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Abstract

This study aims to identify the obstacles to learning using augmented reality (AR) technology in the
independent curriculum and examine students' perceptions regarding their critical thinking abilities.
This research employs a descriptive approach. Data were collected through interviews with teachers
and students, as well as questionnaires distributed to 35 seventh-grade middle school students. The
findings indicate that the main challenges in implementing AR technology include limited
technological infrastructure and insufficient training for teachers. Most students reported that the
use of AR helped them better understand the subject matter and enhanced their critical thinking
skills. Student perception data revealed that on the indicator of drawing conclusions, students
scored 45.70%; for generating assumptions, 42.90%; for deduction, 42.90%; for interpreting
information, 45.70%; and for analyzing arguments, 40.00%. However, 57.1% of students indicated
that printed books were still the primary learning medium. Furthermore, 97.1% of students
expressed enthusiasm for learning science through technology-based interactive media. These
findings highlight the need to develop AR-based e-modules for science learning to improve
students’ critical thinking skills.

Keywords: Augmented Reality, Independent Curriculum, Critical Thinking Skills, Student
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INTRODUCTION

The rapid advancement of educational technology has created new opportunities to enrich students'
learning experiences (Atwood-Blaine, & Huffman, 2017). One of the most promising developments
is the integration of augmented reality (AR) into educational curricula. This technology enables
interactive and immersive learning environments that actively engage students. In Indonesia, the
introduction of the independent curriculum has given schools greater flexibility to adopt innovative
teaching approaches (Bressler, & Bodzin, 2013). AR, in particular, is being explored as a tool to
enhance student learning outcomes by fostering critical thinking skills. Critical thinking, which
includes the ability to evaluate information, generate reasoned assumptions, and make informed
decisions, has become an essential skill in modern education.

Despite its potential, the adoption of AR in education is not without challenges. One of the primary
hurdles is the lack of adequate infrastructure, which includes both the technological resources
necessary for AR implementation and the internet connectivity required to support these systems
(Chen, & Liu, 2020). Schools, especially in rural or underfunded areas, often struggle to provide the
necessary devices and technological infrastructure. Additionally, there is a significant gap in teacher
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training. Many educators are not yet familiar with AR tools and require professional development to
effectively integrate this technology into their teaching practices.

The independent curriculum in Indonesia emphasizes the development of critical thinking, making
AR an attractive tool for schools. AR allows students to engage with complex concepts through
visualizations and simulations, which can aid in deeper understanding and knowledge retention. By
interacting with AR content, students can analyze, interpret, and apply information more
effectively, which strengthens their critical thinking abilities. However, without the proper
infrastructure and teacher support, the potential of AR to enhance education remains underutilized.
This study seeks to address two main issues: the barriers to implementing AR technology in
Indonesian schools and students' perceptions of how AR influences their critical thinking skills. By
identifying the obstacles—such as inadequate infrastructure and insufficient teacher training—the
research aims to provide recommendations for overcoming these challenges. Furthermore,
understanding students' perceptions will help educators and policymakers gauge the effectiveness of
AR in promoting critical thinking within the framework of the independent curriculum.

Preliminary findings suggest that students generally have a positive view of AR technology in
education. Many believe that it makes learning more engaging and helps them grasp difficult
concepts more easily. In particular, students reported that AR experiences enhanced their ability to
draw conclusions, generate hypotheses, and analyze information—all key components of critical
thinking. However, these benefits were most evident in schools where teachers had received
adequate training and the necessary technological infrastructure was in place.

Ultimately, this study underscores the need for greater investment in educational technology
infrastructure and teacher training programs. If these barriers can be addressed, AR has the potential
to significantly improve student learning outcomes in Indonesia, particularly in terms of developing
critical thinking skills. By integrating AR into the independent curriculum, schools can provide
students with a dynamic and interactive learning experience that prepares them for the challenges of
the modern world.

METHODS

This study utilized a descriptive research approach to explore the challenges and perceptions
surrounding the use of augmented reality (AR) technology in educational settings. Both qualitative
and quantitative methods were employed to collect comprehensive data (Dias, 2009). Specifically,
interviews were conducted with teachers and students to obtain in-depth insights into the barriers
faced during the integration of AR technology in the classroom. To complement the qualitative
data, a structured questionnaire was administered to 35 seventh-grade students. This questionnaire
was designed to assess the students' perceptions of how AR-based learning influences the
development of their critical thinking skills.

The questionnaire focused on five critical thinking indicators: the ability to draw conclusions,
generate assumptions, engage in deductive reasoning, interpret information, and analyze arguments.
These indicators were selected to measure various dimensions of critical thinking that are essential
in the learning process. Each student's response was quantified and analyzed using percentage
scores, providing a clear overview of how AR technology impacted their critical thinking abilities.
The combination of qualitative insights from interviews and quantitative data from the
questionnaire allowed for a well-rounded analysis of both the obstacles to AR integration and its
perceived benefits in enhancing critical thinking.
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RESULTS

The findings of this study reveal notable difficulties in the implementation of augmented reality
(AR) technology within the independent curriculum. Two major obstacles were identified as the
primary hindrances to successful AR integration. The first obstacle is the limited technological
infrastructure in schools. Many institutions do not possess sufficient resources, such as high-quality
AR devices and reliable internet connections, which are essential for the effective use of AR in
education. Without access to the necessary hardware and stable connectivity, it becomes
challenging to deliver AR-based learning experiences that can significantly enhance student
engagement and understanding.

