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ABSTRACT: Cyberbullying detection on social media remains challenging due to ambiguous language, overlapping 

categories, and evolving online content. Existing models often exhibit limited accuracy and interpretability when 

addressing uncertainty and complex relationships in hate speech classification. This paper presents an adaptive 

approach that integrates Neutrosophic Logic within a Multi-Layer Perceptron (MLP) framework, utilizing a one-

against-one strategy to improve fine-grained cyberbullying classification. The proposed method effectively captures 

uncertainty, resolves ambiguities, and models intricate relationships among cyberbullying types, addressing key 

limitations of conventional techniques. Experimental results demonstrate notable improvements in accuracy, robustness, 

and interpretability. Future work includes extending the framework to multilingual contexts, leveraging GPU-accelerated 

deep learning, and integrating Large Language Models (LLMs) to enhance detection across diverse social media 

platforms. 
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I. INTRODUCTION 

 

In today’s digital era, social media platforms such as Facebook, Instagram, Twitter, WhatsApp, and online forums have 

become an essential part of everyday communication. People use these platforms to share opinions, express 

emotions, connect with friends, and participate in global discussions. While social media has brought many benefits, it 

has also created new challenges. One of the most serious problems is cyberbullying, where individuals are harassed, 

threatened, humiliated, or abused through online messages, comments, images, or videos. 

 

Cyberbullying has become a growing concern across the world, especially among teenagers and young adults. Unlike 

traditional bullying, cyberbullying can happen at any time and reach a large audience instantly. Victims often 

experience emotional stress, anxiety, depression, low self- esteem, and in extreme cases, self-harm or suicidal thoughts. 

The anonymous nature of the internet makes it easier for bullies to spread harmful content without fear of consequences. 

As online communication continues to grow rapidly, the problem of cyberbullying is becoming more serious and 

widespread. 

 

Social media platforms generate millions of posts, comments, and messages every minute. Manually monitoring such a 

massive volume of content is not practical. Human moderators cannot review every message in real time, and harmful 

content can spread quickly before action is taken. Therefore, there is a strong need for automated cyberbullying 

detection systems that can identify abusive content accurately and efficiently. 

 

Traditional machine learning models have been widely used for text classification tasks, including cyberbullying 

detection. However, these models often face difficulties in handling the complex nature of social media language. 

Online text frequently contains slang, abbreviations, sarcasm, mixed emotions, and ambiguous meanings. In many 

cases, a sentence may appear harmless but actually carry a hidden abusive intent. This uncertainty makes it challenging 

for conventional models to achieve high accuracy and reliability.To address these challenges, this project proposes a 

Cyberbullying Detection System using Neutrosophic Neural Models. Neutrosophic Logic is an advanced mathematical 
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framework that extends fuzzy logic by introducing three components: Truth (T) – the degree to which a statement is true 

Indeterminacy (I) – the degree of uncertainty or ambiguity Falsity (F) – the degree to which a statement is false Unlike 

traditional logic systems that only consider true or false values, neutrosophic logic can effectively model uncertainty, 

vagueness, and incomplete information. This makes it highly suitable for analysing social media text, where meanings 

are often unclear or context dependent. 

In this project, social media text data is first collected and pre-processed to remove noise such as stop words, special 

characters, and irrelevant symbols. Important textual features are then extracted and transformed into neutrosophic 

representations using Truth, Indeterminacy, and Falsity values. These features are fed into a Neutrosophic Neural 

Network, which is trained to classify content as cyberbullying or non- cyberbullying. 

 

The proposed system is designed as an API-based architecture, allowing easy integration with real- time social media 

platforms, chat applications, and online communities. This enables automatic monitoring of user-generated content and 

helps in identifying harmful messages before they cause serious damage. The system can assist platform administrators 

in moderating content more effectively and creating a safer online environment. By combining the power of neural 

networks with the flexibility of neutrosophic logic, this project aims to build an intelligent and robust cyberbullying 

detection model that can handle uncertainty, sarcasm, and ambiguous language more efficiently than traditional 

approaches. The goal is to protect users from online harassment and promote responsible and respectful digital 

communication. 

