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Abstract

This deliverable provides the full operational specification of Digital Language Equality (DLE)
and of its associated Metric based on a well-defined set of quantifiers, measures and indica-
tors. Due to its descriptive, diagnostic and predictive value, the DLE Metric will be used
to achieve DLE for all European languages by 2030, as a key component of the sustainable
evidence-based strategic research, innovation and implementation agenda (SRIA) and of the
roadmap produced by the ELE project to guide future interventions promoting Language
Technologies (LTs) and language-centric Artificial Intelligence (AI) in Europe. The detailed
description of DLE and of the associated Metric presented here is the result of the joint ef-
forts of the ELE Consortium, and reflects broad consensus in the relevant communities that
the ELE partners represent.

The structure of the deliverable is as follows: Section 1 introduces the background and
motivation of the work presented here, and outlines its key objectives in the context of the
ELE project. Section 2 presents the full specification of the DLE concept and of the DLE Met-
ric, explaining how this work builds on the preliminary working definitions introduced in
ELE deliverable D1.1. In addition, recent related studies are reviewed that were conducted
on a broader scale compared to the focus of ELE on Europe, in that they cover all of the
world’s languages, but addressing similar concerns that are also of interest to our work, es-
pecially with regard to the immensely variable LT support enjoyed by languages, in relation
to situational and contextual factors. Section 2 also emphasises the dynamic nature of the
DLE Metric, and explains how it can serve as a tool to track progress towards DLE for all
languages of Europe.

Section 3 presents the Technological Factors (TFs) that make up the DLE Metric, describing
the central role of the European Language Grid (ELG) Catalogue as the ground truth and em-
pirical basis to measure the level of digital readiness of the languages covered by the project.
This section also discusses the scoring and weighting mechanism adopted in the DLE metric,
giving an overview of the features and feature values to which weights can be assigned for
the computation of the DLE Metric; the deliverable presents a first implementation of the
weights assigned to the TFs. Section 3 also discusses the key decisions that were made con-
cerning specific features of the Language Resources (LRs) and tools that make up the TFs for
the purposes of the scoring and weighting mechanisms of the DLE Metric.

Section 4 presents the complementary side of the DLE Metric, the Contextual Factors (CFs),
describing the data sources that were considered and eventually selected to populate the
relevant indicators; part of the discussion is dedicated to the crucial and challenging issue
of how country-specific data from the identified sources is apportioned to the respective
languages and language communities for the purposes of quantifying the CFs of the DLE
Metric. The relevant data preparation process is outlined, laying emphasis on the issues
of quality of the data and on the possibility of refreshing the data underlying the CFs with
regular updates, in order to support the dynamic nature of the DLE Metric. On this basis,
the process of computing the DLE Metric scores for CFs is illustrated with detailed examples,
considering the merits of alternative configurations of the CF set-up. These were assessed
as part of a heuristic evaluation conducted by experts, who provided feedback in order to
select the most convincing and effective mix of CFs for the DLE Metric in relation to the
specific features of the languages and language communities under consideration. The end
of Section 4 reviews a number of suggestions and opportunities for future improvements to
the CFs of the DLE Metric that were proposed as part of this heuristic expert evaluation.

Finally, Section 5 draws some overall conclusions, discussing the central role of the DLE
Metric in realising the vision of DLE for all languages of Europe by 2030, and emphasising
its relevance for the LT and language-centric AI community as well as for a wide range of
stakeholders, ultimately for the benefit of all European citizens.

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

1.1. Background and Motivation

This document builds on ELE deliverable D1.1 Digital Language Equality (preliminary defini-
tion), extending the foundational work presented there in several important directions. The
preliminary working definitions of the concept of Digital Language Equality (DLE) and of the
DLE Metric proposed in D1.1 have guided the efforts of the ELE project and its Consortium
so far. Since then, these foundational concepts have been gradually refined and focused to
achieve an operational full specification of DLE to drive the key tasks of the remaining part
of the project and of its planned developments.

The progress documented in this deliverable was led by the Core Group and sustained by
the joint work of the ELE Consortium, which has had several opportunities to present and
discuss the concept of DLE and the associated Metric with a wide range of external stake-
holders in various forums. This community-driven endeavour has enabled the collection
of valuable feedback and additional input to define the details of DLE, so that it can have
a powerful descriptive, diagnostic and predictive value to successfully promote full digital
equality for all the languages of Europe. In this spirit, the work presented in this deliverable
has benefited substantially from the close collaboration with its sister project, the European
Language Grid (ELG),! which continues to provide solid empirical evidence and ground truth
on which the computation of the DLE Metric is based, as explained in detail in Section 3.1.

1.2. Key Objectives

The updated specification of DLE and of the associated Metric presented in this deliverable
will support the sustainable evidence-based strategic research, innovation and implementa-
tion agenda (SRIA) and the roadmap for achieving full DLE in Europe by 2030 that will be
produced by the ELE project to guide the ELE Programme in the coming years. Accordingly,
this work will contribute to ongoing efforts to avoid the danger of extinction that is still im-
pending for some languages spoken in Europe, and will drive concerted actions to level up
Language Technology (LT) support for each and every language of Europe, so that they can
all “continue to exist and to prosper as living languages in the digital age”, as stated in the
preliminary definition of DLE included in D1.1. To this end, the aim of this deliverable is to
fully articulate the definition of the DLE Metric, by detailing the specifics of the Technologi-
cal and Contextual Factors (TFs and CFs, respectively) that contribute to the computation of
the DLE Metric score for all the languages covered by the ELE project.

The existence of a carefully designed, empirically grounded and widely agreed full specifi-
cation of DLE and its associated Metric will be instrumental in prioritising and implementing
interventions to raise the level of LT support across Europe. ELE is in the unique position of
representing a comprehensive cross-section of the European LT community, and thanks to
the close connection with the ELG project, it is also able to draw on the ELG Catalogue as the
cornerstone of its empirically-driven SRIA and roadmap. Based on the work presented here,
ELE will produce a Dashboard (to be presented in D1.35) to interactively visualise the indica-
tors of the level of LT support for the languages covered by the project. This concerted effort
provides an unprecedented opportunity to the European LT and language-centric Al com-
munity to guide future targeted funding programmes that can effectively leverage national,
regional and local resources in synergy with EU-wide schemes, to secure the much needed
mix of funding that can support the achievement of DLE for all of Europe’s languages by
2030, with substantial benefits for all European citizens, society and economy, including at
Member State level.

1 https://european-language-grid.eu
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2. Full Specification of Digital Language Equality

2.1. From the Preliminary Definition to the Full Specification of Digital
Language Equality and its Metric

As stated in its preliminary definition expressed in D1.1, the DLE Metric “is a measure that
reflects the digital readiness of a language and its contribution to the state of technology-
enabled multilingualism, tracking its progress towards the goal of DLE”. The initial defini-
tion also stipulated that both the level of “technological support” and the “situational context”
of the languages should play a role in DLE, as two complementary dimensions of language
equality in the European context. The ELE Consortium has built on the work presented in
D1.1 to formulate the full operational specification of DLE and its associated Metric that are
introduced here, after availing of several opportunities to take on board the views of play-
ers in the broader European LT and language-centric Al community, thanks to the extensive
network of contacts and collaborations of its members. The fully articulated detailed defini-
tion presented here will guide the tasks and actions of the remaining period of the project,
especially for the development of the SRIA and roadmap that will provide the detailed plan
to achieve full DLE in Europe by 2030.

While any quantification of any measure is bound to be subjective and arbitrary, at least
to some extent, the full specification of DLE endorsed by the ELE project enjoys unprece-
dented and unparalleled support in the community, insofar as it is considered applicable to
all languages of Europe and, by extension, relevant to all the countries, regions, areas and
language communities where these are spoken. Crucially, the fully articulated definition
should not only have descriptive value, i. e., be able to accurately reflect where all European
languages currently stand in the legitimate aspiration to achieve full DLE, but also — and
more ambitiously - serve diagnostic and predictive purposes; these involve a dynamic and
forward-looking function of the DLE Metric (Section 2.3), i.e., the scores assigned to each
European language will specifically indicate over time which ones lag behind and are in
need of interventions, and show evidence of how they eventually benefit from the enhanced
provision of LRs, tools and technologies, as dedicated funding is released.

This effort is targeted at all of Europe’s languages, recognising their specific realities and
different roles in the respective communities of speakers, to ensure that they are all well-
equipped for the future, to meet the challenges of the digital era. Following in the tradition
of the META-NET White Paper Series (Rehm and Uszkoreit, 2012) a decade on, ELE Deliver-
ables D1.4-D1.34, D1.36 and D1.39 provide an update of the overall current status of techno-
logical support for Europe’s languages, on the basis of a wealth of solid empirical evidence
and expert opinion. Crucially, these deliverables reveal that for some European languages
the prospect of extinction is still a very real one, and that most of them can still rely only on
a limited level of technological support, that ranges from fragmentary, to weak, to (virtually)
non-existent. This situation requires prompt targeted action to redress the balance of DLE,
and the Metric presented here is the tool developed by the community to achieve this press-
ing objective for Europe and all of its people, recognising the central value of languages in
their cultural heritage and distinctive identities.

