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Abstract—The mobile phone can be used as a ubiquitous
internet device to help users connect with the relevant people
instantaneously to grow their social networks and provide quality
friendship. In this paper, we present usage statistics from Nokia
Friend View and identify its relevant users, by describing and
applying our SCAN method adapted from [1] for finding cohesive
subgroups to the friend and interaction networks. Our results
show that the connection patterns of the top 10 relevant users
in the interaction network reflect the friend relationships of
those users, and that members of cohesive subgroups send more
messages and have more friends than others in the interaction
network. These results can be used to improve friend recommen-
dations, search, and user interaction.

Index Terms—cohesive subgroups; mobile social network;
relevant members; social behaviour

I. INTRODUCTION

With mobile phones having Internet and web capability,
users can easily access and update their online social net-
works in real time and with real location. We call the so-
cial network that is created from the connection of mobile
phones through a shared content medium (normally the web)
a mobile social network. Mobile social networks present huge
opportunities for businesses and for users to take advantage of
real-time interactive and user-generated content for providing
recommendations, search, and personalization. However, there
has been few research into how to analyze this mass user-
generated input and social interactions [2] that arise from the
social networking data. It also becomes important for users
to connect with the relevant people in order to grow their
online and mobile social networks and to provide quality
friend relationships, thus preventing friend spam (where users
want to become your friend but you do not have anything
in common with them). As a result, research is needed into
developing recommendation algorithms for finding the relevant
people that users should connect with.

Friend recommendations are already implemented in online
social networking sites such as Facebook and LinkedIn. These
recommendations are typically based on analyzing user pro-
files for similar content (like attending the same company or
university, or having similar interests) and friend-of-a-friend
relationships. However, there is no mention as to why users
should connect with these people or how they are relevant.
Ranking algorithms also suffer from the effects of friend and
comment spam. For example, TwitRank and other Twitter

ranking engines rank Twitter people based on the number
of followers and number of comments, but this fails if the
comments are spam. Therefore, there is a need to examine
the link connections within interactions in the online social
network, as echoed by Chun et al [3], in order to identify
relevant people who can be the recommended friends. We can
find relevant people by finding cohesive subgroups, that is,
subgroups of people that have intense interactions within the
group than outside the group [1].

In this paper, we analyze the friend network and interaction
network in a mobile social network using the Friend View
service created by Nokia Research Center, in order to describe
the social behaviour and identify cohesive subgroups using the
modified version of the SCAN method in [1]. For convenience
and practicality, we identify relevant members as the top 10
ranked members based on highest betweenness, degree and
closeness centrality. We make comparisons between the top 10
members of the friend network and the interaction network,
and discover that subgroups formed in the interaction network
are based on friend relationships, and that subgroup members
send more comments and have more friends than others in the
interaction network.

Our contributions are the following. First, we describe a
novel method based on [1] for finding cohesive subgroups
and for finding relevant members in mobile social networks.
Second, we demonstrate the viability of our method by ap-
plying it to a case study of Friend View. Third, we outline a
method that can be used for ranking users and forms the basis
for creating friend recommendations.

The remainder of this paper is structured as follows. Section
II describes related work and Section III explains the SCAN
method used to find cohesive subgroups. We present an
overview of Friend View and describe the usage statistics in
the Friend View mobile social network from analyzing the
friend and message interactions and for characterizing social
behaviour in Section IV. Section V describes our method
and results for finding cohesive subgroups and the top 10
members for friend and interaction networks in Friend View.
We discuss the results of the analysis in Section VI in
terms of how the friend network influences the interaction
network, and the characteristics of cohesive subgroup and
non-subgroup members. Finally, we provide conclusions and
recommendations for future work in Section VII.
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II. RELATED WORK

There has been much work in social network analysis and
studying structural properties of online social networks for
characterizing and describing social behaviour. However, there
has been only few work to date for mobile social networks due
to the privacy and security issues that are involved.

