5.1 instead uses a public recording provided
by the Swiss Association of the Deaf at https://signsuisse.sgb-fss.ch/lexikon/114810/herbst

© 2023 EASIER Consortium Page 16 of 26 Funded by the Horizon 2020
Framework Programme of the European Union

http://sign.ilsp.gr/sisbuilder/video/FTHINOPWRO_1_lem_3_HD.mp4
https://www.sign-lang.uni-hamburg.de/dicta-sign/portal/concepts/cs/cs_56.html
https://signbank.cls.ru.nl/dictionary/gloss/438.html
https://bslsignbank.ucl.ac.uk/dictionary/gloss/AUTUMN.html
https://bslsignbank.ucl.ac.uk/dictionary/gloss/5948
https://doi.org/10.25592/dgs.corpus-3.0-type-63936
https://www.sign-lang.uni-hamburg.de/meinedgs/types/type63936_en.html#type9761
https://doi.org/10.25592/dgs.corpus-3.0-type-13130
https://www.sign-lang.uni-hamburg.de/meinedgs/types/type13130_en.html#type58320
https://doi.org/10.25592/dgs.corpus-3.0-type-73084
https://www.sign-lang.uni-hamburg.de/meinedgs/types/type73084_en.html#type73085
https://signsuisse.sgb-fss.ch/lexikon/114810/herbst


D6.4: Interlingual index (V1.0)

Figure 5.1: Example of synset for autumn with some of its spoken and sign lemmas

The next example illustrates how the index disambiguates between possible senses of the
keywords and glosses present in the original resources. The sign dgs.13544 ARBEITEN1ˆ /
TO-WORK1ˆ9 is linked to a number of senses. For each sense are indicated its id, lemmas, then
definition. Notice that some of the correct sense are not directly linked to the lemma work and
would not have been discovered by simply researching for it in wordnet.

This example also shows a sense that was created to fill a gap in OMW, as shown by its distinct
ea prefix. The lemma what do is intended as a tool for the annotators to more easily find this
synset.

The following senses are correct:

• ea.0036 what do: question word, what activity a person does

• omw.00584367-n employment, work : the occupation for which you are paid

• omw.00620752-n labor, labour, toil : productive work (especially physical work done for
wages)

• omw.02410855-v work, do work : be employed

• omw.04602044-n workplace, work : a place where work is done

• omw.13968092-n employment, employ : the state of being employed or having a job

• omw.13541167-n processing: preparing or putting through a prescribed procedure

9Entry in DGS Corpus: https://doi.org/10.25592/dgs.corpus-3.0-type-13544
Entry in sign wordnet: https://www.sign-lang.uni-hamburg.de/easier/sign-wordnet/sign/dgs.13544.html
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The following senses were candidates that were marked as incorrect:

• omw.00100551-v exercise, work, work out : give a workout to

• omw.00634906-v solve, work out, figure out, puzzle out, lick, work : find the solution to (a
problem or question) or understand the meaning of

• omw.01162754-v exploit, work : use or manipulate to one’s advantage

• omw.01235355-v knead, work : make uniform

• omw.01659248-v shape, form, work, mold, mould, forge: make something, usually for a
specific function

• omw.03841417-n oeuvre, work, body of work : the total output of a writer or artist (or a
substantial part of it)

5.2 PUBLIC WEBSITE

A public web interface has been launched to make the resulting data easier to browse, and
make it available to the public. It contains data for DGS, GSL, BSL, NGT and LSF. DSGS
will be added as soon as the data becomes public. Screenshots of the interface are shown in
Figures 5.2 and 5.3. It is hosted at the following address:
https://www.sign-lang.uni-hamburg.de/easier/sign-wordnet/

Only synsets that have been validated as correct, automatically or manually, are visible to the
public. In the case of DGS a choice had to be made between displaying sub-types separately,
or merging to the level of the type. The other lexical resources we work with operate on a level
more similar to the DGS types. To match it, we decided to display types for DGS.

In total, the website displays 6343 signs linked to 10217 synsets.

5.3 STATISTICS

Table 5.1 shows the number of positively validated entries per language. This represents
senses that have been manually or automatically validated as correct senses for their sign.
They are counted per sign (covering one or several synsets) and per individual sign-synset link.

Tables 5.2 and 5.3 show current progress on the manual validation, counted by sign (Table 5.2)
or by sign-synset link (Table 5.3). For easier visual inspection, the statistics of both tables are
also provided as stacked bar graphs in Figures 5.4 and 5.5, respectively.

