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ABSTRACT

How does one develop a new online community that is highly en-
gaging to each user and promotes social interaction? A number of
websites offer friend-finding features that help users bootstrap so-
cial networks on the website by copying links from an established
network like Facebook or Twitter. This paper quantifies the ex-
tent to which such social bootstrapping is effective in enhancing
a social experience of the website. First, we develop a stylised
analytical model that suggests that copying tends to produce a gi-
ant connected component (i.e., a connected community) quickly
and preserves properties such as reciprocity and clustering, up to
a linear multiplicative factor. Second, we use data from two web-
sites, Pinterest and Last.fm, to empirically compare the subgraph
of links copied from Facebook to links created natively. We find
that the copied subgraph has a giant component, higher reciprocity
and clustering, and confirm that the copied connections see higher
social interactions. However, the need for copying diminishes as
users become more active and influential. Such users tend to create
links natively on the website, to users who are more similar to them
than their Facebook friends. Our findings give new insights into
understanding how bootstrapping from established social networks
can help engage new users by enhancing social interactivity.
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1. INTRODUCTION

How to design online communities and maintain users participa-
tion is a fundamental problem for website designers. Many web-
sites now try to incorporate a social networking aspect to enhance
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user engagement and create active communities. Making a web-
site “social” typically involves linking users together and provid-
ing some kind of awareness of the linked users’ activities to each
other. Studies have found that such social networking aspects facil-
itate community formation in learning [/1}6}14]], working [7, |17]],
medicine [9] and online games [5}|8]] applications.

However, in creating such a social experience on a website, de-
signers face an important choice: should they create an entirely new
social network embedded within the site? Or should they instead
connect users who are already linked together on an established
social network such as Facebook and Twitter? The latter option
has recently become a possibility, with both Facebook and Twit-
ter opening up their social graphs to third-party websites, who can
write friend-finder tools that help users select and import friendship
links from these established networks into their own service (e.g.,
through the open graph protocol [[10]).

We term this act of copying existing friends from an established
social network onto a third-party website as social bootstrapping.
Social bootstrapping has direct implications on how a new online
social network community can grow quickly. However, this prob-
lem is complex to examine with real data because it involves user
interaction across multiple heterogeneous networks. To this end,
we gather massive amounts of data from Facebook, Pinterest, and
Last.fm involving tens of millions of nodes and billions of links and
explore the potential benefits and limitations of social bootstrap-
pinﬂ We seek to evaluate how such bootstrapping could affect
the user community and to what extent copying links contributes to
social structure and user engagement as the new website matures.

Although copying clearly enriches the number of social links on
the new website, it is not a priori clear whether links borrowed
from a general-purpose social network such as Facebook would be
appropriate for content-driven sites, which typically attempt to link
users interested in similar content. Additionally, social bootstrap-
ping involves a two-step process. First, to copy a Facebook friend-
ship, for example, both users joined by the friend link have to inde-
pendently decide to connect their accounts on the third-party web-
site with their Facebook accounts. Next, they have to select which
of their friends to import into the third-party website and choose
this particular link. Thus, social bootstrapping can be limited in the
number of links that get copied over.

Nonetheless, social bootstrapping becomes effective for user en-
gagement and community formation if it creates the sort of struc-
ture conducive to social interaction and increased user activity on
the third-party website. Therefore, using a combination of ana-
lytical models and empirical studies, we focus on three important

!The Pinterest datasets used in this paper are shared for wider com-
munity use athttp://www.inf.kcl.ac.uk/staff/nrs/
projects/cd-gain/social_bootstrapping.htmll
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structural properties, namely connectivity, reciprocity, and cluster-
ing. We study the effect of copying on these properties and how
social interactions are affected in turn. We also study how copying
evolves among more active and influential users and build up a pic-
ture of the importance of creating native links on the new website.

We first develop a stylized model of copying as a process of sam-
pling links from the established network. To mimic the two-step
filtering process described above, we propose the Link Bootstrap-
ping Sampling (LBS) model as a variation of induced subgraph
sampling [[15]. Under this simple analytical model, we study the
emergence of a giant connected component in the copied network.
We demonstrate that when copying from a typical network with a
heavy-tailed degree distribution, a giant component emerges even
with a small amount of sampling, which suggests that social boot-
strapping may be an effective means of increasing user engagement
and creating a connected community.

We then empirically study copying, using data from two large
websites, Pinterest and Last.fm, which include friend-finding tools
to copy friends from Facebook. We make efforts to tease out vari-
ous social effects. We study the structural properties of the copied
subgraph, comparing it to the subgraph of links created natively on
the website, and find that copying enriches reciprocity and clus-
tering of the local structure. Both reciprocity and clustering are
shown to be important for social interactions, indicating that social
bootstrapping successfully promotes user engagement.

