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Abstract

With the emergence of social network ser-
vices, many media organizations have es-
tablished their fan pages on social plat-
forms (e.g., Facebook and Twitter). They
promote their content, disseminate break-
ing news, interact with the audience,
and publish editorials on particular events
through fan pages. For readers, these on-
line channels not only help them to receive
the latest information but also enable them
to directly express their endorsement or
disagreement toward specific news or arti-
cles. According to the observation, in this
study, we use the online behaviors to in-
vestigate favors/controversy from users to
media organizations and to quantify the
ideological difference of popular channels
and their audience. We collect and ana-
lyze the actions of mass media pages on
Facebook in a 6-month-long observation in
2018. A total of 19 fan pages of major
mass media companies in Taiwan are inves-
tigated, and we locate their positions in a
two-dimensional space using singular value
decomposition. The results demonstrate
that online activities from users can help
to distinguish and cluster media companies
based on several characteristics, including
media types (magazines or newspapers),
political stands, and their owners. These
findings also correspond to previous offline
qualitative studies in communication and
media disciplines.

1 Introduction
Online social networks have been essential
channels for organizations to interact with
their followers in recent years. For mass me-
dia companies, they establish fan pages to an-
nounce the latest news, publish opinions, and
communicate with the audience. Meanwhile,
users follow the media of their interests; more-

over, they express their supports/rejection to-
ward specific articles using the emotion bot-
toms. The endorsements and interactions
not only reveal the connections between users
and media organizations but also demonstrate
“birds of a feather” phenomenon between on-
line users. From the previous studies, people
with similar political stands are likely to con-
sume specific news sources. For example, Re-
publicans endorse radio news while Democrats
prefer television news (Pfau et al., 2007). The
research demonstrated the ideological differ-
ence of users would reflect on their media pref-
erence and news consumption using qualita-
tive studies. In contrast, with the widespread
use of social network services, data scientists
have explored a series of new approaches to
realize political information cascading and po-
larization using online social data (Bakshy
et al., 2015; Barberá et al., 2015; Flaxman
et al., 2016; Garimella et al., 2018). Nonethe-
less, despite the abovementioned studies, how
to leverage large-scale online behaviors for
measuring ideologies/features of media orga-
nizations remains scant.

Thus, in this study, we make use of user en-
dorsements on news pages on Facebook to un-
derstand and quantify the distances between
media organizations. From the findings, we
aim to approach two goals:

1. Positioning media companies with a
two-dimensional space: Demonstrat-
ing a method to pinpoint mass media
pages according to the page-user interac-
tions. With appropriate visualization, we
situate and present the locations of mass
media.

2. Exploring and validating derived lo-
cations of media pages: Correlating



the previous qualitative studies, back-
grounds, and other characteristics of me-
dia organizations with the analysis re-
sults. The steps not only validate the ef-
fectiveness of our method but also provide
new interpretation to mass media using
social data.

To achieve the research goals, we study 19
popular official pages (receiving likes from at
least 25 thousand distinct users) of mass media
in Taiwan, including printed media (newspa-
pers, magazines), television news, and state-
owned news stations. There are two reasons
for selecting Taiwanese news sources as re-
search targets. 1) Taiwanese politics have been
polarized and divided into pro-unification and
pro-independence for many decades. The dif-
ferences in political stances not only appear
in the two major parties (Kuomintang and
Democratic Progressive Party) but also oc-
curs in the mass media groups (Wang and
Chang, 2006; Huang, 2011; Clark and Tan,
2012; Rawnsley et al., 2016). Thus, the me-
dia industry in Taiwan would be suitable for
us to investigate media polarization. 2) Face-
book has the highest penetration rate in Tai-
wan at 97% and about 15 million active users
per month, according to the recent report1.
Therefore, Taiwan would be an appropriate
place for Facebook studies. We collect the
user-article emotion records from the selected
pages and perform a series of processing and
analysis on the data collection to retrieve
representative features of the pages. Based
on the results, we locate the pages using a
two-dimensional space and discuss the effec-
tiveness of the method with the backgrounds
of channels and the previous qualitative re-
search results. According to the outcomes,
our approach can successfully distinguish me-
dia pages by their types (journals, newspapers,
TV channels), backgrounds, and political ten-
dencies, and the results also correspond to the
previous literature.

The followings describe the organization of
this paper. In Section 2, we introduce the
background of offline/online media bias re-
searches. The details of our data collection,

1https://www.forbes.com/sites/ralphjennings/
2018/10/11/facebook-says-it-already-has-
97-of-taiwans-internet-users-and-now-its-
targeting-businesses.

formalized processes, and derived features of
pages are presented in Section 3. In Section 4,
we demonstrate validations of our obtained re-
sults based on the previous qualitative studies.
We conclude our research and discuss future
directions in Section 5.

