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Abstract—Email communication is an essential part of modern digital interactions; however, 

the increasing volume of spam emails poses significant security and efficiency challenges. 

Traditional rule-based spam detection methods struggle to keep up with the evolving tactics 

used by spammers. In recent years, machine learning (ML) approaches have emerged as 

powerful tools for accurately classifying spam emails by learning patterns from large 

datasets. This review provides a comprehensive analysis of various ML techniques used for 

email spam detection, including supervised, unsupervised, and deep learning models. We 

discuss popular algorithms such as Naïve Bayes, Support Vector Machines, Decision Trees, 

Random Forest, and advanced deep learning architectures like artificial neural networks 

(ANNS) and transformers. Additionally, we explore feature engineering techniques, dataset 

challenges, evaluation metrics, and recent advancements in hybrid models. The study also 

highlights the advantages and limitations of different ML approaches and presents future 

research directions to enhance spam classification accuracy and efficiency. This review 

serves as a valuable resource for researchers and practitioners seeking insights into the latest 

developments in machine learning-based spam detection. 

 

Index Terms—Email Spam Detection, Machine Learning, Classification, Deep Learning, 

Feature Engineering, Hybrid Models. 

 

I. INTRODUCTION 

 

Email communication has become an essential part of daily life, both for individuals and 

organizations. However, the increasing volume of spam emails presents significant challenges, 

including security risks, loss of productivity, and unnecessary consumption of storage and network 

resources [1]. To mitigate these issues, researchers and developers have explored various spam 

detection techniques, with a growing focus on machine learning (ML) algorithms [2]. 
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This review provides a comprehensive analysis of email spam classification using ML-based 

approaches. Traditional spam detection methods, such as rule-based filtering and blacklisting, 

often fail to adapt to evolving spam tactics [3]. In contrast, ML algorithms offer automated, 

scalable, and efficient solutions by learning patterns from vast datasets [4]. The study explores 

supervised, unsupervised, and hybrid learning techniques, examining their performance, 

advantages, and limitations [5]. 

The paper discusses widely used ML models, including Naïve Bayes, Support Vector Machines 

(SVM), Decision Trees, Random Forest, k-Nearest Neighbors (k-NN), and Deep Learning 

approaches [6]. Additionally, feature engineering techniques such as TF-IDF, word embeddings, 

and natural language processing (NLP) methods are reviewed for enhancing spam classification 

accuracy [7]. 

Furthermore, the review highlights recent advancements in spam detection, challenges such as 

adversarial attacks and data imbalance, and future research directions for improving email filtering 

systems [8]. By providing a comparative analysis of existing ML-based spam detection models, 

this study serves as a valuable resource for researchers, developers, and cybersecurity 

professionals interested in enhancing email security through AI-driven methods [9]. 

 

II. LITERATURE REVIEW 

 

Sr. 

No. 

Author Name Contribution Parameters 

1. Mansoor Raza, 

Nathali Dilshani 

Jayasinghe, Muhana 

Magboul Ali 

Muslam 

Provides an extensive review of 

ML algorithms for spam 

detection, comparing traditional 

and advanced techniques. 

Accuracy, Precision, Recall, 

Feature Selection, Dataset 

Size [10] 

2. Pallavi N, Jayarekha Proposes an ensemble learning 

approach that improves spam 

detection performance over 

individual classifiers. 

Classification Accuracy, 

Model Complexity, Training 

Time, False Positive Rate 

[11] 

3. Abhila, Delphin Discusses the evolution of ML-

based spam filters and their 

adaptability to new spam 

patterns. 

Supervised vs. Unsupervised 

Learning, Data 

Preprocessing, Algorithm 

Performance [12] 

4. E. G. Dada, J. S. 

Bassi, H. G. 

Chiroma, S. M. 

Abdulhamid, A. O. 

Adetunmbi, O. E. 

Ajibuwa 

Reviews existing spam detection 

techniques and identifies 

challenges in adaptive filtering. 

Feature Extraction, 

Classification Speed, Model 

Robustness, Spam 

Variability [13] 

5. Robert Anderson, 

Emily Thompson 

Explores the impact of NLP-

based feature extraction methods 

on spam classification accuracy. 

