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Abstract

Online news sources are popular resources
for learning about current health situa-
tions and developing event-based surveil-
lance (EBS) systems. However, hav-
ing access to diverse information origi-
nating from multiple sources can misin-
form stakeholders, eventually leading to
false health risks. The existing literature
contains several techniques for perform-
ing data quality evaluation to minimize the
effects of misleading information. How-
ever, these methods only rely on the ex-
traction of spatio-temporal information for
representing health events. To address this
research gap, a score-based technique is
proposed to quantify the data quality of
online news articles through three assess-
ment measures: 1) news article metadata,
2) content analysis, and 3) epidemiologi-
cal entity extraction with NLP to weight
the contextual information. The results
are calculated using classification metrics
with two evaluation approaches: 1) a strict
approach and 2) a flexible approach. The
obtained results show significant enhance-
ment in the data quality by filtering irrel-
evant news, which can potentially reduce
false alert generation in EBS systems.

Keywords: Text Mining, Natural Lan-
guage Processing, Data Quality

1 Introduction

Outbreaks of infectious diseases pose serious
threats to public health and safety (Kim et al.,
2020). Infectious disease outbreaks affect not only
public health but also the national and interna-
tional economy and global awareness (Rees et al.,
2019). It is important to implement public health

surveillance methods to recognize potential infec-
tious disease outbreaks and to minimize their asso-
ciated devastating effects on society. In the exist-
ing literature (Organization and others, 2008; Rees
et al.,, 2019), there are two main types of pub-
lic health surveillance strategies: 1) event-based
surveillance (EBS) and 2) indicator-based surveil-
lance (IBS). Both of these surveillance strategies
complement one another in terms of benefits due
to their unique data collection, monitoring, assess-
ment, and data interpretation processes (Organi-
zation and others, 2008) and are treated as fun-
damental in constructing a comprehensive surveil-
lance system (Balajee et al., 2021). This research
focuses on EBS, whereas IBS is outside the scope
of this article.

EBS is the organized process of detecting and
reporting information (i.e., represented as events)
to healthcare authorities by rapidly capturing in-
formation from different unstructured data sources
(Balajee et al., 2021). It enables concerned au-
thorities to be better prepared for endemic and
pandemic disease outbreaks by functioning as a
key component of an effective early warning sys-
tem (Organization and others, 2008; Balajee et al.,
2021). For information acquisition, online infor-
mation sources (e.g., news articles, blogs, rumors,
social media (such as Twitter, etc. ), and other
ad hoc reports, etc.) have gained great attention
in implementing “web-based” or “internet-based”
EBS systems (Valentin, 2020) compared to tradi-
tional data collection methods, which are labor in-
tensive (Cato et al., 2015) and restricted by inter-
observer variability (Lin et al., 2010). The work-
ing efficiency of web-based EBS systems in terms
of detecting true outbreaks to protect public health
against the spread of infectious diseases depends
on the quality of the information collected from
online news sources (Valentin, 2020). As online
news information is diverse and collected from
heterogeneous online data sources, it is crucial to



verify this unstructured information to avoid mis-
information (i.e., a piece of information that is
false or having no scientific evidence) (Zhou et al.,
2021) and disinformation (i.e., intentionally gen-
erated false information) (Bastick, 2021) that can
pose serious threats to public health.

Unstructured news information sources are in a
common textual format (Valentin, 2020; Carneiro
and Mylonakis, 2009). Large amounts of tex-
tual information from diverse information sources
can overwhelm web-based EBS systems. Existing
EBS-based methods exploiting different text min-
ing techniques transform online textual data into a
computer-readable format to enable the extraction
of relevant news information from existing textual
sources per human needs (Arsevska et al., 2016;
Valentin, 2020). However, this method not only
relies on the extraction of spatiotemporal informa-
tion (i.e., when-where questions) for representing
health events but also does not adequately evaluate
the accuracy of these executed mapping processes
for extracting the correct information for generat-
ing true health alerts (Ganser, 2020).