A. Characterizing and describing social behaviour

Researchers have used statistical analysis [3]–[5], and social
network analysis [3], [6] for characterizing social behaviour
in online social networks. Java et al [6] used social network
analytic measures such as degree, clustering coefficient and
reciprocity to study the topological properties of Twitter and
why people use Twitter. Leskovec et al [5] analyzed an instant
messaging network and analyzed communication statistics
such as number of friends, duration of conversations, and time
interval between each conversation. However, none of them
analyzed whether the interaction between users in the social
network followed the declaration of friend relationship.

Chun et al [3] demonstrated that the friend network is
similar in structure to the interaction network (which they
call the activity network) and they conducted a detailed social
network analysis into the structural characteristics of the friend
and activity networks of CyWorld and their correlations. Even
though we also compare the friend and interaction networks,
our work is different in that we do not examine the structural
characteristics of friend and interaction networks, but rather
examine the problem of identifying relevant members in the
friend and interaction networks by finding cohesive subgroups.

There has been little work in performing the above analysis
for mobile social networks [2] such as mobile phone networks
and mobile online networks due to the security and privacy
issues in obtaining that data. However, with access to mobile
phone logs and call records, researchers are making use of so-
cial network analysis to mine these datasets for characterizing
the structure [7] and addressing the role and strength of social
ties in the formation and growth of groups, or communities
[8].

B. Finding subgroups and relevant people

Huberman et al [4] showed that the most relevant active
people in your social network are actually your friends, from
their Twitter study. Much work has looked into finding relevant
people within communities and subgroups using social net-
work analysis [6], [9], network centrality [10] and clustering
[11]. Social network analysis is now being used to mine call
graphs derived from call logs obtained from telecom networks
to find dense communities [7], where each user communicates
with a large subset of the remaining people and the subgraph
has high average degree.

However, the problem becomes which measures are appro-
priate for identifying subgroups, are computationally efficient,
and are accurate for finding subgroups. Our previous work
[1] demonstrates that our method is superior over clique and
related methods, is simple to implement, and provides accurate
subgroups.

The next section will explain about our method for finding
cohesive subgroups.

III. METHOD FOR FINDING COHESIVE SUBGROUPS: THE

SCAN METHOD

The SCAN method is a three-step process for identifying
cohesive subgroups on the basis of social networks inferred
from online interactions [1]. The SCAN method assumes that
the social network has been previously inferred using one of
a number of data mining and crawling techniques that are
available. In this paper, we deal with static networks with one
period of time, so the SCAN method can be reduced to two
steps which we explain below.

A. Select

In the first step, the possible members of cohesive subgroups
are identified from the social network. We set a cutoff value
on a measure that is assumed to be correlated with likelihood
of being a subgroup member, and then filter out people
who fail to reach the cutoff value on that measure. We can
first use betweenness centrality as this cutoff measure as
it is a good measure for finding subgroups from previous
research reviewed in [1], followed by other centrality measures
such as degree and closeness centrality because they have
been shown to be strongly correlated with a strong sense of
community, which is a behavioural trait of cohesive subgroups
[12]. The cutoff centrality can be obtained by creating a
frequency distribution graph of centralities of all members in
the social network and then selecting the cutoff as a break
in the distribution that separates a smaller group of higher
centrality members from the larger group of people with lower
centralities. From this cutoff centrality measure, we obtain
a subgraph of the original social graph where all members
that have a centrality below the cutoff centrality measure are
removed, due to their overall low connectivity to, and cohesion
with, others in the social network. This results in a list of
potential active members of subgroups.

B. Collect

In the second step, the objective is to recognize active
subgroups from the subset of network members identified in
the Select step. This is accomplished by forming subgroups
of the selected members using cluster analysis, specifically
weighted average hierarchical clustering because this is more
computationally efficient than k-plex analysis [12]. The output
of hierarchical clustering is a set of nested, non-overlapping
clusters (or tree) in a dendrogram. The extraction of the
hierarchy shows potential cohesive subgroups, but it does not
actually partition the people into a particular set of non-nested
subgroups.

IV. THE FRIEND VIEW MOBILE SOCIAL NETWORK

In this section, we introduce an overview of Nokia Friend
View explaining the user interface and its operation, followed
by a summary of usage statistics from anonymized Friend
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View data from the first 80 days that the Friend View ser-
vice started. For privacy considerations, GPS location is not
included in the dataset.

