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Abstract Along with the rapid development of online news
production and consumption, information spreads rapidly
among news portals through reprinting and re-posting.
Understanding the dissemination process of online news
has important implications for policy making, crisis man-
agement, and brand imaging. As the frequency of news
reprinting between two news portals expresses the social
relationship between them, the topological properties of
complex networks of news portals indicate the dynamic
patterns of online news dissemination. This research is the
first study that examines patterns and organizational struc-
ture of online news networks based on historical data col-
lected from more than one thousand Chinese news portals.
Main findings reveal that information can spread widely and
rapidly through online news portals. Specifically, some ma-
jor news portals exchange information with each other fre-
quently and they exchange information with small news
portals directly, implying that hot-spot events, even they
are first reported by a small news portal, can be re-posted
by many major news portals in a short time and then spread
over the Internet quickly. The dense connections between
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many major news portals ensure that the spread will not be
influenced greatly by the refusal to report typical events of a
small part of major news portals.

Keywords Online news - Information diffusion - Social
network analysis - Dynamic pattern

1 Introduction

Serving as the major source of news for internet users
(Journalism.org 2010), online news portals usually do not
generate most of their online content by themselves. Instead,
they reprint news from other sources (Wan and Yang 2007;
Wang et al. 2009b) for various reasons. Through the online
information reprinting, a large number of online news por-
tals constitute a complex online news network where infor-
mation is generated, transmitted and consumed (Weber and
Monge 2011). Apparently, understanding the topological
features of the online news reprinting network has important
implications for policy making, crisis management, and
brand imaging. For example, because it is always easier to
disseminate information in a well-connected network than in
a segmented network, spreading information in these two
types of network certainly requires different communication
strategies. In addition, whether network nodes form random
links among them or they are connected through hubs also
has great impact on methods used for information acquisi-
tion from and dissemination through the network. Finally,
the communication strategy to a network varies with how
the hubs form links to the rest of the network. Specific hubs
need to be identified if they serve as the gate keepers for a
certain part of the network of interest. While such identifi-
cation is less important if hubs connect to each other densely
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to form a core. And the rest of the network connects through
the core. In such structure, breaking news would be spread
widely through the hubs no matter which news portal
reports it first, and then we can track information from any
of the hubs.

However, while policy-makers and organizations demand
empirical evidences to better understand the online news
reprinting network, such research currently remains at a
qualitative stage. Most of previous research only studies
the structure patterns of some major news portals and over-
looks the existence of large numbers of small news portals
(Flaounas et al. 2010; Weber and Monge 2011), leading to
insufficient understanding of the online news reprinting
network. The main challenge is that the construction of the
reprinting network requests the identification of reprinting
links among thousands of news portals by reading the
articles published on all of them, and it is almost impossible
to do this manually.

To fill this gap, we developed a news gathering system
that automatically collects news articles from more than one
thousand Chinese online news portals each day. Given that
hyperlinks among these news portals do not accurately
reveal the information flow among them (Thelwall 2004)
and a news portal usually acknowledges the source of news
(Weber and Monge 2011), we developed a method to auto-
matically identify the links between news portals through
the source acknowledgements of news articles. We then
construct the reprinting network, named News Reprinting/
Re-posting Network (NRN), based on the links identified.
The major difference between this paper and our previous
work described in (Wang et al. 2009a) is that this paper
provides more in-depth analysis, using the measures such as
connectivity, reachability, different centrality measures, and
core-periphery coefficient that were not used before. The
results presented in this paper have more significant
implications for effective communication strategies to
online news propagation than our previous work.

The contribution of this paper is twofold. First, the paper
demonstrates how information analysis methods could be
applied to collect and to process large amount of online
news articles for the identification and the construction of
online news reprinting network. In addition, the paper
presents for the first time the topological features of such
reprinting network in China, providing the first-hand empir-
ical evidence to decision-makers interested in event identi-
fication, crisis management, branding, and interaction with
society.

The rest of the paper is organized as follows. In section 2,
we review related literature, followed by the description on
data preparation and data preprocessing in section 3.
Section 4 investigates how information is spread in NRN,
while section 5 examines different roles played by different
news portals. Section 6 describes how different types of

@ Springer

news portals interact with each other. The interpretations
and the implications of results are presented in section 7,
followed by the conclusion of this paper in section 8.

2 Literature review

Internet has particularly significant influences on news pro-
duction and consumption. Compared with conventional
newspapers, online news portals gain several advantages
such as interactivity, hypertextuality, and multimediality
(Paulussen 2006; Deuze 2003). The Internet not only
reduces the cost of releasing and spreading digital informa-
tion (Varian et al. 2004; Peng et al. 1999), but also improves
users’ satisfaction (Kaye and Johnson 2003; Hindman
2007). Various types of news portals thus emerged during
recent two decades (Deuze 2003; Weber and Monge 2011),
broadening media channels for citizens to access online
news (Hindman 2007). Especially, almost all of print news-
papers have built their online version, making it more con-
venient for people to obtain fresh information from Internet
(Hindman 2009; Weldon 2008). The easy access to a large
number of news portals dramatically changes the reading
habits of news consumers. Online news portals have be-
come the primary news sources for more and more users.
(Lee and Carpini 2010; Journalism.org 2010; Kohut et al.
2008).

