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ABSTRACT

This review article highlights the pivotal role of bibliometric analysis in enhancing scholarly communication 
amid the exponential growth of academic literature. Traditional literature review methods are unable to keep pace 
with the vast increase in research output, thus requiring innovative approaches to analyse and interpret bibliographic 
data. The study elucidates how bibliometric analysis employs advanced statistical techniques to identify significant 
patterns in research output, collaboration dynamics, and individual research impacts within the academic community. 
Key findings indicate that the development of prominent scientific databases, such as scopus and web of science, 
alongside various bibliometric software and visualisation tools, has bolstered the capacity for systematic analysis. 
The paper delineates two main types of bibliometric analysis: performance analysis, which assesses the contributions 
of various research stakeholders, and science mapping, which explores the relationship networks among authors and 
concepts. The insights derived from bibliometric studies are invaluable for funding agencies, academic institutions, 
and policymakers, facilitating informed strategic decision-making and fostering a culture of evidence-based research 
practices. The findings illustrate bibliometric analysis’s transformative potential for enhancing knowledge management 
and collaboration across disciplines.
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1. INTRODUCTION
Bibliometric studies are crucial in scholarly 

communication. They offer rigorous quantitative analyses 
that reveal patterns in academic literature’s production, 
dissemination, and utilisation. By employing advanced 
statistical methods, these studies help derive insights from 
extensive bibliographic datasets. They clarify collaboration 
dynamics, and evaluate the impact of individual research 
outputs and collective knowledge within the academic 
community1-2. 

The growth of information and communication 
technology has led to a remarkable increase in scientific 
output, marked by the exponential rise of academic journals 
and publication outlets3.This surge makes it challenging 
for researchers to keep pace with developments and 
identify gaps using traditional literature review methods. 
Consequently, there is a need for innovative approaches to 
organise and structure knowledge4. Bibliometric analysis 
is an effective alternative, capable of analysing vast 
amounts of publications at macroscopic and microscopic 
levels, attracting significant attention5

Factors such as the rise of scientific databases 
(like Scopus and Web of Science), the availability of 
bibliometric software and visualisation tools (e.g., Gephi, 
VOSviewer), and the cross-disciplinary applicability of 
bibliometric methodologies have fuelled interest in this 
field. By leveraging algorithms and quantitative techniques, 
bibliometric analysis systematically handles, organises, 
and reports bibliometric data, fostering a more objective 
understanding of scientific research3-6. 

This study emphasises the significance of bibliometric 
analysis as a transformative tool in academic research, which 
facilitates the evaluation of research output and enhances 
collaborative efforts across various disciplines. The usability 
of this study lies in its potential to guide funding agencies, 
academic institutions, and policymakers in making informed 
decisions regarding resource allocation and strategic planning. 

The literature search for this review involved a comprehensive 
analysis of multiple scientific databases, including Scopus and 
Web of Science, to identify relevant articles and publications 
in the field of bibliometric analysis. Keywords such as 
“bibliometric analysis,” “scholarly communication,” and 
“performance analysis” were employed to filter and select 
studies that contributed to a deeper understanding of trends 
and methodologies in this area.
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The main objective of the study is to highlight the 
transformative role of bibliometric analysis in enhancing 
scholarly communication and to provide insights into 
research trends and collaboration networks that can aid 
funding agencies, academic institutions, and policymakers 
in strategic decision-making.

2. TYPES OF BIBLIOMETRIC ANALYSIS
In bibliometric research, two primary analytical methods 

are typically employed: performance analysis and science 
mapping. These methods serve as the essential components 
of bibliometric analysis7-8 Performance analysis provides 
a comprehensive overview of the field by assessing 
scientific outputs and recognising the contributions of 
various research entities. Its objective is to evaluate 
different scientific stakeholders, including researchers, 
institutions, and countries, utilising bibliographic indicators 
derived from publication and citation data9.

In bibliometric networks, mapping and clustering 
are distinct but complementary techniques for analysing 
research fields and relationships. Mapping visually represents 
the structure of the network, while clustering identifies 
groups or communities of nodes based on their similarity 
or connectedness. 

