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Abstract: This study aims to analyze the development of research on query
expansion in the field of information retrieval using a bibliometric approach to
understand research trends, distribution, and current research focus. The data were
obtained from 676 publications indexed in Scopus during the period from 2020 to
February 2026. The research method involves quantitative analysis of annual
publication trends, distribution of subject areas, document types, and keyword
analysis using VOSviewer to map keyword relationships through co-occurrence
analysis, overlay visualization to identify keyword trends, and density visualization
to observe the concentration of research topics. The results show fluctuations in the
number of publications with a peak occurring in 2025 with 141 publications. The
research is dominated by the Computer Science field with 596 publications, and the
majority of documents are conference papers with 369 publications. Keyword
analysis identifies core topics such as information retrieval with 483 occurrences,
query expansion with 354 occurrences, and search engines with 221 occurrences.
Recent research trends include large language models, word embedding, and
retrieval-augmented generation. The keyword network visualization indicates a shift
from traditional methods such as relevance feedback toward modern approaches
based on artificial intelligence and machine learning, which are increasingly relevant
for improving the effectiveness of information retrieval systems. These findings
provide both quantitative and qualitative insights into the evolution of query
expansion research. The results also highlight the integration of modern technologies
in retrieval practices and provide a foundation for new researchers to identify trends,
research gaps, and opportunities for future innovation.
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INTRODUCTION

The rapid development of information technology has led to an exponential growth of digital data across many
areas of life. Information is now available in massive quantities through various platforms such as scientific
databases, web search engines, social media, and electronic information systems (Vladlenov, 2023). This situation
creates a major challenge in the field of Information Retrieval. The challenge concerns how to find relevant
information quickly and accurately from extremely large collections of data (Meliukh et al., 2025; Venkatachalam
& Venkatachalam, 2023). Information retrieval systems are designed to help users locate relevant documents based
on an information need that is expressed through a query (Bernard & Balog, 2025; Hambarde & Proenga, 2023).
However, in practice the search process often encounters several limitations that cause retrieval results to be less
than optimal.

One of the major problems in search systems is the mismatch between the keywords used by users and the
terms that appear in documents (Raj et al., 2025). This phenomenon is known as the vocabulary mismatch problem.
Users often employ terms that differ from those used in relevant documents. As a result the system fails to identify
documents that actually match the user’s information needs (Pan et al., 2025). This issue has become an important
concern in research within the field of Information Retrieval because it can reduce both precision and recall in
information search systems.
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To address this problem, various approaches have been developed. One widely used approach is Query
Expansion (Baumann & Schoenfeld, 2024). This technique aims to expand the user's initial query by adding other
terms that have semantic or contextual relationships with the original keywords (Allahim et al., 2025). By
expanding the query, the system can retrieve more relevant documents that were not previously identified by the
original query. This approach can be implemented through several methods such as the use of a thesaurus,
statistical word analysis, relevance feedback, and machine learning techniques (Kaban et al., 2025b).

In recent years, research on Query Expansion has grown significantly alongside technological advances such
as Natural Language Processing, Machine Learning, and Large Language Models. Numerous studies have
explored how query expansion techniques can improve the performance of search systems in different domains.
These domains include web search, recommendation systems, scientific document retrieval, and social media
analysis (Vishwakarma & Kumar, 2025). In addition, the integration of modern methods such as semantic analysis
and vector-based word representation has introduced new approaches to improve the effectiveness of the retrieval
process.

Although research on Query Expansion has developed rapidly, studies that systematically map the research
trends in this field are still relatively limited (Al-Lahham, 2024; Meliukh et al., 2025). Most existing studies focus
on developing specific methods or algorithms. Comprehensive analyses that examine publication patterns,
dominant research topics, and relationships among concepts in the scientific literature remain limited. Therefore,
a literature analysis approach is required to provide a comprehensive overview of research development in this
field.

One method that can be used to analyze the development of research is bibliometric analysis. This approach
allows researchers to identify patterns of scientific publication, collaboration among researchers, and relationships
among research topics based on bibliographic data from scientific databases (Ganti et al., 2025; Kumar, 2025). By
using visualization software such as VOSviewer, researchers can map relationships among keywords, author
collaboration networks, and the development trends of research topics within a particular field. This analysis
provides a visual representation that helps researchers understand the structure of knowledge and the future
direction of research.

