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a  b  s  t  r  a  c  t

This paper  investigates  how  people  express  social  identity  at  a large  scale  on  a  social  network.  We  looked
at  communities  of  users  on  the  Twitter  website,  and tested  two  established  social-psychology  theories
ocial identity
anguage accommodation
inguistic convergence
ocial network analysis

that  are  usually  performed  at local  scale.  We  found  evidence  of  Communication  Accommodation  Theory,
where  community  members  vary  their  language  characteristics  depending  on  which  community  they
are communicating  with.  We  also  found  the  level  of linguistic  variation  correlated  with  how  isolated  a
community  was: evidence  that  there  is  Convergence  between  linked members.  This demonstrates  the
power  of methods  which  analyse  subtle  human  behaviour  on social  networks.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Social identity is that proportion of an individual’s self-concept
hat derives from membership of a social group (Tajfel and Turner,
979). Group affiliation has functions of enhancing cooperation
Boyd and Richerson, 2009) and allowing individuals to define oth-
rs through the group they belong to, in the same way  that the
ndividual defines him or herself through the identity of their own
roup (Ashforth and Mael, 1989). Group members share behaviour
nd social norms. This shared behaviour in social groups is thought
o be generated through processes on social networks such as con-
ergence of behaviour due to social relationships (Hormuth, 1990;
thier and Deaux, 1994).

The way we use language is strongly associated with our social
dentity (Scott, 2007). The convergence of behaviour, proposed by
ocial identity theory, is often studied through the language used
ithin social groups. This demonstrates how language is more than

ust a means of communication and sociolinguistic studies have
hown that varieties of a language can be strongly associated with
ocial or cultural groups (Gumperz, 1958; Labov, 1966; Carroll,
008; Bryden et al., 2013).

By using language as a proxy for social behaviour, studies

ave been able to understand how expression of social identity is
ften strongly context dependent: people will behave differently
epending on which social identity has the strongest salience in

∗ Corresponding author. Tel.: +44 (0) 1784 414189.
E-mail address: john.bryden@rhul.ac.uk (J. Bryden).

ttp://dx.doi.org/10.1016/j.socnet.2014.07.004
378-8733/© 2014 Elsevier B.V. All rights reserved.
the current situation (Hogg and Reid, 2006). Studies show how this
often manifests in the accommodation of language according to
the social identity of the interlocutor (Giles, 1973; Gallois et al.,
2005). Individuals negotiate the social distance between them-
selves and the person with whom they are conversing, and are
therefore in control of its creation and maintenance (Shepard et al.,
2001). For example, Iwasaki and Horie (2000) reported how Thai
speakers would adjust their linguistic registers when interacting
with strangers. These studies look at specific groups or social situ-
ations, but we do not know whether this behaviour can be found at
a large scale across many groups where these groups are allowed
to freely interact with one another.

Online social networking platforms are providing us with a large
scale platform to study human behaviour. With over 200 million
monthly active users (Costolo, 2013), the Twitter social network
is particularly useful due to its publicly accessible nature (Virk,
2011) and network size. The analysis of large networks brings
with it considerable statistical power that allows for the detec-
tion of patterns that in traditional, smaller scale network studies
would be undetectable. Twitter functions as a micro-blogging web-
site, working on the premise of users sharing their opinions and
thoughts in brief messages (maximum 140 characters), which are
referred to as “tweets”. An investigation into the reasons why peo-
ple post on the Twitter website by Java et al. (2007) found that
about one eighth of posts were conversational messages rendering

Twitter as a prime resource for public access to naturally occurring
communication (Danescu-Niculescu-Mizil et al., 2011) making this
public resource an excellent place to study the expression of social
identity.

dx.doi.org/10.1016/j.socnet.2014.07.004
http://www.sciencedirect.com/science/journal/03788733
http://www.elsevier.com/locate/socnet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.socnet.2014.07.004&domain=pdf
mailto:john.bryden@rhul.ac.uk
dx.doi.org/10.1016/j.socnet.2014.07.004
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The study of how identity affects our use of language
nline is a growing field. There is evidence for communication
ccommodation between offline conversation partners (Danescu-
iculescu-Mizil et al., 2011) showing that syntax, pitch, gestures,
ord choice, length or form can differ according to interlocutor.

vidence for linguistic convergence online is mixed with studies
nding evidence both for (e.g. Riordan et al., 2013) and against
e.g. Christopherson, 2011) the existence of convergence in online
ommunication. The anonymity sometimes engendered in com-
uter mediated environments can act to enhance the significance
f social identity in contexts where a relevant shared group mem-
ership is salient to users (Postmes et al., 2000). Consequently,
ocial identity can be heightened which explains why some group
henomena, such as polarisation of attitudes, and stereotyping,
an seem enhanced in some online environments (e.g. Postmes
t al., 2001). This is evident due to collective identity amongst
ommunities of websites of environmental activists (Ackland and
’Neil, 2011). However, such studies of social identity in computer-
ediated-communication are still in their relative infancy and this

esearch aims to contribute to the further development of this field
y looking to expressly link communication accommodation and
onvergence to social groups that have formed on Twitter.