Meanwhile, science mapping delves into the relationship 
networks (authors, authors-papers-concepts-citations) and 
focuses on the relationships between research constituents. 
It also elucidates the topological and temporal representation 
of the cognitive and social structure within a specific 
research domain10-11. 

Researchers frequently employ both methodologies 
based on the objectives of the study and the specific 
research inquiries. The analysis process associated with 
bibliometric research is illustrated in Fig. 1. Researchers 
commonly utilise both approaches depending on the aim of 
the research and the research questions. Figure 1 displays 
the analysis procedure involved in bibliometric research. 

Figure 1. Thematic representation of the analysis procedure involved in bibliometric research.

2.1 Performance Analysis
Performance analysis investigates the roles of 

various research entities, such as authors, institutions, 
countries, and journals, along with their effectiveness 
within the discipline11. Performance analysis examines 
the contributions of research constituents (e.g., authors, 
institutions, countries, and journals) and their performance 
in the field11. These constituents can be analysed at 
various levels of aggregation, including continents, 
countries, regions, universities, faculties, departments, 
or even individual researchers. Typically, performance 
is assessed and compared against other entities. The 
evaluation of different scientific outputs is carried out 
using a variety of bibliometric indicators. In order to 
assess the performance metrics, the research domain 
is quantified through the number of publications and 
citations, key contributors are identified based on citation 
frequency and productivity, and the influence of various 
scientific entities, including countries, universities, and 
researchers, is evaluated12,13. The performance analysis is 
categorised based on publication, citation (or impact), and 
citation and publication-related indicators and metrics. 
Publication or productivity metrics quantify the number 
of publications, authors (sole and collaborators), journals, 
organisations, and countries help to identify the core 
active author/organisation/ journal in the discipline14; 
the citation or impact metrics like total number of 
citations in terms of author/journal/institution/country, 
self-citations (Journal/Author), uncited paper counts, 
average citations, impact factor, immediacy index used 
to evaluate the performance and impact of the scientific 
research; the publication & citation related metrics similar 
to be collaborative index, affinity index, citation rate 
per publications, relative citation rate, h-index, g-index 
and i-index provide insight to seminal works and highly 
influential publications within a specific field and also 
trace growth of the field15.
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Performance indicators serve various functions, 
including securing research grants, obtaining funding or 
advancing careers, assessing the promotion of authors, and 
ranking research departments and institutions7,16,17. A few 
bibliometric softwares such as HisCite, CR Explorer (1.9 
version), Publish or Perish (7 versions), and ScientoPyUI 
(1.4.0 version) are available that undertake bibliometric 
performance analysis using selected bibliometric indicators

Table 1 presents the metrics or indicators used in 
performance analysis, and Table 2 lists the analytical 
techniques used in performance analysis. 

2.2 Science Mappig
Science mapping serves as a spatial illustration of 

the interconnections among authors, concepts (keywords), 
and citations (including papers, journals, or authors) 
within any given research domain17. This methodology 
facilitates the delineation of the structure and dynamics 
of scientific inquiry, uncovering the intellectual, social, 
and conceptual frameworks, as well as the evolutionary 

Metric type List of metrics (Description)
Publication-related metrics Total publications, Publications from academia, industry and academia industry 

collaboration, Number of contributing authors,  organizations and countries, Number of 
active years of publication, Productivity per active year of publication, Sole-authored 
publications and Co-authored publications.

Citation-related metrics Total citations  and Average citations  per publication, per year, perperiod.
Citation-and-publication-related metrics Citations per cited publication, Number of cited publications, Proportion of cited 

publications, h-index, g-index and i-index (i-10, i-100, i-200); Collaboration coefficient.
(Source: Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to conduct a bibliometric analysis: An 
overview and guidelines. Journal of Business Research, 133, 285–296. https://doi.org/10.1016/j.jbusres.2021.04.070 [7])

Table 1. Metrics and indicators used in performance analysis

Subtype Description

Disciplinary analysis Analyses the specific characteristics of research within 
different disciplines

Journal analysis assesses the number of journals and the impact of journals based on citation 
metrics and other factors.

