Singapore Management University
Institutional Knowledge at Singapore Management University

Research Collection School Of Information Systems School of Information Systems

8-2010

Messaging behavior modehng in mobile social
networks
Byung—Won ON

Ee Peng LIM

Singapore Management University, eplim@smu.edu.sg

Jing JIANG
Singapore Management University, jingjiang@smu.edu.sg

Freddy Tat Chua CHUA

Viet-An NGUYEN

See next page for additional authors

DOI: https://doi.org/10.1109/Social Com.2010.68

Follow this and additional works at: https://ink.library.smu.edu.sg/sis_research

b Part of the Databases and Information Systems Commons, and the Numerical Analysis and

Scientific Computing Commons

Citation

ON, Byung-Won; LIM, Ee Peng; JIANG, Jing; CHUA, Freddy Tat Chua; NGUYEN, Viet-An; and TEOW, Loo Nin. Messaging
behavior modeling in mobile social networks. (2010). Symposium on Social Intelligence and Networking (SIN-10). SIN-276, (24),.
Research Collection School Of Information Systems.

Available at: https://ink.library.smu.edu.sg/sis_research/622

This Conference Proceeding Article is brought to you for free and open access by the School of Information Systems at Institutional Knowledge at
Singapore Management University. It has been accepted for inclusion in Research Collection School Of Information Systems by an authorized

administrator of Institutional Knowledge at Singapore Management University. For more information, please email libIR@smu.edu.sg.


https://ink.library.smu.edu.sg/?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ink.library.smu.edu.sg/sis?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1109/SocialCom.2010.68
https://ink.library.smu.edu.sg/sis_research?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/145?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/147?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/147?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:libIR@smu.edu.sg

Author
Byung-Won ON, Ee Peng LIM, Jing JIANG, Freddy Tat Chua CHUA, Viet-An NGUYEN, and Loo Nin
TEOW

This conference proceeding article is available at Institutional Knowledge at Singapore Management University:
https://ink library.smu.edu.sg/sis_research/622


https://ink.library.smu.edu.sg/sis_research/622?utm_source=ink.library.smu.edu.sg%2Fsis_research%2F622&utm_medium=PDF&utm_campaign=PDFCoverPages

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/224179539

Messaging Behavior Modeling in Mobile Social Networks

Conference Paper - September 2010
DOI: 10.1109/SocialCom.2010.68 - Source: IEEE Xplore

CITATIONS READS

5 37

6 authors, including:

- Ee-Peng Lim Freddy Chongtat Chua
&)’ Singapore Management University Hewlett Packard Labs
447 PUBLICATIONS 9,044 CITATIONS 27 PUBLICATIONS 195 CITATIONS
SEE PROFILE SEE PROFILE
Viet-An Nguyen Loo-Nin Teow
University of Maryland, College Park DSO National Laboratories
14 PUBLICATIONS 514 CITATIONS 37 PUBLICATIONS 202 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

et ABECOS: Agent Based E-Commerce System View project

roet  Diffusion in Social Networks View project

All content following this page was uploaded by Loo-Nin Teow on 15 April 2014.

The user has requested enhancement of the downloaded file.

ResearchGate


https://www.researchgate.net/publication/224179539_Messaging_Behavior_Modeling_in_Mobile_Social_Networks?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/224179539_Messaging_Behavior_Modeling_in_Mobile_Social_Networks?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/ABECOS-Agent-Based-E-Commerce-System?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Diffusion-in-Social-Networks?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ee_Peng_Lim?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ee_Peng_Lim?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Singapore_Management_University?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ee_Peng_Lim?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Freddy_Chua?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Freddy_Chua?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Freddy_Chua?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Viet-An_Nguyen?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Viet-An_Nguyen?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Maryland_College_Park?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Viet-An_Nguyen?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Loo-Nin_Teow?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Loo-Nin_Teow?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/DSO_National_Laboratories?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Loo-Nin_Teow?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Loo-Nin_Teow?enrichId=rgreq-db9184f8d76eeec5b0a8e8853b5a9217-XXX&enrichSource=Y292ZXJQYWdlOzIyNDE3OTUzOTtBUzo5ODQ1Nzc3OTk2NTk2OEAxNDAwNDg1NTczMDY2&el=1_x_10&_esc=publicationCoverPdf

