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Abstract

Societal and demographic changes have contributed to increasing bi- and multilingualism in European countries in recent years, and
communication on social media platforms such as Twitter reflects this linguistic diversity. While high rates of English use online have
been attested for many European countries by survey research, relatively little work has quantified the extent to which English is used
on social media in European contexts. In this study, English use and bilingualism with English in Europe are investigated on Twitter. A
large corpus of Twitter messages with geographical metadata was created by accessing the Twitter APIs. After language detection and
filtering, linguistic profiles for European countries were created and the behavior of bi- and multilingual users examined. The analysis
supports some previous findings that suggest that a large-scale language shift towards English may be ongoing in Europe in some
communicative domains. Geographical differences shed light on the dynamics of this process.
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1. Introduction and Background

Recent years have seen an increase in the relative
prominence of computer-mediated communication (CMC)
modalities such as texting, instant messaging, or posting on
social media, and platforms such as Twitter have become
multilingual sites with global representation (Mocanu et al.
2013; Leetaru et al. 2013). At the same time, population
movements and changes in education and media consump-
tion have contributed to an increasing bi- and multilingual-
ization of local environments, particularly with English —
trends that are particularly evident in online communicative
domains in some European societies. Although national
languages continue to receive reinforcement in education
and media, bilingualism with English has become the norm
for many within Europe, particularly for young people.

In this study, bi- and multilingualism with English are
investigated by means of a quantitative analysis of Twit-
ter messages with location metadata in order to establish a
language ecology (Haugen 1972). The research poses the
following questions: Which languages are favored by mul-
tilinguals on Twitter in Europe? How linguistically diverse
are European societies on the platform, and what role does
English play? And to what extent do national languages
play a role in the discourse of European Twitter users? Ad-
dressing these questions may allow us to characterize Euro-
pean Twitter discourse in terms of a language ecology that
can “tell us something about where [a] language stands and
where it is going in comparison with other languages of the
world” (Haugen 1972, p. 337).

In a first step, the linguistic behavior on Twitter of
users who can be reliably located within European coun-
tries is examined according to country in order to provide
an overview of the language ecoloy of Europe. In a second
step, the aggregate network behavior of bi- and multilingual
users is examined more closely: Which languages do multi-
linguals favor in which places? The structure of the network
of multilinguals between languages can shed light on the
relative status of English and national languages and, due to

the prevailing demographics of Twitter users, perhaps pro-
vide an indication of middle- to long-term language shift for
European societies.

2. Previous Work: Twitter Language and
Multilingualism

A number of studies of CMC and Twitter language
have investigated aspects of English, including phenom-
ena such as the discourse functions of hashtags (Wikstrom
2014; Squires 2015), lexical innovation in American En-
glish (Eisenstein et al. 2014), African-American Vernacular
English dialect on Twitter (Jorgensen, Hovy, and Segaard
2015), grammatical variation in English-language Twitter
from Finland and the Nordic countries (Coats 2016a; Coats
2016b), or the interaction between demographic parame-
ters such as gender with lexical and grammatical features
in American English (Bamann, Eisenstein, and Schnoebe-
len 2014).

Ronen et al. (2014) found that English plays an important
central role in multilingual networks of Wikipedia editors,
book translations, and Twitter users. Hale (2014) inves-
tigated global multilingual networks on Twitter, including
the network associations of retweets and user mentions, and
found that while most interaction networks are language-
based and English is the most important single mediating
language, other languages collectively represent a larger
bridging force. Eleta and Golbeck (2014) examined the
tweets of 92 multilingual Twitter users and showed that their
language choice on the Twitter reflects the predominant lan-
guage of their social networks. Kim et al. (2014) used Shan-
non Entropy to quantify linguistic diversity on Twitter in
Switzerland, Quebec and Qatar. They created networks of
mono-, bi- and multilinguals, and demonstrated that while
English mediates between language communities, users of
local languages have more influence. Topic selection may
also influence language choice. Such findings have con-
firmed the status of English as the global lingua franca, but
the dynamics of multilingualism in a large social media data
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set from all of Europe has to our knowledge not yet been
subject to research attention.

Other studies have used surveys to investigate online ex-
posure to and use of languages, their relative status in var-
ious media or communicative contexts, and attitudes to-
wards them in Europe (e.g. the Eurobarometer surveys
conducted by the European Commission or Leppénen et al.
2011 for Finland). Increasing knowledge of English has ce-
mented the language’s “hypercentral” position within the
language ecology of Europe (Swaan 2001; Soler-Carbonell
2016), and there may be evidence that English has now dis-
placed some local languages in certain functional domains
in some European societies (Gorlach 2002, p. 16; for a dis-
cussion see the contributions in Linn 2016).

Few large-scale studies of aggregate online language use
in Europe, however, have been based on documented usage,
and empirical research into aggregate use on Twitter has
typically offered only an overview of language frequencies.
Additionally, while language-use profiles at country level
for Twitter data exist (e.g., Mocanu et al. 2013; Leetaru et al.
2013; Magdy et al. 2014; Graham, Hale, and Gaffney 2014),
relatively few studies focus specifically on bi- or multilin-
gualism.

3. Methods

Corpus-based and NLP methods were employed in the
study. They comprised the collection of data online, filter-
ing of data, quantification of multilingualism, and the con-
struction and visualization of language networks.