However, copying links yields diminishing returns. As users be-
come more active and influential on the new website, they create
proportionally more native links than copied ones. Native links
offer a benefit over copied links: users connecting natively on Pin-
terest and Last.fm tend to be more similar to each other in their
tastes than with the ones copied from Facebook. This is an impor-
tant observation for long-term user engagement, as prolific users
tend to engage more with native links and fine-tune the local rela-
tionships to meet their interests. As a result, we conclude that while
“copying” links is essential to bootstrap one’s network, the oppo-
site “weaning” process is equally important for long lasting user
engagement.

To the best of our knowledge, this paper is the first to demon-
strate how content-driven websites like Pinterest and Last.fm can
benefit from social bootstrapping by copying links from established
networks like Facebook. Through extensive analysis of cross-net-
work data, we are able to describe both how new social communi-
ties are seeded by social bootstrapping, and how users grow beyond
the bootstrapped links to create strong communities natively. We
believe our findings have strong implications for the design of new
content-driven web communities.

2. A LINK BOOTSTRAPPING MODEL

In this section, we propose a simple analytical model of so-
cial bootstrapping to gain insight about its implications on network
structure. Our model allows us to analytically examine how copy-
ing links affects key structural features that facilitate social interac-
tions in the target network, such as reciprocity, clustering and the
formation of a Giant Connected Component (GCC).

2.1 Terminology

Social bootstrapping refers to the act of copying existing friend
links from a source social network onto a third-party website to cre-
ate a target social network. We define several sub-networks below
to describe this phenomenon:

Source network: The social graph of an established social net-
work like Facebook (Fb for short), which contains a signif-
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Figure 1: The structure of social bootstrapping.

icant number of nodes and links (e.g., 1.19 billion monthly
active users as of 2014°). The source network is displayed as
the upper layer in the toy example in Fig.[I] Note that some
users, such as N1 and N6 are source native and are present
only in the source network.

Target network: The relatively new third-party network that al-
lows users to copy links from established networks, displayed
as the lower layer in Fig.[I] Connected nodes are the sub-
set of all nodes in target network that have used the “Friend
Finder” tool to connect their accounts to the source network.
In the toy example, blue nodes, i.e., N2, N3, N4 and N5
are the connected nodes. Grey nodes, i.e., N8, N9 are un-
connected nodes who either exist only on the target network
or have chosen not to connect their accounts on the source
network to their identity on the target network. Within the
target network, social links copied from the source network
are called copied links and those created natively are called
native links. Copied links in the target network may be di-
rected even if they are copied from the undirected source net-
work. Copied links are a subset of copiable links, the set of
all links between connected nodes in the source network. We
take Pinterest (Pnt for short) and Last.fm (Lfin for short) as
two target networks of interest.

Copied network: The social subgraph of the target network solely
containing copied links and all connected nodes. In Fig.[I]
the copied network contains the red edges and all blue nodes.
We call the network copied from Facebook as Fb-copied.

Native network: The subgraph of the target network that only con-
tains native links and the corresponding nodes at either end
of each native link. In the toy example, the native network
is the subgraph made up by black edges and nodes linked
by them, i.e., N2, N3, N5, N8 and N9. Nodes can be in
copied and native networks at the same time, but links are
either copied or native. We call the native networks for Pin-
terest and Last.fm pnt-native and [fin-native, respectively.

2.2 A random bootstrapping process

‘We now introduce a simple analytical model that represents copy-
ing a social link as a simplified random sampling process. We

Zhttp://newsroom. fb.com/Key-Facts
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propose a two-step model, called the Link Bootstrapping Sampling
(LBS), which is a variation of the induced subgraph sampling pro-
cess [15]. In the first step, users of the target network have to
self-select to connect their accounts on the target network with the
source network. In the second step, users have to select which of
their friends from the source network to import onto the target net-
work. Under this stylized model, we obtain expressions for the re-
sulting degree distributions of the copied network and a condition
for the emergence of a giant connected component in that network.
Although the model considers directed target networks, it can be
trivially adapted for undirected networks.

Formally, let G = (V, E) be the graph representing the globally-
established source network, where V' is the set of nodes, and F is
the set of links between pairs of nodes. We assume that the LBS
copying process randomly samples each node /N; with a probability
p1(N;). We call this the node sampling rate. Each selected node
independently selects each of its neighbours N; in the original net-
work with a probability p2 (N;, N;). This is the link sampling rate.
Let S C V be a sample of nodes, and L C FE denote the col-
lection of sampled links to be found in G among subset S. Then,
the subgraph G(S) = (.9, L) represents a copied network. A (di-
rected) copied link from N; to N; appears in G(S) = (S, L) if
both events (node and link sampling) happen, i.e., with probability
p1(-)p2(+, ). We call this the link copy probability.

2.3 Giant component in the copied subgraph

We assume for ease of exposition that the node and link sampling
rates p1 and p2 are uniform across all nodes and edges respectively
to set the following link copy probability

ey

However, similar results on the appearance of GCC, Eq. @), can
also be obtained using mean field approximations for p.. This al-
lows us to consider more realistic assumptions such as the node
sampling rate being proportional to the degree to reflect the pos-
sibility that more social nodes connect their source and target ac-
counts with higher probability. Alternatively, we may also consider
conditions such as the link sampling rate being proportional to the
number of common friends between the nodes on either side of the
link to reflect the possibility that socially closer links are copied
over with higher probability.