Messaging Behavior Modeling in Mobile Social
Networks

Byung-Won On, Ee-Peng Lim, Jing Jiang, Loo-Nin Teow
Freddy Chong Tat Chua, Viet-An Nguyen DSO National Laboratories, Singapore
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Abstract—Mobile social networks are gaining popularity with behaviors are required. Instead of conducting interviews or
the pervasive use of mobile phones and other handheld devices. |n5urvey5 on users which are more intrusive, Cosﬂy and time
these networks, users maintain friendship links, exchange short consuming, we define the models using past messages among
messages and share content with one another. In this paper, we ,b l that titati dels of ina be-
study the user behaviors in mobile messaging and friendship users. We believe "‘_‘ quap |_a|v§ mp els o messag!ng e
linking using the data collected from a large mobile social haviors should be highly indicative if there are sufficient
network service known as myGamma (m.mygamma.com). We message data about the users. With the behavior models in
distinguish two types of user behaviors: soliciting active responses place, we proceed to investigate the relationship between
for an initiated message and responding to an incoming message'messaging behaviors and social status of users measured by

We propose various models for the two behaviors also known as - . -
engagingnessand responsivenesOur experiments show that the number of bi-directed friends. Finally, we seek to uncover the

two behaviors are quite distinct from each other although they relationships betwe?n user engagingness (and responsiveness)
may be correlated. We also show that engaging and responsiveand messaging topics.

users enjoy more friendships. Finally, we show that the engaging  Modeling user behaviors can be challenging attributed to the
and responsive users participate more in messaging about major yige variety of messages and the connectedness among users
topics. in the messaging networks. Messages can be categorized in
numerous ways based on its formality, sentiments, and content.
Instead of applying natural language text understanding tech-
In this paper, we study messaging related user behavipigues on the message content which is usually computation-
in myGamma (m.mygamma.net), a well established mobigly costly and inaccurate, we want our messaging behavior
social networking site that supports both friendship links anflodels to be defined upon the messaging header data already
messaging services. We distinguish two types of user behavailable as well as the ways (friendship links) users are linked
iors: soliciting active responses for an initiated message adone another. As one’s behaviors can be affected by all
responding to an incoming message. The behaviors are ai#her neighbors, the messaging behavior models should be
known as useengagingnessndresponsivenessespectively. able to cope with all the inter-dependency between behaviors.
Identifying engaging and responsive users can be useful inviobile messaging in many ways are similar to instant
a variety of applications including viral marketing, targete¢hessaging popular among web users. Both support real-
advertisement, network surveillance, online surveys, etc. Thege synchronous communications whenever users are on-
users are likely to form the core of a social network and pldjne. Mobile messaging however has the additional feature
important roles in spreading messages and getting respons¢sstoring incoming messages whenever users are offline so
The presence of such users in the network is also an indicatipat the messages can be read when the users become online
of the vibrancy of network. again. Such a feature enables mobile messaging to behave
Our thesis in this paper is that engagingness and resptike email messaging which supports mainly asynchronous
siveness behaviors are related to the social status of usersdmmunications. As noted in [5], instant messaging users are
a friendship network as well as their communication patterfikely to communicate with few acquainted users as opposed
with other users. We specifically aim to answer the followingp strangers. Mobile messaging is also different from instant
interesting research questions: (a) How can we tell if a usemmessaging by not restricting the communicating users to be
engaging or responsive from his/her messaging activities? d¢nds on a user's contact list.
How are a user’s engagingness and responsiveness behaviotée above differences have therefore distinguished our work
related to his/her status in friendship networks? (c) Are thieom the previous works that focus on instant messaging. To
messaging behaviors related to topics of messages? If so, vthet best of our knowledge, engagingness and responsiveness
are the relationships like? are behaviors yet to be studied in mobile social networks,
To verify our thesis and to answer the above questionzrticularly in large scale. The work presented in this paper
models to characterize user engagingness and responsiveisetisus early efforts in this direction. Messaging behaviors of

