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Abstract

In our digital age, digital language equality is an important goal to enable participation in society for all citizens, independent
of the language they speak. To assess the current state of play with regard to Europe’s languages, we developed, in the project
European Language Equality, a metric for digital language equality that consists of two parts, technological and contextual
(i. e., non-technological) factors. We present a metric for calculating the contextual factors for over 80 European languages. For
each language, a score is calculated that reflects the broader context or socio-economic ecosystem of a language, which has,
for a given language, a direct impact for technology and resource development; it is important to note, though, that Language
Technologies and Resources related aspects are reflected by the technological factors. To reduce the vast number of potential
contextual factors to an adequate number, five different configurations were calculated and evaluated with a panel of experts.
The best results were achieved by a configuration in which 12 manually curated factors were included. In the factor selection
process, attention was paid to data quality, automatic updatability, inclusion of data from different domains, and a balance
between different data types. The evaluation shows that this specific configuration is stable for the official EU languages; while
for regional and minority languages, as well as national non-official EU languages, there is room for improvement.
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1 Introduction European Charter for Regional or Minority Languages
The rising influence of the internet on the daily life im- ~ and the Charter of Fundamental rights of the EU (Arti-

pacts the relevance of the automated understanding and cle 21), which declare the prohibition of discrimination
production of language in the digital age since natu- grounded on language (European Union, 1992; Euro-
ral language is an important part of human-computer- ~ P¢an Union, 2010).

interaction (HCI). From a technological perspective, ~ The EU-funded project European Language Equality
Language Technologies (LT) can add the “ability to an- ~ (ELE) addresses the challenge how to solve this ex-
alyze, understand and generate information expressed ~ isting imbalances. Its main goal is the preparation
in natural language” (Aldabe et al., 2021, p. 13)  of a strategic research, innovation and implementation
to digital systems. Especially many languages with ~ agenda and roadmap that specifies the necessary steps
smaller numbers of speakers are typically under-served ~ and instruments to achieve DLE in Europe by 2030

in terms of resources and technologies, because of fac-  (Rehm and Way, 2022). The project covers a total .Of
tors as missing economic interest, etc.. To analyse the 89 .languages: all 24 9fﬁc1al EU lar}guages, 1.1 official
situation of a language community in the digital sphere, ~ national languages without an official status in the EU

it is necessary to develop a metric which is able to  and 54 regional and minority languages.'

assess the current state of technological support, but ~ For the preparation of the strategic agenda, the cur-
that is also able to position the results in the broader  rent state of each language needs to be determined as
socio-economic context of a language and its commu-  the starting point. In all previous attempts, such as
nity. Hence, our suggested Digital Language Equality ~ the META-NET White Paper Series, the role of a lan-
(DLE) metric consists of two broader groups of factors, ~ guage’s context on the development (or lack thereof)
technological and contextual factors. of technologies for that language has been neglected.
Especially in multilingual societies, the importance and ~ Accordingly, in this article we focus upon the contex-
relevance of DLE is growing every day. In Europe, we  tual factors (CF).> We prepare different configurations
are still far away from the ideal situation of DLE which ~ of the metric based on simple classifications of the CFs
would be “the state of affairs in which all languages  to assess which factors can and should be included.
have the technological support and situational context  Section 2 provides the theoretical background about
necessary for them to continue to exist and to prosper ~ DLE in Europe and the measurement of the context of
as living languages in the digital age.”” (Gaspari et al.,  languages in the digital world. Section 3 describes the
2021, p. 4). Back in 2012, the META-NET White Pa-  data collection, preparation and calculation of the met-
per Series (Rehm and Uszkoreit, 2012) demonstrated ric. Section 4 presents the results and evaluation. Sec-
a strong imbalance in terms of technology support for  tion 5 discusses the work and its limitations.

31 European languages, even though at least the 24 of-

ficial EU Member State languages have the same sta- 'https://european-language-equality.eu/languages/