It is important to note that the DLE Metric can serve two complementary functions for all
of Europe’s languages, namely intra- and inter-linguistic. This means that DLE Metric scores
measured at regular intervals can first of all objectively track the progress of LT support in
the interest of DLE of each language, to monitor its progress in the desired direction over
time, thanks to the dynamic and updatable nature of the Metric, as explained in more detail
in Section 2.3. Secondly, DLE Metric scores also provide an additional comparative measure
of the relative positioning and improvements over time of different languages, for instance
(but not exclusively) those that have similar current levels of LT support (Section 3) and/or

WP1: European Language Equality — Status Quo in 2020/2021 3
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comparable CFs (Section 4), or to examine the development of neighbouring languages, e. g.
with a view to evaluating the effectiveness of targeted national, regional and local funding
interventions to enhance their overall LT provision.

2.2. Recent Related Work

In addition to relying on the input and advice of Europe’s LT and language-centric Al commu-
nity, the work conducted in ELE to formulate the full specification of DLE and its associated
Metric has also drawn inspiration from recent related efforts with a broader scope, that ex-
tends beyond the European scenario, but were deemed relevant due to substantial common
ground. Particularly interesting and relevant examples of such related work with a global
coverage are described in Joshi et al. (2020), Blasi et al. (2021) and Bromham et al. (2021): in
what follows we discuss these recent prominent contributions, highlighting the main points
of contact and shared concerns with our work in ELE.

First of all, Joshi et al. (2020) cover the over 7,000 languages of the world to investigate
the relation between the types of languages, available resources and their coverage in Nat-
ural Language Processing (NLP) conferences. Their objective is to trace the evolution of the
attention devoted by the international NLP community as a whole to the languages of the
world, providing evidence for the severe disparity that exists across languages in the scale
of attention and technological support, as estimated on the basis of the number of mentions
that languages receive in NLP conference papers over time. As a result of this wide-ranging
global analysis, Joshi et al. (2020) propose a taxonomy that groups the languages of the world
featured in leading NLP conference proceedings into 6 categories in the quest for technolog-
ical support, which they define “the left-behinds, the scraping-bys, the hopefuls, the rising
stars, the underdogs and the winners”. Interestingly, but not surprisingly, at the opposite
extremes of this spectrum, the most disadvantaged category of left-behinds alone accounts
for well over 2,000 languages, for a combined total of 1.2 billion speakers across the globe; at
the opposite end, the two most privileged categories (i. e., underdogs and winners) combined
include just 25 major languages in total between them, all used primarily in developed and
advanced countries.

Secondly, considering similar issues, Blasi et al. (2021) argue that the substantial progress
brought about by the generally improved performance of NLP methods “has been restricted
to a minuscule subset of the world’s 6,500 languages”, and present a framework for gauging
the global utility of LTs in relation to demand based on the analysis of a sample of over
60,000 papers from all major international NLP conferences. They also show convincing
evidence for the “immense inequality in the development of language technologies across
the world’s languages. After English, a handful of Western European languages dominate
the field”: in other words, major efforts in global NLP work are predictably focused on an
extremely small set of elite languages that enjoy privileged socio-economic positions on the
international scene. While this severe imbalance is in favour of a few, mostly European,
languages, on the whole the situation is very uneven, and most other European languages
are themselves at a disadvantage. The work of Blasi et al. (2021) was supported by the US-
based National Science Foundation, and interestingly it also discusses some of the key (latent)
societal, economic and academic factors that cause, and at the same time fatally reinforce,
the blatant disparities that they identified. By way of conclusion, they propose a set of specific
recommendations to encourage evidence-based policies “aimed at promoting more global
and equitable language technologies”, with a focus on academic and industrial research.

The third particularly relevant related study reviewed here due to its strong connections
with our work in ELE, albeit on a broader global scale, is that by Bromham et al. (2021). They
analysed 6,511 spoken languages of the world (which corresponds to over 90% of the total,
according to most statistics) according to 51 predictor variables of language maintenance

WP1: European Language Equality — Status Quo in 2020/2021 4



D1.3: Digital Language Equality (full specification) ELE

concerning various aspects having to do with speakers’ population, documentation and le-
gal recognition of the language, education policy, socio-economic factors and environmen-
tal conditions. In addition to emphatically arguing that “language diversity is under threat”
across the world, Bromham et al. (2021) point out in particular that a greater development of
transport infrastructure, and especially road density, in a region are linked to increased lo-
callanguage endangerment: by encouraging the circulation of the population, such external,
non-linguistic conditions undermine the role and preservation of languages already under
pressure. Another socio-educational factor that Bromham et al. (2021) found to decisively
contribute to language endangerment concerns the longer periods of formal education re-
ceived by the youngsters of a language community in an official language, which may lead
to a higher likelihood of not preserving the heritage language in actual active use into adult
life.

In particular, the research found that 37% of the world’s 6,511 languages under investiga-
tion are considered to be threatened or endangered (i. e., losing first-language speakers or
only spoken by adults, without child learners), while 13% were placed in the even less envi-
able category of “sleeping” (i. e., no longer spoken as first languages): overall, this means that
around 50% of the investigated languages (i. e., over 3,000 of them across the world) face se-
rious risks of extinction, potentially within a generation, if not imminently. The sombre and
ominous conclusion of this very wide-ranging and solid study is that “[w]ithout intervention,
language loss could triple within 40 years, with at least one language lost per month”. While
it is unclear whether this general pattern also applies specifically, with equal devastating
force, to the less-resourced languages of Europe, this is certainly a sobering global reality to
face up to, which calls for a large-scale mobilisation of all possible efforts by all interested
parties to avoid such a daunting prospect propagating to the languages addressed by ELE.

This review of recent relevant work is supplemented by a fourth timely and interesting
study, which focuses specifically on the non-linguistic factors that affect the dynamics at
play in language communities. Faisal et al. (2021) investigate geographical and economic
factors, determining the origin of data sets using an entity recognition method. The respec-
tive predictive values are calculated for these CFs in order to examine the socio-economic
correlations in connection with the distribution of the data sets (Faisal et al., 2021). Three
factors were investigated: the gross domestic product (GDP), size of the language commu-
nity, and geographic proximity. Most of the data sets came from countries considered to be
economically prosperous, so the best predictive value was GDP, and the best results occurred
when taking GDP and geographic proximity into account. Thus, this interesting study shows
that an interaction of several factors seems to improve prediction.

Interestingly, these well-researched recent studies with an inclusive interest in the world’s
languages establish clear links between the level of technological support and development
on the one hand, and a variety of situational conditions on the other, in order to compara-
tively analyse the level of LT support for a very broad and diverse range of languages and
the potential for their communities to see their needs and aspirations served in the digital
era. Otherwise, if this were not to be the case, the very clear and concerning prospect is that
many of the languages that are not adequately supported by technology appear to be doomed
to oblivion in the digital age, with very limited possibilities even for dignified survival. In
addition to building on the preliminary work presented in D1.1, this deliverable also draws
from Joshi et al. (2020), Blasi et al. (2021), Bromham et al. (2021) and Faisal et al. (2021) as
inspiring and thought-provoking studies with a clear relevance for ELE. As a result, in ad-
dition to the TFs discussed in Section 3, in developing the full specification of DLE and its
associated Metric, the partners of the ELE project endeavoured to also take into account the
similarly crucial situational conditions that seem to play such a determining role in securing
or jeopardising the future of languages in an increasingly interconnected world dominated
by technology; such CFs that play a role in the DLE Metric are presented in Section 4.

WP1: European Language Equality — Status Quo in 2020/2021 5
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2.3. Dynamic Nature and Updates of the DLE Metric

A crucial feature of the DLE Metric is its dynamic nature, i.e., the fact that its scores can
be updated and monitored over time, at regular intervals or whenever one wishes to track
the progress or the status of one or more European languages with regard to the goal of
achieving DLE. This dynamic nature involves the two related aspects of TFs and CFs, and
this time-sensitive nature of the DLE Metric will be supported in the ELE Dashboard that
will be introduced in D1.35. With regard to the TFs, as the ELG Catalogue organically grows
over time (see Section 3.1), on the basis of the weights that are assigned to the feature values
(Appendix A), the resulting DLE Metric scores will be updated for all European languages,
thereby providing an up-to-date and consistent (i. e., comparable) measurement of the level
of LT support and provision that each of them enjoys, also showing where the status is less
than ideal or not at the expected level. Similarly, the situational indicators that are reflected
by the CFs will be updated for the relevant languages by basing the computations of the DLE
Metric visualised through the ELE Dashboard on fresh data, as it becomes available from the
selected sources (Section 4.1).

3. Technological Factors

3.1. The ELG Catalogue as the Ground Truth at the Basis of the
Technological Factors

The full specification of the TFs included in the DLE Metric articulated in this deliverable was
devised by analysing the actual contents of the ELG Catalogue for all European languages
between the end of 2021 and late January 2022, as the empirical evidence that provided the
firm basis on which the final structure of the DLE Metric was eventually defined; at that
stage, in late January 2022, the ELG Catalogue contained approximately 11,500 records, out
of which about 75% were language data resources (corpora, lexical resources, models and
grammars) and the rest were LTs (tools/services).