I. INTRODUCTION



TABLE |

users duringl online and offline periods can be differgnt yet NOTATIONS.
related. In this paper, we demonstrate that a user’s online (and
offline) durations can be estimated from the time of messages e —— ecovar
sent by him/hgr. From thg online 'durations, we derive th'e s m:gzzgzz_[zﬁl'y?;gsf;‘i?game,messages
online and offline messaging sessions between users which Onky Online periods o
X i A ) ) ffP; Offll.ne perlqu ofu
are in turn used to define the online and offline messaging Sij Online sessions between; andu;
. S,ij Offline sessions betweea ; and uj
behaVIOI’S r(m) Repl\jy to fmessagen
. . . Sdr(m S 3
Our contributions can be summarized as follows: S Tttt o
. . . t(m) Sent time of messagen
« We propose several quantitative models for measuring M, _; | Messages fromi; o u
. . . . M, Messages betweea ; and u ;
user engagingness and responsiveness in both online 1 1

and offline messaging sessions. These include tige M
GCOUNT, REPLYTIME, SESSIONNIT and SQUENCE
models. We further extend these models to incorporate
mutual dependency between engagingness and resporMobile messaging users communicate with one another
siveness. using a mixture of online and offline messaging sessions.

« We apply these models on a myGamma dataset contaitfhen a user and his/her contact are online, they can exchange
ing both messages and friendship links between usefessages with each other in real time. On the other hand,
Comparisons between engagingness and responsivenas¥obile messaging user can also send messages to another
and comparisons between different models have beeser if the latter is offline. In mobile messaging, a mixture
made using this real dataset. We further relate the tv@ messaging behaviors can exist for the same users. To
behaviors with number of friendships users enjoy. study these messaging behaviors separately, we first determine

. We finally show that engaging and responsive users plfjese durations automatically based on time gaps between
important roles in messaging topics within an onlingonsecutive messages in Section llI-A. Once the users’ online

community. We apply Latent Dirichlet Allocation [2] durations are determined, we proceed to derive the online and
to uncover latent topics from our message dataset. \@#line messaging sessions between every communicating pair
discover that major topics in the community are driveRf users (see Section IlI-B).

Ill. PRELIMINARIES

by engaging and responsive users. Table | defines the notations to be used in the rest of paper.
A messagen’ is said to be theeply of am if it is the earliest
Il. RELATED WORK message that haSdr(m’) = Rep(m), Rep(m’) = Sdr(m),

There are very few previous efforts on studying user behaamd¢(m’) > t(m).
iors in email messaging. In [3], user responsiveness behavior o ) )
is defined in the context of replying emails of the sam@- Determination of Online and Offline Status
subject headings. In instant and mobile messaging, messagBetermining the online and offline communication for mo-
structures are much simpler and subject heading is not longde messaging users is a non-trivial task. In the absence of
a viable grouping criteria. This work does not cover tha log of user online status over time, we have resort to a
engagingness behavior nor explores different responsivenstsistical approach to automatically decide the online and
behavior models. To the best of our knowledge, there is wdfline periods of each user as he/she uses the messaging
other research on modeling messaging behaviors. service. Our main proposed idea of segmenting messages into
As instant messaging is very similar to the myGammagnline and offline messages is based oBaussian Mixture
messaging, we examine related work in the area. Nar®lodel. In this model, we envisage that users send messages
Whittaker and Bradner found that instant messaging senad at different rates depending on whether they are online or
largely social purpose instead of formal information exchangeffline. We first define a random variablé for the time gap
even in the organization setting [5]. Avrahami and Hudsdpetween two consecutive messages sent by all users. Assume
studied the responsiveness of users in instant messaging fi&t X is formed by two clusters of time gaps, i.e., online
The responsiveness here refers to the response time required offline. X can be modeled by a mixture of two Gaussian
for a user to respond to an incomisgssion initiation attempt distributions\ (11, 0%) and N (2, 03) whereu; and uo rep-
(SIA) message. Strictly speaking, the responsiveness conaegsient the mean time gaps of the two distributions respectively,
here is not a user behavior but some response time lalwehile o; ando, represent the standard deviations respectively.
Unlike [1], we focus mainly on mobile messaging related uséfsing EM algorithm, we learn these parameters that generate
behaviors. Due to the peculiar nature of mobile messagirdjstributions fitting our dataset. Once the parameters are learnt,
we have to perform classification of online and offline periodte Gaussian distribution with smaller, models the time
for each user. Instead of treating responsiveness as mesg@Eps between sending messages when users are in online
response time, we study responsiveness as a quantitative pseiods while another Gaussian distribution models the time
characteristic. We also introduce engagingness as another gsgrs when users are in offline periods. We also deritiena
characteristics. Our work is also involved in a much largeap thresholdy to easily classify time gaps into online and
dataset. offline periods.



