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  ABSTRACT  
 This study explores the potential of learning innovations using 

Augmented Reality (AR) to enhance the interactive learning 
experience in educational settings. AR, a technology that overlays 
digital information on the real world, provides immersive and 
engaging experiences that support diverse learning styles. This 
qualitative research employs a literature review methodology to 
analyze and synthesize findings from various studies on AR in 
education. The literature highlights the growing interest in AR as an 
educational tool, focusing on its ability to increase student 
engagement, improve knowledge retention, and foster active 
participation. AR enables learners to interact with 3D models, 
simulations, and other dynamic content, making abstract concepts 
more accessible and understandable. Additionally, AR promotes 
collaboration among students, allowing for shared learning 
experiences in both physical and virtual spaces. Despite its advantages, 
challenges such as technological accessibility, high implementation 
costs, and the need for teacher training remain barriers to widespread 
adoption. This paper discusses the implications of AR for educators 
and policymakers and suggests directions for future research to 
address these challenges. The findings underscore the transformative 
potential of AR in reshaping traditional learning environments, paving 
the way for more interactive and personalized learning experiences. 
By integrating AR, educators can create more engaging and effective 
learning experiences that cater to the needs of 21st-century learners. 
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Introduction  
The rapid advancement of technology in the 21st century has significantly transformed the 
landscape of education, leading to the rise of various digital learning tools that enhance traditional 
learning methods (Stewart & Cioni, 2018). One of the most promising innovations in educational 
technology is Augmented Reality (AR), which has the potential to create immersive, interactive 
learning experiences that engage students on a deeper level (Wagner & Liu, 2021). AR technology 
overlays digital content onto the real world, allowing students to interact with virtual objects in a 
tangible environment (Oranç & Küntay, 2019). This capability offers new opportunities to bridge the 
gap between abstract concepts and practical understanding, making complex subjects more 
accessible to learners. 

Despite the growing interest in integrating AR into education, there remains a lack of 
comprehensive understanding of its full potential as a tool for enhancing interactive learning 
(AlGerafi et al., 2023). Many previous studies have focused on the technical aspects of AR or its 
application in specific subjects, such as science or engineering, but few have examined its broader 
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impact on student engagement and learning outcomes across different educational contexts(Öz & 
Boyacı, 2021). Additionally, the challenges of implementing AR, such as the cost of technology and 
the need for teacher training, are often underexplored in the literature (Okada et al., 2019). These 
gaps highlight the need for a more holistic exploration of AR's role in fostering interactive learning 
experiences. 

In an era where digital literacy and innovation are becoming critical skills, there is an urgent 
need to explore innovative learning methods that can meet the demands of modern education 
(Rajaram, 2023). AR, with its ability to create dynamic, interactive, and personalized learning 
environments, represents a significant opportunity to enhance student engagement and learning 
effectiveness (Sajja et al., 2024). Addressing the challenges and understanding the benefits of AR 
integration is essential for educators, policymakers, and technology developers who aim to improve 
the quality of education. 

Previous research has demonstrated that AR can improve learning outcomes by providing 
students with a hands-on, visual approach to education. For example, studies have shown that AR 
can enhance spatial awareness, problem-solving skills, and knowledge retention in subjects such as 
mathematics and science (Duffy, 2017). However, these studies are often limited in scope, focusing 
on specific disciplines or short-term applications. There is a need to broaden the investigation of 
AR's impact on various educational levels and disciplines. 

This study aims to fill the research gap by conducting a comprehensive literature review of ARJs 
impact on interactive learning across different educational contexts. Unlike previous studies that 
focus on isolated applications of AR, this research will provide an in-depth analysis of AR as a 
learning innovation that can be applied to diverse subjects and learning environments. Additionally, 
this study will address the practical challenges of AR implementation and propose solutions for 
educators and institutions(Lai & Cheong, 2022). 

The primary objective of this research is to explore the potential of AR as an innovative learning 
tool that enhances interactive learning experiences. Specifically, this study aims to analyze how AR 
can increase student engagement, improve knowledge retention, and promote active participation 
in the learning process (Munna & Kalam, 2021). Furthermore, it seeks to identify the challenges and 
opportunities of AR integration in education, offering recommendations for future research and 
practical implementation. 

