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Abstract. The paper investigates relationship between
world events as reported in newspapers and
characteristics of the newspapers in terms of political
alignment and economic conditions. We propose a
novel methodology that includes selection,
representation and clustering of the newspapers to
analyse relationship of the events and characteristics
of the newspaper. We represent world events by a set
of concepts and content categories of the news articles
reporting on the event. Each newspaper is represented
by a set of events they reported about over several
years. We investigate different similarity measures
between the newspapers to see whether the newspapers
with the same characteristics are reporting on similar
events over a given time span.

The results indicate: 1) the representation of the news
events with the Wikipedia-concepts and DMOZ-
categories appears an appropriate way to understand
relationships between the newspapers, 2) economic
conditions of the country of the newspaper publisher
reflect better in Wikipedia-concepts than when using
representation with DMOZ-categories, whereas for
identifying politically aligned groups of newspapers,
DMOZ-categories stand out more suitable, 3) for
capturing economic groups, clustering using the
Dynamic Time Warping similarity between the trend
lines of newspapers is better aligned with the ground
truth groups than others tested similarities, whereas
for capturing political group, Jaccard distance using
the frequent terms and Euclidean distance between the
trend lines turn up more useful.

Keywords. Information Propagation Barriers, Political
Alignment, Economic Conditions, Dynamic Time
Warping (DTW), Euclidean Similarity, Jaccard
Similarity.

1 Introduction

Economic strength and political situation of a country
have a strongest association with news prominence.

One of the assumptions of many news-flow related
studies is that external variables such as economic
power and political events in a country can define the
scope of fame around the world. In fact, there are also
various internal factors such as the structure of
international telecommunications, the presence of
news agencies, as well as the editorial practices and
traditions that effect the news prominence of a country
(Segev, 2015). According to news flow theories,
multiple determinants impact international news
spreading. The economic power of a country is one of
the factors that influence news spreading. One of the
parameters to represent the economic condition of a
country is the economic growth/income level.
Moreover, it was noted that the magnitude of economic
interactivity between countries can also impact the
news flow (Wu, 2007).

The idea of event-centric news spreading
disclosed internationally and become popular due to
globalization (Hong et al., 2017). Global events
become famous and catch the attentions in all corner of
the world. News agencies or news publishers play their
role in this process. Varying nature of living styles,
cultures, economic conditions, time zone, and
geographical juxtaposition of countries present a
significant role in the process of reporting on news
events (Wei et al., 2020, Quezada et al., 2015, p. 935-
938). The news to be spread wider cross multiple
barriers such as linguistic, economic, geographical,
political, time zone, and cultural barriers. News
publisher have different characteristics such as the
reporting languages, their political alignment,
economic conditions, cultural values, time-zone, and
geographical position of their headquarters. In this
paper, we focus on two characteristics of news
publishers, namely political alignment and economic
situation. We select ten most read daily newspapers in
the world in 2020 and collect information using Event
Registry about the news they have published. Event
Registry is a system which analyses news articles and
identify groups of articles that describe the same event
and represent them as single event (Leban et al., 2014,
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p. 107-110). The description of the meta data of an

event is shown in the Table 1.

Following are the main scientific contributions of
this paper:

e A novel methodology that includes selection,
representation and clustering of the newspapers to
analyze relationship between the reported events
and characteristics of the newspaper.

e Evaluation of the proposed methodology on real-
world news data using representation of world
events by a set of concepts and content categories
testing different similarity measures between
newspapers: Dynamic Time Warping (DTW) with
cosine similarity or with Euclidean distance on
trend lines of concepts and categories, Jaccard
similarity between the concepts and categories.

e We show that what type of features are more
suitable for clustering newspapers based on
economic and political characteristics.

Table 1. The description of the meta data of an event

Attributes Description

Uri A unique event identifier
Title Title of the event
Summary Summary of the event
Event date Date of the e\:‘gr::n i:t yyyy-mm-dd
Source Event reported by a news source

Total articles Total articles reporting about the

event
. List of DMOZ (Directory Mozilla)
Categories categories
Concepts List of Wikipedia concepts

2 Related Work

International news about different events led us to
investigate the reasons why news regarding specific
events either spread or do not spread to certain
geographic areas. Media focuses on specific foreign
and regional events based on some certain factors. For
instance, spreading of events may tilt toward
developed countries such as United States, the United
Kingdom, or Russia. Moreover, it may be due to
geographical juxtaposition (latitude, longitude) of
countries (Wilke et al., 2012). There is a great deal of
negotiation between political actors and journalists in
news production to enhance their influence on news
coverage. It will be true to say that fake news is
produced based on many factors and it is surrounded
by a paramount factor that is political effect (Martens
et al., 2018). Therefore, political alignment of
publishers can more or less impact their coverage of
different events. Two of the determinants for news
coverage are economic conditions and association

between countries. These factors also impact
information selection, analysis, and propagation
(chang et al., 1992).