Based on this background, this study aims to analyze and map research trends related to Query Expansion in
the field of Information Retrieval using a bibliometric approach. The analysis is conducted using scientific
publication data obtained from the Scopus database. This research seeks to identify the development of publication
trends, the distribution of subject areas, document types, and the relationships among keywords that appear in the
scientific literature.

Specifically, this study attempts to answer several research questions, namely: (1) how the publication trend
of research on Query Expansion in the field of Information Retrieval has evolved over time, (2) which subject
areas contribute the most to research related to Query Expansion, (3) what patterns of relationships exist among
research keywords in the scientific literature, and (4) what research topics represent the main focus in the current
development of Query Expansion studies. The findings of this study are expected to provide a comprehensive
overview of the development of research in query expansion and to serve as a reference for researchers in
identifying research trends, potential research gaps, and future research opportunities.

LITERATURE REVIEW
Information Retrieval

Information Retrieval is a research field within computer science that focuses on the process of searching for
and retrieving relevant information from large collections of documents (Roberts, 2024). Information retrieval
systems are designed to assist users in obtaining information that matches their needs, which are typically
expressed through a query or search keywords (Pan et al., 2024; Peikos & Pasi, 2024). The rapid development of
digital technology has significantly increased the amount of information available across various data repositories.
As a result, information retrieval systems have become an essential component in managing digital knowledge
(Patel et al., 2024).

In an information retrieval system, users usually enter a query that represents their information needs. The
system then performs a matching process between the query and documents stored in a database (Naamha &
Abdulmunim, 2024; Pan et al., 2024). This process is conducted using several retrieval models such as the Boolean
Model, the Probabilistic Retrieval Model, and the Vector Space Model (Hidri, 2024). The primary objective of
these systems is to generate a ranked list of documents that are most relevant to the user's information needs.

One of the main challenges in information retrieval systems is the vocabulary mismatch problem. This
problem occurs when the words used by users in their queries differ from the terms used in relevant documents
(Zahhar et al., 2025). As a consequence, the system may fail to retrieve documents that actually match the user's
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information needs. Therefore, various methods have been developed to improve search quality within information
retrieval systems.

Query Expansion in Information Retrieval

One widely used method to improve the performance of search systems is Query Expansion. This technique
aims to enrich the initial query by adding additional words or terms that have semantic relationships with the main
keywords (Baumann & Schoenfeld, 2024; Vishwakarma & Kumar, 2025). By adding these related terms, the
system can retrieve documents that were not detected by the original query, thereby improving the quality of search
results.

Query expansion can be implemented through several approaches. The first approach uses external knowledge
sources such as dictionaries, thesauri, or ontologies to identify synonyms of the words used in the query (Kaban
et al., 2025a). The second approach relies on statistical analysis of document collections to identify words that
frequently co-occur with the main keywords. This method often utilizes term weighting techniques such as TF-
IDF to determine relevant terms.

Several studies have also developed machine learning-based query expansion methods. These approaches
utilize classification algorithms or language models to generate additional terms that are more contextually relevant
(Vishwakarma & Kumar, 2025). Research has shown that query expansion techniques can increase the number of
relevant documents retrieved by search systems and improve both precision and recall in the retrieval process.

In addition, advances in artificial intelligence have encouraged the development of query expansion methods
based on Large Language Models (Breuer et al., 2025; Pan et al., 2025; Z. Wang & Pei, 2024). This approach
enables systems to generate more contextual queries by understanding deeper semantic relationships between
words. Such methods have demonstrated improved effectiveness in information retrieval systems across various
datasets and search scenarios.

Bibliometric Analysis in Research Mapping

To understand the development of research within a particular scientific field, many researchers employ a
bibliometric analysis approach. Bibliometric analysis is a method used to analyze scientific publications based on
metadata such as authors, keywords, publication years, and relationships among studies (Ahmed, 2024; Kumar,
2025). This analysis enables researchers to identify research trends, collaborations among authors, and the most
frequently studied research topics. It can also be used to map the structure of knowledge within a research field
and identify future research opportunities (Y1ldiz & Karakus, 2024).

In bibliometric studies, network visualization is often performed using software such as VOSviewer. This
software can visualize relationships among keywords, authors, and documents in the form of research networks.
Such visualization helps researchers understand patterns in the development of a particular research field. Previous
studies have shown that bibliometric analysis using VOSviewer can produce several types of visualizations,
including network visualization, overlay visualization, and density visualization to comprehensively map research
trends.

