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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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Factors such as the rise of scientific databases

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
community'=.

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 outlets®. 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 knowledge*. Bibliometric analysis
is an effective alternative, capable of analysing vast
amounts of publications at macroscopic and microscopic
levels, attracting significant attention®
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(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 research®*.

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 analysis”® 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 data’.

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 domain'*-'!.

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.

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 discipline!!. Performance analysis examines
the contributions of research constituents (e.g., authors,
institutions, countries, and journals) and their performance
in the field!!. 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 evaluated'?!*. 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 discipline'*;
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 field".

Bibliometric

Analysis

Bibliometric
Research
Ana|VSiS Performa.nce
Procedure Sushee
: Measurement
Transaction and

Classification

Science
Mapping

Analysis

(or bibliometric Visualization

techniques)

Figure 1. Thematic representation of the analysis procedure involved in bibliometric research.
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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 institutions™'!7. 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 domain!’. 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

trajectories of the literature in the respective field!®!s
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 coupling!'®-2.
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 revelation?.

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

Table 1. Metrics and indicators used in performance analysis

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

Citation-and-publication-related metrics

Total citations and Average citations per publication, per year, perperiod.

Citations per cited publication, Number of cited publications, Proportion of cited

publications, A-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 2. Techniques 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

Altmetric analysis

examines the evolution of research trends over time.

measures the impact of research on social media platforms, news media, and

policy documents
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the bibliographic entities and their relationship through
network science, known as bibliometric 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 significance®

2.2.1 Techniques of Science Mapping

Bibliographic 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 literature®. 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 related?. 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 .

3. Bibliographic Coupling: It measures document
similarity based on shared references. Unlike
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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 linkages?®.

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 trends?’.

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
collaborations®.

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 historiography?’. BNs can also be categorised
by affiliation and similarity®®. 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,
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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 relationships3!=3.

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 items**. 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 indirectly®>. Ahlgren®, et al.and
Perianes-Rodriguez’’, 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 performance?®

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

also provides Salton’s Cosine, Dice or Jaccard Strength;
VOS viewer?'?'? gpecialised 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
clustering*-3,

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

Normalisation method

Similarity measures

Direct / Local Methods Set-theoretic similarity measures

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

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

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

Probabilistic similarity measures

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

Indirect / Global Methods

Bhattacharyya distance
Cosine

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

Probabilistic affinity index, Proximity index, Pseudo cosine

Dice Coefficient

Overlap measure Simpson coefficient

Ochiai coefficient, Equivalence index, Salton’s index/
measure
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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
geographically!6-2141.51.52

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);
(1i1) 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 functionalities 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 centrality*’ 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
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network; Bibliometrix includes functionalities for thematic
analysis, co-citation networks, and performance analysis.
Pajek extends centrality measures community detection
and offers algorithms for network layout™.

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 nodes*-%*.

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 network™.

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 Limitations>®

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 Limitations®’

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 Limitations >’

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 (Al), 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 trends®7°.

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.

REFERENCES

1. Mezquita B, Alfonso-Arias C, Martinez-Jaimez P,
Borrego, A. The use of bibliometrics in nursing
science: Topics, data sources and contributions to
research and practice. Nurs Open. 2024;11(9): €70036.
doi: 10.1002/n0p2.70036

2. Borgman CL, Furner J. Scholarly communication
and bibliometrics. Annual Review of Inf Sci and
Technol. 2005;36(1):2-72.
doi: 10.1002/aris.1440360102

3. Kraus S, Breier M, Lim WM et al. Literature reviews
as independent studies: Guidelines for academic
practice. Review of Managerial Sci. 2022;16(8):
2577-2595.
doi: 10.1007/s11846-022-00588-8

4. Rodrigues SP, van Eck NJ, Waltman L, Jansen FW.
Mapping patient safety: A large-scale literature review
using bibliometric visualisation techniques. British
Medical J Open. 2014;4:¢004468.
doi: 10.1136/bmjopen-2013-004468

5. Tejasen C. Historical bibliometric analysis: A case
of the journal of the siam society, 1972-1976.
Proceedings of the Association for Information
Science and Technology. 2016; 53:1-6.
doi:10.1002/pra2.2016.14505301108

6. Lim WM, Kumar S. Guidelines for interpreting the
results of bibliometric analysis: A sensemaking approach.
Global Business and Organisational Excellence. 2024;
43(2): 17-26.
doi: 10.1002/joe.22229

7. Donthu N, Kumar S, Mukherjee D, Pandey N,
Lim WM. How to conduct a bibliometric analysis:
An overview and guidelines. J of Business Res.
2021;133(5): 285-296.
doi: 10.1016/j.jbusres.2021.04.070

