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Abstract

This report is part of the European Language Equality (ELE) reports series that seeks to not
only delineate the current state of affairs for each of the European languages covered, but to
additionally — and most importantly — identify the gaps and factors that hinder further de-
velopment in Language Technology (LT). Identifying such weaknesses lays the groundwork
for a comprehensive, evidence-based, proposal of required measures for achieving Digital
Language Equality in Europe by 2030. The report at hand sketches the state of affairs for the
Greek language, the official language of two EU member states, Greece and Cyprus.

Following a brief introduction to the history, prominent linguistic features, writing sys-
tem and dialects of Greek, the report focuses on the presence of Greek in the digital sphere;
this section discusses the progressive digitisation of the Greek and Cypriot societies, the slow
but steady prevalence of Greek-based digital tools and applications that replace previously
dominant English-based ones, and the availability of Greek digital public open data. It gives
an overview of the status of language resources, and of tools, services and applications con-
cerning Greek; it presents and discusses the variety of language resources for Greek, either
intended for human users or supporting LT systems: corpora (general and domain-specific,
synchronic and diachronic, monolingual, bilingual and multilingual, parallel, written, spo-
ken and multimodal corpora), lexical/conceptual resources (e.g. computational lexica and
online dictionaries, terminological lists and glossaries, thesauri), language models and LT
tools and services for the processing of Greek, either for written text or for speech, provided
by the R&D community or by the local industry and found at different levels of maturity.

The national policies concerning Artificial Intelligence (AI) and LT are briefly reviewed, in
particular with respect to the prevalence of language-centric Al or LT. The Cyprus Strategy
for Al and the central role reserved for Al in the Greek Digital Transformation Bible indi-
cate that national policy makers have full understanding of its importance. However, the
fact that a vision and specific plans for supporting LT are missing from strategic documents
indicates that the fundamental contribution of LT to achieving ubiquitous human-centred
AT has not been adequately recognised yet. On the positive side, the establishment of a re-
search infrastructure dedicated to Language Resources coupled with a sister infrastructure
dedicated to the Humanities is evaluated as a critical facilitator of LT development.

The presence of Al and LT is also gradually attested to in the academic domain: almost
all Greek Universities offer courses (mainly at the postgraduate level) on Natural Language
Processing and Language Technology, either as autonomous courses, or coupled with Artifi-
cial Intelligence, Big Data and Data Science. With respect to entrepreneurship in the LT and
Al domain in Greece and Cyprus, the local industry is small but active; it consists mainly of
SMEs offering services both in the country and abroad.

The report concludes that technological support for Greek has progressed in the past decade,
while digital language resources have both increased in volume and improved in quality and
variety. A critical factor for the availability of resources and tools for Greek has been the cre-
ation of Language Resources Infrastructures that cater for storage, curation, and distribution
of datasets and technologies/services, properly described with metadata and accompanied
by clear and explicit licensing terms.

Despite this progress, when compared to the so-called big languages, Greek is obviously
disadvantaged. Prominent among the challenges impeding the development of LT for Greek,
is the fact that LT is not included in the overall language policies or in the Al strategies of
Greece and Cyprus, while the recognition of the significance of language-centric Al is still
lacking. Lack of continuity in research and development funding is an additional progress
hampering factor. In conclusion, there is a desperate need for a large, coordinated initia-
tive focused on overcoming the differences in language technology readiness for European
languages.

WP1: European Language Equality — Status Quo in 2020/2021 1
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MepiAnyn

H napovoa ékbean amoterel u€pog g oelpdg ekBeoewv Tov €pyou Evpwmnaikn Mwaaoikn Ioo-
nta (European Language Equality, ELE), ol omtoieg cuvopifouv Ta amoteAéouata ULag AEmnTo-
UEPOVG eUTELPIKIIG Slepelivnong ToL eMUTESOV TEXVOAOYLKNG UTTOOTIPLENG TWV EVPWTTATKWY
YAwoowv. Méow NG oelpdg auTrg eNSLwKeTal OYL HOVO va TEPLYpaPel N TPEXOVOA KATAOTA-
on yla kdBe pia ano tig vnd eE€Tacn YAWOOEG, aAAA EMUTAE0V — KAl KUPLWE — va EVTOTLGTOVY
Ta KeVA Kal oL TapdyovTeg oL eumodifouv Ty mepattépw avantuén tng FAwooikig Texvo-
Aoyiag (I'T). O evTomoudg aLTWVY TWV AduvauLwWY BETEL TIG PACELS YA UL OAOKANPWUEVN KL
TEKUNPLWHEVT TTPOTACH YLA TA HETPA TTOV amatteital va AneBovv, wote va enttevyBel Pnola-
k| TAwoowr| Iodtnta (Digital Language Equality) otnv Evpwmnn éwg To 2030.

H éxBeon oklaypagel TNV KaTAoTAGN WG TTPOG TNV TEXVOAOYIKN LTOGTPLEN TNG EAANVIKAG
yAwooag, enionung yAwooag SVo kpatwv peAwv g EE, Tng EAAGSag kat Tng Kumpou.

MeTd amo pla gOVTOUN ELCAYWYN UE YEVIKA aToLXEla yla TN YAwoaod (LoTopia, KUPLO YAWO-
OlKA XAPAKTNPLOTIKE, cOoTnUd Yparg Kal SLAAEKTOL), N €KOEON ENMKEVTPWVETAL OTNV TTA-
povacia Tng eEAANVIKAG yAwaooag atnyv Yneakn cpaipa. H evotnta avt e€etdlel tn otadlaxi
Pnelomoinan ™g EAANVIKAG Kal TNG KLmplakig kowwviag, Tnv apyf aAAd otabepd avgavo-
pevn epeavion epyaieiwv kat epappoywv yia ta EAAnvikd, mov avtikablotovv ta mponyou-
uévwg xuplapya epyareia yla tnv AyyAkn. Atepeuvd tn SLafectudTnTa EAANVIKWY Pn@LaKwY
AVOLKTWV 8€80UEVWVY TOL SNUdGLoL Topé KABWG Kal EKEVWY TTOL TTAPEXOVTAL ATTO TNV AKA-
Snuaikn kal epevvnTIKA KOWOTNTA.

1N ouvEyela yivetal pla enokomnaon g SLaBeCIHOTNTAC YAWOGIKWY TTOPWY, EPYAAEiwVY,
VTN PECLWY KALEQPAPHUOYWV yla Ta EAANVIKA: owpata KEPEVWVY (YEVIKIG YAWOGAG 1] Lo GUYKE-
KpLUEVo Bepatiko medio, cuyxpovikd Kat Staxpovikd, HovoyAwaooa, S{yAwoca Kat TOAVYAWOC-
oa, TAPAAANAQ, YPATITA, TTPOPOPLKA KAL TTOAVTPOTILKA), A€oy KoL / evvololoy kol TopoL (TT.y.
VTTOAOYLOTIKA Kal StadSikTuakd Slabéoiua Aegkd, opoAoykol kKatdAoyol Kat yAwoaodpla, On-
oavpol), yYAwoolkd povtéda kal epyaleia kal vmnpecieg yla v VMOAOYLOTIKY enegepyaacia
ypamtoL KelPeEVoL | oplAlag, mov mapgyovtat and tnv E&A kKowoTtnta i} ano I8LwTIKEG ETAL-
peieg xat Bpilokovtal oe Sta@opetika enineda wpLUOTNTAG.

OL eBvikég moALTIkEG yia TNV Teyxvnt Nonuoaovvn (TN) e€etdlovtal v ouvTouia, 18{wg wg
TIPOG TO av eEelSikevovTal o€ aLTEG oTOyoL Kal uétpa ywa mn I'T. H EBvikA ZTpatnykn ywa tnv
TN tng KOMmpou Kat 0 KEVTPLKOG pOAOG TTOL emlpuAdooetal yia tnv TN atnv BifAo Pnolakov
Metaoynuatiopot Tng EAAGSag Selyvouv 0Tt oL popeig xapagng moALTikNg o eBvikd enimedo
€xouv A pN Katavonon g onpaciag Tng TN. Qotdoo, To yeyovog 0TL and ta Kelyeva ebvi-
KNG 0TPATNYIKAG AITOVGLACEL TO OPAMA KAl CUYKEKPLUEVA OXESLA ELSIKA yla TNV LTTOOTAPLEN
™G TAwookng Texvoloyiag @avepwvel OTL §gv €xel akOUn avayvwploTel EMAPKWG TO OTL N
Iwook TexvoAoyia eival kplolwo cuoTATIKO Yl TNV avAanTtugn avBpwmokevTpkng Texvn-
¢ Nonpoovvng. Qg Betik e€€AIgn mov Ba ouvEpdauel peAAovTikd otnv avdntuén I'T ya Ta
EAANvikd a&lodoyeital n Snuiovpyia tng eBvikng epeuvvntikng vodourg F'Awookwy Iopwv.

