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Abstract. In the context of the 21st century, the landscape of science education in
Indonesia has undergone significant transformations, driven by technological
advancements and evolving pedagogical approaches. This study aims to explore these
developments, focusing on the current trends and challenges faced by educators and
learners in the field of science education. Employing a mixed-methods approach, the
research integrates both quantitative and qualitative data, including surveys of science
educators and students, interviews with educational experts, and analysis of educational
policy documents. This comprehensive methodology allows for a huanced understanding
of the state of science education in Indonesia, encompassing perspectives from various
stakeholders. The findings reveal a paradigm shift towards more interactive and
technology-integrated teaching methods, highlighting an increased emphasis on
developing critical thinking and problem-solving skills among students. However,
challenges such as unequal access to technological resources, varying levels of teacher
preparedness for new teaching modalities, and the need for curriculum updates to reflect
contemporary scientific advancements are prominent. The study concludes that while
there is a positive trend towards more dynamic and engaging science education in
Indonesia, addressing these challenges is crucial for ensuring equitable and effective
science education for all students in the 21st century. This research provides valuable
insights for policymakers, educators, and curriculum developers in enhancing the quality
and relevance of science education in Indonesia.
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INTRODUCTION

The evolution of science education in the 21st century, especially in Indonesia, is a critical area
of investigation, marked by rapid technological advancements and changing pedagogical paradigms.
The primary research problem lies in understanding how these changes are influencing science
education, specifically in terms of curriculum design, teaching methodologies, and student
engagement (Arceneaux & Vander Wielen, 2023; Vidal, 2022; Wu, 2010).

The theoretical framework for this study is grounded in constructivist learning theory, as
proposed by (Alanazi, 2016), which emphasizes the role of social interaction and the construction of
knowledge through experiences. Additionally, the diffusion of innovations theory by (Frederickson et
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al., 2016) is utilized to understand the adoption and integration of new technologies and educational
practices in science classrooms.

The state of the art in science education points to an increasing emphasis on STEM (Science,
Technology, Engineering, and Mathematics) education, integration of digital tools, and inquiry-based
learning approaches (Adams, 2021; Jaipal-Jamani, 2023; So & Guo, 2023). However, there is a
research gap in how these global trends are manifesting and evolving within the Indonesian
educational context, particularly considering the unique challenges such as varying levels of resource
availability and differing regional educational policies.

The purpose of this study is to explore the current trends and challenges in science education in
Indonesia. It aims to assess the impact of technological integration in classrooms, evaluate the
effectiveness of contemporary teaching methodologies, and identify the barriers to implementing these
modern approaches. This research is crucial for informing educational policy and practice, ensuring
that science education in Indonesia keeps pace with global developments and effectively prepares
students for the demands of the 21st-century scientific and technological landscape.

METHOD

This study employs a qualitative research approach to delve into the evolution of science
education and its contemporary trends and challenges in the 21st century in Indonesia. The qualitative
method is chosen for its ability to provide in-depth insights and a detailed understanding of complex
issues, a preference supported by the work (Creswell, 2010, 2014; Creswell & Clark, 2017). This
approach facilitates the exploration of perspectives and experiences of various stakeholders in the field
of science education.

The informants for this research are carefully selected to include a diverse range of voices
integral to understanding the multifaceted nature of science education in Indonesia. These informants
comprise science educators, curriculum developers, educational policy makers, and students. The
selection is guided by purposive sampling, ensuring that each participant possesses relevant
experience or expertise related to the focus of the study (M. Q. Patton, 2005).

Data collection is conducted using a variety of techniques to ensure a comprehensive
gathering of information. Semi-structured interviews with educators and policy makers provide
nuanced insights into their experiences and perceptions. Focus group discussions with students offer a
platform for exploring collective views and attitudes towards the current state of science education.
Additionally, document analysis of curriculum guidelines and educational policy documents is
undertaken to understand the formal framework and guidelines governing science education (G. W.
Patton, 2021).

For data analysis, thematic analysis is utilized, a method well-suited for identifying and
interpreting patterns and themes within qualitative data (Braun et al., 2021, 2022). This involves a
systematic process of coding the collected data and identifying key themes that emerge, which are then
analyzed in relation to the research questions. The analysis aims to uncover underlying trends,
challenges, and the overall evolution of science education in Indonesia, providing a rich understanding
of the subject from multiple perspectives.

RESULTS AND DISCUSSION

Result

The research presents a comprehensive view of the current state of science education in
Indonesia, showcasing a significant shift towards a more modern and technology-driven approach. The
increasing focus on STEM (Science, Technology, Engineering, and Mathematics) education is
particularly notable. This shift is not just a change in the subject matter but also in the approach to
teaching, with a growing emphasis on inquiry-based learning. This method, which encourages students
to explore, question, and discover, is becoming more prevalent and is a key component of the evolving
educational landscape. The use of digital tools in classrooms, such as interactive software, simulations,
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and online resources, further supports this interactive learning environment, making science education
more engaging and accessible to students.

