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Abstract. The ongoing revolution is driving human civilization to evolve,
consistently following an increasingly advanced trajectory. At present, this
revolution is progressing into the Transformation 5.0 era. The previous 4.0 era
addressed concerns about the diminishing role of humans across various
sectors. This transformation is evident in several fields, including education.
Education is evolving in line with the 5.0 revolution, which combines
innovations from the 4.0 era while positioning human resources at the centre of
control. This literature review aims to explore the transformation 5.0 in
education, highlighting the opportunities and challenges individuals face within
the sector. Findings from multiple studies indicate that education is currently
embracing various technological advancements to enhance the learning
experience. These include integrating artificial intelligence, the Internet of
Things, and Big Data into educational practices. Furthermore, the emphasis in
the 5.0 era of education is placed on technological progress, literacy skills,
character development, and the enhancement of both competencies and soft
skills.
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1 Introduction

Human innovation drives the technological advancement of the Industrial Revolution
[1]. Since the mid-19th century, significant transformations have taken place within
the industrial sector. This phenomenon is characterized by the shift from manual labor
to machine-powered operations, providing greater convenience [2]. Over time, the
revolution has progressed through multiple phases, from 1.0 to 4.0, each with distinct
features [1]. During the Socialization of the Industry 4.0 Implementation Roadmap,
Airlangga Hartarto highlighted that Indonesia entered the Industrial 4.0 era in 2011.
Enhanced connectivity, interaction, and integration between humans, machines, and
other resources marked this phase [3]. Such advancements facilitate the rapid
exchange of data and information through internet-based technologies. The impact of
this revolution extends beyond industry, influencing various sectors, including
education [4]. The Industrial Revolution is a period of rapid change, where
technology simplifies and accelerates work processes.
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The world is currently transitioning into the era of transformation 5.0, a phase marked
by the significant replacement of human activities with artificial intelligence [5]. The
Japanese government introduced Society 5.0 in 2019, building upon the
advancements of the Industrial Revolution 4.0 through the integration of artificial
intelligence [6]. Over the past two years, the rapid flow of information has signaled
the shift from the 4.0 era to 5.0 [7]. The focus of this new era lies in leveraging
technology and information across various sectors, including education [8]. The
education sector is undergoing transformative changes to align with advancements in
science and technology, ensuring it remains relevant [9]. A notable aspect of this
educational revolution is the pivotal role of technology in shaping learning processes,
influencing how students engage with teachers and peers. The transformation of
society 5.0 extends across all domains, compelling education to continuously adapt to
meet evolving demands and produce skilled and competent human resources.

In the Society 5.0 era, education plays a crucial role in realizing national education
objectives by fostering an engaging learning environment and improving the overall
quality of education [10]. The fusion of science and technology in education opens up
avenues to elevate educational standards and drive innovation in teaching and
learning processes [11]. Consequently, education must keep pace with advancements
in science and technology [12]. In this era, there is a strong emphasis on active
student participation, collaboration, and the enhancement of learning outcomes
through the application of cutting-edge technologies such as artificial intelligence,
machine learning, virtual reality, and the Internet of Things [9]. Additionally, the
focus is on cultivating 21st-century competencies like creativity, critical thinking,
communication, and teamwork [13]. Moreover, education in this era encourages the
development of inclusive, skills-focused learning strategies that align with
contemporary trends [14]. To meet these expectations, education systems must
transform to reflect the principles of Society 5.0, ensuring ongoing improvements in
educational quality.

Research indicates that the digital education transformation in the 5.0 era, driven
by the integration of scientific and technological innovations, significantly enhances
the quality of education [9]. Education in this era provides opportunities to align
learning with contemporary needs, enabling students to engage in independent,
interactive, and enjoyable learning experiences [15]. The educational framework of
the 5.0 era evolved as a response to the 4.0 era, aiming to enhance graduates' soft
skills, digital technology competencies, and their practical applications. This involves
the implementation of artificial intelligence, big data, and the Internet of Things in the
educational domain [16]. Education in the Society 5.0 era fosters innovations that
empower students to actively explore, discover, discuss, think critically, and innovate
[17]. However, the transition to this new era is not without challenges and negative
impacts. One significant challenge is the lack of adequately skilled human resources
to support technology-intensive education [18]. Additionally, reliance on technology
has been associated with reduced direct social interactions [15]. Like any
transformation, the shift from education in the 4.0 era to 5.0 comes with both
advantages and drawbacks. This research seeks to explore the ongoing transformation
in education during the 5.0 era, with a focus on the use of technology in learning.
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Furthermore, it aims to analyze the opportunities and challenges arising from this
transformation.