L71ov akadnuaiké xwpo, n I'T otadlakd evtdooetal o€ OA0 Kal TEPLOCOTEPA TTPOYPAUUATA
OTIOLS WYV, KUPLWE UETATITUYLAKOV EMUTESOL: OYESOV OAA TA EAANVIKA TTAVETLOT UL TIPOCQE-
pouvv pabiuarta ywa tnv Enegepyacia ®vowkrg F'Awcoag kat tn TAwoowkr TeyvoAoylia, elte wg
avtévopa pabipata, eite oe guvdvacpd pe v Texvnti NonpoolLvn, Ta Meydia AeSouéva
xat Vv Enotiun AeSopévwv. Ooov a@opd aTny ENLYEPNUATIKOTNTA o0TOV Toped TG I'T xat
™G TN otnv EAAGSa kat tnv Kompo, o kAAS80g eival pikpdg aArd evepydg. AmoteAeital kupiwg
an6 MME 1tov mpoc@épouy LTNPEGLEG OTIG SV0 XWPEG KAl GTO EEWTEPLKO.

Loumepaouatikd, ta teAevtaia §¢ka ypovia €xel enttevyBel onuavtikn mpoodog we mPog
TNV TeEXVOAOYIKH LTIOGTPLEN TNG EAANVIKIG YAWGaoag. Ot StaBéaotpot Pnelaxol ylwoakol mo-
pol €xouv avgnBei oe Oyko kal €xovv BeATiwbel oe ToLdTNTA Kat mokAla. H dnuiovpyia Yrmo-
Sopwv MNwaoowkwv IIépwv, oL omolot €xovv Tn duvatdtnta anobrkevong, eMPEAeLag Kat Sla-
VOUIG GLVOAWY 8E50UEVWV KL TEXVOAOYLWV/VTINPECLWY TTOL TTEPLYPAPOVTAL UE TA KATAAANAQ

WP1: European Language Equality — Status Quo in 2020/2021 2
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uetadeSouéva kat auvodevovTal armd CaPel§ Kat pnTovg 6poLE XPongs, EXEL Taigel onuavtl-
KOTATO POAO 0TN SLABEGIUOTNTA TTOPWV KAL EPYAAEIWV YLA TNV EAANVIKY] YAWGOA.

IMapd v mpdodo avtr, 6Ttav N EAANVIKH YAWooa GUYKPILVETAL HE TIG AEYOUEVEG UEYBAAES
YAwaooeg, Bploketal mpo@avwg oe pelovekTikr B€on. To yeyovdg ot n I'T Sev meplraufdvetal
OTN GLVOALKN YAWGGLKN TIOALTIKA 1] GTOV GTPATNYIKO oxeSlacuo g EAAGSag kat tng Kompov
yla v TN eivat ac@aiwg évag and Toug mapdyovteg oL SUGYEPALVOUV TN UEAAOVTIKY avd-
ntuén Tov nediov. H avayvwplon g onuaciag tg TN pe Baon 1 yAwooa e€akorovbel va
elvaLteploplopévn. H anoomacpatiky xpnuatoddtnon épywv E&A mov eaTld{ouy oTnyv eAAn-
VIKA YAWOOO Kal 6TV VTOAOYLOTIKN enegepyaaia tng Sev SLac@aAifel EMUPKWE TOUG TOPOLG
TIOL AmALTOUVTAL, WOTE TO EMINMESO TEXVOAOYIKNG UTTOGTAPLENG TNG YAWGOAC Hag va eivat ou-
YKPIoLWO pe auTd AAAWY ELPWTATKWY YAwoowV. EAAelPeL TEXVOAOYIKIG VTTOGTAPLENG, OL ALYO-
TEPO OUIAOVUEVEG YAWOTEG, UETAEL TWV OTIOlWV Kal N EAANVIKY, Ba Baivouv cupplKVOVUEVEG
otV YnoLaky cpaipa kat Ba extomiCovtal 6Ao kKat meplacdtepo amod TIg Kupiapyeg Siebveig
YAwaooeg, €wg TNV Pnelaxkn toug egapdvion. H avdykn yla pla ueyding kKAlpakag, cuvtovi-
ouévn MPWTOPROVALO TTOV Va EMIKEVTPWVETAL GTNV EVIOYLUON TNG TEXVOAOYLKNG ETOLUOTNTAG
NG EAANVIKNG YAWOOAG ElVAL EMLTAKTIKY.

‘Eva TéTtolo poypauua Ba mpénel TpwTioTwg va vmootnpiel: i) n ovvtpnon, eNéKTa-
on xat Biwaodtnta Twv vmodouwv mov oxetiovtat pe TN Mwoowkh TexvoAoyia, ii) eBvikég
N/xal eLpWMATKEG cLUVTOVIOUEVES SPAcELS Yo TNV eLac@dAlon G mpdoPacng o€ avoLKTES
VTTOAOYLOTIKEG LTTOSOUEG LPNAWY emLdoewy, iii) cuvToviouéveg §pdaoelg yla v avdntugn
YAWGOIKWV MOPWV HeYAANG KALHaKaAG, ETOLUWY VA TPOPOSOTHGOLY HEYAAA YAWCGIKA LOVTEAL
TIOL LITOGTNPIfOVY €va VPV PACUA EPAPUOYWYV, iV) OTOXEVUEVEG SPATELS LA TNV KAALYN TWV
TIOPATNPOVUEVWY KEVWV o€ 8eSouéva opAlag Kat ToALTpOTKA SeSouéva, V) Y€Tpa mov Sta-
o@aAifouv otL N onuacia tng TAwookng Teyvoloyiag kat Tng TN avayvwpiletal emapKwg Kat
nepAaUBAveTaL OTIG EBVIKEG TTOALTIKEG YLA TN YAWOGLIKY, TOALTIOTIKH KAl TEYVOAOYLKY| avd-
TITUEN, Vi) CLUVTOVIOUEVEG SPACELS YL TNV TIEPALTEPW EVIoYLON TOL YNPLAKOL aAPAPNTIoUOV
NG EPELVNTIKIG KOLVOTNTAG KAl TNG KOWWVIaG 6T0 GUVOAS TNG, Vii) cuvToviouéveg SpAcelg
yla v mpowbnaon tng KoLAToUPAS KOG XProng Se8ouévwy, GLUTEPIAAUBAVOUEVOL TOU AO-
YLOULKOU avOoLKTOU KWSLKA, UE TN GUUPETOX N OAWV TWV EVELAPEPOUEVWYV, TOVL SNUOCLOL TOUEQ,
NG épevvag Kal Tng Blopnyaviag.

1 Introduction

This study is part of a series that reports on the results of an investigation of the level of sup-
port the European languages receive through technology. It is addressed to decision makers
at the European and national/regional levels, language communities, journalists, etc., and it
seeks to not only delineate the current state of affairs for each of the European languages
covered in this series, but to additionally — and most importantly — to identify the gaps and
factors that hinder further development of research and technology. Identifying such weak-
nesses will lay the groundwork for a comprehensive, evidence-based, proposal of required
measures for achieving Digital Language Equality in Europe by 2030.

To this end, more than 40 research partners, who are experts in more than 30 European
languages, have conducted an enormous and exhaustive data collection that provides a de-
tailed, empirical and dynamic map of technology support for our languages.!

The report has been developed by the European Language Equality (ELE) project.? With
a large and all-encompassing consortium consisting of 52 partners covering all European
countries, research and industry and all major pan-European initiatives, the ELE project is

1 The results of this data collection procedure have been integrated into the European Language Grid so that they

can be discovered, browsed and further investigated by means of comparative visualisations across languages.

2 https://european-language-equality.eu
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developing a strategic research, innovation and implementation agenda as well as a roadmap
for achieving full digital language equality in Europe by 2030.

2 The Greek Language in the Digital Age

2.1 General Facts

Greek is the national and official language of Greece, one of the two official languages of
Cyprus and, since 1981, one of the official languages of the European Union. It is spoken
as a mother tongue by approximately 95% of the 10.7 million inhabitants of Greece and by
approximately 840,000 Greek Cypriots. It is also used by a total of approximately 5 million
people of Greek origin, members of Greek communities (the Diaspora) worldwide, mainly in
the USA, Australia (Melbourne has been named ‘the third largest Greek city in the world’),
Canada, Europe (UK and Germany mainly), the former Soviet Union countries, Turkey, and
Egypt. Itisthelanguage used in state institutions, including both lower and higher education,
in Greece and Cyprus.

Greek is an Indo-European language, the only surviving member of the Hellenic branch
of the Indo-European language family. Unlike Latin, which gave rise to several daughter
languages, the only descendant of Ancient Greek is Modern Greek.