Although online news portals publish large amount of
news (Herbert and Thurman 2007; Bustamante 2004; Singer
2003), they usually do not generate the content themselves.
Instead, they reprint or re-post news articles developed by
other news portals (Boczkowski 2002; Quandt 2008). The
reprinting reduces the cost of news generation (Chyi and
Sylvie 1998), providing a practical way for most news
portals to publish plentiful news contents to grab users’
attention (Hoffman 2006). In fact, many news portals would
reprint the original news from a source in 2 days after a
popular event has been occurred (Wang et al. 2009b).

Through reprinting, news portals form a connected net-
work. The implications of understanding the topological
features of news reprinting network are two folds. First,
the identification of network nodes playing crucial roles,
and the understanding of how those nodes form links to
each other and to the rest of the network certainly has
significant impact on communication strategies with the
network. Secondly, understanding topological features of
news reprinting network helps us predict how information
spreads out over the Internet (Weber and Monge 2011).
These two implications may have further impact on out-
break detection, event tracking, and crisis management
(Leskovec et al. 2007; Dasgupta et al. 2009).

Therefore, we believe following topological features of
an online news-reprinting network could be particularly
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interesting for decision-makers seeking effective strategy to
acquire and to disseminate news from/to such network.

1) Can information spread widely and quickly in the
network?

An ideal network for spreading information widely and
quickly is the one that has a strongly connected component
where most pairs of nodes can reach each other through a
short path (Latora and Marchiori 2001). However, in the
news reprinting network, some nodes only reprint news
from others and never provide original news for others to
use, and some nodes only provide original news without
citing other news portals. These nodes only have in-links or
out-links, meaning that it is impossible for entire NRN to be
a strongly connected component. Therefore, we study this
question from two aspects: 1) if NRN has a strongly
connected component where nodes are linked through short
paths, and 2) if the nodes with only out-links are linked to
the nodes with only in-links through short paths.

2) Do all network nodes play similar roles in the network?
Or if there exists network nodes that are more important
than the other nodes in the same network.

According to previous social network analysis studies,
information can spread efficiently in the “scale-free” net-
work as most nodes can reach each other through a few
popular network nodes (i.e., hubs) (Cohen and Havlin
2003). Like the airport network (Barrat et al. 2004; J.
Zhang et al. 2010), connecting through hubs minimizes the
average travel distance between any pair of nodes in the
network. Apparently, it is strategically important to know if
the NRN is a scale-free network. In addition, identifying
hub nodes that generate a majority of original contents or
gather lots of news from many sources certainly provides
strategic values to decision-makers who want to form a
communication strategy to the news network.

3) How do different types of news portals interact to each
other?

While the “scale-free” network reduces the distance be-
tween nodes, it also possesses vulnerability to the network
because the removal of a hub could possibly disconnect the
entire network (Crucitti et al. 2003). Such vulnerability could
be addressed only when the hubs densely connect to each
other to form a core. The structure with hubs forming a core in
the network and the rest of the network connecting through the
core is called “core-periphery” structure (Holme 2005). The
interaction to a “scale-free” network with or without a core-
periphery structure obviously requests different communica-
tion strategies. Therefore it is of decision-makers’ best interest
to know if the NRN has a core periphery structure.

In summary, a network that reveals the real re-printing/
reposting relationship among online news portals needs to

be constructed before the features described above can be
identified. However, given a large number of online news
portals, it is usually very difficult to manually collect and
process information to identify the reprinting/re-posting re-
lationship among them. As hyperlinks among these news
portals do not accurately reveal the information flow among
them (Thelwall 2004) and a news portal usually acknowl-
edges the source of news, it is possible to obtain the accurate
paths of information re-printing/re-posting relationships by
extracting the acknowledgements from online news articles.
Making use of the acknowledgements, Weber and Monge
(2011) examines the information flow between 239 news
portals and proposes a Source-Authority-Hub model to
show the dynamic patterns of information flow (Weber
and Monge 2011). The model describes that source news
portals supply the main part of contents; authorities filter
information from sources and then push it to hubs which
collect relevant reports for a given topic. However, the study
lacks the detailed investigation of the mutual relationship
and organizational structure of tightly connected online
news reprinting networks.

3 Data
3.1 Data preparation

This paper studies the patterns of online news reprinting
between Chinese online news portals. The Chinese online
news portals have been developing rapidly as more and
more people have gained access to the Internet in China.
As of the end of June 2011, the scale of China’s Internet
users reached 513 million people (CNNIC 2012). China’s
Internet development has contributed to the widely access-
ing of online news, the fourth most popular Internet service
in China, occupying 71.5 % of the China’s netizen (CNNIC
2012).