2 Research Methodology

This study adopts a qualitative descriptive research approach, which aims to present a
comprehensive depiction of the phenomenon under investigation. A literature review method is
employed by gathering, analyzing, and interpreting secondary data from credible sources,
including scientific journals, books, research reports, and articles relevant to the subject. This
process involves critically examining theories and prior research findings to uncover patterns,
trends, and gaps within the existing literature. Using this method, the study aims to give a
complete and in-depth understanding of the subject at hand, based on real-life examples and
well-known theories [19].

3 Results and Discussion
3.1 Education Transformation in the 5.0 era

The advancement of human civilization aligns with the progression of time, leading
humanity into the 5.0 era. Essentially, the 5.0 revolution emerged due to growing
concerns about the increasing replacement of human roles by machines. The
utilization of human resources has declined as machines and robots take over [20].
Revolution 5.0 aims to address challenges and mitigate the negative impacts of its
predecessor. A key aspect of the 5.0 era is fostering collaboration between humans
and technology, ensuring that humans are not entirely replaced but instead maintain
control over technological advancements. Society 5.0 envisions a community capable
of addressing social challenges and issues by leveraging innovations from the
Industrial Revolution 4.0, including the Internet of Things (IoT), Artificial
Intelligence (Al), Big Data, and robotics, to enhance human life quality [21]. This era
emphasizes integrating human resource competencies with technological
sophistication to achieve efficiency and effectiveness across various sectors, including
education. The development of numerous learning applications accessible anytime
and anywhere allows individuals to engage in virtual learning. Additionally, the
incorporation of artificial intelligence in the educational process provides valuable
support, while human resources remain central to driving innovation. We expect these
educational innovations to resolve challenges and introduce improvements beyond
previous approaches.

The transformation of education in the Society 5.0 era represents a shift in the
education system to address the challenges and seize the opportunities presented in
this new era. Society 5.0 harmoniously integrates digital technology with human life,
prioritizing social and individual well-being while enhancing human potential through
technological innovations. This transformation fosters education that is more
inclusive, adaptable, and aligned with contemporary demands. Significant
advancements in this era include the integration of artificial intelligence (AI) with
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humans as the central focus, enabling the completion of tasks more effectively. Al
simplifies various aspects of education, improving both visibility and
comprehensiveness. Examples of Al applications in education include chatbots like
Google Assistant and learning management systems such as Moodle, Blackboard, and
Canvas, which leverage Al to enhance learning experiences. Platforms like Duolingo
also provide real-time feedback. The incorporation of Al in education has been shown
to improve student learning outcomes by offering greater understanding, facilitating
faster, real-time feedback, and addressing individual learning needs [22].

Al technology enables personalized learning through the application of machine
learning algorithms. By analysing student data and individual preferences, Al creates
customized learning experiences that align with each student’s unique needs. This
approach enhances student engagement and supports them in achieving their full
potential [23]. Furthermore, artificial intelligence delivers tailored educational
experiences for students [24]. Its implementation positively impacts the development
of education and contributes to improved learning outcomes.

3.2  Big Data and Internet of Things

Big data refers to the process of storing and analyzing vast quantities of data in
various formats. As implied by its name, big data encompasses diverse digital data
that can be rapidly processed to generate valuable insights [25]. It integrates advanced
technologies designed to handle massive datasets with high speed and accuracy
during analysis and response [26]. By leveraging big data, quick and accurate access
to extensive information becomes possible, significantly supporting activities across
multiple sectors such as healthcare, finance, and education [27].

The integration of Big Data in education is no longer a mere concept but has been
realized in various institutions. Through specialized software, students' focus and
learning progress can be analyzed effectively. This software gathers data from
students' devices, including grades, study habits, strengths and weaknesses, as well as
hesitation patterns when interacting with a computer mouse [28]. The advancement of
technology in the Big Data era has significantly influenced education, particularly in
the development of online learning platforms [29]. In the education sector, Big Data
plays a crucial role by generating valuable insights for decision-making processes in
higher education [30]. These decisions are driven by data and relevant information
[31]. Furthermore, Big Data enhances the effectiveness of distance learning by
evaluating student engagement and performance in virtual learning environments
[32].

