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Abstract 

 

 

 The exponential growth of scientific literature has made it increasingly difficult for researchers to efficiently locate 

relevant articles within vast online archives. Topic modeling and tagging offer effective solutions to this problem by 

providing a clear categorization of research articles, which enhances both the recommendation and search processes. 

This paper builds upon previous efforts in topic prediction by focusing on the prediction of specific tags for research 

articles based on their abstracts. The study utilizes advanced machine learning techniques, including Latent Dirichlet 

Allocation (LDA), Latent Semantic Analysis (LSA), and Non-Negative Matrix Factorization (NMF) with Count 

Vectorizer and Term Frequency-Inverse Document Frequency (TF-IDF), Long Short-Term Memory (LSTM) networks, 

Gated Recurrent Units (GRUs). The research is conducted in the context of a live hackathon, where the challenge is to 

predict relevant tags from a predefined set for research articles in four key disciplines: Computer Science, Mathematics, 

Physics, and Statistics. This approach aims to improve the accuracy and granularity of tag prediction, thereby facilitating 

more effective information retrieval in academic databases. 
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1. Introduction 

 

In the digital age, the availability of extensive online archives of scientific articles is both a boon and a challenge for 

researchers. While these archives provide unparalleled access to a wealth of knowledge, the sheer volume of content can 

make it difficult to find articles that are most relevant to a specific research query. Traditional search methods, which 

often rely on keyword matching, are increasingly inadequate for navigating this vast landscape. As a result, there is a 

growing need for more sophisticated methods of categorization and retrieval. Topic modeling and tagging have emerged 

as powerful tools in this context. By assigning topics or tags to research articles, these methods enable more precise and 

efficient searches, as well as improved recommendations. However, while topic modeling has seen significant advances, 

there remains a need for more granular tag prediction that can capture the multifaceted nature of research articles. 

 

Previously, the focus was on predicting the topics of research articles based on their abstracts. Building on this foundation, 

the current study takes a step further by predicting specific tags associated with each article. Tags provide a finer level of 

categorization, capturing specific aspects of the content that broader topics might miss. The challenge is to accurately 

predict these tags from the abstracts of research articles in four disciplines: Computer Science, Mathematics, Physics, and 

Statistics. 
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To tackle this challenge, we employ a range of advanced machine learning techniques, including OneVsRestClassifier, 

Fully Connected Feedforward Neural Network, Long Short-Term Memory (LSTM) networks, Gated Recurrent Units 

(GRUs), Latent Dirichlet Allocation (LDA), Latent Semantic Analysis (LSA), and Non-Negative Matrix Factorization 

(NMF) using Count Vectorizer and Term Frequency-Inverse Document Frequency (TF-IDF). These techniques are 

applied to a predefined set of tags, which includes specialized terms such as 'Artificial Intelligence,' 'Cosmology and 

Nongalactic Astrophysics,' 'Machine Learning,' and 'Optimization and Control.' 

 

The goal of this research is to enhance the accuracy of tag prediction, thereby improving the effectiveness of search and 

recommendation systems in academic databases. By advancing the state of the art in tag prediction, this study contributes 

to the ongoing effort to make scientific knowledge more accessible and easier to navigate.  

 

2. Problem Statement 

 

Topic Modeling for Research Articles 2.0 - Researchers have access to large online archives of scientific articles. As a 

consequence, finding relevant articles has become more and more difficult. Tagging or topic modelling provides a way 

to give clear token of identification to research articles which facilitates recommendation and search process. 

 

In this context, our research focuses on the problem of accurately predicting the tags for research articles based on their 

abstracts. Tags serve as identifiers that encapsulate the core topics and themes of a paper, thereby facilitating easier 

retrieval and recommendation. The ability to predict these tags accurately is crucial for improving the accessibility of 

relevant research in vast digital archives. 

Note that a research article can possibly have multiple tags.  

 

The research article abstracts are sourced from the following 4 topics: 

 

1. Computer Science 

2. Mathematics 

3. Physics 

4. Statistics 

 

List of possible tags are as follows: 

 

[Tags, Analysis of PDEs, Applications, Artificial Intelligence, Astrophysics of Galaxies, Computation and Language, 

Computer Vision and Pattern Recognition, Cosmology and Nongalactic Astrophysics, Data Structures and Algorithms, 

Differential Geometry, Earth and Planetary Astrophysics, Fluid Dynamics, Information Theory, Instrumentation and 

Methods for Astrophysics, Machine Learning, Materials Science, Methodology, Number Theory, Optimization and 

Control, Representation Theory, Robotics, Social and Information Networks, Statistics Theory, Strongly Correlated 

Electrons, Superconductivity, Systems and Control] 

 

 

Discipline Possible Tags 

Computer 

Science 

Artificial Intelligence, Computation and Language, Computer Vision and Pattern 

Recognition, Data Structures and Algorithms, Information Theory, Machine 

Learning, Robotics, Social and Information Networks, Systems and Control 

Mathematics 
Analysis of PDEs, Applications, Differential Geometry, Number Theory, 

Optimization and Control, Representation Theory, Statistics Theory 

Physics 

Astrophysics of Galaxies, Cosmology and Nongalactic Astrophysics, Earth and 

Planetary Astrophysics, Fluid Dynamics, Instrumentation and Methods for 

Astrophysics, Strongly Correlated Electrons, Superconductivity 

http://www.ijsrem.com/
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Statistics 
Methodology, Statistics Theory, Machine Learning, Applications, Optimization and 

Control 

 

Table 2.1: Research Article Disciplines and Possible Tags. 

