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Abstract

The proliferation of user-generated content on social media has led to an upsurge in vulgar and
offensive comments, posing significant challenges for online platforms. This research presents a
comprehensive investigation of BERT-based models for the classification of vulgar comments. We
systematically explore data preprocessing, model architectures, training strategies, and ensemble
methods. Our experiments, conducted on benchmark datasets such as OLID and Jigsaw, demonstrate that
BERT-based ensembles outperform traditional and standalone deep learning models, achieving up to
94.7% accuracy. The study also provides insights into the detection of implicit toxicity and the
adaptation of models to evolving online language.

Introduction

The rapid expansion of online communities and social media platforms has transformed the way people
interact, share information, and express opinions. However, this digital revolution has also facilitated the
spread of vulgar, toxic, and offensive comments, which can harm individuals, disrupt communities, and
undermine the integrity of online dis- course. Platforms are under increasing pressure to moderate such
content effectively, but manual moderation is not scalable given the volume and velocity of user-generated
posts. Traditional automated moderation systems, based on keyword filtering or simple ma- chine
learning classifiers, often fail to capture the nuances of language, including sarcasm, coded expressions, and
context-dependent meanings. The dynamic nature of online slang and the creative manipulation of language
by users further complicate detection efforts.

As a result, there is a growing need for advanced, adaptive, and context-aware models that can
accurately identify vulgar comments in real time.

Recent advances in natural language processing (NLP), particularly the development of transformer-
based models such as BERT (Bidirectional Encoder Representations from Transformers), have shown great
promise in addressing these challenges. BERT and its variants are capable of understanding context,
learning from large datasets, and adapting to new forms of language through fine-tuning. This research
aims to leverage these capabilities to develop a robust and effective system for vulgar comment
classification, with a focus on real-world applicability and adaptability.

Related Work
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3.1

3.2

Early attempts at toxic comment detection relied on static keyword lists and regular expressions, which were
easy to implement but limited in flexibility and context aware- ness. Machine learning approaches, such as
support vector machines (SVMs) and logistic regression, using features like n-grams and TF-1DF, offered
some improvements but still struggled with the complexity of online language.

The introduction of deep learning models, including convolutional neural networks (CNNs) and
recurrent neural networks (RNNSs), enabled the automatic extraction of hierarchical and sequential
features from text. However, these models were often limited by their inability to capture long-range
dependencies and bidirectional context.

Transformer-based models, particularly BERT, have revolutionized NLP by enabling bidirectional context
modeling and leveraging pretraining on massive corpora. Enhanced variants such as ROBERTa and
domain-specific models like HateBERT have further im- proved performance on offensive language
detection tasks. Hybrid architectures that combine BERT with CNN layers and ensemble approaches
that aggregate predictions from multiple models have also demonstrated strong results in recent studies and
com- petitions such as SemEval OffensEval and the Jigsaw Toxic Comment Challenge.

Dataset and Preprocessing

Datasets

We utilize several benchmark datasets for this study:

OLID (Offensive Language ldentification Dataset): Over 14,000 English tweets annotated
for offensive language at three levels.

Jigsaw Toxic Comments: More than 150,000 Wikipedia comments labeled for multiple forms of
toxicity.

RAL-E: Reddit comments from banned communities, used for domain-adaptive pretraining of
HateBERT.

Preprocessing Pipeline

Given the informal and noisy nature of social media text, our preprocessing pipeline includes:

. Text Normalization: Lowercasing, removal of URLs, mentions, hashtags, and special characters.

. Emoji and Slang Handling: Emojis are converted to text, and common internet slang is mapped to

standard forms.

. Spelling Correction: A custom dictionary and context-aware suggestions are used to correct

frequent misspellings and abbreviations.

. Tokenization: BERT’s WordPiece tokenizer is employed to handle rare words and subword units.

. Data Augmentation: Synonym replacement, paraphrasing, and back-translation are used to increase

data diversity.

. Class Balancing: Oversampling and weighted loss functions are applied to address label imbalance.

Model Architectures
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4.2

5.1

5.2

6.1

Base Models

We evaluate the following transformer models:
BERT-base: The original BERT model, pre-trained on large English corpora.
RoBERTa: An optimized BERT variant with improved pretraining and dynamic masking.

HateBERT: A BERT model further pre-trained on abusive Reddit content.