Geographic analysis evaluate the productivity of individual countries or groups of countries at 
regional and international levels.

Author analysis evaluate the productivity of individual researchers or research groups and 
study collaboration patterns among researchers.

Institutional analysis evaluate the productivity of individual institutions or groups 
of institutions.

Keyword analysis identifies frequently co-occurring keywords to uncover emerging research 
topics and trends

Citation analysis examines the frequency and patterns of citations to identify influential 
works, authors, and journals

Temporal analysis examines the evolution of research trends over time.

Altmetric analysis measures the impact of research on social media platforms, news media, and 
policy documents

Table 2. Techniques used in performance analysis

trajectories of the literature in the respective field16,18. 
It focuses on the intellectual exchanges and structural 
relationships among the components of research, analysing 
the interactions between scientific entities from various 
viewpoints through techniques such as co-authorship, 
 co-word, citation, co-citation, and bibliographic coupling19-21. 
Furthermore, it seeks to elucidate the visualisation of the 
collaborative network among scientific items, thereby 
enabling the mapping of pertinent literature through the 
processes of network creation and revelation22.

It is assumed that science mapping is a combination 
of two basic processes: “analysis” and “visualisation”. 
The analysis involves the processing of bibliographic 
units of authors (co-authorship analysis), keywords (co-
word analysis), and citations in three dimensions, i.e., 
shared references (bibliographic coupling), co-occurrence 
of citations (co-citation), and direct citations. In Fig. 
2,A citing C represents a Direct Citation; A and C 
cites B is Bibliographic Coupling; A and C cited by D 
represent Citation Relations. Visualisation is mapping 
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the bibliographic entities and their relationship through 
network science, known as bibliometric networks.

co-citation analysis, it examines reference overlap 
in the existing literature by assessing the strength 
of the coupling, which is determined by the number 
of references they have in common. It is beneficial 
for identifying contemporary research groups and 
thematic linkages26.

4. Co-occurrence/Co-word Analysis: Co-word analysis 
examines the co-occurrence of keywords in scientific 
documents to identify research themes and topic 
structures. It assumes that frequently co-occurring 
words indicate conceptual or thematic similarities 
used to map research fronts and emerging trends27.

5. Co-author analysis: The authorship pattern measures 
the scientific collaboration at all levels of aggregation, 
from individual authors to international collaboration, 
which helps to understand social structures in scientific 
communities, including prolific researchers, collaborative 
teams, and institutional partnerships. It provides 
insights into research productivity and interdisciplinary 
collaborations28.

2.3 Bibliometric Networks
Bibliometric Networks (BN) is a powerful tool 

rooted in bibliometrics and network science to analyse, 
map, visualise, and understand the relationship between 
bibliometric entities of scientific literature. The BN 
can be categorised from different perspectives, and the 
relationships of bibliographic entities aggregate at different 
levels and network structures. Predominantly, BN are 
classified based on bibliographic entities of citations as 
citation, co-citation, and bibliographic coupling networks; 
based on author and author affiliation as co-authorship, 
organisation, nation, and international collaboration network; 
based on keywords as co-word, keyword (keywords 
from title, abstract, authors’ keyword) co-occurrence and 
keyword term co-occurrence network. A cross-section of 
bibliographic entities, such as journal citation/co-citation 
network, author citation/co-citation network, etc, can 
also construct several BN. It can be further categorised 
from the perspective of network structure, drawing upon 
edges, nodes, and visualisation of networks.

Based on node positioning, there are distance-based 
approaches, using methods like Multidimensional Scaling 
and VOS viewer to represent node relatedness in 2D space; 
graph-based approaches, representing relationships with 
edges, suitable for small networks; and timeline-based 
approaches, positioning nodes chronologically, often used 
in citation historiography29. BNs can also be categorised 
by affiliation and similarity30. Affiliation networks are 
directed, weighted bipartite networks showing relationships 
between two node types with no connections within 
the same type. Similarity networks are non-directional, 
weighted networks where nodes represent similar entities, 
like in co-authorship or co-citation networks. Finally, 
common BN classifications include co-word/keyword/
key term co-occurrence networks, linking terms based on 
their co-occurrence; co-citation networks, linking articles 
cited together; and bibliographic coupling networks, 

Figure 2. Techniques used in performance analysis.

