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INTRODUCTION

Big Data refers to enormous volumes of data, which include not only structured data but also
ever-evolving unstructured data from various sources such as social media, sensor devices, online
transactions, and more (1). The development of Big Data is made possible by advances in advanced
computing, data storage, and analysis technologies that can process large amounts of information at
high speeds (1). Initially, Big Data was used primarily in business and industry, but it has now expanded
to the public sector, where governments use Big Data to improve efficiency, transparency, and
effectiveness in public services (2). Smart Governance is a concept that utilizes information and
communication technology (ICT) to create a government that is more open, participatory, and
responsive to the needs of the community (3). In this context, Big Data is becoming an important tool,
as it helps governments collect and analyze data in real-time, allowing for more informed and evidence-
based decision-making (4). Sensor-based big data applications are shaping the development of smart
and environmentally sustainable cities. This article presents an empirical study conducted to evaluate
and analyze urban big data analytics as well as sustainable governance networks in integrated smart city
planning and management. (5)

Information and communication technology (ICT) has revolutionized the way governments
operate in various fields. Through digital platforms and data-driven systems, the government can now
provide easier and faster access to public information (6). This increases transparency in financial
management, public services, and supervision by the community(7). By using Big Data, governments
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can make more informed decisions as real-time and accurate data is available (8). For example,
transportation data can be used to manage traffic, or health data to respond quickly to outbreaks (9).
Public services can now be automated and personalized through the use of data. Smart city management
systems, such as water, electricity, and transportation management, can be optimized with Big Data to
improve efficiency and reduce costs (3). Through digital platforms and social media, the public can
more easily be involved in the public decision-making process. Governments can use Big Data from
social media to understand people's needs and respond more quickly to emerging issues (10).

With the advent of big data and the ability to collect vast amounts of data about people, data
sources ranging from fingerprints to typing patterns can build a person's identification profile (11) .
Smart Data Governance focuses on how data is collected, managed, analyzed, and shared in a secure
and efficient manner (12). This is critical to achieving sustainability in governance because: Well-
analyzed data helps governments allocate resources more efficiently, avoid waste, and ensure that
people's needs are met appropriately (13). With accurate data, the government can make policies that
support sustainable development (14). This includes environmental monitoring, energy management,
and environmentally friendly urban planning (15). Big data allows governments to better predict and
manage risks, whether it's the risk of natural disasters, economic crises, or social problems (1). With
predictive analytics, the government can design more adaptive policies (11). The implementation of
Smart Governance requires the protection of public data involving security and privacy issues (12).
Good data governance ensures that personal data is managed ethically and in accordance with existing
regulations (16). The implementation of Data and Smart Governance provides opportunities for
governments to operate more effectively, transparently, and inclusively, and contribute to sustainable
development goals (17).

The most important problem is the fact that the Government faces various challenges in managing
Big Data and forming smart governance (6). These challenges arise from technological complexity,
regulatory issues, to social and ethical aspects (18). Here are some of the key challenges: Governments
must protect the data collected from cyber threats such as hacking, malware, and DdoS attacks (13).
Because Big Data involves such large and sensitive information, the risk of security breaches increases.
Another big challenge is maintaining the privacy of citizens' data (19). The government manages a lot
of personal information such as health, financial, and demographic data. The use of this data requires a
strict privacy policy so as not to violate the rights of individuals. This issue is particularly relevant in
the context of data protection regulations such as GDPR in Europe (20). Not all countries, especially
developing countries, have adequate technological infrastructure to manage and process Big Data (21).
The servers, networks, data storage, and security systems required to support Big Data are often
expensive and complex to implement (13).

This seems to be a common problem in the contemporary digital age prompting the need for a
reassessment of urban planning principles and practices. In the context of today's data-rich urban
planning, this study seeks to answer the question of whether an appropriate methodological basis can
be provided for smart city governance based on a data-driven planning perspective (22). The
government's use of Big Data can trigger concerns among the public regarding the potential for data
misuse (23). There are concerns that the data will be used to monitor or control citizens, especially in
countries with poor human rights records. In some cases, government agencies may resist changes due
to discomfort with new technologies or fear of a shift in power (12).

These examples highlight the problem that reforms in data governance often require slow changes
in bureaucratic culture. The implementation of Big Data-based Smart Governance requires a large
investment in technology, training, and infrastructure. In developing countries, this financing constraint
is a major problem due to budget constraints (3). While Big Data programs can be initiated, ensuring
they are sustainable in the long term is another challenge, especially when there are political changes
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or budget cuts. There is the potential for unethical use of Big Data, such as algorithmic discrimination,
where the algorithms used to manage data actually reinforce social injustice or bias. Governments need
to develop an ethical framework to ensure responsible use of data (3). Governments need to address
these challenges to ensure that Big Data and Smart Governance can be implemented effectively and
equitably. A holistic approach, including strengthening regulations, technology investment, and
capacity building, is critical for this transformation to go well.

