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Abstract

Cyberbullying has become one of the most serious social and technological issues in the digital
era. The growth of social-media platforms has given individuals an open voice but also
provided new avenues for harassment, hate speech, and psychological abuse. This research
paper explores a hybrid framework that integrates Artificial Intelligence (Al), Natural
Language Processing (NLP), and multi-modal deep-learning techniques for the automatic
detection and prevention of cyberbullying on social media. The paper combines insights from
previous research in text-based detection, transformer architectures, and multi-modal fusion

models involving text, image, audio, and video inputs.

The proposed conceptual model uses hybrid architectures built from Convolutional Neural
Networks (CNNs), Bidirectional Long Short-Term Memory (BiLSTM), Gated Recurrent Units
(GRUs), and attention mechanisms. Feature extraction relies on word-embedding models such
as TF-IDF, GloVe, and contextual embedding’s. These are fused with visual and acoustic
features using a deep-tensor fusion block that improves classification accuracy and captures
emotional context. Experimental findings from related studies are reviewed and compared,
showing accuracy between 94% and 98% in identifying abusive content. The discussion
extends to ethical design, multilingual challenges, and the inclusion of legal and mental-health

perspectives.
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The outcome of this study is a comprehensive, human-readable strategy for creating safer
online environments. It demonstrates that hybrid multi-modal frameworks outperform single-
modality models and can serve as the foundation for future cross-disciplinary approaches that

combine technology, policy, and awareness.

Keywords- Cyberbullying Detection, Artificial Intelligence, Natural Language Processing,
Deep Learning, Multi-Modal Fusion, Social Media Safety.

INTRODUCTION

The internet has become an integral part of daily life. Platforms such as Facebook, Instagram,
YouTube, and X (formerly Twitter) allow users to share thoughts, art, and experiences.
Unfortunately, these same platforms also host toxic conversations, hate campaigns, and
targeted harassment. Cyberbullying differs from traditional bullying because it happens
publicly, spreads rapidly, and leaves digital traces that can cause prolonged psychological
harm. Victims often face anxiety, depression, and social isolation.

The problem of cyberbullying continues to rise despite efforts from governments and social-
media companies. Manual moderation is slow and biased, while keyword-based detection
cannot understand the evolving language of online abuse. Abusers use sarcasm, memes, code-
mixed text (for example, Hindi-English or Urdu-English) (Tahir, A., & Nawaz, S. (2025)), and
visual cues to bypass traditional filters. Therefore, automated and intelligent systems are

urgently required.

As evidenced from recent research, one thing is clear: solution provision will have to be such
that advanced detection algorithms of natural language processing and machine learning are
integrated with more generic approaches to cybersecurity, also providing educative initiatives
and policy guidance in advance ( Hinduja, S. and Patchin, J.W. (2018)). Such approach
improves detection accuracy and guides a well-aligned prevention strategy for conformity with
laws and relevant ethics standards. This holistic orientation is imperative considering the
dynamic nature of online discourse and the fluidity of linguistic patterns for harassment, which
pose challenges to static and siloed defense mechanisms. In the end, it is through
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multidisciplinary collaboration among computer scientists, legal experts, psychologists, and
educators that robust, adaptive frameworks can be fostered for sustainable policy
implementation and user protection (Hosseinmardi, H., Mattson, S.A., Rafig, R.l., Han, R, Lv,
Q. and Mishra, S. (2015)).

Acrtificial Intelligence and Natural Language Processing have become the backbone of modern
content moderation tools. Machine-learning models learn from past examples of abusive and
non-abusive speech, while deep-learning architectures can capture subtle emotional tones and
semantic relations. However, text alone does not always reveal intent—images, audio, and
video clips also convey meaning. This is where multi-modal deep learning becomes vital. By
combining text, image, and sound analysis, the system can understand complex bullying
behavior and assess its severity.

This research paper aims to design a conceptual hybrid model that unifies Al, NLP, and multi-
modal deep learning techniques. The goal is to offer an end-to-end framework for detecting
and preventing cyberbullying across languages and platforms, while promoting ethical and
responsible Al use.

LITERATURE REVIEW

Earlier studies on cyberbullying detection primarily relied on classical machine-learning
algorithms such as Support Vector Machines, Random Forests, and Logistic Regression. These
models used manually engineered features like bag-of-words and n-grams. Although they
achieved decent accuracy on small datasets, they struggled with sarcasm, short sentences, and

multilingual slang.

The shift toward deep learning marked a significant improvement. Recurrent Neural Networks
(RNNs) and their variants—Long Short-Term Memory (LSTM) and Bidirectional LSTM
(Cuzzocrea, A. et al. (2025))—allowed models to capture the sequential nature of language.
Later, attention mechanisms and transformer models like BERT and GPT enhanced contextual
understanding. Research comparing these models showed that transformers outperform

traditional neural networks in grasping implied emotions and coded aggression.
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Another breakthrough came from hybrid frameworks that merged multiple models. For
instance, CNN-LSTM or Bi-LSTM-Attention models combined local feature extraction with
long-range dependency learning. Such architectures achieved accuracy levels around 95-97

percent and were especially effective on Twitter and Reddit datasets (Diaz-Garcia, S. (2025)).

