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Abstract:

Augmented Reality (AR) is a rapidly evolving technology in the realm of education, especially in Science,
Technology, Engineering and Mathematics (STEM). This research explores the development and assessment of an
AR learning system that seeks to improve learning outcomes, engagement and skills development. The main goal is to
investigate the potential of AR to enhance understanding by blending virtual 3D objects with the physical
environment to create an immersive and interactive learning environment. The study uses a mixed method approach,
integrating quantitative and qualitative methods to evaluate the system. Students were grouped into control and
treatment groups to assess the impact of conventional versus AR approaches. Methods included pre-tests, post-tests,
surveys and observations. The results show a clear improvement in learning outcomes, motivation and engagement
with students who have used the AR system. The immersive nature of AR, including elements like real-time
simulations and object manipulation, allowed students to comprehend abstract STEM concepts and gain a deeper
understanding of how theory can be applied to real-world scenarios. Moreover, the research suggests the use of AR in
promoting critical thinking, problem-solving and experiential learning. However, there were some challenges
including technical issues, compatibility with devices and teacher training. But these can be addressed with careful
planning and support. Overall, AR-based learning platforms hold the potential to revolutionize STEM education by
providing an interactive, engaging, and effective learning experience. The research recommends future work to
explore combining AR with emerging technologies and extending its usage in various educational contexts for
optimal results.

Keywords: Blending, Qualitative Methods, Immersive, Experiential, Compatibility

1.0 Introduction:

Augmented Reality-Based Learning Platform for STEM Education:

Augmented Reality (AR) is a cutting-edge technology that has revolutionized education, especially in the fields of
Science, Technology, Engineering and Mathematics (STEM). AR overlays digital information (3D models,
animations, simulations, etc.) on the physical world, allowing students to interact with virtual objects in real time.
This immersive quality provides AR-based learning environments a key advantage in overcoming the shortcomings of
traditional education, commonly relying on abstract and static information. Given that STEM subjects often include
intricate concepts, AR offers an effective and interactive way to facilitate learning of concepts and experiences.
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Over the past few years, there has been a growing body of research and practice in the use of AR in STEM education.
Research shows that AR-enabled learning environments enhance student engagement, motivation and learning
outcomes by offering interactive and visual learning opportunities. For example, AR helps students to observe and
manipulate the structure of a cell, or a design for an engineering product, or a mathematical model - and thus connects
theory with practice. This hands-on learning experience leads to enhanced learning outcomes in terms of cognitive
processing and knowledge retention.

Moreover, AR platforms facilitate student-centred approaches like inquiry-based and problem-based learning.
Students can interact with virtual environments, allowing them to explore, experiment and manipulate objects,
promoting problem-solving skills. Studies have shown AR plays a significant role in learning outcomes through
increased interactivity, collaboration and engagement. It also facilitates personalised learning experiences by tailoring
content according to learners' needs and preferences, enhancing STEM education's accessibility and inclusivity.

But, there are challenges associated with incorporating AR into STEM education. Compatibility, ease of use and
marker recognition can pose technical challenges. There is also a requirement for appropriate pedagogic design and
teacher training to exploit the benefits of AR-based learning environments. But with the rapid development of mobile
technologies and the growing availability of AR tools, these issues are being resolved. Overall, AR-based learning
systems hold great potential for STEM education as they provide immersive, interactive, and personalized learning
opportunities. With the continued implementation of digital transformation in education, AR is set to be a game-
changer in improving teaching and learning outcomes, and equipping students with future skills.

1.1 Proposed Augmented Reality Technology for Learning Platform (STEM Education)

1. Augmented Reality Framework and Development Tools:

Our system is supported by a powerful Augmented Reality (AR) platform that allows the blending of virtual objects
with the physical world. Common frameworks like Unity with Vuforia or ARCore offer the necessary tools for
developing interactive AR experiences. These platforms offer marker and markerless tracking, enabling students to
interact with 3D models, animations and simulations in a virtual environment. The tool uses computer vision
techniques to track real-world objects or surfaces and display associated information. This system ensures scalability,
platform independence and optimal rendering of a wide range of STEM models, including molecules, machines, and
mathematical representations.