The Greek writing system has been the Greek alphabet for most of its history. The Modern
Greek alphabet consists of 24 letters. The official orthography of Modern Greek is the sim-
plified monotonic (single stress) system, which utilises only stress mark and diaeresis. The
traditional system, called the polytonic (multiple stress) system, is still used internationally
for the writing of Ancient Greek.

Greek is a heavily inflectional language, and has an extensive set of derivational affixes,
whereas the system of compounding is relatively limited, but productive. As regards syn-
tax, Greek presents a free word order, the neutral word order being Verb-Subject-Object
or Subject-Verb-Object. This allows the speakers to form utterances in a wide variety of
ways putting the focus on different parts of the sentence. The rich case system makes free
word order possible and offers crucial information to syntactic analysis: nominative case is
used only for subjects and predicates, and accusative for objects of most verbs and of many
prepositions, genitive for possessives and for objects of some verbs and prepositions. Con-
sequently, recognition of syntactic roles is more straightforward than in languages with no
cases. Two significant features of the Greek vocabulary are extent and word length. One rea-
son for the size of the vocabulary is the great number of synonyms observed. The abundance
of synonyms is due to their origin from the various dialects, besides loanwords from other
languages. Another reason for the extensive vocabulary is the productivity of the deriva-
tional morphological system. Asregards word length, Greek has very few one-syllable words.
Two- or three-syllable words are the majority, but multi-syllable words are not rare at all
(even eight or nine-syllable words).

Dialects and minority languages

Almost all Modern Greek varieties descend from the Koiné (Browning, 1969), the common
supra-regional form of Greek spoken and written during the Hellenistic period, the Roman
Empire and the early Byzantine Empire. After World War II, the various Greek dialects grad-
ually declined and some (e.g. the Cappadocian dialect, the Tsakonian dialect or Grico, the
Greek dialect spoken in a handful of villages in southern Italy, an area also known as Magna
Grecia) are considered practically extinct. The dialects and languages used by minority pop-
ulations are considered as elements of cultural identity and tradition. The modern way of
living, urbanism, the use of the standard variety in education, administration and the mass

WP1: European Language Equality — Status Quo in 2020/2021 4
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media has led progressively to their exclusive use in their respective communities. The most
identifiable dialects of Greek which are in use to date are the Pontic dialect (variety of Mod-
ern Greek originally spoken in the Pontus area, and today mainly in northern Greece), the
Cretan dialect (spoken mainly in Crete) and Cypriot Greek (spoken mainly in Cyprus).

The only language which is recognised as a minority language is Turkish, which has the
status of minority language in Thrace (a region in Northeastern Greece). However, there
are several other languages spoken by minority populations such as the Pomaks (a mus-
lim minority who speak Pomak, a Bulgarian dialect), the Roma (who speak Greek Romani),
Slavomacedonians (Who speak a Greek variety of Slavomacedonian, which is the national
language of North Macedonia), Arvanites (who speak Arvanitika, a dialect of Albanian) and
Vlacks (who speak Vlack also known as Aromanian). There are several other languages spo-
ken by ethnic communities in Greece — communities of first, second or third generation im-
migrants. Some of these are even taught as heritage languages in complimentary schools, in-
cluding Albanian, Armenian, Arabic, Bulgarian, Russian, Georgian, Ukranian, Serbian, Farsi,
Chinese. As for Cyprus, which is still today a member of the Commonwealth and where the
official languages are Greek and Turkish — the vernaculars being Cypriot Greek and Cypriot
Turkish, there are two recognised minority languages: Armenian and Cypriot Arabic. For
the latter, there is a serious effort, funded through the Cypriot Ministry of Education, for its
revitalisation. Moreover, given the country’s colonial past, since Cyprus was under British
rule until the mid-20th century, English is very widely spoken. Other languages spoken by
minority populations include Russian, Bulgarian, Romanian, Ukrainian, Croatian, Albanian,
Macedonian, Montenegrin, Slovene, Serbian, Bosnian, Polish, German and Hungarian.

2.2 Greek in the Digital Sphere

The Greek and the Cypriot are digitised societies, with Cyprus being more advanced in terms
of internet penetration in everyday life. According to data from Eurostat,® 77% of individuals
in Greece and 91% in Cyprus used the internet in 2021 at least once a week. The percentages
were raised to 98% and 99% (Greece and Cyprus respectively) but only for young people aged
16-24. The percentages are lower for individuals aged 25-54, i.e. 91% and 98% respectively,
and even lower for individuals aged 65-74, i.e. 32% and 58% respectively.

A survey by the Greek Statistical Authorities, spanning across the first quarter of 2019*
reveals that 8 out of 10 households have full access to broadband internet at home, while
approximately 83% use their smartphones to access the Weh. The percentage is higher in
Cyprus as, according to the Statistical Service of Cyprus, 93% of the households had Internet
access in the first quarter of 2021.

The Greek domain (.gr URLs) has more than 500,000 registered addresses,® while the Cyprus
domain (.cy URLs) currently has more than 20,000 registered active addresses.® The main
language of websites under the .gr and .cy domains is Greek, while many of them are bilin-
gual, providing both Greek and English versions. The overall expansion of the Greek digital
world and its users have led to intense localisation of major applications for computers and
smart phones, and the development of native Greek applications and free software. Greek is
now used in all social media, e-government and all Greek companies’ online shopping plat-
forms. In international or multinational companies or platforms, Greek is still served mainly
through Machine Translation (MT).

3 https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=isoc_ci_ifp_fu&lang=en, last update: December 16,
2021

Survey of the Use of Information and Communication Technologies by Households and People: Year 2019,
8/11/2019 (Available only in Greek: - Epevva Xpriong Texvoioywwv IIAnpo@odpnong kat Emkowwviag amo
Nowkokvptd kat Atopa: ‘Etog 2019 through http://www.statistics.gr)

5 On April 2021. Source: https://www.eett.gr/opencms/opencms/admin/News_new/news_1479.html
https://www.nic.cy
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Sources for Greek open language data on the Internet

Despite the extensive use of Greek in digital communication between citiens, private busi-
nesses and public administration, the amount of digital open government language data has
not increased significantly. Although all Public Administration’s acts and decisions and Open
Government Data are shared through dedicated Open Government portals in Greece,” lan-
guage data is either shared in non-processable formats (e.g. in PDF) or not at all. The value
of public language data generated and held by the administration has not yet been recog-
nised and no dedicated efforts have been implemented for its management and sharing. In
what concerns encyclopedic, educational and other related digital data, the valuable source
of Wikipedia is of moderate assistance to Language Technology as regards Greek. While the
English Wikipedia contains more than 6 million articles, only approximately 200,000 arti-
cles are included in the Greek version.®? The Greek Wikipedia initiative started in December
2002, but it appears that the contributors’ team has not grown considerably, nor is content
frequently added (last change recorded on 31.12.2019).° The Greek Open Technologies Al-
liance!? is actively promoting the expansion of Greek Wikipedia with a range of activities.

Fotodentro,!! the National Educational Content Aggregator for Primary and Secondary Ed-
ucation, is the central digital service for the distribution of digital educational content to
schools. Fotodentro promotes the use of open educational resources, implementing the na-
tional strategy for digital educational content.

The mycontent initiative'? of the Open Technologies Organization®® aims to contribute to
free access to information and freely available content. It provides links to open data col-
lections, prominent among which is the Open Library;'# it currently includes 11,000+ free
Greek e-books, 1,500+ audio-books and is enriched daily with new ones.

3 What is Language Technology?

Natural language'® is the most common and versatile way for humans to convey informa-
tion. We use language, our natural means of communication, to encode, store, transmit,
share and process information. Processing language is a non-trivial, intrinsically complex
task because understanding language is a very complex task; it requires understanding the
relationship between words, used in different types of texts (genres) and in different situa-
tional contexts, as well as to what the words refer to. To understand these relationships, one
needs to have textual, contextual and what is often called “world knowledge”. Depending
on text and context, messages containing similar information can be lexicalised in different
ways and create different socially purposeful meanings.

The computational processing of human languages has been established as a specialised
field known as Computational Linguistics (CL), Natural Language Processing (NLP) or, more
generally, Language Technology (LT). While there are differences in focus and orientation,
since CL is more informed by linguistics and NLP by computer science, LT is a more neutral
term. In fact, LT is largely multidisciplinary in nature; it combines linguistics, computer
science (and notably Artificial Intelligence (AD)), mathematics and psychology among others.