The findings of this study will provide valuable insights for educators, policymakers, and 
technology developers by highlighting the benefits and challenges of using AR in education 
(Alalwan et al., 2020). By exploring how AR can transform traditional learning environments into 
interactive and immersive experiences, this research will contribute to the ongoing efforts to 
improve educational quality and adapt to the evolving needs of 21st-century learners (Kim et al., 
2019). The recommendations derived from this study will help guide the effective implementation 
of AR in various educational contexts, ultimately supporting student success and fostering a more 
innovative approach to teaching and learning. 

 

Methods 
Research Methodology 
This study employs a qualitative research approach to explore the use of Augmented Reality (AR) as 
a learning innovation for creating interactive learning experiences (Vasilevski & Birt, 2020). 
Qualitative research is well-suited for this study as it allows for an in-depth understanding of the 
phenomena through the analysis of existing literature and the synthesis of key themes related to AR 
in education. The goal of this study is to examine how AR can enhance student engagement, 
knowledge retention, and participation, as well as to identify the challenges and opportunities 
associated with its implementation in educational settings. 
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Research Type 
The research is a qualitative literature review, focusing on synthesizing findings from previous 
studies related to the application of AR in education. This method enables the researcher to gather 
insights from a wide range of sources, identify patterns, and evaluate the overall impact of AR on 
interactive learning. The literature review will encompass studies published in academic journals, 
books, conference proceedings, and relevant reports. 

Data Sources 
The data for this research are obtained from secondary sources, including academic articles, 
research papers, and case studies on the use of AR in education (Altinpulluk, 2019). These sources 
are collected from reputable databases such as Google Scholar, ScienceDirect, Springer, and IEEE 
Xplore. The inclusion criteria for the literature will focus on studies published between 2015 and 
2025 that discuss the application of AR in various educational contexts, including primary, 
secondary, and higher education. Both qualitative and quantitative studies on AR's impact on 
student engagement, learning outcomes, and teaching practices will be considered (AlGerafi et al., 
2023). 

Data Collection Techniques 
The primary technique for data collection is document analysis. This involves reviewing and 
analyzing existing literature that pertains to AR in education. Key themes and findings from each 
source are documented and categorized based on their relevance to the research objectives 
(Williams & Moser, 2019). A systematic search is conducted using specific keywords, including 
"Augmented Reality," "interactive learning," "educational technology," and "student engagement." 
To ensure comprehensive coverage of the topic, reference lists from relevant articles are also 
examined to identify additional studies. 

Data Analysis Method 
The data are analyzed using thematic analysis, a qualitative data analysis method that involves 
identifying, analyzing, and reporting patterns or themes within the collected data. This method 
allows the researcher to systematically categorize the findings from the literature and draw 
meaningful insights related to the impact of AR on learning (Pellas et al., 2020). The analysis is 
conducted in several stages: (1) Familiarization with Data: The researcher thoroughly reviews the 
collected studies to understand the range of topics and findings related to AR in education; (2) 
Coding: Key themes are identified and coded based on recurring concepts, such as "student 
engagement," "interactive experiences," "knowledge retention," and "challenges in AR 
implementation."; (3) Theme Development: The coded data are then grouped into broader themes 
that reflect the core areas of interest, such as the benefits of AR in learning, technological barriers, 
and recommendations for effective AR integration; (4) Interpretation: The final step involves 
interpreting the data by connecting the identified themes to the research objectives. This 
interpretation helps to answer the research questions and offers insights into the potential of AR as 
an innovative educational tool (Asgari et al., 2024). 

By using thematic analysis, the study aims to provide a comprehensive understanding of how AR 
can contribute to more interactive and engaging learning experiences, as well as to highlight areas 
where further research and development are needed. 