B. Online and Offline Sessions

A message sessionbetween two users; andu; is defined
by a set of consecutive messages between them. Due to the
different online and offline messaging behaviors, we further overiaping

Legend:

Online period

Online session period
. Offline session period

User i

User j

o X . . 2 X Periods @R Message
divide sessions into online and offline sessions. Online Sessions ODOLTY
Given a set of messagedl;; between u; and uj, Remed | | ]
and the online periods ofu; and w; denoted by  offinesesions o O 00
OnP; = {[tsil, teil], ceey [tsiki,teiki]} and OnPJ =
{[tsj1, teji], -, [tsjn,, tejr, |} respectively. Fig. 1. Online/Offline Periods and Sessions

The set of overlapping online periods betwegnand v,
P;;, is defined by:

OlpP;; = OnP;NOnP; u; and u; are bo?h online in.the Ieft.overlapping period,

= {[maz(tsi, ts;), min(tes, te;)]|[tsi, te;] € OnP; it does not constitute an online session due to a lack Qf
T ’ T " message exchange between them. The only online session

[tsj’tej} € OnPj’ (tsi > tej) A (tsj > tei)} betweenwu; and U j is thus {mg,mlo,mn,mlg}. Among
The set of online sessions between and u;, S;;, is the two remaining periods, only the Ieft_one ha_s message

then defined as a collection of message sets induced by #¥hanges between andu;. Hence, the offline session found

overlapping online periods such that each message set cond$signs, me, mz, ms}.

of at least some exchange of messages betweemd v;.

Si; = {My;(p)lp € OlpP;; A _
(3m,m’ € My;(p), m’ = r(m))} A. Overview of Dataset

In the myGamma mobile social networking site, members
interact and form online communities. Most members are
oung adults between the age of 20 to 30. The myGamma
ataset we obtained consists of 194,809 users and 2.7M
messages among them within the one-month period from
OnSsnP,; = {p € OlpP,;|3m,m' € M;;(p),m’ =r(m)}  September 8, 2009 to October 9, 2009. In the dataset, the
number of friendship links is 1,795,674. The number of online
Wd offline sessions obtained is 5,491 and 66,806 respectively.
Each online (offline) session has about 2 messages (3 mes-
RemP;; = [min(ts;‘,tsj),maz(te;‘,tsj)] — OnSsnP; sages) on average. It turns out that most users tend to initiate

o and participate in small number of online and offline sessions.

wherets; (ts}) andtej (tej) denote the minimunis; (ts;) The time gap threshold obtained is about 4 hours.
and maximumte; (te;) respectively, inOnP; (OnFP;).

The set of offline sessior&n,» is then defined as a collection
of message sets induced by the remaining periods such that
each message set consists of at least some exchanged.oBasic Models
messages between andu;.

IV. MOBILE SOCIAL NETWORK DATASET

whereM;;(p) = {m € M;;|t(m) € p}.