Online news documents in our dataset have been collect-
ed from Chinese news portals on a daily basis since March
2008. The entire process of data collection and preparation
is displayed in Fig. 1, which is described in detail as below.

1) Selecting news portal seeds. We manually collect a small
number of news portals as a root set of news portals list.
These seed news portals belong to one of the two types:
professional news portals such as “people.com.cn”; and
popular portals such as “sina.com.cn”. Professional news
portals are the portals where governments release official
news/announcements, providing original news contents
to the Internet. And the popular portals usually have a
large audience group and are commonly administrat-
ed by private internet companies. As these seed
news portals provide main sources of online news
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Fig. 1 Process to crawl online news articles and extract news reprinting transactions

contents and gather information from various other
news portals, they provide a good entry to find
other news portals through hyperlinks and source
acknowledgements.

2) Identifying the patterns for source acknowledgement.
Using news articles published on the seed news portals,
we analyze the way in which source acknowledgement
is made in news articles. This includes the position in
the article and keywords using for the acknowledge-
ment of source. For example, source acknowledgement
may be declared following news title; or at the end of
the article; or following keywords such as “source (K:i)”,
“reproduced from (§%#T)”.

3) Collecting news articles. Software is developed to au-
tomatically download and store HTML files of news
articles from collected news portals.

4) Processing news articles collected. The raw HTML files
are parsed to extract meta information including news
title, body, publishing news portals, publishing date/
time and source news portals if available. The source
portals of news articles are automatically extracted
based on the patterns identified in step 2.

5) Updating news portals list. The source portals identified
in step 4 are added to the news portals list if they are not
on the list. We also manually check a source portal
before we add it on each day.

6) The system automatically gathered news on each day
from March 2008 to May 2010 by repeating the steps
3-5. Meta information of all news articles collected
during this period is stored into a database.

3.2 Data preprocessing
Most news articles collected are put into one of the two
categories: original reports (if the source site is the publish-

ing site) and reprinted documents (if the source site is not
the publishing site). There are also articles that do not
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belong to any of the two categories due to the difficulty of
identifying the source information from these articles. There
are three reasons for this. First, some news portals only
publish news context without specifying the source site.
Second, various news portals place the source information
on different positions in the web pages following their
specific rules, and it is nearly impossible to match all rules
of thousands of news portals in our program. Third, some
news documents are reprinted from the websites which
don’t belong to news portals, e.g. the official websites of
organizations.

To improve the validity of the empirical findings this
paper presents, we use two data sets for our data analysis.
And we have consistent findings across these two data sets.
Each data set contains one-month continuous data. The first
data set, called data set A in the rest of the paper, covers the
time period from September 10, 2008 to October 10, 2008.
This data set collects all types of news articles, such as
economic news, city news, international news, sports news,
entertainment news, from 1,037 news portals in total. The
second data set, called data set B in the paper, has more
recent data, from March 1, 2010 to March 31, 2010. The
data set B only collects economic news from 487 news
portals that have released related contents before. To our
knowledge, our data sets cover all primary Chinese news
portals that have released large amount of news articles.
Other news portals missed in our data sets post very little
content, which would have little impact on the structure of
the news reprinting network. In addition, despite the scope
of articles and the number portals between the two data sets,
the networks constructed from these two data sets show
similar structure features, indicating the validity of topolog-
ical features of Chinese news network found in this study.

Table 1 introduces the basic information of the two data
sets. In total, data set A collects 3.3 million news articles,
among which 1.3 million articles have identifiable source
acknowledgements; and data set B contains 1.6 million
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Table 1 The basic information of data set A and data set B

Data set A Data set B
Time period 2008.9.10~2008.10.10 2010.3.1~2010.3.31
# of news portals 1037 487
# of news articles 3.3 million 1.6 million
# of identifiable 1.3 million 0.9 million
sources
Average number 27.66 12.96
of source portals
Average number of 980.91 849.07

printed news articles

news articles and 0.9 million of them contain successfully
identified source acknowledgements. To respect the intel-
lectual properties of other portals, a news portal usually
acknowledges the original source of an article it posts rather
than the news portal from which it copies the news article
from. This indicates that news portals that are frequently
acknowledged by other news portals tend to generate many
original contents and thus act as main sources of other news
portals. Given that reputable news portals in China usually
cite the sources of articles they post, we believe that our
analysis provides solid evidence to indentify major players
in the network although not all of news reprinting trans-
actions is collected. We believe that the identification of
these main sources has great effects on communication
strategy design for online news dissemination.

Based on the news reprinting transactions between news
portals, we then construct a News Reprinting/Re-posting
Network (NRN) for each data set. In the NRN, a node
represents a news portal and a directed edge from node i
to j indicates news portal j has reprinted news from news
portal i. The weight of each edge represents the number of
news documents reprinted from one news portal to another.
In average, a news portal in the NRN for data set A has
reprinted 980.91 pieces of news from 27.66 other news
portals, while a portal in NRN B has printed 849.07 pieces
of news from 12.96 other news portals at average.