7 Transparency portal (https://diavgeia.gov.gr) and Greek Open Data portal (https://www.data.gov.gr)

8  Source: https://meta.wikimedia.org/wiki/List_of_Wikipedias (accessed 11/01/2022).

9 Source: https://el.wikipedia.org

10 https://gfoss.eu

11 http://photodentro.edu.gr

12 https://mycontent.ellak.gr

13 https://eellak.ellak.gr

14 www.openbook.gr

15 This section has been provided by the editors. It is an adapted summary of Agerri et al. (2021) and of Sections 1
and 2 of Aldabe et al. (2021).
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In practice, these communities work closely together, combining methods and approaches
inspired by both, together making up language-centric Al

Language Technology is the multidisciplinary scientific and technological field that
is concerned with studying and developing systems capable of processing, analysing,
producing and understanding human languages, whether they are written, spoken or
embodied.

With its starting point in the 1950s with Turing’s renowned intelligent machine (Turing,
1950) and Chomsky's generative grammar (Chomsky, 1957), LT enjoyed its first boost in the
1990s. This period was signalled by intense efforts to create wide-coverage linguistic re-
sources, such as annotated corpora, thesauri, etc. which were manually labelled for various
linguistic phenomena and used to elicit machine readable rules which dictated how language
can be automatically analysed and/or produced. Gradually, with the evolution and advances
in Machine Learning (ML), rule-based systems have been displaced by data-based ones, i.e.
systems that learn implicitly from examples. In the recent decade of 2010s, we observed
a radical technological change in NLP: the use of multilayer neural networks able to solve
various sequential labelling problems. The success of this approach lies in the ability of neu-
ral networks to learn continuous vector representations of the words (or word embeddings)
using vast amounts of unlabelled data and using only some labelled data for fine-tuning.

In recent years, the LT community has been witnessing the emergence of powerful new
deep learning techniques and tools that are revolutionising the way in which LT tasks are
approached. We are gradually moving from a methodology in which a pipeline of multiple
modules was the typical way to implement LT solutions, to architectures based on complex
neural networks trained with vast amounts of data, be it text, audio or multimodal. The
success in these areas of Artificial Intelligence (AI) has been possible because of the conjunc-
tion of four different research trends: 1) mature deep neural network technology, 2) large
amounts of data (and for NLP processing large and diverse multilingual data), 3) increase
in high performance computing (HPC) power, and 4) application of simple but effective self-
learning approaches.

LT is trying to provide solutions for the following main application areas:

* Text Analysis which aims at identifying and labelling the linguistic information un-
derlying any text in natural language. This includes the recognition of word, phrase,
sentence and section boundaries, recognition of morphological features of words, of
syntactic and semantic roles as well as capturing the relations that link text constituents
together.

» Speech processing aims at allowing humans to communicate with electronic devices
through voice. Some of the main areas in Speech Technology are Text to Speech Synthe-
sis, i.e. the generation of speech given a piece of text, Automatic Speech Recognition,
i.e. the conversion of speech signal into text, and Speaker Recognition.

* Machine Translation, i.e. the automatic translation from one natural language into
another.

* Information Extraction and Information Retrieval which aim at extracting struc-
tured information from unstructured documents, finding appropriate pieces of infor-
mationin large collections of unstructured material, such as the internet, and providing
the documents or text snippets that include the answer to a user’s query.

* Natural Language Generation (NLG). NLG is the task of automatically generating
texts. Summarisation, i. e. the generation of a summary, the generation of paraphrases,
text re-writing, simplification and generation of questions are some example applica-
tions of NLG.
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* Human-Computer Interaction which aims at developing systems that allow the user
to converse with computers using natural language (text, speech and non-verbal com-
munication signals, such as gestures and facial expressions). A very popular applica-
tion within this area are conversational agents (better known as chatbots).

LT is already fused in our everyday lives. As individual users we may be using it without
even realising it, when we check our texts for spelling errors, when we use internet search
engines or when we call our bank to perform a transaction. It is an important, but often
invisible, ingredient of applications that cut across various sectors and domains. To name
just a few, in the health domain, LT contributes for instance to the automatic recognition
and classification of medical terms or to the diagnosis of speech and cognitive disorders.
It is more and more integrated in educational settings and applications, for instance, for
educational content mining, for the automatic assessment of free text answers, for providing
feedback to learners and teachers, for the evaluation of pronunciation in a foreign language
and much more. In the law/legal domain, LT proves an indispensable component for several
tasks, from search, classification and codification of huge legal databases to legal question
answering and prediction of court decisions.

The wide scope of LT applications evidences not only that LT is one of the most relevant
technologies for society, but also one of the most important Al areas with a fast growing
economic impact.'6

4 Language Technology for Greek

This section provides a brief overview of the status of the language resources and tools/services
and applications concerning the Greek language.

4.1 Language Data
Monolingual corpora

Several general domain monolingual text corpora serve as material that is representative
of contemporary language use: most notably, the Hellenic National Corpus!’ (Gavrilidou,
2002), which contains texts dated from 1990 onwards, with a total of approximately 100
million words, the corpora of the Centre for the Greek Language,'® which have 7 million
words sourced from newspapers, and the Corpus of Greek texts of the University of Athens'?
(Goutsos, 2010) containing 30 million words of texts from 1990 to 2010. This corpus will be
enriched by the addition of the Greek Corpus 20%° (Goutsos et al., 2017), a diachronic corpus
of Greek in the 20th century of a total aimed size of 20 million words.

As regards spoken Greek, two collections of authentic everyday conversations between
students collected by the University of Athens are available through CLARIN:EL: (a) the first
one includes 618 individual archives with a total of more than 1.7 million words of written
transcripts of conversations between 2001 and 2006 (the original sound archives are not
available) and (b) a corpus including students’ conversations in 2020, including both audio

16 In a recent report from 2021, the global LT market was already valued at USD 9.2 billion in 2019 and is
anticipated to grow at an annual rate of 18.4% from 2020 to 2028 (https://tinyurl.com/2p9ed6tp). A differ-
ent report from 2021 estimates that amid the COVID-19 crisis, the global market for NLP was at USD 13 bil-
lion in the year 2020 and is projected to reach USD 25.7 billion by 2027, growing at an annual rate of 10.3%
(https://www.researchandmarkets.com/reports/3502818/natural-language-processing-nlp-global-market).

17 http://hnc.ilsp.gr

18 https://www.greek-language.gr/greekLang/modern_greek/tools/corpora/index.html

19 http://sek.edu.gr

20 http://greekcorpus20.phil.uoa.gr
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recordings and written transcripts. Learner corpora are provided by the Aristotle University
of Thessaloniki.

However, all these resources are primarily intended for human users, and are accessi-
ble through specially designed interfaces providing concordances, sentence-based data, and
statistics, to be used mainly for linguistic research, or for lexicographic or teaching purposes.
Large datasets, freely accessible to all (research or industry) for building language models or
for developing and testing language processing tools and applications are scarce. Neverthe-
less, several collections do exist, reflecting general language or specific domains (medical,
legal, economic, humanities, etc.), text types (journalistic articles, literature, press releases,
political party manifestos, subtitles, etc.), from a variety of sources from the web and adher-
ing to specific selection criteria (e. g. Parliamentary data, COVID-19 related data, Twitter data
focusing on verbal aggression and xenophobia, newspaper data for event extraction, blogs,
sports magazines, etc.), which have been collected by both manual and automatic methods,
in particular focused web crawling. Clearly, Greek has progressed in terms of coverage of
specific domains as well as of the general language, but the size of available corpora still does
not suffice for valid synchronic linguistic research and cannot guarantee the development
of robust and well-performing language processing tools that address contemporary needs.

Bi- and multilingual text corpora

Multiple bi- and multilingual text corpora include Greek as one of the languages, as attested
to in three language resources infrastructures, ELRC-SHARE,?! ELG?? and CLARIN:EL.?? Par-
allel corpora such as those sourced from EU institutions (European Commission, European
Parliament, several EU Agencies, e.g. EMEA) have been extensively used for the develop-
ment and training of MT systems, or to power the translation memory databases of Computer-
Aided Translation (CAT) tools. They are mostly available in two versions: either as multilin-
gual corpora (with all language variants) or as bilingual language pairs, raw and sentence-
aligned. Besides this, Greek is featured in some multilingual collections covering also non
European languages such as Nepali and Hindi. Few domain-specific collections of parallel
and/or comparable corpora exist, and that ones that do, mainly cover domains such as Law,
Banking, Medicine (especially COVID-19), etc. Multilingual corpora are developed mostly
automatically by leveraging automatic web crawling techniques, an approach that has been
extensively used by the European Language Resource Coordination?* initiative (Papavassil-
iou et al., 2018). Greek is included as one of the languages in several other parallel corpora
created by web crawling; most of them are available as parts of the OPUS sub-corpora (Tiede-
mann, 2012), Wikimatrix, OSCAR and Paracrawl to name but a few.

