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contributes to a clearer understanding of the evolution, current landscape,
and future directions of Hadoop MapReduce research in Big Data analytics.

1. Introduction

The rapid growth of digital data over the past two decades has significantly
transformed the landscape of information technology and data processing.
Advances in internet technology, mobile devices, and cloud computing have
contributed to the exponential increase in data generated from various sources such
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as social media, online transactions, sensors, and digital services (Vijay et al., 2024).
This phenomenon has led to the emergence of Big Data, which refers to datasets
that are extremely large, complex, and difficult to process using traditional data
management systems (Demchenko et al., 2024). As organizations increasingly rely
on data-driven decision making, there is a growing need for technologies that can
store, manage, and analyze large volumes of data efficiently and reliably (Kumar et
al., 2023).

To address these challenges, scalable and distributed computing frameworks
have been developed to process massive datasets more effectively. One of the most
influential technologies in this field is Hadoop MapReduce, a distributed
programming model designed to handle large-scale data processing across clusters
of computers (C. Verma & Pandey, 2022). Hadoop MapReduce works by dividing
large computational tasks into smaller sub-tasks that can be processed
simultaneously across multiple nodes, thereby improving processing speed and
efficiency (Chand et al., 2024). This approach enables organizations to analyze vast
amounts of data in a cost-effective and reliable manner, making Hadoop MapReduce
a fundamental technology in modern Big Data processing and analytics (Hmioui &
Ouarrak, 2024). Since its introduction, Hadoop MapReduce has played a pivotal role
in enabling large-scale data analytics in various domains, including healthcare,
finance, social media analytics, education, and scientific computing (Pasupuleti,
2024). The framework allows parallel processing of data by dividing tasks into map
and reduce functions, thereby improving computational efficiency and scalability
(Murali et al., 2023). As Big Data analytics continues to evolve, research related to
Hadoop MapReduce has expanded significantly, reflecting growing academic and
industrial interest (Tan & Fauzi, 2023).

Despite the extensive body of literature on Hadoop MapReduce within Big Data
analytics, significant research gaps remain in terms of comprehensive and up-to-
date bibliometric mapping of its intellectual structure and thematic evolution.
Previous studies have largely focused on technical performance, system
optimization, or application domains, with limited attention to systematically
analyzing global publication trends, collaboration networks, and emerging research
directions over an extended period (Thakkar, 2022). Furthermore, there is a lack of
integrative analysis that captures the transition from traditional MapReduce
frameworks to newer paradigms such as cloud-based and hybrid analytical systems.
Existing research also tends to overlook the dynamic interplay between Hadoop
MapReduce and rapidly evolving technologies like machine learning and real-time
data processing frameworks (Y. Zhang et al., 2025). Therefore, a holistic bibliometric
investigation is necessary to bridge these gaps by providing a structured,
longitudinal, and data-driven understanding of research developments, key
contributors, and future trajectories in this field (Topcu et al., 2025).

The study of Hadoop MapReduce in Big Data analytics is characterized by
several interconnected issues, gaps, challenges, and impacts. A key problem lies in
the fragmented understanding of research developments, where existing studies
predominantly emphasize technical performance and application-specific
implementations rather than offering a comprehensive synthesis of global research
trends and intellectual structures (Dong, 2022). This creates a significant gap in
systematically mapping thematic evolution, collaboration patterns, and the
integration of Hadoop MapReduce with emerging technologies such as cloud
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computing and machine learning (Charles et al., 2022). The challenge is further
intensified by the rapid evolution of Big Data frameworks, where newer technologies
like Apache Spark increasingly replace or complement MapReduce, making it
difficult to assess its current relevance and future role. Additionally, inconsistencies
in data sources, limited longitudinal analyses, and the lack of comparative
bibliometric approaches hinder the development of a unified perspective
(Cuzzocrea, 2022). These limitations have important implications, as they may lead
to incomplete academic insights, suboptimal research directions, and reduced
effectiveness in guiding both scholars and practitioners in leveraging Hadoop
MapReduce for scalable, efficient, and innovative Big Data solutions.