 

This research seeks to employ advanced machine learning models, including Long Short-Term Memory (LSTM) 

networks, Gated Recurrent Units (GRUs), and various topic modeling techniques (LDA, LSA, NMF), to predict the 

correct tags for each research article. By improving the accuracy of tag prediction, this study aims to enhance the 

discoverability and usability of scientific literature, thereby contributing to more effective research workflows and 

knowledge dissemination. 

3. Methodology 

 

This section outlines the methodology employed for predicting tags for research articles using topic modeling on their 

abstracts. The process involves multiple stages, from data collection and preprocessing to model training and evaluation. 

Each step is crucial for ensuring the accuracy and relevance of the predicted tags. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Flow diagram of the proposed techniques 
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3.1.1 Data Collection 

 

The initial step involves gathering research article abstracts from various sources. These abstracts serve as the 

primary data for the topic modeling process 

 

3.1.2 Data Preprocessing 

 

Before applying any modeling techniques, the raw text data must be preprocessed to ensure consistency and 

improve model performance. 

• Text Cleaning: This step removes unnecessary elements like punctuation, special characters, and stop words. 

• Tokenization: The text is split into individual tokens (words). 

• Lemmatization/Stemming: Each token is reduced to its base or root form. For example, lemmatization 

converts "running" to "run." 

Mathematically, given a document    consisting of words                                tokenization can be represented as: 

 

 

where each       is a token. 

 

3.1.3 Vectorization 

 

To apply machine learning models, the textual data must be converted into numerical form through vectorization. 

Two primary methods are used: 

• Count Vectorizer: This method creates a matrix     where each element         represents the frequency of the 

j-th word in the i-th document. 

 
 

• TF-IDF Vectorizer: This method transforms the text into a matrix where each element        represents the 

term frequency-inverse document frequency (TF-IDF) score of the j-th word in the i-th document.  

The TF-IDF score is calculated as: 

 

 
 

where: 

 
 

 

 
 

 

3.1.4 Topic Modeling Techniques 

 

Three primary topic modeling techniques are employed: 
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• Latent Dirichlet Allocation (LDA): LDA is a generative probabilistic model where documents are 

represented as mixtures of topics, and topics are mixtures of words. The probability of a word      in a 

document  is given by: 

 

where       represents the k-th topic. 

• Latent Semantic Analysis (LSA): LSA applies Singular Value Decomposition (SVD) to the term-document 

matrix X to reduce dimensionality and uncover latent semantic structures. 

X ≈ U Σ VT 

where U, Σ, and V represent the matrices obtained from SVD. 

• Non-Negative Matrix Factorization (NMF): NMF factorizes the term-document matrix X into two lower-

dimensional matrices W and H such that: 

X ≈ WH 

       where W and H contain non-negative elements, representing the relationships between documents & topics. 

3.1.5 Model Training 

 

Each topic modeling technique is trained on the vectorized abstracts to identify the underlying topics. The 

models are optimized to maximize the coherence score, which measures the semantic similarity of the top 

words within a topic. 

 

3.1.6 Topic Identification 

 

Once the models are trained, topics are identified as clusters of top words. For each document , the most 

relevant topics       are assigned based on the highest probability or similarity score. 

 

3.1.7 Evaluation 

 

The coherence score C is used to evaluate the quality of the topics generated by the models. It is calculated as: 

 

  
 

where N is the number of topic words, M is the number of topics,          and           are the topic words, and Sim 

represents the semantic similarity between words. 

 

3.1.8 Tag Prediction 

 

Based on the identified topics, relevant tags are predicted for each abstract. The tags correspond to the most 

prominent topics associated with each document. 
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4. Result Analysis with metrics 

 

The coherence scores obtained from applying various topic modeling techniques and vectorization methods provide 

valuable insights into the effectiveness of each approach for tag extraction from research abstracts. The coherence score 

is a measure of the semantic similarity between the top words in a topic, indicating the quality and interpretability of the 

topics generated. 

 

Figure 4.1: Model Performance Metrics 

4.1    Model Performance Metrics 

 

     Table 4.1.1: Latent Dirichlet Allocation (LDA)  

 

Vectorizer Coherence Score 

Count Vectorizer 0.6743 

TF-IDF Vectorizer 0.651 

 

     Table 4.1.2: Latent Semantic Analysis (LSA) 

 

Vectorizer Coherence Score 

Count Vectorizer 0.651 

TF-IDF Vectorizer 0.651 

 

     Table 4.1.3: Non-Negative Matrix Factorization (NMF) 

 

Vectorizer Coherence Score 

Count Vectorizer 0.4678 

TF-IDF Vectorizer 0.608 
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Figure 4.1.1: Visual Exploratory Data Analysis Through WordCloud 

 

5. Conclusions 

 

The evaluation of topic modeling techniques for abstract tag extraction has provided insightful results regarding their 

effectiveness. The coherence scores, which measure the quality and interpretability of the topics generated, offer a 

comparative view of different methods and vectorization approaches. Latent Dirichlet Allocation (LDA) achieved a 

coherence score of 0.674 with Count Vectorizer and 0.651 with TF-IDF Vectorizer. This indicates that LDA performs 

well with both vectorization methods, with a slight advantage when using Count Vectorizer. The consistency of LDA's 

performance across vectorizers underscores its robustness in generating coherent topics. 
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