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Abstract. Gender differences in human social and communication be-
havior have long been observed in various contexts. This study investi-
gates such differences in the case of online social networking. We find a
general tendency towards gender homophily, more marked for women,
however users having a large circle of friends tend to have more connec-
tions with users of the opposite gender. We also inspect the temporal
sequences of adding new friends and find that females are much more
likely to connect with other females as their initial friends. Through
studying triangle motifs broken down by gender we detect a marked ten-
dency of users to gender segregation, i.e. to form single gender groups;
this phenomenon is more accentuated for male users.
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1 Introduction

It is a common believe that men are more frequently early adopters of new
technologies. However, in the case of many social media websites and services
women are in the vanguard. Thus, women outnumbered men by a considerable
amount for most social networking sites [6, 16] with Pinterest having the largest
gender inequality [22] and LinkedIn being the only exception [15]. With tech-
nology entering the mass market, women lean in and overtake males not only
in spending time on social networking platforms, but also in owning gadgets or
playing casual social games [3].

Differences in styles of social interactions for males and females have been
documented for centuries [4]. A seminal work [20] on quantitative analysis of
gender differences introduces a network terminology to describe social relations
between children and evolution of these relations over time. Many of the succes-
sive studies rely on questionnaires, surveys or direct observations by adults. We
refer to [18,26, 30] for further reading on this subject.

The technological advances led to the emergence of new ways to investigate
human behavioral patterns. Examples of such new tools can be the analysis of
data obtained from wearable sensors (see again [26] and references therein) or
the exploration of mobile [23] and online social traces. Among the first works fo-
cused on gender differences in online friendship preferences were Lewis et al. [14]
for Facebook and Thelwall [28] for MySpace. A recent study [27] analyzed online
social interactions in the setting of a massive multi-player online game. Gender
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homophily, the tendency of individuals to bond with similar others, was also
reported for interactions in Wikipedia, a community with strong female minor-
ity; a higher presence of women was found in discussions with a more positive
tone [13]. Finally, in [10, 12, 25] authors studied how gender influences linguistic
style of messages in Twitter, Facebook and Wikipedia.

Nevertheless there is still a lack of understanding of gender roles in online so-
cial communications. As most of the studies rely on analysis of US-based users [1]
some of these findings can be less relevant in non-US contexts. Gender influence
on access to information and communication technologies often varies according
to local and cultural practices [5,17]. In this work we use a complete dump of a
large Spanish social networking service to present an extensive analysis of online
gender homophily, i.e. gender preferences emerging online. Spain is among the
most “social media addicted” countries in the European Union [7] with almost
75% of the Spaniards using Internet as an instrument for communication and
interaction with others.

In this study we explore dissimilarities between men and women in the way
they sign up to a social network platform and they make friends online. We
further discuss how gender homophily observed in the offline world is translated
into the case of online social communications.

2 Paper roadmap and main results

To detect the fundamental differences between male and female usage of the SNS
(social networking service) under analysis, we first compare the process of build-
ing their ego networks, i.e. online personal networks. Of particular interest is to
inspect the gender of the first friend of each user to estimate the influence of
gender on the adoption of a new technology. So, our first research question is:
(RQ1) How does gender homophily affect SNS-adoption? Do men show a pref-
erence to accept invitations from men and women from women? Do online ego-
networks grow in a gender-biased way?
In our invitation-only Spanish SNS, we find that female users in most cases join
the new social platform by following invitation by another female, and they add
women as their initial friends, while for male users we don’t observe any strong
preference.