NGT DGS GSL BSL LSF DSGS Total
valid distinct signs 1501 2482 1816 260 1013 1699 8771
valid distinct links 1768 2748 4293 604 1013 1755 12181

Table 5.1: Number of signs per language that have at least one correct sense, and number of
links per languages that are correct.
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Figure 5.2: Screenshot of the public website showing the data for one synset
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Figure 5.3: Screenshot of the public website showing the data for one sign

sign validation status NGT DGS GSL BSL LSF DSGS
no validation yet 783 8896 3240 1876
all links incorrect 693 257 12 179

some links correct, some incorrect 539 132 28 7
all links correct 270 547 1816 10 1013 289
auto-validated 700 1795 223 1405

Table 5.2: Current progress of manual validation by number of signs.

link validation status NGT DGS GSL BSL LSF DSGS
no validation yet 4127 11601 3566 3744

validated as incorrect 3458 969 531 195
validated as correct 1068 943 4293 381 1013 350

auto-validated 700 1805 223 1405

Table 5.3: Current progress of manual validation by number of sign-synset links.
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Figure 5.4: Stacked bar graph representation of Table 5.2, showing the manual validation
progress by number of signs.

Figure 5.5: Stacked bar graph representation of Table 5.3, showing the manual validation
progress by number of sign-synset links. The count of links that were not yet vali-
dated is omitted to ensure the readability of the graph.
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The work on GSL was done internally by ATHENA team early in the project before automatic
candidates were generated. For LSF we imported existing links from Dicta-Sign. This is why for
these two languages, only entries validated as correct are given. Annotation for BSL focussed
on providing full synset coverage of highly polysemous signs, resulting in a large number of
verified links for a small number of signs (compare Figures 5.4 and 5.5).

For GSL, BSL and DSGS the manual validation is finished, as no more human resources for
manual annotation are available. The work is still ongoing for DGS and NGT, and more links
will be validated before the end of the project. Currently, 1394 synsets have validated links to
two or more languages, forming a common interlingual index.

5.4 USE CASES

The index data is available in CSV files, which provide links between glosses, videos, synsets
ID, and spoken language lemmas. An API is also under consideration to make the index even
easier to include in the translation pipeline.

The main usage for the index is within spoken-to-sign translation. This provides an alternative
to deep-learning approaches that better suits low-resource languages. The index has been
used this way in conjunction with a tool to detect signs in continuous video to help correct
alignment issues generated by the tool.

The index can also be used in sign-to-sign translation, with the assumption that token-by-token
substitution is more acceptable while doing sign-to-sign than spoken-to-sign or vice-versa. This
method can be used in combination with machine-learning: Machine learning is used as a first
step for spoken-to-sign, with the restriction that the target sign language be comparatively well
resourced. The index can then be used to transfer the translation to a second, less-resourced
sign language. Token-by-token substitution and chaining translation systems result in lower
quality translation, and should be seen as a fall-back or exploratory method, rather than a
fully functional translation of acceptable quality. Nevertheless, this can provide a pipeline for
languages without the resources to train a machine learning model.

Another possible use of the index in combination with spoken-to-sign machine learning transla-
tion is when machine learning outputs the gloss of a sign that the avatar cannot produce. Then
the index can suggest synonymous signs that the avatar may be able to produce.

More anecdotally, it has been suggested that when using sign-to-sign translation for anonymi-
sation, switching a sign to a synonym found in the index can create greater entropy.

The index is also a convenient repository of lexical data, that has been used by other work
packages to save time on preparing and compiling resources themselves.

Outside the EASIER project, the data and the website provide value to sign language projects
and projects wishing to include sign languages, as they can use and build on the sign wordnet.
For example, a collaboration is in progress toward adding sign language tokens to Ontolex,
which is a semantic web structure for lemmas in any language (cf. Declerck and Siegel, 2019).
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6 CONCLUSION

We have presented our work on connecting lexical resources of BSL, NGT, LSF and DSGS
semantically through a multilingual wordnet. This complements earlier work done for DGS and
GSL and reported on in deliverable D6.3 (Bigeard et al., 2022). All core languages of the project
are now covered, except for LIS, for lack of usable resources.

This work has resulted in a dataset of 7929 signs in 6 sign languages linked to 11806 synsets.

Additionally, a web interface has been launched to make the index accessible for the general
public at https://www.sign-lang.uni-hamburg.de/easier/sign-wordnet/

The next deliverable within this task will be D6.5, where we will work on languages from outside
the project. We have already contacted owners of resources for Polish Sign Language (PJM)
and Swedish Sign Language (STS) to this end.
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