 

Results and Discussion 
The analysis of the literature on Augmented Reality (AR) as a tool for learning innovation reveals 
significant potential for enhancing the interactive learning experience (AlGerafi et al., 2023). AR, as 
a technology that integrates digital content into real-world environments, has been shown to 
facilitate a deeper engagement with educational materials, enabling learners to interact with 3D 
models, simulations, and immersive environments in ways that traditional methods cannot achieve. 
The findings of this study highlight that AR offers several advantages for both educators and 
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students, particularly in terms of increasing student motivation, improving knowledge retention, 
and fostering active participation in the learning process (Muljana & Luo, 2019). 

One of the primary benefits of AR is its ability to make abstract concepts more tangible and 
accessible to students. This is especially evident in disciplines such as science, mathematics, and 
engineering, where complex theories and processes can be visualized in a more understandable 
format (Karabulut‐Ilgu et al., 2018). AR allows learners to manipulate virtual objects, conduct virtual 
experiments, and explore simulations that represent real-world phenomena. This hands-on 
interaction enhances the learning experience by bridging the gap between theoretical knowledge 
and practical application. In this sense, AR promotes experiential learning, where students learn by 
doing, which leads to better retention and comprehension of the subject matter(Jakelj et al., 2024).  

In addition to improving conceptual understanding, AR also significantly boosts student 
engagement. The interactive nature of AR encourages learners to actively participate in the 
educational process rather than passively receiving information (Marougkas et al., 2023). Several 
studies reviewed in this analysis point to the fact that students are more likely to be motivated and 
focused when using AR technologies. This increased engagement is linked to the immersive nature 
of AR, which captures studentsJ attention and sustains their interest throughout the learning 
session. For instance, when students are able to interact with a digital ecosystem or simulate 
scientific processes through AR, they experience a sense of control and curiosity, which enhances 
their willingness to explore and learn more about the subject (Singh & Manjaly, 2022). 

Another key finding from the literature is that AR promotes collaborative learning. The shared 
experience of interacting with AR content, whether in small groups or classroom settings, 
encourages communication and teamwork among students. By working together to solve problems 
or engage with AR simulations, students develop important social and cognitive skills that are 
essential for 21st-century learning (Papanastasiou et al., 2019). Collaborative AR learning 
environments also provide opportunities for peer-to-peer teaching, where students can share their 
insights and help each other understand difficult concepts. This collaborative dynamic not only 
enhances learning outcomes but also fosters a sense of community and shared responsibility in the 
classroom. 

Despite these advantages, the analysis also reveals several challenges associated with the 
implementation of AR in education. One of the most frequently cited barriers is the cost of AR 
technologies, which can be prohibitively expensive for many educational institutions (Kirchherr et 
al., 2018). The high cost of AR hardware, such as headsets and handheld devices, as well as the 
software required to develop and maintain AR applications, limits the accessibility of this 
technology, particularly in under-resourced schools. Furthermore, the need for technical support 
and infrastructure, such as high-speed internet and updated hardware, adds to the challenges of 
integrating AR into everyday learning environments (Orlosky et al., 2017). 

In addition to financial barriers, there are also pedagogical challenges that educators must 
address when implementing AR in their teaching. Many educators lack the training and technical 
expertise required to effectively use AR in the classroom (Cardoso et al., 2019). As a result, the 
potential benefits of AR may not be fully realized if teachers are not adequately prepared to 
integrate this technology into their lesson plans. The need for professional development and 
support for teachers is critical to overcoming this barrier. Without proper guidance, AR could be 
seen as a distraction rather than an educational tool, leading to missed opportunities for enhancing 
the learning experience. 

Furthermore, the analysis highlights that ARJs impact on learning outcomes varies depending 
on how it is integrated into the curriculum. While AR has the potential to revolutionize the learning 
experience, its effectiveness depends on how well it aligns with educational goals and learning 
objectives. For AR to be successful, it must be seamlessly integrated into the instructional design, 
rather than being used as a standalone tool or gimmick. This requires careful planning and a clear 
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understanding of how AR can enhance specific aspects of the curriculum, whether through 
interactive simulations, virtual field trips, or augmented lab exercises. 