tus and rights. Additionally, more than 60 regional 2A complementary paper, Gaspari et al. (2022), focuses
and minority languages (RML) are protected via the  on the technological factors.
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2 Background and Related Work
2.1 Digital Language Equality in Europe
Digitisation brings people closer together and increases
contact across national borders. For interaction across
borders to function properly, smooth communication
must be possible. However, communication has so far
been dominated by a few languages with large com-
munities of speakers or economic dominance. This ex-
cludes other language communities and can eventually
lead to the digital extinction of a language. To avoid
this scenario, smaller languages need to be supported,
i.e., DLE must be defined as a societal, political and
also scientific goal to enable languages to live and grow
in the digital world.
Moreover, a multilingual society without proper trans-
lation has consequences. Negative impacts include not
knowing certain information due to a lack of informa-
tion access, no access to digital services in critical do-
mains such as health and e-government, reduced and
hindered participation in political processes and differ-
ences in cross-border shopping behavior (STOA, 2017,
Burchardt et al., 2012; Bali et al., 2019). To avoid these
effects, language barriers must be lowered or fully re-
moved. With more than 80 languages in Europe, LTs
are the only feasible option.
A recent European Parliament (EP) resolution ac-
knowledges multilingualism to be a property of Eu-
ropean diversity. Although it recommends setting
up a “large-scale, long-term coordinated funding pro-
gramme” (European Parliament, 2018) to decrease the
differences between the technological support of Eu-
rope’s languages, an EU policy to challenge language
barriers does not exist yet (Aldabe et al., 2021). Ad-
ditionally, language data, the foundation for the devel-
opment of LTs, is not classified as “high value data”
in the “Directive on open data and the re-use of public
sector information”, which implies that language data
does not provide any benefit to society or economy,
which is the main criterion for the classification (Eu-
ropean Parliament and Council of the European Union,
2019). This creates an obstacle for LT development.
There are also differences in terms of research on dif-
ferent languages. English is better supported through
LTs and is worked upon much more intensively than
other languages in published work (Joshi et al., 2020;
Blasi et al., 2021; Mager et al., 2018). In Europe, there
has been more and more research on languages other
than English in the last 10 to 15 years but the overall
situation still cannot be considered one of equality.
Krauwer (2003) was one of the first calls for action to-
wards the development of LRs/LTs for under-resourced
languages. In the following years, different projects
and initiatives established an important resource and
technology basis for Europe’s languages including,
among others, Euromatrix (EU Publications Office,
2017a), FLaReNet (Soria et al., 2012), ITranslate4 (EU
Publications Office, 2017b) and CLARIN (Hinrichs
and Krauwer, 2014). Additionally, META-NET, an EU
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Network of Excellence forging the Multilingual Europe
Technology Alliance, was established with a group
of projects (TAME, CESAR, METANET4U, META-
NORD) promoting and supporting the development of
LTs for all European languages (Rehm and Uszkor-
eit, 2012; Rehm et al., 2014). The EU-funded project
CRACKER (Cracking the language Barrier, 2015-
2017) continued the work of META-NET, concentrat-
ing on additional strategy development and community
building. The most recent EU projects in this line of ac-
tions are European Language Grid (ELG; Rehm et al.,
2020a; Rehm, 2022) and European Language Equality
(ELE; Rehm and Way, 2022). ELG and ELE collabo-
rate closely, e. g., the DLE metric, developed in ELE,
will be presented in a dedicated dashboard, which will
be available in ELG.

In 2017, the report Language equality in the digital age
was published (STOA, 2017), based on a study con-
ducted by the Scientific Foresight Unit from the Euro-
pean Parliamentary Research Service. This report in-
creased the awareness of the negative impacts of lan-
guage barriers. LTs were proposed to be a possible an-
swer, but, due to less funding and missing awareness,
the danger of digital language extinction still threatens
many European languages. Another problem identified
was the lack of policies for LTs at national and Euro-
pean level (Rehm et al., 2020b). One year later, the
Language Equality in the digital age resolution was
adopted by the EP, which defines multilingualism as
part of our cultural heritage and worthy of protection,
as well as a challenge for an inclusive EU. It calls for
the legal protection of the 60 European RMLs (Euro-
pean Parliament, 2018).

2.2 Measuring a Language’s Context

Recently, research has begun to use data-driven ap-
proaches to establish relationships between the techni-
cal support of a language and non-technological fac-
tors, e.g., by clustering languages according to the
number of available LRs and mentions in scientific
publications. Joshi et al. (2020) show a correlation be-
tween the representation of a language at NLP confer-
ences and the availability of language data. Mentions
of each language in conferences were computed using
Language Occurrence Entropy. Subsequently, a class-
wise Mean Reciprocal Rank calculated the results per
class in the conference proceedings.

Blasi et al. (2021) examine the performance of tech-
nologies for various languages as well as the corre-
lation of technological and non-technological factors.
Leaving technological performance aside, the authors
analyse the correlation between the number of cita-
tions and the covered language diversity in a paper and
between the economic size and number of published
papers. A marginal effect was measured between the
number of citations and number of languages covered
by a paper, i.e., no correlation was detected. Signif-
icantly fewer prediction errors were found when the



Gross Domestic Product (GDP) was associated with
the number of papers.

Moreover, data sets are also investigated regarding the
correlation between geographical or economic factors
and the origin of the data set calculating the predictive
values for these factors (Faisal et al., 2021).

The AI Vibrancy Tool published with the AI Index
report (Stanford University, 2021) computes a score
that represents the “Al vibrancy” per country includ-
ing TFs and non-technological factors. The factors
covering research and development are based on num-
bers about publications, patents, Al conferences and
available software. Economy is quantified via numbers
about skills, hiring, investment and companies. Inclu-
sion is represented through numbers about women in
Al The measured factors represent the context of Al
software development (Zhang et al., 2021a). The calcu-
lation consists of the following steps: (1) data normal-
isation using a scalar; (2) calculation of the arithmetic
average per country and indicator; (3) substitution of
the values for each country into the formula®. Weights
are applied to individual scores based on the respective
indicator and the area of the indicator. Finally, for each
factor a relative score between 0 and 100 is calculated
(Stanford University, 2020).

