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ABSTRACT

People form social relationships based on certain
characteristics they possess, called social setectiVhen
people change their social behavior due to intemact
with others, social influence is at work. Currenierid
recommendation systems are mainly based on common
friends and similar profile characteristics, theref the
system may recommend unknown people. Recent
advances improve the quality of friend recommeaahati

by using shared content and interactions such as co
authored papers, patents, and comments, but ndpkect
physical interactions to associate how you may ktioat
person. In this paper, the interplay between social
selection and social influence on physical proxymiit
friendship formation is quantified in a mobile Itioa-
based social network deployed in an academic
conference. Encounter is used to measure and record
physical proximity between user pairs, then a filien
recommendation system is built that uses theseueers

to specify the reason why this person should beaddd a
friend. The cumulative average duration and average
frequency of encounters are analyzed, before atet af
sending the friend request. The results presenk seeial
selection and strong social influence on physical
proximity in friendship formation and the reason® a
explained. This work helps to improve the design
implementation of friend recommendation in physical
environments.
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INTRODUCTION

Studying how new social links emerge and are formed
with temporal information about individuals’ actigs
and their interactions, is very important for urelending

the underlying network evolution mechanisms. The
intrinsic and immutable homophily between indivitbua
such as similar characteristics, interests, bebefd even
common friends in the network itself, have been
investigated with great effort and validated to tcdte

to the usual preferential ties [10, 21].

In addition, surrounding contexts in which a social
network is embedded have great effects on the fioma
of social linking between pairs of individuals atite
evolution of the network structure. The factors in
surrounding contexts refer to activity featuresserp
beyond individuals and their network, for example
walking nearby and attending the same meeting in
physical environments [10]. The phenomenon thapleeo
tend to connect and form social links with othersow
share the similar intrinsic homophily and contektua
factors, is often called social selection.

In all social networks, individuals behave as dalctom
and certainly are not alone and interact with aher
friends or not friends. While the social selectiates play
in friendship formation among people who are nignids
before, another interesting rule is social influmn8ocial
influence describes that, in the process of arviddal's
interactions with others who are already friendsy h
social behaviors and activities may change and exge/
to be in accordance with the behaviors of theierfds.
Social influence has been presented to be at vimonkainy
social settings [10, 27], especially in online sbci
networks, for example, the influence from friendsts as
joining a community in LiveJournal [1], editing a
Wikipedia article [6] and attending a DBLP confece
[1].

Both social selection and social influence in ddifg
have a long history of study in sociology, fromdstung
in a same school, working in a same company, trjgi
weight loss behaviors or even adopting risky bebravi
such as drug and alcohol abuse [10, 21]. Howeitte |
work studies the social selection and social infeeson
physical proximity among individuals in daily lifén this
paper, we try to understand their interplay aneésabn
physical proximity in friendship formation in phygsi



environments. We hypothesize that: (1) for social
selection, more physical interactions will resuft an
increased probability for a person to add anotheraa
friend, and (2) for social influence, being friendsll
result in an increased physical proximity betweawche
other.

To test the hypothesis and understand the sockedviar
around tracking friendship formation in a physical
environment, we built a mobile indoor location-bdise
application called Nokia Find & Connect (NF&C) at a
academic conference. We used encounters to measdre
record physical proximity between two people, theiit

a friend recommendation system that used these
encounters to specify the reason why this persouldh

be added as a friend. Besides, in NF&C, a user can
manually add another user who is not a friend by
searching and visiting her profile page and themdsey

out the manual friend request. Through evaluatimg t
system logs, we analyze the cumulative averagetidara
and the frequency of physical proximity interacton
between a pair of attendees A and B before A sends
friend request to B (either manually or from friend
recommendation), and after the friend request
(considering if the friend request is acceptedaij.n

From the analysis of the presented results, thethgsis
(1) is not supported while the hypothesis (2) isparted.
In particular, before the manual add-as-friend estjus
sent, the cumulative average duration of encounters
very small and almost does not rise. At the samme.ti
there are just a few encounters on average of per u
pairs. These indicate that physical proximity inrte of
cumulative average encounter duration and average
encounter frequency has negligible effect on a adding
another as a friend. Thus, social selection on iphlys
proximity has very little effect in the friendshiprmation
process to prompt users to manually add otherseasd§,
which negates the hypothesis (1).