There are few studies that have worked on finding
the relation of news outlets on political and economic
activities. Generally, news reporting about different
events (elections etc.) is inclined towards certain
characteristics of newspapers. As there is a tendency to
support underground and indirectly, the research
interest in the reporting characteristics of each
newspaper has begun (Jo et al., 2018). The study of
information flows between media sources from
different countries explores the dynamics underlying
transnational communication spaces. Castells sees the
emergent Euro-state not only as a political-economic
zone but, by virtue of privileging its network character,
also as a specific kind of communicative space (veltri ,
etal., 2012). It has also appeared that local newspapers
have a relatively distinctive content emphasis (linet al.,
2001). Filla investigates the political participation by
the local news outlets in elections and find the
relationship between the political participation and
availability of local news outlets (Filla, 2010, p. 679-
692). Another study was conducted to find the
correlation at the outlet level between public trust and
experts’ evaluation. It had compared the evaluation of
accuracy of news outlets and trust scores (Schulz, etal.,
2020). News agencies tend to follow the national
context in which journalists operate. One of the related
examples is the SARS epidemic study which found that
cross-national contextual values such as political and
economic situations impact the news selection (Camaj,
2020, p. 635-653). A great amount of work regarding
fake news dwells on different strategies, while few
studies considered political alignment to have a
compelling effect on news spreading (Bakshy et al.,
2015, p. 1130-1132). (Maurer, 2018, p. 2024-2041)
strongly proved it to be a major strategy in news
agencies to control the news and change accordingly
due to the involvement of journalists and political
actors.

Although the previous work involves relationship
between outlets, and political activities or public
interests, our work focused directly on studying and
confirming the political alignment and economic
conditions with news outlets. There should be a
representation and computational method to reflect the
political and economic characteristics. The objective is
to find a representation able to cluster the input of text
in their original groups. Previously a newspaper corpus
having five knowledge fields (Human Sciences,
Biological sciences, Social Sciences, Religion and
Thought, Exact Sciences) in Brazilian Portuguese was
used to verify whether an automated clustering process
could create the correct clusters of newspapers
(Afonso, et al., 2014). We utilize more than 65,000
news events published by top ten newspapers across
different countries in English. In addition to that we
consider the temporal information of events while
finding similarities between newspapers. There are two
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approaches  (hierarchical and  non-hierarchical
clustering) to cluster the text. We focus on a non-
hierarchical text clustering method. Non-hierarchical
text clustering is applied when the goal is to produce
text clusters which do not fit in specific knowledge
hierarchy (Afonso, et al., 2014).

3 Data Description

3.1 Data Statistics

We choose the top 10 daily read newspapers in the
world in 2020 (https://www.trendrr.net/) and collect
the events reported by these newspapers using Event
Registry over the time period of 2016-2020.
Approximately 8000 events belong to each newspaper
except “Zaman” (only 900 events) (see Table 1).
Figure 1 shows the number of events reported by the
selected newspapers on a yearly basis.

Newspaper

Newspaper
14k W asahi.com
® chinadaily.com.cn
W dawn.com
10k B nytimes.com
smh.com.au

count
2

theguardian.com
timesofindia.indiatimes.com
washingtonpost.com
wsj.com

zaman.com. tr

(YR

o — — —
2016 2017 2018 2019 2020 2021

Year

Figure 1. Each colour in a bar represents the total
number of events per year by a daily newspaper and a
complete bar shows the total number of events per
year by all the newspapers

The attributes of an event with description have
been displayed in the Table 1. Few attributes are self-
explanatory such as Uri, title, summary, date, source,
and total news articles. Concepts are the annotation for
events. Concepts can represent entities (locations,
people, organizations) or non-entities (things such as
personal computer, toy). In Event Registry Wikipedia's
URLs are used as concept URIs. DMOZ-categories
represent what topic the content is about. The DMOZ
project is a hierarchical collection of web page links
organized by subject matters\footnote{https://dmoz-
odp.org/}. Event Registry use top 3 levels of taxonomy
which  amount to about 50,000 categories
(https://eventregistry.org/documentation?tab=terminol
ogy).

