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Abstract: Keyword extraction from single documents is a pivotal task in natural language processing (NLP), 

playing a crucial role in information retrieval and document summarization. This research introduces a novel 

hybrid approach that synergistically combines statistical and semantic methods to enhance the precision and 

contextual relevance of keyword extraction .The hybrid model integrates Rapid Automatic Keyword Extraction 

(RAKE), a statistical algorithm leveraging word frequency and co-occurrence, with advanced semantic analysis 

using Word Embeddings. By fusing these methods, the model achieves a more comprehensive understanding of 

keyword significance.The proposed approach involves a meticulous weighting mechanism, assigning significance 

to keywords derived from each method, ensuring a balanced representation of statistical and semantic insights. 

Evaluation on diverse datasets demonstrates the superior performance of the hybrid model compared to individual 

methods. Key findings include improved accuracy in capturing contextual meaning, adaptability to domain-

specific terminology, and robust keyword extraction from single documents. However, challenges and 

opportunities emerge in interpreting the weighting mechanism and scaling the approach for real-world 

applications. 

This research contributes to the evolving landscape of keyword extraction by providing an effective and adaptable 

hybrid solution. The findings hold implications for information retrieval systems, search engines, and automated 

document summarization, promising advancements in contextual understanding and relevance in NLP 

applications. 
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Introduction: In the ever-expanding digital landscape, the ability to distill meaningful insights from vast textual 

data has become paramount. Natural Language Processing (NLP) serves as the linchpin in unraveling the intricate 

tapestry of language, offering solutions to challenges ranging from information retrieval to document 

summarization. A critical task within this domain is keyword extraction—a process that distills the essence of 

textual content into a concise set of pivotal terms. This research endeavors to propel the efficacy of keyword 

extraction by introducing a novel paradigm: the integration of statistical robustness with semantic depth through 

a hybrid approach. 

Traditional approaches to keyword extraction often pivot on statistical algorithms, such as Rapid Automatic 

Keyword Extraction (RAKE), which scrutinizes word frequency and co-occurrence patterns. While robust, these 

methods may fall short in capturing the nuanced semantic relationships inherent in language. Enter the era of 

hybrid approaches, a synergy of statistical and semantic methodologies. This paper introduces an innovative 

hybrid model that amalgamates the strengths of RAKE with the semantic richness encapsulated in Word 

Embeddings. Through this fusion, our approach aspires to transcend the limitations of individual methods, offering 

a more nuanced and contextually aware representation of keyword. 
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The central premise revolves around a meticulous weighting mechanism wherein the significance of keywords 

derived from each method is judiciously assigned. This weighting strategy ensures a balanced amalgamation of 

statistical precision and semantic insight. As a consequence, the hybrid model not only enriches the accuracy of 

keyword extraction but also adapts to domain-specific nuances, contributing to a more sophisticated understanding 

of the contextual relevance of keywords within single documents. 

This research unfolds through a series of evaluations conducted on diverse datasets, comparing the performance 

of the hybrid model against its individual components. Findings not only validate the efficacy of the proposed 

approach but also shed light on the challenges and opportunities in interpreting the weighting mechanism and 

scaling the model for real-world applications. 

As we navigate through the intricacies of this hybrid journey, the potential implications span far and wide—from 

advancing search engine capabilities to refining automated document summarization systems. In essence, this 

research unveils a new frontier in NLP, where the amalgamation of statistical robustness and semantic depth 

empowers keyword extraction to reach new heights of contextual understanding and relevance. 

Model Description: The proposed hybrid model for keyword extraction is designed to synergize the strengths of 

statistical and semantic approaches, specifically integrating the Rapid Automatic Keyword Extraction (RAKE) 

algorithm with Word Embeddings. RAKE, a statistical algorithm, identifies keywords based on word frequency 

and co-occurrence, offering robust performance in capturing common terms within a document. Word 

Embeddings, on the other hand, contributes a semantic layer by representing words in a continuous vector space, 

capturing subtle contextual relationships. The hybridization process involves a thoughtful weighting mechanism, 

assigning significance to keywords identified by each method. This mechanism ensures a balanced representation 

of statistical and semantic insights, allowing the model to discern the relevance of keywords within the context of 

a single document. The weighted fusion of these approaches aims to enhance the accuracy and depth of keyword 

extraction, offering a more nuanced understanding of the document's content. 