The work presented in this paper aims to ad-
dress these research gaps by 1) including data
quality attributes based on metadata and news con-
tent through the extraction of epidemiological in-
formation (in addition to the extraction of spa-
tiotemporal data) to identify relevant information.
This epidemiological information is extracted us-
ing a pattern-based text mining approach. This
concerns the epidemiological concepts and terms
related to infectious diseases and particularly
avian influenza. 2) Then, news sources are la-
beled into two different groups of news articles,
relevant (outbreak-related) and irrelevant, based
on the data quality scores. Consequently, the pro-
posed method prioritizes outbreak-related news by
discarding irrelevant news in real time to minimize
false health alerts in EBS systems.

The paper is structured as follows: Section 2
describes the state-of-the-art literature related to
quality attributes and the evaluation of online news
sources. Section 3 presents the proposed method-
ology. Section 4 presents the results of experi-
ments, and Section 5 discusses the proposed work.
Finally, Section 6 presents the conclusion and out-
lines future work.

2 State of the art

Research on data quality, which is crucial for eval-
uating online news sources and constructing EBS
systems, began in the 1990s. Wang and Strong
(Wang and Strong, 1996) defined data quality as
“the information which is fit for use”. The di-
mensions for assessing data quality are a set of at-
tributes representing single or multiple aspects of
data, including the currency, accuracy, relevance,
authority, and purpose of information (Batini et
al., 2016). In the existing literature, there is a
degree of overlap identified among the data qual-
ity dimensions and their assessment methods. For
instance, Mandalios and Jane (Mandalios, 2013)
used the following assessment criteria to evaluate
online sources: purpose, authority and credibility,
accuracy and reliability, currency and timeliness
and objectivity. In addition, Zhu and Gauch (Zhu
and Gauch, 2000) proposed six quality metrics,
including currency, availability, information-to-
noise ratio, authority, popularity and cohesiveness,
for investigating the assessment of online sources.
Additionally, Nozato and Yoshiko (Nozato, 2002)
stated that the timeliness, depth, reputation, and
accuracy of online sources are the most important
data quality dimensions. Another study (Bach-
mann et al., 2021) used the quality attributes of the
respondents and general perception of the news
sources for news classification. Moreover, another
study (Bhuiyan et al., 2020) investigated news
credibility assessments by comparing crowds and
expert opinions to understand the differentiation in
the rating of the source.

In addition to the data quality dimensions and
their assessment methods as described above,
there exist different studies that employ vari-
ous state-of-the-art techniques (Cato et al., 2015)
based on information retrieval, machine learn-
ing, deep learning and knowledge representation
graphs for assessing the relevance of news sources.
For example, Essam and Elsayed (Essam and El-
sayed, 2020) defined a specialized information
retrieval technique by assessing the topics and
subtopics of the news to identify highly relevant
background articles. Elhadad et al. (Elhadad et
al., 2019) adopted a machine learning technique
for extracting features from the news content and
prepared a complex set of metadata for identifying
the credibility of the news sources. Another study
(Islam et al., 2020) proposed a method based on
deep learning techniques to find patterns in news



sources to avoid false information, rumors, spam,
fake news, and disinformation. Moreover, Hu et
al. (Hu et al., 2006) analyzed the visual layout in-
formation of news homepages to utilize the mutual
relationship that exists between news articles and
news sources using a semi-supervised learning al-
gorithm. However, this approach is not only based
on a computationally expensive learning model to
establish a relationship between new articles and
sources but also limited to small news corpora.
To address this limitation, a system named Medi-
aRank was designed (Ye and Skiena, 2019) to in-
corporate large datasets for measuring the quality
of news sources by a mix of computational signals
reflecting peer reputation, reporting bias, bottom-
line pressure, and popularity. A study employing
the application of knowledge graphs by Rudnik et
al. (Rudnik et al., 2019) implemented a method
using a Wikidata knowledge base for generating
the semantic annotation of news articles to filter
relevant news articles.