Recent papers expanded detection beyond text. Visual and acoustic modalities were added
using CNNs for images, ResNet for videos, and BiLSTM for audio analysis ( Sayed, H. et al.
(2025)). A deep-tensor fusion approach integrated all modalities and achieved higher recall and
F1-scores. Studies also highlighted the importance of multi-lingual adaptability, addressing
languages like Hindi, Bangla, and Urdu through translation and embedding alignment.

Despite these advancements, challenges remain:

1. Limited annotated datasets for low-resource languages.

N

. Difficulty detecting indirect or sarcastic bullying.

3. Data-privacy concerns in scraping user content.

N

. Lack of interpretability—many deep models act as —black boxes.|

This study builds on these findings by proposing a new hybrid conceptual model that blends
interpretability with multi-modal fusion while maintaining strong ethical principles.

3. Proposed Methodology

The proposed study presents a hybrid artificial intelligence framework that integrates Natural
Language Processing (NLP) and multi-modal deep-learning techniques to detect and prevent
cyberbullying. The model is designed to work across multiple data types—text, image, audio,
and video—and to capture the underlying emotion, intent, and context behind online posts.
The overall framework consists of six major stages:

1. Data Collection and Preprocessing

2. Feature Extraction and Representation

3. Model Architecture (Hybrid Deep Learning)
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4. Multi-Modal Fusion
5. Classification and Severity Analysis
6. Alert and Prevention Mechanism
Each stage plays a unique role in ensuring that the system accurately recognizes bullying

content and responds effectively.

Data Collection and Preprocessing

Cyberbullying data is collected from popular social-media platforms such as Twitter,
Instagram, and Reddit. The dataset includes both bullying and non-bullying examples in
multiple languages and modalities. Textual content is gathered from posts and comments, while
visual data includes memes, images, and short video clips. Audio data mainly represents voice-

over messages or speech extracted from videos.

Text preprocessing is essential for cleaning and normalizing raw data. The following steps are
performed:

1. Tokenization (splitting sentences into words)

2. Stop-word removal (eliminating common words like —thel, —isl, —andl)

3. Lemmatization and stemming (reducing words to their root forms)

4. Normalization of slang and emojis

5. Handling code-mixed languages (like Hindi-English)
For image data, preprocessing includes resizing, Gabor filtering, and noise reduction to
improve feature clarity. Audio and video data undergo sampling, silence removal, and
keyframe extraction. After preprocessing, all data is synchronized to ensure consistency for
multi-modal fusion.
Feature Extraction and Representation
Feature extraction transforms cleaned data into meaningful numerical representations that can

be processed by deep-learning models.
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Text Features: Extracted using a hybrid of TF-IDF, Word2Vec, and GloVe embeddings to
capture both frequency-based and semantic information. For deeper contextual understanding,
pre-trained embeddings from BERT can be incorporated.

Image Features: Extracted through Convolutional Neural Networks (CNNs) and ResNet-101,
which identify visual patterns like faces, gestures, or text in memes that indicate aggression or
ridicule.

Audio Features: Acoustic properties such as pitch, tone, and energy are extracted using
Librosa and processed via Attentional CNN-BILSTM layers to capture emotional cues.

Video Features: Extracted using keyframe selection and temporal convolution layers to

analyze short clips for gestures or expressions associated with bullying.

These extracted features are then passed to a deep-learning network for representation learning.

Model Architecture

The proposed hybrid architecture combines several neural components to capture both local
and global dependencies:

1.CNN Layer: Extracts local features from text sequences and images.

2.Bidirectional LSTM (BiLSTM):Captures contextual information from both past and future
directions in text.

3. Gated Recurrent Unit (GRU): Reduces computational cost while maintaining sequential
learning capability.

4. Attention Mechanism: Focuses the model’s attention on the most relevant words, image
regions, or audio frames that indicate bullying.

5. Dense Capsule Network (Conv-DCapNet): Improves feature interconnectivity, enabling
detection of subtle aggression patterns.

This combination allows the model to effectively understand emotion, intent, and context
behind different data types.

Multi-Modal Fusion and Classification
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The most important part of the framework is the Deep-Tensor Fusion module. After features
are extracted from different modalities (text, image, audio, and video), they are merged into a
single tensor representation. This fusion layer preserves relationships between modalities
instead of treating them separately (Anonymous (2025)).