 

OBJECTIVE: 

1. To design a Neutrosophic Multi-Layer Perceptron (NMLP) model capable of representing truth, falsity, and 

indeterminacy in cyberbullying detection. 

2. To apply a one-against-one classification strategy for fine-grained identification of multiple cyberbullying 

categories. 

3. To enhance accuracy, interpretability, and robustness of cyberbullying detection across diverse social media 

contexts. 

4. To demonstrate how uncertainty modelling improves performance compared to conventional machine 

learning and deep learning models. 

5. To lay the foundation for future multilingual and large-scale cyberbullying detection frameworks using 

advanced deep learning and Large Language Models (LLMs). 

 

II. LITERATURE REVIEW 

 

The detection of cyberbullying and hate speech on social media has been widely studied in recent years, particularly 

with the growing concern over online safety and digital forensics. Various researchers have proposed machine 

learning (ML), deep learning (DL), and hybrid approaches to automatically identify harmful or offensive content. 

However, most existing models still face major challenges in handling ambiguity, contextual variation, and 

uncertainty in user- generated text. 

 

A. Machine Learning Approaches 

Early studies in cyberbullying detection relied heavily on traditional machine learning algorithms such as Support 

Vector Machines (SVM), Naïve Bayes (NB), Decision Trees, and Logistic Regression. These models were trained 

using manually  extracted  linguistic  and  sentiment features such as word frequency, n-grams, and polarity 

scores. While these approaches achieved moderate success, they were limited by their dependence on feature 

engineering and their inability to generalize across different platforms and languages. Researchers like Dinakar et al. 

(2012) and Nahar et al. (2013) explored text classification using ML methods for cyberbullying and hate speech 

identification. Although they obtained acceptable accuracy levels, these models struggled to recognize the contextual 

meaning of sarcastic or indirect bullying expressions. As a result, the performance of traditional ML models 

decreased significantly when applied to real-world, noisy social media datasets. 

 

B. Deep Learning Approaches 

With the advancement of neural networks, deep learning models such as Convolutional Neural Networks (CNN), 

Recurrent Neural Networks (RNN), and Long Short-Term Memory (LSTM) networks have been introduced for 

automatic feature extraction and classification. Deep learning techniques significantly improved the ability to capture 

semantic and contextual relationships between words, leading to better detection results than classical ML models. For 

instance, Badjatiya et al. (2017) used a deep neural network for hate speech detection, combining word embeddings and 
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LSTM models to capture the sequential nature of text. Similarly, Park et al. (2018) utilized a CNN- LSTM hybrid 

framework for cyberbullying classification on Twitter datasets. Although these models demonstrated high 

performance, they often acted as black-box systems with limited interpretability. Moreover, deep models primarily rely 

on probabilistic outputs and fail to explicitly represent uncertainty or indeterminacy in classification decisions. 

 

C. Fuzzy and Hybrid Models 

To overcome the limitations of conventional DL methods, several studies have explored fuzzy logic and hybrid models 

to represent uncertainty. Fuzzy logic provides a mathematical framework for reasoning with vague or imprecise 

information. Studies integrating fuzzy systems with neural networks  have  shown  improved  flexibility  in handling 

ambiguous language. However, fuzzy systems only consider degrees of truth and falsity, ignoring indeterminacy, 

which is common in real- world data. This restricts their ability to handle highly uncertain or conflicting information 

present in social media text. 

 

D. Neutrosophic Logic-Based Models 

Recent advancements have introduced Neutrosophic Logic (NL) as a powerful framework for uncertainty modeling. 

Neutrosophic Logic, developed by Florentin Smarandache, extends fuzzy logic by introducing three independent 

components — Truth (T), Indeterminacy (I), and Falsity (F). This triadic representation enables systems to reason 

effectively with incomplete, inconsistent, or ambiguous data. Applications of NL have been widely explored in image 

processing, medical diagnosis, and pattern recognition, where it has demonstrated superior capability in handling 

noisy and uncertain information compared to classical approaches.Despite these advancements, the integration of 

Neutrosophic Logic in cyberbullying detection remains relatively limited. Most existing approaches rely on deep 

neural networks such as Multi-Layer Perceptron (MLP), which may face challenges when dealing with high-

dimensional and sparse textual features generated by TF-IDF representations. In contrast, Logistic Regression offers a 

stable and computationally efficient alternative for text classification, particularly in high-dimensional feature 

spaces.Recent research trends emphasize combining uncertainty modeling with robust statistical classifiers to enhance 

interpretability and generalization performance. Motivated by these findings, the proposed system integrates 

Neutrosophic Logic with Logistic Regression to develop an uncertainty-aware cyberbullying detection framework. 

