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Abstract 

This study proposes a multinomial Naïve Bayes Classifier technique 

for identifying news categories and analyzing their classification. To 

achieve the objective, 1490 data (BBC News) are employed, including 

336 business categories, 261 technology categories, 274 politics 

categories, 346 sports categories, and 273 entertainment categories. 

The datasets' performance is evaluated using accuracy, recall, 

precision, and the F1-score. These data are utilized to train the 

model, resulting in 98.85% and 97.09% accuracy on train and test 

data, respectively, with an 80-20 split. 

 

1. Introduction 

Online news platforms organize their content into various categories like "Politics", "Sports", 

"Entertainment", and others. However, manually assigning these labels becomes increasingly 

challenging when a large volume of news arrives from multiple sources. In situations where 

applications aim to deliver real-time trending news to users, manual classification becomes practically 

unfeasible. Therefore, there is a strong need for an automated system that can accurately categorize 

news articles into appropriate classes. Moreover, such a classification technique can be effectively 

applied to other types of text documents as well (Shah et al., 2020). 

 Automatic classification of text into predefined categories is considered a key approach for 

handling and organizing large volumes of data. This textual information is generated from diverse 

sources, including conference proceedings, editorials, online articles, websites, emails, periodicals, and 

academic journals. Nowadays, many people prefer accessing information through these digital 

platforms rather than relying on traditional sources like newspapers, magazines, or books. Although 

access to information has become more convenient, the challenge of effectively organizing this 

knowledge persists, making data management difficult. Therefore, structuring such digital content is 

crucial for the efficient categorization of information(Singh et al., 2021). 

 This study evaluates most widely used machine learning techniques i.e. Naïve Bayes for 

automatic news classification problem. To experiment the system, BBC news articles with 5 different 

categories and total 1490 documents collected from BBC news portal is used. Stop words, special 

characters, symbols are removed which is present in the article. After that tokenization process occurs 

to convert text into individual tokens. The BBC news dataset is retrieved from kaggle. After retrieving 

data from kaggle, data are pre-processed. Naïve Bayes classifier is popular for text classification. Due 
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to multiple category classes, multinomial Naïve Bayes is preferred among other Naïve Bayes classifier 

(i.e. Bernoulli and Gaussian). 

 The Naive Bayes algorithm is based on Bayes' theorem.  It gives a formula for computing the 

conditional probability P(A|B);. 

 According to Bayes, the following formula may be used to compute the conditional probability: 

   |   
   |       

    
 

2. Problem Statement 

 The vast majority of textual data is unstructured, making it difficult and time-consuming to 

organize, modify, and manage. Automatic news categorization has gained popularity among news 

organizations in recent years due to its speed and low cost.  This study presents a machine learning 

architecture that uses the Naïve Bayes classifier to categorize BBC news stories into business, 

technology, entertainment, politics, and sports.  A dataset of 1490 news stories was used. 

3. Objective 

The objectives of  this study are mentioned as: 

 To classify news into their respective category. 

 To evaluate the performance of multinomial Naïve Bayes classifier for news classification on 

the chosen datasets.  

4. Literature Review 

In (Ahmed & Ahmed, 2021), the authors reviewed several existing methods for classifying online news 

content and introduced a framework for the automated categorization of news articles. They evaluated 

multiple classifiers to achieve high classification accuracy. Their experimental approach, using a 

Bayesian classifier, reached an accuracy rate of 93% and included the presentation of confusion 

matrices. 

(Barua et al., 2021) explored several widely used machine learning algorithms—namely Logistic 

Regression, Support Vector Classifier (SVC), Decision Tree, Multinomial Naïve Bayes, and Random 

Forest—for the task of automatic sports news classification in Bengali, utilizing Term Frequency-

Inverse Document Frequency (TF-IDF) features. In response to the absence of a standard benchmark 

dataset, the authors also developed a Bengali News Corpus (BNeC) consisting of 43,306 news articles 

with 202,830 unique terms across categories such as cricket, football, tennis, and athletics. 

Experimental results revealed that the Support Vector Classifier, using a unigram+bigram+trigram 

feature set, achieved the highest weighted F1-score of 97.60%, outperforming other classifiers and 

feature combinations. 