Previous Studies

Several recent studies have examined the application of Query Expansion to improve the effectiveness of
Information Retrieval systems. Research by Liang Wang, Nan Yang, and Furu Wei introduced the Query2doc
approach, which utilizes Large Language Models to generate pseudo-documents that expand the original query.
Experimental results show that this method can improve retrieval performance by approximately 3% to 15% on
benchmark datasets such as MS MARCO and TREC Deep Learning without requiring additional model training
(L. Wang et al., 2023).

Another study by Fanghua Ye and colleagues explored the use of large language models to perform
informative query rewriting in conversational search environments. Their findings demonstrate that LLM-based
query reformulation can significantly improve retrieval performance compared to traditional query reformulation
methods, particularly when applied to conversational information retrieval tasks (Ye et al., 2023).

In addition, recent benchmarking research on query expansion techniques for social media information
retrieval shows that combining semantic approaches and generative Al models can improve the alignment between
query terms and document semantics. The results indicate that semantic expansion techniques provide more
relevant search results when compared to traditional keyword-based retrieval approaches (Stathopoulos et al.,
2023).

More recent studies have also proposed advanced frameworks for query expansion based on large language
models. For example, the MuGI framework generates multiple pseudo-references using language models to enrich
query representations and improve retrieval accuracy across both sparse and dense retrieval models. Experimental
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evaluations show that integrating contextual information generated by language models can significantly improve
retrieval performance (Zhang et al., 2024).

Furthermore, recent survey research highlights that query expansion techniques continue to evolve through
the integration of semantic analysis, term weighting strategies, and machine learning methods. These
developments demonstrate that incorporating contextual and semantic information can substantially improve the
precision and recall of information retrieval systems.

Research Gap

Although many recent studies have developed various query expansion techniques to improve the
performance of Information Retrieval systems, most of these studies focus primarily on proposing new algorithms
or improving retrieval performance using specific datasets. However, research that systematically analyzes the
overall development of query expansion research trends remains limited. In particular, comprehensive studies that
investigate the global publication trends, subject area distribution, and relationships among research keywords in
query expansion research are still relatively scarce.

In addition, most existing studies emphasize algorithm development and system performance evaluation,
while relatively few studies attempt to map the structure of knowledge and research evolution in this field through
bibliometric analysis.Therefore, this study aims to map research trends related to Query Expansion in the field of
Information Retrieval using a bibliometric analysis approach. Publication data are obtained from the Scopus
database and analyzed using VOSviewer to identify research patterns, relationships among research topics, and
the overall development of research in this field.

METHOD

This study employs a bibliometric analysis approach to map the development of research on Query Expansion
in the field of Information Retrieval. Bibliometric analysis is a quantitative method used to examine scientific
publications through statistical measurements of various publication metadata such as authors, keywords, research
fields, and relationships among documents. This approach enables researchers to understand patterns of research
development, the structure of knowledge, and emerging research trends within a particular scientific domain.

The scientific publication data were obtained from the Scopus database because it is one of the largest sources
of scholarly literature that includes numerous reputable international journals. The literature search process was
conducted using keywords related to the research topic, namely “query expansion” and “information retrieval.”
These keywords were entered into the search field to identify articles relevant to the research topic.
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The search results were then filtered to ensure that the analyzed documents were truly relevant to the research
topic. The metadata of the retrieved documents were exported in RIS format, which contains bibliographic
information such as author names, document titles, publication years, keywords, and publication sources. The
metadata file was subsequently used as the input for the bibliometric analysis process.

Data analysis in this study was carried out using the software VOSviewer. This software is used to visualize
relationships among bibliographic elements in the form of networks through network visualization. VOSviewer is
capable of mapping relationships among research keywords, collaborations among authors, and connections
among research topics within a particular field. The resulting visualizations enable researchers to identify clusters
of related research topics and understand the direction of future research development.

The research procedure consists of several main stages. The first stage involves searching for literature in the
Scopus database using the predetermined keywords. The second stage includes selecting relevant articles and
downloading their metadata. The third stage involves performing bibliometric analysis using VOSviewer to map
relationships among keywords and identify research trends in the area of Query Expansion. The final stage is the
interpretation of the visualization results to understand research patterns and the development of topics in
Information Retrieval.

To clarify the research workflow, the research process can be illustrated using a flowchart that shows the
stages from literature search to data analysis. The diagram describes the process of identifying articles in the
Scopus database, exporting metadata, analyzing the data using VOSviewer, and interpreting the results of the
bibliometric analysis. Through these stages, this study provides a systematic overview of the development of
research on Query Expansion within the field of Information Retrieval.