The set of online session intervals between and u;,
OnSsnP;j, is thus the set of overlapping online periods th
cover online sessions, i.e.:

From the online session intervals, we derive the remaini
periods as:

V. USERENGAGINGNESS ANDRESPONSIVENESS

In this section, we will introduce four pairs of basic
Sij = {My;(p)lp € RemPy; A engagingness and responsiveness behavior models, namely
(Fm,m’ € My;(p),m’ = r(m))} MSGCOUNT, .REPLYTIME, SESSIONNIT, and §EQUENC|§
They are designed based on message, reply time, session and
The set of online session intervals between and u;, messaging sequence data respectively. Each model assigns an
OffSsnP,;, is thus the set of remaining periods that covegngagingness (responsiveness) seof@, 1] to each usef) for
online sessions, i.e.: non-engaging (non-responsive) user dnfbr fully engaging
p p (fully responsive) user. As users may demonstrate different
OffSsnPy; = {p € RemPyj[3m,m" € M (p),m” =r(m)} messaging behaviors during online and offline sessions, every
The start and end times of a sessiorefer to the times of model has both online and offline versions. For example,
the first and last messages respectively. The user who seftids online and offline session versions ofsBCOUNT are
the first message of is also known as thénitiator of the MSGCOUNT,,, and MSGCOUNT,z respectively.
session. M sGCoOUNT Model: This model is designed based on
Consider the example shown in Figure 1. Usgysandu; the principle that an engaging user should have most of
have two online periods. The messages directed between tHasther messages replied by other users, while a responsive
are the ones exchanged betwesnand u;. The messages user should have most of his/her received messages replied.
directed away from them are sent to other users. Althougdie engagingness and responsiveness scdf¥c°UNT and



RMseCoUNT “for online and offline sessions are thus defined bgessions withu;, and M;_.; — SsnMsg, (u;) represents the
\RT, ()| set_ of messages frlomj to u; that fails to initiate online (or
AMC(y)) = === (1) offline) sessions withy,.
|SEx (i) SEQUENCE Model. Message sequence refers to the se-
RMC (4;) = |RB, (u;)] @) guence of messages sent and received by a user ordered
L |RE, (u;)] by time. To derive engagingness and responsiveness from
where session type can be online or offline denoted ly: message sequences, we con;iderthe principle that an engaging
and off respectively. user is expected to havg his or her sent messages replied
RePLYTIME Model: Unlike MSGCOUNT, this model ex- soon aﬂef they are rt_ecelved by the message recipient, and
esponsive user replies soon after they receive messages. As

amines the reply times of messages to determine user enq time taken to replv an messade mav varv. we consider
ingness and responsiveness. An engaging user should have Py . 9 y vary,
number of messages received later than a messayst

his/her messages quickly replied by others while a respons & . g
user should have received messages quickly replied. Givelﬁ‘er%ifdp“ed beforen by a user as a proxy of how soen is
/ H H H / .
messagen. which |s/a_reply Of mfssag?, e, m' = r(m), The above principle is thus used to develop tESENCE
the reply time of m', is ri(m’) = t(m') - t(/rn);The Z_ Model. Let seq, ; denote the onlinea = on) or offline
EchmaIized reply timert(m’) is defined byrt(ﬁ%,l_m where (z = loﬁ) ses;ign message sequence of userWhen a
rt ando,; are the mean and standard deviation of reply timﬁ\essage received by; is replied before other message(s)
respectively. Now, we define the engagingness and responsiye-.. o earlier, the reply of the former is known ascat-

ness of REPLYTIME model as: of-order reply Formally, for a message: received byu;, we

