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Hybrid cloud computing has emerged as a critical technological
paradigm that enables organizations to combine the flexibility of public
cloud services with the control and security of private cloud
infrastructures. This study aims to examine the intellectual
development, research trends, collaboration patterns, and emerging
themes in hybrid cloud computing literature using a bibliometric
analysis approach. Data were collected from the Scopus database and
analyzed using VOSviewer to identify publication trends, influential
literature, author and country collaboration networks, and keyword
co-occurrence patterns. The findings reveal that hybrid cloud
computing research has expanded significantly, with major
contributions focusing on computation offloading, cloud-edge
integration, Internet of Things (IoT), resource management, task
scheduling, and optimization algorithms. Citation analysis highlights
those influential studies primarily address improving computational
efficiency, reducing latency, and optimizing resource utilization in
distributed cloud environments. The collaboration analysis
demonstrates that countries such as China, India, and the United States
play central roles in advancing hybrid cloud research, although global
collaboration remains concentrated within specific research networks.
Furthermore, keyword analysis indicates a transition from traditional
cloud infrastructure studies toward advanced research areas involving
artificial intelligence, edge computing, cybersecurity, energy efficiency,
and green computing. This study provides valuable insights into the
evolution of hybrid cloud computing research and identifies future
opportunities for developing intelligent, secure, and sustainable cloud
ecosystems.
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1. INTRODUCTION

Cloud computing is currently among
the most impactful technological paradigms

for modern information systems,

changed the way computing resources, data
storage, and digital services can be managed.
Using cloud computing, organizations can

become less dependent on infrastructural
solutions and increase their flexibility and
innovation potential [1]. The rapid emergence
of cloud technologies has been fostered by
growing demands on digital transformation,
big data, artificial intelligence, and
information systems that require flexible
computational solutions [2], [3]. Moving

as it has
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towards cloud platforms from traditional
infrastructures, organizations have made
cloud computing not only an alternative
technological solution but also a strategic
potential that facilitates their competitiveness
and business agility [4]. Nevertheless,
although cloud computing has numerous
advantages, migration to cloud environments
can be complicated due to issues related to
security, privacy, and other factors.

Hybrid cloud computing is a
technique which is being increasingly
considered as an approach to counter the
challenges  associated with traditional
infrastructure and pure cloud. In hybrid cloud
computing, a combination of private cloud
infrastructure and public cloud services is
used where the distribution of workloads is
based on certain criteria of performance,
security, cost, and compliance [5], [6]. It offers
a more flexible option since it makes it
possible for organizations to keep their
sensitive information and critical applications
in private settings while still benefiting from
the economies of scale provided by public
cloud [7]. Hybrid cloud has been gaining
increasing interest of firms because of its
ability to combine innovation and risk
management together. Firms are able to use
the capabilities of cloud computing
incrementally, improve resource allocation,
keep more control over digital assets, while
still being able to use cloud computing
services provided externally [8], [9]. Hence,
hybrid cloud computing is considered to be a
very important architectural approach for
digital transformation.

The increasing popularity of hybrid
cloud computing technology has been
impacted by new technologies such as edge
computing, Internet of Things, artificial
intelligence, and distributed data processing.
Modern  digital require
computing models that can support the
processing of large amounts of data generated
by users along with its analysis and dynamic
load balancing. Hybrid cloud computing
provides an efficient way for resolving the
mentioned problem through the integration
of centralized cloud computing and localized
computing resources. Besides that, hybrid

ecosystems

cloud computing contributes to building
organizational resilience through workload
mobility, disaster recovery solutions, and
business continuity planning [10]. Moreover,
recent researches have found out that
organizations increasingly see hybrid cloud
computing not as a technical approach to
build their infrastructure but as an innovation
enabler and means for competitive
advantages [11], [12]. The mentioned change
proves that hybrid cloud computing has
become a multidimensional field of study.

Despite the numerous advantages
that come with the adoption of hybrid cloud
computing technology, there are quite many
challenges associated with it that need to be
constantly ~ researched.  The
connected with interoperability, multi-cloud
management, cybersecurity risks, cloud
governance tools, and cloud service
integration still stand out as the major
obstacles for successful use of hybrid cloud
systems [13]. Furthermore, the growing
complexity of hybrid clouds poses certain
challenges related to ensuring consistency of
security policy, protection of information
resources, and orchestration of IT resources.
Besides that, the organizations face such
challenges as the vendor lock-in, compliance
issues, and cloud governance frameworks
development. This has caused scientists to
research different aspects of hybrid cloud
computing including architectures, security
measures, performance improvement, and
adoption factors among others. The scientific
literature on hybrid cloud computing has
increased significantly making it necessary to
systematically analyze.