In recent years, first approaches have been made to
measure the technical support of languages. But due to
the lack of data and the high complexity of the matter,
a metric which includes all components is still missing.
Section 3 shows that our DLE metric is based on a sim-
ilar approach as the Al Index meaning it also results in
a score through processing a number of factors and it is
quantitative and solely data-driven.

3 Method

3.1 Data Collection

The preliminary definition of the DLE metric (Gaspari
et al., 2021) included 72 potential contextual factors,
clustered into 12 classes representing different aspects
of the context of a language. Each of the factors had to
be quantified with an indicator to be measurable, which
depended on the presence and accessibility of data for
a fitting indicator to represent the factor. First, different
sources of pan-European data were collected. The se-
lected ones included, among others, EUROSTAT*, the
European Language Monitor’, Ethnologue® and vari-
ous reports and articles. Second, the data was collected
manually for each indicator.

Overall, 27 of the 72 initial factors were excluded due
to missing data. This affected especially factors from
the classes “research & development & innovation”,
“society” and “policy”. Data about policies is mainly
too broad and represents whether policies exist or not.

*https://aiindex.stanford.edu/vibrancy/
*https://ec.europa.eu/eurostat
Shttp://www.efnil.org/projects/elm
Shttps://www.ethnologue.com
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The class “society” included factors about diversity be-
ing difficult to quantify. The problem of missing data
in this area was already mentioned in the Al Index re-
port (Zhang et al., 2021b). The factors excluded from
the class “research & development & innovation” cov-
ered mainly figures about the LT research environment,
while broader numbers about the research situation of
the whole country were indeed available. Table 3 in the
Appendix shows all factors from the preliminary defi-
nition (Gaspari et al., 2021), their class and the indica-
tor they were quantified with. Overall, 46 factors’ were
quantified with at least one appropriate indicator, some
with two indicators representing different perspectives
like total numbers and numbers per capita.

The data was collected on 16 of Dec. 2021. Many
sources provide their data as Excel sheets. Some data
was published on websites. The data for 15 indicators
had to be collected manually from reports or articles.
We attempt to update the contextual factors on an an-
nual basis. Based on the work presented in this pa-
per, we assume that this process of updating the metric
takes approximately one or two weeks.

3.2 Data Preparation

The collected data was very heterogeneous: it had dif-
ferent formats, was based on country or language level,
included differing languages or countries and consisted
of three data types. Data preparation took several steps,
including the standardisation of the format of the num-
bers, harmonising the names of the languages (Ham-
marstrom et al., 2021) and merging the data from dif-
ferent tables. Some sources provided plain text from
which a score had to be extracted. Features mentioned
in the text were quantified with a score and this score
was assigned to countries or language communities. If
the text included more than one feature, the scores were
added up. For a list of the indicators transformed from
plain text and an explanation of the process see Table 4.
Because the metric is intended to process data on a lan-
guage basis, data collected on 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 language per country. The figures
for the percentages were calculated through the popula-
tion size and the number of speakers from Ethnologue.®
Due to some gaps and old records about RMLs, experts
on minority languages from the ELE consortium were
asked to fill the gaps or to provide better data. The
figures for Alsatian, Faroese, Gallo, Icelandic, Mace-
donian and the Saami languages were corrected.

Percentages of languages often taught as a second lan-
guage (English, German, French, Spanish) were only
included if the language had an official status in the
country. For example, the figures for English are based

"The factor “political activity” was added.
8https://european-language-equality.eu/languages/
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on the figures of the UK, Ireland and Malta. In other
European countries, English does not have an official
status, so they were not taken into account. If the lan-
guage was an official national language in at least one
country, only language communities with more than
one percent were included to simplify the mapping.
This calculation was performed for each language com-
munity in each of the European countries covered by
the ELE project.

Total numbers per capita, proportional numbers, and
scores were applied to the language communities with-
out adjustment due to the complexity and additional
time the adaption would have needed. A complex map-
ping would be desirable, as many language communi-
ties deviate from the average. Additionally, the map-
ping through the proportion of the speakers is problem-
atic, too, because the sum of the speaker communities
is not 100% if the country has many bi- or multilingual
speakers. Hence, numbers from such countries were
given several times. Another problem is the missing
inclusion of the political reality regarding the promo-
tion of a language. This refers to figures as to how
many researchers work on the language, which were
also transferred by a percentage mapping. In countries
with a high number of speakers of a language, but less
money or activity being spent on the promotion of the
language, a direct mapping does not fit.

If a language was spoken in more than one country,
total numbers were added up, while proportional num-
bers, scores and total numbers per capita were calcu-
lated through the average. At this point the different
sizes of the language communities were slightly taken
into account, hence, the data values of bigger language
communities were weighted double for the calculation
of the average. A complex inclusion of the size of the
language community would result in more fine-grained
figures and, therefore, probably in different scores.

3.3 Maetric Calculation

The data per language community was converted into
scores that indicate if a language has a context with
the possibility to evolve or not. Without the political
will, funding, innovation and economic interest in the
region, the probability to achieve DLE is low. In or-
der for the contextual values to be easy to compare and
memorise, a score between 0 and 1 was assigned to the
languages. Here, O represents a context with no po-
tential for the development of LT, while 1 represents
the best potential. 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 fac-
tor. The language with the lowest value for the respec-
tive factor will be depicted with a 0, the language with
the highest value with a 1. The steps were as follows:

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

(value—minimum)*100
range

2.