In order to identify online groups, we look to the study of
omplex networks. In this field, the term communities is used to
enote parts of the network that are more strongly linked within
hemselves than to the rest of the network, a phenomenon that
as been observed in many human social networks (Porter et al.,
009). In this sense, communities are an emergent property of net-
ork structure. Much work has gone into developing methods to
etect such groups from topological analysis (Fortunato, 2010),
nd the extent to which this is possible has been termed modu-
arity (Newman, 2006). The communities found in this way  are
sually associated with groups of friends or acquaintances, or sim-

larity in traits (Porter et al., 2009; Bryden et al., 2011; Traud et al.,
012) and have also been shown to share language features (Bryden
t al., 2013). We  hypothesise that communities found in online
etworks will share social identity and consequently we  expect
o find that they demonstrate communication accommodation and
onvergence.

In this study we focus on a specific aspect of behaviour that is
trongly associated with social identity, asking whether individuals
ill shift their linguistic behaviour according to which social group

hey are messaging. The data of online communities that we used
ame from a previous study of the Twitter website (Bryden et al.,
013). We  tested for communication accommodation by looking
o see if users varied specific language characteristics according
o whether they had sent conversational messages to members
f the same community or to members from other communities.
e tested for convergence by looking to see whether this level of

anguage variation for a community correlated with how strongly
inked a community is within itself.

. Methods

The data upon which we did our tests was a network of 189,000
witter users. To identify users to download we  used a snowball-
ample where, for each user sampled, all their tweets which
entioned other users (using the ‘@’ symbol) were recorded and

ny new users referenced added to a list of users from which
he next user to be sampled was picked. Starting from a random
ser, conversational tweets, time-stamped between January 2007

o November 2009 were sampled from the Twitter website during
ecember 2009, yielding over 200 million messages. The network
as formed of bidirectional links, where both nodes had sent at

east one message to one another, and weighted by the number of
tworks 40 (2015) 84–89 85

tweets sent between the two users linked. We  ignored messages
that were copies of other messages (so-called retweets, which are
identified by a case-insensitive search for the text ‘RT’). In total the
network had 75 million messages (tweets) directed from users of
the network to one another.

The network was  partitioned into communities using a modula-
rity maximisation algorithm (Blondel et al., 2008) and a partition of
the network was  found where 91% of the tweets were sent by users
to other users within the same community. For each community,
characteristic words were generated that were used more com-
monly in that group than the global average (see Supplementary
information for characteristic words). These allowed us to identify
English speaking groups and also qualitatively summarise shared
characteristics of each group. For more information on how charac-
teristic words were generated, and an argument that the network
sampled was  representative of the complete Twitter network, see
Bryden et al. (2013).

To investigate changes in language characteristics, we  divided
messages into two  collections: internal messages that were sent
to other members of the same group, and external messages that
were sent to members of different communities. For each group, we
made sure that both collections were of the same size by discard-
ing messages at random from the larger collection. The difference
in word usage between the samples from the two  classes was  cal-
culated.

To calculate differences between word usage between the two
samples we  used text similarity measures. We used two different
text measures (Gomaa and Fahmy, 2013) to confirm that the result
was not an artefact generated by one of the measures. For a word
w we define numbers of usages of w in the internal and external
samples as �i(w) and �e(w) respectively. The first measure was  the
Euclidean distance between relative word usage frequencies for
each collection, given by,[∑

w

(
�i(w)∑

v�i(v)
− �e(w)∑

v�e(v)

)2
]1/2

. (1)

The second measure was the quantitative version of the Jaccard
distance measure (Gallagher, 1999) which is one minus the multiset
intersection of the two samples divided by the multiset union. This
is given by,

1 −
∑

w min [�i(w), �e(w)]∑
v max [�i(v), �e(v)]

. (2)

To look at other linguistic features that can be indicative of changes
in linguistic style (see e.g. Bryden et al., 2013; Wagner et al., 2013),
we also calculated differences between word-ending frequen-
cies (using both Euclidean and Jaccard distances) and apostrophe
frequencies. Differences between apostrophe frequencies were cal-
culated by calculating the frequency of apostrophes per word used
by each of the two  collections and then calculating the absolute
difference between these two  values.