Besides, the cumulative average encounter duraiah
the average encounter frequency both raise shuaiigtyn

the first several hours after the add-as-frienduest is
sent, and then keeps increasing with moderate speed
user pairs who send friend requests manually om fro
friend recommendation. For the user pairs whosendi
requests are accepted, their values of the abowe tw
metrics are substantially larger than that for useirs
whose friend requests are not accepted. Especiaity,
user pairs who do not send friend requests to etutr,
there is scarcely any increase in cumulative awerag
encounter duration. These results show clearly that
social influence on physical proximity in terms of
encounter duration and encounter frequency in drien
formation is strong, which validates the hypoth€2)s

The rest of the paper is organized as follows. tedla
work is discussed in the next section. Then the

experimental setup about the system overview and
features of NF&C is described. Next, the quantitati
results of the temporal relationship between plajsic
proximity and friend formation are presented inaileind

the behind reasons are discussed. Finally, we adadhe
paper, followed by a discussion on the potentiadigte
implementations of friend formation based on phglsic
proximity information in the physical environmerst &ell

as future work.

RELATED WORK

Social Selection

Homophily principle [21] in the formation of networ
structures and ties, presents that we tend to cbnwith
similar people and be friends with them. The irgign
homophily between individuals such as similar
characteristics, interests and beliefs, and theosoding
context factors like studying in the same schoalyenh
been validated to contribute to the usual prefékties
[21, 22]. The fact that people form social ties dzh®n
certain same characteristics they possess is tétemed
social selection [21]. In social selection, peoplay have
more opportunities in the social environment tonfor
friendships with other like-minded individuals, digethe
shared characteristics [17, 24].

Work in [13] examines nine diverse information smas
from three categories (“people”, “things” and “paf) to
define user similarity, with which people form tiés
social selection. Work in [2] utilities self-reped address
data from Facebook users and their network ties to
measure the relationship between geography and
friendship. The authors find that in social seletti
Facebook users’ probability of friendship is rouyghl
inversely proportional to their distance at mediianhong-
range scale, while in shorter distance scale, toleability

is less sensitive to the distance. Work in [9, 28k
Bluetooth technologies to define the relative pbabi
closeness and infer the friendship in social select
through encounter duration and frequency.

However, previous works on social selection do not
consider physical proximity information or considbe
physical proximity in outdoor environments whichiis
rough granularity. Our work focuses on indoor phgki
environments and studies the social selection mie
physical proximity in people connecting to eacheoth

Social Influence

In social environments, people not only tend terfd
with like-minded individuals as indicated by thecisb
selection principle, but they will adapt their adies and
behaviors to be accorded with that of their frienakich
is called social influence [10].

Social influence appears in almost every area, fdaity
life to adopt smoking [4] and losing weight [18]), \tirtual



goods purchases [19], consumer's desires and loeb 8]
and technology adoption [27]. Especially in onlgozial
networks and communities, people’'s probability of
joining a community in LiveJournal [1], editing a
Wikipedia article [6] and attending a conferencteld in
DBLP [1], increases linearly as the number of their
friends who are already there increases. The social
influences in these works in people’s social betvavare

all so strong that a set of friends is about 16€e8 more
powerful in influencing a user to join a group thtme
same number of strangers.

However, there is little research work on the @fisocial
influence on physical proximity after friendshigrrization.
We want to know if the physical proximity interamti in

a shared physical environment increases if two leeop
become friends. Understanding this is importarkteip to
bridge the gap between physical offline co-locatard
friendship in the online world. Work in [7] studigtie
diverse location measurements and proposed location
entropy to predict the friendship of two users by
analyzing their co-location trace, which addressese
different problems.

Friend Recommendation

Web 2.0 centers on users and their relationshipendt
recommendation system is an effective channel pauect
one’s social circle [26]. Current friend recommetima
systems such as “People You May Know” in Facebook
and LinkedIn are mainly based on common friends and
similar profile characteristics [15]. But the systanay
recommend unknown people and people often provide
feedback like “I do not know this person, why tlystem
recommends him to me” and “Even though there are
several common friends, but | do not know the
recommended person so | will not add him as friend”
This is validated by work in [3], which showed thhe
more known people that were recommended, the more
likely users will rate and consider the recommeiothiatas
good. Recent advances [14, 16] improve the quality
friend recommendations by using shared content and
interactions such as co-authored papers, patemis, a
comments, but neglect the physical interactions to
associate how you may know that person [9, 20, 25].

Due to a flourish of location-based social netwasksh

as Foursquare and Gowalla, users behave and interac
with each other in physical environments. Previoask
[12-14] showed that the more social network infaiora
and sources integrated, the richer the result hadloser
the returning people is to the ideal friend listhus,
physical interactions within proximity may be wt#d to
recommend similar-minded people [5, 7, 23]. Worklit]
shows that there is positive correlations betweeysigal
place preference and visiting frequency and visiet In

our work, priority weight is given to physical pioity
when recommending the potential friends, since the

people nearby that you may see and listen to , beay
talking with you in a conference environment.

