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This study explores the intersection of the Internet of Things (IoT) and
smart governance through a comprehensive bibliometric analysis.
Using data from the Scopus database, the analysis identifies key
research trends, influential publications, and emerging technologies in
this domain. The findings reveal a growing focus on IoT’s role in
enhancing urban governance, with an emphasis on sustainability,
smart city development, and the integration of advanced technologies
such as blockchain, machine learning, and predictive analytics. This
research highlights the evolution of IoT in public administration and
offers a structured overview of the academiclandscape, uncovering the
most influential topics and providing insights into future research
directions.

This is an open access article under the CC BY-SA license.

Corresponding Author:

Name: Loso Judijanto

Institution: IPOSS Jakarta, Indonesia
Email: losojudijantobumn@gmail.com

1. INTRODUCTION

The advent of the Internet of Things
(IoT) has fundamentally transformed how
data is collected, processed, and utilized
across various sectors, reshaping the
technological landscape of the 21st century
[1], [2]. IoT refers to a network of
interconnected physical devices embedded
with sensors, software, and communication
technologies that enable them to exchange
data and perform tasks autonomously or
semi-autonomously [3]. This paradigm shift
has enabled the development of smart
systems capable of enhancing operational

efficiency, resource management, and
decision-making  processes. In  public
administration, IoT has emerged as a critical
enabler for modernizing  governance
frameworks and promoting data-driven
policy  interventions. @ The  pervasive
integration of IoT into public services has been
driven by rapid advancements in wireless
communication, cloud computing, and
machine learning, creating unprecedented
opportunities for public sector innovation [4],
[5].

Smart governance represents a
significant evolution in the way governments
interact with citizens, manage resources, and
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deliver services [6]. It is an interdisciplinary
concept that amalgamates e-government,
participatory  governance, and digital
transformation,  seeking to  enhance
transparency, accountability, and citizen
engagement through the adoption of digital
technologies [7]. Unlike traditional
governance models that rely heavily on
manual processes and periodic reporting,
smart governance leverages real-time data to
inform decisions, streamline bureaucratic
procedures, and tailor services to community
needs [8]. [oT devices, such as environmental
sensors, smart meters, and connected
infrastructure systems, serve as critical data
sources that feed into governance platforms.
As aresult, public administrators can monitor
urban environments more effectively, predict
service demands, and allocate resources
proactively [9], [10].

The convergence of IoT and smart
governance has gained traction globally,
particularly in urban centers seeking
sustainable and citizen-centric solutions to
complex challenges. Cities are deploying IoT-
enabled systems to monitor traffic flows,
manage energy consumption, detect public
safety risks, and improve waste management.
These smart solutions aim to enhance the
quality of life while reducing operational costs
and environmental impacts [11]. For instance,
real-time traffic sensors and connected
streetlights can optimize transportation
systems, reducing congestion and enhancing
safety. Similarly, IoT-enabled air quality
sensors provide data that help health agencies
mitigate pollution-related risks and develop
targeted public health interventions. These
implementations underscore how IoT
technologies can serve as a backbone for smart
governance applications that respond
dynamically to societal needs.

Despite the growth of IoT in public
governance contexts, scholarly research on
this intersection has diversified in scope,
methodologies, and disciplinary perspectives.
Researchers have explored theoretical
frameworks that explain IoT adoption in
governance, technical challenges related to
system interoperability, ethical concerns
about data privacy, and case studies

highlighting successful smart city initiatives
[12]. Yet, the breadth of these studies has
created an expansive body of literature that is
challenging to navigate without a systematic
overview. Bibliometric analysis has emerged
as a valuable approach for mapping research
trends, identifying influential publications
and authors, and revealing intellectual
structures within a field [13]. Such analyses
use quantitative methods to evaluate
publication patterns, citation networks, and
keyword co-occurrence, offering insights into
how knowledge evolves and which topics are
gaining prominence.

Understanding the scholarly
landscape of IoT in smart governance is
crucial for researchers, practitioners, and
policymakers aiming to align academic
inquiry  with real-world needs. A
comprehensive  bibliometric study can
illuminate = dominant themes, regional
contributions, collaborative networks among
institutions, and gaps that warrant further
investigation. For example, it can uncover
whether research disproportionately focuses
on certain geographic regions or technological
dimensions while neglecting governance
outcomes related to equity or citizen trust.
Furthermore, bibliometric insights can guide
future research agendas by identifying
emerging keywords and clusters that signify
evolving interests within the field [14], [15].
By  systematically  characterizing the
literature, stakeholders can prioritize research
that  addresses  pressing
challenges and fosters more effective
integration of IoT innovations into public
systems.

