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Abstract. News websites are one of the most visited destinations on the
web. As there are many news portals created on a daily basis, each having
its own preference for which news are important, detecting unbiased
important news might be useful for users to keep up to date with what is
happening in the world. In this work we present a method for identifying
top news in the web environment that consists of diversified news portals.
It is commonly know that important news generally occupies visually
significant place on a home page of a news site and that many news
portals will cover important news events. We used these two properties
to model the relationship between homepages, news articles and events
in the world, and present an algorithm to identify important events and
automatically calculate the significance, or authority, of the news portals.
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1 Introduction

According to a recent survey [1] made by Nielsen/NetRatings for Newspaper
Association of America, news browsing and searching is one of the most impor-
tant Internet activities. Specifically, 60% of the users rank news portals as one
of the top 3 places they visit when surfing the Internet. The creation of many
independent online news portals has created a large increase in news information
sources available to the users. What we are confronted with is the huge amount
of news information coming at us from different news sources, and we as users
are interested for latest important news events. Thus key problem is to identify
those news that report important events. However, not all important news have
similar importance, and how to rank news articles according to their importance
becomes a key issue in this field. In this work, we mainly discuss the problem
of finding and ranking these publicly important news, with no respect to user’s
personal interests.

It is hard to distinguish important news, since each news portal has its own
preference in reporting events. But generally speaking, the following five prop-
erties can be used for detecting and ranking important news:
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1. Time awareness. The importance of a piece of news changes over the time.
We are dealing with a stream of information where a fresh news story should
be considered more important than an old one.

2. Important news articles are clustered. An important event is probably (par-
tially) covered by many sources with many news articles. This means that the
(weighted) size of the cluster where it belongs is a measure of its importance.

3. Authority of the sources. The algorithm should be able to assign different
importance to different news sources according to the importance of the news
articles they produce. So that, a piece of news coming from BBC can be
more authoritative (important) than a similar article coming from gossiping
portal, since BBC is known for producing good stories.

4. Visually significant. Important news usually occupies a visually significant
place in the homepage (such as headline news).

5. Diversity. Events reported by big number of sources should be more im-
portant (and all the news reporting about it) than events covered by small
number of sources.

In this paper, we present a method to detect those news that posses these
five properties. The visual significance of the news in a homepage can be seen
as the recommendation strength to the news by the homepage. The strength of
the recommendation can be modeled by the size (in number of pixels) of the box
where the title/picture of the news or by the position on the homepage where
the link of the news is places.

We denote the term credibility/authority to describe the extend to which we
can believe a homepage’s recommendation. Credibility/authority of the home-
pages and importance of the news pages exhibit a mutual reinforcement rela-
tionship, which is similar to that between hub pages and authoritative pages in
a hyperlinked environment [2]. Similarly, importance of news articles and im-
portance of events also exhibit such a mutual reinforcement relationship. By
event we mean implicate event, defined by the cluster of related news. We model
the relationship between homepages, news articles and events into a tripartite
graph and present an algorithm to determine important news by seeking the
equilibrium of those two mutual reinforcement relationship in this graph.

Related work on this topic is ’important story detection’ that is mainly stud-
ied within the topic detection and tracking (TDT) community [3] [4] [5] . TDT
tries to detect important stories from broadcast news. Our work differs from
them in the way that we consider this problem in the web environment where
more independent information sources are available.

The organization of this paper is as follows. In Section 2, we present the
relationship between homepages, news articles and events and model it by a
tripartite graph. Then we present the algorithm for calculation of importance of
news articles by exploiting the five mentioned principles and the presented model
in Section 1. In Section 3 we give an overview of the system that implements
our algorithm, we describe the experiments that evaluate the proposed models,
and experimental results are discussed. We summarize our contributions and
conclude in Section 4.
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2 Model for calculating event importance and portals
credibility

To identify important news that follows mentioned properties, we investigate
two kind of information from homepages and news pages respectively.

News homepages not only provide a set of links to news pages, they also
work as visual portals for users to read news. They are delicately designed to
help user acquire information quickly. Examples include headline news, top story
recommendation, etc. One of the most general forms is that all pieces of news are
presented by homepages with different visual strength, either by the different size
of the graphics, or by the placement on a different position. The most important
pieces od news is often put in the top place, accompanied by some image or
snippet, while each of those less important ones is just a short sentence with
a hyperlink. From another point of views, the visual layout of each homepage
reflects its editor’s viewpoint on importance news at that time. Such kind of
information is quite helpful to identify important news.

Each news article generally has a title, an abstract and the content. Thus
we can compare the content of two news pages and estimate whether they are
reporting the same event. Furthermore, from the corpus of multiple news sources,
we may estimate how many pieces of news are reporting the same event.