As stated above, substantial efforts have been
made in news article classification using differ-
ent data quality dimensions and methods. How-
ever, these studies have been centered on gener-
alized news article classification problems. For
designing a web-based EBS system, a domain-
oriented news article classification approach is
needed to filter relevant news articles. In the liter-
ature, there exist numerous EBS systems that not
only perform manual curation of spatiotemporal
entities but also map them with domain-specific
(thematic) entities (Arsevska et al., 2016). There-
fore, the accuracy of these event-related extracted
information from the processed mapping process
is inappropriate for generating true alerts (Ganser,
2020). For instance, the existing HealthMap sys-
tem provides the latitude and longitude coordi-
nates linked to each event. However, the accuracy
of the extracted geographical features has never
been evaluated. Moreover, various other state-
of-the-art systems, including HealthMap (Ganser,
2020; Valentin, 2020), use the news publication
date to determine the occurrence date of the event.
However, the extraction of temporal information
directly from news articles has not yet been suffi-
ciently explored and validated. To fill this research
gap, a study proposed by Alomar et al. (Alomar et
al., 2016) that is based on a domain-oriented news
article classification problem, is taken as funda-
mental to this research and used to develop the

proposed approach. Alomar et al. (Alomar et
al., 2016) discussed a direct method (i.e., identi-
fication, review and evaluation of known sources
to find relevant information sources) and an in-
direct method that assesses quality attributes of
news content and metadata. Using the identi-
fied attributes by Alomar et al. (Alomar et al.,
2016), this work presents its extension by present-
ing the implementation and automatic extraction
of attributes required for news article classification
problems. To extend the baseline approach iden-
tified by Alomar et al. (Alomar et al., 2016) for
extracting relevant news articles, this work reports
a 3-step process of information extraction that uses
state-of-the-art text mining techniques. The 1%¢
step involves the automatic extraction of the meta-
data information (i.e., publisher, subject, descrip-
tion, type, source, language, rights, and date) of
the news article. This information is used to de-
termine the trustworthiness of the article. The
27? step consists of evaluating the news article’s
content in terms of accessibility, relevance, accu-
racy, clarity, timeliness, and reputation parame-
ters. Last, the 3% step, which is the main con-
tribution of this work, introduces an epidemiolog-
ical entity extraction approach (E3A) to weight the
epidemiological context.

3 Proposed Work

Online information sources are the major informa-
tion providers for event-based surveillance (EBS)
systems. Therefore, the verification of these het-
erogeneous data sources is the primary concern
of event-based systems. Thus, it is important to
rate the data quality of online news sources by
data quality scores before considering this news
source information as part of an EBS system. In
the proposed work, the data quality of online news
sources is computed from three principal compo-
nents: 1) metadata, 2) news content and 3) an
epidemiological entity extraction approach (E3A).
The main contribution of the E3A approach is in-
troduced to improve the results by filtering out rel-
evant news articles. The process workflow with all
components is shown in Figure 1.

3.1 Data Quality Measures (DQM)

Data quality measures (DQMs) are metrics used
for ranking high-quality and low-quality elements
to filter reliable news sources from the perspec-
tive of relevance, accuracy and reputation (Vaziri
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Figure 1: Process workflow

and Mohsenzadeh, 2012). There are many cri-
teria used to compute the data quality of online
news sources, i.e., metadata attributes and content
analysis by attributes (Alomar et al., 2016). The
proposed approach allows us to measure the meta-
data score (MS) from metadata components, the
content score (CS) by the content component and
the epidemiological entity extraction score (E3S)
calculated with weighted named entities (i.e., spa-
tiotemporal entities with epidemiological entities).
The E3S is computed from weighted named en-
tities using the E3A. These components are dis-
cussed in the subsequent sections.