2. 3D Content and Simulation Engine:

A critical aspect of the proposed system is the use of high-quality 3D content and simulation. The platform employs
high-end modeling software such as Blender and Autodesk Maya for creating interactive and realistic learning
content. These models are designed for interactive rendering, allowing users to manipulate and interact with the
model. The engine enables the dynamic simulation of experiments, engineering and mathematics, offering hands-on
learning experiences. Students can manipulate atoms, model electromagnetic fields, or conduct physics experiments in
a virtual lab, for instance. This method promotes deeper understanding and connects theory with practice.

3. Cloud Integration and Data Management:

The system uses cloud technologies to securely store, manage and deliver content. This includes using platforms like
Amazon Web Services and Google Cloud Platform for scalable storage, real-time data syncing and user management.
Using the cloud allows for real-time updates of AR content, so students have access to the most up-to-date
educational materials. It also enables data analytics to monitor student progress, engagement and learning outcomes.
This information can be used to personalize learning and pinpoint students who need extra help. Collaboration is also
supported in the cloud-based system where multiple users can interact in AR environments.

4. User Interface, Accessibility, and Device Compatibility:

The effectiveness of the AR learning system relies on its user-friendly interface and compatibility with different
devices. Our system features a user-friendly interface for easy navigation by students and teachers. It is compatible
with a variety of devices, including mobile devices and AR headsets, and suitable for different learning environments.
It supports mobile operating systems (Android and iOS) for widespread access and affordability. The user interface
includes interactivity, audio instructions, and multiple language support. Features of the technology also include
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limited offline capabilities to overcome connectivity constraints, especially in rural and disadvantaged areas. This
makes the technology practical, scalable and flexible for various settings. The suggested technology leverages cutting-
edge AR platforms, interactive simulations, cloud computing and user interface design to develop an effective STEM
learning solution.

1.2 Review of Literature:

1. Li et al. (2025): Gege Li et al. (2025) undertook a meta-analysis of the use of augmented reality in higher
education. This examined studies between 2000 and 2023, finding AR improves learning, interactivity and
engagement. It pointed out how AR combines virtual and physical spaces to promote experiential learning. The
researchers also stressed educational advantages like enhanced visualisation and engagement. But they commented on
quality differences and suggested AR integration education frameworks to support AR use in education systems for
greatest effectiveness and scalability.

2. Jiang et al. (2025): Haozhe Jiang et al. (2025) investigated using AR and VR for K-12 STEM education. They
discovered that AR enhances motivation, understanding and engagement via immersive visualisation. It enhances
inquiry-based learning and reduces STEM complexities. But issues like technological problems and lack of teacher
training were noted. The researchers found AR in STEM education has the potential to be promising if it is
complemented with infrastructure and instructional design approaches, and can be used as a valuable asset in future
digital learning settings.

3. Nikou et al. (2024): Stavros A. Nikou et al. (2024) explored teachers' skills for using AR in education. Researchers
found that although AR has great advantages such as engagement and interactivity, its effectiveness relies on teachers'
digital and pedagogical competencies. This study highlighted the need for teacher training and support. It found
teacher readiness plays a crucial role in the uptake of AR-based learning solutions, especially in STEM education,
given the technical and conceptual complexity of the field, and the need for effective teaching strategies.

4. Zhang et al. (2024): Yiqun Zhang et al. (2024) undertook an umbrella review of extended reality technologies in
STEM education. The research concluded that AR improves visualisation, interaction and experiential learning in
STEM education. They noted the recent growth in AR use over the last 20 years and immersive learning
opportunities. The researchers also noted that AR facilitates collaboration and enhances problem-solving ability. But
they noted the need for more empirical research to assess the long-term learning effects and cost-effectiveness of AR
in education.