EXPERIMENTAL SETUP

Our evaluation on the two proposed hypotheses seda
on the analysis of system logs of NF&C about users’
friend formation data and users’ physical locatigith
temporal information. NF&C system is an indoor laxa

and proximity-based mobile social network solutitan
leverage efficient management of physical resouli&es
meeting rooms through event scheduling to facditat
social linking for connecting people. NF&C was dgd

in the 7' International Conference on Ubiquitous
Intelligence and Computing (UIC 2010) and" 7
International Conference on Autonomic and Trusted
Computing (ATC 2010), in October 2010. During the
conference, a total of 112 conference attendees
participated in the NF&C system and each carried a
phone with NF&C software installed. We now describe
the system overview and social features in NF&C.

System Overview

NF&C in the UIC/ATC 2010 conference provides an
integrated interface in the mobile phone to britlgegaps
between online social links among people and physic
interactions like proximity and offline resourceskel
session rooms. As an indoor location-based social
network, NF&C utilizes WiFi wireless technologyaffer

the updated location of moving conference attendees

A Client-Server architecture is leveraged in the&SF
positioning subsystem. The positioning client seftev
installed in the mobile phone continually colle@sd
sends WiFi signal strengths from nearby WLAN access
points at a tunable time interval, to the positignserver

to update current location. With the received Wiginal
strengths from the positioning client and the posihg
model obtained from recording WiFi signal strenigtithe
indoor environment, the positioning server can
approximate the current position of the mobile phon
which is carried by the NF&C user. Thus, every time
positioning client updates location, the positignserver
can calculate and record the physical proximityween
the user and other online NF&C users.

A web application is built to present the locatimased
social conference services in a mobile web browadghe
mobile phone where the positioning client above is
installed. The web application sends requests td an
receives responses from the NF&C application server
which not only processes business data but also
communicates with the NF&C positioning server to
provide the physical proximity interactions between
conference attendees and show where the conference
resources like the session rooms are.



Social Features for Conference

To help attendees efficiently find the interestipgpers
and sessions in a large academic conference wiltipheu
parallel sessions and reserve their time in by chaliveg
the conference program with their favorite papensl a
sessions, a conference navigator such as the ofg8]in
was created.

Establishing social links among conference attendee
provides more valuable opportunities for them tk téth
each other in a face-to-face manner. NF&C not only
provides the basic functionalities to make the eosrice
participation much easier, but also bridges ancheots
the conference attendees by helping to build th@ako
links among the attendees through diverse channels.
NF&C users can enrich their profile page by updatin
their status about what they do now and specifyirair
research interests and favorite papers and sesh&i8sC
users can interact with others through visitingheather’s
profile, sharing their personalized conference dake
and favorite papers to others, sharing their locatio
others and viewing where others are and what otthers
now with the status and making comments to certain
sessions and papers as a form of conference blien T
NF&C users may connect to each other by addingrethe
as friends and becoming friends after a certainbamof
social interactions.

Furthermore, a friend recommendation system ist il

help conference attendees easily find the like-eihd
people. The recommendation system utilizes sekardb

of information about users’ social activities and
interactions in NF&C. The information includes theme
research interests, the same favorite papers asibsas,
buzzes to the same papers and sessions, the common
friends and physical proximity. While the other
information except the physical proximity (like essch
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Figure 1. Physical proximity distribution of all usersfrom the
conference.

interests) can be faked, the physical position #mel
resulting proximity is of absolute reality becaitseomes
from the NF&C positioning client in the mobile pheon
carried by conference attende®éhat you are interested

in is what you see and listen at the place where you are.
This principle is some kind of voting with your fipaint
[11] and it is true especially in an academic cozrfee
scenario. Therefore, we give special importanceykteto
physical proximity when recommending the potential
friends, since the people nearby may see and ligien
what you are seeing and listening and as well gwple
nearby possibly are talking with you.

SOCIAL SELECTION AND SOCIAL INFLUENCE ON
PHYSICAL PROXIMITY

We define that two users have an encounter if thysipal
distance of their proximity interactions at a tipeaint is
less than a certain threshold. Figure 1 shows the
cumulative distribution function (CDF) of physical
proximity interactions in the NF&C deployment ateth
UIC/ATC 2010conference. Clearly, for almost all the
physical proximity interactions, the distances kewany
pair of two users in the proximity are within 4 et
Therefore, in this paper, we consider a physicaxkipmity
interaction as an encounter when the physical pribyi
distance is less than 1 meter, 2 meters, 3 metetsda
meters, respectively.