In science mapping, scanning involves identifying 
related subjects, encompassing theories, concepts, contexts, 
and methodologies. These subjects are represented as 
articles through various science mapping techniques such 
as bibliographic coupling, co-citation analysis, citation 
analysis, and PageRank analysis, as articles linked to 
contributors in co-authorship analysis, and as keywords in 
co-word or co-occurrence analyses. A thorough examination 
and identification of these clusters provide an initial 
in-depth understanding of the intellectual framework of 
the field, emphasising the relationships among different 
research themes. Conversely, sensing in science mapping 
pertains to comprehending the connections between topics 
within a cluster and forming an overarching theme that 
ties them together. This process requires an in-depth 
exploration of the content related to each cluster, enabling 
a thorough interpretation of their thematic significance6.

2.2.1 Techniques of Science Mapping
Bibl iographic  analysis  encompasses  several 

methodologies, including citation analysis, co-citation 
analysis, bibliographic coupling, keyword co-occurrence, 
social network analysis, and content analysis. Each of 
these methodologies offers unique insights into research 
trends within a specific discipline and can be employed 
to address distinct research inquiries. It is essential to 
select the most suitable method in accordance with the 
research question and the data at hand.
1. Citation Analysis: A fundamental technique assumes 

that citations reflect intellectual linkages between 
publications that examine the frequency, patterns, and 
impact of citations in scientific literature23. It helps 
to evaluate the influence of researchers (h-index, 
g-index), journals (impact factors), and institutions, 
providing insights into knowledge dissemination and 
scholarly impact.

2. Co-Citation Analysis: A fundamental premise of co-
citation analysis is that the more frequently two items 
are cited, the greater the possibility that their content 
is related24. It acts as an instrument in tracking the 
development of scientific disciplines to reveal the 
intellectual structure of a research field by identifying 
clusters of closely related publications 25.

3. Bibliographic Coupling: It measures document 
similarity based on shared references. Unlike  
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linking documents sharing references, with relationship 
strength based on the number of shared references, and 
representing the inverse of co-citation relationships31-33.

2.4 Normalisation Methods
Normalisation in bibliometric networks refers to 

adjusting raw data to make comparisons more meaningful 
and ensure consistency across different networks or datasets. 
Raw frequencies do not accurately represent the similarity 
between the items34. Normalisation eliminates biases due 
to varying network sizes, citation practices, collaborative 
behaviour, or the scale of the data. Similarity measures 
quantify the relationship between items after normalising 
raw frequencies of direct citations, co-occurrences, and 
shared references. Van Eck and Waltman grouped these 
measures directly and indirectly35. Ahlgren36, et al.and 
Perianes-Rodriguez37, et al. categorised the same into 
local and global measures (Table 3).

In addition to the above traditional normalisation 
methods, word embedding - a neural network-based approach 
(BoW, TFIDF, and Word embedding) to normalisation 
and similarity calculations is now common prevalence 
in bibliometric networking, which captures the meaning 
and context of words by representing them as dense 
vectors in a high-dimensional space. It focuses on 
semantic similarity, contextualising the information, 
and dimensionality reduction of documents. Similarity 
measures are integrated with machine learning models 
to enhance text classification performance38 

In recent days, the normalisation process has been 
computed using bibliometric software. For instance, 
Bibexcel39 provides Cosine, Jaccard’s Index, or the 
Vladutz and Cook measures; Publish or perish40 facilitates 
Hirch’sIndex, Eggh’s Index and Zhang’s Index; CiteSpace41 

Normalisation method Similarity measures

Direct / Local Methods Set-theoretic similarity measures

Cosine: Measures the angle between two vectors, 
effectively normalising for differences in frequencies

Probabilistic affinity index, Proximity index, Pseudo cosine

Jaccard Index: Focuses on the proportion of shared 
features between two items.

Dice Coefficient

Inclusion Index: Asymmetric measure focuses on the 
shared features between two items.