Multimodal corpora

Some multimodal resources, i.e. corpora and lexica including two or more modalities, e. g.
audio combined with text, video with text, and image with text, are available for Greek. Very
significant multimodal resources in this category include the multilingual sign language cor-
pora and lexica (Goulas et al., 2018; Efthimiou et al., 2012; Dimou et al., 2012; Adaloglou et al.,
2020), an important resource type for the creation of multimodal applications such as Sign
Language Recognition and Generation, but also for continuous speech recognition systems
for Greek, applications for those who are hard of hearing, etc. Recent attempts to construct
multimodal language resources for speech pathology applications are also noteworthy (Var-
lokosta et al., 2016; Kasselimis et al., 2020).

21
2

https://elrc-share.eu
https://live.european-language-grid.eu
23 https://inventory.clarin.gr
https://www.Ir-coordination.eu
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Lexical/conceptual resources

As regards lexical/conceptual resources, there exists one large monolingual computational
lexicon (LEXIS)® containing around 70,000 entries at the morphological level, 45,000 en-
tries at the syntactic level and 30,000 entries at the semantic level, developed manually by
lexicographers, which, however, does not seem to have been extensively used yet. With re-
gards to bi-/multilingual reference lexical resources, Greek participates in various resources:
the COLLINS multilingual database, IATE (Interactive Terminology for Europe) which is the
EU’s terminology database, the BackBone Thesaurus, a multilingual thesaurus of digital hu-
manities specialising in archival and library science. More advanced multilingual lexical
resources including Greek have been created, such as WordNet, sentiment lexicons, ontolo-
gies/semantic networks (ConceptNet).

Lexical resources for educational purposes, e. g. learners’ dictionaries and wordlists, have
also been developed. For instance, the KELLY project resulted in the creation of monolin-
gual and bilingual wordlists covering 36 language pairs in total (Greek included), supporting
foreign/second language learning (Kilgarriff et al., 2014). However, basic resources (e. g. the
basic vocabulary for various levels of Greek as L1 or as L2) are still lacking. Online Greek
monolingual and bilingual dictionaries for human users are made available by the Centre
for the Greek Language. The Greek Terminology society (ELETO) and the Department of For-
eign Languages, Translation and Interpreting in Ionian University produce a multitude of
terminology lists and glossaries. They, together with CLARIN:EL, have produced and made
available many mono- or bilingual terminology lists in many special, diverse domains; in-
dicatively, agriculture, management, literature, linguistics, psychology, library science, im-
migration - to name but a few. Also, valuable was the contribution of the OROSSIMO project,
which commissioned the creation of bilingual term lists (Greek — English) for many scientific
and technical domains, such as engineering, medicine, law, astronomy, biology, air traffic,
computer science, etc. These domain-specific lexical resources are valuable as authority lists
for the training and/or evaluation of MT system:s.

Models and grammars

Greek features in some multilingual and/or monolingual language models; indicatively, mod-
els catering for the task of sentence boundary detection for multiple languages, of deep con-
textualised word representation (trained for 44 languages), Greek domain specific n-grams
(for words and word/tag/lemma tuples of the Environment and Legal domain). Recently,
three BERT (Bidirectional Encoder Representations from Transformers) models have been
developed for Greek: (a) a syntax-augmented Multilingual BERT trained on four NLP tasks,
including text classification, question answering, named entity recognition, and task ori-
ented semantic parsing (Ahmad et al.,, 2021), (b) a language-agnostic BERT Sentence Encoder
(LaBSE) (Feng et al., 2020), which is a BERT-based model trained for sentence embedding for
109 languages and (c) GreekBERT, a Greek monolingual version of the BERT pre-trained lan-
guage model created by the Athens University of Economics and Business (Koutsikakis et al.,
2020).

4.2 Language Technologies and Tools

During the last few years, progress has been shown with regards to the coverage of Greek
in terms of LTs. Existing basic NLP tools have been improved by adopting deep learning
methodologies and algorithms, as well as new technologies such as neural networks. Pre-
processing tools catering for conversion between formats, language identification, align-

25 http://hdl.handle.net/11500/CLARIN-EL-0000-0000-6105-D
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ment of parallel texts have been in place for quite some time, as well as NLP support oper-
ations for Greek; indicatively, Ellogon, a multilingual, cross-platform, general-purpose text
engineering environment (Petasis et al., 2002), the NLP toolkit of the Athens University of Eco-
nomics and Business?® and the ILSP pipeline (Prokopidis and Piperidis, 2020). The basic ILSP
pipeline includes tools for various types of annotation, i. e. sentence splitting, tokenization,
POS tagging, lemmatization, chunking, and dependency parsing. Lately, a new pipeline (or
toolkit) has been developed based on neural network technology. All pipelines are available
for use through the ELG and the CLARIN:EL infrastructures. Tools for more advanced tasks
such as monolingual Information Extraction, Event Detection and Named Entity Recognition
have also improved over the last few years, by being trained on new datasets and applied to
a variety of domains. Various other applications such as anonymisation, NLG and sentiment
analysis can be found at different levels of robustness and completeness. Concerning mul-
tilingual text processing, MT systems have significantly improved their coverage of Greek:
eTranslation, Google Translate and DeepL successfully treat Greek, both as source and as tar-
get language (Greek as target language poses greater difficulties than as source, mainly due
to its rich inflection). A number of MT systems have also been developed by smaller compa-
nies in Greece and other EU Member States, and by academic and research organisations.

Speech processing (recognition and synthesis) have seen important progress: dictation
systems for Greek with a number of domain specific implementations have been made avail-
able by commercial providers; high-calibre multi-language, including Greek, speech synthe-
sis technologies have also been developed by an ILSP spin-off company which was acquired
by a big multinational company in 2017. This example seems to verify a trend evidenced in
Europe, that European start-ups that develop advanced technologies are often acquired or
merged with big multinational commercial organisations, which results in what is often de-
scribed by the LT community as a loss of European assets. Greek speech synthesis, with vary-
ing quality in terms of intelligibility, naturalness and expressivity of the generated speech,
is also part of the portfolios of some multinational commercial providers. Several Greek-
speaking digital assistants are also currently available; Theano,?” the chatbot/conversational
assistant developed by Athena RC with state-of-the-art Al technologies, specialises in COVID-
19 and provides relevant information to citizens.

Besides national organisations’ R&D endeavors, Greek is progressively included in tools
and technologies catering for many languages; thus, Greek is present in speech translation
technologies (e. g. iTranslate) and in assistive software for visually impaired people that turns
printed text into speech or into Braille (e. g. KNFB Reader, RoboBraille). However, given that
Greekis one of the lesser-used and taught languages, the market for Greek products is limited
and, thus, international companies are disinterested in investing in them. Therefore, the
transition to oral human-computer interaction in Greek is still underdeveloped.

4.3 The case of Cypriot Greek

Cypriot Greek is a dialectal variety of Modern Greek spoken in Cyprus and by Cypriot Greek
diaspora. Standard Modern Greek, as the official language of Cyprus, is the medium of ed-
ucation and the language of the Cypriot media. Cypriot Greek is used mainly in oral speech
and in specific written speech types such as poetry and literature (Karyolemou, 2001). The
Cypriot Greek dialect — the lingua franca in most multicultural Cypriot communities (Arvan-
iti, 1999) - signifies the island’s historic past and the many conquests it has endured over
the centuries; the influence of various languages such as Latin, Venetian, Medieval French,
Catalan, Arabic, Turkish and English, is remarkable in the Cypriot Greek dialect.

26 https://github.com/nlpaueb/gr-nlp-toolkit
27 https://www.athenarc.gr/en/theano-covid19-chatbot
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From a sociolinguistic perspective, although Greek Cypriots are proud of their dialect, they
consider Modern Greek “superior”, “more beautiful” and “more correct” than Cypriot Greek
(Sciriha, 1996). Cypriot Greek is often not easily understood by speakers of Standard Modern
Greek (Arvaniti, 1999) and so a Greek Cypriot speaker, in the presence of a Standard Modern
Greek speaker, switches to a provincial variety of Modern Greek (Karyolemou, 2001). Despite
the use of the Standard Modern Greek language by Greek Cypriot speakers, several features
of the Cypriot Greek dialect prevail.

Cypriot Greek is distinguished from Standard Modern Greek on different levels of the lin-
guistic system: phonology and phonetics, grammar, vocabulary, morphology, syntax, prag-
matics, semantics and orthography (Terkourafi, 2007). Two main features of Cypriot Greek
which differ from Standard Modern Greek are the following:

1. The use of gemination, “glide hardening” (Armosti, 2009). The sound system contains
geminates and palato-alveolar consonants, not represented in the Greek alphabet. There
have been discussions to add diacritics for Cypriot Greek.

