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ABSTRACT

Augmented reality is a technology that overlays digital information, such as images, text, or 3D models, onto the real-world environment, enhancing the user's
perception and interaction with their surroundings.Augmented reality involves the integration of digital information and virtual elements into the real-world
environment, offering a unique and immersive learning experience.In recent years, the integration of augmented reality (AR) into educational settings has garnered
significant attention as a transformative technology capable of revolutionizing traditional teaching methodologies. The study investigates how augmented reality,
through interactive simulations and immersive learning environments, enhances student engagement, fosters interactive learning, and promotes deeper
understanding of complex concepts. Analyzing the methodologies employed in the reviewed studies, the paper presents a synthesis of key findings, highlighting
the positive outcomes and challenges associated with implementing augmented reality in educational settings.
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1. Introduction

In recent decades, the educational landscape has experienced a profound transformation propelled by notable advancements in technology. Among the
emerging technologies, augmented reality (AR) has garnered attention for its potential to revolutionize traditional teaching methods and redefine the
learning experience Augmented Reality (AR) has emerged as a groundbreaking technology with the potential to redefine the landscape of education. As
traditional pedagogical approaches continue to face the challenges of engaging a generation deeply immersed in digital experiences, educators are turning
to innovative solutions that bridge the gap between the physical and digital realms. Augmented reality, a technology that seamlessly integrates virtual
elements into the real-world environment, holds promise as a catalyst for transforming the educational experience.

Advancements in augmented reality technology have opened new avenues for educators to create immersive and interactive learning environments. The
shift from traditional, lecture-based teaching to student-centric, experiential learning is gaining momentum, with AR serving as a pivotal tool in this
transformation. The capability of AR to overlay digital information onto the physical world not only captures the attention of digital-native students but
also offers a dynamic platform for exploring complex concepts and fostering deeper understanding. The integration of augmented reality in education
represents a paradigm shift from conventional teaching methodologies to a more dynamic and immersive learning environment. Traditional classrooms
are no longer confined to textbooks and lectures; instead, augmented reality introduces a layer of interactivity that engages students in ways previously
unimaginable.

This research paper will navigate through these challenges, offering insights into potential solutions and highlighting the necessity of a thoughtful,
inclusive approach to AR implementation in educational settings. By acknowledging both the promises and pitfalls, educators and policymakers can make
informed decisions that maximize the benefits of augmented reality while mitigating potential barriers to its widespread adoption in the realm of education.

2. Literature Survey

As a part of the literature survey, 15 research papers have been reviewed. This review serves as a foundation for our exploration, identifying key trends,
successful case studies and gaps in the current body of knowledge surrounding augmented reality in education.

The research paper [1] seeks to tackle the inherent limitations of traditional learning methods, notably the lack of interactivity and difficulty in grasping
theoretical concepts faced by students using paper-based books. By introducing an innovative solution employing augmented reality (AR), the paper
proposes a system that transforms static content into dynamic, interactive 3D models or videos on smartphone screens.

Leveraging the Vuforia Augmented Reality SDK, the research employs markerless image and text-based augmentation, utilizing Computer Vision
technology for image recognition and tracking. The methodology involves creating a developer account, generating a license key, and using the Target
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Manager in Unity to add Image Targets, supporting various target types and downloadable databases. Integration with Unity encompasses the
incorporation of the "AR Camera" prefab, addition of Image Targets to the scene, and attachment of 3D models or videos to recognized targets.
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Fig 1.System architecture

Fig 2. Model Augmented on text

In terms of results, the camera module dynamically searches for text or images , rendering corresponding 3D models or database-related content once
recognized, thereby facilitating a more interactive learning experience.

The paper [2] confronts historical cost constraints associated with augmented reality (AR) by tracing its evolution from a costly science fiction concept
to an accessible and practical tool, particularly through mobile phone integration.To address the pressing need for immersive learning experiences in
education, the paper proposes an e-learning AR application.

Leveraging technologies such as Unity Game Engine, Zapworks Universal AR SDK, and Django Web Framework, the development focuses on enhancing
classroom interactivity by selecting chapters from NCERT Class 12 books in Physics, Mathematics, Biology, and Chemistry. .The Unity Game Engine
was employed to import 3D models and create a database of images captured from NCERT Class 12 books. The Zapworks Universal AR SDK facilitated
the creation of AR experiences within Unity, involving the setup of image targets, addition of 3D models, and incorporation of descriptive images. To
enhance the end-user experience, a web application was developed using Django (Python).