The probability that a node will have exactly k*©) links in the
copied subgraph G(S) is given by:

Pe = P1P2
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where ps”’ (k) is the in- (out-) degree distribution of the source
network G. Similarly, the joint degree distribution of obtaining a
node with in-degree j and out-degree k in the copied subgraph is:
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where p; (J, k) is the joint degree distribution of source network G.
We are now ready to state an important property, relating the link
copy probability to the emergence of a giant component:

Pl (k) = ps(kg'”)
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PROPERTY 1. When copying from an undirected source net-
work (or equivalently, every link occurs in both directions), a giant
component appears in the copied network if

(k)’
De = </€2>”

where averages are computed with respect to the degree distribu-
tion in the source network.

C)

PROOF. In a directed network of arbitrary degree distribution
p(7, k), a GCC exists if [22]:

(gk) > (k) 5)

For the copied network induced by the Link Bootstrapping Sam-
pling, the average of the degree and joint degree distribution of
the subgraph G(S) sampled by the Link Bootstrapping Sampling
method from a network G with joint distribution p,(j, k), can be
calculated, respectively, as (jk) = p2(jk)’ and (k) = p. (k)’. where
(jk)" and (k)" are computed with respect to the original joint de-
gree distribution (i.e., ps(j, k)). Thus, we can rewrite Eq. (3) as:

k ’

De = < ) 7

(Jk)

Since the source network is undirected, in- and out-degrees are

completely correlated. i.e., (jk) = (k). With this, Eq. @) re-
duces to Eq. @. O

Thus the link copy probability p. at which a GCC emerges in
the sampled subgraph under Link Bootstrapping Sampling depends
in a simple and intuitive manner on the properties of the source
network. For instance, if the source network can be modeled as
an Erdos-Rényi random network, where the degree distribution is
given by a Poisson distribution with parameter A, i.e. ps(k) =

(6)

k
%@, the first and second moments are given by (k) = A

and (k*)" = A% + \. Thus, the link copy probability must exceed
PDe > ﬁ for a GCC to exist. If the source network is scale-free, a
GCC emerges easily if the degree distribution of the source network
has infinite second moments <k2>/. In particular, we know that in
a power law distribution ps(k) = ck™7*, all moments of order
m > 7, — 1 are infinite. Thus, if the Link Bootstrapping Sampling
is applied to copy links from an undirected scale-free network with
power law exponent vs < 3, a GCC will come into existence even
with very low link copy probability (p. — 0). In general, the larger
the second moment, or equivalently, the larger the variation in the
degree distribution, the easier it is (i.e., the lower the link copy
probability needed) for a giant component to emerge.

2.4 Other properties

Next, we study the effect of Link Bootstrapping Sampling (using
uniform link and node sampling rates) on two other properties in
the copied subgraph, which are thought to be correlated with social
interaction: reciprocity and clustering coefficient. Both increase
proportionally with the link sampling rate.

2.4.1 Reciprocity

First, we study the effect of bootstrapping on R, the reciprocity
of the copied network, defined as the proportion of links which
exist in both directions, among all copied links. We have

2msp2
where m is the number of links in the source network. Thus, reci-
procity is defined by the link sampling rate; higher link sampling
rates result in higher expected reciprocity.

R = = p2



2.4.2  Clustering

Next, we obtain an expression for the clustering coefficient of the
copied network. Taking the copied network to be an uncorrelated
undirected network with arbitrary degree distribution, the cluster-
ing coefficient takes the value [23]:

_ L[(E?) — (B
(k)?

Cce = ®

n

where (k) and (k?) are the first and second moments of the de-
gree distribution, respectively in the copied network, and n is the
number of sampled nodes. Writing these moments in terms of the
corresponding moments (k)’, (k?)" of the source network [24:

(k) = pe(k),  (K*) = pe’(k*) + pe(1 — pe) (k)

Substituting these formulae into Eq. (8), we have

412y 2
c° = lw = lpeNC’s = M}0203 =p2C”
n n n

pe3(k) ?

®

(10)

where C? is the clustering coefficient of the source network.

The Link Bootstrapping Sampling with uniform node and edge
sampling preserves the clustering coefficient of the source network,
up to a multiplicative factor corresponding to the link sampling
probability. This means that copying links from a source network
that has a high level of clustering results in a copied network also
with a proportionally high level of clustering.

3. DATASETS

Having gained initial insight into copying from an analytical per-
spective, in the rest of the paper, we take an empirical approach and
examine social bootstrapping using datasets from two very differ-
ent websites, Pinterest and Last.fm. These are considered as target
networks in our analysis. In both cases, we study copying from
Facebook as the source network. Our datasets include extensive
social graphs from both target websites, as well as corresponding
graphs from Facebook. In addition, it includes nearly all activities
from selected periods on both websites. The data that we collected
from Pinterest is shared to the research community, while much of
the Last.fm data is already available through a public APIL.