Taking into account the fast-growing
rate of interdisciplinary studies of hybrid
cloud computing, the use of bibliometric
analysis would be a proper methodology to
study the evolution, structure, and emerging
trends in the field under consideration. With
the help of bibliometric analysis, it is possible
to conduct a quantitative examination of
scientific works using indicators like
publication growth, citations, influential
authors, institutions, keyword clustering, and
research clusters [14]. Contrary to traditional
literature review methods which concentrate

problems
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mainly on the qualitative approach to the
study of literature, bibliometrics offers a
broad overview of research development and
intellectual structures of a specific sphere of
study. The previous research proves the
effectiveness of bibliometric analysis in
exploring the area of technology research,
defining the gaps in knowledge, and
forecasting the further directions of research.

Despite the rising significance of
hybrid cloud computing, research to date has
been scattered across various technological
and managerial angles. Separate works have
been done on the architecture, security,
adoption model, performance optimization,
and organizational aspects of hybrid clouds.
Consequently, the holistic intellectual
structure and development history of this
literature has been largely understudied.
Besides, the frequent introduction of novel
ideas such as cloud-native systems, edge-
cloud, Al cloud management, and multi-
cloud strategy has further made the research
domain dynamic. A systematic analysis of
trends in publications,
publications, major themes, and novel
directions of research is necessary to help
stakeholders understand the present state of
knowledge and set research priorities for the
future. Hence, there is a need for bibliometric
analysis in order to map out the development
history of the literature.

This research is devoted to
performing a bibliometric analysis on the
topic of hybrid cloud computing in order to
reveal the dynamics of publications,
prominent scientific contributions, topical
research problems, and new tendencies in this
sphere. In particular, this study considers the
development of literature on hybrid cloud
computing based on bibliometric indicators
such as performance, citation, keyword co-
occurrence, collaboration, and thematic
evolution. Offering an overview of the current
state of research on the topic, this study strives
to make its contribution to the analysis of
knowledge structures in the area of hybrid
cloud computing and identify possible areas
of further research. It is supposed that the
results obtained will be helpful for
researchers, technologists, and organizations

influential

to understand the strategic importance of
hybrid cloud computing for modern digital
transformation.

2. METHODS

The current research applies a
bibliometric method to
systematically investigate the evolution,
structure, and research trends within the field
of hybrid cloud computing. A bibliometric

analysis

analysis is defined as a quantitative research
approach ~ which  assesses  scientific
publications using statistical and network
analysis methods in order to reveal patterns of
knowledge development, key contributions,
and directions for future research [14]. A
bibliometric analysis was chosen since the
field of hybrid cloud computing belongs to an
interdisciplinary research area, which is
rapidly developing and includes computer
science, information systems, cybersecurity,
cloud infrastructure, and digital
transformation. Therefore, the aim of the
research is to conduct a systematic
investigation of the intellectual structure of
the hybrid cloud computing field instead of
researching particular findings.

The data source of this research work
was gathered from the Scopus database due to
its large coverage of peer-reviewed scientific
publications and appropriate use for
bibliometric research. For the purposes of the
literature review, the combination of
keywords associated with the topic of hybrid
cloud computing was used, namely the
inclusion of the phrase “hybrid cloud
computing” in the title, abstract, and
keywords of an article. It should be noted that
during the literature search, it is taken into
consideration relevant articles during the
period of availability of the database
regardless of particular publication years in
order to gather publications from historical
perspectives as well as new advances in the
field of research. During the data selection,
only relevant scientific = publications
concerning hybrid cloud computing are
chosen considering publication relevancy,
document type, and publication quality. The
bibliographic information consisted of the
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name of a publication, author names,
affiliation, countries, abstracts, keywords,
citation data, and publication sources.