The analysis of the literature demonstrates that AR offers substantial benefits for enhancing 
interactive learning experiences. It has the potential to transform traditional education by making 
learning more engaging, interactive, and immersive. However, the successful implementation of AR 
requires addressing several challenges, including the cost of technology, the need for teacher 
training, and the importance of aligning AR with curriculum goals (Fransson et al., 2020). As 
educational institutions continue to explore new ways to innovate and enhance learning 
experiences, AR represents a promising tool that, when used effectively, can contribute to the 
development of a more dynamic and student-centered learning environment. Future research 
should focus on exploring solutions to these challenges and further investigating the long-term 
impact of AR on student learning outcomes across different educational contexts. 

Augmented RealityJs Role in Enhancing Interactive Learning Experiences 
The integration of Augmented Reality (AR) in education has been shown to significantly improve 
the interactive learning experience. AR enables students to engage with both the digital and 
physical worlds simultaneously, creating a highly immersive and interactive environment. By 
overlaying digital elements onto real-world scenarios, AR facilitates active learning, where students 
can interact with virtual objects and simulations, making abstract concepts more tangible(Chen et 
al., 2020). This level of interactivity engages multiple senses, fostering deeper cognitive processing 
and enhancing the overall learning experience. 

In various educational contexts, AR has been used to visualize complex processes that are 
difficult to demonstrate using traditional methods. For instance, in biology classes, AR applications 
can project 3D models of the human body, allowing students to explore anatomy in ways that 
textbooks or static images cannot replicate. This hands-on interaction helps students develop a 
more comprehensive understanding of the subject matter, as they can manipulate virtual models 
and explore different layers of information interactively. 

 

Figure 1 Impact of AR Visualizing Complex Processes in Education 

The diagram illustrates how Augmented Reality (AR) enhances the visualization of complex 
processes in educational contexts compared to traditional methods: (1) Traditional Learning 
Methods: Involve the use of limited visual aids such as static images and textbook illustrations, 
which often struggle to represent complex processes effectively; (2) AR in Educational Contexts: 
Augmented Reality allows for 3D interactive visualizations, offering dynamic ways to explore 
complex subjects such as human anatomy; (3) Static Textbook Images: Provide minimal interaction, 
while AR enables hands-on interaction with 3D models, allowing students to manipulate and 
explore different layers of information interactively, leading to a deeper understanding of the 
material. 

This approach is particularly beneficial in subjects where traditional methods fall short, making 
AR an innovative tool for visualizing and understanding complex educational content. Moreover, 
ARJs interactive features stimulate curiosity and motivation among students. Studies have shown 
that students are more likely to participate actively in lessons when AR is incorporated. The ability 
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to control and interact with virtual elements not only captures studentsJ attention but also 
encourages them to take an active role in their learning process. As students engage more fully with 
the content, they are better able to retain information and apply what they have learned in real-
world contexts. 

However, despite these benefits, the full potential of AR in interactive learning experiences 
depends on its proper integration into the curriculum. AR must be used as a tool to enhance 
learning outcomes rather than as a novelty or distraction. Effective instructional design that aligns 
AR activities with specific learning objectives is crucial for maximizing its educational value. 
Without clear goals and proper implementation strategies, AR may fail to achieve its intended 
impact. 

The Impact of Augmented Reality on Student Engagement 
Student engagement is a critical factor in determining the effectiveness of any educational 
intervention, and AR has proven to be a powerful tool in enhancing engagement. The immersive 
nature of AR creates a dynamic learning environment that encourages active participation and 
keeps students focused on the subject matter. Through interactive simulations, students can engage 
in problem-solving tasks, conduct virtual experiments, and collaborate with their peers in 
augmented spaces, all of which contribute to a more engaging and stimulating learning 
environment. 

Research indicates that AR has the ability to capture studentsJ attention for longer periods 
compared to traditional learning methods. The novelty of interacting with augmented elements 
often sparks students' interest, leading to sustained engagement throughout the lesson. This 
heightened level of engagement is particularly beneficial for students who struggle with 
maintaining focus in traditional classroom settings. By providing a more stimulating and interactive 
experience, AR helps these students remain attentive and motivated to participate in the learning 
process. 