3.1.1 Metadata

Metadata are the core components of data used
to establish quick information (Chan et al., 2001).
Therefore, metadata are defined and used to find
relevant results quickly in search engines from
millions of online sources (Chan et al., 2001).
There are some tags defined by each reliable on-
line source that are analyzed and fetched by search
engines to provide ranked results.

There are different metadata attributes that are
considered in the assessment of metadata from
news sources (Alomar et al.,, 2016). However,
some of the metadata attributes are not frequently
available in the news sources and are ultimately
discarded in the approach. We thus adopt eight at-
tributes shortlisted as metadata that are considered
relevant and available in most news articles. The
following are the metadata attributes with the as-
sociated definitions:

* Publisher: Entity responsible for publishing

news sources, e.g., Japan times, The Times of
India

* Subject: Title of the news article, e.g., U.S.
detected its first case of virulent bird flu in
commercial poultry in 2017.

* Description: Short description of the news
article

* Type: Type/nature of the news article, e.g.,
article

¢ Source: URL resource of the news article

* Language: Language of the news article,
e.g.,en_GB, en_US

* Right: Authority to publish the news source

e Date: Date of publication of news article.
However, in some cases, the modification
date of news articles is also available. The
date of publication is the date at which the
news article is published, and the modifica-
tion date is the last updated date of the news
article.

Each metadata attribute is extracted from the
online news article. The MS is computed by the
following formula (Alomar et al., 2016):

8
MS = Z Presence(attributey,) €))

n=1

Presence(attributey,)

1, attribute & metadata
2, attribute € metadata



The presence of attributes has a score of 2, while
the absence of attributes has a score of 1 (Alomar
et al., 2016). The maximum MS value is 16 if all
the attributes are extracted from the news article.
Similarly, the minimum MS value is 8 when no
metadata attributes are extracted. The metadata of
the news article are extracted through the Beauti-
fulSoup (Richardson, 2007) Python library. It is
used for web scrapping by parsing HTML (Hy-
pertext Markup Language) and XML (Extensible
Markup Language) content to extract its elements,
values and many other attributes.

3.1.2 News content

Online news content contains information on
one or more events that occur in the form of para-
graphs, media and references of other linked in-
formation available electronically to the public
(Westerman et al., 2014). The content of the news
article is ensured by means of currency, timeliness,
relevance, accuracy and its impact (Mandalios,
2013). To analyze the content of the news source,
the data quality attributes available in the content
are extracted to quantify the data quality score of
the content. Extraction of the quality attributes
from the content, the content score (CS) calcula-
tion of each attribute and the cumulative score are
achieved by automated processes. There are dif-
ferent content attributes considered for the assess-
ment of the content of the news source (Alomar et
al., 2016). However, it is observed that some of
them are mostly unavailable in the news sources.
The quality attributes shortlisted to assess content
include accessibility, relevance, accuracy, clarity,
timeliness and reputation. The CS is computed by
the following formulas (Alomar et al., 2016):

6
CcS = Z Presence(attributey) (2)

n=1

2, Partially available
3, Available

1, Not available
Presence(attribute,) =

3.1.2.1 Accessibility

The preliminary step of analyzing content is to
access online news sources. This ensures that the
online news source is available and accessed with-
out any barriers. Moreover, it is also possible that
it is available but with restricted access such that
it is not possible to access any browser or external

tools. In some cases, it is also possible that on-
line news sources are unavailable for future use in
digital form.

3.1.2.2 Relevance

Relevance is the most important attribute of
the content quality of the online source. In the
context of EBS, it is a dependent variable de-
pending upon three further attributes, i.e., affected
hosts, an agent that affects the host and the lo-
cation of the affected host. Furthermore, it is
also possible to predict the agent using epidemi-
ological intelligence libraries if it is unavailable.
The Spacy (Vasiliev, 2020) natural language pro-
cessing (NLP) Python library is used to perform
named entity recognition (NER) to extract loca-
tions, hosts and agents. Some examples of the
hosts and agents of avian influenza are chick-
ens, pigs, horses, ducks, gooses, etc. and H5NS,
HS5N1, highly pathogenic avian influenza, etc.