3.1 Pinterest

Pinterest is a photo sharing website that allows users to store and
categorise images. Images added on Pinterest are termed pins and
can be created in two ways. The first way is pinning, which imports
from a URL external to pinterest.com. A second is repinning from
an existing pin. All pins are organised into pinboards or boards,
which belong to one of 32 globally specified categories. In addition
to pinning or repinning, users can like a pin or comment on a pin.

The social graph of Pinterest is created through users following
other users or boards they find interesting. We call social links
created in this way native links. In addition to this method, users
are able to connect with their Facebook and Twitter accounts and
import their social links into Pinterest. The Find Friends function
provides a list of Facebook and Twitter friends who are also regis-
tered on Pinterest. Users can select some of them to follow on the
Pinterest website, which we call copied links.

Table|I| summarizes the Pinterest dataset, consisting of the social
graph on Pinterest, the corresponding nodes and edges on Face-
book, and activities on the Pinterest site in January 2013. To obtain
the Pinterest social graph, we used a snowball sampling technique,
starting to crawl from a seed set of 1.6 million users which we
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collected in advance. In total 68.7 million Pinterest users and 3.8
billion directed edges between them were obtained. For each user,
we checked whether there was a connected Facebook account, and
gathered basic profile information such as gender and profile, as
well as basic statistics such as the number of pins, likes, followers,
and followees. Of the 68.7 million, 40.4 million were Facebook-
connected users, who have 2.4 billion links between them on Pin-
terest.

We next separate the 2.4 billion edges into those which are present
on Facebook (i.e., are Fb-copied), and those which are native to
Pinterest (Pnt-native). To identify the Fb-copied portion of the net-
work, we used the Facebook API to individually check whether a
Pinterest link between two connected users was also present be-
tween the corresponding Facebook accountsﬂ We find that 0.98
billion links between connected users are also on Facebook. These
form our Fb-copied network. Pnt-native links were identified by
excluding the Fb-copied network from our Pnt network.

In a previous study [27], we had collected nearly all activities
within Pinterest, during the period from January 3rd to 21st, 2013.
The crawl proceeded in two steps: first, to discover new pins, we
visited each of the 32 category pages once every 5 minutes, and col-
lected the latest pins of that category. Then, for every pin obtained
this way, we visited the webpage of the pin every 10 minutes. A
pin’s webpage lists the 10 latest repins and the 24 latest likesﬂ we
added these to our dataset, along with the approximate time of re-
pins, likes and comments (if any). Through these regular visits, we
captured almost all the activity during our observation period. We
estimate that the fraction of visits which resulted in missed activi-
ties stands at 5.7 x 10~° for repins and 9.4 x 10~7 for likes. In
total, 8.5 million users (termed as active users), 38.0 million repins
and 19.9 million likes were included.

Amongst these active users, there are 5.2 million connected to
Facebook. We crawled the Facebook pages of these 5.2 million
connected active users, and attempted to obtain their Facebook friend
lists. Due to privacy settings, only 2.3 million users’ social links
could be obtained. Together, this collection of Facebook edges con-
stitutes a subgraph of 444.2 million edges (Table [Ic). Of these,
141.9 million are copiable links, i.e., edges between connected
users who are on both Facebook and Pinterest.

Nodes Links
Pnt network | 68,665,590 | 3,871,570,784
Fb-copied | 40,472,339 | 983,520,986
(a) Target social graph
Timespan Repins Likes
Activities | 03-21 Jan 2013 | 38,041,368 | 19,907,874

(b) Activities in Pinterest

Nodes links
2,322,473 | 444,216,279
(c) Facebook network
Table 1: The social graph among all Pinterest users.

*Note that checking whether a pair of users are friends is affected
by users’ privacy setting. That is, it is unknown for us whether two
users are friends or not if both of them had set their friend lists as
private. Also, we assume that a link which exists both on Facebook
and the target networks is a copied link, first made on Facebook
and then copied to the target network. Although we expect this to
be the case normally, it is possible for user pairs to link to each
other separately on Facebook and Pinterest, or link first on Pinter-
est, and subsequently on Facebook. We are unable to distinguish
these cases from links copied using friend finder tools.

“This setting has been changed in April 2013.



3.2 Last.fm

Last.fm is a music discovery and recommendation website. Users
can log what they listen to using a multitude of applications which
support a variety of different operating systems and audio play-
back devices. This activity is known as scrobbling. Scrobbled data
is used to provide recommendations to users via collaborative fil-
tering methods and is displayed publicly on users’ profile pages.
Users can love tracks, a mechanism akin to liking a pin on Pinter-
est. These tracks are also displayed on their profile page and can
optionally be shared to Facebook.