This integration enables effective probabilistic classification while maintaining computational efficiency and 

improved handling of ambiguous social media text. 

 

E. Research Gap 

From the review of existing literature, it is evident that although traditional Machine Learning (ML) and  Deep  

Learning  (DL)  models  achieve satisfactory performance on well-labeled datasets, they often struggle to 

effectively manage linguistic ambiguity, overlapping class boundaries, and indeterminate expressions commonly 

found in social media text. While fuzzy logic enhances flexibility in decision-making, it does not explicitly represent 

indeterminacy as an independent component. Consequently, there remains a significant research gap in developing an 

integrated framework capable of representing, reasoning, and classifying uncertain textual content with improved 

accuracy, stability, and interpretability.Furthermore, many deep neural network architectures, including Multi-

Layer Perceptron (MLP), may face limitations when handling high-dimensional and sparse feature representations 

generated through TF-IDF vectorization. Such sparsity can negatively impact convergence stability, computational 

efficiency, and generalization performance.To address these limitations, this study proposes an Uncertainty- Aware 

Cyberbullying Detection Model that integrates the probabilistic learning capability of Logistic Regression with the 

reasoning strength of Neutrosophic Logic (NL). Logistic Regression is particularly effective in high-dimensional 

feature spaces and provides stable probabilistic outputs with lower computational complexity. By combining Logistic 

Regression with the tri- component representation of Neutrosophic Logic (Truth, Indeterminacy, and Falsity), the 

proposed hybrid framework aims to bridge the existing research gap by explicitly modeling uncertainty, enhancing 

interpretability, and enabling fine- grained multi-class classification of cyberbullying behavior across diverse social 

media environments. 

 

III. PROPOSED SYSTEM 

 

The proposed methodology introduces an Uncertainty-Aware Hybrid  Cyberbullying 

Detection Model that integrates Neutrosophic Logic (NL) with a Logistic Regression classifier, combined with an 

additional rule-based decision layer  to effectively  detect  and classify 

cyberbullying content on social media platforms. The framework is specifically designed to manage uncertainty, 

ambiguity, sarcasm, and overlapping categories that are commonly present in online communication. 

The overall workflow of the proposed model involves the following major stages: 
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• Data Collection and Preprocessing 

• Feature Extraction and Representation 

• Neutrosophic Logic Transformation 

• Logistic Regression-Based Classification 

• Hybrid Rule-Based and Learning-Based Decision Fusion 

• Performance Evaluation 

 

A. Data Collection and Preprocessing 

The initial stage involves collecting cyberbullying- related text data from publicly available social media datasets such 

as Twitter, Instagram, or YouTube comments. These datasets contain posts labelled into different categories such as 

harassment, offensive language, hate speech, and non-bullying. Before model training, the raw text undergoes several 

preprocessing operations to remove noise and standardize the input. The key steps include: 

 

 

Tokenization: Splitting text into individual words or tokens. 

Stop Word Removal: Eliminating common words (like the, is, and) that do not contribute meaningfully to 

classification. 

Stemming and Lemmatization: Converting words to their base or root form. 

Special Character Removal: Cleaning URLs, hashtags, emoji’s, and unnecessary symbols. Lowercasing and 

Normalization: Standardizing the text for uniformity. 

After preprocessing, the cleaned dataset is ready for feature extraction . 