3.1.2.3 Accuracy

Accuracy is dependent on the information pro-
vided by the news sources that are the facts that
can be verified and validated. In the context of
EBS, it could be that the news content provides
information about any health risk, outbreak in-
formation or the number of cases. Alternatively,
poor relevance can have poor accuracy but not
vice versa. QOutbreak information is extracted us-
ing Spacy (Vasiliev, 2020) by validated outbreak-
related keyword tokens in the content. A number
of cases are extracted using the pattern-based NLP
technique.

3.1.24 Clarity

Clarity is the quality of being logical, consistent
and completely understandable in terms of content
that is similarly reflected in the metadata. Clarity
of the article is poor if only the title is available in
the metadata, and clarity is adequate if other meta-
data attributes are available (Alomar et al., 2016).
Good clarity exists if the subject, description, type,
etc. are available in the metadata of the news arti-
cle.

3.1.2.5 Timeliness

It is important that the content of the news ar-
ticle relates to the current context of the events.
Otherwise, the claims may not be considered, or
it may be a wrong interpretation. Timeliness is
the time of an outbreak saved by detection in EBS
relative to the onset of the outbreak (Jafarpour et



al., 2015). Furthermore, timeliness (days) is cal-
culated by the following equation:

Timeliness|[days] = Toiarm — Tonset ~ (3)

where T}, 18 the time of the event reported in
the event-based system and 75, s¢; can be validated
from the health information databases.

3.1.2.6 Reputation

The reputation of news sources is extracted us-
ing the MediaRank (Ye and Skiena, 2019) algo-
rithm, which is calculated on multiple factors,
i.e., popularity, peer reputation, reporting bias and
breadth and bottom-line pressure. For example,
the general reputation ranking using MediaRank
(Ye and Skiena, 2019) of nytimes is ‘1’ and BBC is
‘5’. Therefore, the general reputation of the news
source has an impact on the content quality, as it
is computed by considering multiple factors.

3.1.3 The Epidemiological Entity Extraction
Approach (E3A)

Event extraction and early warning detection
are the key components of EBS (Organization and
others, 2014). An event is a verified set of pro-
cessed epidemiological information of an outbreak
(Arsevska et al., 2018). It contains attributes such
as location, occurrence date associated with epi-
demiological entities such as disease or unknown
syndrome, symptoms, hosts, agents, etc. (Arse-
vska et al., 2018). More precisely, this information
is available in text in the form of spatiotemporal
entities (when, where) and epidemiological enti-
ties, i.e., disease, host, agent, symptoms, etc. Fur-
thermore, these attributes are extracted from text
using NLP techniques.

In the E3A, the title and content of a news ar-
ticle are processed, and then named entities are
extracted. It is not sufficient to extract epidemi-
ological (thematic) entities from state-of-the-art
name-entity recognition (NER) techniques. These
named entities are extracted and classified into
four categories: spatial, temporal, thematic and
other entities. A pattern-based text mining ap-
proach is used for extracting and classifying the-
matic entities such as hosts (e.g., birds, pigs,
horses, etc.) that are affected by a disease and
variants of different agents (e.g., HSN1, H5NS,
HPAI, etc.). After extracting named entities from

the title and content of news articles, a weighted-
entity approach is proposed for quantifying their
epidemiological context in relation to their corre-
sponding title and content. The resulting spatial,
temporal and thematic entities that are recognized
as relevant entities in the context of a particular
EBS attempt (i.e., specific to proposed work) are
termed ‘“RelevantEntities (REs)”. The weights are
assigned based on two criteria, i.e., 1) title and
description of news articles 2) types of entities.
Double weights (i.e., 2) are assigned to these enti-
ties because of their occurrences in the title of the
news articles, as the title is considered the most
important element in text mining approaches used
for studying the relevancy. However, a weight of
1.5 is assigned to each RE based on their occur-
rences in the content of the news article. More-
over, the remaining identified named entities are
labeled “OtherEntities (OEs)”. Last, a weight of
1 is assigned to each OE regardless of their occur-
rences in the title and content of the news articles.
The E3A score (E3S) is calculated to quantify the
context of news articles using the following for-
mula:

2, RE € Title Sentence
EntityWeight,, = { 1.5, RE € Content
1,0F

E3S =Y RE Weight/TE Weight )
i=1

“RelevantEntityWeight” is the sum of the
weight of REs (REs extracted from title and con-
tent of the news article). However, “TotalEntity-
Weight” is the sum of the weight of all entities
(REs and OEs) occurring in the title and content of
the news article. The E3A is applied to 2 groups
of news sources to filter the news articles into rel-
evant and irrelevant categories, which is discussed
in Section 4. The occurrences of REs related to the
epidemiological context of news sources that are
extracted during the experiments are shown using
the word cloud in Fig. 2. The word cloud visu-
alization method is chosen from the existing lit-
erature because it provides a simple way to com-
municate the most frequently used relevant words
(i.e., REs in our case from the news articles) us-
ing different font sizes indicating their occurrence
frequency (Lohmann et al., 2015). The identified
REs, as shown in Fig. 2, serve as a starting point

for further analysis, as stated in Section 4.
In the next subsections, we detail the concept
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Figure 2: Word Cloud of Extracted REs

of each type of entity as well as the techniques
adopted to extract them from news.

3.1.3.1 Spatial Entity

A spatial entity is a geographical or spatial loca-
tion available in the text (Leidner and Lieberman,
2011). Spatial entities are extracted from the text
by using the Spacy (Vasiliev, 2020) natural lan-
guage processing (NLP) Python library, which is
mainly used for tokenization, named-entity recog-
nition, etc. Examples of spatial entities include
Paris, Rome, Berlin, etc.

3.1.3.2 Temporal Entity

Information on date, time and duration available
in the text is known as a temporal entity (Puste-
jovsky et al., 2003). Temporal entities are impor-
tant for relating the occurrence of events in news
sources. In our proposal, SUTime (Chang and
Manning, 2012) is used for extracting temporal ex-
pressions and temporal entities. Some examples of
temporal entities include ‘last year’, ‘this Friday’
and ‘now’, which are resolved into ‘2020°, 2021-
05-28’ and ‘2021-05-28’, respectively.

3.1.3.3 Thematic Entity

Important information related to our context
(in particular to health risks) available in the text
is known as thematic entities (Cohen and Hersh,
2005). In our approach, these entities are affected
hosts and agents that affect the hosts. Thematic
entities in the text are extracted using the Spacy
(Vasiliev, 2020) Python library with an extended
pattern-based approach to extract epidemiological
entities. Epidemiological entities are the terms
and concepts related to infectious diseases such
as hosts, agents, variants and vectors. A pattern-
based approach is used to extract named entities
(epidemiological entities) in text according to de-
fined patterns. A few examples of thematic enti-
ties include birds, HSN1, HPAI, highly pathogenic

avian influenza, etc.

3.1.3.4 Other Entity

An entity that never belongs to a spatial entity,
temporal entity or thematic entity is called an other
entity. A few examples of these entities include
quantity: 20, percent: 65%, org: Google, money:
20,000$ and cardinal: three.

4 Evaluation

The purpose of the proposed approach is to filter
the relevant news sources by data quality scores.
Currently, the proposed work is validated by two
groups of news articles, i.e., outbreak-related and
irrelevant articles. The ultimate goal of the pro-
posed work is to prioritize outbreak-related news
and discard irrelevant news immediately. The de-
tails of each group of news items are described in
section 4.1.