= Percentage weighting of
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a language within the range;

. The result is a relative value: to obtain a score
between 0-1 the result is divided by 100;

Apply steps 1-3 for all languages and factors;
Calculate average of all factors per language;

Weighting of the scores with the three factors
number of speakers, scores based on the language
status and whether the language was an official
language of the EU or not.

The three weighting factors were considered to be rele-
vant for the context to develop LTs due to the influence
of the number of speakers on the investment by large
companies and the legal or EU status on the amount of
funding. The weighting included two steps: 1) the cal-
culation of the average of the overall scores, the scores
for the number of speakers and the legal status and 2)
the addition of 0.07 to the score for each official EU
language. The second step was separated from the av-
erage calculation, because the indicator consisted of
two values, 1 for being and 0 for not being an EU lan-
guage. Average calculation would result in a too strong
boost for the official EU languages. Hence, English had
already a score of around 0.7 and 0.8 without the boost,
smaller values for EU languages would have penalised
English, which would not represent reality.

To create five different versions of the metric, the fac-
tors were classified based on the option to update the
data automatically and the quality of the data (Table 3,
indicators marked with * are automatically updateable
and indicators marked with ** provides data with good
quality). Data quality was chosen to avoid bias in the
outcome of the metric. The possibility to update the
data automatically was selected because it would sim-
plify the implementation of the DLE metric in the form
of an interactive dashboard in the ELG platform.
Based on these criteria, the following configurations of
contextual factors were examined:

1. Factors with available data: 46 factors

2. Factors that can be updated automatically: 34 fac-

tors
Factors with good data quality: 26 factors

Factors that can be updated automatically and that
have good data quality: 21 factors

Factors were manually curated using four crite-
ria: automatically updatable, good data quality,
not more than two factors per class, balance be-
tween data types: 12 factors (Table 1 shows the
factors included in this configuration)

The fewer factors included in the metric, the more
likely it is that an important influencing factor is omit-
ted. However, the risk of distorting the metric with
more data is reduced.



Table 1: Factors included in Configuration 5

Class Factor
Economy Size of economy
Size of the ICT sector
Education Students in LT/language
Inclusion in education
Industry Companies developing LTs
Law Legal status and legal protection
Online Wikipedia pages
R&D &I  Innovation Capacity
Number of papers
Society Size of language community
Usage of social media
Technology  Digital connectivity, internet access

3.4 Heuristic Expert Evaluation

The results were validated through a heuristic expert
evaluation, a method developed by the HCI community
to conduct usability analyses. Experts were confronted
with an interface and asked to give their opinion. One
issue of the method is the lack of reproducibility, as dif-
fering opinions between experts produce different re-
sults. However, this allows for independent thoughts
and maximises the likelihood of discovering aspects
not noticed before (Nielsen and Molich, 1990). When
three to four experts evaluate an interface together us-
ing this method, only 25-50% of errors are detected but
with five independent experts between 55 and 90% of
errors can be discovered (Georgsson et al., 2014).

We adapted the method for our purposes. The ex-
perts did not receive an interface but the results of the
five configurations of the metric. The expert panel
consisted of ELE consortium partners. The choice of
the experts were based on their knowledge in the area
of Language Technology, Computational Linguistics,
Linguistics, Computer Science and others. Moreover,
the experts represent different European countries and
know the background of their countries and the lan-
guages spoken in the country well. We reached out to
37 (of the, in total, 52) ELE partners from 33 differ-
ent organisations. The experts were asked to provide
an intuitive assessment of the results regarding the lan-
guages they know, a feedback explaining how and why
they would have expected the results to be and to indi-
cate the most appropriate configuration.

4 Results

4.1 Most Adequate Configuration

The fifth configuration (Figure 1) was evaluated by the
experts as being the one that reflects reality most ad-
equately. The results of the other configurations are
shown in the Appendix (Figures 2). Overall, the re-
sults develop steadily from the first configuration to the
fifth in direction of higher scores for the official EU lan-
guages and lower scores for the regional and minority
languages. From the second to the fifth configuration

17

the results are similar but differ in the score ratios be-
tween the language groups (1) official EU languages,
(2) national languages but not an official EU language
and (3) regional and minority languages.

Diving deeper into the results of the fifth configuration
(Figure 1), the calculated scores for the 89 languages
with 12 curated factors range between 0.95 and 0. The
distinction of 0.05 between the average of 0.14 and the
median of 0.09 represents a left shift towards the higher
scores. The first third is dominated by the official EU
languages (turquoise) ranging between a score of 0.17
and 0.95, while the RMLs (orange) are presented as a
long tail with low scores between 0.1 and 0. The of-
ficial national languages which are not recognised as
official EU languages (pink) are between the other two
language groups having scores from 0.18 to 0.08. The
proximity of English, German and French and the rela-
tively low score for Spanish are caused by the inclusion
of only European countries in the data.