 

B. Feature Extraction and Representation 

In this stage, each preprocessed text instance is transformed into a structured numerical representation suitable for 

statistical classification. Since textual data cannot be directly processed by machine learning algorithms, feature 

extraction techniques are employed to convert linguistic information into discriminative numerical vectors.In the 

proposed system, TF-IDF (Term Frequency–Inverse Document Frequency) with n-gram modeling is utilized as 

the primary feature extraction technique. TF-IDF assigns importance weights to words based on their frequency within 

a document and their rarity across the corpus. This approach effectively highlights discriminative terms associated 

with cyberbullying behavior while reducing the influence of commonly occurring words.The resulting representation 

produces high-dimensional sparse feature vectors, which are particularly well-suited for linear classifiers such as 

Logistic Regression. These numerical vectors provide a robust foundation for subsequent Neutrosophic 

transformation, where each feature is further expanded into Truth (T), Indeterminacy (I), and Falsity (F) components 

for uncertainty-aware modeling. 

 

C. Neutrosophic Logic Transformation 

he core innovation of the proposed framework lies in the incorporation of Neutrosophic Logic for explicit uncertainty 

modeling. At this stage, the extracted numerical feature vectors are transformed into a three-component Neutrosophic 

representation that captures multiple dimensions of textual interpretation. 

Each input feature is expanded into: 

• Truth (T): The degree to which the text indicates 

the presence of cyberbullying behavior. 

• Indeterminacy (I): The degree of ambiguity, vagueness, or contextual uncertainty in the interpretation. 

• Falsity (F): The degree to which the text reflects 

non-bullying or neutral behavior. 

Unlike conventional probabilistic representations that provide a single confidence score, the Neutrosophic triad (T, I, F) 

allows independent modeling of certainty and uncertainty components. This enables the system to reason more 

effectively in situations involving sarcasm, implicit aggression, coded language, or overlapping categories— phenomena 

that are common in social media communication.For instance, a sarcastic or context-dependent statement may exhibit 

moderate Truth and Falsity values but a high Indeterminacy score, indicating that the semantic meaning cannot be 

interpreted with absolute confidence. By explicitly modeling indeterminacy as an independent factor, the proposed 

system avoids 
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forced binary decisions and achieves more nuanced classification outcomes.The transformed Neutrosophic feature set 

is subsequently supplied to the Logistic Regression classifier and the rule- based decision module. Through this 

integration, the system becomes uncertainty-aware while maintaining computational efficiency and interpretability. 

Compared to traditional binary or purely probabilistic approaches, the Neutrosophic transformation enhances 

robustness, transparency, and adaptability in cyberbullying detection. 

 

D. Neutrosophic Logistic Regression Architecture The Neutrosophic Logistic Regression model serves as the core 

classification engine of the proposed system. Instead of extending a neural network architecture, the model integrates 

Neutrosophic Logic parameters directly into a Logistic Regression framework to enable uncertainty-aware statistical 

learning. 

 

E. The architecture consists of: 

Input Layer: Receives the Neutrosophic feature set (T, I, F) generated from the previous transformation stage. Each 

text instance is represented as an expanded feature vector incorporating truth, indeterminacy, and falsity components. 

Linear Decision Layer: Computes a weighted linear combination of the Neutrosophic feature vector by adjusting 

model coefficients during training. The classifier learns optimal weights that capture the contribution of each 

uncertainty component in predicting cyberbullying categories. Output Layer: Produces probabilistic class scores 

corresponding to various cyberbullying categories such as harassment, hate speech, offensive language, and non-

bullying. In multi-class settings, a softmax function is applied to generate normalized probability distributions. 

During training, the model minimizes a cross- entropy loss function, allowing it to learn from the Neutrosophic 

feature representation while maintaining computational efficiency and convergence stability. Since the input 

explicitly includes Truth (T), Indeterminacy (I), and Falsity 

 

(F) values, the classifier can make balanced and interpretable decisions even under ambiguous or context-dependent  

scenarios.The  Neutrosophic Logistic Regression architecture thus provides a stable, transparent, and 

computationally efficient classification mechanism compared to traditional neural network models, while preserving 

the uncertainty-handling advantages of Neutrosophic Logic. 