A significant number of LRs and tools for all the languages of Europe in the scope of the
ELE project were identified by the relevant experts and informants, and described with the
relevant metadata that are essential for the subsequent computation of the DLE Metric. The
language experts had full control, ownership as well as responsibility for identifying and doc-
umenting LRs for their languages, and they were ideally positioned to perform this essential
role, due to their being in most cases ELG National Competence Centre (NCC) leads and Euro-
pean Language Resource Coordination (ELRC) National Anchor Points, hence fully aware of
the current LR and LT provision for their languages in the broader landscape, and therefore
also cognisant of what is required to boost DLE across Europe, specifically targeting individ-
ual languages. The metadata of the identified LRs were subsequently processed, normalised
and imported into the ELG Catalogue, further expanding its own collection of LRs. By ex-
amining the actual richness and breadth of the metadata associated with the ELG Catalogue
records with the support of representatives of the LT and language-centric AI community,
we were able to establish the relevant features and feature values that had to be included
in the final specification for the computation of the DLE Metric, and the results of this work
are reported in this document.?

2 https://www.european-language-grid.eu/ncc/ and https://Ir-coordination.eu/anchor-points

3 The first proposed implementation of the DLE Metric presented in Appendix A does not take into account the
size of LRs and the quality of LRs and tools. While these are important features, there exist a large variety of
size units for LRs, and the way for measuring data size is not standardised, especially for new types of LRs such
as models. Regarding the quality of tools in particular, while some information on the Technology Readiness
Level (TRL) is available, the large number of null values does not make it possible to take this into account at
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3.2. Scoring and Weighting Mechanism of the DLE Metric

One guiding consideration in developing the DLE Metric, and especially in assigning the
weights of the features and their values for the TFs, was that we did not want to make as-
sumptions about the possible (preferred) end-uses and actual application scenarios that may
be most relevant to users. These inevitably vary widely due to a number of variables that are
impossible to establish a priori. We therefore refrained from predetermining at this stage
particular preferred end-uses when proposing the full specification of the DLE Metric, which
otherwise would risk it being unsuitable for some end-users and applications. As explained
in more detail in Section 3.3, here we present the DLE Metric with a first proposed set of
weights for the CFs in Appendix A, subject to revision as more experiments are run within
the ELE project to adjust the weights, so that the DLE Metric scores capture and reflect fairly
the actual level of LT support for the ELE languages. This work will feed the ongoing imple-
mentation of the ELE Dashboard, that will be presented in D1.35.

Appendix A presents in detail the features and associated values for LRs and tools that
make up the TFs, which are derived from the ELG Catalogue metadata schema (as described
in Labropoulou et al. (2020) and Rehm et al. (2020), and explained in detail in D1.1), with a
first proposed assignment of weights. Here we briefly review some of the key features of
the TFs, focusing in particular on those that can have several values which are of particular
interest, e.g. insofar as they show the level of detail and granularity of the metadata ac-
companying the records included in the ELG Catalogue. This is the case, for instance, for the
“Subclass” feature within LRs, that can have a range of as many as 23 values: apart from “raw
corpus”, to which we have assigned a nominal minimal weight, those that were deemed to be
worthy of particularly generous weights in the first implementation presented in Appendix
A are (in descending order) “model”, “Wordnet” and “Framenet”, “terminological resource”,
“annotated corpus” and “morphological lexicon”; in addition, there are 15 other possible
Subclass values, that were rewarded comparatively less, with a very moderate fixed and
constant weight.

A particularly rich feature within LRs is that of “Annotation Type”, which has many pos-
sible values. For the first implementation proposed in Appendix A, we have assigned a con-
stant very small fixed weight, also based on the fact that some LRs can possess several anno-
tation types. A similar consideration applies to the “Domain” feature, which has very many
possible values for LRs and for tools: in these cases, the weights assigned to “Domain” values
in the first instance are fixed and relatively small, again considering that multiple domains
can be combined in a single LR or tool. It is important to note that for the features “Anno-
tation Type” (in LRs) and “Domain” (both in LRs and tools), we allow for the possibility to
assign flat scores that are identical to all of the many potential values, that may be difficult
to differentiate in abstract terms across the board for all of Europe’s languages. In addition
to “Domain”, another feature that appears both in LRs and tools is “Conditions of use”; the
initial weights proposed in Appendix A for this feature of the TFs are identical for the cor-
responding values of “Conditions of use” across LRs and tools. In the case of (much) more
restrictive licensing terms, lower weights are assigned than to liberal use conditions, hence
they contribute (much) less to the DLE score for the LR in question, and therefore to the
cumulative DLE Metric score for that language.

The proposed specification of the TFs and the relevant weights for the feature values to
be used for the computation of the DLE Metric were initially discussed at length within the
ELE Core Group, and then presented at a General Assembly of the ELE project to all Consor-
tium partners in early February 2022, to gather their feedback and input on how to finalise

the moment. This is an area well worth revisiting in subsequent efforts to extend the DLE Metric with regard
to the TFs. Similarly, no specific weights have been proposed for projects and organisations for the time being,
partly due to the difficulty of attributing them specifically to individual languages, even though these additional
features may be included in the DLE Metric at a later stage.
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the set-up, so that the computation of the TFs could enjoy their full support to drive the ma-
jor remaining tasks of the project. This was a very valuable opportunity to refine elements
that were not perceived to be completely adequate for some of the languages targeted by the
project, and ensure that the final full specification of the DLE Metric could be applied across
the board to all of Europe’s languages: this deliverable describes the results of this inclusive
and comprehensive approach to the definition of the DLE Metric, and the initial implemen-
tation of the TFs is presented in Appendix A. The required adjustments to the weights of the
feature values in the various internal experiments with different potential weighting set-ups
for the TFs were made by developing a preliminary offline basic database that could repli-
cate the essential features of the proper ELE Dashboard that is currently under development
and is due to be presented in D1.35. This mock-up used to adjust the weights assigned to the
feature values of the TFs was developed in the form of an Excel spreadsheet file containing
the ELG Catalogue export as of late January 2022.

This dataset included metadata of both LRs and tools for all ELE languages. Each resource
and tool has several features and associated values, as shown in Appendix A. Each of these
features was then given a weight to calculate the DLE Metric LR score, the DLE Metric Tool
score, and the total combined DLE Metric score on a per language basis. When experiment-
ing with the preliminary settings of the weights for the DLE Metric, users from the ELE Core
Group applied weights of their own choice in the “LR Factors” and “Tools Factors” sheets in
the Excel file. The results of these weights could be seen in a “Language Scores” sheet, which
also showed the aforementioned scores for each language. The scores were also represented
as bar charts, a very simple but intuitive visualisation of where each language stood relative
to all the others. Any changes to the weights were automatically implemented, updating the
scores, and subsequently updating the bar charts. This was an efficient and effective method
to gradually refine the set-up of the TFs and propose the first implementation of the relevant
weights presented in Appendix A.

On the whole, the experiments conducted in preparation for this deliverable with different
weights and set-ups of the DLE Metric have shown that the global picture of the DLE Metric
scores for the languages targeted by the project is unlikely to change dramatically. As a mat-
ter of fact, we have experimented both with very moderate and narrow ranges of scores and
weights assigned to the various features and their values of the TFs, and with more extreme
and differentiated weighting schemes. Since, ultimately, any changes are applied across the
board to all LRs and tools included in the ELG Catalogue for all languages, any resulting
changes propagate proportionally to the entire sample of languages, thus making any dra-
matic changes rather unlikely, unless one studiously unduly rewards specific features that
are known to disproportionately affect one or more particular languages. It should imme-
diately be clear that this would be a biased and unfair application of the DLE Metric, and
should be avoided at all costs.

In any case, our experience in experimenting with the weights of the DLE Metric has shown
that artificially inflating or diminishing the scores of specific languages, especially with re-
gard to other similarly positioned languages, is quite difficult and on the whole unlikely to
happen. In essence, after experimenting with various DLE Metric set-ups and weights for
the TFs, we can conclude that the resulting representation tends to be relatively stable. This
is due partly to the sheer amount of features and possible feature values that make up the
TFs, which are grounded in the metadata of the ELG records, as discussed in Section 3.1, but
to some extent also to the different level of overall provision of LTs that each European lan-
guage is equipped with. As a result of this, even if one tweaks the weights assigned to TFs,
with the exception of relative minor and local fluctuations, three main phenomena are gen-
erally observed: (i) the overall relative positioning of the languages remains largely stable,
with a handful of languages standing out with the highest DLE Metric scores (English lead-
ing typically over German, Spanish and French, with the second language having roughly
half the DLE Metric score as English), and the minimally supported languages still display-
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ing very low scores, and a substantial group of evenly distributed languages in the middle;
(ii) clusters of languages with similar LT support that is relevant to ensure DLE in Europe
will remain ranked closely together, regardless of the adjustments made to specific weights
for individual features and their values; and, finally, (iii) even when two similarly supported
languages change relative positions (i. e., language A overtakes language B in terms of DLE
Metric score) as a result of adjusting the weights assigned to features and their values, their
absolute DLE Metric scores remain very close, thus not substantially distorting the overall
representation of their actual status of LT support.