Overlap measure Simpson coefficient

Probabilistic similarity measures

Association Strength: A probabilistic measure that 
considers the overall distribution of co-occurrences

Ochiai coefficient, Equivalence index, Salton’s index/
measure

Indirect / Global Methods

Bhattacharyya distance
Cosine
Jensen-Shannon distance
Pearson’s Correlation
Chi-squared distance

Table 3. Normalisation methods and similarity measures used in bibliometric networks

also provides Salton’s Cosine, Dice or Jaccard Strength; 
VOS viewer21,31,42 specialised in Association Strength, 
Fractionalisation and Linlog Modularity.

2.5 Mapping and Clustering
2.5.1 Mapping Techniques 

The mapping of bibliometric networks typically 
involves 5 phases, from data collection to validation 
and enrichment. The research problem, purpose, and 
aims of the bibliometric research decide upon the level 
aggregation of bibliographic entities, type of bibliometric 
networks, kinds of network metrics and indicators to 
be utilised, and selection of appropriate visualisation 
algorithms and network refinement tool.  

2.5.2 Clustering Techniques
These are crucial for grouping nodes in bibliometric 

networks to reveal patterns and themes in research. 
Component analysis identifies connected subgraphs 
with weak components in undirected networks and 
strong components in directed networks. The k-core 
analysis identifies subnetworks where each node has at 
least degree k. Clique analysis finds maximal subsets 
of connected nodes, indicating cohesive subgroups. 
Hierarchical clustering groups similar keywords/concepts 
into clusters, visualised using dendrograms. Community 
detection algorithms like Louvain and Girvan-Newman 
identify densely connected groups within the network. 
Primary path analysis traces knowledge flow and identifies 
influential documents. Other clustering methods include 
Streemer, spectral clustering, modularity maximisation, 
and a bootstrap resampling approach with significance 
clustering43-50.



372

DJLIT, VOL. 45, NO. 4, JULY 2025

2.5.3 Visualisation
Science mapping, a key aspect of bibliometric research, 

uses visualisation to analyse network structures. Three 
common visualisation approaches are based on distance, 
graph, and time. Graph-based visualisation represents 
entities as nodes and relationships as edges, using layout 
algorithms like Kamada-Kawai and Fruchterman-Reingold. 
Distance-based visualisation, such as Multidimensional 
Scaling, places similar items closer together, though less 
common now. Time-based visualisation shows network 
evolution, revealing research trends. Thematic/semantic 
maps visualise the research field’s thematic structure 
using Strategic Diagrams, NLP, and heat maps. Density 
maps highlight areas of high research activity, while 
geographic maps visualise collaborations or output 
geographically16,21,41,51,52. 

Numerous visualisation software tools exist for mapping 
various social, conceptual, and intellectual networks. These 
tools can depict co-authorship relationships to understand 
social interactions within research communities, analyse 
citation patterns to reveal the cognitive structure of a 
field, and explore co-occurrence networks to uncover the 
intellectual and conceptual structure of research topics. 
They include (i) Pajek, which offers a wide range of 
layout algorithms, clustering tools, and network analysis 
measures; (ii) VOS viewer, which offers features like 
cluster labelling and density visualisation (Fig. 3);  
(iii) CiteSpace, which provides tools for burst detection, 
citation network analysis, and thematic analysis;  
(iv) Bibliometrix provides a comprehensive set of 
tools for bibliometric analysis, including network 
visualisation. Offers functionalit ies for thematic 
mapping, co-citation analysis, and performance analysis;  
(v) Gephi offers a user-friendly interface and a wide 
range of layout algorithms; (vi) Graphviz is used to 
create static network diagrams; (vi) CitNet Explorer 
visualises networks of direct citation relations between 
publications and provides timeline-based approach; and 
(vii) UCINET offers network measures and facilitates 
visualisation.