One finding from the two data sets is that not every news
portal has both in-links and out-links. In data set A, only 595
(57.38 %) news portals have both edges pointed in and
edges pointed out, whereas 327 (31.53 %) of other news
portals have only edges pointed in and 115 (11.09 %) have
only edges pointed out. For data set B, 233 (47.84 %) news
portals have both edges pointed in and edges pointed out,
whereas 181 (37.17 %) of other news portals have only
edges pointed in and 73 (14.99 %) have only edges pointed
out. There are two explanations of this phenomenon. On one
hand, some news portals are official announcement agents
for government. They usually serve only as news sources for
other news portals and do not reprint news from others. As a

result, they do not have links into them and only have links
out of them. On the other hand, in China, organizations need
to have the interview permissions issued by the government
in order to be able to generate original news. Consequently,
news portals without such permission could only reprint
content from other sources and end up having no link out
from them.

Although we only use one-month data in each dataset, the
constructed NRN still can represent the overall patterns of
online news dissemination mainly because the patterns of
contents generation and transmission are usually stable over
times. Our previous work has also found that most topolog-
ical features of NRN remain the same over time (Wang et al.
2009a). In fact, if one news portal reprinted news from
another news portal before, most likely it will do the same
i in the future. This is further evidenced by the consistency
between the findings from the two different data sets we use.

4 Connectivity and reachability in the NRN

Connectivity and reachability both study the social relation-
ship between two nodes in a social network: connectivity
examines if there is a path that connects two random nodes;
and reachability counts the least number of edges in the path
that connects these two nodes. In another word, connectivity
measures whether a network is well-connected, while reach-
ability measures how easy it is for one node to reach another
node in the same network. A social network has a good
connectivity if there is a path between any pair of its nodes.
And the length of each path indicates the reachability. Fewer
numbers of nodes the path contains, higher reachability the
network has. A network is considered to be “small world” if
the average length of any path that links two nodes scales
logarithmically, or more slowly, with the number of nodes
(Albert and Barabasi 2002; Barrat et al. 2008). Connectivity
and reachability thus demonstrates how wide and rapid
information could diffuse in a network, respectively
(Latora and Marchiori 2001; Moore and Newman 2000).
Therefore it is important to know whether most news portals
connect together through short paths in the NRN.

As shown in Section 3, a large fraction of news portals
only have edges pointed in or edges pointed out. Thus these
news portals cannot reach each other in two directions. In
order to understand the range and the speed of information
dissemination in the network, we first study if there is a
short path between an out-link-only node and an in-link-
only node. We then investigate if most nodes that have both
in-links and out-links reach each other through short paths
in a strongly connected component.

In the directed NRN, a directed path from node i to node
j indicates that every node has reprinted news from the
previous node in the path. For all pairs of nodes that one
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only has out-links and the other only has only in-links in the
directed NRN, 97.63 % of them in data set A and 85.27 % of
them in data set B have a directed path from nodes with only
out-links to those with only in-links. And among these reachable
pairs, 79.87 % in data set A and 77.7 % in data set B are linked
through at most 3 intermediate edges. The average length of the
shortest directed paths that connect these pairs of nodes is 2.88
in data set A and 2.89 in data set B, while the maximal length of
that is 8 in data set A and 7 in data set B. The results show that
information can transmit from source news portals to contents
gatherers through a few reprinting transactions in most times.
We the examined the presence of strongly connected
component of the subgraph that composed by nodes with
both in-links and out-links. We measured the reachability
with the average and maximal distance between any two
nodes in the giant component. The strongly connected com-
ponent is a connected component that any two nodes in it
can reach each other through a directed path. Among 595
news portals in data set A and 233 news portals in data set B
that have both in and out links, 95.97 % of them in data set
A and 89.27 % of them in data set B are in the strongly
connected component. In the strongly connected component
of data set A, 90.26 % of all pairs of nodes are connected by
directed paths that have at most 3 intermediate directed
edges. The average and maximal distance of all pairs of
nodes is 2.54 and 7, respectively. Similarly, in the strongly
connected component of data set B, 79.46 % of all pairs of
nodes are connected by directed paths that have at most 3
intermediate directed edges. The average and maximal dis-
tance of all pairs of nodes is 2.74 and 8, respectively. The
similar results obtained from data set A and data set B
implies that no matter which news portal first reported a
fresh news event, the information of this event would spread

to other news portals quickly. Figure 2(a) and (b) show that
most of pairs of nodes reach each other through 2 or 3 edges.

It is possible that the path between two portals is longer
than what we have found because some portals actually
don’t copy news from sources but from other intermediate
portals. But adding more nodes to a path probably will not
reduce the speed of dissemination in NRN too much. In fact,
we have found that 80 % of the portals posted a piece of
news within 24 h since the original news was published
(Wang et al. 2009Db).