The method used in this research is expected to contribute to understanding the structure of research
development and identifying dominant research topic trends. In addition, the results of the analysis can serve as a
foundation for determining future research directions in the areas of Query Expansion and Information Retrieval.

RESULT
The results of this study are presented based on a bibliometric analysis of 676 scientific publications related
to Query Expansion in the field of Information Retrieval. The publication data were obtained from the Scopus
database. Table 1 presents several examples of recent publications that are relevant to the topic of this study.
Table 1
Recent Publications on Query Expansion in Information Retrieval

No Authors Year Title
1 LiR.,;CuiM.; Wang B.; WangY.; 2026 Query Expansion with Topic-Aware In-Context
Miao Q. Learning and Vocabulary Projection for Open-Domain
Dense Retrieval
2 Malone D. 2026 Topic-Specific Corpus Compilation: A Componential
Approach to Query Formulation
3 Ortiz-Viso B.; Gutiérrez-Batista 2026 Schema-Based Inference for Query Expansion and
K.; Ruiz M.D.; Martin-Bautista Completion over Knowledge Graphs
M.J.
4 Azad HK. 2026 Query-Based Automatic Text Summarization Using
Query Expansion Approach
5 Alier M.; Garcia-Pefialvo F.J.; 2026 Closing the Acronym Gap in Educational Retrieval with
Casafi M.J.; Pereira J.; Granados Ontology-Guided Augmentation
A.
6 Miah M.H.; Gupta S.K.; Yali L; 2026 Al-Based Decision-Making System for Tooling Design
Alsekait D.M.; Alzu’bi S.; Nabil of Aircraft Product Assembly with Developed
A.; Chowdhury H.R.; Kanon M. Knowledge Retrieval Algorithm
7 Komenda A.; Makowski M.; Can 2026 Development and Evaluation of a Retrieval-Augmented
E.; Prucker P.; Busch F.; Wachter Generation System for Radiology Guidelines

A.; Weller D.; Kim S.H.;
Ziegelmayer S.; Bressem K.;

Adams L.C.
8 Keller J.; Frobe M.; Hendriksen 2026 Simplified Longitudinal Retrieval Experiments: A Case
G.; Alexander D.; Potthast M.; Study on Query Expansion and Document Boosting
Schaer P.
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9 Pednekar S.; Vegda D.C. 2026 Fine-Tuning SBERT for Semantic Search in Marathi

News with Synonym-Based Positive Pairs
10 Marchi E.; Boldi P.; Casiraghi E.; 2026 Revisiting Minamata Disease through Computational

Zapperi S.; La Porta C.A.M. Phenotypic Similarity Analysis
11 Solanki S.; Pandey R.; Patel P.; 2026 Transforming Query Expansion: A Deep Learning
Kankariya D.P.; Kund G.W_; Innovation for Next-Generation Information Retrieval
Verma A.B.
12 Yoshihara N.; Yamamoto T.; 2026 Expanding Aspect Queries into Review Sentence
Shoji Y. Fragments for Product Comparison via LLM-Generated
Synthetic Reviews
13 Vysotska V.; Klich L.; 2026 Transformational Question-Answering System Based on
Nagachevska O.; Shvets M. Ukrainian Legal Documents Utilizing Large Language
Models
14 Panchumarthi L.Y.; Nunna S.K.; 2026 Improving Information Retrieval Task with Asymmetric
Parchuri L.; Padmanabuni S.; Divergence from Randomness in Query Expansion
Kallam Y.R.
15 JungS.; YuS.J.; YiBK. 2026 Clinical Terminology Mapping Service Based on

Information Retrieval

676
All publication data were subsequently analyzed using the VOSviewer software to map research trends,
identify relationships among keywords, and examine the distribution of publications in the field of Query
Expansion.

Annual Publication Trends

Figure 2 illustrates the annual trend in the number of publications related to Query Expansion research in the
field of Information Retrieval during the period from 2020 to February 2026. The publication data were obtained
from the Scopus database. Based on the figure, the number of publications shows fluctuations across the observed
years. In 2020, there were 103 publications, and the number increased to 140 publications in 2021. However, the
number of publications declined in 2022 to 82 publications. In 2023 and 2024, the number of publications remained
relatively stable, with 84 and 92 publications respectively.
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Fig. 2. Annual Publication Trends on Query Expansion in Information Retrieval (2020-February 2026)

A significant increase occurred again in 2025, when the number of publications reached 141, which represents
the highest number during the observation period. Meanwhile, in 2026, a total of 34 publications were recorded.
It should be noted that the data for 2026 only cover publications indexed up to February 2026, and therefore the
number of publications may continue to increase by the end of the year.