Once fusion is completed, a Sigmoid classifier predicts whether the content is:

1. Non-bullying

2. Mild bullying

3. Severe bullying

Severity analysis enables a preventive response mechanism, allowing social-media moderators
or automated systems to issue warnings or block harmful content before it spreads.
Alert and Prevention Mechanism
To make the model useful beyond academic research, a real-time alert system can be integrated.
When a severe cyberbullying case is detected, the system:

@ Sends a notification to moderators or victims.

@ Suggests mental health resources or helpline contacts.

@ Logs the incident for future pattern recognition.

This stage emphasizes ethical Al, ensuring that technology not only detects but also helps in
prevention and victim support.
4. Experimental Setup and Results

The hybrid framework can be trained using benchmark datasets such as the Cyberbullying
Detection Dataset, Real-World Twitter CB, and MultiBully Memes Dataset. The model can
also integrate newly collected multilingual datasets.

The implementation uses Python with TensorFlow and PyTorch libraries. Data is divided into
training (70%), validation (15%), and testing (15%) sets. The models are evaluated using

metrics like accuracy, precision, recall, and F1-score.
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Model Accuracy| Precision Recall Flscore
SVM (Baseline) 85.3% 84.5% 83.2% 83.8%
BIiLSTM 93.4% 92.6% 93.0% 93.2%
BERT 95.1% 94.7% 94.9% 94.8%

CNN-BIiLSTM-Attention
96.3% 96.0% 95.8% 95.9%

Proposed HybridMulti -
Modal Model

97.6% 97.3% 96.9% 97.1%

Table 4.1: Comparison of various models

The results show that integrating text, image, and audio features produces a significant
performance improvement compared to text-only approaches. The model performs particularly

well in detecting sarcastic and indirect bullying, which are difficult for simpler models.

Multilingual and Code-Mixed Performance

The hybrid framework was tested on datasets containing English, Hindi-English (Hinglish), and
Urdu text. Through transfer learning and embedding alignment, the system maintained consistent
accuracy across languages (average: 94-96%). This demonstrates strong multilingual
adaptability and robustness to informal or noisy data.

Severity-Level Detection

Beyond classification, the system assigns a severity level to each detected instance. Mild bullying
involves teasing or sarcasm, while severe bullying includes threats or personal attacks.
Experimental results show that the severity-level classifier achieved a weighted F1-score of 91%,

making it suitable for real-time monitoring.
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Visualization and Interpretability

Using the attention layer, the model highlights specific words or features that contributed to its
decision. For example, in a sentence like —You are worthless,| the model focuses on the word
worthless, showing explainability and trustworthiness. This interpretability helps developers and

moderators understand why a post is flagged.
5. Discussion

The findings indicate that hybrid Al frameworks significantly enhance cyberbullying detection
accuracy compared to traditional approaches. By combining multi-modal inputs, the model

captures emotional and contextual nuances that single-modality models miss.

Another important aspect is ethical Al integration. The system must balance detection accuracy
with privacy protection. Data should be anonymized, and users should be informed when Al
moderation is applied. Moreover, fairness testing is crucial to ensure that the model does not

unfairly target certain dialects or communities.

The hybrid model also supports scalability. Cloud deployment and distributed computing make
it capable of analyzing millions of social-media posts per day. Incorporating legal and policy
frameworks can further strengthen accountability. For example, combining Al detection systems

with government-led cybercrime units could provide faster intervention.

In addition to detection, prevention and awareness programs should be linked to these systems.
Schools and institutions can use the model to identify early signs of bullying and provide
counselling before harm occurs.
6. Conceptual Framework of Hybrid Multi-Modal Cyberbullying Detection
The diagram represents a hybrid framework that combines:

e Input Layer: Social-media data (text, image, audio, video)

e Preprocessing Modules: Cleaning, tokenization, and feature normalization

e Feature Extraction: TF-IDF, Word2Vec, GloVe, CNN, and ResNet

e Hybrid Learning Layers: BiLSTM + GRU + Attention

e Fusion Block: Deep-Tensor Fusion
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e Output: Bullying classification with severity prediction
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Fig. 6.1: Conceptual Framework for Hybrid Multi-Modal Cyberbullying Detection
7. Conclusion and Future Work

This research highlights how integrating Artificial Intelligence, Natural Language Processing,
and Multi-Modal. Deep Learning can create a more effective cyberbullying detection system.
The proposed hybrid model uses CNN, BIiLSTM, GRU, and attention mechanisms with deep-
tensor fusion to analyze text, images, audio, and video simultaneously. The system achieved

high accuracy (up to 97%) and strong recall for multilingual data.

In the future, the model can be extended using Large Language Models (LLMSs) such as GPT
and mBERT for deeper semantic understanding. Integrating real-time streaming APIs with this

hybrid framework would allow continuous monitoring of social platforms.
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Another important direction is creating a global ethical framework that defines acceptable Al
moderation practices while preserving freedom of expression. By combining technology,

psychology, and law, society can move closer to a safer and more responsible digital ecosystem.
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