Results in Encounter Duration

Using the four representative encounter distance
thresholds to define encounter, we study how frséiyl
formation affects physical proximity and encounter
between a pair of two users. We also investigate the
effect changes over time before and after the disaip
formation. The time when one user sends the add-as-
friend request to another user is recorded and asdidne

0 in tracking the evolution with hours as the uRibr the
pairs of two users that did not send add-as-frieogiests

to each other, the middle time of the UIC/ATC 2010
conference is used as time 0, i.e. 2010-10-28 G000

Since we provide a friend recommendation system in
NF&C, there are two sources for the add-as-friergliest

to be sent out. One is to visit the friend recomdagion
(FR) page and add the recommended person as friend,
which is denoted as FR-Yes. Another is to find songe

in NF&C manually and if the person is not a frigthén
adding the person as a friend, which is denotdeRadlo.

The add-as-friend request needs confirmation betoee
friendship is eventually formed. As a result, weate the
add-as-friend request that is accepted as Accept-Ye
otherwise as Accepted-No. In combination, we haue f
different types for user pairs, if they have seat the
add-as-friend request from one to another. For gkam
FR-Yes, Accepted-Yes stands for the type of pairs o
users that one user sent out the add-as-friencesedrom

the friend recommendation page and the request is



confirmed and accepted by another user, which miens
two users are friends. Besides, we also have tpestyf
pairs of users by checking whether they sent caitaid-

value rises smoothly. For the user pairs that dosead
friend requests, we observe that the cumulativeaaee
duration has a small increase mainly in the fingi tlays

as-friend request. in the conference, and in the last two days of emnfce,
the value remains stable. This means that for paes
that do not send friend requests, they mainly cetepl

their encounters during the first half of the coafee.

Figure 2 shows the cumulative encounter duration
averaged per encounter at each discrete hour efore
and after the reference time 0 point, for differgmes of
pairs of users and different types of encountetadise
threshold settings. On the high level that encaunte
distance threshold changes from 1 meter to 4 meters
observe the similar trends in each cumulative aeera
encounter duration for each type of user pairs sesid
add-as-friend request.

We discover that the social selection on physical
proximity in friendship formation is weak. As shovim
Figure 2, before the manual add-as-friend requesent,
the cumulative duration of encounters is very sraaldl
almost does not rise (the green line and blue .limk)s
indicates that social selection on encounter domakias
very little effect on a user adding another asiantt.
Because we believe that if the social selectioploysical
proximity works in friend formation, then the curatiVe
average duration of encounters before sendingdtieasa-
friend request should be large. Even for the adffiasd
request sent from friend recommendation (the mesl dind

Before the add-as-friend request is sent, the geera
encounter duration is very small and rises verwklp
while for the time just before and just after thid-as-
friend request is sent, the duration rises shatplya
considerable large value, then after the requestrns the
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Figure 2. Cumulative encounter duration averaged per encounter over timefor different pairsof users.



black line), before sending, the cumulative enceunt
duration increases at a slow speed. But the slovease

is due to the fact that the friend recommendatigsiesn
takes physical encounter as an important one of the
information  sources utilized in calculating the
recommendation list. Thus, the duration of encasnie

not enough to affect users to accept the friend
recommendation and send the friend request, cgontoar
our hypothesis (1). The reason why our hypothesisot
validated by encounter duration may be that in an
academic conference, the objective is to know more
researchers with similar research interests andp kee
connected with them, therefore the physical protimi
becomes irrelevant for the friendship formation.
Therefore, results in Figure 2 show that the rdlsazial
selection on physical proximity measured by cuniwuat
average encounter duration is very weak in a cenfar
environment.

The social influence from friends on physical proity is
clearly strong. In Figure 2 after the add-as-frieaduest

is sent out, for accepted friend requests from rahand
friend recommendation (the red line and green Jiti&d
cumulative average encounter duration increasesllyap
with time. For the unaccepted friend requests ffoend
recommendation (the black line), the duration of
encounters increases, but is at a much slower Fate.
unaccepted manual friend requests, the duration of
encounters does not increase and remains stalleafty
shows that the cumulative average encounter duratio
user pairs that the add-as-friend request is aedeps
about one and a half times to that of user pairth wi
unaccepted friend requests from friend recommeodati
and about two to four times to that of user paifthw
unaccepted friend requests from manual sendingeOnc
the friend request is accepted, users are moréy like
encounter each other with longer duration. This
phenomenon is especially obvious for the user pghas
send add-as-friend requests from the friend
recommendation system and accept the request,eas th
encounter distance threshold increases from 2 mé&tet
meters, except the case where the encounter distanc
threshold is set to be 1 meter. Therefore, the abkocial
influence from being friends on physical proximity
measured by cumulative average encounter durason i
very strong, similar to the influence from frieridsonline
environments such as joining a community in Livedal

[1], editing a Wikipedia article [6] and attendiagDBLP
conference [1].