Distribution by Subject Area

Based on the subject area analysis, the majority of publications related to Query Expansion originate from the
field of Computer Science with a total of 596 publications. This field represents the primary contributor because
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research on query expansion is closely related to the development of algorithms, information retrieval systems,
and computational techniques. The second largest contributor is Engineering with 161 publications, followed by
Mathematics with 137 publications, Social Sciences with 114 publications, and Decision Sciences with 88
publications. Table 2 presents the distribution of publications based on subject areas.

Table 2
Distribution of Publications by Subject Area
Subject Area Number of Subject Area Number of
Publications Publications

Computer Science 596 Materials Science 15
Engineering 161 Physics and Astronomy 14
Mathematics 137 Energy 13
Social Sciences 114 Health Professions 11
Decision Sciences 88  Multidisciplinary 8
Medicine 37 Biochemistry, Genetics and 7

Molecular Biology
Arts and Humanities 34 Environmental Science
Business, Management and 31 Chemical Engineering 6
Accounting
Materials Science 15 Neuroscience 5
Physics and Astronomy 14 Agricultural and Biological Sciences 4
Energy 13 Earth and Planetary Sciences 4
Health Professions 11  Economics, Econometrics and 3

Finance
Multidisciplinary Chemistry 2
Biochemistry, Genetics and 7 Immunology and Microbiology 1
Molecular Biology
Environmental Science Nursing 1
Chemical Engineering Pharmacology, Toxicology and 1

Pharmaceutics

Research contributions also originate from several other fields such as Medicine with 37 publications, Arts and
Humanities with 34 publications, and Business, Management and Accounting with 31 publications. Additional
contributions are observed in Materials Science with 15 publications, Physics and Astronomy with 14 publications,
Energy with 13 publications, and Health Professions with 11 publications.

Smaller contributions are found in fields such as Multidisciplinary with 8 publications, Biochemistry, Genetics
and Molecular Biology with 7 publications, Environmental Science with 7 publications, and Chemical Engineering
with 6 publications. Other fields such as Neuroscience with 5 publications, Agricultural and Biological Sciences
with 4 publications, and Earth and Planetary Sciences with 4 publications also demonstrate the relevance of query
expansion research across various application domains.

More limited contributions are identified in Economics, Econometrics and Finance with 3 publications,
Chemistry with 2 publications, and several other fields including Immunology and Microbiology, Nursing, and
Pharmacology, Toxicology and Pharmaceutics, each with one publication. This distribution indicates that research
on Query Expansion is not only developing within computational disciplines but is also increasingly being applied
across various scientific domains.

Distribution by Document Type

The analysis of document types shows that the majority of publications related to Query Expansion in the field
of Information Retrieval are published as conference papers, with a total of 369 publications. This is followed by
journal articles with 270 publications. Other document types include book chapters and conference reviews, each
with 12 publications, and review papers with 10 publications. In addition, there are a small number of publications
in the form of books with 2 publications and editorials with 1 publication. Table 3 presents the distribution of
publications based on document type.

Table 3
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Distribution of Publications by Document Type

Document Type Number of Publications

Conference Paper 369
Article 270
Book Chapter 12
Conference Review 12
Review 10
Book 2
Editorial 1

This distribution indicates that conferences serve as one of the primary channels for disseminating recent
research findings in the field of Query Expansion. Conferences often provide a platform for researchers to present
emerging ideas, experimental results, and preliminary studies. Meanwhile, journal articles are generally used to
publish more comprehensive and in-depth research contributions within the broader domain of Information

Retrieval.

Keyword Analysis

Keyword analysis was conducted to identify the main research topics and the development trends related to
Query Expansion in the field of Information Retrieval. Based on the extraction of keywords from the analyzed
publications indexed in the Scopus database, several keywords were identified as having a high frequency of
occurrence. Table 4 presents the most frequently occurring keywords in the analyzed publications.