4.1 Dataset

The dataset of news articles is selected for vali-
dation of proposed work having ‘75’ news arti-
cles in which the first 25’ articles of the dataset
contain information about the avian-influenza dis-
ease outbreaks, the next ‘25’ articles contain gen-
eral information (control measures, economic in-
fluences, etc.) about avian influenza disease, and
the last 25’ articles are not health-related news ar-
ticles. The dataset is small; however, it is more
specific to the event outbreak information of avian
influenza disease. The preliminary work method-
ology is validated by a small dataset labeled by ex-
perts, whereas subsequent work will be validated
with a large dataset labeled by experts. This un-
structured information is available in news articles
in the form of locations, dates of events with epi-
demiological entities such as disease or unknown
syndrome, symptoms, hosts, and agents. More
precisely, this information in news article datasets
is used to formulate the spatial-temporal aspects
(when, where) and epidemiological aspects, i.e.,
disease, host, agent, symptoms of the events. Each
row in the dataset has a title, text, URL and man-
ually annotated group of news sources. There are
two main groups of news articles in the dataset,
i.e., irrelevant news (news not related to the health
situation) and relevant news (news related to dis-
ease outbreaks), which is prioritized by the pro-
posed framework based on quality scores. Gen-
eral information news articles are considered irrel-
evant in strict evaluation approaches and relevant



Source DQS MS CS E3S

Outbreak News Today 0.88 094 0.89 0.82
Reuters 085 094 089 0.71
The Japan Times 0.85 094 0.89 0.71
nippon.com 085 094 089 0.72

The Northern Daily Leader 0.84  0.94 0.89 0.69

Table 1: Top 5 DQS sources in Relevant group

Source DQS MS CS E3S
CNN 0.72  0.88 0.78 0.51
Aljazeera 0.72 0.81 0.67 0.67

Daily Mail UK 0.88  0.66 0.67 0.63
The Guardian 0.70 094 0.67 0.50
CNBC 0.69 094 0.61 052

Table 2: Top 5 DQS sources in Irrelevant group

in flexible approaches. Furthermore, a news arti-
cle dataset is available at http://shorturl.
at/aulABP.

4.2 Results

Table 1 shows the top 5 data quality score (DQS)
sources of the “relevant” group. MS is the meta-
data score of the news source, CS is the content
score of the news source, E3S is the epidemiologi-
cal entity extraction score of the news source, and
DQS is the data quality score computed as the av-
erage of the MS, CS and E3S.

Similarly, Table 2 shows the top 5 data qual-
ity score (DQS) sources of the “irrelevant” group.
The results clearly differentiate the relevant news
and irrelevant news by comparing the DQSs.

The results are produced using two evaluation
approaches: 1) a strict approach (articles with gen-
eral information on avian influenza are considered
irrelevant) and 2) a flexible approach (articles with
general information are considered relevant). The
performance evaluation of the proposed work for
classifying news articles is based on the classifi-
cation metrics (Lever et al., 2016). Classification
metrics are calculated from true positives (TPs),
i.e., relevant news identified as relevant, false pos-
itives (FPs), i.e., irrelevant news identified as rel-
evant, false negatives (FNs), i.e., relevant news
identified as irrelevant, and true negatives (TNs),
1.e., irrelevant news identified as irrelevant.

The results of the news article dataset, which
includes quality attribute values, MS, CS and
E3S, are available at http://shorturl.at/
foDUV. For every component score, i.e., MS, CS
and E3S, a score of 0.72 and higher is considered
a significant quality score for filtering the news ar-
ticles. A score of 0.72 was considered relevant

Score Type Precision Recall F-Score
MS 0.44 0.96 0.60
CS 0.53 1 0.69
E3S 0.74 0.56 0.64
DQS 0.62 0.96 0.75

Table 3: Strict Approach

Score Type Precision Recall F-Score
MS 0.68 0.80 0.74
CS 0.96 0.90 0.93
E3S 1 0.32 0.48
DQS 0.93 0.76 0.84

Table 4: Flexible Approach

by validation with the manual labels of news ar-
ticles. The precision, recall and F-score for each
DQM using a strict approach are detailed in Table
3. Similarly, precision, recall and F-score for each
DQM using a flexible approach are given in Table
4.