The second major challenge is the lack of teacher training. Many teachers expressed that they
require more extensive professional development to learn how to effectively use AR technology in
their classrooms. The absence of adequate training programs has resulted in a gap between the
availability of AR tools and the ability of educators to harness their full potential for improving
learning outcomes. Teachers need specific guidance on integrating AR into lesson plans in a way
that promotes student interaction and critical thinking.

Despite these challenges, students had an overall positive perception of AR technology. Most
students felt that AR helped them better understand complex topics and encouraged the
development of critical thinking skills. When analyzing specific indicators of critical thinking,
students scored 45.70% on drawing conclusions, 42.90% on generating assumptions, 42.90% on
deduction, 45.70% on interpreting information, and 40.00% on analyzing arguments. Furthermore,
while 57.1% of students noted that traditional learning tools, like printed books, were still
predominantly used, a striking 97.1% expressed a preference for interactive, technology-based
learning media, such as AR, particularly in science education. This demonstrates a strong demand
for modern, interactive learning solutions among students.

DISCUSSION

The findings of this study indicate that augmented reality (AR) technology holds significant
promise in enhancing students' critical thinking skills. However, its successful implementation in
education hinges on addressing critical infrastructural and training challenges. Currently, the data
reveals a moderate level of skill development in key areas of critical thinking, such as deduction
and argument analysis. While students are demonstrating progress in these areas, there is ample
opportunity for growth and further enhancement of these essential skills. The challenges related to
infrastructure, including the need for AR-compatible devices and stable internet connectivity, and
the necessity for comprehensive teacher training, need to be prioritized to fully unlock AR's
educational potential.

In terms of skill development, the critical thinking indicators show that while students are making
strides, improvement is particularly needed in deduction and the ability to analyze arguments. These
are vital components of critical thinking that require more focused development. The current
percentages suggest that while AR is helping students to engage with and understand material more
effectively, a more targeted approach could further enhance their critical thinking abilities in these
specific areas. By addressing these shortcomings, educators can ensure that students are better
equipped with the necessary reasoning and analytical skills.

Additionally, the high level of student interest in AR-based learning tools reflects a growing
demand for more interactive and technology-driven educational resources. This enthusiasm for AR
suggests that students are seeking learning experiences that go beyond traditional methods,
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gravitating toward tools that engage them on a deeper level. This interest provides a strong
incentive for schools to consider adopting more AR technologies, not only to meet students’
preferences but also to improve educational outcomes. The feedback from students underscores the
need for educational systems to adapt and evolve with technological advancements.

The study further emphasizes the importance of developing augmented reality-based e-modules,
particularly for science education (Faridi, llyas, & Syawaludin, 2020). These modules could provide
students with immersive, hands-on learning experiences that foster critical thinking by allowing
them to visualize complex concepts and experiment in virtual environments. This would likely lead
to higher engagement levels and a deeper understanding of the material, making the learning
process more dynamic and effective. By incorporating AR-based e-modules, educators could better
stimulate students' cognitive processes and encourage critical inquiry.

Moreover, AR-based learning modules would not only enhance engagement but also help in
overcoming traditional learning limitations. For example, abstract scientific concepts that are
difficult to grasp through textbooks or lectures could be better understood through AR’s interactive
features. This technology allows students to manipulate virtual objects and engage with the material
in ways that traditional educational tools do not. Such interactive experiences can significantly aid
in the development of critical thinking, as students are encouraged to observe, hypothesize, and
draw conclusions based on real-time interactions with digital content.

In conclusion, while AR technology is still in the early stages of educational integration, its
potential to enhance critical thinking skills is clear. By addressing the current challenges related to
infrastructure and teacher training, and by developing targeted e-learning modules, schools can
leverage AR to create more engaging, effective, and thought-provoking learning environments. The
enthusiasm shown by students for AR-based tools further supports the need for such innovations,
suggesting that AR can play a central role in the future of education, particularly in fields like
science, where visualization and interaction are key to understanding complex concepts.

CONCLUSION

This study underscores the promising potential of augmented reality (AR) technology in enhancing
critical thinking skills among middle school students. However, it also draws attention to the
significant barriers that hinder its widespread implementation. One of the most pressing challenges
is the lack of adequate technological infrastructure, such as AR-compatible devices and reliable
internet connectivity, which is essential for successful integration. Another major issue is the need
for comprehensive teacher training, as educators must be well-equipped with the knowledge and
skills to effectively incorporate AR into their teaching strategies. Without addressing these
foundational issues, the full potential of AR to transform learning environments and foster critical
thinking may remain unrealized.

In light of these challenges, the development of AR-based learning media is recommended,
particularly in the form of interactive e-modules. These modules would not only cater to students'
increasing demand for more engaging and interactive learning experiences but also provide a
structured way to integrate AR into the curriculum. By offering immersive and hands-on learning
opportunities, AR-based e-modules can significantly enhance students' ability to think critically,
engage with complex concepts, and retain knowledge more effectively. Thus, the focus on
improving both technological infrastructure and teacher training, along with the creation of
specialized AR content, is crucial for the broader adoption and success of AR in education.
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