2.1 Reinforced importance

News portals vary in credibility. Each portal generally contains two kinds of
homepages: portal page and category pages. A portal page often summarizes
important news from different classes, while each category page focuses on one
kind of news, such as world, business, sports, entertainment, etc. The headline
news in category page is possibly important only within the corresponding class.
So generally speaking, portal pages are likely to be more creditable within a
site. Besides, homepages of prestigious sites are averagely more creditable than
those of non-famous sites. Credibility/authority of news portals and importance
of news exhibit a mutually reinforcing relationship as follows:

Observation 1: News portals vs. News articles

• News presented by more creditable portals with stronger visual strength is
more likely to be important.

• More creditable portals are expected to recommend important news more
reliably.

All news articles are driven by the similar sets of events taking place in
the world. Here we take the definition of event from detection and tracking
community [3]. Event is something that happens at specific time and place. E.g.
a specific election, sport, accident, crime, or natural disaster.

The importance of news articles and importance of events also exhibit a mu-
tually reinforcement relationship.
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Observation 2: News articles vs. Events

• Important events are likely to be reported by more news articles.

• A news article that reports an important event is important.

2.2 Tripartite graph model

We take a tripartite graph to model the relationships between three mentioned
objects: homepages, news articles and events. The graph is a five-tuple G =
{S,N,E,Q, P}, where:
S = {S1, S2, . . . , Sn}, N = {N1, N2, . . . , Nn}, E = {E1, E2, . . . , El} are three
sets of vertices corresponding to homepages(sources), news articles and events
respectively. Q is defined as an n×m matrix such that Qij represents the recom-
mendation strength of Nj by Si. We assume that the maximum recommendation
strength equals for all homepages. Therefore, Q is normalized along rows so that
m∑
j=1

Qij = 1. P is an m × k matrix such that Pjk is the probability that Nj

is reporting about Ek. Here it also holds that
l∑

k=1

Pjk = 1. Here P and E are

unobservable directly, but can be obtained by clustering the news articles ac-
cording to their semantic similarity. Each obtained cluster will be one event, and
belongingness of a news article in a cluster will determine the strength between
a news article and event. This belongingness can be discrete, 0/1, or can be
probabilistic, which depends from the clustering algorithm.

Fig. 1. Tripartite graph model of sources, news articles and events
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Beside mentioned properties, we associate credibility weight wSi for each
source Si, importance weight wNj for each news article Nj and importance weight

wEk for each event Ek. We maintain the invariant that the weights of each type
are normalized:

n∑
i=1

wSi = 1,

m∑
j=1

wNj = 1,

l∑
k=1

wEk = 1 (1)

2.3 Importance propagation

Based on the described reinforced importance model, we identify the credibility
of sources wSi , importance of the news articles wNj , and importance of events

wEk , by finding equilibriums in those relationships. It can be done by iterative
algorithm.

Corresponding to observations 1 and 2, we can define the following forward
operations:

wNj =
n∑
i=1

(wSi ∗Qij) (2)

wEk =

m∑
j=1

(wNj ∗ Pjk) (3)

Similarly we define the following backward operations:

wNj =

l∑
k=1

(wEk ∗ Pjk) (4)

wSi =

m∑
j=1

(wNj ∗Qij) (5)

In each iteration, after computing the new weight values, they are normalized
using the equations (1). The last four equations (2), (3), (4) and (5) are the basic
means by wich wS , wN and wE reinforce one another. The equilibrium values
for the weights can be reached by repeating (2), (3), (4) and (5) consecutively.
Thus weight values converge to wS

∗
, wN

∗
and wE

∗
.

2.4 Inclusion of Time Awareness and Diversity

As we mentioned in the introductory section every model for ranking news rel-
evance should include time awareness and news source diversity. In our model
we can include these two properties by manipulating the weights wN and wE .

For inclusion of time awareness, each time when new version of wN is calcu-
lated, before normalization, we multiply news articles weight wNj by e−α(t−tj)

where t is the current time, tj is the publication time of news article Nj . The
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value α, which accounts for the decay of “freshness” of the news article, is ob-
tained from the half-life decay time θ, that is the time required its weight to
halfe its value, with the relation e−αθ = 1

2 .
For inclusion of news source diversity, each time when new version of wE is

calculated, before normalization, we multiply events weight wEk by (0.5+ENT ),
where ENT is entropy of the set of news sources that are reporting the event.
ENT has a maximum value of 1, when all sources are different, and minimum
value of 0, when there is only one source reporting the event.

2.5 Recommendation strength by visual importance

The visual importance of a news article is decided by its block size, position and
whether it contains an image.

Fig. 2. A snapshot of a home page

In our model all news articles from a news source are classified into one of
a four categories: Headline news, 2nd level, 3rd level and 4th level news. In the
experiments for each source we wrote regular expressions that identifies which
news articles belong to which category. If a news portal does not have four
levels of categorization, several categories were merged, for example if there are
several headline news and all remaining news belonged in one category by visual
importance, that news portal will have 2 categories: Headline news and 4th level
news.
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We set the recommendation strengths of each category in the following way:
Headline news had 5 times, 2nd level news had 3 times and 3rd level news had 2
times bigger recommendation strength than 4th level news. When relative rec-
ommendation strength for the news articles is known, it is easy the computation
of absolute values of the elements of matrix Q.