Generally, the results exhibit a Northwest to Southeast
divide. Usually, the languages spoken in the North-
west of a language group have better scores than the
languages spoken in the Southeast of Europe. This ten-
dency materialises especially in the regional and mi-
nority languages and less in the official EU languages.

4.2 Heuristic Expert Evaluation

From the 37 contacted partners, 18 provided an assess-
ment of the results. The feedback consisted of overall
ratings of the five configurations (Section 4.1) as well
as detailed comments regarding individual languages
the experts have expertise in. As a consequence, most
answers related to official EU languages. RMLs for
which feedback was received are spoken in the UK,
Spain, Italy and the Nordic countries. We received
feedback on 56 of the 89 languages.

In general, using all factors was evaluated as risky due
to the possible distortion of results caused by data with
bad quality. The results of configuration 1 were indeed
considered as being counterintuitive, with high scores
for languages as Emilian, Gallo and Franco-Provencial
which seemed to be motivated by distorted data. The
second configuration was similarly criticised, except
for positive comments on the automatic nature of the
metric. The results are less distorted but evaluated as
worse compared to configurations 3-5. The results of
the third and fourth configuration are similar. Focusing
on quality data improves the results significantly, but
fewer factors eventually imply that relevant important
factors for the context may be missing. However, al-
though the factors were reduced the scores remain sim-
ilar. The fifth configuration was assessed positively re-
garding the transparency of fewer factors and the pos-
sibility to balance the factor classes.

The evaluation of individual languages and their scores
showed an improvement from the first configuration
with the worst results to the fifth configuration with the
best results. Table 2 lists the evaluated languages in
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= official EU language
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Figure 1: Results of Configuration 5 (12 manually curated factors)

configuration 5 and their assessment by the experts.
Overall, the results of the fifth configuration were as-
sessed to represent the context of the language com-
munities in the most adequate way, while there is still
room for improvement for a few languages.

Various experts provided suggestions to improve the re-
sults, e.g., with regard to the data and data sources.
First, it was recommended to collect data in national
and regional sources. Additionally, it was pointed out
that the context of languages spoken outside of Europe
is excluded and therefore important and relevant num-
bers are missing. Other suggestions refer to missing
factors, particularly relevant for RMLs is the inclusion
of the vitality status of a language. Another idea was
to replace the official EU status as a weighting factor
with the respective country’s membership in the Eu-
ropean Economic Area (EEA), since countries within
this alliance have access to European research funds
and networks. Moreover, competition between official
national languages, as with Irish and English in Ireland,
was suggested to be an important factor.

There were also suggestions regarding the presentation
of the results. Language communities with complex
political backgrounds are most likely to be biased by a
rather simplistic calculation based on country data and
should be highlighted and presented with the limita-
tions of data-based approaches for such cases. It was
also suggested that languages that do not have a writing
system are special cases for the development of LTs.

A few experts had more global comments regarding
the methodology, which they felt is unable to capture
the complex contexts of certain language communi-
ties such as Maltese, Irish and the Celtic languages,
which scored better than expected. The prosperity of
the UK boosts its relevant RMLs with the country-
specific data, while in reality these RML communities
are strongly dominated by English. The same applies
to Ireland and the Irish language. Another point of crit-
icism was the inclusion of data not applied per capita.
As a result, small language communities, despite rela-
tively good support, cannot 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 some smaller language
communities that have already invested a lot in their
language and infrastructure, the score seems too low.

5 Discussion

The DLE metric for the contextual factors has some
limitations (see Section 3). First, expanding the data set
to include regional or national sources would result in
(i) a higher number of factors, (ii) improved data qual-
ity, as gaps in individual indicators may be filled, (iii)
quantification of more factors with more than one indi-
cator, to reflect different perspectives and (vi) a more
complex mapping to language communities based on
regional data resulting in a significant impact on RML.
Moreover, including the factors suggested by the ex-
perts, such as membership in the EEA or language vi-
tality status, could help improve the results.

Second, the data cleaning procedure can be im-
proved. For the calculation of the Innovation Score-
board (Bielinska-Dusza and Hamerska, 2021), outliers
with values outside twice the standard deviation were
replaced by the respective maxima or minima of the
data series. Data gaps could be filled using data from
previous years and skewed data could be corrected us-
ing a square root transformation. These steps would
most likely affect the results of configurations 1 and 2,
since they use the data with poorer quality.

The mapping of country-specific data to language-
specific data can be improved, e.g., Bromham et al.
(2021) show how a possible regional mapping of data
using the World GeoDatasets® could be realised. For
large countries with bigger regional or urban-rural di-
vides, a regional mapping would represent reality more
accurately. In particular, the missing mapping of pro-
portional data, scores and total numbers per capita has
a major impact on the results. Here, regional data could
help to calculate the average deviation of individual re-
gions or language communities from other proportional
data and to transfer this deviation to proportional data

*http://worldgeodatasets.com
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Suitable Too high Too low Contrary Opinion
English Irish Norwegian  French
Dutch Italian Spanish German
Danish Swedish Portuguese ~ Saami, Northern
Polish Hungarian Czech Latvian
Greek Croatian Romanian
Finnish Maltese Bulgarian
Estonian Faroese Icelandic
Slovene Scottish Gaelic Emilian
Slovak Cornish Sicilian
Lithuanian Manx
Serbian Saami, Southern
Basque Saami, Pite
Catalan Saami, Lule
Galician Saami, Skolt
Asturian Saami, Inari
Aragonese Sardinian
Welsh Romagnol
Griko
Lombard
Ligurian
Venetian
Southern Italian
Friulian
Piemontese
Ladin

