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Abstract 

The study shows different machine learning and natural language processing techniques are 

used to address fully automated text classification of extensive datasets. The research looks at 

multiple studies which employ probabilistic models with deep learning approaches and 

established machine learning methods to identify documents. The discussion evaluates target 

model advantages against disadvantages while exploring future development paths in order to 

resolve the need for highly accurate scalable classification systems. This research evaluates 

how transformer-based models recently developed will affect classification model outcomes. 
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1. Introduction 

Extended digital content requires efficient document classification as a necessary tool for 

information retrieval and knowledge management and decision-making systems. 

Conventionally studies used machine learning techniques like k-Nearest Neighbors (kNN), 

Support Vector Machines (SVM) and Naïve Bayes (NB) are applied to classify various 

documents according to Sebastiani (2002). These models experience difficulties when dealing 

with huge unstructured information. The processing of text for classification tasks using deep 

learning models advanced through recurrent neural networks (RNN) and convolutional neural 

networks (CNN) as well as transformers especially BERT according to (Devlin et al., 2018 & 
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Vaswani et al., 2017). The complex models enhance their performance through attention-based 

procedures while using contextual embeddings. 

The adoption of deep learning models in text categorization becomes easier because of growing 

massive dataset access and powerful computing platforms. The future development of neural 

networks must handle three key obstacles which are adequate labelled datasets together with 

high computational capabilities alongside better methods to understand complex neural 

architectures (Minaee et al., 2021). This research investigates multiple studies that examine 

document classification solutions to explain key approaches and their relationship to each other. 

This exploration discusses both emerging developments that benefit document categorization 

tasks together with their effects on these problems especially through transfer learning with 

unsupervised learning approaches. 

2. Review of Document Classification Techniques 

In order to conduct a thorough analysis of document classification methods, we divide them 

into five main categories: unsupervised classification using transformers, probabilistic models 

for multilingual classification, machine learning-based classification, deep learning methods, 

and NLP-based classification. 

 

Reference 

No 

 

Methodolog

y 

 

Dataset & 

Application 

 

Strengths 

 

Limitations 

 

Future 

Directions 

 

[5] Naïve Bayes 

with TF-IDF 

 

IT research 

papers 

 

Effective TF-

IDF 

representation 

 

No comparison 

with other 

classifiers, no 

scalability 

analysis 

 

Incorporate 

deep learning 

models, 

benchmark with 

other classifiers 

 
[6] RNN with 

NLP 

preprocessin

g 

 

Research 

papers 

 

Superior 

handling of 

sequential 

data 

 

No 

computational 

efficiency 

analysis, lacks 

transformer 

comparison 

 

Compare RNNs 

with 

transformers, 

improve 

computational 

efficiency 

 
[7] Probabilistic 

mixture 

model 

 

Multilingual 

web pages 

 

Efficient 

language 

detection 

 

Limited 

handling of 

code-switching, 

lacks deep 

learning 

comparison 

 

Integrate BERT 

for improved 

detection, 

expand 

language 

support 

 

[8] SVM, Naïve 

Bayes, kNN 

 

Scientific & 

news articles 

 

Compares 

multiple 

classifiers 

 

No multi-label 

classification, 

lacks deep 

learning 

comparison 

Implement 

CNNs/Transfor

mers, enable 

multi-label 

classification 
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[9] BERT 

embeddings 

with K-

Means 

 

Thesis 

manuscripts 

 

Robust text 

representation

, web 

application 

 

High 

computational 

cost, lacks 

traditional 

model 

comparison 

 

Various text 

datasets 

 

 

[10] 

 

CNN, RNN, 

Transformer 

models 

 

Various text 

datasets 

 

Covers 

multiple deep 

learning 

models 

 

No multi-label 

classification, 

lacks deep 

learning 

comparison 

 

Implement 

CNNs/Transfor

mers, enable 

multi-label 

classification 

 

[3] Transformer-

based 

pretraining 

Large-scale 

text datasets 

 

Achieves 

state-of-the-

art results 

 

Requires large 

computational 

resources 

 

Optimize 

pretraining 

efficiency, 

reduce memory 

requirements 

 
[2] Transformer-

based NLP 

model 

 

Machine 

translation 

and 

classification 

 

Eliminates 

recurrence, 

improves 

parallelization 

 

Lacks 

interpretability 

in model 

decisions 

 

Improve 

explainability, 

refine training 

efficiency 

 

 

3. Discussion 

The examined research depicts the development of document classification techniques through 

complex deep learning formats to simple machine learning platforms. SVM together with 

Naïve Bayes exhibit excellent structured data performance though they traditionally have 

trouble interpreting context-based relations (Sebastiani 2002; Aggarwal & Zhai 2012). Deep 

learning models specifically CNNs and Transformers use their substantial computation needs 

to achieve outstanding classification results (Mikolov et al., 2013) (Vaswani et al., 2017). The 

transformer-based models BERT and GPT along with their ability to implement contextual 

word embeddings and transfer learning have greatly advanced text classification effectiveness 

according to expertise (Howard & Ruder, 2018; Devlin et al., 2018). Despite their difficulty in 

processing large datasets while costing high amounts of money and presenting understanding 

challenges for models, many obstacles remain to be solved. Research on multilingual 

categorization proves to be challenging especially when handling papers which use many 

languages (Schwenk & Li, 2018). Model development research needs to create efficient and 

accurate categorization models with lightweight operation capabilities (Raffel et al., 2020). A 

deeper understanding of deep learning classifiers emerges through explainable strategies which 

are necessary to establish trust among users in automated classification systems (Samek et al., 

2019). 
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4. Conclusion 

The review analyzes various document classification strategies in detail to present their 

advantages and shortcomings. The better performance of RNNs and BERT compared to 

traditional approaches does not negate ongoing scalability and dataset variety and 

computational efficiency issues. Future research aiming to optimize deep learning model 

practical application should work on model enhancements and multi-label classification and 

compare the results with current techniques. The development of neural network-pairing 

approaches together with probabilistic methods as dual classification systems should be studied 

because they show potential to heighten both efficiency and accuracy levels. The 

implementation of ideal classification models requires real-world integration of theoretical 

progress to achieve practical success. 
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