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ABSTRACT
We present a comparison of typical bag-of-words features with
stylistic features. We group the news articles published from
three different regions of the UK namely London, Wales, and
Scotland. Hierarchical clustering is performed using typical bag-
of-words and stylistic features. We present the performance of
25 stylistic features and compare them with the bag-of-words.
Our results show that bag-of-words are better to be used while
clustering news reporting at the regional level whereas stylistic
features are better to be used while clustering news reporting at
the level of news publishers/newspapers.
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1 INTRODUCTION
The role of content is an essential research topic in news spread-
ing. Media economics scholars especially showed their interest
in a variety of content forms since content analysis plays a vital
role in individual consumer decisions and political and economic
interactions [6]. The content basically refers to the type of lan-
guage that is used in the news. It is used to convey meaning and
it can impact social and psychological constructs such as social
relationships, emotions, and social hierarchy [8]. The everyday
act of reading the news is such a big area in which small dif-
ferences in reporting may shape how events are perceived, and
ultimately judged and remembered [5].

News reporting across different regions requires methods to
find reporting differences. [7] characterize the relationship be-
tween the volume of online opioid news reporting and measures
differences across different geographic and socio-economic lev-
els. Scholars across disciplines have explored the institutional,
organizational, and individual influences that study the quality
and quantity of coverage [3].

Features that could classify news reporting across different
regions can be adapted to classify the news. A detailed analysis of
textual features is performed by [1] where they derived multiple
features for creating clusters of news articles along with their
comments. These features include terms in the title, terms in
the first sentence, terms in the entire article, etc. Multi-view
clustering on multi-model data can provide common semantics
to improve learning effectiveness. It exploits different levels of
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Table 1: List of all the stylistic features that are used for
clustering.

No. Feature No. Feature
1. Percentage of Question Sentences 2. Average Sentence Length
3. Percentage of Short Sentences 4. Average Word Length
5. Percentage of Long Sentences 6. Percentage of Semicolons

7. Percentage of Words with Six
and More Letters 8. Percentage of Punctuation marks

9. Percentage of Words with Two
and Three Letters 10. Percentage of Pronouns

11. Percentage of Coordinating
Conjunctions 12. Percentage of Prepositions

13. Percentage of Comma 14. Percentage of Adverbs
15. Percentage of Articles 16. Percentage of Capitals

17. Percentage of Words with
One Syllable 18. Percentage of Colons

19. Percentage of Nouns 20. Percentage of Determiners
21. Percentage of Verbs 22. Percentage of Digits
23. Percentage of Adjectives 24. Percentage of Full stop
25. Percentage of Interjections

features from the raw features, including low-level features, high-
level features, and semantic features [16].

The news coverage registers the occurrence of specific events
promptly and reflects the different opinions of stakeholders [4].
We take Brexit as an event to be researched on the topic of news
reporting differences across the different regions of the UK. On
23 June 2016, the British electorate voted to leave the EU. This
event has already been studied following different aspects such
as fundamental characteristics of the voting population, driver
of the vote, political and social patterns, and possible failures in
communication [2, 9]. In this paper, we explore how different
stylistic features help in clustering news articles related to Brexit
than bag-of-words (BOW).

Following are the main scientific contributions of this paper:

(1) We present a comparison of clustering (using two different
textual features: bag-of-words and stylistic features) for
news reporting about Brexit in three different regions
(London, Scotland, and Wales) of the UK.

(2) We show in our experiments that the bag-of-words are
better to be used while clustering news reporting at the
regional level whereas stylistic features are better to be
used while clustering news reporting at the level of news
publishers/newspapers.

2 RELATEDWORK
In this section, we review the related literature about topic mod-
elling, and different types of textual features.

2.1 Topic Modelling
Topic modelling is used to infer topics from the collection of text-
document. Some techniques used only frequent words whereas
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Table 2: Total number of news articles about Brexit pub-
lished in three different regions (London, Scotland, and
Wales).

Regions Newspapers News articles Total

London

bankofengland.co.uk
bbc.com
dailymail.co.uk
Independent.co.uk
inews.co.uk
metro.co.uk
neweconomics.org
rspb.org.uk
theguardian.com
theneweuropean.co.uk
thesun.co.uk
cityam.com
conservativewomen.uk
dailypost.co.uk
ft.com
mirror.co.uk
raeng.org.uk
standard.co.uk

8
2209
768
191
52
1
1
8
1167
1
235
3
1
1
2
9
1
20

4248

Scotland news.stv.tv 533 533

Wales
gov.wales
nation.wales
Walesonline.co.uk

3
122
156

280

some use pooling to generate relevant topics and maintain co-
herence between topics [14]. Topics are typically represented by
a set of keywords. Examples of such algorithms are the Latent
Dirichlet Allocation (LDA), Latent Semantic Analysis (LSA) and
Probabilistic Latent Semantic Analysis (LSA). Clustering-based
topic modelling is another solution.