Table 4

Most Frequent Keywords in Query Expansion Research

Keyword Occurren Keyword Occurren Keyword Occurren Keyword Occurren
ces ces ces
Information 483 Relevance 22 Informatio 11 Retrieval 8
Retrieval Feedback n Storage Efficiency
and
Retrieval
Query 354 Retrieval 22 Knowledg 11 Search 8
Expansion Models e Based System
Systems
Search 221 Retrieval 22 Metadata 11 Semantic 8
Engines Performanc Retrieval
e
Semantics 176 Automatic 21 Social 11 Signal 8
Query Networkin Encoding
Expansion g (Online)

Query 171 Benchmark 21 Text 11 Text 8
Processing ing Retrieval Generations
Expansion 117 Knowledge 21 Transform 11 Clustering 7

Manageme er Algorithms
nt Modeling
Language 99 State of the 21 Economic 10 Computer 7
Model Art and Social Vision
Effects
Natural 93 Query 20 Fuzzy 10 Digital 7
Language Expansion Logic Libraries
Processing Techniques
Systems
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Information 77 Retrieval 20 Machine 10 Domain 7
Retrieval Methods Learning Knowledge
Systems
Embedding 76 Websites 20 Mismatch 10 Extraction 7
s Problems
Structured 73 Word 20 Modeling 10 Intelligent 7
Query Embedding Languages Systems
Language S
Query 70 Article 19 Query 10 Latent 7
Languages Expansion Semantic
Models Analysis
Computatio 60 Knowledge 19 Semantic 10 Nearest 7
nal Graphs Informatio Neighbor
Linguistics n Retrieval Search
Deep 53 Query 19 Thesauri 10 Neural 7
Learning Terms Networks
Ontology 50 Classificati 18 Behavioral 9 Ranking 7
on (of Research Model
Information
)
Information 49 Information 18 Codes 9 Recommen 7
-retrieval Manageme (Symbols) der
Systems nt Systems
Natural 46 Image 17 Cross- 9 Reinforcem 7
Language Retrieval language ent
Processing Informatio Learning
n Retrieval
Re-ranking 46 Information 17 Feedback 9 Large 7
Systems Scales
Large 45 Machine 17 Image 9 Matchings 7
Language Learning Enhancem
Model ent
Pseudo- 44 Model- 17 LLM 9 Clusterings 7
relevance based OPC
Feedbacks
Performanc 42 Online 17 Optimisati 9 Graph- 7
e Searching ons based
Document 37 Query 17 Precision 9 Fine 7
Retrieval Documents Grained
Semantic 36 Retrieval- 17 Precision 9
Web augmented Medicine
Generation
Word 35 Semantic 17 Translation 9
Embedding Similarity (Language
s)
Learning 33 Simple++ 17 Zero-shot 9
Systems Learning
Question 32 Learning to 16 Adversaria 8
Answering Rank 1 Machine
Learning
Artificial 31 Decision 15 Biomedica 8
Intelligence Making 1
Informatio
n Retrieval
Text 30 Efficiency 15 BM25 8
Processing
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Query 28 Query 15 Cosine 8
Reformulati Formulatio Similarity
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The most dominant keywords identified are Information Retrieval with 483 occurrences, followed by Query
Expansion with 354 occurrences, Search Engines with 221 occurrences, Semantics with 176 occurrences, and
Query Processing with 171 occurrences. Several other frequently appearing keywords include Expansion with 117
occurrences, Language Model with 99 occurrences, Natural Language Processing Systems with 93 occurrences,
and Information Retrieval Systems with 77 occurrences.

Keywords related to recent technological developments also appear prominently, such as Deep Learning, Word
Embeddings, Knowledge Graphs, and Large Language Models. The presence of these keywords indicates a shift
in research approaches toward the use of machine learning and artificial intelligence techniques to improve the
effectiveness of information retrieval systems.

The distribution of keywords suggests that research on Query Expansion is not limited to query reformulation
techniques alone. Instead, it is closely associated with the development of language models, natural language
processing methods, and machine learning techniques that aim to enhance the performance and efficiency of
modern information retrieval systems.

Keyword Co-Occurrence Analysis

The keyword co-occurrence analysis was conducted to identify relationships among research topics within the
field of Query Expansion. This analysis aims to reveal the conceptual structure of the research domain and to group
the major themes that frequently appear in scientific publications. The mapping process was performed using the
VOSviewer software based on publication data obtained from the Scopus database.

In this visualization, each keyword is represented as a node, while the relationships between keywords are
illustrated by links connecting the nodes. The size of each node indicates the frequency of keyword occurrence.
The colors represent research clusters that are automatically generated based on the strength of relationships among
keywords.
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Fig. 3 Network Visualization of Keyword Co-Occurrence
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Based on the network visualization, the keywords “query expansion” and Information Retrieval appear as the
largest nodes and are positioned at the center of the network. This indicates that these two concepts are the most
dominant topics and have strong connections with many other keywords in the research field.