3.1. Data Collection

Over 140 million tweets with p1ace attributes from Eu-
ropean countries or territories were collected from the Twit-
ter Streaming API from November 2016 until June 2017
using the Tweepy library in Python (Roesslein 2015). From
this “seed” dataset of tweets by 2.9 million users, the tweets
of those with at least 20 tweets and at least 50% of tweets
from a single country (654,676 users) were retained for
analysis.! In total, the data used for analysis comprised over
69.8 million tweets from 55 European countries or territo-
ries.

3.2. Data Filtering and Language Detection

Not all tweet user messages are composed by humans:
A substantial proportion of tweets is generated automat-
ically by apps or bots that interact with the Twitter API
(Haustein et al. 2016). Because many apps post content that
is not user-composed but rather consists of automatically-
generated text, filtering tweets by the source value can
reduce the amount of noise in the data set. A manual anal-
ysis of a selection of tweets showed that widely-used Twit-
ter apps such as “Twitter for iPhone” or the Twitter Web

'For this data, correlation between the center of the place
bounding box and the precise GPS coordinates from the
coordinates object, if both were present, was found to be quite
high (= 0.992). For this reason, the place field was considered
an accurate indication of true user location when posting a tweet.

Client (i.e. www.twitter.com) were less likely to broadcast
automatically-generated text than were some infrequently-
used apps. For this reason, the data was filtered to retain
only those tweets broadcast by the following apps: Twit-
ter Web Client, Twitter for i0S, Twitter for iPhone, Twitter
for Android, Twitter for Windows Phone, Twitter for Insta-
gram, Tweetbot for i0S, and Tweetbot for iPhone. Tweets
with these sources collectively comprised over 87% of all
those by European users.

A consideration of bi- and multilingualism on the Twit-
ter platform critically depends on accurate characterization
of the language of individual tweets, but automatic lan-
guage detection of tweets can pose difficulties. Character
sequences present in URL addresses, usernames, hashtags,
emojis, and non-standard orthography can create problems
for automatic language detection algorithms, as they rarely
correspond to items in the lexicons of natural languages.
Even after removing such sequences, very short texts are
not handled well by language detection algorithms (Figure
1). To increase detected language accuracy, the data was
therefore filtered to include tweets that exhibited three-way
agreement between the native Twitter language detection
algorithm and the algorithms langid (Lui and Baldwin
2014) and compact language detector 2 (Sites
2014) after removal of URLs, usernames, hashtags, and
emojis. For some less-widely-used languages not identi-
fied by all three algorithms, such as Faroese, Nynorsk, Al-
banian, or Somali (among others), two-way language iden-
tification or identification by a single algorithm with a high
probabilistic accuracy value was used to assign languages
to tweets.?

text langlangid

12260 normalee, ili dzeperice ;) it
12272  luicrede divincere mann saracosi! referendum trascu__. it
12397 goldlaz2:1! it
12459 koje crno malo -} it
12736 no hej it

154  sszhes so besyitful de

251 popieram:-} de

344 gesehen? fantastische serie. de

518 iam bored de

773 alegend de

Figure 1: Language misidentification on short texts by

langid

3.3. Quantification of Bilingualism Strength

A user in the dataset was determined to be bilingual for
languages i, j if he or she had authored at least 10% of the
total number of tweets in each of the two languages. The
connection strength between languages i, j was quantified
on the basis of all users with the phi coefficient, calculated
from a contingency table (Table 1 and Equation 1).

The presence of unique vocabulary markers (Ljubesié, Fider,
and Erjavec 2014) can be used to collect tweets in less-used
languages, but the method is not applicable to the detection of
already-collected tweets.
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Table 1: Contingency Table for Number of Bilinguals
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¢ is equivalent to Pearson’s product-moment correla-
tion coefficient for occurrence frequence of two binary vari-
ables, and ranges in value from -1 to 1. Positive values in-
dicate the language pairs are more strongly connected than
would be expected based on the prevalence of the languages
in the multilingual dataset.

A t-statistic was calculated to test the significance of the
correlation between languages according to the formula

2

where D = max (R, Ch).

A multilingualism network for Europe was created in
which node size corresponds to the number of multilin-
gual users for a language and edge width corresponds to
the strength of the connection (number of bilinguals) for
a language pair. The network for those nodes and edges
with at least 10 bilinguals and t-test p-values < 0.05 was
retained (Figure 2). Network relationships were visualized
using the R packages igraph and visNetwork (Csardi and
Nepusz 2006; Thieurmel 2016). Additionally, nodes and
vertices were annotated with information about total num-
ber of users, total number of bilinguals, and average mes-
sage length.

4. Results

In terms of overall language representation in the Eu-
ropean Twitter bi- and multilingualism network, English is
the most prevalent language, with approximately 30% of
all tweets in English. For Europe as a whole, a network of
42 languages and 68 edges describes the statistically signif-
icant bilingual links (Figure 2). English clearly plays the
most important role: it is connected to almost all of the lan-
guages in the network. Other languages with large numbers
of users, such as French, Spanish, Turkish, and Russian,
have multiple connctions to other languages.

It should be remarked that the bi- and multilingual net-
work only accounts for productive language use (i.e. au-
thorship of discourse in a particular language), not passive
understanding of languages. In an additional step, follower
and friend statistics will be used to estimate these values as
well.

Multilingual networks were also created for individual
European countries. In them, English serves as as a bridge
between linguistic communities, but the principal national
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Figure 2: Bilingualism Network

language(s) figure prominently. Nonetheless, high levels
of bilingualism with English, when considered in light of
previously reported demographic statistics (European Com-
mission 2012), may indicate a shift towards English and
away from traditional languages in Europe, particularly for
some minority languages with official status.
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