Although considerable research has
been conducted on IoT and smart governance
independently, there remains a fragmented
understanding of how these two domains

governance

intersect in scholarly discourse. Existing
reviews often focus narrowly on specific
technologies, case studies, or regional
implementations,  lacking a  holistic
quantification of trends, collaborations, and
intellectual structures across the entire body
of literature. This fragmentation makes it
difficult for new researchers to identify
foundational works, for practitioners to
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recognize proven governance models, and for
policymakers to learn from comparative
evidence. Additionally, there is limited clarity
on how research emphasis has shifted over
time, which topics have gained momentum,
and where significant gaps persist—
especially in areas such as ethical governance,
digital inclusivity, and  cross-sectoral
integration of IoT systems. The objective of
this study is to conduct a comprehensive
bibliometric analysis of research on the
application of Internet of Things (IoT)
technologies in smart governance.

2. METHODS

This study adopts a bibliometric
research design to systematically examine the
scholarly literature on the application of
Internet of Things (IoT) technologies in smart
governance. Bibliometric analysis is a
quantitative method used to evaluate patterns
within academic publications, including
publication output, citation structures,
authorship, and thematic evolution. The
approach is particularly suitable for this study
as it enables an objective assessment of large
volumes of literature while revealing
intellectual trends and research dynamics
over time. By employing bibliometric
techniques, the study seeks to provide a
structured overview of the knowledge
domain, minimizing subjectivity commonly
associated with traditional narrative reviews.

3. RESULTS AND DISCUSSION

3.1 Keyword Co-Occurrence Network

The data for this study were collected
from Scopus Database. A systematic search
strategy was developed wusing carefully
selected keywords related to “Internet of
Things,” “IoT,” “smart governance,”
government,” and “digital governance.”
Boolean operators were applied to refine the
search and ensure relevance. Only
publications written in English and classified

smart

as articles or conference papers were included
to maintain academic rigor and consistency.
Duplicate records and irrelevant documents
were filtered out through a manual screening
process based on titles, abstracts, and
keywords, resulting in a refined dataset
suitable for bibliometric analysis.

The analysis was conducted using
bibliometric indicators such as publication
frequency, citation counts, and co-authorship
networks, along with keyword co-occurrence
and  thematic techniques.
Visualization and network mapping tools
were utilized to identify influential authors,
institutions, and countries, as well as to
uncover collaborative relationships and
research hotspots within the field. Temporal

clustering

analysis was also applied to examine the
evolution of research themes over time. The
findings were interpreted to highlight
dominant research streams, emerging topics,
and underexplored areas in the intersection of
IoT and smart governance.
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Figure 1. Network Visualization
Source: Data Analysis Result, 2026

Figure 1 showcasing the relationships
between various terms and topics related to
the Internet of Things (IoT) in the context of
smart governance. Each term is represented as
a node, with the size and color of the nodes
indicating their importance and thematic
groupings within the broader field. The
connections between the terms reflect the
frequency and strength of their co-occurrence
in scholarly literature, offering a visual
representation of the research landscape in
IoT and governance.

The largest cluster in the center of the
image is dominated by terms such as "Internet
of Things," "smart governance," and
"governance,” signaling their central role in
the current academic conversation around IoT
in governance. This central network also
includes related concepts like "e-governance,”
"smart grid," and "digital transformation,"
indicating that IoT research in governance is
closely intertwined with the digital
transformation of public sector operations.
The prominence of these terms highlights the
growing focus on using IoT to enhance
governance systems and urban management.

The surrounding clusters feature
terms associated with specific technological

and societal impacts. For instance, the blue
cluster, which is connected to the central IoT
term, encompasses concepts like
"automation," "cybersecurity," and
"blockchain," which are critical to the
implementation of IoT in governance systems.
These technologies are essential for ensuring
the security, efficiency, and decentralization
of IoT systems in public sector applications.
The presence of "blockchain" and "smart
contracts" suggests that there is a growing
interest in decentralized technologies for
ensuring transparency and security in
governance frameworks.

The green cluster is primarily focused
on sustainability and urban development,
with  terms such as  "sustainable
development,"  "sustainability," "urban
growth," and "sustainable city" being highly
interconnected with IoT. This highlights the
increasing recognition of IoT's potential to
address environmental and urban challenges
through smart technologies. Research in this
area focuses on how IoT can facilitate the
development of sustainable cities by
improving energy management, reducing
waste, and optimizing transportation
networks. The link between "sustainability"
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and "big data" further emphasizes the role of
data-driven insights in
sustainability goals.