2.5.4 Enrichment
The basic form of a science map is visualisation, 

which is ready to interpret the analysis. However, adding 
more information on the size of the nodes, direction of 
arcs, and thickness of edges by network measures such as 
degree centrality, betweenness centrality, closeness centrality, 
and eigenvector centrality43 enriches the discussion of the 
research field. Furthermore, using different colours to 
represent the clusters and communities and overlay maps 
in the network enhances bibliometric analysis. Bibliometric 
software provides enrichment tools at node, edge/link, and 
network levels to gain deeper insights into the structure 
and dynamics of scientific literature. VOS viewer offers 
features like cluster labelling, term maps, and density 
visualisation; CiteSpace provides burst terms, visualising 
evolutionary trends and highlighting key pathways in the 

network; Bibliometrix includes functionalities for thematic 
analysis, co-citation networks, and performance analysis. 
Pajek extends centrality measures community detection 
and offers algorithms for network layout53.

3. NETWORK METRICS USED IN ANALYSIS 
OF BIBLIOMETRIC NETWORKS
Bibliometric network metrics, derived from network 

science, analyse network structure at node, network, and 
meso levels. 

Micro-level metrics at the node level evaluate the 
centrality of specific bibliographic entities. Degree centrality 
quantifies the number of connections associated with a 
node. Closeness centrality assesses the proximity of a 
node to all other nodes. Betweenness centrality calculates 
the frequency of shortest paths that traverse a node. Hub 
and authority scores highlight significant and influential 
documents, respectively. Eigenvector centrality determines 
a node’s influence by considering the influence of its 
neighboring nodes43,54.

Macro-level metrics of a network provide insights 
into its overall structure. Network density reflects the 
completeness of the network. The average path length 
quantifies the mean of the shortest paths connecting 
all pairs of nodes. The diameter represents the longest 
of the shortest paths within the network. Distance is 
defined as the shortest path between two specific nodes. 
The clustering coefficient assesses the extent to which 
nodes tend to group together. Modularity evaluates 
the robustness of the network’s division into distinct 
communities. Assortativity indicates the likelihood of 
nodes forming connections with other nodes of similar 
characteristics. Finally, connectedness gauges the efficiency 
of information flow throughout the network55. 

Meso-level metrics analyse groups of nodes, often 
using clustering techniques like component analysis, 
k-core, community detection, primary path analysis, 
clique analysis, and hierarchical clustering.  

3.1 Applications
Bibliometric analysis has numerous applications 

across various domains, proving to be a powerful tool 
for assessing research performance and trends. One 
significant application is in evaluating academic institutions 
and researchers, where bibliometric indicators, such as 
citation counts and h-index values, are used to measure 
productivity and impact. These metrics provide insights 
into the effectiveness of research programs and help 
benchmark institutions against their peers. Furthermore, 
bibliometric studies facilitate the identification of emerging 
research areas and key contributors, enabling stakeholders 
to make informed decisions regarding funding, resource 
allocation, and strategic planning. 

Another important application lies in the realm 
of knowledge management and information retrieval. 
Bibliometric techniques can highlight the structure of 
scientific fields, revealing the relationships between 
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authors, institutions, and disciplines. This understanding 
is crucial for fostering collaboration and interdisciplinary 
research efforts. Additionally, bibliometric analysis aids 
in developing comprehensive literature reviews, enabling 
researchers to categorise and synthesise findings within 
specific fields systematically. Overall, the versatility 
and breadth of bibliometric applications underscore its 
importance in enhancing research evaluation, supporting 
decision-making processes, and promoting the effective 
dissemination of knowledge across academia.

4. LIMITATIONS, CHALLENGES AND FUTURE 
DIRECTIONS
The limitations of bibliometric studies primarily 

stem from their reliance on specific databases and 
metrics, which can result in skewed representations of 
research output and impact. Different databases may 
vary in coverage, leading to inconsistencies in data 
collection and the exclusion of relevant literature. 
Moreover,  citation-based metrics,  such as impact 
factor and h-index, may not accurately reflect the 
quality or significance of the research, as various 
factors, including citation practices and disciplinary 
norms, influence them. This reliance on quantitative 
measures can overlook the qualitative aspects of 
research, leading to an incomplete understanding of 
academic contributions. 