ART(ui) _ 1 Z Frt(m')) 3 define thenumber of messages receivaadnumber of out-of-
"” ISEw(wi)| & o order repliesbetweenm and its replym’ in segq, ;, denoted
m/=r(m) by ny - (ui, m) andng 5(u;, m) respectively, as
1 - .
B () = e > ) @) Mer(vm) | |
[RE, (ui)| | 2= o # messages received between Jif’ € RT, (u;),
r(m)=m/ =< mandm’ in seqy;, r(m) =m’ 8)
where -1, otherwise
e*l‘
= 5
@) = = ® )
The function f() is designed to convert the normalized reply # messages received ' € RT, (u;),
time to the range [0,1] with 0 and 1 representing extreme slow } ~betweenm and m’in seqy; r(m)=m' )
and extreme fast reply times respectively. and have been replied
SESSIONINIT Model: In this model, we adopt the principle -1, otherwise

that an engaging user is more likely to initiate messagingTthe _1 value is assigned ta, , andn, 5 whenm is not

sessions for the messages he/she sends out, while a respQiiiaq at all. The user engagingness and responsiveness of
sive user is more likely to participate in sessions initiateg e SQUENCE, model are thus defined as:

by messages from others. We first denote the number of '

online/offline session initiating and participating messages of a s0 ZmESEI(ui),uj:RCp(m)(l B %)

useru; by Ssninit M sg,(u;) andSsnM sg. (u;) respectively. A7 (u) = |SE,(u;)| (10)

Let SE,,(u;) be the set of messages sent dyduring the

periods inOIlpP, and SE,g(u;) be the set of messages sent

Ny 5(w; ,m) )

ZM,EREw (uq) (1- T, (Ui ,m)

by u; during the periods iRemP. SESSIONNIT Models for RS(u;) = (RE, ()| (11)
engagingness and responsiveness are then defined as: A
. B. Mutual Dependency Based Models
Ay (ug) = ) In the above basic models, user engagingness and respon-
|[SsnlnitM sgq (us)| (6) siveness are computed independently. They share the same
|SsnInitMsg,(u;)| + [SEy(ui) — SsnM sga(u;)| underlying assumption that messaging behaviors of a user is
independent of other users. This assumption does not always
Ri'(ui) = hold in practice as user behaviors are likely to be affected
> [SsnInitMsgy (uj) N M, by other users he or she communicates with. Hence, we

>, [SsninitMsg, (u;) 0 M| + [M;_; — SsnMsgg(u;)] have de{signed the mutual dependency based engagingness and
' rﬁzponsweness models.
upposed™ (u;) and RM (u;) are engagingness and respon-
where SsninitMsg,(u;) N M;_,; represents the set of messiveness of uset;; computed using moded!. The mutual
sages fromu; to u,; that successfully initiate online (or offline) dependency betweeA and R can be expressed as:



TABLE Il . . ..
CORRELATION OF ENGAGINGNESS MODELS IN ONLINE SESSIONS engagingness (responsiveness) models are very similar to one

another excepttS' and AS" which are slightly more different.

Sl i N O This is because of the principle of th&eSsioNNIT Model

ig 085 | 08 | 0% 0% | 079 | o0 which is distinct from the other models. In th&eSSIONNIT

ASQ ' 086 oss | o7 | oss Model, the engagingness of a user will be high when the user

A os | o7 | o088 tends to initiate a number of sessions. However, it turns out

Ast 079 that most users usually initiate a small number of sessions

TABLE Il in the myGamma dataset. Though not shown here, we also
CORRELATION OF RESPONSIVENESS MODELS IN ONLINE SESSIONS Obse_rve the same fOf engagingness (I’eSponSiVGHESS) in Ofﬂine
sessions.

e 1;:; g:a' 1;22 Rb“fs‘;* RORSTS 1259'7 Ifs‘z* Comparison between engagingness and responsiveness.

RRT 081 | o086 | o099 | o099 | o088 | o099 Next, we examine the difference between engagingness and

= 0S8 oSk om0 ) o8 responsiveness for different models for online sessions. As

e os9 | 088 | 09 shown in Table IV, the Spearman’s rho values between the two

RS ' 088 behaviors of the same model are mostly more different than

differences observed between two models for the same behav-
ior (say, engagingness). The only exception ESSIONNIT
» A user is considered more engaging if he/she can get lgasdel. This can be relatively sparser data for measuring the

responsive users to respond. Formally, we write: model. Interestingly, for offline sessions, we observe that the
S oMo (1— RM(y;)) distinction between engagingness and responsiveness is less
AM* () = = 0t / (12) obvious. This could be due to offline nature (i.e., long time

|SEq (i) lag) of responding messages between users.
« A user is considered more responsive if he/she respond€ngagingness/responsiveness and friendship linksig-

to less engaging users. ure 2 depicts the boxplots of number of bi-directed friend-
Zuj w{i‘f’uj-(l—AM(uj)) ship links of users divided into five different engaging-