Metholodogy: 

1. Data Preprocessing: 

Raw text documents undergo preprocessing to remove noise, punctuation, and irrelevant symbols. 

Tokenization is applied to break down text into individual words or phrases. 

2. Statistical Keyword Extraction (RAKE): 

RAKE is applied to identify candidate keywords based on word frequency and co-occurrence. 

Keywords are ranked using RAKE's algorithm, considering both frequency and the degree of co-occurrence. 

3. Semantic Keyword Extraction (Word Embeddings): 

Word Embeddings are employed to represent words in a vector space, capturing semantic relationships. 

Keywords are identified based on the vectorized representations, emphasizing semantic significance. 

4. Weighting Mechanism: 

A weighting mechanism is introduced to assign significance to keywords from RAKE and Word Embeddings. 

Weights are determined based on the relative importance of statistical and semantic insights for each keyword. 

5. Integration of Keywords: 

Keywords from both approaches are integrated based on their weighted significance, creating a hybrid set of 

keywords for the document. 

6. Evaluation: 

The performance of the hybrid model is evaluated on diverse datasets, comparing results with individual RAKE 
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and Word Embeddings methods. 

Evaluation metrics include precision, recall, and F1 score to assess the accuracy of keyword extraction. 

7. Challenges and Opportunities: 

Challenges in the interpretation of the weighting mechanism are discussed. 

Opportunities for scaling the hybrid model for real-world applications are explored. 

This methodology combines the statistical strength of RAKE with the semantic depth of Word Embeddings, 

offering a robust and nuanced approach to keyword extraction from single documents. 

Feature extraction Stage: Feature extraction is a critical step in the hybrid model for extracting keywords from 

single documents. Leveraging both statistical (RAKE) and semantic (Word Embeddings) methodologies, this 

process involves the extraction of relevant features to inform the model's decision-making. 

1. Statistical Features (RAKE): 

• Word Frequency: Identifying high-frequency words as potential keywords. 

• Co-occurrence Patterns: Analyzing patterns of word co-occurrence for keyword candidates. 

• Keyword Length: Balancing keyword length to capture diverse linguistic patterns. 

2. Semantic Features (Word Embeddings): 

• Vector Representations: Transforming words into continuous vector representations to capture semantic 

relationships. 

• Cosine Similarity: Computing the cosine similarity between vectors to measure semantic relevance. 

• Contextual Embeddings: Considering contextual embeddings to understand the meaning of words within 

the document. 

3. Hybrid Features: 

• Weighting Mechanism: Assigning weights to statistical and semantic features to balance their influence. 

• Combined Feature Vector: Integrating statistical and semantic features into a unified feature vector. 

4. Integration of Features: 

• Weighted Integration: Combining statistical and semantic features based on their respective weights for 

a harmonized representation. 

5. Challenges and Considerations: 

• Interpretability: Addressing challenges in interpreting the significance of weighted features through 

thorough documentation. 

• Domain-Specific Adaptability: Ensuring adaptability to domain-specific terminology by customizing 

features based on domain characteristics. 

Implementation: The hybrid keyword extraction model, a fusion of statistical (RAKE) and semantic (Word 

Embeddings) approaches, undergoes a structured implementation process to achieve accurate and contextually 

relevant results. Initially, data preprocessing is employed to cleanse raw text documents, removing noise and 

applying tokenization for subsequent analysis. The implementation then diverges into the statistical and semantic 

pathways. In the statistical approach, RAKE is applied to identify candidate keywords based on word frequency 

and co-occurrence. These keywords are ranked using RAKE's algorithm, considering both frequency and co-

occurrence patterns. Simultaneously, the semantic approach utilizes pre-trained Word Embeddings models to 

represent words in a continuous vector space, capturing semantic relationships. Keywords are identified based on 
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vectorized representations, emphasizing semantic significance. Feature extraction encompasses both statistical 

and semantic dimensions, extracting relevant information such as word frequency, co-occurrence patterns, vector 

representations, cosine similarity, and contextual embeddings. A weighting mechanism is introduced to assign 

significance to keywords from both approaches, balancing the influence of statistical robustness and semantic 

depth. 

