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ABSTRACT

The advent of the World Wide Web and the rapid adoption of social media platforms (such as Facebook
and Twitter) paved the way for information dissemination that has never been witnessed in the human
history before. With the current usage of social media platforms, consumers are creating and sharing more
information than ever before, some of which are misleading with no relevance to reality.

Automated classification of a text article as misinformation or disinformation is a challenging task. Even
an expert in a particular domain has to explore multiple aspects before giving a verdict on the truthfulness
of an article. In this work, we propose to use machine learning ensemble approach for automated
classification of news articles.

Our study explores different textual properties that can be used to distinguish fake contents from real. By
using those properties, we train a combination of different machine learning algorithms using various
ensemble methods and evaluate their performance on 4 real world datasets.

Experimental evaluation confirms the superior performance of our proposed ensemble learner approach.
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1. Introduction

)e advent of the World Wide Web and the rapid adoption of
social media platforms (such as Facebook and Twitter) paved
the way for information dissemination that has never been
witnessed in the human history before. Besides other use cases,
news outlets bene2tted from the widespread use of social media
platforms by providing updated news in near real time to its
subscribers. )e news media evolved from newspapers, tab-
loids, and magazines to a digital form such as online news
platforms, blogs, social media feeds, and other digital media
formats [1]. It became easier for consumers to acquire the latest
news at their 2ngertips. Facebook referrals account for 70% of
tra=c to news websites [2]. )ese social media platforms in
their current state are extremely powerful and useful for their
ability to allow users to discuss and share ideas and debate over
issues such as democracy, education, and health. However,
such platforms are also used with a negative perspective by
certain entities commonly for monetary gain [3, 4] and in other
cases for creating biased opinions, manipulating mindsets, and
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spreading satire or absurdity. )e phenomenon is commonly
known as fake news.

)ere has been a rapid increase in the spread off ake news
in the last decade, most prominently observed in the 2016 US
elections [5]. Such proliferation of sharing articles online that
do not conform to facts has led to many problems not just
limited to politics but covering various other domains such as
sports, health, and also science [3]. One such area adected by
fake news is the 2nancial markets [6], where a rumor can have
disastrous consequences and may bring the market to a halt.

Our ability to take a decision relies mostly on the type of
information we consume; our world view is shaped on the
basis of information we digest. )ere is increasing evidence
that consumers have reacted absurdly to news that later
proved to be fake [7, 8]. One recent case is the spread of
novel corona virus, where fake reports spread over the
Internet about the origin, nature, and behavior of the virus
[9]. )e situation worsened as more people read about the
fake contents online. Identifying such news online is a
daunting task.
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2. Materials and Methods

In the following, we describe our proposed framework,
followed by the description of algorithms, datasets, and
performance evaluation metrics.

2.1. Proposed Framework.  In our proposed framework, as
illustrated in Figure 1, we are expanding on the current
literature by introducing ensemble techniques with various
linguistic feature sets to classify news articles from multiple
domains as true or fake. )e ensemble techniques along with
Linguistic Inquiry and Word Count (LIWC) feature set used

in this research are the novelty of our proposed approach. are
numerous reputed websites that post legiti-

mate news contents, and a few other websites such as
PolitiFact and Snopes which are used for fact checking. In
addition, there are open repositories which are maintained by
researchers [11] to keep an up-to-date list of currently
available datasets and hyperlinks to potential fact checking
sites that may help in countering false news spread. How-
ever, we selected three datasets for our experiments which
contain news from multiple domains (such as politics, en-
tertainment, technology, and sports) and contain a mix of
both truthful and fake articles. )e datasets are available
online and are extracted from the World Wide Web. )e
2rst dataset is ISOT Fake News Dataset [23]; the second and
third datasets are publicly available at Kaggle [24, 25]. A
detailed description of the datasets is provided in Section 2.5.

)e corpus collected from the World Wide Web is
preprocessed before being used as an input for training the
models. )e articles’ unwanted variables such as authors,
date posted, URL, and category are 2ltered out. Articles with
no body text or having less than 20 words in the article body
are also removed. Multicolumn articles are transformed into
single column articles for uniformity off ormat and
structure. )ese operations are performed on all the datasets to
achieve consistency off ormat and structure.