Table 1.  that compares Augmented Reality (AR) Learning with Traditional Learning Methods, based 
on the given statement: 

Aspect Traditional Learning Methods AR (Augmented Reality) Learning 

Student 
Engagement 

Limited engagement, particularly for 
students who struggle to focus 

Sustained engagement through 
interactive elements 

Learning Tools Textbooks, static images, and lectures 
3D models, interactive augmented 
elements 

Attention Span 
Shorter attention span, especially in 
long sessions 

Longer attention span due to novelty 
and active participation 

Focus for Struggling 
Students 

Difficult for students with attention 
issues to stay focused 

More beneficial for students with 
attention difficulties 

Motivation to 
Participate 

Students may lose interest quickly in 
static content 

Higher motivation due to the 
immersive and engaging environment 

Experience 
Passive learning experience, primarily 
based on observation 

Active learning experience with 
hands-on interaction 

Learning Outcome 
May result in surface-level 
understanding 

Leads to deeper understanding and 
improved retention 

Usefulness for 
Complex Topics 

Challenging to visualize complex 
topics with traditional tools 

Excellent for visualizing complex 
topics, such as human anatomy 

In addition to improving individual engagement, AR also fosters collaborative learning 
experiences. Many AR applications are designed to support group activities, where students work 
together to solve problems or complete tasks. This collaborative aspect not only enhances the 
learning experience but also promotes the development of key social and communication skills. 
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Group-based AR activities encourage students to share their knowledge, discuss different 
perspectives, and collectively find solutions to complex problems, thus fostering a sense of 
community within the classroom. 

However, while AR has been shown to improve student engagement, it is essential to recognize 
that not all students may respond to AR in the same way. Some students may find the technology 
overwhelming or distracting, particularly if they are not familiar with using AR tools. Therefore, 
educators must ensure that students are adequately supported in using AR applications and that the 
technology is introduced gradually to avoid cognitive overload. 

The Role of AR in Promoting Knowledge Retention 
Another significant advantage of AR in education is its ability to enhance knowledge retention. 
Research has consistently shown that students who engage with AR-based learning materials tend 
to remember information more effectively than those who learn through traditional methods. This 
can be attributed to the interactive and multisensory nature of AR, which reinforces learning by 
engaging visual, auditory, and kinesthetic senses simultaneously. 

 
One of the key reasons AR improves knowledge retention is that it allows students to experience 

learning in a more meaningful and memorable way. When students interact with AR content, they 
are not just passive recipients of information; they become active participants in the learning 
process. This active involvement enhances cognitive processing and helps to consolidate new 
information in long-term memory. For example, when students use AR to conduct virtual chemistry 
experiments, they are more likely to remember the chemical reactions they observe compared to 
reading about them in a textbook. 

Moreover, AR supports the principle of "learning by doing," which has been shown to be one of 
the most effective ways to retain information. By providing students with the opportunity to 
explore, experiment, and solve problems in an augmented environment, AR encourages deeper 
understanding and long-term retention of concepts. Studies have demonstrated that students who 
engage in hands-on AR activities not only retain more information but are also better able to apply 
their knowledge in practical situations. 

Despite these positive findings, the effectiveness of AR in promoting knowledge retention may 
vary depending on how the technology is used. It is important for educators to design AR activities 
that are directly aligned with learning objectives and that reinforce key concepts. If AR is used 
merely as an entertainment tool, without clear educational goals, it may fail to produce the desired 
effects on knowledge retention. 

Challenges and Barriers to AR Implementation in Education 
While the benefits of AR in education are clear, there are several challenges and barriers that must 
be addressed to ensure its successful implementation. One of the primary obstacles is the cost of AR 
technology. The hardware required to run AR applications, such as smartphones, tablets, or AR 
headsets, can be expensive, making it difficult for some schools to afford. Additionally, the 
development and maintenance of AR software can also be costly, further limiting its accessibility to 
under-resourced institutions. 