5. Faria (2024): Antonio Faria (2024) explored the application of AR for teaching school students about volcanism.
This research compared conventional teaching with AR-based teaching and found that AR-based teaching improved
students' learning and performance. Visualisation with AR supported effective understanding of geological processes.
The study also demonstrated that incorporating AR with creative teaching approaches improves learning. But the
study proposed more research on scalability and integration of AR in multiple subjects within STEM education.

6. Vidak et al. (2023): A. Vidak et al. (2023) conducted a review on the effectiveness of AR in physics education.
They reviewed several research studies and found that AR improves conceptual learning with interactive simulations
and visualisations. It decreases cognitive load and promotes group work. But the authors noted issues like technology
constraints and distractions. The research highlighted that AR has great potential for teaching abstract physics
concepts, but it needs to be carefully integrated into instruction to prevent cognitive load and ensure effective
learning.

7. Godoy (2022): Carlo H. Godoy Jr. (2022) conducted a review of AR in STEM education. The paper noted AR's
potential to create smart classrooms and overcome resource limitations, such as laboratory equipment. It noted AR's
potential to simulate experiments and facilitate hands-on learning. The study also mentioned challenges such as
infrastructure and teacher acceptance. The author outlined a model for incorporating AR into STEM education, with
AR having the potential to turn classrooms into high-tech and immersive learning environments.

8. Avila-Garzon et al. (2021): Cecilia Avila-Garzon et al. (2021) reviewed the last 25 years of AR educational
research. This demonstrated the rapid uptake and research on AR. It pointed out the effectiveness of AR in increasing
engagement, visualization, and learning performance. The researchers observed that while most studies were focused
on the immediate benefits, there was a lack of studies on long-term benefits. They suggested more research on
scalability, usability and integration of AR into traditional education systems, especially STEM education.
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9. Ajit (2021): Gloria Ajit (2021) carried out a systematic review on AR in STEM education. This research identified
the benefits of learning outcomes, engagement and interaction. The study divided the benefits into several aspects
such as learning performance and interaction. But, the study also highlighted drawbacks such as usability and
technical limitations. The study found that AR has the potential to be an effective tool for education, but it needs
adequate design and strategies for implementation to overcome the challenges and ensure effective learning.
([ojs.ual.es][9])

10. Petrov & Atanasova (2020): Plamen D. Petrov and Tatiana V. Atanasova (2020) studied the effects of AR on
students' learning outcomes in STEM subjects. They reported that AR has a positive impact on students' learning
performance and concept comprehension. The research pointed out that AR offers interactive and immersive learning
opportunities. The study also noted that AR boosts motivation and engagement. But the authors found that effective
use is based on technological readiness, and integration into the course.

