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The prevalence of social media has greatly catalyzed the dissemination and proliferation of online memes
(e.g., ideas, topics, melodies, and tags). However, this information abundance is exceeding the capability of online
users to consume it. Ranking memes based on their popularities could promote online advertisement and con-
tent distribution. Despite such importance, few existing work can solve this problem well. They are either
daunted by unpractical assumptions or incapability of characterizing dynamic information. As such, in this
paper, we elaborate amodel-free scheme to rank onlinememes in the context of social media. This scheme is ca-
pable to characterize the nonlinear interactions of online users, which mark the process of meme diffusion. Em-
pirical studies on two large-scale, real-world datasets (one in English and one in Chinese) demonstrate the
effectiveness and robustness of the proposed scheme. In addition, due to its fine-grained modeling of user dy-
namics, this ranking scheme can also be utilized to explainmeme popularity through the lens of social influence.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Meme (pronounced “meem”) was first coined by Richard Dawkin in
analogy with gene in genetics four decades ago [1]. It is defined as “unit
of conceptual replication” that identifies idea, topic or style that spreads
from person to person within a culture. Like the natural selection of
genes that confer ‘differential reproductivity’, memes also compete for
our scarce individual and collective attention [2]. During this process,
some of them quickly die out of popularity while others persist for a
long period of time. In recent years, the advent of various social media
platforms has lowered the cost of information generation, boosting
the potential reach of each meme among online users. This information
abundance is exceeding human capacity to consume it [3–5]. Therefore,
an effective ranking scheme is imperative to focus human limited atten-
tion on the most important memes. Appropriate solutions for this issue
would provide direct implications in refining online advertisement and
content distribution. In online advertising, new revenue models could
be developed to charge advertisers for the amount of attention that a
meme will receive. In media outlets, ranking information can be used
to highlight the most popular memes in realtime. These condensed re-
sults are especially beneficial in emergent situations where information
fragments emerge at randommoments, such as social events [6,7], pub-
lic health [8,9], and political campaigns [10–12]. In light of such impor-
tance, meme ranking has attracted considerable research interests in
various disciplines [2,13,14].

However, to the best of our knowledge, few existing studies provide
an adequate solution for meme ranking task. Traditional bottom-up ap-
proaches attempt to construct various diffusion models in analogy to
behavior replication [15–18], epidemic contagion [14,19–24], or com-
petitive gaming [25,26]. Although these models can help to track the
diffusion process and measure its fact on online users, their computa-
tional complexities are often comparatively high, sometimes even NP-
hard [27]. Furthermore, oversimplifications made in these models,
such as user homogeneity [2,16], static network structure [19], and fi-
nite interaction patterns [28,29], can lead to unrealistic or evenmislead-
ing conclusions. Recently, several top-down approaches have been
developed to characterizememedynamics, which is critical in accessing
the evolution and mutation of online memes [4]. These studies mainly
focus on quantifying the topological centrality [30,31], content similari-
ty [32], or user behaviors [13] based on large-scale datasets. This line of
research has provided significant insights in understanding the trend of
the web. Yet, lacking fine-grained modeling of user interactions in
meme diffusion, they still cannot characterize meme dynamics well.

To solve the above challenges, in this paper, we elaborate a model-
free ranking scheme that characterizes meme dynamics with few as-
sumptions. Different from previous work, our ranking scheme is de-
signed based on information theory and could capture complex meme
dynamics without modeling its exact diffusion process. In addition,
while most existing studies are concerned with aggregate measures
for meme ranking, the scheme presented here allows more fine-
grained characterization on information diffusion among online users.
This key property enables us not only to rank meme at the macro
level, but also to inquiry key factors determining meme popularity at
the micro level. For evaluation, we have used two different genres of
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datasets: one from a Chinese microblogging system and the other one
from an American political blog forum. Experimental results on these
two datasets validate the efficiency and robustness of the scheme com-
pared with several benchmark approaches. By examining two key fac-
tors pertaining to meme spreaders, we also uncover several principles
governingmemepopularity. Thesefindingsmay provide both academic
and industrial implications in understanding other new types of memes
such as innovation [15], rumor [19], and viral marketing [14,28].

The remaining parts of the paper are structured as follows. Section 2
reviews existing studiesmost relevant to our task. In Section 3, the tech-
nical details for the proposed meme ranking scheme are represented.
Section 4 gives the empirical results of our proposed scheme in com-
parison with several existing approaches. Finally, Section 5 concludes
this paper with a summary and a discussion about future research
directions.

2. Literature review

The original work regardingmeme traces back to a theory proposed
by Dawkin [1], who first coined the concept of meme. This concept is
utilized to describe the potential process of information diffusion
among online users, in analogy with gene in genetics. In the following
part of this section, we will present the existing studies relevant to our
work from two perspectives, including meme diffusion and meme
ranking.

2.1. Meme diffusion

Existing studies concerning meme diffusion mainly focus on con-
structing various theoretical models from different views. Thesemodels
can help us to uncover the potential evolutionary patterns of meme dif-
fusion to a certain extent. Generally, these meme diffusion models can
be roughly categorized into three groups, i.e., cascademodels, epidemic
models, and competitive models respectively.

