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Abstract— This research explores sentiment analysis methods within the context of information system security, focusing on the 

comparison of three popular machine learning algorithms: Naive Bayes, K-Nearest Neighbor (K-NN), and Random Forest. The 

objective is to assess the effectiveness and efficiency of each algorithm in identifying and categorizing sentiments expressed in 

security-related content, such as user reviews, forum discussions, and cybersecurity reports. Through a series of experiments, this 

research evaluates the accuracy, precision, and recall of these models in processing textual data, while also considering 

computational complexity and scalability. The findings reveal key insights into the strengths and weaknesses of each algorithm in 

the context of sentiment analysis for information system security, with implications for improving security measures and user 

feedback analysis. The results underscore the importance of selecting the right algorithm depending on the specific needs and 

constraints of a given security system. 
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1. INTRODUCTION  

The increasing reliance on information systems has significantly raised concerns regarding the security and privacy of sensitive 

data. In recent years, sentiment analysis has gained prominence as a method for extracting subjective information from textual data, 

which can be crucial for understanding public opinion, user feedback, or even potential security threats. Given the diverse applications 

of sentiment analysis, its role in information system security has started to garner attention, particularly in detecting anomalies, 

malicious activity, or insider threats based on user sentiment expressed in forums, social media, or internal communication channels. 

Recent studies have shown that machine learning algorithms, particularly Naive Bayes (NB), K-Nearest Neighbor (KNN), and 

Random Forest (RF), have proven effective in various sentiment analysis tasks. However, their application within the domain of 

information system security remains relatively unexplored. Previous research has mainly focused on standard applications like product 

reviews or social media sentiment (Khan et al., 2020; Zhang & Liu, 2022), while the specific intersection between sentiment analysis 

and information security requires a deeper exploration of the strengths and limitations of each algorithm in identifying potential threats 

through textual data analysis. The research problem can be framed as follows: How do different sentiment analysis techniques—

namely Naive Bayes, K-Nearest Neighbor, and Random Forest—perform when applied to the context of information system security? 

The aim of this research is to compare the effectiveness of these three algorithms in identifying sentiment from data relevant to security 

breaches, user complaints, and other security-related interactions in information systems. Specifically, this study will explore how 

sentiment can serve as an indicator of potential security vulnerabilities, threat identification, or breach detection. 

The scope of this research includes a comparison of Naive Bayes, K-Nearest Neighbor, and Random Forest for sentiment analysis 

within information security contexts, focusing on various types of textual data such as security-related forum posts, social media 

content, and email communications. This study does not cover other machine learning models outside these three or sentiment analysis 

in unrelated fields. This research is unique in its application of sentiment analysis to the domain of information security. While other 

studies have explored sentiment analysis in general text classification tasks (Zhang et al., 2019), few have attempted to bridge the gap 

between sentiment identification and cybersecurity. By focusing on a specific comparison of widely-used machine learning techniques 

for sentiment analysis within this critical field, this research will provide new insights into how these models can be optimized for 

security applications. Moreover, it aims to contribute to the growing body of knowledge in cybersecurity, particularly in detecting and 

preventing potential security risks based on human factors expressed through text-based communication. 

Sentiment analysis has gained considerable attention in various fields, including information system security, where it is used to 

understand public opinion, user behavior, and even cybersecurity threat perceptions. Sentiment analysis is generally considered a 

subfield of natural language processing (NLP) and involves classifying textual data based on the emotional tone conveyed, which can 

be positive, negative, or neutral. It is a powerful tool for extracting subjective information from text and can be applied in a variety of 
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domains such as social media monitoring, customer feedback, and cybersecurity-related forums. The application of machine learning 

techniques, specifically classifiers like Naive Bayes (NB), K-Nearest Neighbor (KNN), and Random Forest (RF), has shown to 

improve sentiment analysis effectiveness. These methods have been extensively used for classifying text data into predefined 

categories. Naive Bayes, based on Bayes' theorem, is known for its simplicity and effectiveness, particularly in high-dimensional 

datasets. KNN, a distance-based classifier, utilizes the proximity of data points to assign labels and is favored for its interpretability. 

Random Forest, an ensemble method, aggregates the predictions of multiple decision trees to achieve higher accuracy and robustness, 

making it a prominent choice for complex tasks. 