In addition to investigating the effects of changing the set-up of weights for the TFs across
all ELE languages as a whole, we have also performed focused checks on pairs or small sets
of languages that operate in similar circumstances, and whose relative status in terms of
LT support is well known to the relevant experts. These focused checks have involved, for
example, Basque and Galician, Irish with respect to Welsh, and the dozen local languages of
Italy (also with respect to Italian itself), etc. Overall, the general stability demonstrated by
the DLE Metric across different set-ups of weight assignments for the various features and
their possible values for TFs provides evidence of its validity as an effective tool to guide
developments and track progress towards full DLE for all of Europe’s languages by 2030.

3.3. Flexibility of the DLE Metric Weights for the Technological Factors

Against this background, Appendix A provides a first possible configuration of the weights
that can be assigned to the TFs, which is the result of current consensus within the ELE
Consortium and has been finalised following consultation at the General Assembly in early
February 2022. This first configuration of the weights is provided in Appendix A, subject to
adjustments as more experiments are conducted to check any needs to tweak the weights,
in the interest of making the DLE Metric truly representative of the level of LT support that
European languages rely on. This approach will ensure that the Dashboard that will be pre-
sented in D1.35 represents a suitable tool to optimally capture the current situation and also
effectively reflect the needs and aspirations of all of Europe’s languages for the future in the
digital age.

In this spirit, the ELE Consortium wishes to remain open to the possibility of adjusting the
parameters, including the features and the relevant values and the exact configuration of the
weighting scheme adopted for the TFs, which could be done at regular intervals on the basis
of agreement among the relevant parties. This approach is useful to address developments
ensuing as a result of advances being made in LT and as new paradigms or technologies
become the state of the art, potentially also as new types of resources emerge and are recog-
nised as crucial for LT support. In other words, we view the DLE Metric as a flexible tool,
that can allow for changes and updates at future points in time to the features of the TFs and
to the weights assigned to the relevant values, as a result of how the state of the art evolves,
with the DLE Metric changing accordingly.

4. Contextual Factors

4.1. Data Sources

In the preliminary definition of DLE presented in D1.1, 72 contextual factors were presented
and clustered into 12 classes representing different aspects of the context (Gaspari et al.,
2021). Each of the factors had to be quantified with an indicator so as to be measurable. The
quantification depended on the presence and accessibility of data for an indicator being fea-
sible to represent the factor. Therefore, different data sources with pan-European data were
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collected. The selected sources included, among others, EUROSTAT, the European Language
Monitor, Glottolog and reports or articles. A list of the factors, the chosen indicator and the
relevant data source can be found in Table 3 in Appendix B.

Overall, 26 factors were excluded due to missing data. This affected especially factors from
the classes “research & development & innovation”, “society” and “policy”. Data about poli-
cies is mainly too broad and just represents whether policies exist or not. The class “society”
included factors about diversity being difficult to quantify. The problem of missing data in
this area was already mentioned in the Al Index report (Zhang et al., 2021). The factors ex-
cluded from the class “research & development & innovation” covered mainly specific figures
about the research environment of LTs, while broader figures about the research situation
of the whole country independent of research areas are available. Figure 1 shows all fac-
tors presented in the preliminary definition. The cells highlighted in red were eventually
excluded. Overall, 46 factors were quantified with an appropriate indicator.

Economy Education Funding Industry Law Media Online Policy Public R&D&I Society
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Size of the Public funding  Companies Publicly
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Figure 1: Overview of the Contextual Factors
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4.2. Data Preparation

One main attribute of the collected data that represented a challenge for the purposes of the
work involved in defining the CFs for inclusion in the DLE Metric was their heterogeneity. It
had varying formats, was based on country or language level, included differing languages
or countries and consisted of three data types. As a result, the data had to be standardised
before it could be processed. Firstly, the formats of the figures were converted into a consis-
tent schema for numbers, namely xx,Xxx.XX, as opposed to different usage of commas and
decimal points. Secondly, some indicators based on the data from Eurostat had to be pre-
pared because the data was split in different tables. For instance, the factor “researchers in
LT” was quantified with the total number of researchers in the research areas “computer
and information science”, “linguistics and literature”, “media and communication” and “hu-
manities”. Eurostat provides a separate table for each of these research areas. Thus, the
numbers were added up for each country to obtain one figure per country. Moreover, the
data based on the level of languages differed in the language names. Varying names like
Griko and Apulia-Calabrian Greek had to be mapped with the help of Glottolog,* containing
in each metadata record per language a list of alternative names.

Additionally, some sources consisted of plain text from which scores had to be extracted.
One example is the extracted information from the website of LT-innovate® about the existing
funding on national and European level. Three paragraphs described the funding situation
regarding National/Regional Funding, European Structural and Investment Funds (ESIF) and
funding through Eureka/Eurostars per country. If the text indicates the country to have fund-
ing on regional, national or international level or through ESIF or Eureka/Eurostars, then a
score of 1 was assigned to each funding opportunity. The highest score is 6 representing
a funding on regional, national and international level and through ESIF, Eureka and Eu-
rostars. A list of the indicators transformed from plain text into scores and an explanation
of the process is given in Table 4 in Appendix B.

Because the metric is intended to process data on a language-by-language basis, data col-
lected at the country level had to be converted to the language level. In total, the factors
were quantified with three different types of data, total numbers, proportional numbers,
and scores.

Most total numbers were split proportionally, using the percentage of speakers of the lan-
guage per country. The figures for the percentages were calculated through the population
size and the number of speakers from Ethnologue. A collection of the figures about the num-
ber of speakers in the European countries covered by the project was done in May 2021
within the project.® Due to some gaps and old data records regarding regional and minor-
ity languages, experts on minority languages within the ELE consortium were asked to fill
the gaps or to provide data more representative of the actual status quo. The figures for the
languages Alsatian, Faroese, Gallo, Icelandic, Macedonian, Meskhetian and the Saami lan-
guages were corrected. Based on this data, the calculation of the proportion of the language
community was done.

Percentages of languages preferentially taught in education and thus often second lan-
guages (particularly English, German, French, and Spanish) were only included if the lan-
guage had an official status in the country. For example, the figures of English are based
on the figures of the UK, Ireland and Malta. In the other European countries, English does
not have an official status, so they are not taken into account. If the language was an offi-
cial language in another country, only language communities with a higher percentage than
one percent were covered to simplify the mapping. This calculation was performed for each
language community in each of the European countries covered by the project.

4 https://glottolog.org
5 https://www.lt-innovate.org/lt-observe/public-policy-observatory/national-funding-opportunities
6 https://european-language-equality.eu/languages/
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Total numbers per capita, proportional numbers, and scores were applied to the language
communities without adjustment due to the complexity and additional time the adaption
would have needed. A complex mapping would be desirable, as many language communi-
ties — especially members from minority language communities — deviate from the average.
Additionally, the mapping via the proportion of the speakers is also somewhat problematic,
since in some cases the sum of the speaker communities is not 100%. For example, numbers
from countries with many bilingual speakers were given several times to the different lan-
guage communities. If the calculation were reversed, these countries would have a higher
GDP than they actually have. Another problem is the missing inclusion of the political reality
regarding the protection or promotion of a language. This refers in particular to figures like
how many researchers work on the language, which were also transferred to the languages
by a percentage mapping. In countries with a large number of speakers of a language, but
where less funding or research activity is devoted to the preservation and promotion of that
language, a direct mapping does not fit. For example, in Ireland, little promotion and fund-
ing is invested in the Irish language compared to the second national language, English. The
number of speakers in largely private contexts is relatively high, at 39.8 percent according to
Wikipedia’. The numbers of factors such as “scientists and researchers working on LT and
the respective language” are relatively high due to the calculation of the percentage, although
in reality only a small fraction of researchers in LT work on the Irish language. Figures on
the number of companies in the ICT field are also very high for Ireland due to the low tax
rate for large companies. Many companies based in Europe therefore locate in Ireland but
do not support development for Ireland and even less for the Irish language community, but
operate their European businesses from there. This specific environmental, political, and
social circumstances are not considered in a percentage-based mapping.

If a language was spoken in more than one country, the total numbers were added up, but
proportional numbers, scores and total numbers per capita were calculated using the aver-
age. At this point the different sizes of the language communities were taken into account,
so the data values of bigger language communities were weighted double at the calculation
of the average, meaning the number of the bigger language communities were taken twice
into account.

4.3. Calculation of the Contextual Factors

The data per language was converted into scores that represent whether a language is em-
bedded within a supportive context, ecosystem and climate giving it the possibility to flour-
ish, or whether it may be without political will, funding, innovation and economic interest
in the region. The score will, therefore, additionally indicate the probability of a language
achieving DLE, given the assumption that a language in an environment with low support
will also not be supported from a technical perspective any time soon.

The ELE core partners decided that in order for technological and contextual values to be
compatible, a score between 0 and 1 would be assigned to the languages. With regard to the
CFs specifically, 0 represents a context with hardly any potential for the development and
collection of LTs and LRs, while 1 represents a high potential of those tasks being achieved.