The Internet of Things (IoT) refers to a concept where various physical devices
are connected to the internet, enabling them to communicate and exchange data
autonomously. These devices include sensors, cameras, household appliances,
vehicles, and even wearable items equipped with technology to transmit and receive
data through the internet. In the field of education, IoT plays a significant role in
facilitating the monitoring and management of educational activities. Examples
include controlling entry and exit points, monitoring library access, and tracking
attendance for students and staff. The implementation of IoT in higher education can
also yield wvarious benefits, such as energy efficiency, health monitoring,
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administrative improvements, and even transforming traditional business models in
the education sector [33]. According to education experts, IoT has a profound positive
influence on education, offering solutions to numerous challenges [34]. This research
aims to analyze and categorize the positive impacts of IoT on education while
exploring its role in shaping future smart education systems. Furthermore, IoT is
crucial in the development of smart campuses [33].

3.3  21st Century Transformation

The Minister of Education and Culture Regulation No. 21 of 2016 emphasizes that the
Graduate Competency Standards in the 2013 curriculum are aligned with 21st-century
competencies. These competencies focus on the development of essential soft skills,
encapsulated in "The 4C Skills," which include critical thinking, communication,
collaboration, and creativity. This indicates that relying solely on hard skills is
inadequate to address the challenges of 2Ist-century transformation. A balanced
integration of hard skills and soft skills is essential for success in this era.

We certainly need to hone these soft skills within the scope of learning. Students
can cultivate critical thinking, communication, collaboration, and creativity in a
variety of ways. Applications of learning, such as problem-based learning, require
students to think critically in order to solve existing problems. This approach will be
able to produce thoughts and concepts regarding the given problem so that the ability
to think critically becomes sharper [35]. In addition to PBL, project-based learning
serves as another effective method for skill enhancement. PJBL provides space for
students to be able to hone creativity, communication, and collaboration together with
their teammates. This learning has the concept that studying is not just receiving
information but also being actively involved in seeking knowledge [36].

3.4  Opportunities and Challenges for Implementing Educational Technology
Innovation

The industrial revolution 5.0 has introduced substantial transformations across various
sectors, including education. This era focuses on synergy between humans and
intelligent technologies, such as artificial intelligence (AI), the Internet of Things
(IoT), and big data, which are seamlessly integrated into daily life to offer more
adaptive and customized solutions. In the realm of education, these technologies hold
immense potential to enhance accessibility, quality, and the overall effectiveness of
learning processes. Nevertheless, alongside these promising prospects, significant
challenges persist, particularly in developing nations like Indonesia, where limitations
in infrastructure and human resource preparedness remain pressing issues.

The approach to how students learn and engage with teachers and peers has
undergone significant changes. Integrating technology into education introduces new
challenges, such as reduced social interaction between students and teachers and the
absence of a comprehensive learning experience [37]. Additionally, the
implementation of technology in Indonesia faces considerable hurdles due to the wide
educational disparity. Numerous schools in Indonesia still lack adequate facilities and
infrastructure [38]. Without meeting the necessary infrastructure standards,
integrating technology into the learning process becomes a significant challenge.
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It is important to address the teacher's ability to effectively incorporate technology
into their teaching approach, as this represents a significant challenge. Teachers, who
serve as the primary facilitators of knowledge and engage directly with their students,
are expected to utilize technology seamlessly in their instructional practices [39].
However, studies indicate that many teachers continue to face difficulties with
technology integration. This presents an obstacle to technology-enhanced learning
and underscores the need for proper training prior to implementation.

4 Conclusion

Educational transformation in the Society 5.0 era is an ongoing process that requires
commitment from all parties, including the government, schools, teachers, parents,
and students. We hope that with the right educational transformation, Indonesia's
youth can become superior human resources and compete in the global era. In the
education sector, technology integration has been in place for quite some time,
although its implementation has not been evenly distributed. Technologies such as
artificial intelligence, the Internet of Things, and big data have become well-known
and integrated into education. However, Indonesia also faces challenges, as existing
limitations prevent equal distribution across all regions.
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