TF-IDF, Word Embeddings, 

n-Grams, Model 

Comparison [14] 
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III. EXISTING SYSTEM 

 

The existing systems for email spam classification primarily rely on traditional machine learning 

models, feature extraction techniques, and hybrid filtering approaches. Widely used models such 

as Naïve Bayes, Support Vector Machines (SVM), and Decision Trees are effective in spam 

classification but come with limitations in handling complex spam patterns [10]. Individual 

classifiers like Logistic Regression, K-Nearest Neighbors (KNN), and Decision Trees are not 

robust enough for high-accuracy detection, leading to the need for ensemble learning techniques 

[11]. 

Supervised learning approaches, such as SVM and Decision Trees, require frequent retraining to 

keep up with evolving spam tactics [12].  

Various filtering methods, including content-based filtering, collaborative filtering, and hybrid 

models, enhance spam detection but lack adaptability against dynamically changing spam emails 

[13].  

NLP-based feature extraction techniques like TF-IDF and n-grams improve classification but do 

not fully capture the semantics of spam emails, making them less effective in some scenarios [14]. 

Overall, the existing email spam classification systems are effective but face challenges in terms 

of adaptability to new spam trends, classification accuracy, and robustness. This highlights the 

need for advanced techniques such as deep learning, ensemble learning, and adaptive filtering 

mechanisms to improve spam detection efficiency. 

 

IV. PROPOSED SYSTEM 

 

To overcome the limitations of existing spam classification models, the proposed system aims to 

enhance accuracy, adaptability, and robustness by integrating advanced machine learning and deep 

learning techniques. Traditional models such as Naïve Bayes, SVM, and Decision Trees struggle 

with evolving spam patterns and require frequent retraining. The proposed system addresses these 

issues through ensemble learning, deep learning-based classification, and adaptive filtering 

mechanisms. 

 

Key Features of the Proposed System: 

1. Hybrid Model Approach: 

The system will combine traditional machine learning models (SVM, Decision Trees) with deep 

learning algorithms (LSTMs, CNNs) to improve spam detection accuracy and handle complex 

email structures. 

 

2. Advanced Feature Extraction: 

NLP-based techniques such as TF-IDF, word embeddings (Word2Vec, FastText), and 

transformers (BERT) will be used to capture semantic relationships within emails, making the 

classification more effective. 



© Volume 2, Issue 8, August 2026 | JATIR 
ISSN: 3139-8464 (p) 

JATIR 140971      JOURNAL OF ACADEMIC TRENDS AND INNOVATIVE RESEARCH (JATIR) 321 

3. Adaptive Spam Filtering: 

A self-learning mechanism will be implemented where the model continuously updates itself using 

new data, ensuring improved detection of evolving spam tactics. 

 

4. Ensemble Learning for Performance Optimization: 

By leveraging multiple classifiers such as Random Forest, Gradient Boosting, and ensemble deep 

learning models, the system will reduce false positives and improve classification robustness. 

 

5. Real-time Email Classification: 

The proposed system will be optimized for real-time email filtering, ensuring that spam messages 

are detected and blocked efficiently before reaching the inbox. 

 

Expected Outcomes: 

• Improved spam detection accuracy compared to traditional models. 

• Reduction in false positives and false negatives. 

• Enhanced adaptability to new and evolving spam techniques. 

• Faster classification through real-time processing mechanisms. 

By implementing this advanced system, email spam detection will become more efficient, 

reducing the risk of phishing attacks and unwanted spam messages. 

 

V. CONCLUSION 

 

Email spam classification is essential for cybersecurity, with machine learning playing a key role 

in detection. Traditional models like Naïve Bayes and SVM are effective but struggle with 

evolving spam patterns. Advanced techniques such as deep learning, NLP-based feature 

extraction, and ensemble learning offer better accuracy and adaptability. The proposed system 

integrates these methods to enhance spam detection while reducing false positives. Continuous 

research is needed to develop self-learning, scalable models for improved spam filtering. 
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