Last.fm offers a social network in which users can friend each
other. A friendship between users can be considered as a bidirec-
tional link, similar to that which Facebook offers. Friends of each
user are displayed on their profile page, and when logged in, users
are shown what their friends have scrobbled and what tracks their
friends have loved.

Users can connect their Facebook accounts to Last.fm in three
ways. The first is using their Facebook account to bootstrap ba-
sic profile information when they first sign up. Second, Last.fm
offers a friend finder tool which connects to third party services
such as Facebook, Google Mail and Yahoo! to look for contacts on
those services, who also use Last.fm. Note that the Facebook friend
finder can only find other friends who have already connected their
Facebook account to Last.fm. The third and most recent method
is that users who share event attendance and loved tracks via their
Facebook profile connect the two accounts as a result.

We considered a subset of the overall Last.fm user base by look-
ing only at a sample of 1.8 million users who had, at some point
in their history on Last.fm, connected a Facebook account to their
Last.fm account using one of the methods. For each consenting
user, we had access to their Last.fm social graph, basic profile in-
formation and their Facebook username. Of these users, 904,132
users use the Last.fm social features (i.e., have friendship edges
in the Last.fm social network). Between these users, we extracted
a subgraph of 12.3 million directed edges (or 6.15 million friend-
ships) which forms the Lfm network.

For each of these 12.3 million Last.fm edges, we checked whether
the friendship is also present in Facebook, using the Facebook API.
Through this procedure, we identified 2.8 million copied edges be-
tween 600,000 users. Privacy settings meant that we were unable to
validate friendships for approximately 200,000 users. We identify
the Lfm-native network by eliminating copied edges.

We measure these users’ activities on Last.fm in two ways: First,
we measure listening activity by counting their scrobbles. Second,
we measure site usage from their website access log. Both mea-
sures cover the period Jan 1-Jun 22, 2013.

Finally, we extract friend request data for requests sent during
2012 between Facebook connected users who were active on the
site during that period (defined as those who have visited the site
over 100 times during 2012). This data includes who initiated the
friend request, as well as how it was made (i.e., through the friend
finder tool, or natively on Last.fm) and whether the request was
accepted, ignored, cancelled or is still pending. This contains about
141,000 users and 1.1 million friend requests.

Nodes Links
Lfm network | 1,843,020 | 12,291,658
Fb-copied 592,992 2,787,000

Table 2: Social graph of Last.fm users
4. STRUCTURAL BENEFITS OF COPYING

Section 2] showed that copying can produce desirable properties
such as a giant component, reciprocity and clustering. We now

empirically analyse how these structural properties of the copied
network compare to the natively created network. We examine im-
plications of the differences we find, for social interaction in the
target social network community.

4.1 Copied network has higher reciprocity

Reciprocity is known to indicate positive bidirectional interac-
tion between a pair of users, which is also known to increase user
longevity in the system [[11} |2, |28|]. Here, we attempt to examine
the effect of copying on creating structurally stronger bidirectional
social ties, by defining reciprocity ratio as the fraction of social
links that are reciprocal, or bidirectional. For a node in a network,
let her follower (or following) set in the target network (e.g., Pnt
or Lfm) be ind (or out) and her friend set copied from the source
network (e.g., Fb) be fr. Then the reciprocity ratios of that user
in the entire target networks, and its partition into Fb-copied, and
native networks are as follows:

| fr Nind N out|
|fr N (ind U out)|’

|(ind — fr) N (out — fr)|
|(ind — fr) U (out — fr)|

On some services like Pinterest, users follow others unilaterally,
creating directional links. We study the extent to which follow acts
are reciprocated and become bidirectional. On other services like
Last.fm, users initiate a friend request, which needs to be approved
by the other party before a friendship link is instantiated, creating
bidirectional links by default. In this case, we induce a directional
network by using data about historical friendship requests, treat-
ing the initial friend request as a follow, and examine the extent
to which such requests are approved by the other party, creating
reified bidirectional friendship links.

Fig. [2a] shows that in both Pinterest and Last.fm, the reciprocity
ratio is higher in links which are also found on Facebook, than on
natively created links. Although in some cases, a link copied in
one direction could be reciprocated by the other party merely in
order to be “social” or “polite”, the link creation creates an oppor-
tunity for social interaction on the target website, and reciprocity
could promote positive bidirectional social interactions (We verify
this in §4.4). The figure also indicates that the reciprocity ratio
for Last.fm is significantly higher than Pinterest. This is consistent
with user studies in previous work [27] which found that Last.fm
users easily accept requests. Fig.[3]shows that copying is extremely
important for establishing reciprocal relationships. In Pinterest, a
large proportion of users’ reciprocal links are in fact those copied
from Facebook. In Last.fm it is slightly different: the fraction is
relatively smaller than Pinterest, which we think is again because
users tend to accept requests easily.