2. The use of loanwords of many different languages (e. g. muhtar — mouytaris — yitonia —
neighborhood) (Pavlou, 1994).

Taking into consideration all the above, it is often the case that LTs trained on Standard
Modern Greek data, fail to appropriately process Cypriot Greek. This is particularly relevant
for speech processing technologies; for instance, the performance of any speech recogni-
tion system for Standard Modern Greek will decrease significantly when used by a Cypriot
speaker. This is also true for written Modern Greek in Cyprus, especially in the legal and
public administration domain. Cypriot legalese documents, despite being written in Mod-
ern Greek, present a number of differences with respect to vocabulary and terminology use.
Hence, an MT system’s performance decreases for Cypriot legalese documents. In order to
protect this dialectal variety of Modern Greek, as well as the heritage and culture of its speak-
ers, LT research should specifically treat Cypriot Greek.

Language resources and tools/services specifically for Cypriot Greek are sparse. They are
mainly general use lexical resources (dictionaries, glossaries and wordlists). Indicatively,
some of the most sizeable are the following: Wikipriaka, an online dictionary (download-
able and printable) with 2,353 entries. CySlang (Katcoyltavvou and XplotodovAov, 2019) is
an online multimedia glossary of Cypriot Greek slang. It exclusively includes vernacular,
youthful and slang words and expressions of modern spoken Cypriot Greek. The Lexicologi-
cal database of the Cypriot dialect is an online dictionary of spoken Cypriot Greek. It contains
approximately 15,000 entries and each one is accompanied by an audio file with a pronun-
ciation. The Electronic dictionary of Cypriot Greek-Portal for the Greek Language is a subset
of an online dictionary including only dialectal forms of Cypriot Greek. Finally, HelexKids is
a word frequency database that was developed for Greek/Cypriot children from the first to
the sixth grade of primary education. The database is based on a corpus of 1.3 million words
extracted from 116 textbooks covering a wide range of readers from a variety of topics, from
mathematics to physical education.

With respect to corpora, the Cypriot Greek sub-corpus of the Multi-CAST corpus (Hadji-
das and Vollmer, 2015) comprises three texts (syntactically annotated traditional narratives)
which were originally recorded in the 1960’s. A recent noteworthy dataset for Cypriot Greek
is the Multilingual Corpus of the DIALLS project (DIalogue and Argumentation for Literacy
Learning in Schools). It consists of a set of transcripts of classroom interactions of students
from ages 5 to 15 years old in seven countries (UK, Portugal, Germany, Lithuania, Spain,
Cyprus and Israel). The Cypriot Greek part consists of 19 transcripts.

Finally, as regards tools, the Greek Dialect Classifier (Sababa and Stassopoulou, 2018) iden-
tifies Greek text as Cypriot Greek or Standard Modern Greek. It has been trained on a corpus
of Cypriot Greek and Modern Greek Facebook posts and tweets.
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4.4 Projects, Initiatives, Stakeholders
National policies for AI/LT

The main recent public policy document for Al in Greece is the Digital Transformation Bible
(DTB),?® which outlines the basic principles, the strategic axes and the horizontal and verti-
cal interventions for the digital transformation of Greece. Key reforms critically related to
Al are the digitisation of the public sector, interoperability of IT systems and quality services
to businesses and citizens, training, upskilling and reskilling of public employees (with an
emphasis on digital skills) and digitisation of the health, education and social inclusion of
vulnerable groups. The reform aims to develop a holistic framework that will bring tech-
nological advancements (i. e. Cloud computing, Business Intelligence, Al, ML, etc.) into the
public administration. NLP (together with Information Extraction, ML, Text Mining and Big
Data Analytics) is mentioned in the DTB in relation to the objectives of automatic codification
of legislation and facilitation of search through the Transparency Portal. It might be the first
time NLP is mentioned in a strategic document as a method/technology supporting public
administration.

Many of the objectives set by the DTB have been met, and digital services offered to citizens
were digitalised quickly and efficiently; additionally, the coronavirus pandemic in Greece
acted as an accelerator for the digital transformation of the country. The pandemic offered
a perfect opportunity to the education sector for developing new (or deploying existing) dig-
ital educational material, and enhancing the digital literacy of educators, however, unfortu-
nately this opportunity was sadly missed.

The development of the National Strategy of Al was initiated in 2020. The final version of
the strategy was due to be published in early 2021 but at the time of writing (January 2022)
this document had not yet been circulated. The National Al strategy of Cyprus, published in
January 2020, focuses on, among others, improving the quality of public services through the
use of digital and Al-related applications; creating national data areas and developing ethical
and reliable AI It is worth noting that NLP and LT are not explicitly mentioned in the Strategy
and no specific support action is anticipated. The report, however, clearly enumerates some
language technologies as examples of Al applications, thus implicitly recognising the vital
role of language-centric Al, even if this is not stated as such.

Staying on the subject of national policies, the promotion of research and innovation (as
defined in the Greek Recovery and Resilience Plan?° foresees actions to promote basic and
applied research, by

 upgrading the computing infrastructure of the 14 public Research Centers in Greece;

« funding projects in basic and applied research as well as flagship research projects in
challenging interdisciplinary sectors with practical applications in Greek Industry;

¢ the development of the “ELEVATE Greece” platform for the support and global promo-
tion of national startups. The ultimate objective is to expand these services to the entire
national innovation ecosystem (i. e. research centres, innovation clusters; competence
Centres and highly innovative companies).

In this framework, a significant initiative was launched recently (end of December 2021):
the creation of ARCHIMEDES, a new research unit on Artificial Intelligence, Data Science and
algorithms. Founded as an independent unit of Athena RC, ARCHIMEDES is an emblematic
initiative for Greece whose main goal is to serve basic and applied research in Al in collab-
oration with universities both in Greece and abroad. In the field of entrepreneurship, the

28 https://digitalstrategy.gov.gr/principles_of_implementation
29 More details can be found in the Greek Recovery and Resilience Plan (https://greece20.gov.gr/en/the-complete-
plan)
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Unit additionally aims to facilitate the transfer of research results to the market. The fact that
the significance of LT has attracted the attention of policy makers is proved by the establish-
ment of a research infrastructure dedicated to LT/LRs coupled with a sister-infrastructure
dedicated to the Humanities. This will be detailed in the next subsection.

Dedicated language data sharing infrastructures

There are several language resources repositories and research infrastructures in Greece,
stemming from R&D activities and initiatives related to Language Resources and Technol-
ogy, either national or European. The CLARIN:EL® infrastructure (Piperidis et al., 2017),
coordinates a distributed network of 14 nodes, and collects, stores and distributes language
resources and technologies through its inventory of language resources®!. It also undertakes
training and awareness activities on the significance and use of LT. CLARIN:EL is enlisted in
the National Roadmap for Research Infrastructures of Greece3? and is the Greek part of the
CLARIN ERIC European Infrastructure. CLARIN:EL services are offered to all Greek users
as well as to all users-members of the CLARIN ERIC European Infrastructure. CLARIN:EL,
jointly with its sister-infrastructure DARIAH-DYAS?? (dedicated to the Arts and Humanities)
constitute APOLLONIS,3 the national infrastructure that supports and promotes digital hu-
manities and arts, and LT and innovation in Greece.

The Institute for Language and Speech Processing (ILSP) of the Athena Research Centre
has also played an instrumental role in a number of EU wide infrastructures, starting with
META-SHARE (Piperidis, 2012), and continuing with ELRC-SHARE (Piperidis et al., 2018) and
more recently with the European Language Grid (Rehm et al., 2020). Language resources
and technologies for Greek (but also other languages) are shared by the European Language
Grid Platform,3> which aims at listing datasets and language technology services as well as
relevant stakeholders (technology development, research centres, small and medium-sized
companies and large enterprises) and projects. Finally, the European Language Resource
Coordination (ELRC)3¢ manages, maintains and coordinates the collection of MT related lan-
guage resources in all official languages of the EU and CEF associated countries.

LT industry

With respect to entrepreneurship in the LT and AI domain in Greece and Cyprus, the local
industry is small but active, offering services in both countries as well as abroad. It consists
mainly of SMEs, some founded by young researchers as spin-off companies of research insti-
tutions or even as not-for-profit organisations. Their number is fluctuating, as some of them
get acquired by big international companies or, unfortunately, need to cease their opera-
tions. Currently (January 2022), we estimate that approximately 15-20 SMEs are active in LT
in Greece and Cyprus, providing various LT-related services, indicatively: AL LT (event detec-
tion, basic NLP, lexical resources and terminologies), MT and Localisation, Speech Processing
(mainly recognition), Data Science/Big Data Analytics. The services offered range from fully
developed online platforms to customer specific solutions and to free cutting-edge informa-
tion technology services. A great variety of applications based on LT and Al is observed:
textual data Al-based analysis for the provision of insights to business-related questions, on-
line spellers and grammar checkers, dictionaries and thesauri, speech-to-text products and

30 https://www.clarin.gr

31 https://inventory.clarin.gr

32 http://www.gsrt.gr/News/Files/New987/road-map-web_version_final.pdf
33 https://dyas-net.gr/dariah-gr-dyas

34 https://apollonis-infrastructure.gr

35 https://www.european-language-grid.eu

36 https://Ir-coordination.eu, https://www.elrc-share.eu
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conversational Al speech recognition, localisation platform that aids the translation of web-
site or product content, tools to aid CAT/TM users and intelligent personal assistants.