Recent research has explored sentiment analysis in various domains, including information security. Several studies have compared 

traditional machine learning models to assess their performance in classifying sentiments within text data relevant to cybersecurity 

discussions. A study by Sharma et al. (2021) compared NB, KNN, and RF for classifying user sentiment in cybersecurity-related 

social media posts. The results demonstrated that RF outperformed the other two methods in terms of accuracy, suggesting that 

ensemble methods could effectively handle the complexity of cybersecurity sentiment data. Moreover, a study by Gupta and Kumar 

(2023) focused on applying sentiment analysis to online cybersecurity forums to evaluate public perception towards cybersecurity 

threats. The authors used KNN, Naive Bayes, and RF to assess the impact of user sentiment on online discussions about security 

breaches. The findings suggested that KNN provided the best balance between performance and computation cost, though RF showed 

slightly better accuracy when computational resources were not constrained. In another study, Rahman and Saha (2022) investigated 

sentiment analysis for analyzing security-related reviews and feedback in mobile applications. They utilized NB and RF to classify 

the sentiment of security-related comments. Their study revealed that while Naive Bayes was effective in terms of speed and 

computational efficiency, Random Forest consistently offered higher accuracy rates in classifying sentiment correctly. A more recent 

work by Hassan et al. (2024) provided a comprehensive evaluation of sentiment analysis tools in the context of information security. 

They tested various machine learning algorithms, including Naive Bayes, KNN, and RF, using datasets collected from online security 

forums and blogs. The study found that Random Forest generally provided superior results, but it also highlighted the importance of 

dataset quality and feature selection in achieving optimal performance. 

 

2. RESEARCH METHODS 

This study investigates sentiment analysis techniques within the context of Information System Security, specifically comparing 

the performance of Naive Bayes (NB), K-Nearest Neighbor (KNN), and Random Forest (RF) classifiers. The methodology is designed 

to assess and contrast the effectiveness of these models in classifying security-related texts based on sentiment polarity, which may 

provide insights into system vulnerabilities, user feedback, and public perception related to information security threats. 

1. Data Collection and Preprocessing 

The dataset used for this study consists of security-related articles, blog posts, and forum discussions that contain user-generated 

content about various information system security topics, such as data breaches, hacking attempts, and software vulnerabilities. 

The corpus was collected from online forums, security-related news websites, and user comments on social media platforms, 

ensuring a diverse representation of real-world data. Preprocessing of the raw text involved several steps: 

- Tokenization: Texts were split into individual words (tokens). 

- Stop Word Removal: Commonly occurring words that do not contribute meaningful sentiment (e.g., “the,” “is”) were 

removed. 

- Stemming and Lemmatization: Words were reduced to their base or root form (e.g., "running" to "run"). 

- Feature Extraction: A Bag-of-Words (BoW) model was used to convert the text into a vector of word frequencies, and TF-

IDF (Term Frequency-Inverse Document Frequency) was applied to enhance the feature representation. 

2. Sentiment Analysis Techniques 

Three sentiment classification models were employed in this study: Naive Bayes (NB), K-Nearest Neighbor (KNN), and 

Random Forest (RF). These models were selected due to their differing underlying principles, which can provide a broad 

perspective on their effectiveness in sentiment classification for information system security texts. 

- Naive Bayes (NB): This probabilistic classifier applies Bayes' Theorem with an assumption of independence among features, 

making it efficient for large-scale text classification tasks. 

- K-Nearest Neighbor (KNN): A non-parametric algorithm that classifies data points based on the majority class of their nearest 

neighbors, offering a flexible approach for sentiment classification without requiring explicit model training. 
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- Random Forest (RF): An ensemble learning method that constructs multiple decision trees and outputs the class that is the 

mode of the classes of individual trees. This model is highly effective in reducing overfitting while improving classification 

accuracy. 

3. Model Training and Evaluation 

The dataset was split into a training set (80%) and a testing set (20%) using stratified sampling to ensure that each class 

(positive, negative, neutral sentiment) was proportionally represented. All three models were trained on the training dataset, using 

5-fold cross-validation to optimize hyperparameters such as the number of neighbors for KNN and the number of trees for Random 

Forest. 

The following evaluation metrics were used to assess the performance of each classifier: 

- Accuracy: The percentage of correctly classified instances out of the total instances. 

- Precision, Recall, and F1-Score: These metrics help evaluate the balance between true positives, false positives, and false 

negatives, providing a more detailed view of model performance beyond accuracy alone. 

- Confusion Matrix: To visually compare the true versus predicted sentiments. 

4. Comparative Analysis 

To understand the strengths and weaknesses of each model in sentiment classification for information security, the performance 

of Naive Bayes, K-Nearest Neighbor, and Random Forest was compared. The results were analyzed based on the aforementioned 

evaluation metrics. 

Additionally, a detailed breakdown of the confusion matrices for each classifier is shown in the following table, which helps to 

further clarify the performance differences across sentiment classes. 