Next, we study gender homophily in more detail by answering the the fol-
lowing questions:
(RQ2) Do females and males have similar friendship networks, both in size and
composition? Is there a preference for connection among same gender users? We
find that males and females are almost indistinguishable with respect to their
network size. We observe a relation between user popularity and the gender of a
user’s friends: users having an around average number of friends exhibit gender
homophily (more marked for females), while users with few friends tend to have
more female friends, and users with a large number of friends have more opposite
gender friends.
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Finally, we inspect the effect of gender on the network structure with our
third research question:
(RQ3) How does gender affect the network structure and the formation of tran-
sitive relationships (triangles)?
We find evidence for gender segregation, as we observe a much larger proportion
of single gender triangles than expected. This result is particularly marked for
male only triangles. So, while we find in general a higher homophily for women,
men exhibit a higher tendency to form gender homogeneous groups.

3 Dataset description

In contrast to many recent studies on gender difference based on large-scale
online data, our dataset is complete in the sense that it contains the entire
friendship network. Another advantage is that the SNS under analysis is gender-
balanced, i.e. the number of male and female subscribers is practically the same.
This is different from many other online platforms. Finally, it is also worth
mentioning that we focus on a non US-located community, a category that is
underrepresented in the literature.

The dataset (see detailed descriptions in [11,31]) is a fully anonymized snap-
shot of friendship connections from the invitation-only (at the time this dataset
was collected) Spanish social networking service Tuenti (www.tuenti.com). Sim-
ilar to many other popular social networking platforms Tuenti allows users to set
up their profiles, connect with friends and share links and media items. Users
can interact by writing messages on each other’s walls. The dataset includes
about 9.8 million registered users (25% of Spain’s population), their bidirec-
tional friendship links (with the temporal order of link formation), and the di-
rected interactions (an interaction is an exchange of a wall message) generated
by the users during a three months period. There are small differences between
the numbers of male and female participants (see Appendix A for the exact
numbers) similar to those reported in surveys [9].

4 Building social environment

Gender has been observed to play a crucial role in defining people’s decisions
about adopting and using new technologies. Thus, men are more driven by in-
strumental factors (i.e. perceived usefulness) while women are more motivated
by process and social factors [29]. We examine differences in how males and
females start their online social experience, i.e. how they organize their online
social environment, by comparing the order in which they are making friends.
The dataset under analysis comes from an invitation-only online platform,
therefore we assume that the first friend of a user is the one who invited her
or him. Although some data limitations (we only have successful, i.e. accepted,
invitations, and no information about unfriending) we believe in the importance
of this analysis for better understanding of social media involvement mechanisms.
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The first friend: We schematically draw the difference in gender for the
first and second friends. In Figure 1 (left) we look at the gender of the users who
successfully invited a male user to join the SNS. We observe that males sign up
through the invitation sent by another male in 55% of the cases and only in 45%
of the cases after the invitation by a female. The gender bias however is much
more significant for female users (Figure 1 (right)): in 72% of the cases women
accept an invitation to join the online platform from another woman, and just in
28% of the cases from a man. We observe a similar trend for the second friend of
a female user in the case that the first friend was already a female. However if,
on the contrary, the first friend of a female was a male, the probability of being
the second friend as well a male rises to 42%. For male users the dependency
of the genders of the first two friends is even stronger: the second friend has in
almost 6 of 10 cases the same gender as the first friend.

Friendship order: We go beyond the first two friends and look at the aver-
age number of same gender friends added by users given their gender and degree.
In Figure 2 we plot the average fraction of same gender friends for the kth friend
of male and female users form k£ = 1 to 1 000 (the Tuenti friendship limit). In the
same plot we also show the average fraction of female friends for all users. We
find than most women, as they join the new social platform, connect primarily
to their female friends, creating female dominated ego networks. Women prefer
to add other female users until their degrees grow larger than 150. When they
have over 150 friends they tend to connect more with males. In Section 5.1 we
confirm that females with many friends have a smaller fraction of same gender
friends. For men we do not observe pronounced preferences. The only obser-
vation is that at the very beginning of their online social experience, and also
when they have between 50 and 200 friends approximately, males have a slight
tendency to connect preferentially with other males.

