Binary Logistic Regression based Classifier for Fake News

ABSTRACT

Addressing the modern society’s mutual need for reliable News from new media has been a challenge since the development of modern mobile and telecommunication technologies. This study attempts to contribute to current solutions in mitigating the spread of fake news by creating a classifier based on a logistic binary regression commonly prevalent in the field of machine learning and artificial intelligence. A dataset of 10,000 news data has been used in this study and was processed to measure the sentiment neutrality, page rank and content length to content structure error ratio for each data to create a model for the fake news classifier. The model was then subject to prediction tests and has shown to have an 80% accuracy rate, therefore implying that the model derived from this study is capable of classifying legitimate news apart from fake news.
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1.0 Introduction
With rapid improvements in modern telecommunication and mobile technology, the widespread use of new media commonly referred to as The Internet, has proved its effectiveness shown by the prevalent use of the medium for global dissemination of information, reaching a wide range of audiences at an unprecedented rate. Although new media has proved to be effective in the facet of making information available, filtering the quality of information contributed online has been a challenge observable through the rampant spread of Fake News (Amarasingam, 2011). Embedded in the very nature of the medium itself, is the fact that virtually any individual is empowered with the capability to contribute information online, not subject to any fact checking procedures or content filters being practiced in traditional media.
Ensuring the reliability of News circulating on the new media is a crucial aspect in maintaining the stability of the modern society, as it affects the basis of perception towards the economy, politics, business, education and etc. (Engle, 1993). In efforts to combat the Fake News dilemma, countries have invested on solutions formulated in various areas to mitigate the spreading of fake news. In the Philippines, lawmakers have been pursuing the legislation of Senate Bill No. 1680 in the 17th Congress which prohibits the spreading of fake news. In the education sector, institutions have integrated Media and Information Literacy in their respective K to 12 curriculums which aims to develop students to be creative and critical thinkers as well as responsible users and competent producers of media and information.
Related to this study, there also have been several proposed solutions in the field of IT (Information Technology) and CS (Computer Science) attempting to supplement existing thrusts to mitigate fake news. The works of (Gupta et. al. 2013) have successfully produced a classifier capable of identifying real images apart from fake images on Twitter with an accuracy rate of 97% during the hurricane Sandy in the United States. The image classifier provides substantial evidence that utilizing automated computerized techniques to scrutinize the authenticity of news is possible. This claim is further supported by the work of (Tacchini et. al. 2017) which explored the construction of a classifier aimed to differentiate hoax and non-hoax user posts on Facebook. The result of the study has shown consistent success on computer based classifiers for fake news.
         	Synthesizing upon the reviewed IT and CS works directed towards addressing the dilemma, one can safely assume that the classification of Fake News circulating within the new media can be theoretically controlled using existing IT and CS disciplines on machine learning and artificial intelligence. With the given preliminary successes in the above mentioned explorations, it is perceived that investment towards the development of computerized classifiers for fake news counts as a game changer in supplementing the thrusts of various sectors addressing the fake news dilemma. However, although the classifiers constructed by these authors have been successful in their respective specific limitations and purposes, a classifier that is capable of differentiating general news has not yet been constructed or at least formally explored as far as the scientific research community is concerned. 
As a result based on these premise, it is implied that there is a substantial need to supplement the existing accomplished works and thrusts done in other areas to reinforce the society’s defenses and awareness against fake news. To address this gap, this study attempts to construct a Fake News Classifier based on selected discriminants identified from a publicly hosted dataset.
	
2.0 Conceptual Framework
	To identify a formal basis and framework for this study, the conduct of this study is anchored on the Discrete Choice Theory (Person 1700) developed in the 70’s which states that a binary logistic regression can be used to describe, explain, and predict choices between two or more discrete alternatives. Shown on figure 2.1 is the conceptual framework based on the Discrete Choice Theory, followed by the study in attempts to achieve a Fake News classifier. A training dataset possessing the identified discriminants is used train and build the classifier model. The classification model is then used to take in unauthenticated news data for evaluation and responds with a Boolean value determining whether the news data is legitimate or fake.
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Figure 2.1: Conceptual Framework





3.0 Research Methodology

Research Design
The study follows a descriptive method in addressing the gap present in the field of fake news classification. A Binary Logistic Regression will be run on a news dataset using a criteria of chosen discriminants to create a model for a fake news classifier. A prediction test will then be done to gauge the accuracy of the derived classifier.