2 Related works

Media bias has long been an important issue
in journalism (D’Alessio and Allen, 2000; Eve-
land Jr and Shah, 2003; Ardèvol-Abreu and
Gil de Zuniga, 2017). With the increasing
concerns regarding the biased reports on mass
media from the general public (Morris, 2007;
Iyengar and Hahn, 2009), previous scholars
have demonstrated pieces of evidence of selec-
tive media usage according to users political
identities (Stroud, 2008; Ardèvol-Abreu and
Gil de Zuniga, 2017). On the other hand,
with the capabilities of online social networks,
online information polarization has become a
general phenomenon (Bakshy et al., 2015; Bar-
berá et al., 2015; Sunstein, 2018). The mecha-
nisms and algorithms of social networks could
result in selective exposure to information (Lee
et al., 2014; Schmidt et al., 2017; Fletcher and
Nielsen, 2018), especially in political news con-
sumption (Jacobson et al., 2016; Gruzd and
Roy, 2014). These works demonstrate various
methods, including online experiments, share
activities, content analysis, and surveys.

The abovementioned researches have inves-
tigated and observed media bias and selective
exposure from offline media and online experi-
ments; however, a few works focus on employ-
ing online behaviors to empirically cluster me-
dia organizations in a single country or a re-
gion to identify and quantify media bias. In
this study, we start from a perspective of mu-
tual attitudes from users toward media com-
panies and locate different entities on a two-
dimensional space. We validate the method
and derived results with offline theories and
previous scholars.

3 Data and Method

Benefiting from the popularity of social media,
not only broadcasting but also printed media
establish fan pages to disseminate their arti-
cles and interact with users. To thoroughly
include the major media companies in Tai-

https://www.forbes.com/sites/ralphjennings/2018/10/11/facebook-says-it-already-has-97-of-taiwans-internet-users-and-now-its-targeting-businesses
https://www.forbes.com/sites/ralphjennings/2018/10/11/facebook-says-it-already-has-97-of-taiwans-internet-users-and-now-its-targeting-businesses
https://www.forbes.com/sites/ralphjennings/2018/10/11/facebook-says-it-already-has-97-of-taiwans-internet-users-and-now-its-targeting-businesses
https://www.forbes.com/sites/ralphjennings/2018/10/11/facebook-says-it-already-has-97-of-taiwans-internet-users-and-now-its-targeting-businesses


wan, we manually search official pages of me-
dia companies on Facebook according to two
criteria: 1) The media should concentrate on
reporting Taiwan-related issues and written in
Traditional Chinese. 2) As organizations may
create many fan pages, only the most popu-
lar pages belonging to the same group are in-
cluded.

A total of 19 pages which attract at least 25
thousand “like” activities from individual ac-
counts during a 6-month-long observation are
included in our list. Next, we refer to the
ideological measurement methods proposed in
the previous studies (Bond and Messing, 2015;
Wang et al., 2017) and extract the interactions
between unique accounts and media pages
from the data collection. Next, we construct
a co-emotion matrix2 between each two fan
pages. The co-emotion matrix demonstrates
the ratio of mutual users who have expressed
the same attitudes to media page pairs. Dif-
ferent from the previous two methods, we here
perform centering on the matrix. Then, we
apply singular value decomposition (SVD) to
the co-emotion matrix and retrieve the top left
singular vectors (LSV) as the extracted fea-
tures for each page. Finally, we locate the
pages with a two-dimensional space and dis-
cuss the effectiveness of the method using the
offline backgrounds, profiles, and the previous
qualitative research results. According to the
results, the approach can successfully distin-
guish media pages by their types (journals,
newspapers, TV channels), backgrounds, and
political tendencies and correspond to the pre-
vious literature.

3.1 Dataset Descriptions

According to the selection, a total of 19 fan
pages are included in our study list, includ-
ing five television news channels, two state-
owned media, six magazines, and six newspa-
pers. We collect the user endorsements of the
pages from July 1 until December 31, 2018.
The language of every fan page is traditional
Chinese, the official language character used in
Taiwan. For every page, there are at least 25
thousand unique accounts have pressed “like”
toward the article of the media. The reason

2In the two previous work there was only like emo-
tion while currently there are 6 emotions on Facebook.

we select the “like” activity as the emotion to
study is because “like” is the most commonly
used emotion on Facebook. A detailed media
list of our data collection is shown in Table 1.