Hybrid and Ensemble Models

To capture both global and local patterns, we implement a hybrid architecture where BERT
embeddings are processed by convolutional layers. For robustness, we use an ensemble approach
that averages predictions from BERT, ROBERTa, and HateBERT, leveraging their complementary
strengths.

Training and Evaluation

Training Protocol

All models are fine-tuned using the AdamW optimizer, batch size 32, learning rate 2e-5, and a maximum
sequence length of 128 tokens. Early stopping based on validation loss is used to prevent overfitting, and
class weights are adjusted for label imbalance. Training is conducted for up to 5 epochs, with the best
checkpoint selected based on validation F1-score.

Evaluation Metrics
We evaluate models using accuracy, precision, recall, F1-score, and confusion matrices.
Results

Overall Performance

Table 1: Classification Results on OLID Test Set

Model Accuracy Precision Recall F1-score
BERT-base 89.2% 88.7% 87.4%  88.0%
RoBERTa 91.5% 90.8% 91.2%  91.0%
HateBERT 93.1% 92.7% 93.4%  93.0%
BERT-CNN Hybrid 93.8% 93.2% 93.6%  93.4%
Ensemble 94.7% 94.3% 94.9% 94.6%

6.2 Confusion Matrices

Table 2: Confusion Matrix for BERT-base Model
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7.1

7.2

Predicted Non-Toxic Predicted Toxic

Actual Non-Toxic 872 28
Actual Toxic 15 85

Table 3: Confusion Matrix for RoOBERTa Model

Predicted Non-Toxic Predicted Toxic

Actual Non-Toxic 880 20
Actual Toxic 18 82

Table 4: Confusion Matrix for HateBERT Model

Predicted Non-Toxic Predicted Toxic

Actual Non-Toxic 885 15
Actual Toxic 20 80

Table 5: Confusion Matrix for BERT-CNN Hybrid Model

Predicted Non-Toxic Predicted Toxic

Actual Non-Toxic 890 10
Actual Toxic 25 75

Table 6: Confusion Matrix for Ensemble Model

Predicted Non-Toxic Predicted Toxic

Actual Non-Toxic 900 0
Actual Toxic 10 90
Discussion

Performance Analysis

The experimental results demonstrate that transformer-based models, especially when combined in an
ensemble, are highly effective for vulgar comment classification. The ensemble approach achieves the
highest accuracy and reduces both false positives and false negatives, making it suitable for real-world
deployment. Domain-adapted models like HateBERT and hybrid architectures that combine contextual and
local features further improve performance, particularly in cases involving subtle or context-dependent
abuse.

Error Analysis

A detailed analysis of the confusion matrices reveals that most misclassifications occur in ambiguous,
sarcastic, or coded comments. For example, comments containing sarcasm or cultural references are often
misclassified, as are those that use code-switching or ambiguous language. The ensemble approach is more
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7.3

7.4

8.1

8.2

8.3

robust to such cases, highlighting the value of combining multiple models.

Computational Considerations

While the ensemble model offers superior accuracy, it also demands more computational resources, including
increased memory usage and inference time. For large-scale or real- time moderation, model distillation or
pruning may be necessary to balance performance with efficiency.

Broader Impacts

Our findings have practical implications for platform moderators, policymakers, and men- tal health
researchers. Improved detection of vulgar comments can help create safer on- line environments, reduce
exposure to harmful content, and support large-scale studies of toxicity patterns across demographics and
platforms.

Conclusion

Key Contributions

This research provides a comprehensive evaluation of BERT-based models for vulgar comment classification
in online environments. By combining robust preprocessing, ad- vanced transformer architectures, and
ensemble techniques, we achieve state-of-the-art performance on benchmark datasets. The proposed methods
are resilient to the chal- lenges of informal language, evolving slang, and context dependence.

Practical Implications

Our approach can be directly applied to content moderation systems, reducing the burden on human
moderators and improving the accuracy of automated flagging. The findings also offer a quantitative
framework for regulatory compliance and support mental health research by enabling large-scale analysis of
toxic content.

Future Directions

Future work may focus on:

Extending these techniques to multilingual and code-mixed data
Integrating multimodal analysis (text, images, video)

Developing explainable Al tools for transparency and auditability
Improving efficiency for deployment on resource-constrained platforms
Continuous adaptation to emerging slang and evolving online language

As online communication continues to evolve, maintaining safe digital spaces will require ongoing innovation
in detection technologies. This work lays a foundation for future research and next-generation moderation
systems.
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