3. Results

The partitioning of the sample network of Twitter users yielded
414 groups, with 42 groups having more than 250 users. A variety
of languages were found with different groups using different lan-
guages. To eliminate the effects of a user simply changing between
different languages depending on which group they were speak-
ing to, we  did the study on the 24 groups (of a size greater than

250 users) that used the English language which were selected in
a previous study ((Bryden et al., 2013), and see methods).

With these English-speaking groups, we  formed collections of
internal and external messages for each group, and then measured
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Fig. 1. A comparison of the 24 English speaking groups in the Twitter network showing the extent of linguistic variation between internal and external tweets. The bars
show  Euclidean distances on a group-by-group basis between internal and external tweets for the three measurements: word-usage frequencies (solid bars at the top of each
plot),  word-ending frequencies (slashed bars in the middle) and apostrophe usage (crossed bars at the bottom). For each measurement, all groups were scaled so that the
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alues ranged between 0.0 and 1.0. Each group has a short description and a group
enerated for each group (see Supplementary information).

he Euclidean distance in word usage frequencies between the two
ollections. Since differences of word-usage frequencies can arise
ecause users within a group communicate about one or a limited
umber of subjects, we also measured distances of word-ending
sage frequencies and apostrophe usage frequencies to look at
arkers of linguistic style. We  found a variety of distances between

nternal and external messages in all three measurements (Fig. 1).
There is a variety of distances between the internal and exter-

al word usages in Fig. 1. It is possible that these differences in
ord usage could have happened by random chance. To test this on

 group-by-group basis we used a bootstrap by resampling (with
eplacement) new random pairs of collections of messages from
he union of the original internal and external collections used
o generate Fig. 1. By calculating linguistic distances between the
ewly sampled pairs of collections, we can confirm that the differ-
nce found between the original group did not happen by chance.
epeating this procedure 1000 times for each group, we calculated
he p-value: the proportion of resampled collections for which a lin-
uistic distance exceeded that of the original internal and external
ollections. In fact, using both the Euclidean and Jaccard measures,
one of the distances between the word, or word-ending usages, of
he resamples exceeded that of the original collections (p ≤ 0.001).
his showed that the users we studied do indeed change their word
nd word-ending usage according to whether they are messaging
ther members of the group or not. For distance between internal
nd external apostrophe usages, 17 of the 24 groups were signifi-
ant (p ≤ 0.05).
The difference between the language use of external and inter-
al messages raises a question as to how much this change in

anguage characteristics is due to the sender of a message con-
orming to the language use of the receiver. An alternative scenario
er. The short description was generated by qualitatively inspecting unusual words

may  be that external messages may  have their own  language pat-
terns. We  investigated this by comparing, using both the Jaccard
and the Euclidean measures, the external messages to and from
a focal community against the internal messages of every com-
munity. We  found that the most similar community in each case
was the original focal community. This indicates that the change in
language characteristics is indeed due to the sender of a message
conforming to the language use of the receiver.

The groups of Twitter users analysed in this work were gener-
ated by partitioning the sampled network of Twitter users such that
the proportion of messages sent within the groups was  maximised:
so called modularity maximisation (Blondel et al., 2008; Newman
and Girvan, 2004). This generated closely interlinked groups that
are relatively isolated from the rest of the network. We  assessed
whether there is any relationship between the level of isolation of
a group, measured as the proportion of messages sent by that group
to other members of the same group, and the amount of linguistic
variation between internal and external messages. We  found that
the distances between word and apostrophe usage correlated sig-
nificantly with the proportion of messages sent within the groups
(Fig. 2). This indicates that the more a group was isolated from the
rest of the network, the more it showed linguistic convergence.

We did not find a significant correlation for word-ending vari-
ation against the proportion of internal tweets (Fig. 2, panel b).
A visual inspection of the figure reveals that one of the groups
is an outlier from the rest across all three measurements of lin-
guistic variation. This group (number 93) is made up of a network

of people that organise online parties called ‘pawpawties’ to raise
money for animal charities (Manning, 2009). It is intriguing that this
group, which largely exists on Twitter, has much stronger language
accommodation features compared to similar groups which appear
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ig. 2. Linguistic variation between internal and external tweets increases with the
egression line, two-tailed p = 5.6 × 10−6), (b) distance between word-endings (trian
crosses and regression line, two-tailed p = 0.0074).

o have much stronger offline interaction. When we remove this
utlier from the regression, we find that there is a significant corre-
ation for word-ending variation against the proportion of internal
weets (two-tailed, p = 0.00080).

. Discussion

Our work demonstrates how computational methods can be
sed to study social processes on large-scale social networks. Our
tudy was done on an unrestricted large-scale sample of Twitter
here individuals interact freely with one another. We  used topo-

ogical analysis to identify social groups in the network and then
emonstrated how linguistic behaviour will change according to
he group membership of the interlocutors. This shows how sub-
le trends in linguistic behaviour aggregate to form social identity
hrough communication accommodation and linguistic conver-
ence.