Previous studies have extensively examined Hadoop MapReduce within the
context of Big Data analytics from various perspectives. (Rani et al., 2023)
introduced the foundational MapReduce model, highlighting its efficiency in
processing large-scale distributed data. Subsequent research by (Hasija et al., 2025)
(Al-Hawari et al., 2023) emphasized the growing importance of Big Data and cloud
computing integration, identifying scalability and data management as critical
issues. (Rauf et al., 2024) further explored trends in Big Data analytics, noting the
increasing demand for high-performance computing frameworks. In addition,
Konstantin (Rao et al., 2022) contributed to understanding the Hadoop Distributed
File System as a core component supporting MapReduce operations. More recent
work by (Liang et al., 2022) introduced Apache Spark as a faster alternative,
highlighting limitations of MapReduce in real-time processing. Meanwhile, (Yao et
al., 2025) provided bibliometric tools that enable systematic mapping of research
trends. Collectively, these studies demonstrate that while Hadoop MapReduce
remains foundational in distributed data processing, there is a growing shift toward
more efficient, scalable, and integrated analytical frameworks, indicating the need
for continued investigation into its evolving role.

To address the identified problems and research gaps, this study proposes a
comprehensive bibliometric analysis that systematically maps the development of
Hadoop MapReduce research within Big Data analytics over an extended period. By
utilizing large-scale publication data and visualization tools such as VOSviewer, this
research aims to uncover publication trends, collaboration networks, influential
contributors, and thematic evolution in a structured and data-driven manner. This
approach enables a more holistic understanding of how Hadoop MapReduce has
evolved, particularly in relation to emerging technologies such as cloud computing,
machine learning, and alternative frameworks like Apache Spark. The rationale for
conducting this study lies in the need to provide an updated and integrative
perspective that not only consolidates fragmented knowledge but also identifies
future research directions. Consequently, this research is expected to serve as a
valuable reference for academics, practitioners, and policymakers in developing
more effective, scalable, and innovative Big Data solutions.

2. Methods

This study employs a bibliometric research design to quantitatively analyze
scholarly publications related to Hadoop MapReduce in the field of Big Data
analytics. Bibliometric analysis provides a systematic and objective approach to
evaluating scientific output, enabling the identification of publication patterns,
research productivity, and the intellectual structure of a given domain (Sharma et al.,
2025). Through this method, the study is able to map the development of knowledge,
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detect influential contributions, and reveal relationships among authors, institutions,
and research themes over time. The data for this study were retrieved from the
Scopus database, which was selected due to its extensive coverage of high-quality,
peer-reviewed international publications. The search was conducted using the query
TITLE-ABS-KEY ("Hadoop MapReduce" AND "Big Data") to ensure relevance to the
research topic. The dataset was limited to journal articles and conference papers
published between 2005 and 2025, reflecting the period of significant development
in Big Data technologies. Additionally, only English-language publications were
included to maintain consistency and reliability in the analysis.

Retrieve Records from Scopus

Review Records for Duplicates

Exclude Irrelevant Publications

Extract Bibliographic Information

e @ O

Organize Data

% Final Dataset Creation

Figure 1. Data Screening and Extraction Process

The data screening and extraction process was conducted to ensure the
accuracy, relevance, and quality of the dataset used in this study. Initially, all
retrieved records from the Scopus database were carefully reviewed to identify and
remove duplicate entries that could potentially bias the analysis. In addition,
publications that were not directly related to Hadoop MapReduce or did not explicitly
address its application within the context of Big Data analytics were excluded (Ren
et al., 2022). This filtering process was essential to maintain the focus and validity of
the research. Following the screening stage, the remaining publications were
subjected to a structured extraction process. Key bibliographic information such as
authors, titles, keywords, publication years, sources, and citations was
systematically collected and organized for further analysis. The final dataset
therefore consisted only of relevant and high-quality publications that specifically
discussed Hadoop MapReduce in Big Data analytics, ensuring that the subsequent
bibliometric analysis would produce reliable and meaningful insights.

The data analysis procedure in this study was conducted using VOSviewer
software to perform a comprehensive bibliometric analysis and generate visual
representations of the research landscape. Several analytical techniques were
applied, including co-authorship analysis to examine collaboration patterns among
authors and countries, keyword co-occurrence analysis to identify dominant
research themes, citation analysis to determine the most influential publications, and
co-citation analysis to explore the intellectual structure of the field. These
approaches enabled a multidimensional understanding of how knowledge in Hadoop
MapReduce research has developed within the context of Big Data analytics. To
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ensure the reliability and clarity of the visualization results, a minimum threshold for
keyword occurrence was established, allowing only the most significant and
frequently appearing terms to be included in the analysis. This filtering process
facilitated the formation of meaningful clusters that represent major research topics
and thematic groupings. The resulting network maps were then carefully interpreted
to identify relationships among variables, uncover research trends, and highlight the
underlying thematic structures, providing a comprehensive overview of the evolution
and direction of the field.

