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ABSTRACT

Today, there is significant sharing of information artifacts
among users on various social media sites, including Digg,
Twitter and Flickr. An interesting consequence of such rich
and extensive social interaction is the evolving nature of
“roles” that are acquired by users over time, in the context
of variegated communication activities, such as comment-
ing, replying, uploading a media artifact and so on. In this
paper, we investigate the discovery of two roles that define
information dissipation: disseminators and receptors. We
propose a computational framework based on factorization
of stacked representation of activities and test the outcomes
on a dataset from Digg. Experiments show that our ap-
proach can, interestingly, reveal correlations with user ac-
tivities occurring at a future point in time.
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1. INTRODUCTION

Classically, human communication activity involves mu-
tual exchange of information, and the pretext of any social
interaction among a set of individuals is a reflection of how
our behavior, actions and knowledge can be modified, re-
fined, shared or amplified based on the information that
flows from one individual to another. Thus, over several
decades, the structure of social groups, society in general
and the relationships among individuals in these societies
have been shaped to a great extent by the flow of informa-
tion in them [1]. A key aspect of understanding such flow
of information in a network is therefore to understand the
roles acquired by individuals with respect to dissipation and
consumption of information over time.

Today, the pervasive use of online social media has made
the cost involved in propagating a piece of information to a
large audience extremely negligible, providing extensive ev-
idences of large-scale information dispersion [3, 2]. There
are multifaceted personal publishing modalities available to
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users today, where such large scale information contagion
is prevalent: such as weblogs, social networking sites like
MySpace and Facebook as well as microblogging tools such
as Twitter. In this paper, we develop computational meth-
ods to understand user activities via roles such as informa-
tion disseminators and receptors in the context of the social
media Digg (http://www.digg.com/).

2. COMPUTATIONAL APPROACH

In this section we present the mathematical model of iden-
tifying information disseminators and receptors in a multi-
dimensional activity based social network. Suppose for every
user in a set {u; } a set of stories S1,;, S2,4, - - , Sk,; uploaded
by her from time slices ¢; through ¢ on a certain topic . We
need to determine a subset of users in {u;} who are informa-
tion disseminators and a subset of users who are information
receptors.

Our main idea is that information disseminators and re-

ceptors can be quantified by two measures respectively: dis-
tribution and consumption of information on an emergent
theme in the social network, over the course of a long period
of time. Note, distribution and consumption properties are
dual of each other. We define distribution of information
by an information disseminator to be a measure of her de-
gree of triggering another user to engage in social actions,
communication on the stories and / or user-user replies in
the social network, or generate similar information content
in the future. Consumption of information by an informa-
tion receptor is the degree to which a user accepts the novel
information distributed by the disseminator in some form—
social actions, communication on the stories and / or user-
user replies, or generation of similar content. Distribution
and consumption of information due to information dissem-
inators and receptors should have two important character-
istics: reachability to a wide audience and persistence i.e.
temporal permanence over time.
Stacked Representation. We construct a stacked graph
representation of reachability and persistence properties over
the stories introducing information content in the social net-
work: the stories S1,i, S2,i, -, Sk,i- A stacked graph is a set
of graphs capturing how much reachable and temporally per-
sistent the novel stories are to different users in the network.
We develop four stacked graphs at time slice tx4+1 where the
graphs correspond to several user activities over time. A
graph Gx(V, Ex;tr+1) in the stack contains edges over the
V users based on their activity X. Note, the user activity
X could be: actions (A), comments (C), replies (R) or up-
loading similar information U. Hence we formally define the
graph Gx(V, Ex;ti+1) as follows:



1. A set of nodes V, corresponding to the users {u;}.

2. A set of edges E'x, where a directed edge ex (tm, Up; tr+1)

exists if u, followed u.,, in performing the activity X
or if u, followed um, in uploading a similar story in
the past over t1 to tx. Each edge ex(tm,up;tp+1) is
also associated with a weight wx (Um, Up;tr4+1) which
is given by the ratio of the total number of instances
when u, followed ., in performing the activity X /
uploading similar stories, to their individual number
of instances of performing X / uploading similar sto-
ries. Let us represent the weighted adjacency matrix
corresponding to each of the four graphs as W 4 (tx+1),