The visualization also reveals the formation of several research clusters that represent different thematic areas
within query expansion studies. Some clusters highlight classical approaches such as relevance feedback and
pseudo-relevance feedback. Other clusters demonstrate the emergence of modern approaches involving artificial
intelligence technologies, including word embedding, language models, and Large Language Models. These
findings indicate a shift in research trends from traditional methods toward more advanced approaches based on
machine learning and semantic representation techniques for improving the performance of information retrieval
systems.

Keyword Trend Analysis

In addition to network analysis, this study also utilizes the overlay visualization feature in VOSviewer to
identify the evolution of research trends over time. This visualization illustrates the changes in research focus
based on the publication year of keywords appearing in the analyzed documents obtained from the Scopus
database. In this map, the color of each node represents the average publication year of the keyword. Darker colors
indicate relatively older research topics, while brighter colors represent more recent research themes.

word e‘edding

Leots®
pseudo-releweedback
welsites v
pseudo»rele\@pﬁf@back !

v NET
y ‘ 2 benchmarking
auery lang ey
documen(@gansions retr \evaynodeme’erocesw cosis

information sgems - 5nowledge graph databas@systems

language model
metadata
large datasets

large language model

decision making m
Fig. 4 Overlay Visualization of Keyword Trends

Based on Figure 4, several keywords such as Information Retrieval, Query Expansion, and search engines
appear as core topics that have long been the primary focus of research and continue to maintain strong
relationships with many other topics. These keywords represent the fundamental concepts that form the basis of
research in this field.

Meanwhile, keywords represented with brighter colors indicate more recent research trends. Examples include
Large Language Models, language models, and word embedding. The emergence of these keywords suggests that
research on query expansion is increasingly incorporating artificial intelligence approaches and modern machine
learning techniques. This visualization indicates a shift in research focus from traditional query expansion methods
toward approaches that emphasize language models and semantic representation in the development of advanced
information retrieval systems.

Research Topic Density Analysis

In addition to network and temporal trend visualizations, bibliometric analysis was also conducted using the
density visualization feature in VOSviewer to identify the level of density and concentration of research topics
within the field of Query Expansion. This visualization highlights the areas of research that are most frequently
discussed in scientific publications obtained from the Scopus database. In the density map, brighter colors such as
yellow indicate keywords with a high frequency of occurrence, whereas darker colors represent keywords with
lower frequencies.
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Fig. 5 Density Visualization of Research Topics

Based on Figure 5, topics such as Information Retrieval, Query Expansion, and search engines appear in the
areas with the highest density, indicated by bright yellow colors. This suggests that these topics represent the main
focus of research related to query expansion. In addition, several other topics such as query processing, semantics,
ontology, and knowledge graph also appear with relatively high density, indicating their strong relevance to the
development of query expansion methods.

On the other hand, topics located in darker areas of the map, such as Large Language Models, data privacy,
and chatbots, indicate that these topics are relatively new or have not yet been extensively explored in existing
research. Overall, this density visualization provides an overview of the distribution of research focus and
highlights the dominant topics that shape the development of studies on query expansion in the field of Information
Retrieval.

DISCUSSIONS

This section discusses the interpretation of the bibliometric analysis results based on 676 scientific publications
related to Query Expansion in the field of Information Retrieval. The discussion aims to interpret the research
findings related to publication trends, subject area distribution, document types, and the development of research
topics based on keyword analysis.

Based on the analysis of annual publication trends, the number of studies related to query expansion shows
fluctuations during the period 2020-2026. The number of publications increased from 103 documents in 2020 to
140 documents in 2021, then decreased to 82 publications in 2022. In 2023 and 2024, the number of publications
remained relatively stable with 84 and 92 publications respectively. A significant increase occurred again in 2025,
when the number of publications reached 141 documents, which represents the highest number during the
observation period. Meanwhile, in 2026, 34 publications were recorded up to February, meaning that the number
may continue to increase by the end of the year. This pattern indicates that research on Query Expansion remains
an active and evolving topic, particularly due to the growing need for more effective and intelligent information
search systems.

From the perspective of subject area distribution, research on query expansion is dominated by the field of
Computer Science with 596 publications. This is reasonable because the development of query expansion
techniques is closely related to the development of algorithms, information retrieval systems, and computational
techniques used in text data processing. In addition, significant contributions also come from Engineering with
161 publications and Mathematics with 137 publications. These findings highlight the importance of
computational and mathematical approaches in the development of information retrieval methods. Contributions
from other fields such as Social Sciences with 114 publications and Decision Sciences with 88 publications
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indicate that query expansion research is also being applied in various contexts, including user behavior analysis
and information processing in digital social systems.