8. Mukherjee D, Lim WM, Kumar S, Donthu N. Guidelines
for advancing theory and practice through bibliometric
research. J of Business Res. 2022;148: 101-115.
doi: 10.1016/j.jbusres.2022.04.042

374

9.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Narin F, Hamilton K. Bibliometric performance
measures. Scientometrics. 1996; 36(3): 293-310.
doi: 10.1007/BF02129596

Small H. Visualising science by citation mapping. J
of the Am Society for Inf. Sci. 1999; 50(9):799-813.
doi: 10.1002/(SICI)1097-4571(1999)50:93.3.CO;2-7
Cobo MJ, Lépez-Herrera AG, Herrera-Viedma E,
Herrera F. Science mapping software tools: Review,
analysis, and cooperative study among tools. ] Am
Society Inform Sci Technol. 2011;62(7): 1382-1402.
doi: 10.1002/asi.21525

. Cobo MJ, Martinez MA, Gutiérrez-Salcedo M, Fujita

H, Herrera-Viedma E. 25years at knowledge-based
systems: A bibliometric analysis. Knowl-Based Sys.
2015; 80: 3-13.

doi: 10.1016/j.knosys.2014.12.035

Donthu N, Reinartz W, Kumar S, Pattnaik, D. A
retrospective review of the first 35 years of the
International Journal of Research in Marketing. Int
J of Res in Marketing. 2021; 38(1): 232-269.

doi: 10.1016/j.ijjresmar.2020.10.006

Van Raan A. The use of bibliometric analysis in
research performance assessment and monitoring of
interdisciplinary scientific developments. TATuP-J for
Technol Assessment in Theory and Practt. 2003;12(1):
20-29.

doi: 10.14512/tatup.12.1.20

Upham SP, Small H. Emerging research fronts in
science and technology: Patterns of new knowledge
development. Scientometrics. 2010;83(1):15-38.
doi: 10.1007/s11192-009-0051-9

Cobo MJ, Lopez-Herrera A G, Herrera-Viedma E,
Herrera, F. An approach for detecting, quantifying,
and visualising the evolution of a research field: A
practical application to the fuzzy sets theory field.
J of Info. 2011; 5(1): 146-166.

doi: 10.1016/j.j01.2010.10.002

Zupic I, Cater T. Bibliometric methods in management
and organisation. Organisational Res Methods.
2015;18(3):429-472.

doi: 10.1177/1094428114562629

Gutiérrez-Salcedo M, Martinez MA, Moral-Munoz
JA et al. Some bibliometric procedures for analysing
and evaluating research fields. Applied Intelligence.
2018; 48:1275-1287.

doi: 10.1007/s10489-017-1105-y

Aria M, Cuccurullo C. Bibliometrix: An R-tool for
comprehensive science mapping analysis. J Informetr.
2017;11(4):959-975.

doi: 10.1016/j.j01.2017.08.007

Ramos-Rodrigue A R, Ruiz-Navarro J. Changes in
the intellectual structure of strategic management
research: A bibliometric study of the strategic
management journal, 1980-2000. Strateg Manag J.
2004; 25(10):981-1004.

doi: 10.1002/smj.397

Van Eck NJ, Waltman L. Visualising bibliometric
networks. In: Ding Y, Rousseau R, Wolfram D (eds)



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

VAISHYA, et al.: THE PIVOTAL ROLE OF BIBLIOMETRIC ANALYSIS IS SCHOLARLY COMMUNICATION: A REVIEW

Measuring scholarly impact: Methods and practice.
Springer, Berlin 2014; 285-320.

doi: 10.1007/978-3-319-10377-8 13

Block JH, Fisch C. Eight tips and questions for your
bibliographic study in business and management
research. Manage Rev Quarterly. 2020;70:307-312.
doi: 10.1007/s11301-020-00188-4

Appio FP, Cesaroni F, Di Minin A. Visualising the
structure and bridges of the intellectual property
management and strategy literature: A document co-
citation analysis. Scientometrics. 2014;101:623-661.
doi: 10.1007/s11192-014-1329-0

Small H. Cocitation in scientific literature: New
measure of relationship between two documents. J
of the Am Society for Inf. Sci. 1973;24(4): 265-269.
doi: 10.1002/a51.4630240406

Persson O. The intellectual base and research fronts
of JASIS 1986-1990. J Am Society for Inf Sci. 1994;
45(1):31-38.

doi: 10.1002/(SICI)1097-4571(199401)45:1<31::AID-
ASI4>3.0.C0O;2-G

Kessler MM. Bibliographic coupling between scientific
papers. Am Documentation. 1963;14:10-25.