In addition, for the unaccepted add-as-friend retpjehe
cumulative average encounter duration of the usénsp
with requests from friend recommendation, is
considerably about two times larger than the valuthe
user pairs with requests sent out manually as time
progresses. This indicates that, although therstex
weak role of social selection on physical proximity

friendship formation, the friend recommendationteys
that utilizes physical proximity information in NREX
significantly helps to increase the possibilityfiod the
people you should meet in a conference for attendee
whether or not the add-as-friend request from éien
recommendation is eventually accepted.

Results in Encounter Frequency

Changes of average number of encounters per useapa
times increases, for different types of user pairs
different encounter distance threshold settings, aso
considered. When changing the encounter distance
threshold setting from 1 meter to 4 meters, thaltes
present similar trends. Therefore, only the refuitthe
case when the encounter distance threshold is drenst
shown in Figure 3.

Before the manual add-as-friend request is seatethre
just a few encounters on average per user paiesgfien
line and blue line). This indicates that sociaksgbn on
physical proximity in terms of the average encounte
frequency has negligible effect on the friendship
formation process to prompt users to manually atidre

as friends, which is in accordance with the resfrtisn

the cumulative average encounter duration in Figlre
Thus, the hypothesis (1) is not supported by the
distribution of encounter frequency.

After sending out the add-as-friend request, therage
number of encounters clearly increases. User peitts
accepted friend requests have more encountersubem
pairs with unaccepted friend requests, for botresypf
friend requests sent from manual and friend
recommendation page, respectively. Therefore, baing
friend has obvious social influence on physicalxproty

in terms of the average encounter frequency, which
supported the hypothesis (2).

Furthermore, from the left inner figure, we obsethiat
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Figure 3. Average number of encountersper pair of usersfor
manual friend requestsand friend recommendations.



for user pairs who do not send friend request th edher,
they encountered pretty much mainly during the fing
days of the conference. Based on Figure 2, we kihaiv
user pairs who do not send friend request to edloér o
generally encounter each other very shortly anelyar
stop to stay and have a talk. On contrast, uses paio
have sent friend request have fewer encounterkhger
duration of each encounter. NF&C helps to establish
social links among conference attendees and previde
more valuable opportunities for them to talk witack
other in a face-to-face manner.

CONCLUSION

We Dbuilt an indoor location-based mobile social
networking system at an academic conference, named
Nokia Find & Connect (NF&C), which not only
implements personalized conference schedule tageav
kind of conference navigator system in the moblierge,

but more importantly offers diverse channels talgith
social links among conference attendees. The social
linking is especially helpful in that the linkedrference
attendees may have more opportunities to talk fiaca-
to-face manner. NF&C helps to discover potentikéi
minded researchers in the form of friend
recommendations, which consider physical proximity
information with the principle of “voting with your
footprint” [11], except the similar research intse and
favorite papers and sessions.

In this work, we investigated the roles of socklestion
and social influence in terms of physical proxiniitythe
social friendship formation process. Through defini
encounters to measure the physical proximity ictéras
between people, we analyzed the distribution of
cumulative encounter duration and encounter frequen
averaged on per user pairs, for different typesusdr
pairs. We made a distinction between user pairs by
considering whether they send out friend requegiere

the friend request comes from (manual or friend
recommendation) and whether the friend request is
accepted or not (become friend or not).

We find that social selection on physical proximitgs
very little effect in the friendship formation pess to
prompt users to manually add others as friendghé
academic conference environment. However, we firad t
the social influence on physical proximity in terro
encounter duration and encounter frequency in drien
formation is strong. Furthermore, for the user paihose
friend requests are from friend recommendations,
generally there are more physical proximities ttieat for
user pairs whose friend requests are manual, whiétbe
friend request is accepted or not.

The results presented imply that although the $ocia
selection role on physical proximity in liking pdepto
become friends is weak (at least in our academic

conference environment), the friend recommendations
that utilize the physical proximity information thscover
potential like-minded individuals, finds the right
conference attendees to have more face-to-face talk

Our work is limited in that the short deploymenouif
days) in only one conference environment may mhbake t
results somewhat biased, even though we obtairear cl
physical proximity distribution as presented earlie
Future work includes deploying NF&C at more large
conferences and revisiting our results, and conisigehe
relationships between physical proximities and neindf
friends.
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