Each newspaper leans to a different political
alignment in the political spectrum. We estimate the
political alignment of a newspapers through the
political alignment of its publisher and the economic
conditions through the country of headquarter of its
publisher (see Figure 2). We fetched the headquarter
and the political alignment of each newspaper from
Wikipedia Info-box. Each newspaper has its

headquarters in different countries varying the
economic ranking and the income levels (see Table 2).
There are four main income levels of the
economies: Low-Income Economies (\$1035 or less),
Lower-Middle Income Economies (\$1036 to \$4045),
Upper-Middle Income Economies (\$ 4046 to
\$12,535), and High-Income Economies (\$12,535 or
more)
(https://datahelpdesk.worldbank.org/knowledgebase/a
rticles/906519). The overall ranking (from 1 to 149) of
each country bases on 12 features: Safety and Security,
Personal Freedom, Governance, Social Capital,
Investment Environment, Enterprise Conditions,
Market Access and Infrastructure, Economic Quality,
Living Conditions, Health, Education, and Natural
Environment. Table 2 shows the political alignment of
each newspaper and economic conditions (ranking,
income-level) of the headquarters of the newspapers
(https://www.prosperity.com/rankings).

3.2 Similarity Measures

We propose to estimate similarity between the
newspapers by looking at events they are reporting
about over a period of time. In one case we consider
trend lines of concepts or content -categories
characterising the events and apply Dynamic Time
Warping or Euclidean distance. In the other case we
ignore the time dimension and simply take the union of
all the concepts or categories from events over the
years.

3.2.1 Dynamic Time Warping (DTW)

Dynamic Time Warping is a method for calculating the
similarity between two time series which can occur at
different times or speeds. Its ability to warp time axis
and find optimal alignment between time series has
made it very popular. DTW has been used

URI
— Campaigns and Elections
Demacracy

URI_trend
in
Py
i

2017 2018 2019 2020 2021
EVENTDATE

Figure 3. This line chart shows the trend lines of two
Wikipedia-concepts (Campaigns and Elections, and
Democracy) over time period of six years

in several disciplines such as: Speech recognition,
gesture  recognition, data  mining, robotics,
manufacturing and medicine. DTW aligns two time
series in the way some distance measure is minimized
(usually Euclidean or Cosine distance is used). Optimal
alignment (minimum distance warp path) is obtained
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by allowing assignment of multiple successive values  series and therefore DTW can also be calculated on
of one time series to a single value of the other time  time series of different lengths (Strle, et al., 2009).

Table 2. Political alignment of the daily newspapers and the economic conditions (Prosperous ranking, Income-
level) of the country of publisher’s headquarters

. Total = Political Alignment Economic Conditions
Daily Newspapers Headquarters Events
The Guardian London 8804 Centre-left 13, High-income
The  Wall  Street 7094 Conservative 18, High-income
New York
Journal
The New York Times New York 8802 Liberal 18, High-income
The Washington Post Washington 8657 Democrat 18, High-income
China Daily Beijing 4833 Democr_atlc 54, Upper-Middle-income
Centralism
The Times of India Bombay 8804 Centre-right 101, Low-income
The Sydney Morning Sydney 8829 Centre-left 16, High-income
Herald
The Asahi Shimbun Osaka 4452 Ct_entre-!eft, 19, High-income
Liberalism
. 8389  Liberal, Centrist and 138, Low-income
Dawn Karachi ;
Progressive
Zaman Istanbul 900 Pro-Government 94, Lower-Middle
B High-income W Centre-left
M Low-income W Liberal
B upper-Middle-income B Democratic
M Lower-Middle W cConservative
Centre-right
W Pro-Government

The Guardian

The Asahi Shimbun

The Sydney Morning Herald
30%

The Guardian

The New York Times

The Washington Post

The Wall Street Journal

The Asahi Shimbun

The Sydney Morning Herald

Figure 2. The pie chart on the top depicts the percentage of four categories of income levels associated with the
daily newspapers. And the second pie chart illustrates the percentage of categories of political alignment
associated with the daily newspapers (see Table 2)

3.2.2 Euclidean Distance 3.2.3 Jaccard Distance

Euclidean distance between two points is the length of ~ Measuring the Jaccard similarity coefficient between
a line segment between two points (also called two data sets is the result of division between the
Pythagorean theorem as shown below). number of features that are common to all and the
number of properties as shown below (Niwattanakul,
et al., 2013, p. 380-384).