W (tir1), Wr(tesr) and W (ty41) € RV

Once we construct all such graphs over activities A, C, R

and U, that is, GA(V, Ea;tg+1), Ge(V, Ec;tey1), Gr(V, Er;
te+1) and Gu(V, Eu;tes1), we are now interested in deter-
mining the information disseminators and receptors from
these four stacked graphs at time tx11.
Factorization of Reachability and Persistence. We
conjecture that the emergent roles are an artifact of their
measures of information distribution and consumption re-
spectively. Hence each of the observed stacked graphs cor-
responding to reachability and persistence, that is, the vari-
ous user activities like social actions, communication on the
stories and / or user-user replies, or generation of similar
content Ga(V, Ea;tit1), Ge(V, Ec;tit1), GrR(V, Er;trt1)
and Gu (V, Eu; tk+1), would be a representation of the mea-
sures of distribution and consumption of the information
disseminators and receptors respectively.

We therefore define a non-negative matrix factorization
based framework to determine the measures from the stacked
graphs of user activity that incorporate reachability and
persistence. Given the weighted adjacency matrices of the
stacked graphs as Wa(tg+1), We(tet1), Wr(tg+1) and
Wy (tes1) € RLY‘XW‘, we factorize each of them into a col-
umn vector of measures of information distribution by the

disseminators D 4 (tx+1), Do (tk+1), Dr(tk+1) and Dy (tg41) €

RLV‘“, and a row vector of measures of information con-
sumption by the receptors Ha(tg+1), Ho(tr+1), Hr(trt1)
and HU(tk+1) S R}FX‘V‘.

For the purpose, we develop an optimization scheme based
on an additive objective function over the distribution and
consumption measures of all users for each type of activity,
DA(tk+1), Dc(thrl), DR(thrl) and DU(tk+1) for the dis-

seminators, and Ha (tx+1), Ho(tk+1), Do (tk+1) and Dy (tg41)

for the receptors. The objective is to maximize the mea-
sures of both the measures over each type of user activity,
subject to appropriate weights for each type. Finally, the
users in {u;} with high measures corresponding to the op-
timal weights would be the information disseminators and
receptors at that time slice, t511.

3. EXPERIMENTAL STUDIES

We present some quantitative experimental studies in this
section on a dataset crawled from the popular news-sharing
social media Digg. We seeded our crawling from the sto-
ries in the featured category ‘Popular’ on the Digg website.
We crawled all stories in this list and which submitted over
August and September 2008 and used a snowballing tech-
nique to expand the social graph. In total, this dataset com-
prises 187,277 stories, 7,622,678 diggs, 687,616 comments
and 477,320 replies over a set of 51 topics in this time range.

The observed user activities in a social network, like, social
actions, comments, replies and uploading news stories are
likely to be the effect of their mutual interactions. Such
interactions we conjecture are likely to be an effect of the
phenomenon of information distribution and consumption
due to a handful of disseminators and receptors. Hence to
validate the two kinds of roles identified in this paper, we use
the measures of distribution and reception of information by
each of them at a time slice tx4+1, to find correlations with
the corresponding user activities at that time slice.
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Figure 1: Correlation coefficient between measure of
information dissemination and reception, and mea-
sure of communication activity of users in Digg
dataset. Results are averaged over the four types
of user activities discussed here: actions (A4), com-
ments (C), replies (R) or uploading similar informa-
tion U.

The experimental results conducted on the dissemination
/ reception and communication activity correlations are shown
in Figure 1 over a period of two months (August and Septem-
ber 2008). We observe that there is significant correlation
between the two measures; implying that our method of
discovery of information disseminators and receptors, quan-
titatively, is meaningful in capturing the temporal dynamics
of social actions.

4. CONCLUSIONS

In this paper, we have proposed a computational frame-
work to discover information disseminators and receptors in
multi-dimensional activity based social media. Our method
formulated information dissipation and consumption as dual
of each other and used a non-negative matrix factorization
based framework to determine scalar measures of dissipa-
tion and consumption for each user in the network, over
actions, comments, replies or uploading similar information.
Experiments on a large Digg.com dataset show that our dis-
covered information roles are able to yield high correlation
with communication activities of the users over time.
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