2.2 Stylistic Features
News reporting differences can be reflected through one’s speech,
writing, and images etc [10, 12]. A language independent features
have been used for different tasks of NLP such as plagiarism de-
tection, author diarization. These features considers the text of
documents as a sequence of tokens (i.e. sentences, paragraphs,
documents). On the basis of these tokens, various types of sta-
tistics could be drawn from any language [13]. Stylistic features
represent the writing style of a document and have been used for
understanding the author writing styles in the past [10]. We use
it to explore the clustering of the news articles based on their re-
porting differences across different regions. Table 1 shows the list
of 25 stylistic features used for the development of our proposed
clustering of news articles.

2.3 Bag-of-words
A bag-of-words model is a way of extracting features from text. It
is basically a representation of text that describes the occurrence
of words within a document. It firstly identifies a vocabulary of
known words and then measures the presence of known words.
Topic modelling is typically based on the bag-of-words (BOW).
The essential idea of the topic model is that a document can
be represented by a mixture of latent topics and each topic is a
distribution over words [11].

3 DATA COLLECTION
We collected news articles reporting on Brexit in the English lan-
guage from the UKWeb Archive (UKWA). The dataset consists of
5061 news articles after pre-processing. Due to the unavailability
of news articles from other regions of the UK, we selected only
the regions (London, Scotland, andWales) which have a sufficient
amount of news articles. Table 2 presents the number of news
articles published from different regions and by different news
publishers.

4 METHODOLOGY
The presented research focuses on clustering news articles. To
this end, we experiment clustering with the combination of dif-
ferent features observing their performance. Our methodology
consists on four steps and compares the performance of stylistic
features and bag-of-words in clustering news articles, as shown
in Figure 1.
In the first step, we select Brexit under topic and themes on
UK web archive1. After crawling the list of news articles, we ex-
tracted the meta data of news publishers fromWikipedia-infobox.
The meta-data extraction process is explained in our previous
work [15]. In this process, we extracted the headquarters of news
publishers. Due to the unavailability of news articles from other
regions of the UK, we selected only the regions (London, Scot-
land, and Wales) which have a sufficient amount of news articles.
In the second step, we perform parsing of the html web pages
and extract the body text.

UKWA

Brexit - News Articles

LSA

Preprocessing

London Wales

Scotland

LSA

Hierarchical
Clustering

BCubed

Bag-of-wordsStylistic Features

Meta-data Extraction 

Figure 1: Methodology to clustering regional news using
bag-of-words and stylistic features.

1https://www.webarchive.org.uk/en/ukwa/collection/910

https://www.webarchive.org.uk/en/ukwa/collection/910
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Since the third step required pre-processing for bag-of-words,
we convert the text to lowercase and remove the stop words and
punctuation marks. In the third step for the stylistic features,
we extract the stylistic features(see Table 1) for all three regions
and perform LSA (Latent Semantic Analysis). Similarly, for the
bag-of-words, we use the pre-processed text and perform LSA.
We also perform LSA on the combination of both types of fea-
tures. 100 latent dimensions have been used for LSA because
it is recommended. We perform LSA and hierarchical cluster-
ing using the python library SciPy, and scikit-learn and use the
weighted distance between clusters. After performing the LSA,
we apply hierarchical clustering and utilize two different types
of evaluation measures namely BCubed F1 and Silhouette Scores.
For LSA and hierarchical clustering, we use the python library
SciPy, and scikit-learn.

5 EXPERIMENTAL EVALUATION
We have performed experimental evaluations using intrinsic
(Silhouette) and extrinsic (BCubed-F) evaluation measures. The
intrinsic evaluation metrics are used to calculate the goodness
of a clustering technique whereas extrinsic evaluation metrics
are used to evaluate clustering performance. For extrinsic evalua-
tion, we consider clusters generated by k-means clustering using
typical bag-of-words as ground truth clusters. The value of k in
k-means clustering ranges from 2 to 20. K-means identifies k cen-
troids, and then allocates every data point to the nearest cluster
while keeping the centroids as small as possible. We cannot set
the value of k to 1 which means there are no other clusters to
allocate the nearest data point.
Silhouette is used to find cohesion. It ranges from -1 to 1. 1 means
clusters are well apart from each other and clearly distinguished.
0 means clusters are indifferent, or we can say that the distance
between clusters is not significant. -1 means clusters are assigned
in the wrong way.
BCubed F-measure defines precision as point precision, namely
how many points in the same cluster belong to its class. Similarly,
point recall represents how many points from its class appear in
its cluster.

• Silhouette Score: 𝑆 (𝑖) = 𝑏 (𝑖)−𝑎 (𝑖)
𝑚𝑎𝑥 (𝑎 (𝑖),𝑏 (𝑖))

where S(i) is the silhouette coefficient of the data point i, a(i) is
the average distance between i and all the other data points in
the cluster to which i belongs, and b(i) is the average distance
from i to all clusters to which i does not belong.