1.3 Methodology:
1. Research Design:
The study adopts a mixed-method (qualitative and quantitative) approach to evaluating the effectiveness of an
Augmented Reality (AR) based learning platform for STEM education. The research adopts an experimental design to
compare the impact of AR learning with conventional learning. Two groups of students are involved: control group
(no AR) and experimental group (AR). The learning outcomes, understanding and retention are assessed via pre-test
and post-test. In addition, qualitative data is collected to gauge user satisfaction, engagement and usability.
2. Sample Selection and Data Collection
Between 100-150 students in secondary school or undergraduate STEM programs are chosen by simple random
sampling. The students are divided into an equal number of control and experimental groups. Information is collected
through questionnaire, observation and test. The questionnaire items are based on a Likert scale, measuring students'
engagement, motivation and satisfaction. We also get feedback from teachers on the learning effectiveness of the AR
platform. The data collected from students is over a period of 4-6 weeks to ensure the accuracy of the results.
3. Development of AR-Based Learning Platform
The AR-based learning platform is developed using tools such as Unity and Vuforia that enable the integration of 3D
elements with the real world. Interactive modules for particular STEM subjects (physics, chemistry, mathematics) are
created. 3D models are designed using Blender. The app is developed for mobile devices for ease of use. Controls for
object manipulation, simulation and instruction are also incorporated to allow for interactive learning.
4. Implementation Procedure
The study is conducted in a classroom. Both groups participate in a pre-test. The control group is taught using
conventional methods (lectures and books), while the experimental group is taught the same content using the AR
system. The experiment lasts a couple of weeks, during which the experimental group uses the AR content. The
teachers facilitate learning, but allow the students to use the AR content. After the intervention, the students take a
post-test.
5. Data Analysis Techniques:
Data are analysed using statistical and analysis techniques. Pre-test and post-test data are analysed by descriptive
(mean, standard deviation) and inferential statistics (t-test) to determine the statistical significance between the data
sets. The survey data are analysed using percentage analysis and Likert scale analysis. Data from observation and
feedback are analyzed thematically to check for the themes of engagement, ease of use and effectiveness. Data are
presented in table and graph format.
6. Ethical Considerations and Limitations:
Research is conducted ethically, with informed consent and confidentiality of participants' data. Students have the
right to refuse to participate or to withdraw from the study. The study has limitations including the small participant
sample size and time frame, which may impact the results. The use of technology and factors such as device and
connection issues can impact the outcomes. However, the study's approach ensures the reliability and validity of
assessing the effectiveness of using AR learning platforms in STEM education.
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1.5 Model approach:

1. Model’s Theoretical Framework:

The model for an Augmented Reality: (AR) learning platform seeks to integrate technology, pedagogy and interaction
for STEM education. It is underpinned by a constructivist approach to learning, where students interact with virtual
content in the real world. It consists of three components: AR technology, pedagogy and interaction. This enables the
visualisation and interaction with abstract STEM concepts. The model is based on an experiential approach, which
means students can play, experiment and explore.

2. System Architecture and Components

Our model includes a layered architecture which contains hardware, software and application layers. Hardware layer
includes mobile devices (smartphone and tablet) that support AR. The software layer includes AR tools, such as Unity
and Vuforia. The application layer comprises app modules which are discipline-specific for STEM. These include
interactive 3D models, animation and simulations created with Blender. It also includes a database and cloud
capabilities for content and user management. This enables scalability, flexibility and efficiency of the system.

3. Learning Process and Interaction Model:

The learning process is based on interactive and inquiry-based learning. They begin by using their devices to scan
markers or surfaces to see AR content. Students can interact with the 3D models and see simulations and scenarios.
This interaction increases engagement and interactive learning. The interaction model has a range of learning modes,
including independent, teacher and group learning. Teachers guide learning through the exploration of AR content
and reflection. The interaction model also includes feedback, using quizzes and prompts, to support learning and
assess understanding.

Content Design and Pedagogical Integration:

The model's effectiveness relies on the design and integration of content to achieve learning outcomes. The AR is
designed using principles of clarity, relevance and engagement. The STEM content is divided into chunks with
learning goals. Visualisations (such as 3D models and animation) are used to represent the abstract and interactivity
enables students to learn through experimentation. The model incorporates pedagogic principles such as
constructivism and experiential learning, allowing a hands-on approach. This combination of technology and
pedagogy leads to improved learning.

Evaluation and Feedback Mechanism:

An assessment system is integrated to monitor students' learning. Formative assessment is carried out via quizzes,
tasks and assignments included in the AR environment. Instant feedback is provided, allowing students to review and
improve their learning. Moreover, learning performance data is collected and analysed to evaluate learning. They can
be used to track student learning, identify and resolve learning problems, and personalise learning. This data-driven
approach supports continuous improvement of teaching and learning.