The work illustrates an important methodological tool for study-
ng social processes on large scale social networks. Measurements
f social behaviour, especially language features, rarely appear to
onform to a normal distribution and are thus difficult to analyse
ith traditional statistical methods. In this work we use a boot-

trap method which, through resampling our data, is independent
f whichever distribution the original measurements might come
rom. The bootstrap is a simple, but powerful, tool for statistical
nalysis of subtle social processes at such a large scale (Efron and
ibshirani, 1993).

Our study has found evidence of behaviour on the Twitter
ocial network that is consistent with theory on social iden-

ity. The results show that people are aware, either implicitly or
xplicitly, of the social identity of their interlocutor and change
heir language usage accordingly. This demonstrates that inter-
ction networks with limited communication channels are still
rtion of tweets sent within a group. (a) Distance between word-usage (circles with
d regression line, two-tailed p = 0.052), and (c) distance between apostrophe usage

sophisticated enough to allow their members to express social
identities. We have also found that the extent to which members
change their language characteristics depend on how isolated their
group is from the rest of the network. This shows that social con-
vergence between several individuals is strongly related to the
proportion of their total interaction that they spend within the
group.

This study is compatible with other studies of linguistic variation
within and between groups (e.g. Bell, 1984; Gregory and Carroll,
1978), and the idea that communities may  develop unique linguis-
tic styles which can become intertwined with, and markers of, their
identity. Our finding of linguistic differences between ‘internal’ and
‘external’ tweets echoes sociolinguistic work on situational fluc-
tuations in linguistic registers (e.g. Iwasaki and Horie, 2000) and
supports a social identity perspective that views such linguistic
variation as part of the process of social categorisation.

An important difference with previous studies is the scale at
which this study took place. For instance, previous studies that have
looked at convergence did not find significance with sample sizes of
30 conversations (Christopherson, 2011). Our approach surpasses
the boundaries of survey or interview, and laboratory or field based
investigations, with millions of conversations being analysed yield-
ing significant statistical power. While the environment of Twitter
is somewhat specific and does not relate to many other on- and
offline environments, the fact that our results here were replicated
for each community tested indicates that our result is likely to be
generalisable.

The differences in word usage between the internal and exter-
nal messages of each group may  be due to each group sharing

interests in certain subjects. To go beyond subject areas, we  also
looked at word endings and apostrophe usage. This is consistent
with theory which shows how groups become associated with par-
ticular communication styles, members may  reference those styles
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n their communicative acts as a means of claiming or expressing
he identity in question (Rampton, 1995).

Our study was restricted to English language groups because a
arge proportion of the groups in our sample of Twitter used English.

hile there were groups that spoke other languages in our data,
e did not have the quantity of data to adequately resolve sub-

roups for non-English speaking Twitter users. We  would expect,
ith more data, to be able to resolve sub-groups for non-English

peaking users, and thus be able to test the theory across many
ifferent languages.

It is possible that the sampling algorithm that we  originally used
o sample the Twitter messages may  have some introduced some
iases which would mean that our sample is not representative of
witter as a whole. A sampling process used can have some bias
oward Twitter users that have had messages sent to them. To mit-
gate this, we made sure that unsampled users were only placed
nce on the list of users to be sampled, even if they have been
essaged by several previously sampled users. The second issue is

hat there may  be a bias toward certain communities – especially
oward the community of the user first sampled. We  cover this in

ore detail in a previous paper (Bryden et al., 2013) arguing that the
ampler will move to random communities relatively quickly. We
ound that our sampling method detected a broad variety of com-

unities and this indicates the sample is likely to be representative
f the population.

Interesting future topics which are possible extensions of our
ork include theory on out-groups, where theory such as Com-
unication Accommodation Theory and the Social Identity Model

f Deindividuation predict divergence when interlocutors message
ertain external groups. We  did not find any evidence of this in our
tudy as we found that external messages for a particular group
ere still closer to the internal messages of the group than any

ther. Further investigations of how language characteristics con-
erge and/or diverge over time may  shed some light on this topic
nd be of interest in their own right. Finally, we may  also be able to
mprove an algorithm that predicts the groups of individuals based
n their language patterns (Bryden et al., 2013), by comparing an
ndividual’s language use against that of only the internal tweets of
he groups.

Even though the conversations we studied on Twitter were
ade up of very short text messages which are publicly posted,

hese results indicate that many complex features of normal offline
ommunication take place online. While such behaviour may  not
e evident at a small scale, the large quantities of data used in this
tudy meant that we were able to identify these subtle patterns.
his indicates that future studies on social identity, social behaviour
nd cooperation are likely to prove fruitful.
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