To keep the metric as transparent as possible, it was decided to base the calculation on an
average of the factors. Therefore, the intermediate goal was to calculate a score between 0
and 1 for each factor. The language with the lowest value for the respective factor is repre-
sented by a 0, and that with the highest value by a 1. The calculations performed to obtain
those scores were the following:

1. Calculation of the range: highest value - lowest value = range;

7 https://en.wikipedia.org/wiki/Languages_of_Ireland
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2 (value—minimum)*100
* range

= Percentage weighting of a language within the range;

3. Theresultis a relative value: To obtain a score between 0-1 the result is divided by 100;
4. Repetition of steps 1-3 for all languages and factors;

5. Calculation of the average of all factors per language.

The results achieved were weighted by three factors, namely the number of speakers, the
scores based on the language status, and whether the language was an official language of
the EU or not. The factors were considered to be highly relevant for the context to develop
LTs and LRs due to the fact that the number of speakers has a big influence on the amount of
investment by large companies, and the legal status or the EU status influences the amount
of funding. The weighting included two steps: (i) the calculation of the average of the ob-
tained overall scores, the scores for the number of speakers and the legal status, and (ii) the
addition of 0.07 to the score for each official EU language. The second step was separated
from the usual average calculation, because it would include two values: 0 for not being an
official EU language and 1 for being an EU language. This results in a strong boost to every
European language. Hence, English already had a score of around 0.7-0.8 without the boost,
and smaller scores for the EU languages would have penalised English, which would not
represent the reality of its dominant position today.

4.4. Selection of the Contextual Factors

The described calculation approach allows the metric to be calculated with a different num-
ber of factors in order to either discover the best result or to compare different possible
results. Accordingly, the factors were classified to select the contextual factors for the DLE
metric based on two criteria: (i) the possibility of updating the data automatically, and (ii) the
quality of the data. The quality of the data was chosen since biased data can highly distort
the outcome of the metric, and the metric would show up any bias in the data. The possibility
of updating the data automatically was selected as a criterion due to the fact that the metric
will be implemented on the Dashboard of the ELG Catalogue, as explained in Section 2.3. In
order to ensure that an up-to-date score for the languages is displayed, it is essential that the
data can be automatically updated. In contrast, any data that has to be manually extracted
will need a human expert to take care of its preparation after the end of the project. Given
the fact that the project will end in June 2022, an automatically updating metric would be
more convenient and future-proof its utility.

In Figure 2, the automatically updatable factors are highlighted in bold. This means that
the data can be updated via an API of the source, or a script to gather structured information
from websites. Any factors excluded via this criterion will need some manual preparation
in order to be used. The criterion of the quality of the data separates the factors into three
classes. They are highlighted through the different background colours in Figure 2. The fac-
tors highlighted in green are measured with data of good quality, those highlighted in yellow
are based on medium data quality, and those in red having poor quality data. The yellow-
marked factors were quantified with data with bigger gaps or with a missing variance in the
data, which would give small differences a disproportionate impact on the score. The indica-
tors of the red-highlighted factors were biased in a way, as some languages or countries had
extreme outliers which were only explainable with distortion due, for example, to accuracy
differences in the collection of the data.

Based on these criteria, the following configurations of contextual factors were examined:

1. All factors for which data was available: 46 factors

2. Those factors which are automatically updatable: 34 factors
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Figure 2: Classification of the Contextual Factors

3. Those factors with a good data quality: 26 factors

4. Those factors which are automatically updatable and with a good quality data: 21 fac-
tors

5. The factors were manually curated using four criteria: automatically updatable, having
good quality data, not more than 2 factors per class, and a balance between the data
types: 12 factors

The fewer factors included in the metric, the more likely it is that an important influencing
factor will be omitted. However, the risk of distorting the metric by the data is reduced. The
configurations with the data without good data quality showed such biases, in that individ-
ual languages obtained much better results than had been expected while other languages
received very poor ones, even though the context of the language communities was consid-
ered to be more supportive. In the configuration with all factors, Emilian, Gallo, and Franco-
Provencial, for example, achieved scores comparable to the official national languages with-
out EU status or the lower-scored official EU languages. And the Basque language achieved
one of the lowest scores, although the context for the regional language looks rather good
compared to other regional languages. These results are strong evidence of bias.

4.5. Results

In all configurations that were examined, the top third is dominated by the official EU lan-
guages, while the regional and minority languages are presented as a long tail to the right.
The official national languages which are not recognised as official EU languages are ar-
ranged between the official EU languages and the regional and minority languages. The
results of configuration 5 with the 12 contextual factors can be viewed in Figure 3 and the
results of configuration 3 with the factors with a good data quality in Figure 4. The results
of configuration 4 lies in between the two presented results. The results of the configura-
tions differ slightly in the score ratios between and within the three language groups. Note
too that each coloured group features instances of single languages from adjoining groups:
Serbian, in the green group, and Manx in the red group.
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Results of the metric with manually curated factors

Figure 3: Results of the manually curated Contextual Factors
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All configurations present English as having the best context for the development of LTs
and LRs. English is followed by German and French, with German usually preceding French.
Italian and Spanish are shown in positions 4 and 5. The position of Spanish with a worse
score than Italian is caused by the inclusion of data from European countries only. If data
had been included from countries outside of Europe, then Spanish, Portuguese, French and
English would have had much higher scores given their prevalence in non-EU states. After
the five leading languages, variations between the configurations begin to be seen. Mostly,
Swedish, Dutch, Danish, Polish, Croatian, Hungarian and Greek are ranked in the upper half
of the official EU languages. In some configurations, Finnish also joins this group. The official
EU languages with the lowest scores are mostly Latvian, Lithuanian, Bulgarian, Romanian
and Maltese.

Among the group of official national languages which are not recognised as official EU
languages, Serbian is always the top performer, achieving a score in keeping with the lower-
scoring official EU languages, while Manx® is always presented as a downward outlier. Lan-

8 Manx and Jerriais have been assigned to the group of national languages without being an official EU language,

as both languages are recognised as official languages of Jersey and the Isle of Man. The classification of lan-
guages according to their official status is based on data from Ethnologue. Both islands are not part of the United
Kingdom, although crown dependencies. Therefore, the two languages can be considered both official national
languages or regional and minority languages.
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guages such as Norwegian, Luxembourgish, Faroese and Icelandic achieve better scores than
Albanian, Turkish, Macedonian and Bosnian. The scores for Jerriais are subject to compar-
atively large fluctuations, which is why the language is sometimes placed worse and some-
times better.

The regional and minority languages are usually led by Saami South and Skolt. Depend-
ing on the configuration, the languages Tornedalian Finnish, Romani, Northern and Western
Frisian and the remaining Saami languages (apart from Saami, Kildin) achieve a score com-
parable to Saami, South and Skolt. 20 of the regional and minority languages achieve scores
lower than 0.05 in configuration 5, while 31 of the languages obtain scores between 0.06 and
0.1. In the other configurations, the scores of the regional and minority languages are usu-
ally higher, but with similar differences between the scores of the languages. Saami, Kildin
and Griko are the languages with the lowest scores.

4.6. Future Improvements

The results provided by the various CF configurations that were experimented with were
sent to 37 partners from the project consortium by email, with a request for feedback. Fur-
thermore, the results were presented at the General Assembly Meeting in early February to
collect further input from the project partners to improve and finalise the results. A good
amount of feedback was collected and evaluated as part of this consultation process. Lan-
guages mentioned multiple times as not being positioned where they should be according
to the experts were Irish, Maltese, Croatian, Latvian, Norwegian, Icelandic, Farose, Jerriais
and Manx. Moreover, the regional and minority languages Cornish, Scottish Gaelic, Emilian,
Sicilian and most of the Saami languages were rated as not being placed in the correct rel-
ative position by at least one of the partners. Overall, the feedback considered 56 of the 89
languages.

In order to calculate a more suitable score for these languages, several suggestions were
made. Since only pan-European data sources were taken into account, it is recommended
to extend the data collection through national and regional sources. Additionally, it was
pointed out that the context of languages spoken in countries outside of Europe is excluded
in this analysis, and these missing statistics on the development of LTs and LRs would greatly
impact the overall scores. Another suggestion refers to missing factors, such as the inclusion
of the vitality status of the language being particularly important for regional and minority
languages, or the integration of a factor representing the competition of national languages,
if more than one official national language exist. Another idea is to replace the official EU
status as a weighting factor with the country’s membership in the European Economic Area
(EEA), since countries within this alliance also have access to European research funds and
networks.

Furthermore, ideas for preparing the data were submitted. These include, on the one hand,
a stronger cleaning and standardisation of the data before they are processed and, on the
other hand, the calculation of ratios between individual factors.

Suggestions were also made regarding the presentation of the results. Language commu-
nities having particularly complex political backgrounds are most likely to be biased by a
simple calculation based on country data and should be highlighted and presented with the
limits of data work for such cases. It is also suggested that languages functioning without a
writing system are special cases for the development of LTs and LRs. This should be stressed
in the presentation of the results.

Some of the feedback expressed reservations about the whole approach. Some partners
pointed out that one methodology should not be used to take into account the different com-
plex contexts given for the language communities. For example, languages like Maltese, Irish
and the other Celtic languages, which scored better than expected according to our experts,

WP1: European Language Equality — Status Quo in 2020/2021 16



D1.3: Digital Language Equality (full specification) ELE

are of note here. The relative prosperity of the United Kingdom seems to boost the regional
and minority languages with the country-based data, although the reality of the language
communities is strongly dominated by English. The same applies to Ireland, which has a
strong economy, large ICT sector and significant investment in (English) Al and LT research
& development, but a low level of support for Irish LT.

