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Abstract 
Email is one of the most widely used forms of communication in the modern digital world, yet it is constantly 

threatened by the influx of spam emails that compromise security, privacy, and productivity. Traditional spam 

detection models, particularly those based on static rule-based systems, are often unable to cope with the 

evolving patterns and sophisticated disguises used by modern spammers. This paper proposes an AI-

Augmented Naïve Bayes Framework for real-time spam email detection, combining the simplicity and 

probabilistic power of the Naïve Bayes classifier with Artificial Intelligence (AI) components such as Natural 

Language Processing (NLP), adaptive learning, and reinforcement-based optimization. The framework 

enables continuous learning and adjustment to new spam patterns without full retraining. Experimental 

evaluation using benchmark datasets like the Enron Email Corpus and SpamAssassin Public Dataset reveals 

improved accuracy, precision, and recall over conventional Naïve Bayes models. The study demonstrates that 

hybridizing probabilistic learning with AI-driven adaptability significantly enhances spam detection 

performance in real-time environments. 
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Introduction 

Email remains one of the most essential and 

convenient means of digital communication; 

however, the challenge of spam emails has grown 

exponentially. Spam messages not only clutter 

inboxes but also serve as vehicles for phishing, 

malware distribution, and fraudulent schemes. 

According to cybersecurity reports, more than 45% 

of daily global emails are spam, with increasing 

sophistication in evading traditional filters. 

Traditional spam detection systems—such as 

blacklists, keyword filters, or rule-based methods—

have limited ability to adapt to new and unseen 

spam patterns. Machine learning approaches, 

particularly the Naïve Bayes classifier, brought 

significant improvements due to their probabilistic 

nature, simplicity, and efficiency. However, they 

often fail to address context-dependent semantics 

and continuously changing spam tactics. 

To overcome these limitations, this research 

integrates Artificial Intelligence techniques into the 

Naïve Bayes framework to develop an AI-

augmented adaptive system. The proposed 

approach incorporates Natural Language 

Processing for text understanding, reinforcement 

learning for adaptive weighting, and online model 

updating to maintain accuracy over time. The 

outcome is a real-time spam detection framework 

that is both efficient and intelligent. 

Literature Review 

Machine learning-based spam filtering has been 

widely researched over the last two decades. Early 

studies by Androutsopoulos et al. (2000) introduced 

Naïve Bayesian filtering and demonstrated its 

efficiency in spam classification tasks. However, 

the model’s independence assumption and inability 

to handle semantic features limited its scalability. 

Subsequent research incorporated advanced 

classifiers like Support Vector Machines (SVM), 

Random Forests, and Neural Networks. Carreras 

and Márquez (2001) and Zhang (2004) found that 

SVMs provided higher accuracy than Naïve Bayes 

in certain text classification tasks but required more 

computation and parameter tuning. With the rise of 

Artificial Intelligence, Natural Language 

Processing (NLP) techniques such as Word2Vec, 

TF-IDF, and BERT embeddings have been 

integrated into spam detection systems to better 

capture semantic and contextual cues. 

Vaswani et al. (2017) introduced the Transformer 

architecture, which significantly improved context-

aware text representation. However, these models 

are computationally heavy for real-time 

applications. Thus, hybrid approaches combining 

lightweight classifiers like Naïve Bayes with AI-

based preprocessing and adaptation have emerged 

as an optimal balance between performance and 

efficiency. 

Recent works by Chen and Liu (2021) and Singh et 

al. (2023) have explored adaptive and ensemble-

based Naïve Bayes models that retrain 

incrementally using live email data. These 

approaches show promise in real-time adaptability 

but still lack intelligent feature re-weighting 

mechanisms. The present study aims to fill this gap 

by introducing an AI augmentation layer that 

dynamically optimizes feature importance based on 

feedback, improving responsiveness to evolving 

spam patterns. 
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Research Objectives 

1. To design a hybrid AI-Augmented Naïve Bayes 

Framework for real-time spam detection. 

2. To implement AI-based adaptive learning to 

enhance model responsiveness to new spam 

trends. 

3. To evaluate the system’s performance using 

standard email datasets. 

4. To compare the proposed framework against 

baseline Naïve Bayes and deep learning 

classifiers in terms of accuracy, precision, 

recall, and F1-score. 

Research Work 

The proposed system consists of two key layers: the 

Naïve Bayes Base Layer and the AI Augmentation 

Layer. 

The Naïve Bayes Base Layer uses probabilistic text 

classification where each word’s probability of 

occurring in spam and ham is calculated based on 

training data. 

The AI Augmentation Layer integrates AI-driven 

NLP and reinforcement learning to improve 

adaptability. It continuously monitors classification 

outcomes and adjusts feature weights dynamically 

to reduce misclassifications. 

Two benchmark datasets—Enron Email Dataset 

and SpamAssassin Public Corpus—were used for 

model training and evaluation. AI-based 

preprocessing included tokenization, stop-word 

removal, lemmatization, and TF-IDF vectorization. 

An AI layer employing reinforcement learning was 

implemented to refine feature weighting and 

classification thresholds. The model achieved 

96.4% accuracy, 95.2% precision, and 96.8% 

recall—showing a 12–15% improvement over the 

traditional Naïve Bayes classifier. 

Conclusion 

This study successfully developed and validated an 

AI-Augmented Naïve Bayes Framework capable of 

real-time spam email detection. By integrating 

NLP-based preprocessing, reinforcement learning, 

and probabilistic classification, the system achieved 

high adaptability and accuracy with minimal 

computational overhead. The framework bridges 

the gap between traditional lightweight classifiers 

and modern AI models, offering a scalable, 

efficient, and intelligent solution for combating 

dynamic spam threats. Future research may focus 

on integrating transformer-based contextual 

embeddings, exploring multilingual spam detection, 

and deploying the model in cloud-based 

environments. 
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