Another challenge lies in interpreting bibliometric 
data, which often requires careful contextualisation. The 
findings may be misinterpreted or misapplied without 
an understanding of the broader disciplinary landscape. 
Additionally, bibliometric analysis might not capture 
emerging fields that lack established publishing patterns, 
resulting in the under-representation of cutting-edge 
research areas. These limitations highlight the need 
for complementary qualitative assessments alongside 
bibliometric approaches to provide a more comprehensive 
evaluation of scholarly communication and the intricate 
dynamics of academic research.

Bibliometrics, while useful for analysing research 
output and trends, faces limitations in data, metrics, and 
interpretation.:

4.1 Data-Related Limitations56

1. Bias in citation data : Citation patterns can be 
influenced by factors like journal prestige, language, 
and even unintentional biases in citation practices; 

2. Publication bias: Certain types of publications (e.g., 
highly-cited articles, those in high-impact journals) 
may receive more attention, leading to skewed results;

3. Challenges in including non-scholarly outputs: 
Bibliometric analysis primarily focuses on scholarly 
publications, potentially overlooking impactful research 
disseminated through other channels like preprints, 
reports, or social media; and

4. Sample size limitations: Small sample sizes can lead 
to unstable and unreliable results. 

4.2 Database Limitations
4.2.1 Metric-Related Limitations57 
1. Subjectivity in assigning weights: Choosing which 

metrics to use and how to weigh them (e.g., publication 
count vs. citation count) requires judgment, which 
can introduce subjectivity, 

2. Difficulty in capturing research impact beyond citations: 
Citation counts, while a valuable indicator, don’t 
fully capture the real-world impact of research, 
which may also be evident in policy, practice, or 
societal change, 

3. “Citation gaming”: Researchers can manipulate citation 
practices to inflate their citation counts, skewing 
results, 

4. Lack of standardised metrics: Different fields and 
disciplines may use different metrics, making it 
difficult to compare results across areas. 

4.2.2 Interpretation-Related Limitations58,59

1. Need for contextual understanding: Bibliometric data 
needs to be interpreted within the specific context 
of the research field and the study’s goals., 

2. Risk of oversimplification: Drawing overly broad 
or simplistic conclusions from bibliometric data can 
lead to misunderstandings, 

3. Subjectivity in interpretation: Even though bibliometric 
data is quantitative, interpretation can be influenced 
by researchers’ biases and assumptions; 

4. Difficulty in establishing causal relationships: Bibliometric 
analysis can identify trends and relationships, but it 
cannot establish causal connections between research 
and impact. 

FUTURE DIRECTIONS
It is expected that Artificial Intelligence (AI), Machine 

Learning (ML) pattern recognition, text mining (including 
topic modelling (e.g., Latent Dirichlet Allocation - LDA), 
and predictive analytics techniques, and network analysis 
in future will significantly enhance future bibliometric 
studies. They are expected to:
1. Automate data extraction and processing (including 

tasks like extracting relevant information, cleaning 
data, and transforming it into a usable format

2. Identify emerging trends, influential research topics, 
and key research areas; using pattern recognition 
techniques;

3. Visualising research networks between authors, 
institutions, publications, and research topics, 

4. Provide thematic content analysis, which automate 
group documents selection revealing hidden structures 
and relationships within the literature and even 
predicting future research trends60-70. 

5. CONCLUSION
Bibliometric studies play a pivotal role in transforming 

scholarly communication by providing quantitative 
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insights that enhance the understanding of research 
trends, collaboration dynamics, and impact assessment 
within the academic community. As we look to the 
future, the integration of advanced technologies such as 
Artificial Intelligence (AI) and Machine Learning (ML) 
promises to further refine bibliometric analysis, enabling 
more sophisticated data interpretation and visualisation 
techniques. However, it is essential to acknowledge the 
limitations of bibliometric studies, including potential 
biases in data sources and the challenges of accurately 
measuring the qualitative aspects of research impact. 
Despite these challenges, the continued evolution of 
bibliometric methodologies will contribute significantly 
to evidence-based decision-making in research funding 
and policy development. Ultimately, by fostering a 
culture of informed practices and collaboration across 
disciplines, bibliometric analysis is poised to enhance 
knowledge management in academia.
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