To sum up, women do organize their online social environment different from
men especially in the initial steps, which suggests that they are more likely to
add other women as their initial friends and to try a new service or enter a new
social environment following an invitation by another woman. As there are many

55% 45% 28% 2%

T % 1

58%, 42% 43% S7% 42% 58% 30% 70%
32% 23% 19% 26% 12% 16% 21% 51%

Fig. 1. Gender differences in making the first friends for males (left) and females (right).
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fraction of male and female friends given friendship order
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Fig. 2. Gender of the kth friend: fraction of same gender friends for male (blue squares)
and female (red circles) users, and fraction of female friends of all users (black crosses)
given friendship order.

different ways for users to find new friends (e.g. by using search or recommenda-
tion tools provided by SNS, through direct invitations, or by exploring friends
of users’ friends) further investigation is needed to explore this result.

5 Gender homophily

Exploring online friendship homophily we first find that users have just a small
preference to make friends of the same gender (see detailed statistics in Ap-
pendix A). This preference is larger for females: on average male users have 82
male and 78 female friends, while females have 85 females and 76 males. The
corresponding percentages are smaller in comparison to the offline world, where
men are reported to have 65% and women 70% of same gender friends [24].

5.1 Gender homophily by degree

Previous work on Facebook [14] reported that males and females are almost
indistinguishable with respect to their network size. In our case we also do not
find any differences for degree distributions for male and female users (data not
shown). However, by looking at gender ratios of users having a given degree we
find that users with low (< 100) or high (> 300) numbers of friends are slightly
more often females (Figure3(a)).

In Figure 3(b) we plot the ratio of female friends given the degree of a user.
That is, for all users with exactly & friends, the figure shows what fraction of
their friends are females, on average. We find that users with few friends tend to
have more female friends; their proportion decreases with increasing degree, and
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raction of female friends of auser given degree
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Fig. 3. Gender differences given the number of friends (degree) of a user.

falls below 50% for users with more than 350 friends: users having many friends
have more male friends.

To understand more deeply gender preference in friendship relationships, we
also consider the fraction of same gender friends, given the degree, for male
and female users separately (see Figure 3c¢). The figure shows, for women with
few friends, a marked preference for connection with other females: around 60%
for women having less than 50 friends. This preference tends to decrease with
increasing degree, until women with more than 450 friends, who tend to have
more male friends. For male users we observe a more balanced pattern, while
we still find that users with many friends prefer to friend opposite gender users.
Interestingly, males with a low number of friends also have a higher proportion
of female friends. This finding is in contrast with the slight tendency of men to
add other men as their initial friends, observed in Figure 2, suggesting that a
preference for female friends applies only to male users having a small circle of
friends (less than 25) in the SNS.

5.2 Triangle motifs

To investigate the interplay between gender and the structure of the network
we next inspect gender composition of friendship triangles, i.e. triples of nodes
in which each node is connected to the other two. A high presence of triangles
(or a high clustering coefficient) is one of the key elements that distinguish
social networks from other kinds of networks, such as biological or technological
networks [21]. In other words, the presence of transitive relationships can be
seen as a sign of a community structure, which is typical of social networks.
Therefore it is particularly relevant to assess how gender affects the formation
of this distinguishing pattern.

For this analysis, beyond the friendship network we consider the interaction
network: the friendship network filtered by reciprocal interactions (i.e. keeping
only connections between users who have exchanged messages on each other
walls). More details about the methodology used for this analysis can be found
in Appendix B.
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Table 1. Proportion of triangle motifs with different gender composition (blue=male,
red=female) in the friendship and interaction networks. The differences between ob-
served (obser.) and expected proportions (shuff., calculated via reshuffling the gender
of users having the same degree) are highly significant (stdv. of reshuffling < 0.03%).