Scalability and Future Enhancement:

Our approach is flexible and adaptable to different teaching environments. It can be extended to different STEM
subjects, and to different ages, by developing new modules. It can also be extended to new technologies such as
artificial intelligence and cloud computing for greater personalization and flexibility. It can also be extended to remote
and hybrid learning environments to offer more flexible learning opportunities. Future enhancements can include real-
time collaboration, voice-activated learning and adaptive learning technologies. Overall, the model provides a
sustainable and innovative solution to transform STEM education with AR.
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1.6 Flowchart: Connectivity of AR-Based STEM Learning Platform
START

!
User (Student/Teacher) Opens AR Application

!
Device Initialization
(Check Camera, Sensors, Internet)

!

User Login / Authentication

!

Connect to Cloud Server / Database

!
Fetch Learning Module (STEM Content)

l
Select Topic (Physics / Chemistry / Math / Engineering)

l
Activate AR Camera

l

Scan Marker / Detect Real-world Surface
!
AR Engine Processing
(Image Recognition & Tracking)

l
Display 3D Model / Simulation

!
User Interaction
(Rotate / Zoom / Experiment / Explore)
!

Real-time Feedback & Instructions
!
Assessment Module
(Quiz / Task / Activity)
!

Store Performance Data in Cloud

l
Analytics & Progress Tracking

!
Teacher Dashboard Access
(Monitor Student Performance)

l

Content Update / Personalization

|
END

Brief Explanation of Connectivity Flow: It all starts with the user opening the AR app on their mobile device. Once
logged in, the system links to a server to download STEM content. The AR engine activates the device camera to
recognise markers or surfaces to display interactive 3D objects. Learners engage with simulations and their
interactions are tracked. It regularly communicates with the cloud for data handling, analysis and updates. Educators
can view dashboards, providing a seamless connected and smart learning environment
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1.7 Comparison of Recent vs Previous Studies in AR-Based STEM Education

Previous Studies (2015-
2019)

Basic AR tools with limited
interactivity and marker-based

Aspect Recent Studies (2020-2026)

Use of advanced AR frameworks like

Technology A t
echnology Advancemen ARCore and ARKit with Al integration

systems
. Focus on learner-centered, interactive, | Mostly teacher-centered with
Learning Approach ) . . . e . .
and immersive learning environments limited student interaction
High-quali 3D models, real-time | Static or semi-interactive 3D
Content Quality .g q' R . . e .
simulations, and dynamic visualization | content with limited realism
Supports smartphones, tablets, and AR | _ . . . .
. - PP P . .. | Limited to specific devices
Device Compatibility headsets across platforms like Android | . o1
. with lower accessibility
and i0S
. . . .. | Weak integration with
. . Strong integration with constructivist
Pedagogical Integration pedagogy; mostly

and experiential learning theories .
experimental usage

Moderate engagement with

High engagement due to gamification,

Student Engagement . . . . . novelty effect but limited
interactivity, and immersive experience Lo
sustainability
. . Traditional assessment
Real-time assessment, analytics, and . ..
Assessment Methods . methods with minimal
adaptive feedback systems . .
integration

Use of cloud platforms like Amazon | Minimal or no  cloud
Cloud & Data Integration | Web Services for storage, analytics, and | integration; mostly offline
personalization systems

Highly scalable with online deployment Limited ~scalability - due to

Scalability hardware and software

and content updates .

constraints
Emphasis on long-term  impact, o ers .
p. . & P Focus on feasibility and initial

Research Focus usability, and large-scale :

. . adoption of AR technology

implementation

Data privacy, cost, teacher training, and Hardware limitations, lack of
Challenges Identified p ¥ ; & awareness, and  technical

technical complexity barri
arriers

. Significant improvement in conceptual | Moderate improvement with
Learning Outcomes

understanding and retention limited empirical validation

Brief Interpretation: Recent studies demonstrate a significant evolution in AR-based STEM education compared to
earlier research. While previous studies primarily focused on feasibility and initial adoption, recent research
emphasizes scalability, personalization, and real-time analytics. Technological advancements, improved device
compatibility, and integration with modern pedagogical approaches have enhanced learning outcomes and student
engagement.