4.B) _|ANnB|
J 4, " |AUB|
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4 Methodology

We present a novel methodology for clustering the
daily read newspapers based on political and economic
characteristics using different similarity mechanisms.
It is based on the trend lines of Wikipedia-concepts,
and simple count of DMOZ-categories (Directory
Mozilla) and Wikipedia-concepts related to the news
events (see Figure 4). We built hierarchy of clusters
and also compare the generated clusters with ground
truth values.

We extract the 100 most-frequent Wikipedia-
concepts for all the news events reported by each
newspaper. Afterward, we generate the trend lines
using The Hodrick Prescott filter (Bhowmik et al.,
2021, p. 7-17) for each Wikipedia-Concepts per each
daily read newspaper. An example of trend lines
between two concepts is shown in Figure 3. Having a
bunch of trend lines, we calculate the Dynamic Time
Warping (DTW) distance between them using the
cosine similarity for each daily read newspaper
separately. We filter out the Wikipedia-concepts if
their distance does not lie in threshold value of 0.1 (0.0
means the trends lines are absolutely similar whereas
maximum value varies depending on the difference
between trend lines). At this stage, we have pair of
those Wikipedia-concepts that have similar trends over
time for each newspaper. To calculate the distance
between two newspapers, we measure the overlap
between corresponding pairs to the newspapers. Then
we built hierarchy of clusters using popular algorithm
of hierarchical clustering called dendrograms. At each
step in dendrograms, the two clusters that are most
similar are joined into a single new cluster. We chose
top four and six hierarchies separately (see Figure 5)
for economic and political characteristics respectively.
We revise this process similarly for 150 and 200 most-
frequent Wikipedia-concepts for all daily read
newspapers.

We apply a second mechanism to calculate the
similarity between the trend lines. We choose the same
number of Wikipedia-concepts and set the same
threshold value as we set in the previous method to
filter out non-similar Wikipedia-concepts. The only
difference is that we use aligned values between trend
lines and compute the similarity using euclidean
distance rather than DTW. As this method does not
tackle the situation if two trend lines have different
lengths over time, we cut out the extra line and only
keep similar length of two trend lines (DTW do handle
this situation). Further we built hierarchy of clusters in
the similar way as we did in the previous mechanism.

Lastly, we extract two lists of the unique
Wikipedia-concepts, and the DMOZ-categories, and
two lists of all the Wikipedia-concepts, and all the
DMOZ-categories. Then we compute the Jaccard
similarity between the daily read newspapers based on
these counting and built hierarchy of clusters and
generate four and six clusters for economic and
political characteristics respectively.

The GitHub repository containing the scripts is
available at https://github.com/cleopatra-
itn/Trends_Clustering.
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Figure 4: Methodology to create hierarchical clusters

5 Experimental Evaluation

5.1 Evaluation Metric

To provide insights in how the economic conditions
and political alignment of newspapers may be reflected
in the events they report on, we first generate
hierarchical clustering of the newspapers using the
proposed methodology. Then we cut the hierarchy in a
way to obtain as many clusters to match the predefined
number of economic groups or political groups. Then
we manually compare the generated clusters with our
ground truth clusters (see Figure 2) by calculating
accuracy on the economic condition and on the
political alignment.

Accuracy: Accuracy is the most intuitive
performance measure and best to use when we have
symmetric data set where values of false positive and
false negatives are almost same.

We consider each newspaper as one instance. To
calculate the number of correctly grouped instances,
we compare the output clusters with our original
clusters (see Figure 2) of economic and political
characteristics. For instance, in case of economic
characteristics, if output cluster consist of a cluster with
the single newspaper “Zaman”, it means one instance
is correctly grouped because there exists a cluster with
same newspaper. Further, if output cluster contains one
of the four clusters with the two newspapers “China
Daily” and “Dawn”, it means one instance is correctly
grouped and one is incorrectly grouped, because there
is a cluster with the two newspapers “The times of
India” and “Dawn”. Therefore, one is correctly
grouped and one is incorrectly grouped. We use
algorithm 1 to compare the output clusters with the
original groups.
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Algorithm 1 Count correctly grouped instances

Input: outputCluster, originalCluster
Output: (Number of correctly grouped instances)

1: Sum 0

2: for i < 1 1o len(outputCluster) do

3 m <0

4 te < outputCluster|[i]

5 for j < 1 1o len(originalCluster) do
6 p ¢ set(te) and set(originalCluster[j])
7 it len(p) > 0 then

8 m < len(p)