3.2 Retrieving Left Singular Vectors
from Co-emotion Matrix

Our methodology is motivated from the pre-
vious two studies (Bond and Messing, 2015;
Wang et al., 2017). Before 2016, Facebook
only built the “like” option for users to ex-
press their attitudes; thus, in the previous
studies, “like” activity could combine various
emotions, e.g., “like” and “loves.” Since 2016,
Facebook added five more emotions, including
“loves”, “laugh”, “wow”, “angry”, and “cry”,
which enable users to express their feelings
more precisely. According to the observation,
we present a generalized method to locate me-
dia pages using different emotions on Face-
book.

The followings describe the construction
and analysis steps. First, the study extracts a
list of unique accounts which give an emotion
toward at least an article on the mass media
pages. From the user list, we construct the
co-emotion matrix as follows:
Definition 3.1. For each emotion i on Face-
book, the co-emotion matrix Ci, i = 1, ..., 6,
among n pages, where n = 19 in this study, is
defined as a n× n symmetric matrix. Consid-
ering a page x of these n pages, we define the
account list of page x with emotion i as ux,i,
x = 1, ..., n and i = 1, ..., 6. The value in cell
(x, y) of Ci is the number of common accounts
that have expressed the same emotion to page
x and y, as the following definition.

Ci(x, y) = |intersect(ux,i, uy,i)|. (1)

Note that in the co-emotion matrix Ci, the
diagonal entries Ci(x, x) is the number of ac-
counts expressing emotion i of page x.

Next, according to the above equation, the
values in cells affiliated with popular pages
with be significantly higher than others. To
concentrate on the ratio of overlapped users,
following the previous method we normalize
the matrix according to the number of ac-
counts which have expressed the emotion on
each page (the diagonal value). The normal-
ized matrix is derived as follows:
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Definition 3.2. Given a co-emotion matrix
Ci, the normalized co-emotion matrix is de-
noted as Ri. The value in every cell of Ri is
the ratio of the accounts of page x expressing
emotion i who also ever gave the same emotion
to page y.

Ri(x, y) = Ci(x, y)/Ci(x, x). (2)

However, we observe the column values are
still highly correlate to the popularity of pages
in the normalized co-emotion matrix Ri. The
sum of each column have a significant correla-
tion with the popularity of each page. To ad-
dress this issue, we alter the previous approach
by centering on the columns of the matrix Ri

as in Equation 3. We denote the derived ma-
trix as R′

i, i = 1, ..., 6.

R′
i(x, y) = Ri(x, y)−

∑n
k=1Ri(k, y)

n
. (3)

We then perform a singular value decompo-
sition (SVD) on R′

i. The procedure decom-
poses R′

i into a factorization form:

R′
i = UΣV T ,

with

U =

[
u1 u2 . . . ur︸ ︷︷ ︸ ur+1 . . . um

]︸ ︷︷ ︸
ColA NulAT

Σ =



σ1 0 . . . 0 0 . . . 0
0 σ2 . . . 0 0 . . . 0
...

...
...

...
...

...
0 0 . . . σr 0 . . . 0
0 0 . . . 0 0 . . . 0
...

...
...

...
...

...
0 0 . . . 0 0 . . . 0



V T =



vT
1

vT
2
...

vT
r

vT
r+1
...

vT
n




RowA

NulA

The derived LSV of R′
i is a set of orthonor-

mal eigenvectors of R′
iR

′
i
∗, where R′

i
∗ is the

conjugate transpose of R′
i. According to the

study (Bond and Messing, 2015; Wang et al.,
2017), the top LSV can explain the ideology of
political celebrities. We retrieve the top LSV
of R′

i, u1u2 . . .um of R′
i, from U , where each

uj , j = 1, ...,m, is a length-n vector corre-
sponding to n pages. The values are used to
locate each pages in a m-dimension space.

4 Analysis
This section consists of two parts, including 1)
demonstration of the top two LSV, u1 and u2,
of pages and investigating each page accord-
ing to two one-dimension (the first and second
LSV) spectrum. We use it to discuss what
each dimension implies in offline context; and
2) using the values of the two LSV to position
pages in a two-dimensional space. From the
observation, we categorize pages into groups
and correlate the offline backgrounds and the-
ories about their publication types, covered
topics, political leanings, and the owner’s his-
tory, with the derived results.

4.1 The Distribution of Left Singular
Vectors

We select “like” to build co-emotion matrix, as
“like” is the most frequently used expressions
on Facebook. After applying SVD on the ma-
trix, we extract the values in the first and the
second LSV, as the features of each page. Ac-
cording to the two elements, we present the lo-
cation of each page in a two-dimensional space,
as shown in Figure 1. In the figure, we label
media organizations with different colors and
shapes according to their attributes. We dis-
cuss the distribution of these pages in each di-
mension and present the offline explanations
on them.