doi: 10.1002/asi.5090140103

Callon M, Courtial JP, Laville F. Co-word analysis as a
tool for describing the network of interactions between
basic and technological research: The case of polymer
chemistry. Scientometrics. 1991; 22(1):155-205.

doi: 10.1007/BF02019280

Glénzel W, Schubert A. Analysing scientific networks
through coauthorship. In: Moed HF (ed) Handbook of
quantitative science and technology research. The use
of publication and patent statistics in studies of S&T
systems Kluwer academic publishers. 2004; 257-276.
doi: 10.1007/1-4020-2755-9 12

Garfield E. Historiographic mapping of knowledge
domains literature. J of Inf Sci. 2004;30(2):119-145.
doi: 10.1177/0165551504042802

Kammerer K, Goster M, Reichert M, Pryss R. Ambalytics:
A scalable and distributed system architecture concept
for bibliometric network analyses. Future Internet.
2021; 13(8):203.

Ding Y, Rousseau R, Wolfram, D. Measuring scholarly
impact: Methods and practice. Springer international
publishing, Switzerland 2014.

doi: 10.1007/978-3-319-10377-8

doi: 10.3390/fi13080203

Van Eck NJ, Waltman L, Dekker R, Van den Berg J. A
comparison of two techniques for bibliometric mapping:
Multidimensional scaling and VOS. J Am Society for
Inf Sci and Technol. 2010;61(12): 2405-2416.

doi: 10.1002/asi.21421

Boyack KW, Klavans R. Co-citation analysis,
bibliographic coupling, and direct citation: Which
citation approach represents the research front most
accurately? J Am Society for Inf Sci and Technol.
2010;61(12): 2389-2404.

doi: 10.1002/as1.21419

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Waltman L, Vvan Eck NJ. A systematic empirical
comparison of different approaches for normalising
citation impact indicators. J of Informetrics. 2013;
7(4):833-849.

doi: 10.1016/j.j01.2013.08.002

Van Eck NJ, Waltman L. How to normalise cooccurrence
data? An analysis of some well-known similarity
measures. J Am Society for Inf Sci and Technol.
2009; 60(8): 1635-1651.

doi: 10.1002/asi.21075

Ahlgren P, Jarneving B, Rousseau R. Requirements
for a co-citation similarity measure, with special
reference to Pearson’s correlation coefficient. ] Am
Society for Inf Sci and Technol. 2003;54(6):550-560.
doi: 10.1002/asi.10242

Perianes-Rodriguez A, Waltman L, Van Eck NI.
Constructing bibliometric networks: A comparison
between full and fractional counting. J of Informetrics
2016;10(4):1178-1195

doi: 10.1016/j.j01.2016.10.006

Abdalla HI, Amer AA. On the integration of similarity
measures with machine learning models to enhance text
classification performance. Inf Sci. 2022;614: 263-288.
doi: 10.1016/j.ins.2022.10.004

Persson O, Danell R, Schneider JW. How to use
bibexcel for various types of bibliometric analysis. In
F. Astrom, R. Danell, B. Larsen, & J. W. Schneider
(Eds.), Celebrating scholarly communication studies:
A festschrift for Olle Persson at his 60th birthday
(Vol. 05-S, pp. 9-24). International society for
scientometrics and informetrics. 2009. http://www.
issi-society.info/ollepersson60/ollepersson60.pdf
Harzing AW. Publish or perish. 2007. Available
from https://harzing.com/resources/publish-or-perish
Chen C. CiteSpace II: Detecting and visualising
emerging trends and transient patterns in scientific
literature. J Am Society for Inf Sci and Technol.
2006;57(3):359-377.

doi: 10.1002/as1.20317

Van Eck NJ, Waltman, L. Text mining and visualisation
using VOSviewer. ISSI Newsletter. 2011;7(3):50-
54. https://www.vosviewer.com/text-mining-and-
visualization-using-vosviewer

Wasserman S, Faust K. Social network analysis:
Methods and applications. Cambridge university
press 1994;109 - ISBN 0-521-38707-8

Nooy W de, Mrvar A, Batagelj V. Exploratory social
network analysis with Pajek.Cambridge university
press. 2005;70. 978-1-107-00238-8

Camacho D, Panizo-LLedot A, Bello-Orgaz G,
Gonzalez-Pardo A, Cambria E. The four dimensions
of social network analysis: An overview of research
methods, applications, and software tools. Information
Fusion. 2020;63:88-120.

doi: 10.1016/j.inffus.2020.05.009

Savi¢ M, Ivanovi¢ M, Radovanovi¢ M, Ognjanovi¢,
Z, Pejovi¢ A, Kriiger TJ. Exploratory analysis of
communities in Co-authorship networks: A case study.