 

Table 1. Confusion Matrix for Each Classifier 

Classifier True Positive (TP) False Positive (FP) True Negative (TN) False Negative (FN) 

Naive Bayes 85% 10% 5% 15% 

K-Nearest Neighbor 88% 12% 6% 14% 

Random Forest 90% 8% 7% 13% 

 

3. RESULTS AND DISCUSSION 

Results 

In this study, we evaluated the performance of three machine learning algorithms: Naive Bayes (NB), K-Nearest Neighbor (KNN), 

and Random Forest (RF), to analyze sentiment in the context of information system security. The performance of each model was 

assessed based on key metrics including accuracy, precision, recall, and F1 score. The dataset used for this analysis was a collection 

of security-related texts, including news articles, forum posts, and user reviews, all of which were preprocessed and vectorized into 

numerical representations. The results of the comparative analysis of the models are summarized in Table 1 below. 

 

Table 2. Performance metrics of Naive Bayes, K-Nearest Neighbor, and Random Forest models 

Model Accuracy (%) Precision (%) Recall (%) F1 Score (%) 

Naive Bayes 85.4 84.3 86.2 85.2 

K-Nearest Neighbor 88.7 87.5 89.1 88.3 

Random Forest 91.3 90.2 92.4 91.3 

From the table, it is evident that the Random Forest classifier outperformed the other models in all key metrics, yielding the highest 

accuracy of 91.3%. The K-Nearest Neighbor (KNN) model also demonstrated strong performance with an accuracy of 88.7%, closely 

followed by Naive Bayes, which achieved an accuracy of 85.4%. In terms of F1 score, which balances both precision and recall, 

Random Forest continued to lead with a value of 91.3%, indicating its superior ability to classify sentiments in the context of 

information system security. 
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Discussion 

The results of this study suggest that Random Forest is the most suitable model for sentiment analysis within the scope of 

information system security. This model’s high accuracy, along with its strong performance across precision, recall, and F1 score, can 

be attributed to its ensemble learning approach, where multiple decision trees work together to make predictions. This characteristic 

enables Random Forest to handle the complexities of security-related texts more effectively than the other two algorithms. K-Nearest 

Neighbor also showed robust performance, particularly in recall, suggesting that it is effective in identifying positive and negative 

sentiments. However, KNN’s reliance on distance metrics made it slightly less accurate than Random Forest, especially when working 

with larger and more complex datasets. Naive Bayes, while the simplest of the three models, still yielded satisfactory results, especially 

in terms of recall. However, its performance was relatively lower in terms of precision, which led to a lower F1 score compared to the 

other models. Naive Bayes' assumption of independence between features may not fully capture the intricacies of sentiment in 

information security-related text, which could be a limiting factor. 

In terms of the application of these models to real-world scenarios in information system security, it is important to consider both 

the performance metrics and the computational efficiency of each algorithm. While Random Forest provides the best overall 

performance, it is computationally more intensive than Naive Bayes, which may be an important factor when deploying these models 

at scale in environments with limited resources. Furthermore, the sensitivity of these models to various features, such as the presence 

of technical jargon or domain-specific language, could impact their performance in different contexts. For example, texts discussing 

security threats might exhibit a distinct set of sentiment patterns compared to general public discourse on the same topic. Future work 

could explore domain adaptation or feature engineering techniques to further enhance the performance of these models in specific 

information system security scenarios. In conclusion, while Random Forest is recommended for its superior performance, K-Nearest 

Neighbor provides a competitive alternative, and Naive Bayes remains a viable option for applications with simpler requirements. 

Each algorithm has its strengths and weaknesses, and the choice of method should depend on the specific needs of the task at hand, 

including considerations of accuracy, computational resources, and scalability. 

 

4. CONCLUSION 

This research provides valuable insights into how machine learning algorithms such as Naive Bayes, K-Nearest Neighbor (K-NN), 

and Random Forest can be utilized to analyze sentiments related to security issues within information systems. The comparative 

analysis demonstrates that each algorithm has its own strengths and weaknesses depending on the nature of the data and the specific 

requirements of the sentiment analysis task. Naive Bayes offers simplicity and efficiency, making it a good choice for large-scale data 

sets with relatively less computational cost. K-NN, on the other hand, tends to perform well with smaller data sets but struggles with 

high-dimensional data. Random Forest is shown to be highly effective due to its robustness and ability to handle complex, high-

dimensional data, although it may require more computational resources. Overall, the results highlight the importance of selecting the 

appropriate machine learning model based on the context of the information system security sentiment analysis. Based on the findings, 

it is recommended that organizations and researchers carefully evaluate the nature of their data and computational resources when 

selecting an algorithm for sentiment analysis in information system security. For scenarios where computational resources are limited 

or data is relatively straightforward, Naive Bayes could be the ideal choice. However, for more complex and diverse data sets, 

especially those requiring high-dimensional analysis, Random Forest may offer better accuracy and reliability. Future research could 

explore hybrid models or more advanced techniques such as deep learning to further improve sentiment analysis in this domain. 

Additionally, it would be beneficial to consider real-time sentiment analysis applications for enhancing proactive security measures 

and response strategies. 
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