The bibliographic records were
subjected to analysis by way of bibliometrics
using visualisation and mapping through the
aid of VOSviewer number of analysis were
carried out including publication trend
analysis, citation analysis, co-authorship
analysis, keyword co-occurrence analysis,
and thematic mapping. Analysis of
publications and citations were done in order
to discover important studies, authors, and
sources that contribute to the growth of
research on hybrid cloud computing. Co-
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authorship analysis was used to investigate
patterns of collaboration among researchers
and institutions, while keyword co-
occurrence analysis was used to discover the
key research themes and connections between
major themes in the field of study. In addition,
analysis of thematic evolution was done in
order to understand the changes in research
themes over time and future possible
directions for studies in hybrid cloud
computing.

3. RESULTS AND DISCUSSION
3.1 Co-Authorship Analysis
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Figure 1. Author-Level Visualization
Source: Data Analysis

Figure 1 depicts the presence of
several research collaboration clusters within
the domain of hybrid cloud computing. The
network has been segregated into four main
clusters, with each of these being denoted by
color coding, which shows a cluster of
researchers who collaborate frequently
among themselves. The red colored cluster is
a relatively dense cluster of researchers such
as Simaiya, Sarita; Tithore, Umesh Kumar;
Khan, M. D. Monish; and Rao, V. V. R.
Maheshwara, representing a research group

that is highly focused towards certain aspects
of cloud computing. The green and yellow
colored clusters are interlinked collaboration
clusters, where the authors include Alex
Scaria, G. Hith, Ehab Seif, Mohamed Heba, Lo
Chun-Chih, Horng Mong-Fong, and Sunder
R.

Blue cluster, which is formed by
authors like Nanjappan Manikandan,
Krishnamoorthy =~ Parkavi,  Krishnadoss
Pradeep, and Rangasamy Kumar, acts as a
separate collaboration cluster with minimal
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linkages with other clusters. The large size of
the node for certain authors suggests their
high productivity or prominence in the

departrggnt of r’v,nUrvanr'._ fg;‘ scl apphi

sclence m’”r?‘ center, applied

collaboration network. Also, thick lines
signify the level of collaboration among
researchers.
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Figure 2. Institution-Level Visualization
Source: Data Analysis

The second figure below indicates a
somewhat constrained yet distinctively
interconnected network amongst entities
conducting research in the domain of hybrid
cloud computing. This is an organizational
network composed of various institutional
nodes linked through certain central
organizational nodes; the Applied Science
Research Center appears to be one of the

significant intermediary nodes which link
various research organizations together. It is
evident from the network graph that the
Department of Mathematics, Faculty of
Science is highly connected with other
organizations, emphasizing the significant
role it plays in collaborating in research
activities.
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Figure 3. Country-Level Visualization
Source: Data Analysis

Figure 3 provides an overview of the
global research landscape in hybrid cloud
computing, and there are many collaboration
clusters that can be observed from the figure.
China and India have been identified as the
leading countries because of the biggest
nodes, which indicate their high research
activity and contributions to the field. It is
apparent that China has
collaborations with countries from other parts
of the world, including Australia, France,
Saudi Arabia, and Israel. Likewise, India has
a good connection with countries such as the
US, Saudi Arabia, Malaysia, Taiwan, and
European countries. The other countries like

extensive

3.2 Citation Analysis

the US, Saudi Arabia, Iran, and Germany have
been serving as connecting nodes as well.

The network structure shows that
hybrid cloud computing research has
developed through multiple interconnected
international collaboration groups rather than
being dominated by a single country. The
presence of links among Asian, European,
Middle Eastern, and Western countries
indicates increasing global interest in hybrid
cloud technologies. However, some countries,
such as Morocco, Tunisia, Uzbekistan, and
Romania, appear on the network periphery
with fewer connections, suggesting relatively
limited participation in international research
collaboration

Table 1. The Most Impactful Literatures

Citations | Authors and year Title
Computation Offloading in LEO Satellite Networks with Hybrid
411 [15] )
Cloud and Edge Computing
The impact of the hybrid platform of internet of things and
376 [16] cloud computing on healthcare systems: opportunities,
challenges, and open problems
Hybrid Method for Minimizing Service Delay in Edge Cloud
363 [17] Computing Through VM Migration and Transmission Power
Control
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Citations | Authors and year Title

A hybrid model of Internet of Things and cloud computing to
312 [18] . . . L

manage big data in health services applications

A parallel bi-objective hybrid metaheuristic for energy-aware
311 [19] . .

scheduling for cloud computing systems

A novel hybrid antlion optimization algorithm for multi-
274 [20] objective task scheduling problems in cloud computing

environments

Scheduling Internet of Things requests to minimize latency in
239 [21] . .

hybrid Fog-Cloud computing

Multi-Objective Task Scheduling Optimization for Load
235 [22] Balancing in Cloud Computing Environment Using Hybrid

Artificial Bee Colony Algorithm with Reinforcement Learning
28 23] Task scheduling in cloud computing based on hybrid moth

search algorithm and differential evolution

Workflow Scheduling Using Hybrid GA-PSO Algorithm in
221 [24] .