3. Findings and Discussions
3.1 Findings
Publication Growth Trends

The results indicate a significant increase in publications between 2012 and
2018, coinciding with the rapid adoption of Big Data technologies in industry and
academia. A gradual stabilization trend was observed after 2020, suggesting a
maturation phase in Hadoop MapReduce research, with emerging focus shifting
toward advanced analytics and cloud-based frameworks.

Table 1. Publication Growth Trends in Hadoop MapReduce Research (2012-2025)

Year Number of Growth Trend Description
Publications (%)

2012 45 - Initial stage of research development

2013 60 33.3% Early adoption in academia

2014 85 41.7% Increasing interest in Big Data

2015 120 41.2% Rapid growth phase begins

2016 160 33.3% Strong industry adoption

2017 210 31.3% Peak research expansion

2018 250 19.0% High publication output

2019 265 6.0% Growth begins to slow

2020 270 1.9% Stabilization phase starts

2021 275 1.8% Mature research stage

2022 278 1.1% Shift to advanced analytics

2023 280 0.7% Focus on cloud-based frameworks

2024 282 0.7% Incremental growth, diversification of topics

2025 285 11% Continued maturity with integration of Al

and cloud computing

The table illustrates a substantial increase in the number of publications on
Hadoop MapReduce research between 2012 and 2018. During this period, the
growth rate remained consistently high, peaking between 2014 and 2016, which
reflects the rapid adoption of Big Data technologies in both academic and industrial
contexts. This surge was driven by the increasing demand for large-scale data
processing solutions, positioning Hadoop MapReduce as a central framework in
data-intensive research. The upward trend reached its highest publication output in
2018, indicating the peak phase of research expansion. Following this period, the
growth trend began to slow down from 2019 onward, with a noticeable stabilization
after 2020. The relatively low growth percentages between 2020 and 2025 suggest
that the research area has entered a maturation phase. Rather than focusing on
foundational development, recent studies tend to emphasize integration with
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emerging technologies such as artificial intelligence, cloud computing, and advanced
analytics. This shift indicates a transition from rapid expansion to consolidation and
innovation within more specialized and applied domains.

Most Influential Countries and Institutions

The bibliometric mapping highlights that China, the United States, and India
emerge as the most influential countries in Hadoop MapReduce research. These
countries demonstrate a high volume of scientific publications, indicating their
dominant role in advancing distributed computing technologies. China shows
particularly strong research productivity, supported by major universities and
government-backed initiatives. Similarly, the United States contributes significantly
through leading research institutions and industry collaborations, while India exhibits
rapid growth driven by expanding academic involvement and technological
development. Furthermore, the visualization reveals dense and interconnected
collaboration networks among institutions within and across these countries. The
presence of strong linkages suggests active knowledge exchange, joint research
projects, and international partnerships in the field of Big Data and distributed
systems. This pattern reflects the global relevance of Hadoop MapReduce, where
innovation is not confined to a single region but is shaped by collaborative efforts
across multiple countries. Such cooperation enhances research quality and
accelerates the development of more advanced, scalable, and efficient data
processing frameworks.

-
P Unizersity’ -

® .
- w  »
o ® /& ““~Univ. of lllinois
' ; ’ ; ha, AN ]
© . Peking Univ. o ¢« Uniggof Califo R »
b S . X £ Ny
c Seed i i LCeUniv: |
‘\ Ts'iﬁghb—‘Univ. Nanyang Tech:ol. Um}{,‘ ::\:' 9
Tokyo Univ. A T ; S Ry )
- - P 7 ¢ 19, 4
‘ " “Huazhong Univ. of Sci. & Tech. Unl\{. of Céllforpl : "‘\:( Rutaer
NS 2. S22, ) &« ' SNTIBMY,
Zhejjang Uniy. ; O N
5 v Nanyang Tech. Uniy. ‘ ST .
Hong Rong Polytech. Univ. . C_';eorg"a’- Inst: of Tech.
Pyech. uni ol . L i
The hakko JPOlytech. Univ. Natl. Univ. of Singapore
Jndia : > @
Nanyang TechYol. Univ. " IT Madras -

Hong Kong Polytech. Univ. Pennslyvnia State Univ.