Another challenge is the need for teacher training and professional development. Many 
educators are unfamiliar with AR technology and may lack the necessary skills to integrate it 
effectively into their teaching practices. Without adequate training, teachers may struggle to use AR 
tools to their full potential, resulting in suboptimal learning outcomes. Providing educators with the 
necessary support and resources to become proficient in AR technology is essential for overcoming 
this barrier. 

This table emphasizes the need for focused teacher training and ongoing professional 
development to successfully integrate AR technology into education and optimize its impact on 
learning outcomes. 
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Table 2. that outlines the challenges of Teacher Training for AR Technology Integration based on the 
given statement 

Aspect Challenge Solution 

Familiarity with AR 
Technology 

Many educators are unfamiliar with 
AR tools and applications 

Provide comprehensive training on AR 
technology 

Integration into 
Teaching 

Teachers may struggle to effectively 
integrate AR into lessons 

Offer workshops on AR integration into 
various subjects 

Skill Level 
Educators may lack the necessary 
technical skills 

Create ongoing professional 
development programs 

Learning Outcomes 
Improper use of AR may lead to 
suboptimal learning outcomes 

Ensure teachers are proficient to 
maximize AR's educational potential 

Support and 
Resources 

Insufficient support can hinder 
successful AR implementation 

Provide necessary resources, such as 
manuals and expert guidance 

Professional 
Development 

Lack of opportunities for 
professional development in AR 

Encourage collaboration and access to 
AR-focused development programs 

In addition to financial and technical challenges, there are also pedagogical concerns associated 
with AR implementation. Educators must carefully consider how AR aligns with their curriculum 
and instructional goals. If AR is not properly integrated into the learning process, it may become a 
distraction rather than a tool for enhancing learning. To address this issue, educators should adopt a 
thoughtful and deliberate approach to incorporating AR into their teaching practices, ensuring that 
it supports rather than detracts from the learning objectives. 

Finally, there are concerns about the potential for cognitive overload when using AR in the 
classroom. Some students may find the technology overwhelming, especially if they are not familiar 
with using AR applications. To mitigate this risk, educators should introduce AR gradually and 
provide students with clear instructions and support to help them navigate the technology 
effectively. 

Future Directions for AR in Education 
Looking ahead, there are several promising avenues for future research and development in the use 
of AR in education. One important area of focus is the development of more affordable and 
accessible AR technologies (Syed et al., 2022). As AR technology continues to evolve, it is likely that 
the cost of hardware and software will decrease, making it more accessible to a wider range of 
educational institutions. Additionally, future research should explore ways to simplify AR interfaces 
and make them more user-friendly, particularly for younger students and those with limited 
technological experience. 

Another key area for future research is the long-term impact of AR on learning outcomes. While 
existing studies have demonstrated the short-term benefits of AR in enhancing engagement and 
knowledge retention, there is a need for more longitudinal research to examine the long-term 
effects of AR on student achievement (Kadri et al., 2024). Understanding how AR influences learning 
over time will provide valuable insights into its potential as a sustainable and effective educational 
tool. 

Moreover, future research should investigate how AR can be used to support diverse learners, 
including students with disabilities and those from different cultural backgrounds. AR has the 
potential to create more inclusive learning environments by providing personalized and adaptive 
learning experiences. By exploring how AR can be tailored to meet the needs of diverse learners, 
researchers can help ensure that this technology benefits all students, regardless of their individual 
abilities or circumstances. 
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Conclusion 
The integration of Augmented Reality (AR) in education offers significant potential for enhancing 
the interactive learning experience. AR enables students to engage with digital content in 
immersive, multisensory environments, fostering deeper cognitive processing and a more tangible 
understanding of complex concepts. This technology encourages active participation, improves 
knowledge retention, and supports experiential learning, where students can interact with 3D 
models, conduct virtual experiments, and visualize abstract theories in real-time. Moreover, AR 
promotes collaboration and communication among students, creating a dynamic learning 
environment that enhances both individual engagement and group-based activities. However, the 
full potential of AR can only be realized when it is thoughtfully integrated into the curriculum and 
aligned with clear educational objectives. 