• BCubed Precision and Recall:

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 (𝑖, 𝑗) =
1, 𝑖 𝑓 𝐿(𝑖) = 𝐿( 𝑗) 𝑎𝑛𝑑 𝐶 ( 𝑗) = 𝐶 ( 𝑗)

0, 𝑖 𝑓 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐵𝐶𝑢𝑏𝑒𝑑 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 1
𝑁

∑𝑁
𝑖=1

∑
𝑗𝜖𝐶 (𝑖)

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 (𝑖, 𝑗)
|𝐶 (𝑖) |

𝐵𝐶𝑢𝑏𝑒𝑑 𝑅𝑒𝑐𝑎𝑙𝑙 = 1
𝑁

∑𝑁
𝑖=1

∑
𝑗𝜖𝐿 (𝑖)

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 (𝑖, 𝑗)
|𝐿 (𝑖) |

where |C(i)| and |L(i)| denote the sizes of the sets C(i) and L(i),
respectively. L(i) and C(i) denote the class and clusters of a point
i.

• BCubed-F Score: 𝐹 = 2×𝐵𝑐𝑢𝑏𝑒𝑑𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛×𝐵𝑐𝑢𝑏𝑒𝑑𝑅𝑒𝑐𝑎𝑙𝑙
𝐵𝑐𝑢𝑏𝑒𝑑𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛∔𝐵𝑐𝑢𝑏𝑒𝑑𝑅𝑒𝑐𝑎𝑙𝑙

6 RESULTS AND ANALYSIS
Figure 2 shows the three line graphs. Each graph shows Silhouette
scores across a different number of clusters (from 2 to 20) repre-
senting different regions of the UK such as Scotland, Wales, and

London respectively. Blue and red lines represent bag-of-words
(BOW) and stylistic features.

We can see that for all three graphs, the silhouette score of
stylistic features is significantly high for all three regions except
at one point for Scotland. It means that cohesion is higher and the
distance between the clusters is more significant using stylistic
features than BOW which is mostly too close to 0. It suggests
that these features are better at partitioning news articles into
clusters than BOW.

Figure 2: The line graphs represent average silhouette
scores across a different number of clusters. The blue line
represents the score generated using bag-of-words and the
red line represents the score generated using stylistic fea-
tures. The three-line graphs are generated for three differ-
ent regions Scotland, Wales, and London respectively.
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Table 3: The group of news articles published from three
different regions of the UK is considered as ground truth
clusters and the Bcubed-F score is calculated using three
types of features including bag-of-words, stylistic features,
and a combination of both types of features.

No. Features Bcubed-F Score
1. Bag-of-words 0.75
2. Bag-of-words and stylistic features 0.51
3. Stylistic features 0.54

Table 4: The group of news articles published from 22 dif-
ferent news publishers of the UK is considered as ground
truth clusters and the Bcubed-F score is calculated using
three types of features including bag-of-words, stylistic
features, and a combination of both types of features.

No. Features Bcubed-F Score
1. Bag-of-words 0.53
2. Bag-of-words and stylistic features 0.57
3. Stylistic features 0.66

However, it is insufficient to say that stylistic features are
better for news reporting differences at this stage because it is not
necessary that the resulting clusters by internal partitioning can
be equal to the ones that are based on news reporting differences.

We consider each region (London, Scotland, and Wales) as a
ground truth cluster of the news articles published in that region.
Table 3 shows Bcubed-F scores when the ground truth clusters
were matched with the one that was created using bag-of-words,
stylistic features, and a combination of both types of features.
Similarly, we consider each newspaper/news publisher shown in
Table 2 as a ground truth cluster of the news articles published by
that newspaper/news publisher. Table 4 shows Bcubed-F scores
when the ground truth clusters were matched with the one that
was created using bag-of-words, stylistic features, and a combi-
nation of both types of features. The scores using bag-of-words
considering regions as ground truth clusters are significantly
high (0.75) than stylistic features (0.54) and a combination of all
features (0.51). The scores using stylistic features considering
newspaper/news publishers as ground truth clusters are signifi-
cantly high (0.66) than bag-of-words (0.53) and a combination of
all features (0.57). The higher scores in regional news reporting
suggest that bag-of-words is better to be used for clustering or
classification because the newspapers/news publishers report in
different styles in a certain region. Similarly, when it comes to
classifying or clustering news reporting across different news-
papers/news publishers then stylistic features are more useful
because the newspapers/news publishers follow a different re-
porting style.

7 CONCLUSIONS
In this paper, we have presented the comparison of different
features observing their performance over clustering news arti-
cles. The goal of this work was to investigate the performance of
stylistic features and typical bag-of-words. The data consists of
news articles about a popular event Brexit that are collected from
UKWA. These news articles belong to three different regions of
the UK including Scotland, London, andWales. Our experimental
results suggest that bag-of-words are better to be used while
clustering news reporting at the regional level whereas stylistic

features are better to be used while clustering news reporting at
the level of news publishers/newspapers.
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