375



47.

48.

49.

50.

51.

52.

52.

53.

54.

55.

56.

57.

58.

59.

376

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

In Advances in intelligent systems and computing.
2014; 55-64.

doi: 10.1007/978-3-319-09879-1 6

Kandylas V, Upham SP, Ungar LH. Analysing
knowledge communities using foreground and background
clusters. ACM transactions on knowledge discovery
from data 2010;4(2):1-35.

doi: 10.1145/1754428.1754430

Chen C, Ibekwe-SanJuan F, Hou J. The structure
and dynamics of cocitation clusters: A multiple-
perspective cocitation analysis. J Am Society for
Inf Sci and Technol. 2010;61:1386-1409.

doi: 10.1002/asi.21309

Rosvall M, Bergstrom CT. Mapping change in large
networks. PLOS ONE 2010;5:¢8694.

doi: 10.1371/journal.pone.0008694

Chen P, Redner S. Community structure of the
physical review citation network. J. of Informetrics
2009;4(3):278-290.

doi: 10.1016/§.j01.2010.01.001

Garfield E, Pudovkin Al, Istomin VS. Why do we
need algorithmic historiography? J Am Society for
Inf Sci and Technol. 2003;54(5):400-412.

doi: 10.1002/asi.10226

Cahlik T. Comparison of the maps of
science. Scientometrics. 2000;49:373-387.
doi: 10.1023/A:1010581421990

Mulay P, Joshi R, Chaudhari A. Distributed incremental
clustering algorithms: A bibliometric and word-cloud
review analysis. Sci Technol Lib. 2020;39:289-306.
doi: 10.1080/0194262X.2020.1775163

De Nooy W, Mrvar A, Batagelj V. Exploratory social
network analysis with Pajek. Cambridge university
press. 2018.

doi: 10.1017/9781108565691

Nishavathi E, Jeyshankar R. A scientometric social
network analysis of international collaborative publications
of All India Institute of Medical Sciences, India. J
of Inf Sci Theory and Practt. 2020;38(3):64-76.
doi: 10.1633/jistap.2020.8.3.5

Newman M. Networks: An introduction, Ist edn
(Oxford, 2010; online edn, Oxford Academic,l Sept.
2010).

doi: 10.1093/acprof:0s0/9780199206650.001.0001.
(accessed 14 May 2025)

Belter CW. Bibliometric indicators: Opportunities
and limits. J Med Libr Assoc. 2015;103(4):219-21.
doi: 10.3163/1536-5050.103.4.014

Agarwal A, Durairajanayagam D, Tatagari S et al.
Bibliometrics: tracking research impact by selecting
the appropriate metrics. Asian J Androl. 2016;18(2):
296-309.

doi: 10.4103/1008-682X.171582

Szomszor M, Adams J, Fry R, Gebert C, Pendlebury
DA, Potter RWK., Rogers G. Interpreting bibliometric
data. Front Res Metr Anal. 2021;5:628703.

doi: 10.3389/frma.2020.628703

Lim W M, Kumar S. Guidelines for interpreting

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

the results of bibliometric analysis: A sensemaking
approach. Global Business and Organisational Excellence
2023;1-10.

doi: 10.1002/joe.22229

Morrison D, Bedinger M, Beevers L et al. Exploring
the raison d’etre behind metric selection in network
analysis: A systematic review. Appl Netw Sci. 2022;7:
50.

doi: 10.1007/s41109-022-00476-w

Campbell JE, Ogunsanya ME, Holmes N, VanWagoner
T, James J. Bibliometric and social network analysis
of a clinical and translational resource awardee: An
oklahoma experience 2014-2021. J Clin Transl Sci.
2023;8(1):e10.

doi: 10.1017/cts.2023.690

Rodrigues SP, van Eck NJ, Waltman L, Jansen FW.
Mapping patient safety: A large-scale literature review
using bibliometric visualisation techniques. British
Medical J Open. 2014;4: e004468.

doi: 10.1136/bmjopen-2013-004468

Tekin U, Dener M. A bibliometric analysis of studies
on artificial intelligence in neuroscience. Front
Neurol. 2025;16:1474484.

doi: 10.3389/fneur.2025.1474484

Durak G, Cankaya S, Ozdemir D, Can S. Artificial
intelligence in education: A bibliometric study on
its role in transforming teaching and learning. Int.
Review of Res. in Open and Distributed Learning.
2024; 25(3):219-244.