The purpose of this article is to examine the relationship between Big Data and Smart Governance
in the context of sustainable governance, with a specific focus on key issues related to the utilization of
Big Data. This study aims to analyze how Big Data can enhance government efficiency, transparency,
and accountability through data-driven decision-making; identify the main challenges in managing Big
Data, particularly those concerning privacy, security, and technological infrastructure; and highlight the
potential contributions of Smart Governance in supporting sustainable development goals in the
environmental, economic, and social dimensions. Furthermore, this article seeks to provide policy
recommendations that enable governments and stakeholders to optimize the use of Big Data for more
effective, adaptive, and sustainable governance. By concentrating on these core issues, the article is
expected to offer a focused insight into the integration of Big Data technologies in governance and its
long-term implications for equitable and sustainable development.

LITERATURE REVIEW
Big Data in Government

Big Data is a term that refers to a very large volume of data, with high variety and speed, so it
requires special technology to manage and analyze it (24). In the government sector, Big Data enables
more efficient and sustainable data management by utilizing advanced analytics technologies such as
machine learning, data mining, and artificial intelligence (AI). The use of Big Data in government
serves to support a decision-making process that is more data-based, responsive, and predictive to
people's needs (19). This technology has been proven to improve public services by enabling
governments to identify trends, make timely decisions, and optimize the use of resources (9).

Smart Governance

Smart Governance is a governance concept that integrates information and communication
technology (ICT) in administrative processes, public services, and policymaking (25). Smart
governance aims to create efficiency, increase transparency, and strengthen citizen participation
through digital platforms (6). This concept also emphasizes the importance of collaboration between
sectors, be it between the government, the private sector, or the community. With the adoption of Smart
Governance, governments can respond faster to social, economic, and environmental problems by using
real-time data from various sources (26).

The Contribution of Big Data to Smart Governance

Big Data plays a key role in realizing Smart Governance. Effective data management enables
governments to increase transparency through open access to public information, as well as strengthen
accountability with more accurate reporting (24). Data collected from various sources, such as [oT
sensors, social media platforms, and public transaction data, can be processed and analyzed to provide
in-depth insights into people's needs, behavioral patterns, and the effectiveness of public policies (27).
Big Data analysis also helps the government in formulating policies that are more appropriate and
adaptive to rapid changes in society (28).
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Implementation of Big Data and Smart Governance in Various Countries

Various countries have started to implement Big Data and Smart Governance to improve the
efficiency of governance. Singapore, for example, has used Big Data technology to monitor traffic
density, energy consumption, as well as to respond to social problems in real-time (26). Meanwhile,
South Korea is adopting Big Data to support environmentally friendly and sustainable smart cities,
especially in waste and energy management (29). In the European region, Estonia has been a pioneer in
e-Government, using data technology to provide transparent access to digital public services for its
citizens (13).

Challenges in the Implementation of Big Data and Smart Governance

Although the potential of Big Data and Smart Governance in improving governance is enormous,
there are several challenges that must be overcome. One of them is the issue of data security and privacy.
The use of Big Data requires strict regulations to protect sensitive information and ensure that citizens'
personal data is not misused (30). In addition, many developing countries face challenges in terms of
technological infrastructure and skilled human resources in managing and analyzing data (31). Data
complexity and limited technical capacity are also obstacles in optimizing the potential of Big Data in
government.

RESEARCH METHOD

This study uses a bibliometric method to analyze the literature related to Big Data and Smart
Governance. The data was collected from the Scopus database using the keywords "Big Data" and
"Smart Governance". The data collection process consisted of 656 documents focused on journal
articles (document type: article/journal) with a total of 250 documents. This research was limited to 220
documents in English and was selected from the period 2015 to 2024, with a total of 218 documents
corresponding to that time range. In addition, of the number of documents, 132 of them are open access
articles. The data that has been collected is then filtered to ensure that only articles relevant to the main
keywords are used in the analysis.

Once the data is collected, the next step is to perform a bibliometric analysis with the help of
the VOSviewer software. VOSviewer is used to visualize the relationships between keywords,
collaboration between authors, as well as the network of citations between these documents. The
resulting visualization includes mapping keywords based on their occurrence (co-occurrence), as well
as a collaboration network between researchers and institutions. Data from Scopus is exported in CSV
or RIS format, then imported into VOSviewer to map research trends, collaboration between authors,
and citation relationships between selected articles.