25 17 9 4

Table 2: Assessment of the individual languages in configuration 5 by the panel of experts

only found on national level, and similarly for the to-
tal figures per capita. Another improvement would be
to calculate the data merging from the individual lan-
guage communities in different countries depending on
the size of the language community. Currently, the
values of larger language communities were double-
weighted when determining the average of proportional
data, numbers per capita or scores. This simplifica-
tion could be mitigated by including the total number
of speakers per language community in each country.
Sustainability was mentioned several times. Romaine
(2017, p. 49) stressed the importance of an “on-going
monitoring of individual communities” for a reliable
evaluation of the situation regarding language diversity
which was considered in this approach as an important
aspect and taken into account with the inclusion of the
criterion automatic updateability of the factors. One
problem for the future is the relative calculation from
the values to each other. Thus, the scores of all lan-
guages may change if new values are added, even if
the situation of the language community itself has not
changed. To mitigate this, a temporal dimension could
be integrated (Bielinska-Dusza and Hamerska, 2021).
The lowest and highest value of the range for the cal-
culation represent the lowest or the highest value from
the last years, which reduces fluctuations.

Another approach would be to measure the prediction
accuracy of the CFs with regard to the TFs after some
time. In this way, each single factor could be evalu-
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ated and unrecognized distortion in the results could be
examined and ruled out in the future.

The results show a need for an improvement regarding
the context for LT development for all languages ex-
cept English, French and German. Despite the lack of
data about non-European countries with English as the
official national language, English achieves the best re-
sults in every configuration. Thus, the dominance of
English in business and science is reflected in the data.
The good results for French and German are grounded
in the size of the countries and their economies. Span-
ish reaches only half the score, even though it has many
more speakers. Some experts criticise this result since
the context of Spanish for LT development should score
higher. As shown by the META-NET White Papers
(Rehm and Uszkoreit, 2012), LT support for Spanish is
similar to German and French. Since the CFs are sup-
posed to show the achievability of DLE and thus give a
‘prediction’ for LT development, the results do not fit.

In the META-NET White Paper comparison of the
technical support of Europe’s languages, the languages
that were assessed as having a better technical support
in 2012 also perform better in the calculation of the
CFs. Always reaching the highest contextual scores,
English, Dutch, French, German, Spanish and Italian
achieved “moderate support” in at least three of the
four LT areas (Rehm and Uszkoreit, 2012). The next
set of languages according to the results of the CFs,
i.e., Polish, Czech, Swedish, Hungarian and Finnish,



also achieved “moderate support” in at least one area
in 2012. The fact that these languages achieved better
results in 2012 indicates that their context has probably
been better ten years ago than for the remaining lan-
guages. Greek, Croatian and Danish stand out because
these three languages did not reach the “moderate sup-
port” level in any of the four groups in 2012. However,
since the score for Croatian is considered too high by
the experts for all configurations, it can be assumed that
the score is distorted by the data. The context for Greek
and Danish seems to have improved.

Blasi et al. (2021) and Joshi et al. (2020) highlight the
marginal representation in research of languages with a
small language community and a low economic weight.
The results based on an academic context are not devi-
ating from results based on the entire context as pre-
sented in the present paper (Joshi et al., 2020). Addi-
tionally, Blasi et al. (2021) point out the more complex
the technical task, the worse the technical support lan-
guages with a small number of speakers have, i.e., the
size of the language community seems to have an in-
fluence on the technical support. Faisal et al. (2021)
predict the correlation between data sets and the coun-
try of origin with three factors: GDP, size of the lan-
guage community and geographic proximity. Most of
the data sets came from economically prosperous coun-
tries, thus the best predictive value was the GDP. Ad-
ditionally, Blasi et al. (2021) show that the GDP has
a better predictive power regarding the publication of
papers than the number of speakers of a language. Ac-
cording to these results, the GDP has a stronger influ-
ence in academia than the size of the language commu-
nity. However, if language communities have both, a
low GDP and few speakers, special effort and support
are needed to ensure technical support.

According to the Northwest to Southeast divide iden-
tified, it is the context of language communities in the
East and South of Europe that needs to be strengthened
to achieve DLE. In the META-NET White Paper Se-
ries, only three languages spoken in Eastern Europe
achieved “moderate support” once in the four areas.
In comparison, the technical support of nine languages
spoken in the West was rated as “moderate” at least
once. Since no other related studies exist, these results
can only be discussed in a broader context. For ex-
ample, Bargaoanu et al. (2019) identified an East-West
difference in Europe using data on economic and social
development patterns. Although fewer factors were ex-
amined, the same pattern emerges. The difference be-
tween Northwest and Southeast needs to be reduced to
enable all language communities to participate in the
digital society. The results are particularly poor for
small language communities. In order for the EU to
be a truly equal association of countries and language
communities, the differences must be evened out. Oth-
erwise, the impact of language barriers (Section 2.1)
will remain and even reinforce inequalities.