The AR application, named "TeachAR," successfully integrates 3D models and gameplay elements, enhancing student engagement and understanding.
Results indicate a transformative impact on education, with AR serving as a complementary tool to traditional learning, fostering reading comprehension,
spatial understanding, and providing an innovative platform for immersive exploration of subjects such as biology and chemistry.
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Fig 3. DNA Structure 3D view

The paper[3] addresses a critical gap in educational technology by confronting the absence of a universal Augmented Reality (AR) platform for
manufacturing engineering and other educational domains.

The study introduces an Augmented-Reality-Platform (ARP) that empowers instructors to incorporate AR models, animations, and simulations
seamlessly. The methodology centers on creating the Augmented Reality Educational Storage format (ARE-S) optimized for mobile applications.
Leveraging Unity and the AR-Foundation framework, the team developed an intuitive mobile app for students, while a web interface, powered by PHP
and HTML, CSS, and JavaScript, caters to educators.
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Fig 4. Overview of ARP and its key components.

The results showcase the successful implementation of ARP, featuring a user-friendly web interface, an efficient storage file format (ARE-S), and the
Augmented Reality Educational App (ARE-A). This comprehensive solution allows educators to structure content effortlessly, enhancing traditional
learning environments with interactive, visually engaging material for students.

The paper[4] attended to the educational challenges arising from the Covid-19 pandemic, particularly the disruptions faced by non-IT teachers and
students transitioning to online learning.

The proposed solution leverages Augmented Reality (AR) technology to enhance the online education experience. The methodology involves the
integration of essential platforms such as Unity 3D engine, Java JDK, Android Studio, Microsoft Visual Studio, and Blender, along with the setup of a
Vuforia Developer account and database creation. Scene development focuses on creating interactive learning environments for various subjects,
incorporating audio features and Google redirection for a comprehensive learning experience. Results indicate that AR significantly supports teaching
and learning in remote settings, reducing cognitive load and fostering engagement. Despite challenges in usability, AR emerges as a powerful tool for
educators, motivating students in STEM Coding and enhancing the overall learning process. Future enhancements, including the integration of Head
Mounted Display devices, are envisioned to further accelerate immersive learning experiences.
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Fig 5. System Architecture

The study[5] discusses the challenge of enhancing the learning experience for preschool children in Turkey by introducing an innovative approach—
augmented reality (AR) through a mobile application.
Utilizing the Unity 3D platform and Vuforia SDK, the study aims to fill the gap in comprehensive AR-enabled educational apps for preschoolers, with a

specific focus on color, shape, and number education. The development process involved integrating Vuforia SDK into the Unity 3D game engine,
designing a clock-shaped interactive tool for the application, and creating a flowchart illustrating the AR-based mobile application's functionality.
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Fig 6. The flowchart of the AR based application

Results showcase the successful implementation of an engaging AR application for preschool children aged 3-4, featuring a user-friendly interface and
effectively simulating 3D models with corresponding audio for color, shape, and number education. This study highlights the potential of AR in making
early childhood education more interactive and engaging, catering specifically to the needs of preschoolers.

The paper[6] covers the challenge of teaching complex concepts in 3D geometry to high school students by introducing an Augmented Reality Learning
Environment (ARLE) for Android and iOS platforms.

Utilizing Unity 3D and Vuforia SDK, the methodology involves developing a user-friendly teaching kit integrated into standard practices. The ARLE
enhances students' understanding and memory retention through personalized learning experiences.
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Fig 7. Plotting of numerical problem

Indicated the effectiveness of the mobile-based ARLE, providing improved visualization, timely hints, and correction of errors, fostering better problem-
solving skills. The positive usability results suggest the potential extension of ARLE beyond geometry to other subjects in higher secondary schools,
highlighting its promise in revolutionizing the learning experience for students.

The study [7] deals with the critical need for a comprehensive and interactive learning tool in medical education, specifically focusing on pelvic anatomy
correlation with computed tomography (CT) scan imaging.

Collaborating with subject matter experts from the University of Edinburgh's Medical School, Developed the functional design of the AR experience
based on the collected data , made user interface decisions to enhance the user experience, created a prototype of the experience,authored necessary
content, including the definition of the experience in JavaScript Object Notation (JSON).Designed and generated 3D printed parts and quick response
(QR) cards for the physical models.Provided a version without the physical model where the pelvis was displayed digitally, catering to different learning
environments and preferences.

Fig 8.AR-experience alpha prototype as seen on a smartphone screen.