Research/academia

In the academia/research domain, while in the past research was confined to theoretical lan-
guage and linguistic studies, more and more cells of LT research and development gradually
emerge. The vast majority of Greek Universities now offer courses at the postgraduate level
in NLP and LT, either as autonomous courses, or coupled with Al, Big Data and Data Science
in general.?” In addition, in many Greek universities and research institutions, LT-related
labs have been formed, either generic or with a particular domain focus e.g. LT in the legal
domain or in the Greek public administration.

The main research/academic entities in Greece that conduct R&D activities in LT are: the
Institute for Language and Speech Processing of the Athena Research Centre, the Department
of Informatics of the Athens University of Economics and Business (AUEB), the Institute of
Informatics & Telecommunications of the National Centre for Scientific Research “Demokri-
tos”, but also almost all Informatics and Linguistics departments in Greek universities con-
duct some form of LT R&D, with different degrees of focus and intensity.

Cypriot universities and research labs are gradually starting to conduct research on Al but
not yet on LT. Academic labs, such as the KIOS Research and Innovation Centre of Excellence
at the University of Cyprus, Cyprus University of Technology’s Software Engineering and
Intelligent Information systems research lab and University of Nicosia’s Al Laboratory, are
leading the path in the broader Al field in Cyprus.

With respect to language policy, the Centre for the Greek Language®® is acting as a co-
operating, advisory and planning body of the Greek Ministry of Education on matters of
language policy and it is the official certification body of attainment in Modern Greek. Mul-
tilingualism, linguistic and cultural diversity are the focus of research labs, such as the Greek
Language and Multilingualism Laboratory (University of Thessaly)*® and the Centre for Ex-
cellence for Multilingualism and Language Policy (University of Athens).?® The latter has
launched the first Multilingualism Observatory in Greece to investigate multilingualism and
language teaching, learning and assessment in Greece, as well as Greek Studies abroad.

Funded projects

Although in the last ten years there has been no funding programme specifically supporting
LT in Greece, advancement of LT for Greek has been achieved mainly through the partici-
pation of these organisations in national and European funded projects in the broader field
of LT and AL To name but a few, Greek organisations participate in AI4EU, ManyLaws, ELG:
European Language Grid, MyDataStories, MOBOT: Intelligent Active MObility Aid RoBOT in-
tegrating Multimodal Communication, HumanE-AI-Net: HumanE AI Network, UNBIASED:
Fact-provisioning and bias estimation tools for public inoculation against disinformation
campaigns, ConvAI - Context-aware abusive language detection in online conversations and
many more.*!

37 A non-exhaustive list of postgraduate courses can be found in the Digital Humanities Course Registry

38 http://www.greeklanguage.gr

39 http://greeklanglab.pre.uth.gr

40 https://cem.uoa.gr

41 This list is only indicative and by no means exhaustive. Full lists of the projects can be searched on the above
organisations’ websites.
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5 Cross-Language Comparison

The LT field*? as a whole has evidenced remarkable progress during the last few years. The
advent of deep learning and neural networks over the past decade together with the consid-
erable increase in the number and quality of resources for many languages have yielded re-
sults unforeseeable before. However, is this remarkable progress equally evidenced across
all languages? To compare the level of technology support across languages, we considered
more than 11,500 language technology tools and resources in the catalogue of the European
Language Grid platform (as of January 2022).

5.1 Dimensions and Types of Resources
The comparative evaluation was performed on various dimensions:
» The current state of technology support, as indicated by the availability of tools and
services® broadly categorised into a number of core LT application areas:
— Text processing (e. g. part-of-speech tagging, syntactic parsing)
- Information extraction and retrieval (e. g., search and information mining)
- Translation technologies (e. g. machine translation, computer-aided translation)
— Natural language generation (e. g. text summarisation, simplification)
— Speech processing (e. g. speech synthesis, speech recognition)
- Image/video processing (e. g. facial expression recognition)
- Human-computer interaction (e. g. tools for conversational systems)
» The potential for short- and mid-term development of LT, insofar as this potential can
be approximated by the current availability of resources that can be used as training

or evaluation data. The availability of data was investigated with regard to a small
number of basic types of resources:

— Text corpora

— Parallel corpora

— Multimodal corpora (incl. speech, image, video)

— Models

- Lexical resources (incl. dictionaries, wordnets, ontologies, etc.)

5.2 Levels of Technology Support

We measured the relative technology support for 87 national, regional and minority Euro-
pean languages with regard to each of the dimensions mentioned above based on their re-
spective coverage in the ELG catalogue. For the types of resources and application areas, the
respective percentage of resources that support a specific language over the total number
of resources of the same type was calculated, as well as their average. Subsequently each
language was assigned to one band per resource type and per application area and to an
overall band, on a four-point scale, inspired by the scale used in the META-NET White Paper
Series, as follows:

42 This section has been provided by the editors.

43 Tools tagged as “language independent” without mentioning any specific language are not taken into account.
Such tools can certainly be applied to a number oflanguages, either as readily applicable or following fine-tuning,
adaptation, training on language-specific data etc., yet their exact language coverage or readiness is difficult to
ascertain.
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1. Weak or no support: the language is present (as content, input or output language) in
<3% of the ELG resources of the same type

2. Fragmentary support: the language is present in >3% and <10% of the ELG resources
of the same type

3. Moderate support: the language is present in >10% and <30% of the ELG resources
of the same type

4. Good support: the language is present in >30% of the ELG resources of the same type**

The overall level of support for a language was calculated based on the average coverage
in all dimensions investigated.

5.3 European Language Grid as Ground Truth

At the time of writing (January 2022), the ELG catalogue comprises more than 11,500 meta-
data records, encompassing both data and tools/services, covering almost all European lan-
guages — both official and regional/minority ones. The ELG platform harvests several major
LR/LT repositories** and, on top of that, more than 6,000 additional language resources and
tools were identified and documented by language informants in the ELE consortium. These
records contain multiple levels of metadata granularity as part of their descriptions.

It should be noted that due to the evolving nature of this extensive catalogue and differing
approaches taken in documenting records, certain levels of metadata captured are not yet at
the level of consistency required to carry out a reliable cross-lingual comparison at a granu-
lar level. For example, information captured on corpora size, annotation type, licensing type,
size unit type, and so on, still varies across records for many languages, while numerous gaps
exist for others. As the ELG catalogue is continuously growing, the comprehensiveness, ac-
curacy and level of detail of the records will naturally improve over time. Moreover, the
—currently in progress— development of a Digital Language Equality (DLE) metric will allow
for dynamic analyses and calculations of digital readiness, based on the much finer granu-
larity of ELG records as they mature.46

For the purposes of high-level comparison in this report, the results presented here are
based on relative counts of entries in the ELG for the varying types of data resources and
tools/services for each language. As such, the positioning of each language into a specific
level of technology support is subject to change and it reflects a snapshot of the available
resources on January 2022.

That said, we consider the current status of the ELG repository and the higherlevel findings
below adequately representative with regard to the current existence of LT resources for
Europe’s languages.

5.4 Results and Findings

As discussed above, our analysis takes into account a number of dimensions for data and
tools/services. Table 1 reports the detailed results per language per dimension investigated
and the classification of each language into an overall level of support.

44 The thresholds for defining the four bands were informed by an exploratory k-means 4-cluster analysis based on
all data per application and resource type, in order to investigate the boundaries of naturally occurring clusters
in the data. The boundaries of the clusters (i.e., 3%, 10% and 30%) were then used to define the bands per
application area and resource type.