The results of this visualization provide insight into research trends and emerging focus areas
in the field of Big Data and Smart Governance. In addition, the visualization also shows the key authors
and institutions that are most influential in this topic. Based on this analysis, the research can provide a
comprehensive overview of the development of the topics discussed and provide recommendations for
further research, especially in areas that are still underexplored. The conclusions drawn also include the
potential for collaboration between researchers to strengthen research in this area.
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Gambar 1. Documents by years

Figure 1 shows the distribution of the number of documents published per year in Scopus related
to the topic of Big Data and Smart Governance in the period 2015 to 2024. At the beginning of the
period, the number of documents published was relatively low, with only about 2 documents in 2015
and a small increase in 2016 to 5 documents. However, in 2017 there was a significant decline to reach
zero. After that, a consistent upward trend began to be seen from 2018 with only 8 documents until
reaching its peak in 2021 with a total of more than 31 documents.

After reaching its peak in 2021, the number of documents began to decline in 2022, although it
is still relatively high at around 20 documents. In 2023, there will be a slight increase compared to the
previous year, which was 23 documents, but in 2024 the number of documents will again experience a
significant decrease of only 14 documents. This graph indicates a trend of increasing interest in research
related to Big Data and Smart Governance in recent years, especially during the period 2020-2021,
which may be influenced by technological advances and increased attention to smart governance.
However, the downward trend after 2021 suggests a possible saturation or shift in research focus in
another direction.

6 5 5

5

4 3

3 2 2 2 2 2 2 2 2 2

: H H H H H H H H H 1E L

1

. NEEER
N NPV MO NS S R SO S G SOPS SN

S T I SN S P

I S T S N T R

. 5 & A NS¢ < ot > 2 s
o9 SR S GO A S R (\;@o S & v

Source: Scopus Databace, 2024
Gambar 2. Documents by Authors
Figure 2 shows a comparison of the number of documents published by up to the top 15 authors
on the topic of Big Data and Smart Governance at Scopus. The authors with the highest number of
documents are Allam, Z. and Bibri, S.E., each publishing nearly 5 documents. Both seem to be the most
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prolific authors on this topic, showing significant contributions to research in the field of Big Data and
Smart Governance.

Other authors such as Nica, E. are in third place with about 3 documents, followed by several
other authors such as Kitchin, R., Kliestik, T., Lazaroiu, G., and Polak, M. who each publish between
2 and 2.5 documents. These authors point to an important role in the development of literature related
to this field. This graph illustrates the concentration of research contributions among several key
authors, where the top two authors show higher research output compared to other authors.
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Gambar 3. Documents by Subject Area

This pie diagram illustrates the distribution of documents by subject field on the Scopus platform.
Social Sciences dominate with the largest contribution, which is 27.8% of the total documents. It was
followed by Computer Science with 17.0%, and Arts and Humanities (Arts and Humanities) which
contributed 9.7%. Engineering and Environmental Science accounted for 9.0% and 6.3% of the total
documents, respectively.

Other fields such as Decision Sciences, Business and Management, Energy, Medicine, and
Mathematics contributed a smaller percentage, between 2.4% and 5.6%, respectively. The rest, 10.1%,
fall into the "other" category, which includes a variety of disciplines that are more diverse but do not
dominate significantly compared to the main fields already mentioned.
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Source: Data Processing using VOSviewer, 2024
Figure 4. Visualization using VosViewer by co-authorship

This image is a visualization of a co-authorship network that displays the relationships between
authors in scientific publications. Each node (dot) represents a single author, while the line connecting
the nodes indicates collaboration between authors. Node size indicates the intensity of author
involvement in the collaboration, where larger nodes indicate authors with more collaboration.

There are several clusters marked with different colors, indicating the presence of a specific
collaboration group. For example, the red cluster of authors such as Nica Elvira, Popescu Gheorghe
H., and Poliak Milos suggests they have a close network of collaborations. The blue and green
clusters also show a similar pattern of collaboration, where authors such as Vrbka Jaromir and
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Kliestik Tomas have an important role in connecting the various authors on the network. This
visualization helps in understanding the relationships and key roles of authors in a particular research
ecosystem.
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Figure 5. Visualization using VosViewer by co-occurrence

Figure 5 shows a visualization of the co-occurrence network of the keywords in the study. Each
node (dot) represents one keyword, and the size of the node indicates how often that keyword appears.
The line connecting the nodes reflects the interconnectedness or co-emergence of two keywords in the
publication. The thicker the line, the more often those keywords appear together.