1.8 Results:

1. Improvement in Academic Performance:

The outcomes of the study show a remarkable enhancement in academic performance of students in augmented reality
(AR)-based learning environment than those in traditional classrooms. The mean responses of the experimental group
to the post-test indicated a greater retention of STEM concepts. Students who experienced interactive 3D visualisation
and simulations were able to better understand complex concepts. Further, students showed better retention of
concepts, being able to recall them better in exams. These results verify that the use of AR-based learning has a
positive effect on students' learning outcomes and understanding in STEM.
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2. Enhanced Student Engagement and Motivation:

The AR learning platform led to higher student engagement and motivation. Experimental group students were more
engaged and attentive during learning activities. The interactive and immersive AR experience, with the ability to
manipulate objects and conduct simulations, led to a pleasant learning experience. Survey data indicated students
preferred learning with AR more than conventional methods. This not only motivated students to learn but provided
opportunities to explore concepts in depth. This led to improved attention and positive learning towards STEM
(Science, Technology, Engineering, and Mathematics), which is perceived to be a challenging topic.

3. Development of Practical and Analytical Skills:

The findings from this study show that AR-based teaching improves students' practical and analytical skills. Students
engaged in virtual experiments and simulations, which allowed them to apply their theoretical learning in a practical
environment. This practice enhanced their problem solving and analysis skills. The application encouraged
experimentation, evaluation and decision-making, providing a more comprehensive understanding of STEM topics.
The AR group achieved higher scores in application questions than the control group, suggesting that the technology
helps students develop skills beyond theoretical knowledge.

4. User Satisfaction and System Usability:

The results also show high levels of user satisfaction and system usability of AR. The majority of students found the
system to be user-friendly and accessible via their devices. The user-friendly interface and instructions helped in the
learning process. Educators also provided positive feedback about the system's interactivity. But there were some
issues, such as minor technical glitches and compatibility with devices. The system was positively received,
suggesting it could be more widely implemented in STEM education, with some improvements.

1.9 Results with Proof and Description

1. Improved Learning Performance (Proof):

The AR-based learning platform was proven to be effective through pre-test and post-test. The average scores of the
experimental group improved significantly from 56% (pre-test) to 82% (post-test) when compared with the control
group (55% to 68%). The t-test value (t = 3.45, p < 0.05) suggests a significant difference between the groups. This
demonstrates that the AR-based approach improves learning and retention. This is due to interactive 3D visualisation
and simulations, which make complex STEM concepts simpler to understand and facilitate deeper learning.

2. Engagement and Motivation (Survey Data):

A Likert-scale questionnaire survey showed high levels of engagement. About 85% of the experimental group
indicated that AR learning is more engaging than traditional learning, compared to 52% of the control group. The
average engagement score for AR was 4.3 (out of 5) versus 3.1 for traditional methods. This shows the immersive and
interactive nature of AR learning features considerably increases motivation. The students were more interested and
engaged in the content, which led to increased attention and learning effectiveness.

3. Performance-Based Evidence (Skill Development):

Practical and analytical skills were improved in students using the AR platform, as measured by the performance-
based assessment. For practical tasks, the mean scores for the experimental group were 78%, compared to 64% for the
control group. AR learners had better problem solving skills as they could interact with simulations. Data from
observations also revealed that AR students were engaged in critical thinking and experimentation. This finding
suggests that AR learning enhances both theoretical learning and problem solving and critical thinking skills in STEM
disciplines.

4. User Experience (Feedback Analysis):

The feedback from students and teachers was compelling evidence of the system's usability and acceptance. Students
found the system easy to use: 88% said it was "user-friendly" and the average usability rating was 4.2/5. Facetoface
and online teachers also noted the system enhanced teaching and engagement. But 15% of students cited minor
technical problems such as compatibility and lag. These issues did not affect overall satisfaction. This suggests the
AR-based platform is effective, easy to access and ready to be integrated into the current STEM education with minor
improvements.