Rcopied -

Rnativc -

4.2 Copied network shows higher clustering

Next we explore the impact of copying on another popular mea-
sure of a strong social structure, clustering or the degree to which
users share common friends. Fig.[2b|shows that in both websites,
users have much higher clustering co-efficients on the copied net-
work than on the network natively created on the website. Thus
copying not only promotes reciprocal social interactions, but also
creates a much denser social network structure in the target website.

4.3 Copying enhances connectivity

The increased clustering and reciprocity are properties relating
to local structure around a node. Copied links are also crucial for
connectivity, a global (network-wide) property. Fig. [2c| confirms
that both the Pinterest and Last.fm copied networks have a giant
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Figure 2: Properties of copied subgraph. (a) CDF of per-user fraction of links reciprocated in copied and natively created networks. More
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and Last.fm (0 valued-points not shown). Clustering coefficients are higher in the copied network. (c) Distribution of the sizes of connected
components on the FB-Copied network in the Pinterest and Last.fm datasets.

reciprocated links. Next, in Fig. @b we compare the clustering co-

1.0 T T T T efficient of users in the social repin network to the clustering co-

— Pnt efficient of the underlying graph. Users have significantly higher

08H - Lfm| ] clustering coefficient when we remove the links over which no re-

P e 1 pins happen. This suggests that social interactions tend to be di-

) rected towards the closer friends of a user, within highly clustered
©oal i communities.

These results show that the social repin graph is richer in re-

0.2| R ciprocated links and is more highly clustered than the underlying

network. Since reciprocal links and high clustering nodes will have

0-%_0 01_2 01_ 2 01.6 01.8 1.0 more social repins, it is straightforward to infer that the copied net-

Fraction of Copied Links in Reciprocated Links

Figure 3: CDF of per-user fractions of Fb-copied links among re-
ciprocated links in target networks. Many users have high propor-
tions of Fb-copied links implying that copied links are important
for establishing bidirectional or reciprocated relationships.

component. The largest component comprises 0.91 (Pinterest) and
0.93 (Last.fm) of all the connected nodes (i.e., nodes present on
both source and target networks). Furthermore, this component
encompasses 0.53 (Pinterest) and 0.66 (Last.fm) of all the nodes
in the corresponding target network.

4.4 TImplications for social interactions

So far, we have shown that copying links results in a higher level
of reciprocity and clustering, representing a stronger and denser
social structure than its low-clustering and low-reciprocity native
counterpart. While these properties are expected to improve social
interaction [18}|26]], we ask whether the benefits of these structural
properties are seen in the social interactions of the target network.

In order to determine the benefits of a close-knit structure, we
examine one of the most popular activities on the Pinterest net-
work, repinning. Our main question is whether copied links pro-
mote higher levels of repins. To measure this effect, we first define
the concept of a social repin, which is a repin in which a user repins
a pin of someone whom she follows. We then define the social re-
pin network, as the subgraph of links in the Pinterest network over
which at least one social repin happens in our data.

We examine how the social repin network selectively samples
the underlying network of Pinterest. First, we ask what proportion
of a user’s reciprocated and directed (unreciprocated) links have in-
curred repins. Fig. [da] shows that repins happen more easily over
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work, which is higher in both reciprocity and clustering coefficient,
should promote more social repins. This is proved by Fig.
which shows that a larger fraction of social repinners tend to be
from the copied network than from the natively created network.

S.  WEANING FROM FACEBOOK

While copying links provides instant bootstrapping advantages
by incurring a close-knit local structure (i.e., high reciprocity and
clustering), there is a limit to which a user can copy links from
Facebook. Beyond a certain point, a user may no longer find other
Facebook friends to copy over. It is natural to ask whether this cre-
ates engagement bottlenecks for users as they become more prolific
on the target network, or whether they find alternative solutions.

In this section, we describe a collective “weaning” process, through
which users move away from their reliance on Facebook copied
links to building new relationships natively on target websites. We
find that users, as they become more active and influential on Pin-
terest and Last.fm, establish more native links within these services
and copy less from Facebook. We discuss why users “go native” in
this way and suggest a possible cause: through native links, users
may find others similar to themselves on the target website.

5.1 Measures of activity and influence

To quantify the level of user activity on Pinterest, we employ
three different measures: the numbers of boards created, pins made
(including repins of other users’ pins), and likes of others’ pins.
The level of influence of a user is merely the activity of other users
directed towards that user, i.e., the number of repins and likes re-
ceived by that user for her pins. In the case of Last.fm, while there
is no direct measure of social influence, we have two measures of
activity: the number of scrobbles and number of hits to the website.

The results of this section are robust in the sense that they all
hold for each measure of activity and influence defined above. Due
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to space limitations, however, results are selectively shown for only
some of these measures.