Type of triangle friendship ||interaction
obser.| shuff.||obser.| shuff.

males only b 16.0%[11.6%|| 9.9%| 6.2%

[

1 female, 2 males+"||32.5%|36.6%||24.4%| 28.4%
2 females, 1 male . *||34.5%|38.4%||37.3%| 43.3%

females only b' 17.0%(13.4%|(28.4%22.1%
total 3.64 x 1070 || 1.24 x 10°

Explicit friendship triangles: In total we find more than 3.64 x 100 tri-
angles in the friendship network. The second and third column of Table 1 list the
proportion of triangles of different composition together with the expected val-
ues based on the networks with randomly reshuffled genders. We clearly observe
a much larger proportion of single gender friendship triangles than expected. In
particular, although the number of female only triangles is higher, if we compare
the results with the ones obtained in the reshuffled networks we find a stronger
deviation for male only triangles (+38%, versus +27% for female only trian-
gles). This indicates that the trend to form gender homogeneous groups is more
accentuated for males.

Interaction triangles: When analyzing only the connections which mutu-
ally exchange messages, i.e. the interaction network, we find a striking difference
between males and females, as can be observed in the two rightmost columns in
Table 1. The number of female only triangles is about 3 times larger than the
number of male only triangles. This difference seems high, however reshuffling
shows that again we would actually have to expect an even larger disproportion-
ality between male- and female only triangles, given that females are much more
active in sending (and receiving) messages. So the tendency to form gender ho-
mogeneous groups is more marked for male users also in the interaction network.
In this case the proportion of male only triangles exceeds by 60% the expected
value, while the proportion of female only triangles is only 28.5% higher than
expected. This indicates that male users are in general less active in the SNS,
but when they interact they tend to do it in gender homogeneous groups in a
much more marked measure than females.

The above results show that users do not only tend to connect preferentially
with others of the same gender, but they also tend to group more by gender,
and to create gender-homogeneous groups of friends. As demonstrated in [19],
gender segregation is a widespread characteristic of offline social behavior. Our
findings show that, in this sense, online social behavior reproduces this offline
phenomenon, and that this happens more markedly for male users.
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6 Conclusions

Recent studies on digital inequalities treat gender in very different ways. Some
only concentrate on the influence of gender on human behavior [5], others such
as Zillien [32] consider gender only as one of many variables in the emergence
of digital inequalities, and yet others like boyd [2] completely ignore the gender
dimension. This lack of consensus in considering gender and its influence on
digital experience indicates that there are still many open questions that need
to be addressed. This study is one of the first intents to shed light on emerging
gender patterns in the growth of users’ online personal networks.

There is growing evidence that men and women use online social platforms
differently [8, 16, 27]. These differences are generally neglected when all users are
treated de-gendered and equally. The analysis we present here reveals funda-
mental differences in how male and female users organize their online friendship
networks. One of our most important findings is that females show in general
a higher homophily than male users, and that this phenomenon is particularly
prominent in the first steps they take in the new social environment. Women
join the SNS following significantly more often an invitation from a female, and
they add much more frequently other females as their initial friends.

Our findings also suggest a popularity effect, with heterophily characterizing
users having many connections. At the same time, users having smaller circles
of friends exhibit a preference for female friends irrespectively of their gender.
For males, in the case when their personal network is still growing, this does not
correspond to the general behavior: men tend to add slightly more frequently
other men as their initial friends. For females instead we find clear evidence for
homophily among women having a small or average sized personal network, as
well as for women in general at their early stages in the social network (until
having about 150 friends). Further research could explain whether also women
who get to have large personal circles of friends (and have more male friends)
still tended to exhibit homophily in their first stages.

Finally, we found evidence of homophily also in the formation of groups: the
proportion of single-gender triangles is much higher than expected, reproducing
the offline phenomenon of gender segregation in social behavior [19]. In contrast
with the results about homophily in one-to-one friendship connections and inter-
actions, this tendency to gender segregation is stronger for male users. Further
research would be needed to investigate the gender composition of richer motifs,
such as cliques and dense clusters.