5 Importance of news portals in the NRN

We identify the roles of a news portal in NRN by the type
and number of connections it has to other portals in the same
network. For a news portal i, we define the in-degree k;,(7)
and out-degree k,,,(i) as the number of news portals i has
reprinted news from or to, respectively; and the in-strength
s;,(i) and out-strength s,,,(7) as the number of news articles i
has reprinted from or by other news portals, respectively.
The formal definitions of these four degree centrality met-
rics are as below,

kom(i) = Z aijakin(i) = Z aji (1)

J#iEV JFIEV
Souli) = D wipsin(i) = Y Wi (2)
e eV

where V' denotes the set of all news portals in the NRN; a;; is
1 if news portal j has reprinted news from news portal 7, and
it equals to 0 if otherwise; and w; denotes the number of
news articles that j has reprinted from i in total.
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These concepts clearly indicate the roles that news por-
tals play in news dissemination from different aspects.
Specifically, high k;, or s;, means a node collects news
widely from the network, whereas high %,,; or s,,, value
means a node is the source that many other nodes reprint
news from. Obviously nodes with high values in those
variables have high power and have more strategic values
to decision makers. For example, the most effective way to
find current popular topic is to monitor the nodes with high
values in k;, or s;,, while the best way to prevent undesired
spread of certain news is to control the nodes with high
values in k,,,; or s,

It is interesting to study how such degree centrality values
distribute in the network. Especially, if the distributions of
these four centrality metrics obey power-law functions, this
indicates that the network has a scale-free network structure.
The “scale-free” structure means that a few hub nodes in a
network possess extremely large degree centrality values,
while the degree centrality values of the others are very small
(Barabasi and Albert 1999). It has been shown that various
types of social networks possess the “scale-free” structure
(Zheng et al. 2008; Zhang et al. 2010; Panzarasa et al.
2009). Comparing to a random network, the existing of hub
nodes in a scale-free network accelerates the speed of infor-
mation spreading (Barthélemy et al. 2005). In addition, attack-
ing on a randomly selected node in a scale-free network would
not impact the information spreading greatly, but the structure
of the scale-free network would be vulnerable if the attack
focuses on hub nodes (Ni et al. 2011; Crucitti et al. 2003).
Obviously decision-makers should design different commu-
nication strategies for random and for scale-free networks.

However, the limited scale (such as number of nodes) of
many real social systems causes that the centrality distribu-
tion often follows power law distribution with exponential
cut-off (p(x)xe *x ) rather than pure power-law distribu-
tion (p(x)«x ) (Newman 2001). As the actual number of
news portals is limited, it would be normal that centrality
distribution in the NRN cannot be fitted by pure power-law
functions. As the result, we only consider whether the
centrality distribution follows the power-law distribution
with exponential cut-off.

Figure 3(a-d) and (e-h) report the complementary cumula-
tive distributions of these centrality metrics for data set A and
data set B, respectively. We fit these distributions with power-
law function, exponential function (p(x)cxefﬂx), and power-
law function with exponential cut-off, respectively. These
fitting functions have great statistical significances as the p-
values are all below 0.001. The scaling parameters yand 3 and
the coefficient of determination * of these fitting functions are
reported in Table 2 (A) for data set A and Table 2 (B) for data
set B, respectively. According to high values of coefficient of
determination, all distributions can be fitted very well with
power-law functions with exponential cut-off. This result

indicates that a small number of news portals have very high
centrality values, while most other news portals possess very
small centrality values. Besides, according to the value of
exponential scaling parameter (3 in the fitting functions of
power-law distributions with exponential cut-off, distributions
of s;,, S, have much smaller effects of exponential cut-off
than distributions of k;, and k,,,,. The range of value of k;,, and
ko 1s limited as the amount of news portals we crawl is finite,
making their distributions have big exponential cut-offs; but
the value of s,,, s,,, keeps increasing as time goes and thus
their distributions are more likely to obey power-law functions
with small exponential cut-offs.

As described before, nodes with high s;, values collect
large amount of information from the network and present it
to audience, while those with high s,,, serve as the infor-
mation source for the network. For example, the top s,,,
portal in both data set A and in data set B is the www.xin-
huan.com, a news portal backed by the most authoritative
news agency in China, while the top s,, portals, www.chi-
na.com.cn in data set A and www.163.com in data set B, are
both the most popular online portals where people go seek-
ing news.

As displayed in Table 3 (A) and (B), online news portals
providing original news to the network are usually not the
ones that collect information from the network. There is
only one overlap in data set A and two overlaps in data set
B between the top five s;, portals and top 5 s,,, portals. In
fact, only thirty-five nodes belong to both the top 100 s, list
and top 100 s,,, list in data set A, and thirty-three overlaps
between top100 s, list and top 100 s,,, list in data set B. The
reason for this is that in China, only a limited number of
online portals have the right to interview and release first-
hand reports (Harwit and Clark 2001; Zhang 2007). Out-
degrees of these news portals are very large because their
reports would be reprinted by many news portals directly.
On the other hand, major news portals with large audience
group gather news from many news media and possess large
value of in-degree; but they have small number of original
news and thus would not be cited as news source.