5.2 Active and influential users copy fewer links

In order to study levels of copying, we introduce a measure called
the copy ratio. Denoting the set of all friends in the target net-
work as all and the friend set copied from the source network (i.e.,
Facebook) as fr, the copy ratio in a undirected network, such as
Last.fm’s, is defined as:

lall N fr|

CR ="

For a directed network, representing a node’s follower (resp., fol-
lowing) set in the target network (i.e., Pinterest) by ind (resp., out),
we define the follower copy ratio and following copy ratio as:

CRing = 7|mc‘l N /r]
|ind|

CRyy — L0 7]
|out|

1.0

0.8

0.6

CDF

Pnt-follower |]
Pnt-following |4
Lfm

I
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Copy Ratio

1.0

Figure 5: CDF of copy ratio for connected users.

Fig. ] shows the cumulative distribution of copy ratios (CR).
Based on the trend shown, we may divide users into three groups.
Approximately 20% of users are Pinterest natives (resp., Last.fin
natives), who only create links natively on the website (i.e., CR=0).
A second category (20-30%) link only to their Facebook friends
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(i.e., CR=1) and can be termed Facebook expats. The majority
(50-60%), however, are bi-networked, relying on a mixture of both
native and copied links (0<CR<1). The Last.fm network contains
a larger fraction of natives who have zero copy ratio (CR=0) and a
smaller fraction of Facebook expats (CR=1) compared to Pinterest.

Next, we compare the activity of these three categories of users
in Fig. [6al-c. All combinations of activity measures and the two
copy ratios show that Facebook expats (CR=1) whose social links
are entirely copied from Facebook are the least active, whereas bi-
networked users (0<CR<1) with a mixture of native and copied
links are the most active. Pinterest and Last.fm natives (CR=0)
who do not copy at all are in the mid range. This implies that users
who start with the bootstrapping advantage tend to move away from
reliance on the existing Facebook network and start building new
links natively (hence becoming bi-networked) as they become ac-
tive members on Pinterest or Last.fm.

Fig. [6dl-e drill down further and examine how the copy ratios
change as activity levels increase, for the case of pins and scrobbles
in Pinterest and Last.fm respectively. This demonstrates a clear in-
verse relationship between the activity levels and copy ratio, with
users who pin or scrobble a lot tending to have lower levels of
copying—that is, higher activity levels are associated with lower
copy ratio. Fig. [6f] shows that this result extends to measures of
influence on Pinterest. We find that users who are influential, mea-
sured by repins, tend to have lower copy ratios. (In the case of
Last.fm, we omit this analysis due to the lack of an influence mea-
sure.) Overall, the results above indicate that as users settle down
on the new service and become more active and influential, their
investment in natively formed links increases proportionally.

5.3 Influential and active users remain social,
but with native rather than copied friends

Next we take a deeper look at the relationship between the in-
crease in activity or influence level of a user and his level of social
interaction. In order to quantify the level of social interaction, we
again define the concept of a social repin as a repin where the user
who is repinning follows the original pinner. We define a user’s
social repin ratio for activity (or influence) as the fraction of social
repins made (or received) among all repins made (or received).

Fig. [Tal-b shows that users who are more active (or influential)
tend to make (or receive) proportionally more social repins in re-
lation to their activity (or influence) level, confirming that social

1.0

Fractions of repinners in 1-hop neighbourhood

(c) Repin network selects copied links more
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interaction continues to be increasingly essential for active (or in-
fluential) users.

We also focus on social repins and ask whether copied links pro-
mote social repins. We define the Facebook repin ratio for activity
(or influence) as the fraction of social repins made (or received)
over Fb-copied links among all social repins made (or received).
Fig. [Tc]reveals that as activity (or influence) levels increase, social
repins happening over copied links decrease.

5.4 Weaning, biases and community evolution

We conclude by asking how the nature of the target network
community would evolve as users ‘wean’ from copying to make
more native links. To understand this, we study user preferences
or biases in the kinds of links they copy and the links they make
natively. We also seek to understand the role that copying plays in
creating more native links.

User studies in previous work on Pinterest [27] identified that
Pinterest users most value the social aspect of the service that helps
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them find people with similar tastes in pictures. Therefore, we ex-
amine whether natively created links on Pinterest enables discov-
ery of individuals with a more similar taste than those with copied
links. Specifically, if I; is the set of user u;’s board categories,
and I is the set of usy’s, we define their similarity as s = IEDEI .
Fig. [8a] confirms that according to this measure, users connected
by native Pinterest links are more similar to each other than those
connected by Facebook-copied links.

Fig. [Ba also shows that there is no difference in similarity be-
tween users who are copied and users who are not copied over
from Facebook. This implies that users are not selecting Facebook
friends to copy based on similarity. On Last.fm, native links also
show higher similarity than Facebook copied links, which in turn
show higher similarity than Facebook links which were deliberately
not copied. We conjecture that on some websites like Pinterest,
there might be social norms at play which are being used to decide
which links could be copied over.

5
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In Fig. [8bl we study whether closeness of friends has a role in
deciding which friends to copy. In our analysis, we use the sim-
ilarity of users’ friend lists to show their closeness: if A’s friend
listis L 4 and B’sis L, we say their closeness is izgfg . Fig.
shows that closeness between copied friends is higher than between
uncopied friends. In Last.fm, however, there is no significant dif-
ference between closeness of copied and uncopied friends.