• The 1st Left Singular Vector: From
the perspective of values on the x-axis in
Figure 1, we observe most of the broad-
casting news channels and printed news-
papers are located in the first and the
fourth quadrants, where the values of the
first LSV are positive. We find that all of
the organizations owned by the govern-
ment and most of the weekly magazines
are situated in the left half of the figure.



Figure 1: The location of media organizations by the 1st and 2nd LSV

However, there are two magazines with
positive values and one newspaper with
a negative value. To understand this, we
investigate the backgrounds of these off-
group institutions. From the perspective
of reporting topics, we find the two off-
group magazines (page 8 and 13) are gos-
sip weekly3 4 whose themes are distant
from the other four magazines focusing
on the finance topics. Moreover, the off-
group newspaper (page 19) dedicated in
financial news is also close to the four fi-
nancial magazines.

The above results demonstrate that the
1st LSV can cluster media pages based on
their topics (general-interest vs. business-
focused/ state-owned media). Even
though our method roughly separates me-
dia organizations according to the 1st
LSV, it is not easy to distinguish finance
magazines and state-owned channels by
the 1st LSV. Thus, we attempt to inves-
tigate if other singular vectors also pro-
vide different characteristics of media in
the following section.

3Next Magazine: https://en.wikipedia.org/
wiki/Next_Magazine_(Hong_Kong_and_Taiwan).

4Mirror Magazine: https://www.mirrormedia.mg/.

• The 2nd Left Singular Vector: In
Taiwan, the politics have been polar-
ized and divided into pan-green (support-
ing Democratic Progressive Party, DPP,
tends to be pro-independence) and pan-
blue (supporting Kuomingtang, KMT,
tends to be pro-unification) for several
decades (Hsieh and Niou, 1996; Stockton,
2010); also, the polarization happens in
the stance of mass media (Huang, 2011;
Clark and Tan, 2012). From the results of
the 2nd LSV, we find the two media com-
panies (page 5 and 16) owned by the pro-
China Taiwanese businessman Tsai Eng-
meng (Hsu, 2014a) stay at the top of
the figure. On the contrary, the bottom
two pages of the second LSV are page 4
and 18; these two organizations have long
been considered as pan-green or pro-DPP
according to the previous studies (Ram-
pal, 2011; Rawnsley et al., 2016; Sullivan
and Lee, 2018).

We also find the two state-owned media
(page 6 and 7) have negative values in the
2nd LSV, as other pro-DPP channels. We
consider the results could be attributed
to that the DPP is the current govern-
ing party, which won the presidential elec-

https://en.wikipedia.org/wiki/Next_Magazine_(Hong_Kong_and_Taiwan)
https://en.wikipedia.org/wiki/Next_Magazine_(Hong_Kong_and_Taiwan)
https://www.mirrormedia.mg/


Figure 2: The density of values in the top 2 LSV

tion in 2016. According to the positions
of pages, we assert the second LSV indi-
cates the difference in political stances of
media.

• Polarization: To figure out the polariza-
tion of media pages from our analysis, we
show the density of the values in the top
two LSV in Figure 2. From the figure, we
observe the polarization does not occur at
the second LSV (political stance), but it
happens in the first LSV (general-interest
vs. financial/business). One possible rea-
son could be that not all channels con-
centrate on political discussion and have
strong political stances; thus, there are
pages stay at the center of the spectrum
according to the second LSV. On the con-
trary, the polarization in the first LSV in-
dicates that the users following business
magazines are quite distinct from that au-
dience of the general-interest media.

Though we acquire some implications from
the distribution of media pages, we cannot
conclude a suitable clustering by merely one
LSV, either the first or the second LSV. Thus,
we integrate the values of each page on the
1st and 2nd LSV and locate pages with a two-
dimensional space to explore an appropriate
clustering on different pages.

4.2 The Combined Location of Pages
We combine the values of the top two LSV and
locate each page in a two-dimensional space, as
shown in Figure 1. We also mark vertical and
horizontal lines, representing the zero value of
the top two LSV. We describe the categoriza-
tion of mass media and correlate the results

with offline studies.

• State-owned Media: The two pages of
the government channels are perfectly lo-
cated at the third quadrant. Page 7 is the
news department of Taiwan Public Tele-
vision Service, and page 6, the Central
News Agency, is the state-owned news
agency of Taiwan. We also noticed that
the two media organizations are at the
downside of the figure. One reason could
be that the DPP is the current govern-
ing party; thus, the reports of the state-
owned media may be more accepted by
the pan-green audience.