Another fundamental point of criticism is the inclusion of data not applied on a per capita
basis. As a result, despite having relatively good support, some small language communities
were unable to achieve a high score. The size of the language community has an impact
on the economic interest, investment, number of researchers, etc. for the language, but for
small language communities that have already invested a lot in their language and infras-
tructure, the scores obtained may appear too low.

These criticisms could certainly be debated at length, especially in the interest of finding
effective solutions to the issues that were identified, but are difficult to avoid altogether with
such a quantitative approach as the one that is required to define the CFs as part of the DLE
Metric. A first stable result for the calculation of the CFs was achieved, which can be further
refined and extended in future explorations.

5. Conclusions and Future Work

This deliverable has described the full operational specification of DLE and of the DLE Met-
ric, based on a solid empirical basis that consists of the ELG Catalogue for the TFs and on a
range of reputable high-quality sources for the CFs. This work is the result of the joint effort
of the ELE Consortium and also takes on board the views of the broader LT and language-
centric AI community in Europe, with which the ELE partners have extensive contacts. In the
remainder of the ELE project, the DLE Metric will contribute to the formulation of the sus-
tainable evidence-based SRIA and of the roadmap that will drive future efforts in equipping
all European languages with the level of technological support that is needed to achieve full
DLE in Europe by 2030, and will provide a transparent means to track and monitor progress
in this direction. To this end, the deliverable has explained in detail the nature of the DLE
Metric, emphasising in particular its dynamic and updatable nature, so that it can be used to
track the progress of individual languages towards the ultimate goal of DLE for all European
languages by 2030.

The deliverable has described the TFs and CFs that make up the DLE Metric; with regard
to the TFs, the collaboration with the sister ELG project has been particularly valuable, in
that the TFs rely on the data and accompanying metadata included in the ELG Catalogue
as the ground truth and empirical foundation to measure and quantify the level of digital
readiness of the languages covered by ELE. The overview of the TFs was accompanied by a
discussion of the scoring and weighting mechanism adopted in the DLE metric, and a first
possible implementation is illustrated to explain the overall design of the features and val-
ues that contribute to the TFs. As far as the CFs are concerned, the deliverable described
the data sources that were identified and eventually chosen to extract the relevant indica-
tors; part of this discussion was dedicated to the challenge of attributing proportionally the
quantitative data on a per-country basis to the relevant languages and language communi-
ties. In addition, the deliverable reported on the data preparation process, foregrounding
the importance of the quality of the data and of the possibility of refreshing the quantifiers
underlying the CFs on a regular basis, to support the dynamic nature of the DLE Metric. We
have also reported on a heuristic expert evaluation that was performed and provided useful
indications to finalise the CFs, in addition to offering valuable suggestions for possible future
improvements.

On the basis of this work that was conducted in close contact with the broader commu-
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nity in order to ensure that views from outside the consortium were also represented, the
ELE Consortium is confident that the fully specified concept of DLE and its associated Met-
ric proposed here represent valuable tools on which to base subsequent efforts to measure
and improve the readiness of European languages for the digital age, also in the context of
the formulation of the SRIA and roadmap. By drawing on the descriptive, diagnostic and
predictive value of the DLE Metric, the community will have a solid and verifiable means
of pursuing and evaluating much-needed developments in the interest of all European cit-
izens. In this respect, we look forward to developments in the LT and language-centric Al
community that will involve the DLE Metric, both during the lifespan of the ELE project as
well as beyond. At the same time, we also hope that the DLE Metric will be recognised as a
helpful tool by a range of key stakeholders at various local, regional, national and European
levels who are committed to preventing the extinction of European languages under threat,
and who are interested in promoting their prosperity in the coming years. Such stakehold-
ers include decision- and policy-makers, industry leaders, researchers, and more generally
citizens and societies across Europe. By virtue of being a tool to encourage and monitor the
progress of all European languages to achieve the ambitious goal of full DLE by 2030, the
DLE Metric serves purposes that can have a positive impact in several areas, including the
economy as a whole with the Digital Single Market (DSM), industry, tourism, education and
culture.
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Appendices

A. Full Specification of the Technological Factors of the DLE
Metric

Table 1: First implementation of the Technological Factors of the DLE Metric — LRs

Features Feature Values Proposed Weights
Resource Type corpus 5
lexical conceptual resource 1.5
language description 35
Subclass raw corpus 0.1
annotated corpus 2.5
computational lexicon 2
morphological lexicon 3
terminological resource 35
Wordnet 4
Framenet 4
model 5
each of the others (there are 15 more) 0.5
Linguality Type multilingual 5
bilingual 2
monolingual 1
Media Type text 1
image 3
video 5
audio 2.5
Annotation Type each of these - can be combined in a single LR 0.25
Domain each of these - can be combined in a single LR 0.3
Conditions of Use other specific restrictions 0.5
commercial uses not allowed 1
no conditions 5
derivatives not allowed 1.5
redistribution not allowed 2
research use allowed 3.5

Table 2: First implementation of the Technological Factors of the DLE Metric — Tools

Features Feature Values Proposed Weights
Language Independent false 5
true 1

Continued on next page
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Table 2 — Continued from previous page

Features Feature Values Proposed Weights

Input Type input text 2
input audio 5
input image 7.5
input video 10

Output Type output text 2
output audio 5
output video 10
output image 7.5
output numerical text 2.5

Function Type text processing 3
speech processing 10

information extraction and informa- 7.5
tion retrieval

translation technologies 12
human-computer interaction 15
natural language generation 20
support operation 1
image/video processing 13
other 1
unspecified 1

Domain each of these — can be combined ina 0.5
single tool

Conditions of Use unspecified 0
other specific restrictions 0.5
no conditions 5
commercial uses not allowed 1
derivatives not allowed 1.5
research use allowed 35

B. Full Specification of the Contextual Factors of the DLE
Metric
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Table 3: List of Contextual Factors

ELE

Factors

Indicator(s)

Source

Size of the economy

Size of the LT/NLP
market

Size of the language
service, translating
or interpreting mar-
ket
Size of the IT/ICT sec-
tor

Investment instru-
ments into AI/ LT

Annual Gross Do-
mestic Product
(GDP)

GDP per capita

LT market in million
Euro

Number of organisa-
tions from the indus-
try in the ELG cata-
logue

Percentage of the ICT
sector at the GDP

ICT service exports
in Balance of Pay-
ment

Gross domestic ex-
panditure on R&D in
relevant areas®

Eurostat (2021). GDP and main com-
ponents (output, expenditure and
income). Retrieved December 16, 2021,
from https://appsso.eurostat.ec.europa.
eu/nui/show.do?dataset=nama_10_
gdp&lang=en

Bromham, L., Dinnage, R., Skirgard,
H., Ritchie, A., Cardillo, M., Meakins,
F, Greenhill, S., and Hua, X. (2021).
Global predictors of language endan-
germent and the future of linguistic
diversity. Nature Ecology & Evolu-
tion, 6:163-173. https://doi.org/10.1038/
s41559-021-01604-y

European Commission, Directorate-
General for Communications Net-

works, Content and Technology,
Meertens, L., Choukri, K. Aguzzi,
S., et al. (2019). Final study report

on CEF automated translation value
proposition in the context of the Eu-
ropean LT market/ecosystem. https:
//data.europa.eu/d0i/10.2759/142151
ELG Consortium (2021). Numbers
about European Language Grid. Re-
trieved December 16, 2021, not pub-
lished.

Eurostat (2021). Percentage of the ICT
sector in GDP. Retrieved December 16,
2021, from https://appsso.eurostat.ec.
europa.eu/nui/show.do?dataset=isoc_
bdel5ag&lang=en

World Bank (2021). ICT service ex-
ports By Country, in BoP, current US$
1988-2019. Retrieved December 16,
2021, from https://wits.worldbank.
org/CountryProfile/en/country/by-
country/startyear/LTST/endyear/LTST/
indicator/BX-GSR-CCIS-CD

Eurostat (2021). GERD by sector of
performance and fields of R&D. Re-
trieved December 16, 2021, from
https://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=rd_e_gerdsc&
lang=en

Continued on next page
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Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Regional/ national LT
market

Average socio-
economic status

Higher Education In-
stitutions operating
in the language
Proportion of higher
education conducted
in the language
Academic positions
in relevant areas

Academic pro-
grammes of study in
relevant areas
Literacy Level

No indicator found

Annual net earnings
of a full-time single
worker without chil-
dren earning an av-
erage wage

Life expectancy at
age 60

No indicator found

No indicator found

Head count of the
R&D personnel and
researcher in rele-
vant areas!?