Cloud Computing

Source: Scopus, 2026

Table 1 below shows the most
influential pieces of literature in hybrid cloud
computing research with their citations
numbers, where the most influential papers
which shaped the area of research in terms of
citations are presented. The paper with the
highest number of citations 411 by [15] is
devoted to computation offloading in LEO
satellite network through hybrid cloud and
edge computing, which underlines the
growing significance of combination of cloud
and edge computing infrastructure in order to
increase computational efficiency. The second
most influential piece of literature with the

number of citations 376 by [16] investigates the
integration of IoT and cloud computing in
healthcare systems, showing the significance
of hybrid cloud solutions for data-intensive
and critical systems. Other highly cited papers
stress important research topics such as edge-
cloud optimization, management of big data
in healthcare, energy-aware cloud scheduling,
task scheduling optimization, and hybrid
metaheuristic algorithms.

3.3 Keyword Co-Occurrence
Analysis
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Figure 4. Network Visualization
Source: Data Analysis

Figure 4 below shows the main
research areas and the intellectual structure of
studies on hybrid cloud computing. In this
figure, the network is built upon the dominant
keyword, “cloud computing” denoted as the
biggest node, which implies that “cloud
computing” is the main keyword linking
different research areas. The highly connected
nature of the nodes linked to the dominant
keyword reveals the connection of hybrid
cloud computing research to numerous
technological areas such as cloud computing,
optimization, security, edge computing, and
intelligent computing among others.

The red-colored cluster indicates the
major research topic, which deals with the
hybrid cloud architecture, cloud security,
edge computing, and intelligent cloud
management. Some of the keywords from the
above-mentioned cluster include hybrid
cloud, hybrid cloud computing, edge
computing, fog computing, deep learning,
network security, and cryptography. It is
evident that researches
highlighted the incorporation of hybrid
clouds along with some emerging concepts.
These concerns highlight the security issues in
relation to data management, distributed

current have

computing models, and intelligent systems to
enhance cloud computing efficiency. The
association of hybrid cloud and security
issues clearly shows that data security is one
of the major issues in hybrid cloud
environments.

The green color group represents
papers which study the area of optimization,
scheduling and energy efficiency of cloud
resources. The of keywords like
scheduling algorithm, task scheduling,
resource management, green computing,

energy efficiency and heuristic approach

use

suggests that researchers are concerned about
improving the performance of cloud systems
using efficient allocation and management of
computing  resources. It shows the
significance of optimizing the distribution of
load, energy savings, and Quality of Service
(QoS) in large cloud systems. Machine
learning and heuristic approaches being used
in this group suggest a new trend in cloud
systems optimization.

Clustered in blue color are those
articles which have addressed problems in
terms of optimization algorithms and
balancing of computational resources. The
keywords like particle swarm optimization
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(PSO), ant colony optimization, swarm
optimization, load balancing, virtual machine,
and optimization algorithms indicate the use
of meta-heuristic techniques in resolving

problems associated with cloud computing

environment. Scholars working in this cluster
try to explore how these intelligent
optimization techniques can be used for
improving virtual machine placement and
workload balancing in hybrid clouds.

energyRificency

energy
green cqmpuung}'
task schieduling
.
heurigigmethods

séﬁeduhrg}glgmithm

makgipan
tasks scheduling
~

particle swarm ggtimizationifpso)

ant colomy gptimization

partcheswan
resourcesARizations

“cloud @puling

fog

fog computing
-

FRSOUICa TR rageTant

%vﬂga amputng W

bearning algonihms

Compuier agchRRciure .