The technographic survey conducted among current medical students revealed that screen estate is a significant challenge in the design of the augmented
reality (AR) experience. The data collected from the survey is being utilized to create responsive user interfaces, addressing the need to optimize the
screen size for better user interaction.Despite these challenges, the combination of AR with physical pelvis models has proven beneficial in enhancing
human anatomy education, offering a mixed reality experience.

This paper[8] addresses the challenge of understanding the hidden inner workings of a learning robot during reinforcement learning with human
assistance.

Proposing an Augmented Reality (AR) system, the study focuses on K-12 Al education, integrating LEGO SPIKE Prime robots with AR interfaces.
Using Unity and Vuforia, the AR system visualizes the robot's hidden state, featuring elements like Q-table representations and past trajectories.
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Fig 9.User Interface

The results showcase an interactive treasure hunting reinforcement learning activity, providing an immersive educational experience that combines
physical robots with virtual interfaces, enhancing understanding of reinforcement learning concepts for K-12 students.

This research paper[9] focuses on the prevalent issue of Math Anxiety among Filipino students, particularly in Calculus and Precalculus, as indicated by
consistently below-average exam scores from 2014 to 2016.

To tackle this challenge, the proposal introduces Scavenger-Calc, an Augmented Reality Game-Based Learning approach. Utilizing VVuforia and Unity,
the mobile application employs location-based tracking and image recognition algorithms to enhance engagement.
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Fig 10. The Conceptual Model of the Study

Evaluation by IT experts using ISO 25010 standards ensures the quality and correctness of ScavengerCalc, providing valuable insights for further
development and improvements in fostering better performance and reduced Math Anxiety among students.

The problem at the core of this study[10] centers on the underdevelopment of longitudinal research in Augmented Reality (AR) education, hindering a
comprehensive understanding of its sustained impact. Challenges include educators' reluctance to adopt AR technologies, perceived insufficient evidence
in existing research, and the absence of institutional data on widespread AR integration in education.

The proposed methodology involves creating Augmented Reality Learning Objects (ARLO) that engage users, categorized based on complexity and
engagement. The research highlights the need for collaborative efforts between the research community and educators to advance the field and support
educators in adopting and maximizing the potential of AR technologies in the classroom.
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Fig 11. Google AR Expeditions AR learning content—The Roman Colosseum

The study[11] considers the scarcity of educational materials for augmented reality (AR) implementation in the Ukrainian educational system, focusing
on challenges related to technical equipment, practical implementation, and teacher preparation. Through content analysis of scientific publications and
a specific exploration of AR in mathematical disciplines, particularly in robotics, the research aims to overcome these obstacles.

The methodology involves evaluating AR tools in various educational stages, from problem definition to construction planning and prototyping.The
results underscore the transformative impact of AR in developing interactive learning materials, emphasizing the need for increased technological

readiness among teachers and highlighting the versatile benefits of AR as a learning approach, especially in the context of training future pedagogical
and mathematical educators.

Fig 12. Path simulation in AR

The paper[12] confronts the need to understand the distinct effects of various types of augmented reality (AR) on learning outcomes and user satisfaction.
Examining articles from three journals over a three-year period (2017-2019), the research categorizes AR types, such as Discovery-Based Learning
(DBL), Object-Modeling (OM), Game-Based Learning (GBL), and AR Books. Results from the review of 16 articles reveal that OM and GBL are the
most frequently used AR types in education. Discovery-Based Learning shows the highest number of benefits, including the exclusive mention of cost
reduction in skills training, providing valuable insights for future AR educational applications.
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Fig 13. The distribution of learning subjects in each AR type

The study [13] talks about the educational challenges exacerbated by the COVID-19 pandemic and advocates for innovative solutions, particularly
leveraging Augmented Reality (AR) technology.

The methodology employs a Constructivist Learning Approach, emphasizing information overlays to deepen student engagement. Arranged Learning
integrates educational experiences into real-world contexts, fostering authentic learning. Enquiry-Based Learning with AR enhances data gathering and
analysis by providing virtual models within real-world settings.
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The results highlight the unique advantages of AR in virtual learning, emphasizing the need for continued exploration to fully unlock its potential in
education. While AR applications in various domains have been extensively studied, the current state of AR research in education remains relatively
nascent, calling for future research to address specific topics identified through the study.

The study [14] explores the imperative need for a structured framework in investigating the potential of augmented reality (AR) for education by reframing
three critical technological characteristics—contextuality, interactivity, and spatiality—from the user's perceptual perspective. The challenge lies in
leveraging these characteristics to enhance technology-supported learning experiences.