Despite its many benefits, the implementation of AR in education is not without challenges. High 
costs, limited access to AR technology, and the need for teacher training are significant barriers that 
must be addressed to ensure equitable access and effective use of this tool. Educators also need to 
be mindful of the potential for cognitive overload and ensure that AR is used as a meaningful 
supplement to traditional learning rather than a novelty. As the technology continues to evolve, 
ongoing research and development will be crucial in addressing these challenges and exploring new 
applications of AR across different educational contexts. Ultimately, AR represents a promising 
innovation in education, capable of transforming traditional classrooms into engaging, interactive 
learning spaces that cater to the diverse needs of modern learners. 

 
References 
Alalwan, N., Cheng, L., Al-Samarraie, H., Yousef, R., Alzahrani, A. I., & Sarsam, S. M. (2020). Challenges 

and prospects of virtual reality and augmented reality utilization among primary school 
teachers: A developing country perspective. Studies in Educational Evaluation, 66, 100876. 

AlGerafi, M. A. M., Zhou, Y., Oubibi, M., & Wijaya, T. T. (2023). Unlocking the potential: A 
comprehensive evaluation of augmented reality and virtual reality in education. Electronics, 
12(18), 3953. 

Altinpulluk, H. (2019). Determining the trends of using augmented reality in education between 
2006-2016. Education and Information Technologies, 24(2), 1089J1114. 

Asgari, M., Tsai, F.-C., Mannila, L., Strömbäck, F., & Sadique, K. M. (2024). StudentsJ perspectives on 
using digital tools in programming courses: A cross country case study between Sweden and 
Taiwan. Discover Education, 3(1), 57. 

Cardoso, O. I. H., Kus, A., Unver, E., Aslan, R., Dawood, M., Kofoglu, M., & Ivanov, V. (2019). A design-
based approach to enhancing technical drawing skills in design and engineering education 
using VR and AR tools. 14th International Joint Conference on Computer Vision, Imaging and 
Computer Graphics Theory and Applications, 306J313. 

Chen, J., Huang, Y., Lin, K., Chang, Y., Lin, H., Lin, C., & Hsiao, H. (2020). Developing a handsJon 
activity using virtual reality to help students learn by doing. Journal of Computer Assisted 
Learning, 36(1), 46J60. 

Duffy, G. (2017). Spatial thinking in the engineering curriculum: an investigation of the relationship 
between problem solving and spatial skills among engineering students. 

Fransson, G., Holmberg, J., & Westelius, C. (2020). The challenges of using head mounted virtual 
reality in K-12 schools from a teacher perspective. Education and Information Technologies, 
25(4), 3383J3404. 

Kadri, M., Boubakri, F.-E., Hwang, G.-J., Kaghat, F.-Z., Azough, A., & Zidani, K. A. (2024). C-IVAL: A 
Longitudinal Study of Knowledge Retention and Technology Acceptance in Collaborative 
Virtual Reality-Based Medical Education. IEEE Access. 

Karabulut‐Ilgu, A., Jaramillo Cherrez, N., & Jahren, C. T. (2018). A systematic review of research on 
the flipped learning method in engineering education. British Journal of Educational 



Jurnal Konseling dan Pendidikan             
http://jurnal.konselingindonesia.com   

 

 

 

314 
 

 

Learning innovation using augmented reality… 

Yudiernawati, A., et al 

Technology, 49(3), 398J411. 
Kim, S., Raza, M., & Seidman, E. (2019). Improving 21st-century teaching skills: The key to effective 

21st-century learners. Research in Comparative and International Education, 14(1), 99J117. 
Kirchherr, J., Piscicelli, L., Bour, R., Kostense-Smit, E., Muller, J., Huibrechtse-Truijens, A., & Hekkert, 

M. (2018). Barriers to the circular economy: Evidence from the European Union (EU). 
Ecological Economics, 150, 264J272. 

Lai, J. W., & Cheong, K. H. (2022). Educational opportunities and challenges in augmented reality: 
Featuring implementations in physics education. Ieee Access, 10, 43143J43158. 