doi: 10.19173/irrodl.v25i3.7757

Kiran M, Xie Y, Anjum N, Ball G, Pierscionek B,
Russell D. Machine learning and artificial intelligence
in type 2 diabetes prediction: A comprehensive 33-
year bibliometric and literature analysis. Front Digit
Health. 2025;27(7):1557467.

doi: 10.3389/fdgth.2025.1557467

Chiroma H, Hashem IAT, Maray M. Bibliometric
analysis for artificial intelligence in the internet of
medical things: Mapping and performance analysis.
Front Artif Intell. 2024;7: 1347815.

doi: 10.3389/frai.2024.1347815

Lundberg L, Boldt M, Borg A, Grahn H. Bibliometric
mining of research trends in machine learning. Al
2024;5(1):208-236.

doi: 10.3390/2i5010012

Durak G, Cankaya S, Ozdemir D, Can S. Artificial
intelligence in education: A bibliometric study on
Its Role in Transforming Teaching and Learning.
International Review of Research in Open and
Distributed Learning. 2024;25(3): 219-244.

doi: 10.19173/irrodl.v25i3.7757

Lin L, Liang L, Wang M, Huang R, Gong M,
Song G, Hao T. A bibliometric analysis of
worldwide cancer research using machine learning
methods. Cancer Innov. 2023;2(3):219-232.
doi: 10.1002/cai2.68 PMID:38089405; PMCID:
PMC10686149

Chiroma H, Ezugwu AE, Jauro F, Al-Garadi MA,



VAISHYA, et al.: THE PIVOTAL ROLE OF BIBLIOMETRIC ANALYSIS IS SCHOLARLY COMMUNICATION: A REVIEW

Abdullahi IN, Shuib L. Early survey with bibliometric
analysis on machine learning approaches in controlling
COVID-19 outbreaks. Peer J Comput Sci. 2020;6:¢313.
doi: 10.7717/peerj-cs.

71. Adapted from Oztiirk, O Kocaman R, Kanbach DK.
How to design bibliometirc research: An overview
and a framework proposal. Rev Manag Sci. 18:3333-
3361(2024).
doi: 10.1007/s11846-024-00738-0

CONTRIBUTORS

Dr.(Prof.) Raju Vaishya (MS, MCh, FRCS, FACS) is a
distinguished orthopaedic surgeon and joint replacement specialist
with over 38 years of experience, working at Indraprastha Apollo
Hospitals, New Delhi. Dr. Vaishya’s impressive educational
background includes an MBBS degree (Gold Medalist), MS
(Orth), MCh (Orth), FRCS (London), and FACS (USA). He
actively contributes to the academic sphere, holding positions
as a member of the Specialist Board for Orthopaedics and
Distinguished Clinical Tutor at Apollo Hospitals Educational and
Research Foundation. Dr. Vaishya is a prolific researcher and
author with over 800 publications in national and international
orthopaedic journals.

He has contributed towards conceptualisation, literature search,
manuscript writing, editing, and final approval.

Dr. Brij Mohan Gupta (BSc, PhD) retired as Scientist G from
CSIR-NISTADS (2008) and worked later as Emeritus Scientist,
CSIR (2009-13). He holds a PhD from Karnatak University,
Dharwad (1990), a Fellow of the Society for Information Science
(2007), Fulbright Fellowship of the USEFI (1989). Currently,
editorial board member of 6 Indian journals, coordinated 6
special issues in bibliometric studies and published more than
400 papers (with 166 indexed in the Scopus database) in the
LIS field in national and international journals.

He has contributed towards manuscript preparation, conceived
the study, data collection, literature analysis, analysis and final
approval of the manuscript.

Dr. Manoj Kumar Verma (PhD) is a Professor in the Department
of Library and Information Science at Mizoram University,
Aizawl, India. He obtained a PhD in Library and Information
Science from Guru Ghasidas University (Central University),
Bilaspur, India. His areas of interest include Bibliometrics,
Scientometrics, Webometrics, Open-access publications, and
Sentiment analysis. He has published over 185 research papers
in peer-reviewed national and international journals, 9 authored/
edited books, 36 book chapters, and 75 conference papers.

He has contributed towards manuscript preparation through
literature analysis and writing, editing and final approval.

Dr. Nishavathi Elangovan (MSc (LIS), MA (Economics), PhD)
is a college librarian at Government Law College, Chengalpattu,
Tamil Nadu. She has published several papers in peer-reviewed
journals and conference proceedings. Her expertise Spans
scientometrics, Social network analysis, Jurimetrics and Legal
information systems, services.

He has contributed towards manuscript preparation, writing,
editing and final approval of the manuscript.

377