The yellow cluster, which includes
terms like "data privacy,” "digital storage,”
and "edge computing,” points to the growing
concern over the ethical, technical, and
infrastructural challenges of implementing
IoT systems. The prominence of "data
privacy" indicates the need for strong data

achieving

protection frameworks as more personal and
public sector data is collected and transmitted
via IoT devices. Meanwhile, ‘"edge
computing” highlights the importance of
decentralized computing power for real-time
data processing, especially in IoT systems that
require low latency and high responsiveness.
This cluster reflects the need for robust
infrastructure to support the growing IoT
ecosystem in governance.
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Figure 2. Overlay Visualization
Source: Data Analysis Result, 2026

Figure 2 showcases the temporal
distribution of scholarly topics related to the
Internet of Things (IoT) in smart governance.
The color gradient at the bottom of the image
indicates the timeline, ranging from 2021
(blue) to 2024 (yellow). The terms in the image
are now color-coded based on the year of their
prominence in the literature, providing a clear
visual representation of emerging trends and
areas of increasing research focus over time.

In the image, the central cluster
around the term "Internet of Things" remains
highly prominent, surrounded by various
interconnected concepts such as "smart
governance," "e-governance,” "big data," and
"sustainability." These terms appear to be
concentrated in more recent years (2023-2024),

indicating a shift towards more advanced and
integrated IoT solutions in governance. The
growing importance of "sustainability,"
"digital transformation,” and "smart grid"
suggests that more recent research is focusing
on IoT's role in creating sustainable, resilient,
and intelligent urban systems. This shift
reflects the broader trend of leveraging IoT
technologies  for
development, and sustainable city initiatives.

Additionally, the image shows that
several older concepts, such as "blockchain,"

governance, urban

"data privacy,” and "cybersecurity," continue
to maintain relevance in the field, as they are
highlighted in the earlier years (2021-2022).
These technologies are critical for securing IoT
systems in governance applications, and their
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ongoing  prominence  indicates  that
addressing security and privacy challenges
remains a priority in IoT-enabled smart
governance. The presence of emerging

technologies such as "machine learning" and

g& VOSviewer

"predictive analytics” in the 2023-2024 range
highlights the growing integration of Al and
data science techniques with IoT for more
intelligent decision-making in governance.

Figure 3. Density Visualization
Source: Data Analysis Result, 2026

Figure 3 highlights the relative
frequency of terms associated with the
Internet of Things (IoT) in the context of smart
governance. The color intensity in the map
indicates the prominence of each term in the
academic literature. The brightest yellow area
at the center represents "Internet of Things,"
showing that this term is at the core of the
research field. Surrounding it are terms such
as "sustainability," "information
management,” "big data," "sustainable
development,” and "urban governance,"
which are closely connected to IoT's
application in governance and urban
management. These terms are all highly
relevant to the ongoing research on how IoT

can contribute to creating smart, sustainable
cities and governance systems.

The heatmap also reveals other
significant clusters that represent specific
themes within the broader IoT landscape. For
instance, terms like '"blockchain,” "data
privacy," and "cybersecurity" form a distinct
group, indicating their importance in the
context of secure and decentralized IoT
applications. Additionally, terms related to
technological  advancements such as
"predictive analytics,” "machine learning,"
and "digital twin" are also prominent,
reflecting the growing integration of
advanced technologies with IoT to enhance
smart governance systems.
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Figure 4. Author Collaboration Visualization
Source: Data Analysis Result, 2026

Figure 4 represents co-authorship
relationships among a set of researchers, as
indicated by the nodes (representing authors)
and the edges (connections between authors
based on co-authored publications). Each
node's size is likely correlated with the
author's number of collaborative connections,
suggesting that more connected authors are
central figures in the network. The dense
clustering of authors, such as "Caceres,

Santiago," "Becha, Hanane," and "Valverde,
Francisco," indicates frequent collaboration
within this group. The strong
interconnections between the authors reflect a
collaborative research network, highlighting
key researchers in this domain, possibly
related to a specific field or topic of study. This
visual representation can help identify
influential authors and trends in collaboration
within the research community.
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Source: Data Analysis Result, 2026

Figure 5 appears to represent the
connections between various departments
and institutions, specifically in the context of
academic affiliations. The nodes represent
entities such as "Department of Computer
Science," "Department of Electronics,” and
"Sharda University, Greater Noida," with
links between them indicating collaborative
relationships or shared academic interests.
The color-coded clusters suggest different
groups or institutions, with departments from
"Delhi Technical Campus" being connected

with other entities, highlighting potential
interdepartmental ~or  inter-institutional
collaboration. The flow between nodes
implies a network of academic collaborations
or knowledge exchanges between these
departments  and  institutions.  This
visualization provides a snapshot of the
interconnectedness within this academic
environment, possibly reflecting research

collaborations or shared academic goals.
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Figure 6. Country Collaboration Visualization
Source: Data Analysis Result, 2026