45 Atthe time of writing, ELG harvests ELRC-SHARE, LINDAT/CLARIAH-CZ, CLARIN.SI, CLARIN-PL and HuggingFace.

46 Interactive comparison visualisations of the technology support of Europe’s languages will be possible on the ELG
website using a dedicated dashboard, which dynamically analyses the resources available in the ELG repository,
from the middle of 2022 onwards.
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Tools and Services Language Resources

Text Processing

Speech Processing
Image/Video Processing
Information Extraction and IR
Human-Computer Interaction
Translation Technologies
Natural Language Generation
Text Corpora

Multimodal Corpora

Parallel Corpora

Models

Lexical Resources

Overall

Bulgarian
Croatian
Czech
Danish
Dutch
English
Estonian
Finnish
French
German
Greek
Hungarian
Irish
Italian
Latvian
Lithuanian
Maltese
Polish
Portuguese
Romanian
Slovak
Slovenian
Spanish
Swedish

EU official languages

Albanian
Bosnian
Icelandic
Luxembourgish
Macedonian
Norwegian
Serbian

National level

Basque

Catalan

Faroese

Frisian (Western)
Galician
Jerriais

Low German
Manx
Mirandese
Occitan

Sorbian (Upper)
Welsh

All other languages

(Co-)official languages

Regional level

Table 1: State of technology support, in 2022, for selected European languages with regard
to core Language Technology areas and data types as well as overall level of support
(light yellow: weak/no support; yellow: fragmentary support; light green: moderate
support; green: good support)
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The best supported language is, as expected, English, the only language that is classified in
the good support group. French, German and Spanish form a group of languages with moder-
ate support. Although they are similar to English in some dimensions (e.g. German in terms
of available speech technologies and Spanish in terms of available models), overall they have
not yet reached the coverage that English has according to the ELG platform. All other official
EU languages are clustered in the fragmentary support group, with the exception of Irish and
Maltese, which have only weak or no support. From the remaining languages, (co-)official at
national or regional level in at least one European country and other minority and lesser spo-
ken languages,*’ Norwegian and Catalan belong to the group of languages with fragmentary
support. Basque, Galician, Icelandic and Welsh are borderline cases; while they are grouped
in the fragmentary support level, they barely pass the threshold from the lowest level. All
other languages are supported by technology either weakly or not at all. Figure 1 visualises
our findings.
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Figure 1: Overall state of technology support for selected European languages (2022)

While a fifth level, excellent support, could have been foreseen in addition to the four levels
described in Section 5.2, we decided not to consider this level for the grouping of languages.
Currently no natural language is optimally supported by technology, i.e. the goal of Deep
Natural Language Understanding has not been reached yet for any language, not even for
English, the best supported language according to our analysis. While recently there have
been many breakthroughs in Al, Computer Vision, ML and LT, we are still far from the grand
challenge of highly accurate deep language understanding, which is able to seamlessly inte-
grate modalities, situational and linguistic context, general knowledge, meaning, reasoning,

47 In addition to the languages listed in Table 1, ELE also investigated Alsatian, Aragonese, Arberesh, Aromanian,
Asturian, Breton, Cimbrian, Continental Southern Italian (Neapolitan), Cornish, Eastern Frisian, Emilian, Fran-
coProvencal (Arpitan), Friulian, Gallo, Griko, Inari Sami, Karelian, Kashubian, Ladin, Latgalian, Ligurian, Lom-
bard, Lower Sorbian, Lule Sami, Mocheno, Northern Frisian, Northern Sami, Picard, Piedmontese, Pite Sami,
Romagnol, Romany, Rusyn, Sardinian, Scottish Gaelic, Sicilian, Skolt Sami, Southern Sami, Tatar, Tornedalian
Finnish, Venetian, Voro, Walser, Yiddish.
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emotion, irony, sarcasm, humour, culture, explain itself at request, and be done as required
on the fly and at scale. A language can only be considered as excellently supported by tech-
nology if and when this goal of Deep Natural language Understanding has been reached.

The results of the present comparative evaluation reflect, in terms of distribution and im-
balance, the results of the META-NET White Paper Series (Rehm and Uszkoreit, 2012). The
complexities of the analyses clearly differ across the 2012 and 2022 studies, and as such, a
direct comparison between the two studies can therefore not be made. However, we can
instead compare the relative level of progress made for each language in the meantime. It
is undebatable that the technology requirements for a language to be considered digitally
supported today have changed significantly (e.g. the prevalent use of virtual assistants, chat
bots, improved text analytics capabilities, etc.). Yet also the imbalance in distribution across
languages still exists.

The results of this analysis are only informative of the relative positioning of languages,
but not of the progress achieved within a specific language. The LT field as a whole has
significantly progressed in the last ten years and remarkable progress has been achieved
for specific languages in terms of quantity, quality and coverage of tools and language re-
sources. Yet, the abysmal distance between the best supported languages and the minimally
supported ones is still evidenced in 2022. It is exactly this distance that needs to be ideally
eliminated, if not at least reduced, in order to move towards Digital Language Equality and
avert the risks of digital extinction.

6 Summary and Conclusions

Technological support for Greek has progressed overall in the past decade compared to the
state of affairs described in the META-NET White Paper (Maria Gavrilidou et al., 2012). Digital
language resources have both increased in volume and improved in quality and variety.

Resources and basic NLP tools are provided by academia, research centres and private
companies as outputs of various endeavours (research projects conducted by academic in-
stitutions, funded by EU or national funds, commercial projects or self-funded) and made
available under various licensing conditions (freely distributed, only for research, only in
samples, available through interfaces, etc.). Significant progress has been made with respect
to available corpora and lexica, language models, text processing tools, MT and speech pro-
cessing (synthesis and recognition). The available datasets come from a variety of sources
and they cover several thematic domains, text types and languages; raw or annotated, mono-
lingual, bi- and multilingual. However, their size is lagging behind in terms of appropriate-
ness for building really large language models or robust, ready to use tools and applications.

A critical factor that benefited the overall availability of resources and tools for Greek has
been the creation of Language Resources Infrastructures that cater for storage, curation, and
distribution of datasets and technologies/services, appropriately described with the relevant
metadata and accompanied by clear and explicit licensing terms. Furthermore, the LRs in-
frastructures have actually promoted the openness and sharing culture among researchers
and developers. Several organisations have been moving forward as regards the digitisation
of their services and workflows and are keen to make their data openly available. However,
this trend is still not sufficiently widespread.

Despite the attestable progress, when comparing Greek to the so-called big languages, the
abysmal difference in terms of quantity, size and quality of resources and tools is evident.
Moreover, while looking at more advanced datasets and tools, Greek is severely disadvan-
taged. In this respect, efforts in the coming years should be concentrated on the further de-
velopment oflarge-scale monolingual corpora that can be used for training massive language
models like GPT-3. Semantically annotated datasets, semantic lexica and knowledge bases,
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and datasets that can be used for anonymisation, simplification, summarisation, text level-
ling and question-answering systems should also be prioritised. Speech and multimodal data
are scarcely available, if at all, limiting the potential for the development of conversational
agents, among others. Greek is dramatically deprived particularly when it comes to conver-
sational data or speech in informal settings that is generated by speakers of different ages,
genders and linguistic/dialectal backgrounds. The transition to ubiquitous human-computer
interaction in Greek, supported by state-of-the-art research results in Natural Language Un-
derstanding and Generation is, unfortunately, still far away.
Further challenges posing impediments to the development of LT for Greek include:

« Scarcity of data: as Greece and Cyprus are small countries, the production of digital
(language) data is limited, especially when compared to larger countries with broadly
used languages at the national and international levels;

* Lack of experience in the use of LT: the deployment of digital tools and methods in many
disciplines, including life sciences and humanities, has only recently been introduced.
Researchers and professionals in domains other than LT are still to be convinced about
its benefits;

* Issues related to IPR or GDPR render resource owners hesitant about sharing their
datasets. Non-explicit, unclear distribution and use terms restrict sharing, use and re-
purposing of digital texts and language processing tools. The majority of resources —
when made available —pose restrictions on the types of uses they allow (for example, for
research purposes only or no derivatives), thus discouraging prospective users, ham-
pering new research and development and leading to repetition in resources creation.

Apart from the above attested challenges, one of the main reasons for the disadvantaged
position of Greek is that LT is not included in the overall language policy of Greece and
Cyprus, while the recognition of the significance of language-centric Al is still lacking. As a
result, a long-term coordinated plan to support LT development in either country is still miss-
ing. Sporadic efforts, self-funded or partially supported within programmes in the wider IT
or Al areas, have indeed yielded results, but they are not adequate to boost up Greek LT
to a state-of-the-art level, nor to help Greek keep pace with language technology develop-
ments world-wide. Lack of continuity in research and development funding has been expe-
rienced for many years, with short-term projects alternating with longer or shorter periods
of drought. While itis important that infrastructural initiatives for language technology have
been thriving in Greece, their funding for the future is not secured and their sustainability
may be at stake.

In summary, a strategy for keeping Greek up to pace with language technology develop-
ments and ensure Greek thrives in the digital sphere should foresee: i) maintenance, ex-
tension and sustainability of LT related infrastructures; ii) national and/or European coor-
dinated actions for ensuring access to open high-performance computing infrastructure; iii)
coordinated actions for the development of large-scale language resources ready to power
large language models supporting a wide range of applications; iv) targeted actions to fill in
the observed gaps in speech and multimodal data; v) measures ensuring that the importance
of language technology and language-centric Al is appropriately recognised and included
in the state policies for language, cultural and technological development; vi) coordinated
actions to further enhance digital literacy in the research communities and the society as a
whole; vii) coordinated actions to promote the culture of data sharing, including open-source
software, involving all stakeholders, the public sector, research and industry.
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