The lack of overlapping between top s;, list and top 5,
list in both data sets is very different from what have been
found in many other social network studies (Panzarasa et al.
2009; Newman et al. 2002), where one person who likes to
send message to others tends to attract attention and receives
many responds from others as well. This suggests that the
NRN in china is very different from a typical social network
people are familiar with.

6 Interaction patterns of different types of news portals

In some real-world social networks, it has been found that a
small number of members form a densely connected core
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Table 2 Test of heavy tailed property of different centrality metrics
Centrality metric Power-law Exponential Power-law with cut-off
v ” 8 ” v B ”
A Data set A:
kin -1.18 0.76 —1/45.31 0.95 -0.27 —1/54.69 0.96
Kout —-0.88 0.83 =1/111.13 0.96 -0.32 —1/154.12 0.99
Sin -0.55 0.87 —1/15349 0.32 -0.50 —1/39968 0.91
Sout —-0.49 0.89 —1/40273 0.23 —-0.46 —1/120351 0.91
B Data set B:
k; -1.01 0.78 =1/22.72 0.98 —-0.06 —1/23.73 0.98
Kout -0.93 0.86 —1/52.04 0.95 —-0.36 —1/75.23 0.99
Sin —-0.50 0.93 —1/20521 0.29 -0.47 —1/72569 0.95
Sout -0.43 0.90 —1/14302 0.50 —0.36 —1/34831 0.96

For each centrality metric, we fit the complementary cumulative distribution with power-law distribution (p(> x) o x™c0), exponential distribution
(p(z X) x e’ﬁ") and power-law distribution with exponential cut-off (p(z X) x x’ye’ﬁx) , respectively. The scaling parameters v and [ and the
coefficient of determination 7 is reported for each fit. The statistical p-values for all fits are less than 0.001, so we don’t display the p-value in the table
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Table 3 Two lists of top 5 news

5 news portals with the largest s;,

5 news portals with the largest s,,,,

Website

Chinese name

Website

portals with the largest s;, and Order
Sous» TESPECtively
Chinese name
A Data set A:
1 v [
2 FEE TR
3 ¥ 5
4 rh R 2 5%
5 EEZI
B Data set B:
1 ™5
2 e B 7
3 B
4 BHR
News portals in bold format are 5 45 FH- 7

in both two lists

www.china.com.cn L] www.xinhuanet.com
WWW.qq.com w194 www.chinanews.com
www.163.com Bk WWWw.sina.com.cn
www.ce.cn ANRM www.people.com.cn
www.sohu.com i TR WWW.qq.com
www.163.com BN www.Xinhuanet.com
WWW.sports.cn SREsE I www.chinanews.com
www.sohu.com B www.sohu.com
www.sina.com.cn UNEME www.people.com.cn
www.gansudaily.com.cn ZE) www.163.com

and other nodes reach each other through the nodes in the core.
This structure is called “core-periphery” structure. Borgatti
and Everett (2000) defines a series of models to express the
“core-periphery” structure in social networks (Borgatti and
Everett 2000). These models assume that in ideal situations,
individuals in the core are fully connected, while members in
the periphery don’t connect to each other at all and they only
possess links to the core. The “core-periphery” structure
reveals that a few key members dominate information diffu-
sion in the network. Meanwhile, the densely connected core
reduces the vulnerability of a network. Information can still
spread out if several nodes in the core are removed.

However, it could be a great challenge to decide if a real-
world social network has a “core-periphery” structure
(Borgatti and Everett 2000). The method to find if a social
network has “core-periphery” structure consists of two
steps, with the first step being core identification and the
second step being the confirming that the interaction be-
tween the core and the rest network is consistent with the
definition of “core-periphery” structure.

We seek to give a quantitative answer to whether the
NRN is organized as a core-periphery structure. As the first
step, we try to identify if there exists a core in the NRN. The
identification of the core could be computational expensive.
Holme (2005) presents a simple heuristic method to extract
the core with the set of k-core (Holme 2005). A k-core is a
subgraph in the network where the degree centrality of each
node is higher or equal to £ (Dorogovtsev et al. 20006). In
another word, k-score is a subgraph that contains nodes
linking to at least & other nodes in the subgraph. As nodes
would be connected more densely in k-core when £ is
bigger, we identify the biggest k value such that k-core exists
but (k+1)-core does not exist in the NRN network.