 

F. Hybrid Rule-Based and Learning-Based Decision Fusion: 

To achieve fine-grained and robust classification across multiple cyberbullying categories, the proposed system 

employs a Hybrid Rule-Based and Learning-Based Decision Fusion strategy. Instead of relying solely on statistical 

classification, this approach integrates deterministic rule-based reasoning with probabilistic learning outputs to enhance 

reliability and interpretability.In this framework, the Logistic Regression classifier generates probability scores for each 

cyberbullying category based on the Neutrosophic feature representation. These probabilities reflect the learned 

patterns from the training data and capture subtle contextual relationships within the text.Simultaneously, a rule-based 

module operates in parallel by identifying predefined abusive keywords, explicit harassment patterns, and high- risk 

linguistic indicators. This component is particularly effective in detecting strong or direct offensive expressions that 

may not require complex contextual reasoning. 

The decision fusion mechanism combines outputs from both components using Neutrosophic aggregation principles: 

• If explicit abusive patterns are detected with high confidence, the rule-based decision strengthens the final

 classification. 

• In cases of conflict, weighted fusion strategies balance statistical confidence and rule-based certainty. 

 

By integrating symbolic reasoning with statistical learning, the hybrid approach improves robustness against noisy, 

sarcastic, and context-dependent social media content. It reduces false negatives in explicit bullying cases while 

maintaining adaptability for subtle or implicit aggression.This fusion mechanism enhances overall classification 

stability, interpretability, and accuracy, making the proposed system more reliable than approaches that rely 

exclusively on either rule-based or machine learning models. 

 

G. Performance Evaluation 

The proposed methodology presents an Uncertainty-Aware Hybrid Cyberbullying Detection Model that integrates 

Neutrosophic Logic (NL) with a Logistic Regression-based learning framework, supplemented by an additional rule-

based decision layer to enhance classification reliability. This hybrid architecture is designed to effectively detect and 

categorize cyberbullying content across diverse social media platforms.By combining statistical learning with 

symbolic reasoning, the framework addresses key challenges inherent in online communication, including 

uncertainty, linguistic ambiguity, sarcasm, contextual variability, and overlapping class boundaries. The 

incorporation of Neutrosophic representation enables explicit modeling of truth, indeterminacy, and falsity 
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components, while Logistic Regression ensures stable probabilistic classification in high- dimensional feature spaces. 

The rule-based layer further strengthens the detection of explicit abusive patterns, thereby improving robustness and 

interpretability.Overall, the proposed system offers a computationally efficient, interpretable, and uncertainty-aware 

solution for fine-grained cyberbullying detection in dynamic social media environments. 

 

 
 

IV. METHODOLOGY 

 

The proposed cyberbullying detection framework employs an Uncertainty-Aware Hybrid Classification 

Architecture that integrates Neutrosophic Logic with a Logistic Regression classifier, enhanced by a rule-based 

decision fusion mechanism. The framework is designed to effectively manage uncertainty, ambiguity, sarcasm, and 

overlapping cyberbullying categories commonly found in social media text. 

 

The system begins with data collection from multiple social media platforms, including Twitter, Instagram, and 

Facebook, focusing on posts, comments, and replies that potentially contain cyberbullying or hate speech. The raw 

textual data undergoes preprocessing steps such as tokenization, stop-word removal, lemmatization, normalization of 

emojis and slang expressions, and removal of special characters. These steps standardize the input text and reduce noise 

prior to feature extraction. 

 

Following preprocessing, textual features are transformed into structured numerical representations using TF-IDF with 

n-gram modeling. This representation captures lexical importance, contextual term relationships, and discriminative 

patterns associated with cyberbullying  behavior.  The  resulting  high-dimensional sparse feature vectors serve as 

the input to the Neutrosophic transformation layer. 

 

To explicitly model uncertainty, each feature vector is expanded into a Neutrosophic representation consisting of 

three independent components: truth (T), indeterminacy (I), and falsity (F). The truth component reflects the degree of 

cyberbullying indication, falsity represents non- bullying characteristics, and indeterminacy captures ambiguity or 

contextual uncertainty present in the text. This triadic modeling enables the framework to distinguish subtle 

variations among overlapping categories such as harassment, threats, offensive language, and hate speech. 

 

Instead of employing a neural network architecture, the proposed system utilizes Logistic Regression as the core 

learning-based classifier. Logistic Regression is particularly effective in high- dimensional sparse feature spaces and 
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provides stable probabilistic outputs with lower computational complexity. The model is trained using supervised 

learning by minimizing cross- entropy loss, allowing it to learn optimal weight parameters corresponding to the 

Neutrosophic feature representation. 