Research Method
In order to conduct the study, a criteria of discriminants identified as Sentiment Neutrality, Page Rank, and number of Content Structure Errors has been selected as independent variables for executing a Binary Logistic Regression. A dataset has then been gathered consisting of 10,000 news articles from an online repository of which 5,000 are classified as fake news, and 5,000 are classified as legitimate news. Each row in the dataset contains the title of the news, the actual content, the web source and a classification on whether the content is fake or legitimate. Since the initial dataset does not contain the actual measurements on sentiment neutrality, page rank and content length to content structure error ratio, the dataset was subject to further processing in order to measure the values of these variables for each news article. The dataset was cleaned using data cleaning software tools to allow the format of the dataset to be compatible and imported on a computer database engine. Further processing of the dataset was then done using a Python based engine for Sentiment Analysis, an online Alexa Page Rank API for the source page rank, and a Java based engine for checking Content Structure Errors. The study has then used a statistical tool to perform a Binary Logistic Regression on the dataset comprised of 10,000 entries as training set to arrive at a model for a fake news classifier.

4.0 Results and Discussion

A binary logistic regression was run to derive a model using sentiment neutrality, page rank, and ratio of content length to content structure errors as discriminants for classifying Fake News. The discriminants Sentiment Bias (p < 0.0005), Page Rank (p < 0.0005) and Content Structure Errors (p < 0.0005) statistically significantly classified fake news. The following figures 1 and 2 depict the results of the binary logistic regression.
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Figure 1: Regression Equation for the Fake News Classifier


	Deviance R-Sq
	Deviance R-Sq (adj)
	AIC

	29.60%
	29.58%
	9331.28



Figure 2: Model Summary
Based on the Coefficients table shown on figure 3, it is accepted that the ratio of content length to the number of Content Structure Errors has the largest coefficient value while Sentiment neutrality has the lowest coefficient value.

	Term
	Coef
	SE Coef
	VIF

	Constant
	4.136
	0.109
	1.02

	Pagerank
	-0.32866
	0.00747
	1.02

	Sentiment neutrality
	-0.880
	0.104
	1.01

	Ratio of Content Length to Content Structure Errors
	-0.002939
	0.00144
	1.01



Figure 3: Coefficients

Depicted on figure 4 is the probability of success for the selected discriminants in predicting fake news. Based on the results, the ratio of Content Length to the number of content structure errors has the highest probability of success in predicting fake news with only an odds ratio of 0.0029 chance of failure making it the most accurate discriminant among the three selected discriminants. On the other hand, Pagerank also has a high probability in predicting fake news with only an odds ratio of 0.2801 chance of failure. However, sentiment neutrality has a lower probability of success in predicting fake news compared to the first two discriminants, with sentiment neutrality having an odds ratio of 0.5853 chance of failure.

	
	Odds Ratio
	95% CI

	Pagerank
	0.7199
	(0.7094, 0.7305)

	Sentiment neutrality
	0.4147
	(0.3379, 0.5090)

	Ratio of Content Length to Content Structure Errors
	0.9971
	(0.9968, 0.9973)



Figure 4: Odds Ratios for Continuous Predictors

The result of the prediction test using 100 test data is shown on a partial data table on figure 5 has also been done to determine the accuracy of the derived model. The test shows that the model is able to classify fake news apart from legitimate news with an accuracy level of 80%.




[bookmark: _GoBack]
	Legitimacy
	Page Rank
	Sentiment Neutrality
	Content Error Ratio
	Predicted Value

	0
	15
	0.288013
	255.5714
	0

	0
	15
	0.908681
	149.3529
	0

	0
	14
	0.626684
	102.8462
	0

	0
	12
	0.551662
	159
	0

	0
	9
	0.713928
	158
	1

	1
	4
	0.479136
	65.9375
	1

	1
	7
	0.823495
	62.0556
	1

	1
	7
	0.870748
	32.3684
	1

	1
	10
	0.501932
	323.6667
	0

	1
	5
	0.481243
	163.4
	1



Figure 5: Partial Model Prediction Sample Results

5.0 Conclusion

	Based on the results presented above, the implications of this study show that a Fake News Classifier based on sentiment bias, page rank, and ratio of content length to content errors as fake news discriminants is capable of predicting fake news. However, it is also implied that there is a need for integrating additional discriminants in future works to improve the accuracy level of the fake news classifier to at least 90% or above.
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