In the study (Abd et al., 2020) used Naïve Bayes (NB) to analyze opinions in a text and classify them 

as Reform, Conservative, or Revolutionary. This study examines how employing two feature extraction 

approaches, Term Frequency (TF) and Term Frequency-Inverse Document Frequency (TF-IDF), 

together with Naïve Bayes, affects the accuracy of Arabic article classification.  Precision, recall, F1-

score, and number of accurate predictions were utilized to assess the performance of the applied 

classifiers.The findings show that utilizing TF with TF-IDF increased accuracy to 96.77%.   

The authors in (Kaur & Khiva, n.d.) used a machine learning approach to analyze NN classifiers. Text 

categorization aims to group articles into predetermined categories. Archives can be classified as none, 

several, or only one. Four categories have been proposed, including politics, finance, and sports. A 
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neural network classifier was used to implement the classification procedure.  Simulation findings 

indicate that NN achieves 99.93 accuracy and outperforms previous approaches. 

5. Methodology 

5.1. Dataset 

For this study, news articles are collected from kaggle. It contains 1490 data which is classified into 5 

categories in which 336 to business, 261 to tech, 274 to politics, 346 to sports and 273 to entertainment 

are represented in Table 1. 

 

Table 1: Dataset of news articles 

 

  

5.2 Pre-processing 

Pre-processing phase deals with the tokenization process, word stemming, removal of special 

characters, tags, symbols, etc. Dataset is split into train data and test data where 80% is training data 

and 20% is test data. Each category is uniquely labelled (i.e. 0 for business, 1 for tech, 2 for politics, 3 

for sports and 4 for entertainment) as shown in Table 2. 

Table 2: Labeled category 
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5.3 Naïve Bayes Classifier 

The Naïve Bayes algorithm is a simple probabilistic classifier that calculates a set of probabilities by 

counting the frequency and combination of values. Naïve Bayes technique used Bayes theorem to 

determine that probabilities of occurring data in particular category.  

     
         

    
 

Where A and B are events and P(B) ≠ 0. 

 The Naïve Bayes classifier comprises three main variants: Multinomial, Bernoulli, and 

Gaussian. Among these, Multinomial Naïve Bayes is a widely used supervised learning algorithm, 

particularly effective for handling categorical text data, and is commonly adopted as a baseline in text 

classification tasks. It is well-suited for multiclass classification problems, as it computes the 

probability of each class for a given input and assigns the class with the highest likelihood. In contrast, 

the Bernoulli model is designed for binary features, determining whether a feature is present or absent, 

while the Gaussian model is used for continuous data distributions. Given that news classification 

typically involves multiple categories, the Multinomial Naïve Bayes classifier is generally favored over 

the other two variants 

For example: 6 news articles of two categories are taken (i.e. Sport and Business) 

A1: match is interesting Sport 

A2: football share is interesting Business 

A3: game is closed Sport 

A4: today football match is interesting Sport 

A5: today market is closed Business 

A6: today match closed Sport 

 

Table 3. Categories of News 

P(Sport)=4/6   P(Business)=2/6 

Sport Business  

3/4 0/2 match 

2/4 2/2 is 

2/4 1/2 interesting 

2/4 1/2 today 

0/4 1/2 share 

0/4 1/2 market 

1/4 0/2 game 

2/4 1/2 football 

1/4 0/2 wins 

1/4 1/2 closed 
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New article news:  "football is interesting" 

P(football is interesting | Sport)= P(0,1,1,0,0,0,1,0,0) 

= (  
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P(football is interesting | Business)= P(0,1,1,0,0,0,1,0,0) 
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  =0.016 

P(Sport | football is interesting)= 
        

 
        

 
 
       

 

  = 0.52    

 This is sport article news. 

6.  Performance Measures 

Performance of model can be measured using different performance factor like Accuracy, Precision, 

Recall and F1 Score. These factors are explained below: 

6.1. Accuracy Score 

In classification, Accuracy Score is the ratio of correct predictions to the total number of input data 

points. 

Accuracy Score = (TP + TN)/ (TP + FN + TN + FP) 

In which TP, FN, FP and TN refer respectively to the number of true positive instances, the number of 

false-negative instances, the number of false-positive instances and the number of true negative 

instances. 