Then, we need judge whether the k-core is indeed a core
of the network and whether the network has core-periphery

structure. According to the definition provided in (Borgatti
and Everett 2000), a network with core-peripheral structure
not only has a core that consists of a group of densely inter-
connected nodes, but also nodes in the periphery with few
connections among themselves And those periphery nodes
connect with each other mainly through the core. Therefore,
a social network has a “core periphery” structure if there is a
large difference in network density between the core and the
periphery. Density here denotes to the ratio of the number of
links between a certain number of nodes to the maximum
possible links that could have for the same number of nodes
(Scott 2007). For comparison, we create a random network
that has the same degree sequence as NRN (i.e., nodes in the
random network have the same degree centrality values as
nodes in the NRN) as bench mark. It is apparent that the
density difference between the core and the peripheral in
NRN should be larger than that in the random network.
Using the random networks generated by the model provid-
ed in (Newman 2003), we calculate the core-periphery effi-
cient (c.p) as follows,

- pcore(G) pcgre(Grand) (3)
v P, ‘periphery ( G) P, 'periphery ( Grand) ’

where peore (G) and pyeriphery (G) denotes the density of a
sub-graph of the core and periphery, G,,,s is a random
network which possesses the same degree sequence as G.
If the c., is bigger than 1, the network G has a core-
periphery structure.

Our measure for whether a network has core-periphery
structure is different with the measure used in (Holme
2005), which detects the reachability between nodes in the
core and nodes in the periphery. Because in most real world
social networks the distance between any two nodes is short
(Watts and Strogatz 1998; Barrat et al. 2008), it is practically
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unimportant to identify a core that has a group of network
nodes with the shortest distance to each other. In addition,
we believe that our definition of core-periphery efficient can
better represent the ideal model presented in (Borgatti and
Everett 2000), which requires that nodes in the core are
densely connected and the periphery has low connectivity
among nodes.

We applied core-peripheral analysis to understand how
news portals form links between each other. We first con-
struct an undirected NRN by adding an undirected edge
between two news portals i and j if i has reprinted news
from j orj has reprinted news from i. The weight of edges (i-
j) is counted by the total number of news articles that they
have reprinted between them. For a news portal 7, its degree
k(i) indicates the number of news portals i has reprinting
relationship with, and its strength s(7) means the number of
news articles i reprints from or by other news portals.
Notably, the value of k(i) doesn’t equal to the sum of k;,(7)
and koltl(i)'

The core of the undirected NRN is represented by a
maximum k-core and the periphery of the NRN is formed
by other news portals that are not in the k-core. The biggest
k which satisfies the definition of k-core is 68 in data set A
and the biggest k value is 35 in data set B. This means that
data set A contains an inter-connected core with all nodes in
the core having degree values equal to or larger than 68, and
the core in data set B has nodes with degree value
equals to or larger than 35. There are 98 nodes and
4,062 edges in the 68-core in data set A and 83 nodes
with 2,102 edges in the 33-core of data set B. In the
periphery part of the network, the data set A has 939
nodes linked by 6,456 edges, while the data set B has
404 nodes with 786 links among them.

The results from both data sets suggest that the core of
NRN provides most of news contents to public and gener-
ates most of the original news to the network. In data set A,
the core contains less than 10 % of the nodes but is respon-
sible for 51.74 % of the contents delivered to the public and
55.13 % of the original contents cited by other news portals.
Similarly in data set B, 75.32 % of the news articles brought
to readers and 63.78 % of the original news contents are
generated by the core that contains only 17 % of the nodes
in the network.

The cores in both data sets have much higher density than
their corresponding network and peripheries. In data set A,
the core has the density of 0.8546, much higher than that in
the entire NRN (0.0534) and that in the periphery (0.0147).
In data set B, the core also has much higher density (0.6174)
than both the entire NRN (0.0568) and the periphery
(0.0097). The value for the proposed core-periphery mea-
surement (formula (3)) is 1.49 for data set A and 1.81 for
data set B, indicating that the NRN constructed from each
dataset has a core-periphery structure.
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Figure 4(a) and (b) present a graphical representation of
the core-periphery structures in NRNs for data set A and
data set B, respectively, further validating the existence of
the core-periphery structure in NRN. As suggested in Fig. 4,
the amount of information exchanged among core nodes and
that exchanged between the core and the periphery are much
higher than that exchanged among periphery nodes.

7 Discussion and implication

The network of online news reprinting reveals how infor-
mation is spread among news portals in China. Our study
indicates that information could traverse the network quick-
ly and reach the majority of the news portals in the NRN.
The study also indicates that there are two types of crucial
roles a news portal could play in the network, providing
original news to the network and collecting information
from the network to attract audience. Very few important
news portals play both types of roles. More interestingly, we
find those popular news portals form a core among them,
exchanging large amount of information frequently. In ad-
dition, the rest of the network largely depends on the core to
connect with each other. This means, if a news portal is not
in the core, regardless its roles, it is more likely to provide
news to or receive news from the core than to interact with
other periphery portals.

Our results have significant implications to policy mak-
ers, brand managers, or any people seeking to communicate
to the news network effectively. First of all, it is apparent
that not every news portal should be treated equally. The
core-periphery organization of NRN indicates that a small
number of news portals constitute a tight core, which dom-
inates the information production and transmission. These
news portals provide more than a half of the contents to
public and contribute to most of news reprinting transac-
tions between online news media. Information is exchanged
frequently in the core, linking nodes in the core together
extremely tightly. The results suggest that we need to mon-
itor only the news media in the core to follow most of latest
news events. Due to the agenda-setting theory, the public
may be influenced strongly by these major news portals.
From a more practical point of view, the core of NRN is a
double-edged sword for the society and people. On one
hand, a shocking event released on these major media would
grab the public attention immediately and trigger a big
outbreak. On the other hand, if these media post rumors,
the society would be affected very widely and deeply.