Our findings show how gender affects the growth of a user’s personal network
and the composition and structure of friendship circles. They also unveil the
importance of gender when entering a new digital social environment, and can
help to understand the gender gap observed in some online communities: when
females are a minority, it is less likely that other females will join, as the perceived
presence of other females appears to be fundamental in the first stages.
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A Detailed statistics for gender homophily

Table A1l reports the number of male and female users in the Tuenti SNS. Quanti-
ties are shown for both the whole dataset and the filtered dataset (i.e. considering
only users having more than 10 friends).

Table A2 shows the average number of friends for male and female users,
broken down by gender. In Figure A1l we plot the complete distribution of the
percentage of same gender friends for users with more than 10 friends. We observe
that the red bars are more shifted to the right, indicating greater homophily for
females.

Table A1l. Number of users in the dataset broken down by gender. The second column
shows these numbers for users with more than 10 friends.

# users‘ total ‘> 10 friends
male |4 899 659 3269611
female |4 784 975| 3 350 189

Table A2. Basic friendship statistics by gender (all averages are taken over users with
more than 10 friends) together with 25% and 75% quantiles.

friends‘ avg # male‘avg # female‘avg % same gender
male 82[20, 116] 78[19, 106] 51.48%
female| 76[15, 104] | 85[23, 122] 56.46%

distribution of the percentage of same gender friends
Fmale friends of male users
[ |

female friends of female users|

0.16

fraction of users
o o o o
> o ° & b
S © Bk N N

0.04
0.02

0 10 20 30 40 50 60 70 80 90 100
percentage of same gender friends

Fig. A1l. Distribution of the percentage of the number of same gender friends for users
with more than 10 friends
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B Methodology for assessing gender homophily in
transitive relationships (triangle motifs)

To explore the gender composition of friendship triangles we first focus on the
entire friendship network and then restrict our analysis only to friends for which
we observe reciprocal interactions. In the latter case we only consider a connec-
tion between two friends if they have sent to each other at least one wall message.
We call this filtered network the interaction network. To construct it we use the
information of all wall message exchanges over a period of 3 months. The re-
sulting network is composed of 2 247 992 male and 2 521 200 female users. The
number of connections for both networks, broken down by gender, is reported
in Table B1. Note that for this analysis we did not filter out users having less
than 10 connections. The higher number of connections involving females in the
interaction network indicates that women are much more active than men in
sending (and receiving) wall messages in the SNS.

Table B1. Number of connections in the friendship network and in the network of
reciprocal interactions, broken down by gender.

# connections | male-male | female-female |  mixed
# friendship 135 064 946 143 740 462 256 894 050
# interactions 12 236 165 22 698 114 27 346 769

There are four possibilities for the gender composition of the triangles: 3
females, 3 males, 1 male and 2 females, or 2 males and 1 female. In case of a
perfectly gender balanced network, one could expect, using the binomial distri-
bution, to have exactly 12.5% male-only triangles, 12.5% female-only triangles,
and 37.5% of the triangles in each of the two mixed triangle possibilities. How-
ever, the numbers of males and females in the networks are not equal, and more
importantly, the degree distributions are not equal. Females have more connec-
tions, especially in the interaction network, and this leads to a higher number
of triangles involving females.

To compensate for the bias we assess how the results we observe differ from
the results one should expect given the user composition of the networks. We
produce randomized equivalents of our networks by re-shuffling user genders.
To maintain the same gender proportions, and the same degree distribution for
each gender, we randomly re-shuffle the gender of all users having the same de-
gree. The resulting networks have the same structure and the same number of
connections involving males and females as the original network. Comparing the
proportion of triangles observed in the real networks with the average propor-
tion obtained in 10 of these reshuffled networks, we are able to assess how gender
influences the formation of transitive relationships. The results presented in Sec-
tion 5.2 are highly significant: the standard deviation of the values observed for
the reshuffled networks is smaller than 0.03%.