Marougkas, A., Troussas, C., Krouska, A., & Sgouropoulou, C. (2023). Virtual reality in education: a 
review of learning theories, approaches and methodologies for the last decade. Electronics, 
12(13), 2832. 

Muljana, P. S., & Luo, T. (2019). Factors contributing to student retention in online learning and 
recommended strategies for improvement: A systematic literature review. Journal of 
Information Technology Education: Research, 18. 

Munna, A. S., & Kalam, M. A. (2021). Impact of active learning strategy on the student engagement. 
GNOSI: An Interdisciplinary Journal of Human Theory and Praxis, 4(2), 96J114. 

Okada, A., Kowalski, R. P. G., Kirner, C., & Torres, P. L. (2019). Factors influencing teachersJ adoption 
of AR inquiry games to foster skills for Responsible Research and Innovation. Interactive 
Learning Environments, 27(3), 324J335. 

Oranç, C., & Küntay, A. C. (2019). Learning from the real and the virtual worlds: Educational use of 
augmented reality in early childhood. International Journal of Child-Computer Interaction, 21, 
104J111. 

Orlosky, J., Kiyokawa, K., & Takemura, H. (2017). Virtual and augmented reality on the 5G highway. 
Journal of Information Processing, 25, 133J141. 

Öz, Y., & BoyacJ, A. (2021). The role of student engagement in student outcomes in higher 
education: Implications from a developing country. International Journal of Educational 
Research, 110, 101880. 

Papanastasiou, G., Drigas, A., Skianis, C., Lytras, M., & Papanastasiou, E. (2019). Virtual and 
augmented reality effects on K-12, higher and tertiary education studentsJ twenty-first 
century skills. Virtual Reality, 23(4), 425J436. 

Pellas, N., Kazanidis, I., & Palaigeorgiou, G. (2020). A systematic literature review of mixed reality 
environments in K-12 education. Education and Information Technologies, 25(4), 2481J2520. 

Rajaram, K. (2023). Future of learning: Teaching and learning strategies. In Learning Intelligence: 
Innovative and Digital Transformative Learning Strategies: Cultural and Social Engineering 
Perspectives (pp. 3J53). Springer. 

Sajja, R., Sermet, Y., & Demir, I. (2024). End-to-End Deployment of the Educational AI Hub for 
Personalized Learning and Engagement: A Case Study on Environmental Science Education. 

Singh, A., & Manjaly, J. A. (2022). Using curiosity to improve learning outcomes in schools. SAGE 
Open, 12(1), 21582440211069390. 

Stewart, F. L., & Cioni, A. G. (2018). Holistic security risk management strategies for E&Ps: 
optimizing performance by reducing surface risk. The Journal of World Energy Law & Business, 
11(1), 49J84. 

Syed, T. A., Siddiqui, M. S., Abdullah, H. B., Jan, S., Namoun, A., Alzahrani, A., Nadeem, A., & Alkhodre, 
A. B. (2022). In-depth review of augmented reality: Tracking technologies, development tools, 
AR displays, collaborative AR, and security concerns. Sensors, 23(1), 146. 

Vasilevski, N., & Birt, J. (2020). Analysing construction student experiences of mobile mixed reality 
enhanced learning in virtual and augmented reality environments. Research in Learning 
Technology, 28. 

Wagner, C., & Liu, L. (2021). Creating immersive learning experiences: A pedagogical design 
perspective. In Creative and collaborative learning through immersion: Interdisciplinary and 
international perspectives (pp. 71J87). Springer. 

Williams, M., & Moser, T. (2019). The art of coding and thematic exploration in qualitative research. 
International Management Review, 15(1), 45J55. 



Jurnal Konseling dan Pendidikan             
http://jurnal.konselingindonesia.com   

 

 

 

315 
 

 

Learning innovation using augmented reality… 

Yudiernawati, A., et al 

Jakelj, A., CotiJ, M., & Doz, D. (2024). Evaluating the impact of active and experiential learning in 
mathematics: an experimental study on eighth-grade student outcomes. Cogent Education, 
11(1), 2436698. 

 
 
 


	1423_Front(1).pdf (p.1)
	1423.pdf (p.2-12)