3 Experiments and Results

We implemented a system to verify the advantages of our algorithm over the
standard baseline model where authority of the sources is constant and visual
recommendation strength is not considered.

The system monitors a set of news portals, crawls their home pages and linked
news articles in a certain frequency. By our algorithm, each news source/portal,
news article and event gets a ranking score. For detecting events/clusters, we
used standard hierarchical agglomerative clustering (HAC) algorithm, and we
used cosine similarity as distance measure and traditional TF-IDF document
representation [6]. Events were ranked by their weight score wEk .

We first explain how we collect data and set up the ground truth. Then sets
of experiments were conducted to investigate our algorithm and evaluate the
implemented system.

3.1 Dataset description

We monitor 10 news portals for one working day. They are one of the most
visited news web sites in Macedonia. All homepages of the portals were crawled
in the frequency of ten minutes. In each iteration, there were 144 iterations,
we calculated ranking scores wS

∗
, wN

∗
and wE

∗
. We were especially interested

in local/Macedonian news because they are popular and comparable among all
portals. Statistics of crawled data are shown in Table 1.

Table 1. Statistics of Experimental Data

News portal #news #macedonia News portal #news #macedonia

DNEVNIK 111 20 ALFA 60 14
UTRINSKI 97 18 KANAL5 81 16

KURIR 110 34 NETPRESS 59 12
PLUSINFO 99 25 PRESS24 71 18

SITEL 115 29 MKD 55 13

It is quite difficult to give an importance value for each news article. The key
problem is that users can only evaluate importance of each event instead of each
news article. So it is necessary to associate each news article into some event
for comparing our method to the ground truth from the users. We used fixed
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Table 2. Importance level

News portal Weight

Very important 10
Important 5

Normal 0

clustering algorithm (HAC) to deal with this task. We defined three importance
levels and their corresponding weight values. (See Table 2).

We asked 10 users to label 20 events/clusters. These 20 events were from
the same iteration and were composed of 10 highest ranked events and 10 other
random events. Calculated ranking of the 20 presented events was not show to
the users. They were presented in random permutated order. For each event, the
average value is taken as its importance value.

We evaluated three models. The first model is a baseline model (Baseline-
BASE) where authority of the sources is constant and visual recommendation
strength is not considered. The second model (PageRank-PR) is the case where
authority of the sources is calculated, and the third model (PageRank Visual-
PRV) where authority of the sources and visual recommendation strength is
included in the model.

3.2 Scope - average importance

We took a strategy like scope-precision, to evaluate the performance of the three
models. Here the scope is the number of top important events returned. Precision
is the average importance value of these top events. We also define the ideal case
for comparison. It represents the best performance we can expect from the user
labeling. Fig. 3 illustrates the results. The PRV model outperforms both the
BASE and PR model remarkably.

Fig. 3. Scope - Average importance
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3.3 Time delay

Another criterion to evaluate the performance of the models is time delay for
reporting events. Given one event, its time delay is defined as the period from
the earliest time when a news article reporting about the event appears, to the
time we can identify it as member of the three most important events. We hope
the time delay should be as short as possible so that the system can report
important news to users as soon as possible.

We randomly select a set of events from those that can be identified as im-
portant by all the three models. These events are listed in Table 3. The second
column is the earliest time that our crawler found a news article reporting about
the event. We used the archives of the news portals to determine the publi-
cation timestamps of news articles, and we used the crawling html archives of
TIME.mk, the biggest Macedonian news aggregator, for determining the visual
recommendations strengths of the news portals at those moments.

Table 3. Importance level

Event First news Description

1 2013-03-27 13:16 Nikola Mladenov has died in a car crash
2 2013-02-24 11:06 Actor Branko Gjorcev dies
3 2011-03-11 08:53 Tsunami in Japan
4 2013-02-15 16:49 Chelyabinsk meteor in Russia
5 2012-06-20 07:33 Assange seeks asylum at Ecuador embassy

Fig. 4. Time delay
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The delays are illustrated in Fig. 4. The average delays for three models are
26, 49 and 132 minutes respectively for PRV, PR and BASE. The time delay
by the PRV model is very small because a piece of important news occupies
significant importance as soon as it appears. While the BASE model requires a
significant time delay and can hardly identify important events in the first time.
It is because in this model an event can be identified as important only after
many sites have reported it. The PR model is quite close to the PRV for most
cases.

4 Conclusions

In this work, we propose a method to detect and to rank important news stories
in web environment. We use visual layout information in homepages and content
similarity information in news articles. The relationship between news sources,
news articles and events is modeled by a tripartite graph. Then we present an
iterative algorithm to find the importance equilibrium in this graph. Based on
this algorithm, we implemented a system for automatically finding important
news. Experiments show the whole framework is effective. We evaluated three
models (BASE, PR and PRV) with two criteria, for accuracy and time delay.
The PRV can identify important news fastest and most accurately.
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