 

To further enhance robustness and interpretability, a Hybrid Rule-Based and Learning-Based Decision Fusion 

mechanism is incorporated. The learning-based component generates probabilistic predictions for each cyberbullying 

category, while the rule-based module identifies explicit abusive keywords, high-risk linguistic patterns, and 

predefined harassment indicators. During prediction, outputs from both components are combined using fusion 

strategies that balance statistical confidence with deterministic rule strength. This hybrid integration reduces false 

negatives in explicit cases and improves handling of ambiguous or context-dependent expressions. 

 

Model hyperparameters, including regularization strength and feature selection thresholds, were optimized using 

cross-validation to ensure generalization and stability. Regularization techniques were applied to prevent overfitting 

and maintain performance across noisy real-world social media datasets. 

 

The evaluation of the proposed methodology was conducted using benchmark cyberbullying datasets and real-world 

social media posts. Performance was assessed using accuracy, precision, recall, F1- score, and robustness under 

uncertain and ambiguous conditions. Comparative analysis was performed against traditional machine learning 

classifiers such as SVM and Random Forest, as well as deep learning models including CNN and LSTM. Experimental 

results demonstrate that integrating Neutrosophic uncertainty modeling with Logistic Regression and rule-based 

decision fusion improves interpretability, computational efficiency, and classification robustness in cyberbullying 

detection tasks. 

 

V. RESULT & FINDINGS 

 

Experimental results demonstrate that the proposed Uncertainty-Aware Hybrid Framework, integrating Neutrosophic 

Logic with Logistic Regression and rule-based decision fusion, significantly outperforms traditional machine learning 

and standalone deep learning approaches in fine-grained cyberbullying detection. The model achieved higher overall 

accuracy, precision, and recall, particularly in categories with overlapping definitions such as harassment and offensive 

speech. 

 

The integration of Neutrosophic Logic enabled the system to explicitly model ambiguity and contextual uncertainty 

through the Truth (T), Indeterminacy (I), and Falsity (F) components. This triadic representation reduced false positives 

and false negatives when compared to baseline classifiers. The indeterminacy component, in particular, improved the 

system’s ability to manage sarcastic, implicit, and context-dependent language frequently encountered in social media 

communication. 

 

A key finding of the study is that the Hybrid Rule- Based and Learning-Based Decision Fusion strategy enhances 

classification robustness across multiple cyberbullying categories. While the Logistic Regression classifier effectively 

captures statistical patterns from high-dimensional textual features, the rule-based component strengthens the 

detection of explicit abusive expressions and predefined harassment patterns. The fusion of probabilistic outputs with 

deterministic rule confidence scores resulted in improved discrimination between threats, insults, hate speech, and non-

bullying content. 

 

Further analysis revealed that the proposed model maintains stable performance even under noisy and incomplete data 

conditions, reflecting resilience to real-world social media environments. Regularization mechanisms within Logistic 

Regression contributed to improved generalization, while the Neutrosophic representation enhanced interpretability by 

quantifying uncertainty levels associated with each prediction. 

 

Comparative evaluation against traditional classifiers such as Support Vector Machines (SVM) and Random Forest, 

as well as deep learning models including CNN and LSTM, indicates that uncertainty-aware hybrid modeling not 

only improves quantitative performance metrics but also provides actionable insights for content moderation systems. 

Visualization and analysis of T, I, and F values demonstrated the model’s capability to capture subtle linguistic 

nuances, sarcasm, and indirect aggression that are often misclassified by conventional approaches. 
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The findings further suggest that the proposed framework is scalable and adaptable. The hybrid architecture allows 

the incorporation of additional contextual features such as emojis, hashtags, and user metadata without significantly 

increasing computational complexity. The combination of Neutrosophic reasoning, Logistic Regression- based 

statistical learning, and rule-based decision fusion establishes a robust foundation for future research directions, 

including multilingual cyberbullying detection, integration with Large Language Models, and deployment in real-

time monitoring systems to enhance online safety and digital forensics. 