9 end if

0: end for

1l Sum < Sum +m

12: end for

13: return Sum

5.2 Results and Analysis

Figure 5 shows three hierarchies of clusters built upon
three different similarity mechanisms. First two
diagrams present the hierarchies of clusters with
Dynamic Time Warping (DTW) and Euclidean
distance. Whereas third diagram shows the hierarchy
of clusters using Jaccard similarity between the unique
Wikipedia-concepts. While we follow the same
mechanism to choose the four and six hierarchies in all
three diagrams, so we will explain only first diagram.
Considering our original clusters (see Figure 2), we
choose top four and six hierarchies for economic and
political characteristics respectively. For example,
using the first diagram in figure 5, we create the
following four clusters to compare with our original
economic cluster (see Figure 2):

e “Zaman”

e “Dawn” and “The Times of India”
e “The Asahi Shimbun”

e “The Guardian”, “The Washington Post”, “The
Sydney Morning Herald”, “The Wall Street
Journal”, “New York Times”

Similarly, we create the following six clusters also
using the same figure 5 to compare with our original
political cluster (see Figure 2):

e “Zaman”

e “Dawn” and “The Times of India”

e “The Asahi Shimbun”

e “The Sydney Morning Herald”

e “The Wall Street Journal”, “New York Times”

e “The Guardian”, “The Washington Post”

Table 3 shows the results in form of overall
accuracy for both economic and political attributes. For
economic attribute, firstly highest results are achieved
using most-frequent Wikipedia-concepts (88.89%).

Then second-best performing mechanism is Jaccard
similarity with 80% accuracy, and then lastly
Euclidean distance with 77.78% accuracy. For political
attribute, the best performing mechanism is Euclidean
distance and Jaccard similarity with 77.78%, and
70.0% accuracy.

Based on the overall accuracy for economic
attribute, we can say that the representation with
Wikipedia-concepts is better than DMOZ-categories
for capturing economic characteristic of the
newspaper, while the opposite is true for capturing
political attribute. Furthermore, it can be noticed that
similarity using DTW is more suitable for economic
characteristic but not for political characteristic.

Table 3. Overall accuracy of each similarity measure
for economic and political characteristics.

Overall Overall

Features Accuracy = Accuracy
(Economic) (Political)

100  Most-frequent o 0
Concepts (DTW) 88.89% 40%
150  Most-frequent o 0
Concepts (DTW) 88.89% 44.44%
200  Most-frequent 0 0
Concepts (DTW) 41.67% 62.5%
100  Most-frequent
Concepts  (Trends: 44% 55.56%
Euclidean Distance)
150  Most-frequent
Concepts  (Trends: 77.78% 55.56%
Euclidean Distance)
200  Most-frequent
Concepts  (Trends: 77.78% 77.78%
Euclidean Distance)
All Categories 0 o
(Jaccard Similarity) 50% 0%
Unique  Categories 0 o
(Jaccard Similarity) 50% 0%
All Concepts o o
(Jaccard Similarity) 60% 0%
Unique Concepts o o
(Jaccard Similarity) 80% 0%

6 Conclusions and Future Work

Newspapers have different characteristics such as
political alignment, economic values, cultural
differences, reporting languages and geographical
differences. In this paper, we focused on to find
representation of the news events for two
characteristics (political and economic) separately that
could be able to cluster the input of text in their original
groups. We represent the news events with set of
concepts and content categories separately, create
hierarchical cluster and compare the output clusters
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with original groups. Instead of just keywords, we also
consider the trends of DMOZ-categories and
Wikipedia-concepts. Moreover, we perform different
similarity mechanisms (Dynamic Time Warming,
Jaccard Distance, Euclidean Distance) before creating
the clusters and see which mechanism is suitable for
economic and political groups.

Our results (see Section 5.2) suggest that
economic conditions of the country of the newspaper
publisher reflect better with a set of concepts then
content categories whereas content categories are more
suitable for politically aligned groups of newspapers.
Furthermore, results show that clustering using the
Dynamic Time Warping similarity between trend lines
of newspaper is better aligned with ground truth of
economic groups and Jaccard distance using the
frequent terms and Euclidean distance between the
trend lines is more useful for ground truth of political
groups.

),

Figure 5. First two figures (from top to bottom)
shows the hierarchical clustering with the DTW and
Euclidean distance based on 100 most-frequent
Wikipedia-concepts. Third figure presents the
hierarchical clustering with Jaccard similarity
between the unique Wikipedia-concepts.

Our research experiments only centered around
economic and political attributes. In future, we would
like to explore the other characteristics such as cultural,
time-zone, geographical, and linguistic. We also have
a plan to use advance tools of Natural language
Processing (NLP) to detect the cultural differences in
news events.
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