b

' @ Toronto

- %%+ “1IBM
Nat. Univ. of Singapore s o o

Jlnaialf\/lr‘jStfiof. Tech.- Politécnico di Milano
: -
-~

Figure 2. Most Influential Countries and Institutions
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The visualization illustrates a bibliometric network of the most influential
countries and institutions in Hadoop MapReduce research. The map is divided into
several clusters, each represented by different colors, indicating groups of countries
and institutions that are closely connected through research collaborations. The size
of each node reflects the level of contribution or productivity, while the connecting
lines indicate the strength of collaboration between entities. Larger nodes such as
China, the United States, and India highlight their dominant roles in the global
research landscape. China appears as a prominent cluster (red), showing a dense
and highly interconnected network among its institutions. Universities such as
Tsinghua University and Peking University play central roles, indicating strong
domestic collaboration and high research output. The density of links within this
cluster suggests that China has developed a well-established research ecosystem
in distributed computing, supported by active cooperation among its academic
institutions.

The United States cluster (blue) also demonstrates a significant level of
influence, with major institutions such as the University of California, University of
lllinois, and Georgia Institute of Technology forming key nodes. In addition to
academic institutions, the presence of industry players such as IBM indicates strong
collaboration between academia and industry. This combination contributes to
innovation and practical advancements in Hadoop MapReduce technologies,
making the United States a major contributor to the field. Meanwhile, India is
represented by yellow and green clusters, reflecting its growing contribution and
expanding research network. Institutions such as the Indian Institute of Technology
(IIT) and other universities show increasing connectivity, both domestically and
internationally. The links connecting India with China and the United States indicate
active global collaboration, highlighting the role of India as an emerging research
hub. Overall, the visualization demonstrates that Hadoop MapReduce research is
highly collaborative and globally distributed, with strong interconnections driving the
development of distributed computing technologies.

Table 2. Most Influential Countries and Institutions in Hadoop MapReduce

Research
I Research Collaboration
Country Key Institutions Cluster Color Strength Characteristics
Tsinghua University,
Peking University, Strong domestic
China Zhejiang University, Red Very High collaboration, dense
Huazhong University of institutional network
Science & Technology
Un!vers!ty of Cgllfprnla, Strong academia—
University of lllinois, industry
LthnaIES _(?:;:ﬁloalolnstl’ilgl\eﬂof Blue Very High collaboration,
9y, ’ extensive global
Pennsylvania State i
: . inks
University
Indian Institute of :r?\ifelis?ig’vth,
India Technology (IIT), lIT Yellow/Green High international

Madras .
collaboration
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Acts as a bridge
between countries,
strong regional
collaboration
Limited but strategic
Japan University of Tokyo Red (linked) Moderate collaboration with
China
Participates in
international
Italy Politecnico di Milano Green Moderate collaboration,
especially with the
US and India
Connected to US-
Canada University of Toronto Blue Moderate based networks and
global collaborations

Nanyang Technological
Singapore University, National Yellow Moderate
University of Singapore

The table presents a comprehensive overview of the most influential countries
and institutions in Hadoop MapReduce research, highlighting their respective
contributions and collaboration patterns. China, the United States, and India emerge
as the leading contributors, each demonstrating a high level of research productivity.
These countries are supported by prominent universities and research institutions,
which serve as key drivers in advancing distributed computing technologies. The
classification of research strength in the table reflects their dominant position in the
global scientific landscape.

China stands out with a very high research strength, supported by top-tier
institutions such as Tsinghua University and Peking University. The strong domestic
collaboration network is evident from the dense interconnections among its
institutions, indicating a well-coordinated and nationally integrated research
ecosystem. This suggests that China has successfully built a solid foundation for
sustained research development, particularly in Big Data and Hadoop MapReduce
technologies. Similarly, the United States demonstrates very high research strength,
characterized by a balanced collaboration between academia and industry.
Institutions such as the University of California and the University of lllinois, along
with industry leaders like IBM, contribute significantly to both theoretical and applied
research. The extensive global links shown in the table indicate that the United
States plays a central role in international collaboration, fostering innovation and
technological advancement through cross-border partnerships.

India, along with other countries such as Singapore, Japan, Italy, and Canada,
shows varying but important levels of contribution. India, in particular, exhibits high
research strength with rapid growth and increasing international collaboration,
positioning itself as an emerging research hub. Meanwhile, countries like Singapore
act as strategic connectors in regional collaboration networks, while Japan, Italy, and
Canada contribute through more specialized and targeted partnerships. Overall, the
table highlights that Hadoop MapReduce research is highly collaborative and
globally distributed, with each country playing a distinct yet interconnected role.