A. Overview of Friend View

Friend View is a location-enhanced microblogging appli-
cation and service from Nokia Research Center that was
launched in Nokia Beta Labs in November 2008, and is
available for public use at friendview.nokia.com. It allows
users to post messages about their status and activity with
other friends in their social network from GPS-enabled Nokia
S60 phones or from the web. A friend request is made
by specifying an e-mail, finding a user in the Friend View
directory, or adding a user who has commented on a message
originated by a user’s friend, and then a friend request is sent.
The recipient to be added as a friend, can decide to accept
or ignore the friend request. If the recipient accepts the friend
request, the two users become friends and can see each other’s
message updates and threads. Users can send two types of
messages in Friend View, an “I am here” message which just
posts the current location coordinates of where the user is from
the phone without writing a message, or a message which
posts the location or not. In the Friend View mobile phone
interface, users can see all their friends’ locations on a map
which is navigable and zoomable, along with their messages,
and comments from others.

B. Usage Statistics in Friend View

Friend View has two different types of networks, a friend
network which consists of all users and their friends (from
acceptance of friend invitations), and an interaction network
which consists of all the posted messages by Friend View users
and their associated comments. From the gathered data of the
first 80 days when Friend View started, we obtain the usage
statistics of approximately 7000 users of Friend View and
divide the results into three types: friend statistics, message
statistics, and comment statistics.

1) Friend statistics: We discover that most people (around
70 percent) have small social networks of less than 10 friends,
with few people having large numbers of friends (50 or more).
The majority of users accept all friend invitations with very
few users that ignored 2 or more friend invitations.

2) Message statistics: Most people post “I am here” mes-
sages during the morning getting into work, with heavy usage
in the early morning and late evening. People generally write
messages less than 200 characters in length, similar to Twitter
that has a limit of 140 characters. Most Friend View users post
at most 25 messages within the 80 days, while the rest post less
than 200 messages. Most messages have a very short lifetime
of less than 3 days (the time between when the message is
posted until the last comment to the post), indicating messages
are discussed almost instantaneously and have a short attention
span.

3) Comment statistics: Most users post less than 50 com-
ments, with few users that send more than 300 comments.
The majority of Friend View users write very short comments

of less than 50 characters, with an average of less than 5
comments to each message. On the other hand, a small number
of users write long comments averaging at least 100 characters,
but on average, these users receive more than 10 comments to
their messages.

V. FINDING SUBGROUPS AND RELEVANT MEMBERS IN

FRIEND VIEW

We apply our method presented in Section III to find
cohesive subgroups and relevant members in the Friend View
friend and interaction networks, and to answer the following
research questions:

1) Does the friend network influence the interaction net-
work? That is, are the connections in the interaction
network representative of the friend connections in the
friend network?

2) Do subgroup members send more comments than others
in the interaction network?

3) Do subgroup members have more friends than others in
the interaction network?

A. Data Collection and Procedure

We obtained the friend network data from the Friend View
team which consisted of pairs of anonymized ids which
indicate that the two ids are friends of each other. The
interaction network data was also obtained and consisted of
pairs of anonymized ids indicating that the first member made
a comment to the second member’s comment or original
message. Due to privacy concerns, we did not obtain the
location of the Friend View member that posted the message.
We then apply the SCAN method presented in Section III to
the friend and interaction networks. In order to better assess
and evaluate the cohesive subgroups formed and the relevant
members, we decide to take the top 10 ranked members that
have the highest centrality ordered by betweenness, degree
then closeness centrality from all the members identified in
the Select step.

B. Subgroups and Relevant Members in the Friend Network

We construct the Friend View friend network as a directed
graph G(V,E), where V represents the set of Friend View
members and E represents the set of friend relations similar
to Java et al [6] where they constructed a friend network
in Twitter. This results in the Friend View friend network
consisting of 3374 Friend View users that have 1 or more
friends and altogether having 9110 ties, with each Friend View
member having an average of 3 friends. Using the frequency
distribution for betweenness, closeness and degree centrality as
in [1], the cutoffs that we obtain are 0.000207 for betweenness,
0.05 for closeness, and 0.0008 for degree for selecting the
members. From the list of members that meet this criteria,
we rank order the members in descending order according
to betweenness, then degree and closeness centrality. Next,
we select the top 10 users from the ranking and their friend
networks as shown in Figure 1, where the large node indicates
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Fig. 1. Top 10 Friend View members and their friend networks (from the
Select step)

one of the top 10 users and the small nodes are the friends of
the users.