Together these results suggest that Pinterest users tend to use the
“friend finder” tool to copy close friends they know from estab-
lished source networks like Facebook, but when they discover new
friends on the target network, they tend to prefer users with similar
tastes. Thus, as native links become more important and numerous
than copied links, we expect the target network to become more
interest-based. By contrast, Last.fm users tend to prefer copying
and natively linking to users who share similar music tastes. Thus,
while there is no universal pattern for how users on different target
networks copy links, it appears that in both cases, the links, and
hence the target communities, tend to become more interest-based
over time.

However, copying continues to be important for the creation of
native links over which interaction happens, even in networks like
Pinterest, where copying appears to be governed by norms of social
closeness — Fig. [8c|examines links over which social repin interac-
tions happen over a sample representative day, and shows that users
who have copied more of their friends from the source to target
network, tend to have more native followers who are friends of her
friends on the target network. i.e., copying creates the opportunity
for users in the immediate social community of nodes in the copied
sub-graph to discover and follow them, creating new native links,
over which social interaction happens.

6. RELATED WORK

Many websites try to incorporate a social networking aspect to
enhance user engagement and community interaction. Social net-
works are known to facilitate the formation of learning communi-
ties, foster student engagement and reflection, and enhance over-
all user experience for students in synchronous and asynchronous
learning environments [[1]. Social networks are also the core of the
design of new user-driven communities around health issues [9]
and have been utilised to facilitate community formation in envi-
ronments ranging from professional settings [|17] to online games [5}
8]l. Including the above studies, most existing research on the for-
mation and evolution of online social network communities has fo-
cused on single networks. In contrast, this paper evaluated interac-
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tions between two different networks: a generic social network and
a target network on the content-driven website.

Multilayer networks (or also called multiplex, heterogeneous,
interdependent, or multi-relational networks in literature) describe
the fact that users may belong to different social networks (or lay-
ers) at the same time in real world. Each network layer could have
particular features different from the others. A number of stud-
ies have looked into multilayer networks, including modelling of
the formation and evolution of multilayer networks based on pref-
erential attachment models [19} 20, 21]]. In particular, resilience
of cooperative behaviours is known to enhanced by a multilayer
structure [[13[] and in some cases, cascading failures may occur in
interacting networks [3]]. Multilayer structures are also known to
speed up diffusion in networks [[12].

We proposed a copying process for networks as a model called
Link Bootstrapping Sampling (LBS). This model can be seen as
a variation of Induced Subgraph Sampling (ISS) [[15]], which ran-
domly selects a subset of nodes and observes all links between
selected nodes. Compared to ISS, the LBS model introduces an
additional link sampling step: each selected node further selects a
subset of its links for observation. Then, based on this model, we
derived conditions for the emergence of a giant connected compo-
nent in copied networks. Lee et al. [16] also examine the emergence
of a giant connected component in multi-layer networks. However
their study is restricted to the Erdés-Rényi model and seeks to an-
swer a different question of how the correlation of node degrees in
different layers affects the emergence of a giant component.

Another aspect of this paper was the large-scale empirical study
across two different networks. Empirical analysis of multiple net-
works is relatively uncommon. Szell [25] collected data from an
online game and extracted networks of six different types of one-
to-one interactions between the players. Then, both reciprocity and
clustering were studied for each layer of the network. In contrast,
our dataset shows the process of copying links between two inde-
pendent websites, the source and target, where the original purpose
of the link in the source network may be quite different from the
intended purpose for the copied link in the target network.

Finally, this paper is related to the series of studies that investi-
gate the motivation of users in creating social network links. One
study found that professionals use internal social networking to
build stronger bonds with their weak ties and to reach out to em-
ployees they do not know [7]]. Another study identified that social
links have high predictive power in determining which newcomers
will continue to engage with the service in the future [4]. Other



studies have demonstrated that properties such as reciprocity and
clustering promote interaction in natively created social graphs [[18}
26]. We have shown that such positive effects of social links also
apply to links copied from unrelated external social networks.

7. CONCLUSIONS

This paper studied the impact of social bootstrapping—the act
of copying one’s social ties or links from a source network to a
target network. This is a popular practice enabled by many new
social network services and has implications on how a new online
social network community can grow quickly. We gathered mas-
sive amounts of data from Facebook, Pinterest, and Last.fm involv-
ing tens of millions of nodes and billions of links to understand
this new phenomenon. We proposed a simple analytical model and
used it to gain insight into the social bootstrapping process. Among
a number of findings, we highlight that a “copying” process is use-
ful to initiate social interaction in the target network, as one may
expect. However, a “weaning” process, where a user moves away
from copied social links and builds social relationships natively in
the new network is essential for longer lasting user engagement. To
the best of our knowledge, this paper is the first to utilize large-scale
cross network data in understanding the interplay between hetero-
geneous services in terms of bootstrapping a network and engaging
users to form a cohesive, interacting community.
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