The results of the CFs along with the technologi-
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cal scores form the Digital Language Equality metric.
Both scores will be presented in an interactive, web-
based dashboard and will provide information about
the current state of LT support based on the TFs and
about the situation of the language communities re-
garding the further development. Together, TF and
CF scores/results can be used as the basis for strate-
gic recommendations regarding the future development
of languages in the digital world. A language that is
poorly supported technologically and has a bad contex-
tual score is unlikely to exhibit significant improvement
regarding LT support without changing its context. A
language lacking LT support but with a better situa-
tional context could indeed take the next steps towards
DLE in the coming years. Currently well-supported
languages will continue to do well if their good situa-
tional context stays intact, while languages with a good
technological score and a rather low context, are likely
to stagnate technologically.

6 Conclusion

We present a first approach for the calculation of a
score, which is meant to reflect the context of a lan-
guage with respect to the development of LTs. The
DLE metric consists of technological factors represent-
ing the current state of technical support and contextual
factors describing the situation for LT development and
achievability of DLE, especially with regard to the lan-
guages covered by ELE. The scores can also be used to
create initial predictions about the further LT develop-
ment if the context does not change.

Our initial methodological approach exhibits room for
improvement. This applies in particular to the data col-
lection and preparation. The mapping of data from the
country to the language level can be improved, reduc-
ing inherent inaccuracies affecting data from language
communities with few speakers. Another approach
could be the calculation of predictive values for indi-
vidual CFs based on TF scores. This would allow each
individual factor to be tested for its predictive power
regarding LT development.

The results of the five tested configurations show a
clear pattern once they are reduced by the factors that
distort the results due poor data quality. There exists
a greater difference between the scores of the official
EU languages and RMLs, as well as a gradient from
Northwest to Southeast within the groups.

The heuristic expert evaluation has shown that the re-
sults of the fifth configuration correspond most closely
to reality. The scores of some languages, especially
those in a more complicated political environment, do
not yet adequately represent their language commu-
nity’s context. These results can be improved using
the suggestions presented. The result of this initial ap-
proach provides a first starting point from which fur-
ther development regarding aspects as clarity and re-
producibility can be pursued.
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Appendix

Table 3: Initially proposed contextual factors (Gaspari et al., 2021)

Class Factor Indicator

Economy Size of the economy Annual GDP
GDP per capita* **

Size of the LT/NLP market LT market in million Euro

Size of the language service, translating or ~ Number of organizations from the industry

interpreting market in the ELG catalogue* **

Size of the IT/ICT sector Perc. of the ICT sector in the GDP* **
ICT service exports in Balance of Pay-
ment* **

Investment instruments into AI/ LT GDE on R&D in relevant areas™

Regional/ national LT market No indicator found

Average socio-economic status Annual net earnings, 1.0 FTE worker* **
Life expectancy at age 60**

Education Higher Education Institutions operating in ~ No indicator found

the language

Higher education in the language No indicator found

Academic positions in relevant areas Head count of R&D personnel

Academic programmes in relevant areas No indicator found

Literacy Level Literacy rate*

Students in language/LT/NLP curricula Total no. of students in relevant areas* **

Equity in education Proportional tertiary educ. attainment* **

Inclusion in education Percentage of foreigners attaining tertiary
education™® **

Funding Funding available for LT research projects  No. of projects funded in relevant areas*
Score from the National funding programs

Venture capital available Venture capital amounts in Euro

Public funding for interoperable platforms  Number of platforms**

Industry Companies developing LTs No. of enterprises in the field of I & C* **

Start-ups per year Percentage of “Enterprise births”**

Start-ups in LT/ Al Number of Al start ups* **

Law Copyright legislation and regulations No indicator found

Legal status and legal protection Scores out of the legal status* **

Media Subtitled or dubbed visual media outcomes  Scores out of language transfer practices™
Scores out of answers about broadcast
practices

Transcribed podcasts Number of entries in the cba*

Online Digital libraries Percentage of contribution to Europeana

Impact of language barriers on e-
commerce

Digital literacy

Wikipedia pages

Websites exclusively in the language
Websites in the language (not exclusively)
Web pages

Ranking of websites delivering content

Labels and lemmas in knowledge bases
Language support gaps
Impact on E-commerce websites

Percentage of population buying cross-
border**

No indicator found

Number of articles in Wikipedia* **

No indicator found

Perc. of websites in the languages™® **

No indicator

12 selected websites supporting the lan-
guages

Number of lexemes in Wikipedia* **
Language matrix of supported features™*
T-Index*
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Table 3 — Continued from previous page

Class

Factor

Indicator

Policy

Presence of strategic plans, agendas, etc.