6.2. Precision 

Precision is the ratio of number of True Positive to the total number of Predicted Positive. It measures 

out of the total predicted positive, how many are actually positive. 

Precision Score = TP / (FP + TP) 

In which TP and FP refer respectively to the number of true positive instances and the number of false-

positive instances. 

6.3. Recall 

Recall is the ratio of number of True Positive to the total number of Actual Positive. It measures out of 

the total actual positive, how many are predicted as True Positive. 

Recall Score = TP / (FN + TP) 

In which TP and FN refer respectively to the number of true positive instances and the number of false-

negative instances. 

6.4. F1 Score 

F1 Score is an important evaluation matric for binary classification that combines Precision & Recall. 

F1 Score is the harmonic mean of Precision & Recall. 

F1 Score = 2* Precision Score * Recall Score/ (Precision Score + Recall Score) 
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7. Implementation 

The dataset is retrieved from kaggle and the implementation is carried out using python and its library. 

They are: 

Panda: In this report panda is used to import/load the dataset as well as evaluating the nature of 

dataset. It is also used to remove unnecessary data and null data present in dataset. 

Sklearn: This library is used for many purposes like splitting data, train model and testing data. 

Sklearn libary include different module for different proposed among them following are used during 

implementation. 

Model_selection: This module is used to split data into train and test data using train_test_split() 

method.  

Metrics: This module is used to analyze the performance of this model. The performance analysis 

include accuracy, precision, recall and f1 score with its respective classes. 

Multinomial NB classifier: MultinomialNB() method is used to train and classify news article 

category. 

Nltk: nltk library is used to remove stop words, special characters, tags and to convert all the text into 

lowercase. 

Matplotlib: matplotlib is used to visualize the data (i.e. in bar graph). 

8. Result  

predict() method is used to classify news category, which is provided by MultinomialNB(). When new 

article is needed to be predicted then the input article is preprocessed and passed to a predict() method 

which returns result of category.  

8.1 Train Data Analysis 

Out of 1490 datasets, there are 1043 training data in which business category contains 233 data, 

tech(184), politics(193), sports(249) and entertainment(184) data. Out of total train data of each 

category all are not correctly predicted which is shown below: 

Table 4. Categories of Train data 

Category Correct Prediction Other 

Business(233) 226 3(tech), 4(politics) 

Tech(184) 183 1(entertainment) 

Politics(193) 192 1(tech) 

Sports(249) 247 1(business), 1(entertainment) 

Entertainment(184) 183 1(tech) 

 

  

 

 

 

 

 

 

Fig. 1: Confusion Matrix of Training Data 
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The achieved accuracy, precision, recall and f1 score of the train model are 98.85%, 98.85%, 98.85% 

and 98.85% respectively with the help of confusion matrix. 
 

Fig.2: Performance Analysis on Training Data 

8.2 Test Data Analysis 

Out of 1490 datasets, there are 447 test data in which business category contains 103 data, tech(77), 

politics(81), sports(97) and entertainment(89) data. Out of total test data of each category all are not 

correctly predicted which is shown below: 

Table 5. Categories of test data 

Category Correct Prediction Other 

Business(103) 96 5(tech), 2(politics) 

Tech(77) 75 2(entertainment) 

Politics(81) 78 1(politics),1(sports),1(entertainment) 

Sports(97) 97 0 

Entertainment(89) 88 1(politics) 

 

Fig.3: Confusion Matrix of Test Data 

The achieved accuracy, precision, recall and f1 score of the train model are 97.09%, 97.09%, 97.09% 

and 97.09% with the help of confusion matrix. 

Table 6: Performance Table of Test Data 

Accuracy Precision Recall F1 score 

97.09% 97.09% 97.09% 97.09% 
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Fig. 4: Performance Analysis on Test Data 

9. Conclusion 

After data preprocessing (cleaning data, train_test_split model) and using Multinomial Naïve Bayes 

algorithm, it is concluded that the news are classified to their respective category with 97.09% 

accuracy, precision, recall and f1 score. The findings of this study demonstrate that Naïve Bayes can 

effectively categorize news articles into their respective categories. 
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