2.1.1. Cascade models
Oneof the famous cascademodels is proposedbyBikhchandani et al.

[16], who explore social changes by assuming all users hold the same
belief in behavior making. This assumption clearly does not hold in
real-world situations. Kempe et al. [15] then study online innovation
diffusion and try to maximize its influence among users by selecting a
subset of key nodes. In their cascade model, dynamics of neighbor
pairs are considered independently. In fact, user dynamics is highly in-
terwoven.Models formultiple cascades have been studied by extending
the existing independent cascade model. These models generally as-
sume that the status of each node keeps intact once influenced by
other nodes [17]. Myers and Leskovec [18] further infer social relations
based on information propagation in latent social networks. Both the
cascades and infections are postulated to be conditionally independent
in their propagation model. One common drawback of all these work is
that assumptions made in modeling clearly do not hold in real-world
practice. In contrast, ourmodelmakes no explicit assumptions about in-
formation dynamics.

2.1.2. Epidemic models
The epidemical analogy of information to virus has opened a new

perspective for investigating meme diffusion and evolution. This, in
turn, leads to pervasive applications of compartmental models such as
SI, SIR, and SIS [20,21,33]. The spread of rumors and the detection for
its source are studied with classical susceptible-infected (SI) model
[19]. This model heavily depends on the network structure, which
keeps developing and evolving. Some researchers study meme dynam-
ics in the context of personal publishing. Gruhl et al. [23] employ snap-
shot models to depict topic propagation in blogspace. Their models are
designed to characterize dynamics for both the communities and users.
Article memes are studied by expressing complex human dynamics in

analogy with infection by a virus [22]. These studies often assume the
background environment as constant, which is not very practical in
real world situations. In another strand of research, Richardson and
Domingos [14] seek to optimize viral marketing plans by mining
knowledge-sharing websites. In their probabilistic models, only one
type of marketing action is considered. This simplicity may run counter
to actual marketing scenarios.

2.1.3. Competitive models
To study meme competition among public attention,Weng et al. [2]

employ a parsimonious agent-basedmodel. However, theirmodel high-
ly relies on the underlying network structure and does not account for
the discrepancy in user interest. Wei et al. [34] try to predict meme
prevalence by considering network structural and information propaga-
tion at the same time. They assume that all nodes are passive and can be
characterized with the same propagation model. Further, mixture of
memeeffect on individual is forbidden. Such postulationmay not reflect
the real situation in many circumstances. Goldenberg et al. [28] try to
understand personal communications in word-of-mouth marketing.
However, their complex system modeling technique could only cope
with two types of predefined social interactions.

2.2. Meme ranking

Though there is comprehensive work investigating meme diffusion,
to the best of our knowledge, the existing studies concerning meme
ranking are comparatively limited. In what follows, we present a brief
survey for this line of research.

Ienco et al. [35] and Bonchi et al. [27] initially attempt to construct
propagation models to rank memes, but find that these models are
pragmatically unfeasible since their computational complexities are
NP-hard. Consequently, they turn to employ several heuristic methods.
However, these methods cannot distinguish the direction of informa-
tion flow, which is crucial in determining user importance in meme dif-
fusion. Different from their work, in this paper, we adopt an asymmetric
measure that is capable of capturing the direction of information flow
among users. In another line of research, Bauckhage [13] ranks memes
according to their average daily activity. Since activity level is measured
via relative value, the ranking result may be confounded by other
memes beyond consideration. Thus, it is highly possible that meme ac-
tivity increases while its portion drops due to the proliferation of un-
known memes.

There also exist other studies trying to rankmeme based on topolog-
ical centrality measures, such as in/out-degree, and number of fol-
lowers. Gloor [30] measures trends on the web based on betweenness
centrality. This measure requires a complete collection of underlying
network structure, which is impossible in most scenarios. PageRank is
a centrality algorithm that has been used widely in network analysis
and ranking related tasks. Rather than prioritizing authoritative blogs,
Adar et al. [31] try to rank blogs from the perspective of information dif-
fusion. To this end, they propose an iRank algorithm to rank blogs
based on implicit link structure. Their approach requires additional re-
source to train a link predictor, whose performance highly relies on
the quality of this resource. However, such resource is not always avail-
able in real world practice, thus limiting its applications on awide scale.
Gordevicius et al. [32] focus on ranking news stories. Instead of using
hypertext-links, they construct implicit links based on content similari-
ty. Their algorithm is computational expensive, since it is equivalent to
obtaining the stationary distribution of a random walk over a whole
graph. Besides, the ranking result varies based on the similaritymeasure
used. In contrast, except for user behaviors, our approach does not need
any extra information. In addition, it computational complexity is also
acceptable.

Recently, studies on meme ranking turn to explore dynamic infor-
mation. One of the significant studies is presented by Kwak et al. [36],
who attempt to rank trending topics based on singleton, reply,mention,
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