Figure 6 depicts the global research
collaboration network, with countries
represented as nodes. The size of each node
reflects the strength of its research output or
collaboration, while the edges represent co-
authorship or research partnerships between
countries. The clusters show regions of high
academic activity, with countries like India,
the United States, China, and Canada forming
large, interconnected groups. The large green
cluster around India suggests significant
research output and collaboration from this

region, while the United States and China are
also central to the network. The visualization
also highlights other smaller but important
research hubs, such as Indonesia, Mexico, and

several European countries (e.g., Spain,
Germany, France), indicating growing
international  collaborations. This map

illustrates the interconnectedness of global
research efforts, with certain countries acting
as key nodes in the academic landscape.

3.3 Citation Analysis

Table 1. Top Cited Research

Citations | Authors and year Title

1445 [16] Towards sustainable smart cities: A review of trends,
architectures, components, and open challenges in smart cities

913 [17] On big data, artificial intelligence and smart cities

812 (18] Sensing as a service model for smart cities supported by Internet
of Things
The Metaverse as a Virtual Form of Smart Cities: Opportunities

516 [19] and Challenges for Environmental, Economic, and Social
Sustainability in Urban Futures

515 [20] Enabling technologies and sustainable smart cities
Birth of Industry 5.0: Making Sense of Big Data with Artificial

500 [21] Intelligence, the Internet of Things and Next-Generation
Technology Policy

486 [22] A systematic review of a digital twin city: A new pattern of urban
governance toward smart cities
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Citations | Authors and year Title
485 23] State of the art of machine learning models in energy systems, a
systematic review
Efficient Energy Management for the Internet of Things in Smart
448 [24] .\
Cities
448 [25] Iot-based smart cities: A survey

Source: Scopus, 2025

Discussion

The global research collaboration
network shown in the VOSviewer map
highlights the interconnectedness and growth
of academic partnerships across various
countries. The United States, India, and China
form the largest clusters, reflecting their
prominent roles in global research output.
These countries’ extensive academic networks
suggest strong research infrastructure, a high
level of international collaboration, and a
central position in many research fields. This
finding is consistent with the growing
emphasis on collaborative research, where
these countries not only contribute
significantly to the academic community but
also drive innovations and global discussions
in various scientific domains. The clustering
of countries like Canada, Germany, and
France further emphasizes the importance of
Western and emerging economies in shaping
the global research agenda.

The network also reveals smaller
clusters representing research hubs in other
parts of the world. Countries such as
Indonesia, Mexico, and several European
nations (e.g., Spain, Greece, and Italy) exhibit
emerging academic collaborations, signaling
the growth of research activities in regions
previously not as prominent in global
scholarly output. These regions are
developing increasingly important roles in
global research collaboration, as evidenced by
the connections with larger, more established
research centers. The presence of these
countries in the network suggests a shift
toward more diverse and inclusive research
partnerships, especially in areas like
sustainability, digital transformation, and IoT
governance, where global perspectives are
critical.

The edges connecting countries like
Brazil, Taiwan, and Iraq to the larger

academic networks indicate a rising interest in
international collaboration across different
regions. These countries, while not central in
size, show significant potential for expanding
their research visibility and partnerships in
the coming years. This reflects the trend of
globalization in academic research, where
countries are increasingly interconnected
through digital platforms and international
funding opportunities. The map illustrates
how the exchange of knowledge, ideas, and
resources across borders is becoming a
hallmark of contemporary academic research,
creating a more interconnected, collaborative,
and diverse global research ecosystem.

4. CONCLUSION

The bibliometric analysis of global
research collaborations reveals a dynamic and
interconnected academic landscape. Major
research hubs like the United States, India,
and China dominate the network,
highlighting their central roles in driving
global scholarly output. At the same time,
emerging research centers in countries like
Indonesia, Mexico, and various European
nations are gaining prominence, reflecting a
more inclusive and diversified global research
environment. The growing international
collaborations  signify = the increasing
importance of global partnerships in
addressing complex, interdisciplinary
challenges. This study underscores the critical
role of cross-border research networks in
fostering innovation, knowledge exchange,
and the development of global solutions in
fields such as sustainability, technology, and
governance. As research collaborations
continue to evolve, the map suggests a future
where academic partnerships span across
more regions, contributing to a more
interconnected and collaborative global
research community.
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