Keyword Co-Occurrence Analysis

The keyword co-occurrence analysis generated several thematic clusters: 1)
Cluster 1 (Core Technology Cluster): Hadoop, MapReduce, Distributed Computing,
Parallel Processing; 2) Cluster 2 (Big Data Analytics Cluster): Big Data, Data Mining,
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Machine Learning, Predictive Analytics; 3) Cluster 3 (Performance Optimization
Cluster): Performance Evaluation, Load Balancing, Resource Allocation; 4) Cluster
4 (Application Domain Cluster): Cloud Computing, Internet of Things, Healthcare
Analytics. The dominance of terms such as “Big Data,” “Machine Learning,” and
“Cloud Computing” indicates a strong integration of Hadoop MapReduce with
emerging computational paradigms.
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Figure 3. Keyword Co-Occurrence Analysis

The figure presents a keyword co-occurrence network generateu using
VOSviewer, illustrating the relationships among key terms in Hadoop MapReduce
research. Each node represents a keyword, while the size of the node indicates its
frequency of occurrence in the dataset. The connecting lines between nodes reflect
the strength of co-occurrence, meaning how often two keywords appear together in
the same publications. The clustering of nodes into different colors signifies thematic
groupings, highlighting the main research areas within the field. Cluster 1, often
referred to as the Core Technology Cluster, includes fundamental terms such as
Hadoop, MapReduce, distributed computing, and parallel processing. These
keywords form the backbone of the network, indicating that they are central to most
studies in this domain. Their strong interconnections suggest that research in
Hadoop MapReduce is deeply rooted in the development and optimization of
distributed systems and large-scale data processing frameworks. Cluster 2, the Big
Data Analytics Cluster, consists of keywords such as big data, data mining, machine
learning, and predictive analytics. This cluster reflects the growing integration of
Hadoop MapReduce with advanced analytical techniques. The prominence of these
terms indicates that researchers are increasingly focusing on extracting value from
large datasets using intelligent and automated methods, positioning Hadoop as a
key enabler of modern data-driven decision-making. Clusters 3 and 4 represent the
Performance Optimization Cluster and Application Domain Cluster, respectively.
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Keywords such as performance evaluation, load balancing, resource allocation,
cloud computing, Internet of Things, and healthcare analytics highlight the applied
and practical dimensions of the research. These clusters demonstrate that beyond
core technology and analytics, significant attention is given to improving system
efficiency and expanding the use of Hadoop MapReduce across various domains.
Overall, the visualization reveals a well-structured and interconnected research
landscape, with strong emphasis on both technological foundations and emerging
applications.

The keyword co-occurrence analysis reveals that Hadoop MapReduce
research is structured around several interconnected thematic areas, with strong
emphasis on both core technologies and emerging analytical approaches. The
prominence of keywords such as Hadoop, MapReduce, distributed computing, and
parallel processing indicates that foundational technologies remain central to the
field. At the same time, the strong presence of terms like big data, machine learning,
and data mining reflects a significant shift toward integrating advanced analytics with
distributed computing frameworks. This suggests that Hadoop MapReduce is not
only used for data processing but also plays a crucial role in enabling intelligent data
analysis. Furthermore, the appearance of keywords related to performance
optimization and application domains highlights the practical evolution of the
research area. Terms such as load balancing, resource allocation, and performance
evaluation indicate ongoing efforts to improve system efficiency and scalability.
Meanwhile, the inclusion of application-oriented keywords like cloud computing,
Internet of Things, and healthcare analytics demonstrates the expanding use of
Hadoop MapReduce across diverse sectors. Overall, the findings suggest that the
field has matured into a multidisciplinary domain, combining technological
development, analytical innovation, and real-world applications.

Emerging Research Directions

Recent publications highlight several emerging themes: 1) Integration of
Hadoop with cloud-based infrastructures; 2) Optimization of MapReduce algorithms
for real-time analytics; 3) Energy-efficient distributed computing; 4) Replacement or
integration with newer frameworks such as Spark. These findings suggest that while
Hadoop MapReduce remains foundational, research attention is gradually
expanding toward hybrid frameworks and high-performance analytics systems.