No indicator found

Literacy rate

Total number of stu-
dents in relevant ar-

Eurostat (2021). Annual net earnings
of a full-time single worker without
children earning an average wage.
Retrieved December 16, 2021, from
https://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=earn_nt_netft&
lang=en

Bromham, L., Dinnage, R., Skirgard,
H., Ritchie, A., Cardillo, M., Meakins,
F., Greenhill, S., and Hua, X. (2021).
Global predictors of language endan-
germent and the future of linguistic
diversity. Nature Ecology & Evolu-
tion, 6:163-173. https://doi.org/10.1038/
s41559-021-01604-y

Eurostat (2021). R&D personnel and
researchers by sector of performance,
fields of R&D and sex. Retrieved De-
cember 16, 2021, from https://appsso.
eurostat.ec.europa.eu/nui/show.do?
dataset=rd_p_perssci&lang=en

SIL International (2021). Ethnologue.
Retrieved December 16, 2021 from
https://www.ethnologue.com/
Eurostat (2021). Distribution of gradu-
ates at education level and programme
orientation by sex and field of edu-
cation. Retrieved December 16, 2021,
from https://appsso.eurostat.ec.europa.
eu/nui/show.do?dataset=educ_uoe_
grad03&lang=en

Students in lan-
guage/LT/NLP curric-

ula easi!
literature.

Continued on next page

10 Relevant areas: linguistic and information and communication technology.
11 Relevant areas: linguistic, information and communication technology.

WP1: European Language Equality — Status Quo in 2020/2021 23


https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_nt_netft&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_nt_netft&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=earn_nt_netft&lang=en
https://doi.org/10.1038/s41559-021-01604-y
https://doi.org/10.1038/s41559-021-01604-y
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en
https://www.ethnologue.com/
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad03&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad03&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=educ_uoe_grad03&lang=en

D1.3: Digital Language Equality (full specification)

Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Equity in education

Inclusion in educa-
tion

Public funding avail-
able for LT/NLP/AI
research projects

Venture
available

capital

Public funding for
interoperable plat-
forms

Tertiary educational
attainment in per-
centage

Percentage of for-
eigners who attain
tertiary education

Number of projects
funded by the Euro-
pean Commission in
relevant areas'?
Score from the Na-
tional funding pro-
grams

Venture capital
amounts in Euro

Number of platforms

Eurostat (2021). Population by ed-
ucational attainment level, sex, age
and degree of urbanisation (%). Re-
trieved December 16, 2021, from
https://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=edat_Ifs_9913&
lang=en

Eurostat (2021). Population by educa-
tional attainment level, sex, age and
country of birth (%). Retrieved De-
cember 16, 2021, from https://appsso.
eurostat.ec.europa.eu/nui/show.do?
dataset=edat_lfs_9912&lang=en
European Research Council (2021).
Statistics. Retrieved December 16,
2021, from  https://erc.europa.eu/
projects-figures/project-database
LT-innovate (2016). National Funding
Opportunities. Retrieved Decem-
ber 16, 2021, from https://www.lt-
innovate.org/lt-observe/public-
policy-observatory/national-funding-
opportunities!

Bellucci, A., Gucciardi, G. and Nepel-
ski, D. (2021). Venture Capital in Eu-
rope. Evidence-based insights about
Venture Capitalists and venture capital-
backed firms, EUR 30480 EN, Publi-
cations Office of the European Union,
Luxembourg, ISBN 978-92-76-26939-7
(online), doi:10.2760/076298 (online),
JRC122885.

Directorate-General for Research and
Innovation (2020).  Supporting the
Transformative Impact of Research In-
frastructures on European Research.
Publications Office of the European
Union, Luxembourg, ISBN 978-92-76-
19271-8, doi: 10.2777/490221, KI-02-20-
397-EN-C.

Continued on next page

12 Relevant areas: Computer Science and Informatic, System and Communication Engineering, Cultures and Cul-
tural Production.
13 Source contains data on one web page per country.
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Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Companies develop-
ing LTs

Start-ups per year

Start-ups in LT/ Al

Copyright legislation
and regulations
Legal status and le-
gal protection

Publicly  available
subtitled or dubbed
visual media out-
comes

Publicly  available
transcribed podcasts

Digital libraries

Number of enter-
prises in the field
of Information and
Communication

Percentage of ”Enter-
prise births”

Number of AI start
ups

No indicator found

Scores out of the le-
gal status

Scores out of lan-
guage transfer
practices

Scores out of the an-
swers about broad-
cast practizes

Number of entries in
the digital library of
cha

Percentage of contri-
bution to Europeana

Eurostat (2021). Annual enterprise
statistics by size class for special ag-
gregates of activities (NACE Rev. 2).
Retrieved December 16, 2021, from
https://appsso.eurostat.ec.europa.eu/
nui/show.do?dataset=sbs_sc_sca_r2&
lang=en

Directorate-General for Research and
Innovation (2021). European Inno-
vation Scoreboard 2021 Database.
Retrieved December 16, 2021,
from https://ec.europa.eu/docsroom/
documents/46934

Degtyareva, G. (2017). Europe Al
startups. Towards Data Science. Re-
trieved December 16, 2021, from https:
//docs.google.com/spreadsheets/d/

1KaBg6qbGd4l66kahzz1pynW2Fv6ARJL55aAyMmm{9Ec/

edit?usp=sharing

SIL International (2021). Ethnologue.
Retrieved December 16, 2021 from
https://www.ethnologue.com/
Media-Commitee  of LT-innovate
(2008). Study on dubbing and
subtitling needs and practices in
the European audiovisual indus-
try. Retrieved December 16, 2021,
from http://www.lt-innovate.org/lt-
observe/document/study-dubbing-
and-subtitling-needs-and-practices-
european-audiovisual-industry
European Federation of National Insti-
tutions for Language (2019) European
Language Monitor 4. Retrieved De-
cember 16, 2021, from https://juniper.
nytud.hu/elm4/index

Cultural broadcasting archive (2021).
Suche. Retrieved December 16, 2021,
from https://cba.media/explore
European Commission (2009).
ROPEANA - Europe’s Digital

EU-
Li-

brary: Frequently Asked Ques-
tions. MEMO/09/366, Brussels. Re-
trieved December 16, 2021, from

https://ec.europa.eu/commission/
presscorner/detail/en/MEMO_09_366
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D1.3: Digital Language Equality (full specification)

Table 3 — Continued from previous page

ELE

Indicator(s)

Source

Factors
Impact of lan-
guage barriers

on e-comimmerce

Digital literacy
Wikipedia pages

Websites with con-

tent available ex-
clusively in the
language

Websites with con-
tent available in the
language (but not ex-
clusively)

Web pages
Ranking of websites
delivering content

Labels and lemmas
in knowledge bases

Language  support
gaps
E-commerce  web-

sites

Percentage of popu-
lation buying cross-
border

No indicator found
Number of articles in
Wikipedia

No indicator found

Percentage of web-
sites in the languages

No indicator
Matrix of the 12
selected websites
supporting the lan-
guages

Number of lexemes
in Wikipedia

Language matrix of
supported features

T-Index

STOA (2017). Language equality in the
digital age — Towards a Human Lan-
guage Project. Retrieved December
16, 2021, from http://www.europarl.
europa.eu/stoa/

Wikimedia (2021). List of Wikipedias.
Retrieved December 16, 2021, from
https://meta.wikimedia.org/wiki/List_
of_Wikipedias

W3Tech (2021).
content languages for websites.
trieved December 16, 2021,
https://w3techs.com/technologies/
overview/content_language

Usage statistics of
Re-
from

STOA (2017). Language equality in the
digital age — Towards a Human Lan-
guage Project. Retrieved December
16, 2021, from http://www.europarl.
europa.eu/stoa/
Wikimedia  (2021).
data:Lexicographical
data/Statistics/Counts of various things
by language. Retrieved December 16,
2021, from https://www.wikidata.org/
wiki/Wikidata:Lexicographical_data/
Statistics/Counts_of_various_things_
by_language

W3C (2017). Language matrix: In-
ternational typography on the Web.
Retrieved December 16, 2021, from
https://www.w3.org/International/
typography/gap-analysis/language-
matrix.html

Imminent (2021). Austria. Re-
trieved December 16, 2021, from
https://imminent.translated.com/data-
index/austria'

Wiki-

14 Source contains data on one web page per country.
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D1.3: Digital Language Equality (full specification)

Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Presence of local,
regional or national
strategic plans, agen-
das, etc.

Recognition and
promotion of the LR
ecosystem

Consideration of

regional or national
bodies for the cita-

tion of LRs
Promotion of re-
gional, national or

international coop-
eration

Public and com-
munity support for
the definition and
dissemination of
resource production
best practices
Policies to provide,
maintain and update
BLARKS

Political activity

Scores out of a list
of the published na-
tional Al strategies

Scores out of the

question: Is there,
in your country, an
official language

plan/strategy  pub-
lished by your coun-
try’s government or
some organisation
close to the govern-
ment?