-

guality gservice -

-,‘:h‘li:‘g

resoarcesalocaticn

partatrance

hybrigggouds
deep laarming -

ntrdcoun

lsarmng systems m‘"'" OPanagemen
Fyteis clodgcomputing

Caud anurannwents

@aarm opiimizacion optenizanap algorithrms claud pigtforms ey
o
load highancing & doudgecunty
netwotgSecurity crypiggraphy
virtualiachine
balapcing
"G
)

Figure 5. Overlay Visualization
Source: Data Analysis

Figure 5 demonstrates the timeline of
research themes in hybrid cloud computing in
accordance with the patterns of keyword
usage. The color scale reflects the average
period publication, whereby blue
corresponds to older studies (approximately
2019-2020), while green and vyellow
correspond to relatively new ones (2022-
2024). The keyword  “cloud
computing” has been the main and constantly
evolving research theme, thus highlighting its
significant importance in the interrelation
between different technological themes. The
color distribution around the mnetwork
suggests that the research in hybrid cloud
computing has gradually moved beyond the
basic research of cloud infrastructure into
such domains as optimization, intelligence,
and sustainability.

Keywords from previous research
studies are primarily related to basic cloud
computing management and optimization of
infrastructure, and they include virtual

of

central

machine, load balancing, network security,
cryptography, and cloud computing. These
subjects demonstrate the initial focus of cloud
computing research, especially on enhancing
reliability, resource allocation, and security in
the cloud computing environment. With the
passage of time, the focus of cloud computing
research has evolved toward adaptation and
intelligence, which is evident from the
occurrence of new keywords such as hybrid
cloud computing, edge computing, fog
computing, deep learning, and learning
systems.

The latest trends in research can be
found through terms with yellow-green
colors. This includes energy efficiency, green
computing, task scheduling, optimization
algorithms, and heuristics. Such new trends
imply that recent studies on hybrid cloud
computing tend to concentrate more on
sustainable and intelligent ways to manage
resources. The increasing interest in such
areas as energy-efficient  scheduling,
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optimization using machine learning, and
algorithms demonstrates that there is a trend
towards autonomous cloud computing.

,@5 VOSviewer

Figure 6. Density Visualization
Source: Data Analysis

Figure 6 concentration and density of
research topics in hybrid cloud computing
researches. The highlighted zone with the
highest density is located at the center of the
keyword “cloud computing”, which means
that it forms the core of research studies and
the most common topic discussed in
literature. Dense areas surrounding this
central keyword suggest that there are close
ties between the central keyword and related
topics like cloud environments, cloud
platform, resource management, scheduling,
and optimization algorithms. This means that
many studies in hybrid cloud computing
concentrate on improving cloud performance
and computational resource management.

There is a number of other areas of
high density where different research areas
are found such as task scheduling, scheduling
algorithm,  energy  efficiency,  green
computing, edge computing, and security.
This fact proves that there is a trend in the
development of research, where the focus is
shifted to solving issues regarding effective

use of resources, sustainable cloud
computing, and interaction between cloud,
edge, and fog computing platforms.
Moreover, there are also new research areas
identified such as deep learning, learning
systems, hybrid cloud computing, network
security, and cryptography.

4. CONCLUSION

This bibliometric analysis provides a
comprehensive overview of the evolution,
intellectual structure, and emerging research
directions in hybrid cloud computing. The
findings demonstrate that hybrid cloud
computing  has  developed into a
multidisciplinary research field involving
cloud infrastructure, edge computing,
artificial intelligence, optimization
algorithms, cybersecurity, and sustainable
computing. The analysis of impactful
literature shows that major research
contributions have focused on computation
offloading, IoT-cloud integration, resource
scheduling, and optimization techniques to
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improve cloud performance and efficiency.
The collaboration analysis indicates that
research activities are globally distributed,
with countries such as China, India, and the
United States playing significant roles in
advancing the field, although international
collaboration remains concentrated among
specific research groups and institutions.
Furthermore, the keyword analysis reveals
that the research focus has gradually shifted
from traditional cloud management toward
intelligent, adaptive, and sustainable hybrid

cloud ecosystems. Current trends emphasize
energy-efficient allocation, Al-
driven optimization, edge-fog-cloud
integration, and  enhanced  security
mechanisms. The emergence of these themes

resource

indicates that future hybrid cloud computing
research will likely concentrate on developing
autonomous cloud architectures capable of
optimizing performance, reducing
operational costs, and ensuring secure data

management.
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