We see that the top 10 Friend View members’ friend
networks are highly connected with a total of 264 friends and
2314 friend ties. To determine whether the top 10 Friend View
members which we select according to our criteria also are
friends of each other and if they form a cohesive subgroup,
we extract just the large nodes and their associated ties from
Figure 1 and perform the Collect step. This results in Figure
2 which shows that the top 10 Friend View members from the
Select step indeed form a cohesive subgroup.

Fig. 2. Cohesive subgroup formed from the top 10 Friend View members
from the friend network (large nodes of Figure 1)

For the Collect step, the results of performing weighted
average hierarchical clustering on the top 10 Friend View
members, is the dendrogram in Figure 3 which illustrates two
cohesive subgroups of friends indicated by rectangles. These
subgroups are then joined together by member 731226 to form
the top 10 members’ cohesive subgroup.

From our analysis, we discover that the top 10 relevant

Fig. 3. Cohesive subgroups and dendrogram of the top 10 Friend View
members in the friend network (from the Collect step)

members in the Friend View friend network have a minimum
of 1 friend, a maximum of 5 friends, and an average of 3.2
friends.

C. Subgroups and Relevant Members in the Interaction Net-
work

We construct the Friend View interaction network as a
directed graph G(V,E), where V represents the set of Friend
View members and E represents the set of comments to
messages by members, where a directed edge or tie exists
between node A and node B if node B posted a comment in
response to node A’s message and the edge weight w indicates
the number of comments that B made in response to all of A’s
messages. This results in the interaction network consisting of
1150 Friend View users and 1947 ties, which is significantly
less in number compared to the friend network, and each user
has an average of 8 users that they converse with.

For the Select step for finding cohesive subgroups, we
remove edges with weights less than 2 in order to focus on
the active members that comment on messages, similar to
the approach of Huberman et al [4]. We remove all uncon-
nected nodes from the network which results in 620 unique
members. We obtain the following centrality cutoffs based
on betweenness, degree, and closeness centrality distributions:
betweenness of 0.001, degree of 0.002, and closeness of 0.05.
We select the members whose centrality values are above the
cutoff, rank order the members in decreasing order ordered
by betweenness, then degree and closeness centrality. The top
10 members from this ranking is chosen along with their
egonetworks, which forms the network graph of Figure 4
consisting of 262 members and 835 ties.

We can see that the top 10 members (the large nodes) from
Figure 4 are highly connected compared to the other members
(the small nodes). To determine if the top 10 members from
the interaction network of Figure 4 form cohesive subgroups,
we extract just the top 10 members and their ties with each
other and present the resulting subgraph in Figure 5.
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Fig. 4. Social network of selected members from Friend View interaction
network with highlighted top 10 members

Fig. 5. Cohesive subgroup formed from the top 10 Friend View members
in the interaction network (large nodes of Figure 4)

Figure 5 shows that the top 10 Friend View members
from the interaction network of the Select step, do indeed
form a cohesive subgroup and comment on messages with
other members in the subgroup. The edge weights indicate
the number of comments made. Members 832193, 332796,
449069, 588695, and 623815 form a completely connected
graph. The top 10 members comment an average of 212.9
times throughout the first 80 days of Friend View use, with a
minimum of 39 and maximum of 612.

Figure 6 illustrates the dendrogram from weighted average
hierarchical clustering in the Collect step, showing two inde-
pendent cohesive subgroups highlighted by rectangles which
are joined together to form the larger cohesive subgroup.

Fig. 6. Dendrogram of the top 10 Friend View members from the interaction
network (from the Collect step)

VI. DISCUSSION

In this section, we discuss the influence that the friend
network has on the interaction network, and whether subgroup
members send more comments and have more friends than
others in the interaction network.