Table 3. Emerging Research Directions in Hadoop MapReduce Studies

Research Direction  Key Focus Area Description R?I.Srgi(rfh
. Focus on integrating Hadoop
Hgdoop Integration Cloud-based with cloud platforms to enhance .
with Cloud ” I Increasing
: Infrastructure scalability and flexibility in data
Computing .
processing
Real-Time Development of optimized
Algorithm MapReduce algorithms for real- .
MapReduce Optimization time and streaming data Increasing
Optimization P ) 9
analytics
Energy-Efficient Research.on reducmg energy
L Green consumption in large-scale :
Distributed , o . Emerging
) Computing distributed systems using
Computing
Hadoop




Sang Pencerah: Jurnal Ilmiah Universitas Muhammadiyah Buton Awaluddin. (12)1: 48-66

Combining or replacing Hadoop
Hybrid Big Data MapReduce with newer Rapid
Frameworks frameworks like Spark for Growth
improved performance

Integration with
Apache Spark and
New Frameworks

The table highlights several emerging research directions that reflect the
ongoing evolution of Hadoop MapReduce studies. One of the most prominent trends
is the integration of Hadoop with cloud-based infrastructures, which enables greater
scalability, flexibility, and cost efficiency in handling large-scale data. In addition,
there is a growing focus on optimizing MapReduce algorithms to support real-time
and streaming analytics. This shift indicates that researchers are responding to the
increasing demand for faster data processing and near real-time decision-making
capabilities in modern data environments. Another important direction is the
emphasis on energy-efficient distributed computing, which aligns with the global
push toward sustainable and green technologies. Researchers are exploring ways
to reduce energy consumption while maintaining system performance in large-scale
data processing. Furthermore, the integration or replacement of Hadoop
MapReduce with newer frameworks such as Apache Spark demonstrates a
transition toward hybrid and high-performance analytics systems. These
developments suggest that while Hadoop MapReduce remains a foundational
technology, the research landscape is gradually expanding to incorporate more
advanced, efficient, and versatile computational paradigms.

The emerging research directions indicate a clear shift from traditional batch-
processing paradigms toward more flexible, scalable, and high-performance data
processing environments. The integration of Hadoop with cloud-based
infrastructures demonstrates how researchers and practitioners are leveraging cloud
computing to overcome limitations related to storage, scalability, and infrastructure
costs. At the same time, efforts to optimize MapReduce algorithms for real-time
analytics reflect the growing demand for low-latency data processing, particularly in
applications that require immediate insights such as financial analytics, smart
systems, and large-scale monitoring. In addition, the focus on energy-efficient
distributed computing highlights increasing awareness of sustainability issues in
large-scale data systems. Reducing energy consumption while maintaining
performance has become a critical research challenge, especially as data centers
continue to expand globally. The rising adoption of newer frameworks such as
Apache Spark further suggests a transition toward hybrid approaches that combine
the strengths of Hadoop MapReduce with more advanced in-memory processing
capabilities. Overall, these trends indicate that the field is evolving beyond its
foundational technologies, moving toward more adaptive, efficient, and integrated
data analytics ecosystems.

3.2 Discussions

The results of the publication growth trends demonstrate a clear evolution of
Hadoop MapReduce research over time. The period between 2012 and 2018
represents a rapid expansion phase, characterized by a significant increase in the
number of publications and consistently high growth rates. This trend reflects the
widespread adoption of Big Data technologies in both academia and industry, where
Hadoop MapReduce became a fundamental framework for processing large-scale
datasets. The peak observed in 2018 indicates the culmination of intensive research
activities, driven by the urgent need for scalable and efficient data processing
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solutions in various sectors. After 2018, the growth trend shows a gradual decline,
followed by a stabilization phase beginning around 2020. This pattern suggests that
the field has reached a level of maturity, where foundational research has been
largely established. Consequently, the focus of research has shifted toward more
specialized and applied areas, such as integration with artificial intelligence, cloud
computing, and advanced analytics. The relatively low growth rates from 2020 to
2025 indicate that the field is no longer in an expansion phase but is transitioning
toward refinement, optimization, and innovation within existing frameworks.