• Financial magazine and newspaper:
In the second quadrant, the five pages
are all focused on economics, finance, and
business topics, including four periodical
magazines and one daily newspaper. Page
9 (Global Views), 10 (CommonWealth
Magazine), 11 (Business Weekly), and 12
(Business Today) are the four major busi-
ness magazines in Taiwan5. Page 19, Eco-
nomic Daily News, is the first newspa-
per in Taiwan concentrating on economics
and financial issues.

• Pan-green and pan-blue media: In
the first quadrant, we find the four pages
which are all considered as pan-blue me-
dia according to many previous stud-
ies (Hsu, 2014a; Metzler, 2017; Maeshima
et al., 2018). Despite the abovementioned
pro-China media page 5 and 16, the other
two pages close to them, page 2 (TVBS
News) and 15 (United Daily News), are
considered to be supporting Kuomintang.
In contrast, we observe page 3, SET
News, is also located near page 4 and
18. These channels are considered as pan-
green from a number of qualitative stud-
ies (Rampal, 2011; Rawnsley and Gong,
2012; Hsu, 2014b). According to the re-
sults, we successfully use online observa-
tions to demonstrate the polarization of
pan-blue and pan-green media groups.

5The four magazines are all categorized
in the finance group in Wikipedia. https:
//zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%
E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%
E5%88%97%E8%A1%A8#%E8%B2%A1%E7%B6%93%E4%BC%81%
E7%AE%A1.

https://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%E5%88%97%E8%A1%A8##%E8%B2%A1%E7%B6%93%E4%BC%81%E7%AE%A1
https://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%E5%88%97%E8%A1%A8##%E8%B2%A1%E7%B6%93%E4%BC%81%E7%AE%A1
https://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%E5%88%97%E8%A1%A8##%E8%B2%A1%E7%B6%93%E4%BC%81%E7%AE%A1
https://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%E5%88%97%E8%A1%A8##%E8%B2%A1%E7%B6%93%E4%BC%81%E7%AE%A1
https://zh.wikipedia.org/wiki/%E5%8F%B0%E7%81%A3%E9%9B%9C%E8%AA%8C%E5%8F%8A%E6%9C%9F%E5%88%8A%E5%88%97%E8%A1%A8##%E8%B2%A1%E7%B6%93%E4%BC%81%E7%AE%A1


• Gossip magazines: Page 8 (Next Maga-
zine) is the most selling magazine report-
ing gossip news in Taiwan. Its content
mainly focuses on digging gossip news
about entertainment and political celebri-
ties. Page 13, the Mirror magazine, is an-
other magazine with similar topics. From
the results, our method clearly demon-
strates the difference between magazines
of different categories. In contrast to
the other 4 financial magazines, the loca-
tions of gossip magazines are close to the
general-interest broadcasting media. The
results correspond to the previous studies
about the difference between “elite” and
“popular” press (Lehman-Wilzig and Se-
letzky, 2010).

• The Epoch Times: The only one non
Taiwan-based media in this list is the
Epoch Times (page 17). Established
by Falun Gong practitioners, the main
themes of the organization are uncover-
ing negative news about the China gov-
ernment and reporting the persecution
of Falun Gong. The location of the
Epoch Times is at the downside of the
figure. As the politics in Taiwan are
divided into pro-independence and pro-
unification with China, the location of
this anti-communism media is reasonable
to be close to the pro-DPP media.

5 Discussion and Conclusion
In this study, we demonstrate a data-driven
method to categorize 19 major mass media
in Taiwan from Facebook “like” behaviors.
We collect a 6-month-long observation data in
2018 and performed a series of formalized pro-
cedures to measure each organization. From
the findings of this paper, we not only locate
mass media organizations but also verify the
results according to the offline theories, back-
grounds, and other qualitative studies.

This paper provides a data-driven approach
for understanding online media pages based
on user endorsements; however, to make the
study more complete and general, still many
issues should be discussed and addressed in
the future studies. First, currently we use
the “like” behavior (the most common emo-
tion on Facebook) in this work; applying the

method to other emotions and measuring the
effectiveness of our proposal are worthy of in-
vestigation. Second, we choose Taiwan and
traditional Chinese as the region and language
in this work. We believe the cultural, polit-
ical, and media differences between Taiwan
and other countries are also important fac-
tors for positioning media. In the future we
aim to validate the usability of the method
in the media industries of other countries or
languages. Third, many Internet-based media
channels have been emerging in recent years,
and the audience of them could be distinct
from conventional media groups. Extending
the method in this study to new types of press
companies and other previously unlabelled or-
ganizations is also a potential topic.
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