In addition, decision-makers certainly should form their
communication strategies based not only on the popularity
of a news portal but also on the nature of links the portal has.
For example, our results suggest that the fastest way to
inform public is to feed messages to news portals with high
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Fig. 4 The number of news A
articles that reprinted from one

group to another group for (a)

data set A and (b) data set B;

the numbers on the arrows

represent the numbers of news

articles transmitted from one

group to another group

158 nodes —

63 nodes —17367:

values of in-degree as they are where people go to read news.
This is especially important for crisis management when impor-
tant messages need to reach the public in a very fast fashion. On
the other hand, while the portals with high out-degree values
serve as the source of original news to the network, monitoring
the frequency of news cited from those sources certainly help the
understanding of the popular topics in the society, whereas the
most efficient way to spread a message widely in the network is
to feed the message to these sources. More importantly, the type
of news cited by a portal could also help the identification of
psychographics about the readers of that portal. This could
largely help organizations reach their potential customers.
Finally, the core-periphery organization of NRN helps the
information spread quickly in the Internet from two aspects. On
one hand, news reports spread more conveniently from major
news portals to small news portals. On the other hand, when a
small news portal releases a breaking news event, the core can
acquire the event instantly and then it transmits the event widely
to other news media and to the public. As a result, this structure
can explain why rumors are spread over the Internet extensively
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in a short time. Besides, it would be hard to eliminate the
transmission of rumors among online news portals as the core
is composed by dozens of news portals. More specifically, when
it comes to managing undesired dissemination of information,
our results suggest that it would be too late to prevent the
spreading of a message if it had already appeared on the news
portals with only in-links, because those portals are usually the
final step for the news dissemination in the network. New
content control should start with portals with high out-degree
values. They are the start point for dissemination. Furthermore,
it could be more efficient to enforce the regulations about the
content of news at high out-degree portals rather than at those
with high in-degree values.

8 Conclusion
In this research, we examine the patterns of news dissemi-

nation through online news network. We develop software
for the automatic news collection from online news portals

@ Springer
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in China. The citation links are identified through automatic
processing the acknowledgement statements in news articles
that indicate the source of the news. We then construct the
reprinting network existed between Chinese news portals.
What we have found from network analysis is listed as
follows:

1) Information can spread out quickly within the news
reprinting network. A piece of message, regardless its
entering point of the network, can reach most of the
news portals in a short period of time.

2) Important news portals in the network are those that
either serve as the source of original news or those that
bring news to public. The former type of news portals
have high values in out-degree because the rest of the
network cites news from them, while the second type of
news portals are high in in-degree values because they
collect information from all possible sources within the
network and they are the places public go for news. In
addition, the majority of network nodes connect each
other through a few intermediate nodes with high values
either in in-degree or in out-degree. The online news
reprinting network in China thus is a scale-free network

3) The news reprinting network not only is a scale-free
network but also has a core-periphery structure. The
important nodes form a densely inter-connected core,
while the periphery part of the network connects
through the core. The core generates most of the orig-
inal news that the network has and it has the most
popular portals where most people visit for news.

The implication of studies lies in that not every news
portals should be treated equally when communicating to
the network. A small number of news portals form a densely
connected core, which play important roles both in informa-
tion distribution and information acquisition. Specifically, the
fastest way to reach public is to post messages on portals with
high values in in-degree because those portals are the places
where public go, while the effective way to spread out news to
the entire network is to feed the messages to portals that serve
as the major sources of original news because most other news
portals copy news from them. In addition, monitoring the
frequency that a certain piece of news is cited from a high
out-degree source portal could be a great way to understand
the popular topic in society. And the core-periphery structure
of NRN indicates that it would be hard to prevent
rumors spreading due to. We suggest that such preven-
tion should quickly start with portals with high out-
degree values before the information is posted by news
portals with only in-links.

The limitation of this study lies into the fact that all the
data comes from China and it remains unclear whether the
empirical findings obtained from this study could apply to
the news network in other countries. However, we believe

@ Springer

that our study demonstrates a systematic way to understand
news network in other regions of the world. And our future
studies will apply the method described in this paper to
news network in other countries to identify how the demo-
graphic, cultural and political differences impact the topol-
ogy of news reprinting network. We are also interested in
expanding our study to how information spreads out in
social media. Given that it are editors who decide what the
readers read from news portals, social media, where readers
themselves decide what other readers read, probably
presents very different information demission patterns such
as revealed in (Gongalves et al. 2011; Fan and Yeung 2011).
Finally, we will further explore content analysis to all news
articles collected, investigating the factors that contribute to
the popularity of a piece of news.
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