These findings are consistent with previous studies that highlight the lifecycle
of emerging technologies. According to (Niha & Banu, 2022), the rapid growth of Big
Data research during the early 2010s was driven by the increasing availability of
large datasets and the need for distributed computing frameworks such as Hadoop.
Similarly, (Fu & Cao, 2023) emphasized that Hadoop MapReduce became a
dominant paradigm during this period due to its scalability and efficiency in handling
massive data processing tasks. The peak in publication output around 2017-2018
aligns with these observations, confirming the period as a phase of intensive
research and development. Furthermore, the stabilization trend observed after 2020
is supported by more recent studies indicating a shift in research focus. (Samsul et
al., 2023) noted that the emergence of advanced frameworks such as Apache Spark
and cloud-based platforms has led to a transformation in Big Data processing
approaches. In addition, (Taha, 2025) highlighted that current research is
increasingly oriented toward real-time analytics, machine learning integration, and
cloud computing environments. These developments explain the slower growth in
Hadoop MapReduce publications, as the research community moves toward hybrid
and next-generation data processing systems while still maintaining Hadoop as a
foundational technology.

The results indicate that Hadoop MapReduce research is dominated by a few
key countries, namely China, the United States, and India, which exhibit very high
levels of productivity and influence. This dominance is reflected not only in the
number of publications but also in the strength of institutional networks within each
country. China, in particular, demonstrates a highly cohesive research structure
supported by strong domestic collaboration among leading universities. Similarly,
the United States shows a balanced and dynamic research ecosystem, where
collaboration between academic institutions and industry players contributes
significantly to both theoretical development and practical innovation. India, on the
other hand, represents a rapidly growing contributor, with increasing participation
from academic institutions and expanding global research connections. In addition,
the findings highlight the importance of international collaboration in shaping the
global research landscape. The presence of interconnected networks among
countries such as Singapore, Japan, ltaly, and Canada indicates that Hadoop
MapReduce research is not confined to isolated regions but is driven by cross-border
partnerships. These collaborations facilitate knowledge exchange, improve research
quality, and accelerate technological advancements. The diversity of collaboration
patterns also suggests that while some countries act as primary contributors, others
play strategic roles as connectors or specialized contributors within the global
research network.

These results are consistent with previous studies emphasizing the global
distribution of Big Data research. According to (J. Zhang et al., 2025), China and the
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United States have long been recognized as leading contributors to Big Data and
distributed computing research due to strong governmental support and advanced
research infrastructure. Similarly, (Dass & J., 2022) highlighted that the rapid growth
of Big Data technologies has been largely driven by leading economies with strong
academic and industrial ecosystems. The prominent role of these countries in the
current findings further reinforces their position as global leaders in Hadoop
MapReduce research. Furthermore, the importance of collaboration networks
observed in this study aligns with findings from (Ning, 2023), who argued that
scientific progress in complex fields is highly dependent on collaborative knowledge
networks. In the context of Hadoop MapReduce, (Ramakrishnan & Nachimuthu,
2022) also noted that international collaboration enhances innovation by integrating
diverse expertise and technological capabilities. The increasing involvement of
emerging contributors such as India supports this view, as global partnerships
enable these countries to strengthen their research capacity and visibility. Overall,
the integration of strong national systems with international collaboration networks
plays a crucial role in advancing distributed computing research.

The results of the keyword co-occurrence analysis demonstrate that Hadoop
MapReduce research is organized into several well-defined and interconnected
thematic clusters. The Core Technology Cluster, consisting of keywords such as
Hadoop, MapReduce, distributed computing, and parallel processing, highlights the
foundational role of these technologies in the field. These core concepts remain
central, indicating that a significant portion of research continues to focus on
improving the architecture and efficiency of distributed data processing systems. At
the same time, the presence of strong linkages between clusters suggests that these
foundational technologies are closely integrated with other emerging research areas.
In addition, the prominence of the Big Data Analytics Cluster and the Application
Domain Cluster reflects a clear shift toward more applied and interdisciplinary
research. Keywords such as big data, machine learning, cloud computing, and
Internet of Things indicate that Hadoop MapReduce is increasingly used as an
enabling platform for advanced analytics and real-world applications. Meanwhile, the
Performance Optimization Cluster emphasizes ongoing efforts to enhance system
efficiency through techniques such as load balancing and resource allocation. This
combination of foundational, analytical, and application-oriented research suggests
that the field has evolved into a mature and multifaceted domain.