 

 

VI. FUTURE WORK 

 

Although the proposed Uncertainty-Aware Hybrid Framework integrating Neutrosophic Logic with Logistic Regression 

and rule-based decision fusion has demonstrated significant improvements in fine- grained cyberbullying detection, 

several promising research directions remain for further enhancement in scalability, adaptability, and contextual 

intelligence. 

 

One key direction involves extending the framework to multilingual environments to enable detection across diverse 

languages and cultural contexts on global social media platforms. Incorporating multilingual embeddings and 

language-agnostic Neutrosophic representations could improve the system’s ability to capture cross- cultural semantics, 

regional slang, and non-English cyberbullying expressions. 
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Another promising research avenue is the integration of Large Language Models (LLMs) with the existing hybrid 

architecture. While Logistic Regression provides computational efficiency and interpretability, LLMs can offer 

deeper contextual understanding and semantic reasoning. Combining pretrained transformer- based representations 

with Neutrosophic uncertainty modeling may enhance detection of subtle cyberbullying forms such as sarcasm, 

indirect harassment, coded language, and implicit threats that remain challenging for traditional classifiers. 

 

Scalability can be further improved by incorporating distributed processing and optimized feature engineering 

pipelines to support real-time monitoring of high-volume social media streams. Although Logistic Regression is 

computationally efficient, future implementations may explore streaming architectures and incremental learning 

techniques to enable dynamic model updates without full retraining. 

 

Additionally, incorporating richer contextual features such as emojis, hashtags, user interaction patterns, sentiment 

intensity scores, and temporal posting behaviors can provide deeper behavioral insights. These contextual signals can 

be integrated into the hybrid fusion layer to enhance classification robustness under noisy and incomplete data 

conditions. 

 

Future research may also explore adaptive and continual learning strategies where the model dynamically updates 

rule sets and classifier parameters to accommodate emerging cyberbullying trends, evolving slang, and newly 

observed harmful patterns. Such adaptability is crucial in rapidly changing digital ecosystems. 

 

Furthermore, integrating explainable AI (XAI) mechanisms with Neutrosophic representations can enhance 

transparency by providing interpretable insights into Truth (T), Indeterminacy (I), and Falsity (F) contributions for 

each prediction. This would support practical deployment in content moderation and digital forensics systems by 

enabling moderators to understand uncertainty levels and decision confidence. 

 

Overall, these future directions aim to strengthen the proposed hybrid framework by enhancing multilingual capability, 

contextual intelligence, scalability, adaptability, and interpretability— ultimately contributing to more accurate, 

transparent, and socially responsible cyberbullying detection systems. 

 

VII. CONCLUSION 

 

This study presented an Uncertainty-Aware Hybrid Cyberbullying Detection Framework that integrates Neutrosophic 

Logic with Logistic Regression and a rule-based decision fusion mechanism. The proposed model effectively 

addresses key challenges in cyberbullying detection, including linguistic ambiguity, overlapping class boundaries, 

sarcasm, and context-dependent expressions commonly observed in social media communication. 

 

By incorporating the Neutrosophic triad representation—Truth (T), Indeterminacy (I), and Falsity (F)—the framework 

explicitly models uncertainty, enabling more balanced and interpretable classification decisions. Logistic Regression 

provides computational efficiency and stable probabilistic outputs in high-dimensional textual feature spaces, while 

the rule-based component strengthens the detection of explicit abusive patterns. The hybrid fusion strategy enhances 

robustness by combining statistical learning with symbolic reasoning. 

 

Experimental evaluation demonstrated that the proposed approach achieves improved accuracy, precision, recall, and 

F1-score compared to traditional machine learning and deep learning models. The system showed particular 

effectiveness in distinguishing fine-grained cyberbullying categories with overlapping definitions, reducing both false 

positives and false negatives. Furthermore, the explicit modeling of indeterminacy improved interpretability and 

provided additional insight into ambiguous content. 

 

Overall, the integration of Neutrosophic reasoning, Logistic Regression-based classification, and hybrid decision fusion 

establishes a scalable, interpretable, and  computationally  efficient framework for cyberbullying detection. The 

proposed methodology contributes toward the development of intelligent, uncertainty-aware content moderation 

systems capable of supporting safer and more responsible online environments. 
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