No indicator found

No indicator found

No indicator found

No indicator found

No indicator found

Scores out of the list
of documents, initia-
tives, etc. regarding
LTs

European Commission, Joint Research
Centre, Organisation for Economic
Co-operation and Development, Van
Roy, V., Rossetti, F, Perset, K., et al.
(2021). AI watch, national strategies
on artificial intelligence : a Euro-
pean perspective, Publications Office,

https://data.europa.eu/doi/10.2760/069178

European Federation of National Insti-
tutions for Language (2019) European
Language Monitor 4. Retrieved De-
cember 16, 2021, from https://juniper.

nytud.hu/elm4/index

Aldabe, I, Rehm, G., Rigau, G.
and Way, A. (2021). D3.1 Report
on existing strategic documents
and projects in LT/AL. Retrieved
December 16, 2021, from https:

//[european-language-equality.eu/wp-
content/uploads/2021/12/ELE___
Deliverable_D3_1_ revised_.pdf
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D1.3: Digital Language Equality (full specification)

Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Languages of public
institutions

Available public ser-
vices in the language

Innovation capacity

Research groups in
LT

Research groups/
companies predom-
inantly working on
the respective lan-
guage

Research & Develop-
ment staff involved
inLT

Suitably trained and
qualified Research &
Development staff in
LT

Capacity for talent
retention in LT

State of play of
NLP/AI at large
Scientists and re-
searchers working
in LT/ on the lan-

guage

Number how many
constitutions are
written in the lan-

guage

Percentage of a max-
imum score about

digital public ser-
vices
Score for digital pub-

lic services for citi-
zens

Innovation Index

Number of research
organisations

No indicator found

No indicator found

No indicator found

No indicator found
No indicator found
Total number of re-

searchers in relevant
areas!s

European Federation of National Insti-
tutions for Language (2019) European
Language Monitor 4. Retrieved De-
cember 16, 2021, from https://juniper.
nytud.hu/elm4/index

European Commission (2021). Digi-
tal Economy and Society Index (DESI)
2021: Thematic chapters. Retrieved De-
cember 16, 2021, from https://digital-
strategy.ec.europa.eu/en/policies/desi
European Commission (2021). Digi-
tal Economy and Society Index (DESI)
2021: Thematic chapters. Retrieved De-
cember 16, 2021, from https://digital-
strategy.ec.europa.eu/en/policies/desi
Directorate-General for Research and
Innovation (2021). European Inno-
vation Scoreboard 2021 Database.
Retrieved December 16, 2021,
from https://ec.europa.eu/docsroom/
documents/46934

ELG Consortium (2021). Numbers
about organisations per country. Re-
trieved December 16, 2021, not pub-
lished.

Eurostat (2021). R&D personnel and
researchers by sector of performance,
fields of R&D and sex. Retrieved De-
cember 16, 2021, from https://appsso.
eurostat.ec.europa.eu/nui/show.do?
dataset=rd_p_perssci&lang=en

Continued on next page

Relevant areas: Computer and information science, media and communication, humanities, languages and lit-

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

28


https://juniper.nytud.hu/elm4/index
https://juniper.nytud.hu/elm4/index
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://digital-strategy.ec.europa.eu/en/policies/desi
https://ec.europa.eu/docsroom/documents/46934
https://ec.europa.eu/docsroom/documents/46934
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=rd_p_perssci&lang=en

D1.3: Digital Language Equality (full specification)

Table 3 — Continued from previous page

ELE

Factors

Indicator(s)

Source

Researchers and
scholars whose work
benefits from the
availability of LRs
and LTs

Overall research
support staff

Scientific associ-
ations or general
scientific and tech-
nology ecosystem
Papers about LT and
or the language

Number of papers
reporting studies on
language

Importance, rele-
vance or recognition
of the language
Fully proficient (lit-
erate) speakers

No indicator found

Dead count of the re-
search support staff

No indicator found

Number of papers
about Machine
Translation, Speech
Synthesis and Infor-
mation Retrieval

Number of refer-

ences

No indicator found

Number of L1 speak-
ers

Eurostat (2021). R&D personnel by
sector of performance, professional
position and sex. Retrieved December
16, 2021, from https://appsso.eurostat.
ec.europa.eu/nui/show.do?dataset=rd_
p_persocc&lang=en

Directorate-
Net-

European Commission,
General for Communications

works, Content and Technology,
Meertens, L., Choukri, K., Aguzzi,
S., et al.  (2019). Final study re-

port on CEF automated translation
value proposition in the context of
the European LT market/ecosystem,

https://data.europa.eu/d0i/10.2759/142151

Hammarstrom, H., Forkel, R., Haspel-
math, M. and Bank, S. (2021). Glot-
tolog 4.5. Leipzig: Max Planck Insti-
tute for Evolutionary Anthropology.
https://doi.org/10.5281/zenodo.5772642
Retrieved December 16, 2021, from
https://glottolog.org/

SIL International (2021). Ethnologue.
Retrieved December 16, 2021 from
https://www.ethnologue.com/

Digital Skills Percentage of indi- Eurostat (2021). Individuals’ level of
viduals with basic or digital skills (until 2019). Retrieved De-
above basic overall cember 16, 2021, from https://appsso.
digital skills eurostat.ec.europa.eu/nui/show.do?

dataset=isoc_sk_dskl_i&lang=en

Size of language Total number of SIL International (2021). Ethnologue.

community speakers Retrieved December 16, 2021 from

https://www.ethnologue.com/*®
Continued on next page
erature.

16 Gaps filled and some numbers corrected as explained in Section 4.2.
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D1.3: Digital Language Equality (full specification)

ELE

Table 3 — Continued from previous page

Factors

Indicator(s)

Source

Population that does
not speak the official
language(s)

Official languages
and recognized mi-
nority and regional
languages

Community lan-

guages

Available time re-
sources of the mem-
bers of the language
community

Civil society stake-
holders working
on (preserving) the
respective language

Speakers’ attitudes
towards the lan-
guage

Involvement of in-
digenous peoples
Sensitivity to barri-
ers that impede the
availability of new
technology, content
and services

Usage of Social Me-
dia or networks

No indicator found

Total number of the
languages with an of-
ficial status

Number of border-
ing languages

Number of Commu-
nity languages

No indicator found

No indicator found

Total number of par-
ticipants wanting to
acquire the language

No indicator found

No indicator found

Total number of so-

cial media users

Percentage of social
media users

SIL International (2021). Ethnologue.
Retrieved December 16, 2021 from
https://www.ethnologue.com/

Bromham, L., Dinnage, R., Skirgard,
H., Ritchie, A., Cardillo, M., Meakins,
F, Greenhill, S., and Hua, X. (2021).
Global predictors of language endan-
germent and the future of linguistic
diversity. Nature Ecology & Evolu-
tion, 6:163-173. https://doi.org/10.1038/
$41559-021-01604-y

SIL International (2021). Ethnologue.
Retrieved December 16, 2021 from
https://www.ethnologue.com/

Directorate-General for Communica-
tion (2014). Special Eurobarometer
386: Europeans and their Languages.
Retrieved December 16, 2021, from
https://data.europa.eu/data/datasets/
§1049_77_1_ebs386?locale=en

Kepios (2021). Datareportal.  Re-
trieved December 16, 2021, from https:
//datareportal.com/reports?offset=
1613118017367&tag=Digital+2021
Kepios (2021). Datareportal.  Re-
trieved December 16, 2021, from https:
//datareportal.com/reports?offset=
1613118017367&tag=Digital+2021
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D1.3: Digital Language Equality (full specification)

ELE

Table 3 — Continued from previous page

Factors

Indicator(s)

Source

Open-source tech-
nologies of LTs
Access to computer,

smartphone etc.

Digital connectivity
and Internet access

No indicator found

Percentage of house-
holds with access
to a computer from
home

Percentage of house-
holds with broad-
band access

OECD (2021). Access to comput-
ers from home (indicator). doi:
10.1787/a70b8a9%f-en, retrieved Decem-
ber 16, 2021.

Eurostat (2021). Households with
broadband access. Retrieved 16, 2021,
from https://appsso.eurostat.ec.europa.
eu/nui/show.do?dataset=isoc_r_broad_
h&lang=en

Table 4: Conversion from plain text into scores

Factor

Merging of the scores

Conversion from text to scores

Public  funding
available for LTs

Legal status and
legal protection

Publicly available
media outcomes

Adding up of the
scores for each
country

Adding up of the
scores per lan-

guage

Adding up of two
scores: one score
for language
transfer practices
for cinema works
screened and
one for television
works broadcast

1 for regional funding

1 for national funding

1 for intranational funding

1 for ESIF

1 for EUREKA

1 for EUROSTAT

10 for statutory national language
10 for de facto national working lan-
guage

2 for statutory provincial language
2 for statutory provincial working
language

1 for recognized language

2 for dub

1.5 for voice over

1.5 for sub and dub

1 for sub
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Table 4 — Continued from previous page

ELE

Factor

Merging of the scores

Conversion from text to scores

Presence of local,
regional or na-
tional  strategic
plans

Political activity

Adding up of the
scores + division
through the num-
ber of answers

One of the score
per country

Adding up of the
scores per coun-

try

Broadcastin original language: 5 for
mostly/ always, 2.5 for sometimes
Broadcast with dubbing: 4 for
mostly/ always, 2 for sometimes
Broadcast in original language with
voice-over: 3 for mostly/ always, 1.5
for sometimes

Dual-channel sound: 2 for mostly/
always, 1 for sometimes

Broadcast with subtitles: 1 for
mostly/ always, 0.5 for sometimes

1 for no plan/ strategy

2 for a plan without mentioning LT
3 for a plan mentioning LT

4 for a plan mentioning LT and mi-
nority and regional languages

1 score for each document

1 score for each document mention-
ing LT

2 for each document exclusively
about LT

1 for a document covering a specific
language

2 for each document published
2020/2021

1 for each document published
2019/2018
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