These findings are consistent with previous studies on the evolution of Big Data
technologies. According to (Ramesh & Selvam, 2023), the rapid growth of Big Data
has driven the need for scalable distributed computing frameworks such as Hadoop,
which serve as the backbone for data-intensive applications. Similarly, (Lawrance et
al., 2024) emphasized that MapReduce provides a simplified yet powerful model for
processing large datasets, which explains its continued prominence in the Core
Technology Cluster. The integration of these technologies with advanced analytics,
as observed in this study, reflects their enduring relevance in the Big Data
ecosystem. Furthermore, the increasing importance of application domains and
performance optimization aligns with recent research trends. (Akhil, 2022) noted that
Big Data analytics has expanded beyond data processing to include intelligent
decision-making through machine learning and predictive analytics. In addition,
(Yang et al., 2024) highlighted the emergence of new frameworks such as Apache
Spark, which focus on improving performance and enabling real-time data
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processing. The presence of keywords related to cloud computing, loT, and
healthcare analytics in this study supports the argument that Hadoop MapReduce is
being adapted and integrated into more advanced, efficient, and application-driven
computing environments.

The results on emerging research directions indicate a significant
transformation in the focus of Hadoop MapReduce studies. While Hadoop
MapReduce continues to serve as a foundational framework, recent research
increasingly emphasizes integration with cloud-based infrastructures to enhance
scalability, flexibility, and cost efficiency. This trend reflects the growing reliance on
cloud environments for managing large-scale data processing. At the same time, the
optimization of MapReduce algorithms for real-time analytics highlights a shift from
traditional batch processing toward low-latency data processing systems. Such
developments suggest that researchers are adapting Hadoop-based technologies to
meet the demands of modern data-driven applications that require faster and more
responsive analytical capabilities. In addition, the emergence of energy-efficient
distributed computing and hybrid frameworks demonstrates a broader evolution of
the research landscape. The focus on reducing energy consumption indicates
increasing awareness of sustainability challenges in large-scale computing
environments. Meanwhile, the integration or replacement of Hadoop MapReduce
with newer frameworks such as Apache Spark reflects the need for higher
performance and more efficient data processing models. These trends collectively
suggest that the field is moving beyond its initial technological foundations toward
more advanced, adaptive, and application-oriented systems that combine
performance, scalability, and sustainability.

These findings are supported by previous studies that highlight the evolution of
Big Data processing technologies. According to (Ragazou et al., 2023), the rise of
cloud computing has significantly transformed how large-scale data systems are
deployed and managed, enabling more flexible and scalable infrastructures.
Similarly, (S. Verma, 2022) emphasized the limitations of traditional MapReduce in
handling real-time processing, which has driven research toward optimizing
algorithms for faster data processing. The increasing integration of Hadoop with
cloud platforms observed in this study aligns with these earlier insights, confirming
the transition toward cloud-centric data ecosystems. Furthermore, the growing
interest in energy efficiency and hybrid frameworks is consistent with recent
technological advancements. (Seseni et al., 2024) highlighted that newer
frameworks such as Apache Spark provide significant performance improvements
through in-memory processing, making them suitable for real-time analytics. In
addition, (Cuzzocrea & Soufargi, 2024) emphasized the importance of energy-
efficient resource management in cloud data centers to reduce operational costs and
environmental impact. The convergence of these trends in the current findings
indicates that Hadoop MapReduce research is evolving toward more sustainable,
high-performance, and integrated data processing solutions.

4. Conclusion

The findings of this study demonstrate that Hadoop MapReduce research has
undergone a dynamic evolution, characterized by distinct phases of growth,
consolidation, and transformation. The publication trends reveal a rapid increase
between 2012 and 2018, followed by a stabilization phase after 2020, indicating that
the field has reached a level of maturity. This progression reflects the transition from
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foundational exploration of distributed computing technologies toward more
specialized and applied research areas, particularly in advanced analytics and cloud-
based systems. Furthermore, the analysis of influential countries and institutions
highlights the dominant role of China, the United States, and India, supported by
strong research productivity and extensive collaboration networks. The presence of
interconnected global partnerships underscores the importance of international
collaboration in advancing knowledge and innovation in Hadoop MapReduce. In
addition, the keyword co-occurrence analysis confirms that the field is structured
around core technologies, Big Data analytics, performance optimization, and diverse
application domains, demonstrating its multidisciplinary nature. Finally, the
identification of emerging research directions indicates a clear shift toward
integrating Hadoop with cloud infrastructures, optimizing algorithms for real-time
analytics, promoting energy-efficient computing, and adopting hybrid frameworks
such as Apache Spark. These trends suggest that while Hadoop MapReduce
remains a foundational technology, the research landscape is increasingly oriented
toward more flexible, scalable, and high-performance data processing ecosystems.
Overall, this study concludes that Hadoop MapReduce research continues to evolve
in response to technological advancements and practical demands, positioning it as
a critical component in the broader development of Big Data and distributed
computing.
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