The methodology involves two studies: one in a controlled laboratory setting focusing on contextuality and the other comparing traditional and AR-based
computer simulations to explore the impact of interactivity and spatiality.

Results indicate positive influences on efficiency and cognitive load, urging caution due to potential confounding variables. Overall, the paper highlights
the significance of systematic empirical research on these characteristics to establish a foundation for future AR-supported learning experiences in diverse
educational settings, emphasizing the need for follow-up studies to systematically vary these characteristics.

The research paper[15] delves into the evolution of Augmented Reality (AR) technology in education over the past 25 years, categorizing it into three
generations. The first generation (1GARE, 1995-2009) faced challenges like high costs and limited usability. The second generation (2GARE, 2010-
2019) saw increased adoption with mobile devices, Google Glass, and Pokémon Go, addressing usability issues. The third generation (3GARE, 2020
onwards) focuses on dedicated AR devices, WebAR, and Al integration, promising benefits in special needs education and enhanced accessibility.

The study emphasizes the importance of integrating pedagogical approaches to overcome challenges and optimize the educational benefits of AR
technology across its evolving generations.Insights are provided to address challenges such as improving accessibility for users with special needs through
smart glasses, enhancing usability with WebAR, and leveraging Al to create more realistic and engaging AR experiences, ultimately emphasizing the
importance of integrating pedagogical approaches for successful educational AR applications.
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Fig 14. Number of studies of AR in education per year in the WoS.

3. Proposed System

In the ever-evolving landscape of education, the integration of technology has become paramount in enhancing learning experiences. Augmented Reality
(AR) stands at the forefront of this technological revolution, offering a dynamic and immersive approach to education. Building upon the success of the
studied research papers our proposed AR system envisions a comprehensive platform that transcends the boundaries of a single subject. This innovative
system aims to redefine the way students engage with educational content by incorporating AR technology into various disciplines, fostering interactive,
flexible, and captivating learning environments.

SYSTEM ARCHITECTURE

A.  System Overview

The AR system operates on handheld devices, primarily tablets, leveraging the Android operating system (OS) with a minimum requirement of version
2.3. It utilizes a multimodal interface for enhanced interaction and a seamless learning experience. The system employs markers, which can be images
placed on any surface, to trigger the augmented content.
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B.  Technical Requirements

The hardware requirements include a tablet with a back camera for marker tracking. The device must have a Central Processor Unit (CPU) with a
minimum frequency of 1.6 GHz and a display screen resolution of 1024 x 600. The AR application connects to the Android OS, providing a platform for
an efficient and effective learning experience.

C. Development Lifecycle

The system development follows the Waterfall Model in project management, ensuring a systematic progression through various phases. The development
cycle comprises five key phases: identifying functional requirements, identifying technical requirements, prototype development, pilot testing, and final
prototype application.

D. Functional Requirements

The system offers a user-friendly interface with non-linear navigation, allowing students to explore content freely.It presents 3D objects with 360° angles
to facilitate better understanding.A control panel, featuring Help and Info buttons for each subject, enhances user interaction and provides additional
information.The proposed AR system extends beyond anatomy to cover a wide array of subjects. Courseware is developed for subjects like physics,
chemistry, geography, and more. The system's versatility ensures its applicability in various educational domains.

E. Technology Stack

Unity3D software, integrated with Vuforia AR extension, is employed for system development. The 3D objects are exported in the FBX file format,
ensuring interoperability between different applications.

The proposed AR system fosters a more engaging and dynamic learning environment, motivating students to explore and understand subjects
actively.Students can access the augmented content anytime, anywhere, eliminating the dependency on fixed schedules or physical resources.The system
addresses the challenge of expanding to various subjects by adopting a modular approach, allowing for the incorporation of new educational content
seamlessly.

4. Conclusion

In conclusion, the integration of augmented reality (AR) in education marks a pivotal shift towards a dynamic, immersive, and student-centric learning
environment. This paper has illuminated the multifaceted impact of AR, showcasing its potential to enhance engagement, foster collaboration, and
transcend traditional educational boundaries. As we navigate the challenges of implementation, from infrastructure considerations to teacher training, the
transformative power of AR in enriching educational experiences cannot be overstated. The paper calls for continued exploration and collaboration among
educators, researchers, and policymakers to harness AR's full potential, ensuring it becomes an integral tool in shaping the future of education. With AR,
we stand at the threshold of a new era where the boundaries between the virtual and physical realms dissolve, creating opportunities for unparalleled
educational innovation and student empowerment.
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