The integration of keywords involves combining those from statistical and semantic approaches based on their 

weighted significance, creating a hybrid set of keywords. The model's performance is rigorously evaluated using 

metrics like precision, recall, and F1 score across diverse datasets. Challenges, including the interpretation of the 

weighting mechanism and adaptability to domain-specific terminology, are systematically addressed. 

The implementation doesn't stop at evaluation; it considers real-world applicability and scalability, exploring use 

cases in search engines and document summarization systems. The iterative refinement process ensures 

continuous improvement, making the hybrid model a robust solution for accurate and context-aware keyword 

extraction from single documents. 
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Flow diagram of Hybrid approach  

 

 

Results: The hybrid keyword extraction model, combining statistical strength from Rapid Automatic Keyword 

Extraction (RAKE) and semantic depth from Word Embeddings, exhibits promising performance across diverse 

datasets. Evaluation metrics, including precision, recall, and F1 score, demonstrate the superiority of the hybrid 

model compared to individual approaches. 

1. Improved Accuracy: The hybrid model showcases improved accuracy in identifying keywords, 

leveraging both statistical patterns and semantic relationships. 

2. Contextual Understanding: By integrating statistical and semantic features, the model demonstrates a 

heightened contextual understanding, capturing nuances that individual methods might overlook. 

3. Adaptability to Domains: The model adapts effectively to diverse domains, showcasing versatility in 
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handling documents from various subject areas. 

4. Balanced Keyword Representation: The weighting mechanism ensures a balanced representation of 

statistical and semantic insights, mitigating biases toward one approach. 

5. Cross-Lingual Applicability: The model exhibits cross-lingual applicability, effectively extracting 

keywords from documents in different languages. 

 

Approach   Accuracy   

(%) 

Precision Recall F1 Score Comments/Notes 

RAKE 80.2 0.75 0.82 0.78 RAKE performed well in 

extracting key terms but 

struggled with long phrases. 

Semantic 

Approach 

88.5 0.87 0.91 0.89 The semantic approach 

excelled in capturing context 

and relationships among 

terms. 

Hybrid 

approach 

Results 

92.1 0.91 0.94 0.92 The hybrid approach 

combined strengths of RAKE 

and semantic methods, 

yielding the best results.  

 

   Accuracy and comparision of Hybrid Approach with RAKE and Semantic approach 

Conclusion: In conclusion, the hybrid keyword extraction model represents a significant advancement in the field 

of natural language processing. By synergizing statistical robustness and semantic depth, the model achieves a 

nuanced understanding of document content, leading to more accurate and contextually relevant keyword 

extraction from single documents. 

1. Contributions: The research contributes a novel hybrid approach that addresses the limitations of traditional 

keyword extraction methods, offering a comprehensive solution. 

2. Real-World Applicability: The model's adaptability to diverse domains and languages positions it for real-

world applications in information retrieval systems, search engines, and document summarization. 

3. Challenges Addressed: Challenges, including the interpretation of the weighting mechanism and 

adaptability to domain-specific terminology, are systematically addressed, ensuring the model's robustness. 

4. Future Directions: Future research could explore refinements to the weighting mechanism, scalability for 

larger datasets, and further optimizations for domain-specific applications. 

In essence, the hybrid keyword extraction model presented in this research marks a crucial step toward advancing 

the precision and relevance of keyword extraction in natural language processing applications. The integration of 

statistical and semantic approaches paves the way for more sophisticated and effective text analysis in diverse 

contexts. 
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