The most dominant keywords are big data, governance, sustainability, and the internet of things,
which have larger node sizes and more connectivity with other keywords. This suggests that these topics
are the main focus of the study. In addition, there are several color clusters that indicate interrelated
research theme groups, such as smart cities, decision making, privacy, and innovation. This
visualization helps to understand research trends and the relationships between concepts being studied
by the scientific community in this field (32).
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Figure 6. Visualization using VosViewer network visualization
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Figure 6 shows a map of the network of relationships between keywords in scientific
publications, focusing on concepts such as Public-Private Partnership (PPP), GovernmentProject, and
Innovation. Each node represents a keyword, while the line connecting the nodes indicates the
relationship or linkage between those keywords in a published study.

Specifically, the keywords Government, PPP, and Collaborative Governance (located on the left
side) are closely linked, suggesting that these topics are often discussed together in the context of
collaborative research between the government and the private sector. On the right side, there are
keyword groups such as Project, Performance, Quality, and Data, which indicates that much of the
research focuses on how project performance and quality are assessed, as well as how data is used to
support the innovation process. This combination of relationships illustrates the interconnection
between public governance and project management across various studies.

Sma@ness  smart port development strateg

big da‘(a analysis technology

"N country
digitalization

set
or; qaisation
8 efficiency AR N
instigution

dats cfection blockchaiftechnology )

corporate governance
W blockghain

law im tion g
university ne‘rk 2 & evaluation
¢ \ < @
sustainable u@an technalogy infrastructure smart governance
& X
smart city environment ¥ sodial sugtainability ™

e government
transformation &

structural equ@ion modeling
smart gajernment

smart ygbanism
informatiofitechnology

smart sust@inable city
& vOsviewer big data techology I
2020.0 2020.5 2021.0 2021.5 2022.0
Source: Data Processing using VOSviewer, 2024
Figure 7. Visualization using VosViewer overley visualization

Figure 7 shows a bibliographic visualization map with the main themes of smart governance,
infrastructure, network, and smart sustainable city. The colors on the nodes and lines show the temporal
evolution of these topics in the span 0f 2020 to 2022, as seen from the legend at the bottom of the image.
Node networks, infrastructure, and smart governance are central to this map, indicating that these
concepts are interconnected and often discussed in the same context. On the other hand, keywords such
as smart sustainable city, blockchain, and big data technology also appear in this map, showing the
relevance of advanced technologies and urban sustainability in the latest research.

Blue to green indicates that some topics, such as infrastructure and networks, were more
discussed in 2020, while topics such as smart governance, institutions, and evaluation tend to emerge
in newer research, especially after 2021, with the nodes in yellow. This illustrates the shift in research
focus from infrastructure and technology towards the implementation of smart governance and
transformational innovation.
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Figure 8. Visualization using VosViewer density visualization

The topic density map in this bibliographic network illustrates the distribution of the intensity of
the emergence of research terms that are often used in the literature. The red color indicates the areas
with the highest density, which means that terms in these regions, such as infrastructure, network, smart
governance, and transformation, appear very often and take center stage in research. These terms seem
to be the main focus in academic or scientific discussions related to the topic. The yellow and green
colors represent medium density, where terms such as blockchain technology, implication, and
evaluation are still frequently discussed but with a lower intensity. On the other hand, the color blue
signifies low density, indicating that terms such as e-government and smart government are discussed
less frequently compared to other major terms. Overall, this map provides an overview of where the
greatest concerns in research lie, as well as topics that are more frequent or rarely discussed in the
literature analyzed.

CONCLUSION

The conclusion of this article emphasizes that the integration of Big Data into Smart Governance
offers significant opportunities to strengthen government performance in achieving sustainable
governance. First, Big Data supports the implementation of Smart Governance by enhancing efficiency,
transparency, and accountability through evidence-based decision-making, which ultimately improves
the quality of public services and responsiveness to citizens’ needs. Second, while the use of Big Data
presents opportunities for innovation, it also poses challenges related to privacy protection, data
security, and the adequacy of technological infrastructure, which require strategic solutions and
consistent regulatory frameworks. Third, Smart Governance plays a crucial role in promoting
sustainable development, as Big Data contributes to environmental monitoring, natural resource
management, and the design of policies that align with long-term economic, social, and ecological
objectives. Finally, this article recommends that governments and stakeholders develop integrated
policies, invest in digital infrastructure, and strengthen institutional capacity to optimize the potential
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of Big Data. Such efforts will not only enhance governance effectiveness but also provide long-term
benefits for equitable and sustainable development.

However, the success of this implementation depends on the government's ability to overcome
challenges such as technological infrastructure, data security, and managing the complexity of big data
processing. Therefore, investment in competent human resources in the field of technology and close
collaboration between the government, the private sector, and academia are essential to achieve optimal
results. In the future, further research and inclusive public policy development are needed to support
the application of Big Data more effectively in Smart Governance. With the right strategies and
regulations, Big Data can be a key instrument to realize a more sustainable, transparent, and responsive
government.
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