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Abstract 

Named Entity Recognition (NER) is a crucial task in natural language processing (NLP) that 

involves identifying and classifying named entities in text data. This paper provides a 

comprehensive review of various techniques used in NER systems, along with an evaluation 

of their effectiveness. We discuss popular approaches such as rule-based systems, machine 

learning models, and deep learning architectures, highlighting their strengths and 

weaknesses. Furthermore, we examine evaluation metrics and datasets commonly used to 

assess the performance of NER systems. By analyzing the current state-of-the-art in NER, this 

paper aims to provide insights into future research directions and improvements in NER 

systems. 
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1. Introduction 

Named Entity Recognition (NER) is a fundamental task in Natural Language Processing 

(NLP) that involves identifying and classifying named entities in text data. Named entities are 

real-world objects such as persons, organizations, locations, dates, and numerical expressions 

that are mentioned in text. NER plays a crucial role in various NLP applications, including 

information extraction, question answering, semantic search, and entity linking. 
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The goal of NER is to automatically identify and classify named entities in text, enabling 

machines to understand the meaning and context of text data. NER systems are essential for 

extracting structured information from unstructured text, which is prevalent in documents, 

social media, and other textual sources. 

In this paper, we provide an overview of techniques used in NER systems, including rule-

based approaches, machine learning models, and deep learning architectures. We discuss the 

strengths and weaknesses of each approach and their effectiveness in handling different types 

of named entities and linguistic variations. 

Furthermore, we examine evaluation metrics and datasets commonly used to assess the 

performance of NER systems. Evaluation is crucial for comparing the performance of different 

NER systems and for benchmarking against state-of-the-art results. 

Overall, this paper aims to provide a comprehensive review of techniques and evaluation 

methods for NER systems, highlighting current challenges and future research directions in 

the field. By understanding the state-of-the-art in NER, researchers and practitioners can 

develop more effective NER systems and advance the field of NLP. 

 

2. Techniques for Named Entity Recognition 

Named Entity Recognition (NER) can be approached using various techniques, each with its 

own strengths and weaknesses. In this section, we discuss three main categories of techniques 

used in NER systems: rule-based approaches, machine learning models, and deep learning 

architectures. 

Rule-based Approaches 

Rule-based NER systems rely on handcrafted rules to identify and classify named entities in 

text. These rules are typically based on patterns of words, part-of-speech tags, and other 

linguistic features. Rule-based approaches are often used for specific domains or languages 

where annotated training data is limited. However, they may struggle with handling complex 

linguistic variations and may require extensive manual effort to develop and maintain. 

Machine Learning Models 
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Machine learning-based NER systems learn patterns and features from annotated training 

data to identify and classify named entities. Common machine learning models used for NER 

include Conditional Random Fields (CRFs) and Support Vector Machines (SVMs). These 

models can effectively capture complex patterns in text data and can be trained on large 

datasets to improve performance. However, they may require substantial amounts of 

annotated data for training and may struggle with handling unseen entities or variations. 

Deep Learning Architectures 

Deep learning-based NER systems use neural network architectures to automatically learn 

features from text data for identifying named entities. Recurrent Neural Networks (RNNs), 

Long Short-Term Memory Networks (LSTMs), and Transformers are commonly used deep 

learning architectures for NER. These models can learn complex patterns and dependencies 

in text data and can generalize well to unseen entities. However, they may require large 

amounts of computational resources for training and may be challenging to interpret. 

 

3. Evaluation of Named Entity Recognition Systems 

Evaluating the performance of Named Entity Recognition (NER) systems is crucial for 

assessing their effectiveness and comparing them against other systems. In this section, we 

discuss common evaluation metrics and datasets used for evaluating NER systems. 

Evaluation Metrics 

The performance of NER systems is typically evaluated using metrics such as Precision, 

Recall, and F1-Score. Precision measures the proportion of correctly identified named entities 

among all entities predicted by the system. Recall measures the proportion of correctly 

identified named entities among all entities in the reference dataset. F1-Score is the harmonic 

mean of Precision and Recall and provides a balanced measure of the system's performance. 

Another metric used for evaluating NER systems is the Exact Match Ratio, which measures 

the percentage of sentences in which the system correctly identifies all named entities. 

Datasets for Evaluation 
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Several datasets are commonly used for evaluating NER systems, including the CoNLL-2003 

dataset and the OntoNotes dataset. The CoNLL-2003 dataset contains English and German 

news articles annotated with named entities in four categories: persons, organizations, 

locations, and miscellaneous entities. The OntoNotes dataset is a larger dataset that includes 

a broader range of named entity categories and annotations for multiple languages. 

These datasets provide a standard benchmark for evaluating the performance of NER systems 

and allow researchers to compare their results with other systems in the field. 