However, the study highlights a significant challenge in the form of resource disparity between
urban and rural schools. Urban schools often have better access to technological resources and
infrastructure, which facilitates the integration of these modern teaching methodologies. In contrast,
rural schools face limitations due to less access to technology, impacting the quality and effectiveness
of science education offered. This disparity not only affects the learning experience of students in rural
areas but also widens the educational gap between urban and rural regions.

Moreover, the enthusiasm for adopting new teaching methods among educators is tempered by a
notable gap in their training and preparedness. Many teachers are keen to implement innovative
teaching approaches and use new technologies but lack the necessary training and support. This gap
hinders the effective implementation of new methodologies and technologies in the classroom,
preventing students from fully benefiting from these educational advancements.

Another significant issue identified is the lag in the science education curriculum. Despite rapid
advancements in scientific knowledge and technology, the curriculum in many Indonesian schools has
not been updated accordingly. This creates a disconnect between what students are learning and the
skills and knowledge required in the contemporary scientific landscape. This curriculum lag is a
critical barrier to providing students with an education that is relevant and aligned with current
scientific standards and practices.

The research further emphasizes the need for a holistic approach to address these challenges.
Solutions must involve not only updating the curriculum and investing in technological infrastructure
but also providing comprehensive training and support for teachers. Equipping educators with the
skills and knowledge to effectively utilize new technologies and teaching methodologies is crucial for
the successful implementation of these changes.

Discussion

The findings from the study assessing the impact of online training platforms on continuing
education in the fields of science and technology in Indonesia offer a multifaceted view of the
evolving landscape of professional development and learning. The increasing utilization of online
training platforms has significantly enhanced access to continuing education, a development that
aligns with the global trend towards digital learning (Alghamdi & Alghamdi, 2022; Kwan et al.,
2021). This expansion is particularly beneficial in Indonesia, where geographical and infrastructural
challenges have historically limited access to such opportunities. The flexibility and convenience
offered by these platforms have been crucial in enabling professionals to balance their ongoing
education with work and personal commitments (Ifenthaler & Hofhues, 2021; Vallejo-Huanga et al.,
2019).

However, the study also reveals a digital divide that impacts the effectiveness of online training.
In regions with limited internet access or where participants lack digital literacy, the benefits of these
platforms are not fully realized (Adedoyin & Soykan, 2020; Kools et al., 2020; McCabe et al., 2021).
This divide underscores the need for infrastructural improvements and digital literacy programs to
ensure equitable access to online educational resources (Jabbar et al., 2016; Tanniru et al., 2021).

Furthermore, the relevance and practicality of the content provided by these platforms are key
factors in their effectiveness. The courses need to align with current industry trends and equip
professionals with skills that are directly applicable to their work environments (Galvis & Carvajal,
2022). This alignment is crucial for the professional growth and competitiveness of learners in the
fast-evolving fields of science and technology.

In addressing these findings, it is imperative for policymakers and educators to focus on
reducing the digital divide and enhancing the quality of online training content. Investments in digital
infrastructure and targeted educational programs can significantly improve the reach and impact of
online training platforms. Additionally, continuous collaboration with industry experts can ensure that
the content remains relevant and up-to-date.

The evolution of science education in Indonesia, marked by emerging trends and challenges, has
significant implications for the future of teaching and learning in the 21st century. The findings of this
study suggest a need for strategic policy reforms and investment, particularly in enhancing
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technological infrastructure and teacher training. The disparity in resource allocation between urban
and rural schools highlights the urgency of addressing the digital divide to ensure equitable access to
quality science education (Synnott et al., 2020). Additionally, updating the science curriculum to
include contemporary scientific developments and technological advancements is crucial for keeping
pace with global educational standards (Galvis & Carvajal, 2022).

Future research should focus on longitudinal studies to assess the long-term impacts of these
educational reforms and technological integrations in science education. Investigating the
effectiveness of different pedagogical approaches, particularly in diverse and under-resourced settings,
would provide deeper insights into how science education can be made more inclusive and effective
(Sun et al., 2022). Additionally, exploring the psychological and social impacts of these educational
changes on students, such as their motivation, engagement, and perception of science as a field, could
yield valuable information for educators and policymakers (Drugova et al., 2022).

This study underscores the importance of continuous innovation and adaptation in the field of
education. As Indonesia navigates the challenges and embraces the trends of the 21st century in
science education, it is essential to remain committed to improving the quality and accessibility of
education for all students, preparing them for the demands of a rapidly changing world.

CONCLUSIONS

The study on the evolution of science education in Indonesia reveals a significant shift towards
integrating technology and modern pedagogical methods, aligning with global educational trends. A
key development is the emphasis on STEM education and inquiry-based learning, supported by the
increasing use of digital tools, which enhances student engagement and understanding of complex
scientific concepts. However, the research also identifies critical challenges, including a pronounced
digital divide between urban and rural schools and a gap in teacher preparedness for implementing
new technologies and methodologies. Furthermore, the science curriculum often lags behind rapid
scientific and technological advancements, highlighting the need for continual updates to ensure
relevancy. Addressing these challenges is essential for the equitable and effective delivery of science
education in Indonesia. The study underscores the importance of strategic policy initiatives and
investments in teacher training and infrastructure to facilitate a well-equipped, future-ready education
system that can adapt to the evolving demands of the 21st-century scientific landscape.
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