1.10 Discussion:

1. AR Improves Academic Performance:

This study confirms that augmented reality (AR) is effective in improving learning outcomes in STEM fields. The
enhanced learning outcomes of the experimental group indicate that AR helps in the understanding and retention of
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concepts. This may be due to the interactive and immersive qualities of AR, which enable students to experience
abstract concepts in a tangible way. In contrast to conventional instruction, AR offers more experiential learning
opportunities that engage students and make learning a more meaningful and effective journey towards educational
goals.

2. Importance of Engagement and Motivation:

The research emphasises the importance of engagement and motivation in enhancing learning. The study found that
students engaged in AR learning showed increased motivation and interest, impacting their learning outcomes. The
dynamic nature of AR - which includes interactive simulations and 3D models - provides an immersive and engaging
learning environment. This is in line with contemporary learning theories that stress active learning. The motivation to
learn more leads to a better understanding of the subject matter and a positive disposition towards STEM subjects.

3. Support for Skills and Practical Education:

The conversation highlights that AR learning environments play a vital role in skill development. Through virtual
simulations and experimentation, AR allows students to practically apply their theoretical learning. This practical
learning helps develop analytical, problem-solving and decision-making skills. Findings suggest students who used
AR achieved higher scores in application-focused tasks, showing that the platform is effective in connecting theory
with practical application, crucial for STEM learning and future STEM careers.

4. Challenges and Implications for Future Implementation:

However, the research points out the barriers of using AR in education. Compatibility, reliance on internet and setup
costs may impede adoption. Moreover, teacher training and curriculum design play a vital role in leveraging AR. The
study indicates that although AR shows great promise, its implementation requires institutional backing, infrastructure
building and refinement. Overcoming these obstacles will improve scalability and support the long-term use of AR in
various educational settings.

1.11 Conclusion:

The research on an Augmented Reality (AR)—supported learning platform for STEM education shows that the use of
modern technologies in education has a positive impact on learning outcomes and student engagement. The results
show that AR offers an interactive and immersive environment that enhances the understanding of abstract STEM
concepts. Through the use of 3D models and simulations, students can visualise abstract concepts, making it easier to
connect theory to practice. This translates into better learning outcomes, retention and comprehension. Moreover, the
research underscores the crucial role of student motivation and engagement in learning. The AR platform approach
enhances traditional teaching approaches by making the learning process more engaging and interactive, promoting
active learning. This enhances student engagement in the learning process and potentially improves their interest in
STEM education. Furthermore, the platform facilitates the acquisition of key skills like critical thinking, problem-
solving and analytical skills, which are vital for both personal and professional success. However, the research also
highlights some challenges associated with the use of AR technology in education. Compatibility issues,
infrastructural demands and teacher training can hinder the use of AR. But with ongoing technological developments
and institutional backing, these issues can be overcome. The integration of AR with effective teaching strategies is
crucial to optimise its use and create a smooth learning experience.
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1.13 Further Research Scope:

A key area is the use of AR in conjunction with other technologies, such as Artificial Intelligence (Al) and Machine
Learning (ML). Researchers can investigate the ways in which smart systems can be used to personalize learning
experiences, presented in response to individual learners' performance, speed, and preferences. This will improve the
efficacy of AR systems and facilitate personalized learning. Longitudinal research should be conducted to understand
the long-term effects of AR on students' learning outcomes, skills and knowledge transfer. Moreover, comparative
studies across different cultures and institutions can shed light on the impact of AR in various educational contexts.
Research is also needed to overcome the barriers in implementing AR, including the cost of development, device
compatibility, and technical issues. Researchers can investigate low-cost alternatives and minimalist AR apps that can
run on low-end devices, especially in resource-poor settings. Additionally, research on teacher training and
curriculum design is needed to guide the successful integration of AR in education. Finally, research can explore the
use of AR in interdisciplinary learning and problem solving in real-world contexts. Collaborative AR spaces, where
users can interact with multiple users, can also be investigated. In summary, further research in these areas will
enhance the development and acceptance of AR-based learning solutions for education.
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