3. Results and Discussion

Table 2 summarizes the accuracy achieved by each algorithm
on the four considered datasets. It is evident that the
maximum accuracy achieved on DS1 (ISOT Fake News
Dataset) is 99%, achieved by random forest algorithm and
Perez-LSVM. Linear SVM, multilayer perceptron, bagging
classiZers, and boosting classi2ers achieved an accuracy of
98%. )e average accuracy attained by ensemble learners is
97.67% on DSI1, whereas the corresponding average for
individual learners is 95.25%. )e absolute diderence be-
tween individual learners and ensemble learners is 2.42%
which is not signi2cant. Benchmark algorithms Wang-CNN
and Wang-Bi-LSTM performed poorer than all other al-
gorithms. On DS2, bagging classi2er (decision trees) and
boosting classi2er (XGBoost) are the best performing al-
gorithms, achieving an accuracy of 94%. Interestingly, linear
SVM, random forest, and Perez-LSVM performed poorly on
DS2. Individual learners reported an accuracy of 47.75%,
whereas ensemble learners’ accuracy is 81.5%. A similar
trend is observed for DS3, where individual learners’ ac-
curacy is 80% whereas ensemble learners’ accuracy is 93.5%.
However, unlike DS2, the best performing algorithm on DS3
is Perez-LSVM which achieved an accuracy of 96%. On DS4
(DS1, DS2, and DS3 combined), the best performing al-
gorithm is random forest (91% accuracy). On average, in-
dividual learners achieved an accuracy of 85%, whereas
ensemble learners achieved an accuracy of 88.16%. )e worst
performing algorithm is Wang-Bi-LSTM which achieved an
accuracy of 62%.
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Table 2: Overall accuracy scor e for each dataset.

DS1 DS2 DS3 DS4

Logistic regression (LR) 097 091 091 087
Linear SVM (LSVM) 098 037 053 0.86
Multilayer perceptron 098 035 094 09
K-nearest neighbors (KNN) 088 028 0.82 0.77
Ensemble learners

Random forest (RF) 0.99 035 095 091
Voting classi2er (RF, LR, KNN) 0.97 0.88 094 0.88
Voting classi2er (LR, LSVM, CART) 0.96 0.86 092 0.85
Bagging classi2er (decision tree 098 094 094 09
Boosting classi2er (AdaBoost 098 092 092 0.86
Boosting classi2er (XGBoost) 0.94 0.98 094 0.89
Benchmark algorithms

Perez-LSVM 099 079 0.6 0.9
Wang-CNN 0.87 0.66 058 0.73
Wang-Bi-LSTM 0.86 052 0.57 0.62

4. Conclusion

task of classifying news manually requires in-depth
knowledge of the domain and expertise to identify anomalies
in the text. In this research, we discussed the problem of
classifying fake news articles using machine learning models
and ensemble techniques. )e data we used in our work is
collected from the World Wide Web and contains news
articles from various domains to cover most of the news
rather than specifically classifying political news. )e primary
aim of the research is to identify patterns in text that
differentiate fake articles from true news. We extracted
different textual features from the articles using an LIWC tool
and used the feature set as an input to the models. )e learning
models were trained and parameter-tuned to obtain optimal
accuracy. Some models have achieved comparatively higher
accuracy than others. We used multiple performance metrics
to compare the results for each algorithm.

ensemble learners have shown an overall better score on all
performance metrics as compared to the individual
learners.

Fake news detection has many open issues that require
attention of researchers. For instance, in order to reduce the
spread of fake news, identifying key elements involved in the
spread of news is an important step. Graph theory and
machine learning techniques can be employed to identify the
key sources involved in spread of fake news. Likewise, real
time fake news identification in videos can be another possible
future direction.

Data Availability
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are available at https://www.kaggle.com/c/fake-news and
https://www.kaggle.com/jruvika/fake-news-detection.
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