RM*(y;) = (13) nNess/responsiveness intervals of size 0.2. Here, we derive

|RE (u;)] the overall engagingness (responsiveness) of each user by

wherevM , andwM , denote the quantity values betweeRVeraging the engagingness (responsiveness) of different mod-
u; andu; computed based on the principle f (i.e., # of els (mclgdmg online and_ offline versions). We_obserye Fhat
replies between; andu; in AMC (1)), users with higher engagingness have more friendship links.
This is less obvious for responsiveness. This suggests that

V1. EXPERIMENT RESULTS- COMPARISON OF engaging users are more capable of attracting and establishing

MESSAGINGBEHAVIORS friendships.

For comparison betwee,n user behawor_models, We Compare /|| ExpERIMENT RESULTS- TOPIC SPECIFIC
by examining Spearman’s rank correlation coefficient. The

. . i MESSAGINGBEHAVIOR ANALYSIS
Spearman’s rho of two ranked litandis, p(l1,l2) is defined o
by: A. Motivation

63 dy
— 1 - =
ol 1) n(n? —1)

Users demonstrate different messaging behaviors in differ-
ent topics of discussion. For interesting topics, one expect
wherel; andly haven users’ ranks and the differendg, = users to .be more engaging and responswe,.vyhlle. umntere;tmg

’ topics will only turn users away from participation. In this

l1(u;) — l2(u;) between the ranks of uses on {; andl,. . ? .
1 (ui) = Lo (us) o ! 2 P ction, we analyze user engagingness and responsiveness for

value falls between -1 and 1 representing negative Correlat%i?ﬁerent messaqe topics in our dataset. The purpose here is to
and positive correlation respectively. In additign= 0 stands . o ge topi o . purpose
identify interesting topics within the online community.

for no linear correlation. . o . .
Comparison between user engagingness (responsivenesst%) To conduct this study, we first identify the major message
pics from the aggregated message content for a set of users

models.Table Il (Table IIl) shows th&pearman’s rhdetween . L .
the ranked lists produced by different engagingness (resp 59 La.tent' Dirichlet Allqcatlon (LDA) [2]. We .then analyze
distribution of engagingness and responsiveness of users

siveness) models for online sessions. The table shows that o.%tf .
within each message topic.

(14)

TABLE IV B. Message Topic Distillation

CORRELATION OF ENGAGINGNESS AND RESPONSIVENESS MODELS IN

ONLINE SESSIONS For our analysis purpose, we only select users indicating

English as their preferred language and there are only 27,920

Wodel T Spearmans o I Wodel T Spearmans fho such users. Despite this pruning effort, there are still some
BT | 07 BT« | 075 users writing non-English messages as shown in our results.
5Q | o83 5Q« | 075 Due to the limited content in each message, we aggregate
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Fig. 2. Engagingness/responsiveness and friendship links.
Fig. 3. Average Topic Probability Distribution.
TABLE V
MAJORTOPICS

Topics | Top 10 erms Figqre 3a shows the boxp'lots of' top 10% .ejngaging (re-
T4 | love, chat, hello, want, dear, baby, friend, dont, hope, miss sponsive) users’ average major topic probabilities and those
T15 dear, chat, sana, sawa, doin, kwani, swty, pliz, thea, sasa, . f f
T17 view, blkapp, mode, click, gift, return, gifts, love, private, thamk of non-top engaging (responswe) users. The average major

topic probability of a user is derived by averaging the topic
probabilities of his/her out-documents (in-documents) for the