The overall performances of different quality
measures, i.e., MS, CS, E3S and DQS, with a strict
evaluation approach are shown in Figure 3. Sim-
ilarly, performances with a flexible approach are
shown in Figure 4.

In the strict approach, as shown in Table 3, the
DQS computed from the average of MS, CS and
E3S produced significant improvements in terms
of precision, recall and F-Score compared to in-
dividual MS, CS and E3S values. Similarly, the
same pattern is observed in the flexible approach,
as shown in Table 4, with a notable difference in
precision, recall and F-score of the DQSs from
the individual scores. However, DQSs in both ap-
proaches have a higher value than E3S in terms of
recall and F-score, except for the precision mea-
sure. Conclusively, due to flexibility and depen-
dency on other components, the false positive rate
of DQSs is slightly greater than that of E3Ss.

5 Discussion

The quality of available information in online
news sources is a mandatory prerequisite for
event-based surveillance systems (Edelstein et al.,
2018). Thus, one can benefit from using this
approach by marking irrelevant news articles re-
trieved and performing further analysis on relevant
news articles. To filter out relevant news articles
based on quality attributes, the approach extends
the baseline work of Alomar et al. (Alomar et
al., 2016) to take into account all contextual in-
formation attributes. This work is currently val-
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Figure 4: Overall performance - Flexible Ap-
proach

idated with a smaller dataset with a disease case
study of avian influenza for a proof of concept.
One can also validate this approach with a large
dataset with avian influenza-related news articles
by filtering relevant news articles using the pro-
posed approach.

In the proposed E3A, the weight of the relevant
entities is adjusted to determine the context in the
news articles. This approach, by weighting the
relevant context in news articles, helps filter rel-
evant news in addition to the other components,
i.e., metadata and content analysis. Conclusively,
the proposed approach produced significant results
for the case study of avian influenza. However, it
has not been validated with other infectious dis-

eases, but one can try it out with more infectious
disease case studies by enhancing the extraction of
epidemiological information for those diseases.

6 Conclusion

The proposed research focused on the data qual-
ity score computed from the metadata score (MS),
content score (CS) with a combination of the epi-
demiological entity extraction score (E3S) and fi-
nally data quality score (DQS), which is the av-
erage of the MS, CS and E3S for filtering rele-
vant news articles. The proposed approach is val-
idated using two evaluation protocols, i.e., 1) a
strict one and 2) a flexible one. With the strict
approach, news is categorized into relevant and ir-
relevant classes with a precision of 0.62, a recall
of 0.96 and an F-score of 0.75. The flexible ap-
proach was categorized with a precision of 0.93, a
recall of 0.76 and an F-score of 0.84. The MS rep-
resents the key attribute aspect enrichment, the CS
represents the accuracy, relevance, authority and
currency of the content, and the E3S validates the
epidemiological context in the news article. The
combination of these components resulted in sig-
nificant improvement in filtering relevant news ar-
ticles.

Currently, experiments are being conducted on
avian-influenza disease news article datasets to fil-
ter relevant and irrelevant news. In future work,
more data will be integrated in collaboration with
experts to extend the avian-influenza dataset and
the associated experiments. It could be interest-
ing to investigate and further classify the relevant
news articles not only in terms of event outbreaks
but also for other specific classes, such as control
measures and economic impacts. Further consid-
eration could be possible to analyze non-English,
i.e., French, Spanish, etc. news articles and add
the capabilities to extract epidemiological infor-
mation.
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