Promotion of the LR ecosystem
Consideration of bodies for the LR citation
Promotion of cooperation

Public and community support for resource
production best practices

Policies regarding BLARKS

Political activity

Scores out of a list of the published na-
tional Al strategies
Scores from questionnaire about strategies
No indicator found
No indicator found
No indicator found
No indicator found

No indicator found
Scores out of the list of documents

Public admin-

Languages of public institutions

No. of constitutions written in the language

istration
Available public services in the language Percentage of a maximum score about dig-
ital public services™*
Score for digital public services**
Research & Innovation capacity Innovation Index* **
Development  Research groups in LT Number of research organizations

& Innovation

Research groups/ companies predomi-
nantly working on the respective language
Research staff involved in LT

Suitably qualified Research staff in LT
Capacity for talent retention in LT

State of play of NLP/AI

Scientists working in LT/ on the language
Researchers whose work benefits from
LRs and LTs

Overall research support staff

Scientific associations or general scientific
and technology ecosystem

Papers about LT and or the language

No indicator found

No indicator found
No indicator found
No indicator found
No indicator found
Number of researchers in relevant areas*
No indicator found

Head count of research support staff* **
No indicator found

Number of papers about LT**
Number of papers about the language™* **

Society Importance of the language No indicator found
Fully proficient (literate) speakers Number of L1 speakers™
Digital Skills Perc. of individuals with basic digital
skills* **
Size of language community Total number of speakers* **
Population not speaking the official lan- No indicator found
guage(s)
Official or recognized languages Total no. of languages with official status*
Number of bordering languages
Community languages Number of community languages*
Time resources of the language community  No indicator found
Society stakeholders for the language No indicator found
Speakers’ attitudes towards the language Total number of participants wanting to ac-
quire the language
Involvement of indigenous peoples No indicator found
Sensitivity to barriers No indicator found
Usage of Social Media or networks Total number of social media users* **
Percentage of social media users* **
Technology Open-source technologies of LTs No indicator found

Access to computer, smartphone etc.
Digital connectivity and Internet access

Perc. of households with a computer* **
Perc. of households with broadband* **

Indicator marked * is automatically updateable — Indicator marked ** provides data with good quality
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Table 4: Conversion from plain text to scores

Factor

Merging of scores

Conversion from Text to Scores

Public funding avail-
able for LTs

Adding up of the
scores for each coun-
try

1 for regional funding

1 for national funding

1 for intranational funding

1 each for ESIF, EUREKA, EUROSTAT

Legal status and legal
protection

Adding up of the
scores per language

10 for statutory national language

10 for de facto national working language
2 for statutory provincial language

2 for statutory provincial working language
1 for recognized language

Publicly  available
media outcomes

Sum of two scores:
one for language
transfer practices for
films screened, one
for tv broadcasts
Sum of the scores
+ division through
number of answers

2 for dub

1.5 for voice over
1.5 for sub and dub
1 for sub

Broadcast in original language: 5 for mostly/ always, 2.5
for sometimes

... with dubbing: 4 for mostly/ always, 2 for sometimes
...in original language with voice-over: 3 for mostly/ al-
ways, 1.5 for sometimes

... with subtitles: 1 for mostly/ always, 0.5 for sometimes
Dual-channel audio: 2 for mostly/ always, 1 for somet.

Presence of local,
regional or national
strategic plans

One of the score per
country

1 for no plan/ strategy

2 for a plan without mentioning LT

3 for a plan mentioning LT

4 for a plan mentioning LT, minority, regional languages

Political activity

Adding up of the
scores per country

1 score for each document (mentioning 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

25



official EU language

official national language without being an official EU language

regional or minority language

usppIA
ysasaqry
uoyug

nsn

3]021 UoluUNZY
anbseg

ueignysey
o0\
asauofery
Ysiom
usayuoN ‘uerstiy
0 “1wees
asapueny
ouayop
ueyno
paequo
ysiaipaneld
piedld

Jaddn “Ueigi0s
ewoy
ueLmsy
Jasiem

ueuquin
asajuowald

uIRISIM “UeISIY
1puefad|

43n0s “wees.
ysiginoquiaxn
ueigamioy
590184
[e1uaA01g-03ue1y
sieap

ueiuenyan
ueigias
uemen
uewoisa

asandnuod
o190
ysipams
auanols

ysyBu3

0.4

03
0.2
0.1

0

Results of Configuration 1 (46 factors with available data)

W = official national language without being an official EU language

regional or minority language

o
ueewoly
asapueiy

veuqw

ueel| upYINOS
uksny
|eUBA0Id-00UEl
uojeig

o108 uouNzYy
anbseg

paequio]

olles
yosiaipaneld
uenesy
o ‘luwiees
jousewoy
ey ‘quees

Usiom
Jaddn ‘ueigios
1ewoy

ysiuurg ueyjepausol

uIBISIM ‘UBISLly
UIBYLION ‘Uersty
oS ‘twiees
ueyuopaeny
{anos ‘uees
ueyusog
ueiueqly
ysbung
a1puefd|
asaoiey

ysiganoquaxny
ueigamioN
asayen
ueyenyin

enols
asansnuog
ustuuty
yaz)
yo219
uepeBuny
ueeon
ysiveq

uewag

ysigu3

0.9

0.8

0.7
0.6
05

03
0.2
0.1

0

Results of Configuration 2 (34 factors that can be updated automatically)
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Results of Configuration 3 (26 factors with good data quality)
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