 

4. Challenges and Future Directions 

Despite the advancements in Named Entity Recognition (NER) systems, several challenges 

remain that limit their effectiveness in handling real-world data. In this section, we discuss 

some of the key challenges and future directions in NER. 

Handling Ambiguity and Named Entity Variations 

One of the major challenges in NER is handling ambiguity and variations in named entities. 

Entities can have multiple forms and can be referred to in different ways, making it 

challenging for NER systems to correctly identify and classify them. Future research should 

focus on developing techniques that can handle ambiguity and variations more effectively, 

such as incorporating contextual information and leveraging semantic knowledge. Shaik, 

Venkataramanan, and Sadhu (2020) propose a Zero Trust Network Architecture for IoT 

security. 

Incorporating Contextual Information 

Context plays a crucial role in determining the meaning of named entities in text. Current 

NER systems often rely on local context, such as surrounding words, to identify entities. 

Future research should explore methods for incorporating broader context, such as document-

level context or external knowledge bases, to improve the accuracy and robustness of NER 

systems. 

Cross-lingual Named Entity Recognition 
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Most NER systems are designed for specific languages and may not perform well on text in 

other languages. Cross-lingual NER aims to develop techniques that can generalize across 

languages and identify named entities in languages for which annotated data is limited. 

Future research should focus on developing cross-lingual NER models that can effectively 

transfer knowledge across languages. 

Few-shot and Zero-shot NER 

Traditional NER systems require large amounts of annotated data for training, which may not 

be available for all domains or languages. Few-shot and zero-shot NER techniques aim to 

address this challenge by enabling NER systems to learn from a small number of annotated 

examples or even without any annotated examples. Future research should focus on 

developing robust few-shot and zero-shot NER models that can generalize well to new 

domains or languages with limited annotated data. 

 

5. Applications of Named Entity Recognition 

Named Entity Recognition (NER) has a wide range of applications in Natural Language 

Processing (NLP) and other related fields. In this section, we discuss some of the key 

applications of NER. 

Information Extraction 

NER is used in information extraction tasks to identify and extract relevant information from 

unstructured text. By identifying named entities such as persons, organizations, and locations, 

NER systems can help extract structured information that can be used for analysis and 

decision-making. 

Question Answering 

NER is also used in question answering systems to identify named entities mentioned in a 

question and retrieve relevant information from a knowledge base or text corpus. By correctly 

identifying named entities, question answering systems can provide more accurate and 

relevant answers to user queries. 

Semantic Search 
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NER is used in semantic search engines to improve the accuracy and relevance of search 

results. By identifying named entities in search queries and documents, semantic search 

engines can better understand the meaning and context of the query, leading to more relevant 

search results. 

Entity Linking 

NER is used in entity linking systems to identify named entities in text and link them to entries 

in a knowledge base or database. By linking named entities to their corresponding entries, 

entity linking systems can provide additional information and context about the entities 

mentioned in text. 

Overall, NER plays a crucial role in a wide range of applications, helping to extract structured 

information from unstructured text, improve search and retrieval systems, and enhance the 

performance of NLP systems. 

 

6. Conclusion 

Named Entity Recognition (NER) is a fundamental task in Natural Language Processing 

(NLP) that involves identifying and classifying named entities in text data. In this paper, we 

have provided a comprehensive review of techniques and evaluation methods for NER 

systems. 

We discussed three main categories of techniques used in NER systems: rule-based 

approaches, machine learning models, and deep learning architectures. Each of these 

techniques has its own strengths and weaknesses, and the choice of technique depends on the 

specific requirements of the application. 

We also discussed common evaluation metrics and datasets used for evaluating NER systems. 

Evaluation is crucial for assessing the performance of NER systems and comparing them 

against other systems in the field. 

Furthermore, we highlighted some of the key challenges and future directions in NER, 

including handling ambiguity and variations in named entities, incorporating contextual 

https://africansciencegroup.com/
https://africansciencegroup.com/index.php/AJAISD


African Journal of Artificial Intelligence and Sustainable Development  
By African Science Group, South Africa  59 
 

 
African Journal of Artificial Intelligence and Sustainable Development  

Volume 2 Issue 1 
Semi Annual Edition | Jan - June, 2022 

This work is licensed under CC BY-NC-SA 4.0. 

information, developing cross-lingual NER models, and exploring few-shot and zero-shot 

NER techniques. 

Overall, NER plays a crucial role in various NLP applications, including information 

extraction, question answering, semantic search, and entity linking. By understanding the 

state-of-the-art in NER and addressing current challenges, researchers and practitioners can 

develop more effective and robust NER systems and advance the field of NLP. 
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