A. Does the friend network influence the interaction network?

We discover that Friend View members that are declared
as friends, also make comments to each other’s messages, or
members that comment on each other then become friends.
We cannot clearly distinguish which is the more prominent
case, because the time that each friend invitation is accepted
and the time when the comment is made, are not recorded in
the dataset. Suffice to say, the most relevant members in the
friend network, as discovered from our method, are also the
most relevant members in the interaction network, as shown
in Table I in bold.

TABLE I
TOP 10 MEMBERS IN THE FRIEND VIEW FRIENDS NETWORK AND THE

INTERACTION NETWORK RANKED IN DESCENDING ORDER OF

BETWEENNESS, DEGREE AND CLOSENESS CENTRALITY (FROM THE

SELECT STEP)

Top 10 members in Top 10 members in
friends network interaction network

508075 332796
731226 463923
332796 588695
842792 832193
203711 623815
623815 736784
463923 326372
588695 449069
430102 198427
53601 430102

We discover that 9 out of the top 10 members from the
friend network are also in the interaction network, and that 5
out of the top 10 members from the friend network are in the

282282282282282282282282

Authorized licensed use limited to: Nokia. Downloaded on December 9, 2009 at 01:30 from IEEE Xplore.  Restrictions apply. 



top 10 members from the interaction network as indicated by
the bolded members in Table I. Therefore, the friend network
does influence the interaction network.

B. Do subgroup members send more comments and have more
friends than others in the interaction network?

Members of cohesive subgroups send significantly more
comments than others throughout the entire 80 days of study.
Specifically, subgroup members post an average of 212.9 com-
ments compared to 7.775 for the entire interaction network.
Subgroup members also have more friends than others with
average of 57.8 friends compared to 3.075 friends for the entire
network. By comparing the cohesive subgroups formed by the
top 10 members in the interaction network to the cohesive
subgroups formed by the top 10 members in the friend
network, we discover that the cluster orderings exactly follow
the declaration of friend relationships between the members.
That is, members that are friends of each other, are clustered
together from their conversations to form subgroups as shown
in Figure 6. Therefore, members of cohesive subgroups in
Friend View interact with each other significantly more than
non-subgroup members and are most likely to be friends with
each other.

C. Friend recommendations

The cohesive subgroup members that are common in the
friend and interaction networks can then be used as the basis
for friend recommendations, because these are the members
that are active and influential to the social network. For large
networks, the top X of the members in rank order from the
Select step in the friend network that are also in the interaction
network, can be recommended as friends to a particular user if
they are in the user’s ego-centric interaction network and not
in the user’s ego-centric friend network. If the friends have a
profile, then the profile can be compared with the user’s profile
to determine any similarities which can be used to even further
refine and personalize the friend recommendations.

VII. CONCLUSIONS AND FUTURE WORK

In this paper, we presented preliminary results on Nokia
Friend View usage on anonymized data from the early months
(first 80 days) of the Friend View service, for characterizing
social behaviour and for finding cohesive subgroups and their
relevant members. Our contributions are the following. First,
we described a novel method called the SCAN method and
modified it for finding cohesive subgroups and for finding
relevant members in mobile social networks. Second, we com-
pared the friend and interaction networks for a mobile social
network to determine if friend relationships affect interaction
networks. Third, we outlined a method that can be used for
ranking users and forms the basis for friend recommendations.
We discovered that the interaction network for the top 10
members derived from the SCAN method, resembled the
friend network of those members in Friend View. That is, the
top 10 members in the interaction network are friends of each
other.

Our work attempts to address the gap in information analy-
sis in mobile social networks [2], but there are many areas for
future work. First, our analysis was based on link analysis of
users without looking into the content of the messages and the
comments which could be irrelevant. Second, our method for
finding cohesive subgroups looked at a static dataset in time,
which was the first 80 days. It is recommended to analyze
the Friend View dataset in different time periods in order
to observe how subgroups evolve and if relevant members
change over time. A third area for future work is to create a
recommendation and ranking algorithm based on our method
and provide it to users to see if they would accept these
recommended friends. Finally, our analysis can be applied to
other social networks such as Facebook to compare with our
results.
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