'Qr topics (i.e., Topics 14, 15 and 17). Similarly, we
&gr'li]ve the average non-major topic probability of each user
BSFigure 3b. Figure 3a shows that the top 10% engaging
Rers contribute more to the major topics than the other users.
n the other hand, the former contribute less on average
i ethe non-major topics than the other users as shown in
igure 3b. From the figures, we also observe the major topics

the messages by their senders and recipients. Messages
by a user capture the topics in which he/she is interest
to communicate with others. On the other hand, messa
received by a user represent the topics about which oth
wish to communicate with him/her. We call the two aggregat
message content the out-document and in-document of
user. We also remove stop words from these content using I . i
combined dictionary of 400+ stop words from [4]. Given a s Njoy more user contribution than non-major t_o_plcs in general.

of documents and topics, LDA essentially finds thg latent We alsq examine the average topic prOba?"'ty of top 10%

topics in the documents such that each document is assigndg§SPOnsive users and non-top 10% responsive users for major
topic distribution, and each word occurrence in the documd@PIcS @nd non-major topics in Figure 3 showing similar

is assigned a topic. Since topics are not given beforehand, (ﬁéults to engaging users. On the whole, the results match

performed LDA on the merged set of out-documents and ipur intuition that engaging and responsive users are the ones

documents with: — 20 common topics. The empirical choicedr'v'ng important topics in the online community. That is, the

of k = 20 appears to work well as we could find the popuIa]frgtrtrgfietr?gg?Ot?e%‘:i’:giiSngzzseasgsfsn?;jgatjg;itCC;p'CS while the

topics exist in the data.
The topic distillation results are shown in Table V. A VIIl. CONCLUSION

uniform_ topic distribution .assumption for users would have In this paper, we study user engagingness and responsive-
0.1 assigned for each topic. Among the .20 topics, most halY@ss as two messaging behaviors in a mobile social network
only a feyv hundreds of users (e.g., topic 1 has 141 user(%’mmunity. Our experiments on the real dataset show that
while topics 1,4’ 15, and 17 have 27,741, 17’088' and 4'7§Rgagingness and responsiveness are largely distinct during
users respectively. We call these users the main users. We' ,pjine sessions but less distinct during the offline ones.
empirically select topics 14, 15 and 17 as the major topics @&, aiso show that engaging and responsive Users enjoy more

they have much more main users. The remaining topics §fRnqyship links and are also the ones dominating major topics
thus the non-major topics. found in the messages.
To conserve space, we only show the top 10 terms found

in the three major topics. Topic 14, the largest topic in REFERENCES

term of main user count, consists of mainly greeting termgj p. Avrahami and S. E. Hudson. Responsiveness in instant messaging:
This is not a surprise as users tend to greet one another inpredictive models supporting inter-personal communicationSIBCHI
such a social network. TOpiC 15 appears to be dominated by Conference on Human Factors in Computing Systems (Gidjes 731-

- i HeeT— H ”ow T m 740’ 2006.
abbreviated (e.g., “doin"="doing”, “swty"="sweety”) and non-[2] p. M. Blei, A. Y. Ng, and M. I. Jordan. Latent Dirichlet Allocation.

English terms (e.g., “sana”, “sewa”, “kwani”). Topic 17 is  Journal of Machine Learning ResearcB:993-1022, 2003.

; . [3] P. Deepak, D. Garg, and V. Varshney. Analysis of Enron Email Threads
likely to be related to use of software and exchange of glfté. and Quantification of Employee Responsiveness.Warkshop on Text

Mining and Link Analysis (TextLink 20Q73007.
[4] S. Howard, H. Tang, M. Berry, and D. Martin. GTP: General Text Parser.
In http://www.cs.utk.ede/lsi/, 2009.
We would now like to examine the distinction betweeﬁ’] B. A. Nardi, S. Whittaker, and E. Bradner. Interaction and outeraction:
. . . . __instant messaging in action. WCM conference on Computer supported
engaging (or responsive) users and other users in both majorcgoperative work (CSCWpages 79-88, 2000.

and non-major topics.

C. Messaging Behaviors in Message Topics
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