In addition to subject area distribution, the analysis of document types provides insight into the characteristics
of publications in this research domain. The results show that most documents are published as conference papers,
totaling 369 publications, followed by journal articles with 270 publications. Other document types such as book
chapters, conference reviews, and review papers have relatively smaller numbers. The dominance of conference
publications suggests that innovations in the field of query expansion develop rapidly and are often first presented
in scientific conferences before being published in more comprehensive forms in academic journals.

Keyword analysis also provides an overview of the main research focus in this field. Based on the frequency
of keyword occurrences, Information Retrieval with 483 occurrences and Query Expansion with 354 occurrences
emerge as the most dominant topics. Other keywords such as search engines with 221 occurrences, semantics with
176 occurrences, and query processing with 171 occurrences also appear frequently. These findings indicate that
query expansion research is strongly related to the development of information search systems aimed at improving
the relevance of search results through more effective query processing.

In addition to these core keywords, several keywords related to recent technological developments also appear
prominently, including Deep Learning, word embeddings, knowledge graphs, and Large Language Models. The
emergence of these keywords indicates that research on query expansion increasingly integrates machine learning
and artificial intelligence techniques to enhance the performance of information retrieval systems. This trend
reflects an evolution in research approaches from traditional statistical and rule-based methods toward data-driven
and semantic representation approaches.

The results of the keyword co-occurrence analysis reveal the conceptual structure of the research field, which
forms several thematic clusters. The network visualization shows that the keywords “query expansion” and
Information Retrieval are located at the center of the network with the largest node sizes, indicating the central
role of these concepts in the analyzed research domain. The clusters that emerge also demonstrate differences in
research approaches. Some clusters represent classical methods such as relevance feedback and pseudo-relevance
feedback, while other clusters represent modern approaches involving technologies such as word embedding,
language models, and Large Language Models.

Furthermore, the overlay visualization highlights the development of research trends over time. The
visualization shows that classical topics such as information retrieval, query expansion, and search engines have
long been the primary focus of research. However, several keywords that appear in brighter colors in the
visualization, such as large language models, language models, and word embedding, represent more recent
research trends. This indicates that query expansion research is increasingly evolving by incorporating modern
artificial intelligence technologies to enhance contextual and semantic understanding in information search
processes.

Meanwhile, the density visualization results indicate that topics such as Information Retrieval, Query
Expansion, and search engines have the highest density levels in the research network. This confirms that these
three topics form the core of research in this field. On the other hand, topics such as Large Language Models, data
privacy, and chatbots have lower density levels, suggesting that these topics are relatively new and have not yet
been extensively explored. This situation opens opportunities for future research to explore the integration of
generative artificial intelligence technologies with query expansion methods.

Overall, the analysis results indicate that research on Query Expansion continues to evolve along with advances
in Information Retrieval technologies and artificial intelligence. The integration of classical methods such as
relevance feedback with modern approaches based on machine learning and large language models represents one
of the most promising research directions for improving the quality and effectiveness of information retrieval
systems in the future.

CONCLUSION

This study analyzes the development of research on Query Expansion in the field of Information Retrieval
through a bibliometric approach based on 676 scientific publications obtained from the Scopus database. The
analysis was conducted using the VOSviewer software to identify publication trends, subject area distribution,
document types, and relationships among research keywords. The results show that the number of publications
fluctuated during the period 2020-2026, with the highest increase occurring in 2025. In terms of subject areas, the
research is dominated by Computer Science, followed by Engineering, Mathematics, and Social Sciences.
Furthermore, most of the publications are conference papers, indicating that innovations in the field of query
expansion are rapidly disseminated through scientific conference forums.

Keyword analysis reveals that the main research topics include Information Retrieval, Query Expansion, and
search engines, which represent the core concepts in the development of information retrieval systems. Network
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visualization and research trend analysis also indicate a shift from classical approaches such as relevance feedback
toward more modern artificial intelligence—based methods, including word embedding, Deep Learning, and Large
Language Models. This study provides an overview of the structure and development trends of research on query
expansion. It also highlights potential future research opportunities related to the integration of query expansion
techniques with artificial intelligence technologies to improve the effectiveness and performance of information
retrieval systems.
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