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A
1. What is Immersive Teaching Technology?

Immersive teaching technology refers to the use of advanced technologies, such as virtual
reality (VR), augmented reality (AR), and mixed reality (MR), to create highly engaging and
interactive learning experiences. These technologies immerse students in virtual or enhanced
environments, allowing them to interact with the subject matter in ways that traditional teaching
methods cannot achieve. The key elements of immersive teaching technology are briefly
mentioned below.

Virtual Reality (VR): Creates entirely digital environments where students can
explore, interact, and learn. For example, VR can simulate historical events, scientific
experiments, or distant places, offering students a first-hand experience.

Augmented Reality (AR): Enhances the real world by overlaying digital elements
(e.g., images, sounds, information) onto the physical environment. In education, AR can
bring subjects to life by adding interactive elements to textbooks or objects in the
classroom.

Mixed Reality (MR): Combines both virtual and real-world environments, allowing
digital objects to interact with physical surroundings in real time. For instance, students
can manipulate virtual objects while remaining aware of their physical surroundings,
seamlessly blending both worlds.

Gamification and Simulations: Immersive technology often involves game-like
elements or simulations that make learning more interactive, such as virtual labs,
historical re-enactments, or problem-solving games that simulate real-world scenarios.

360-Degree Videos and Interactive Content: These technologies allow learners to
explore content from every angle, such as virtual tours of museums, cities, or natural
environments.

The goal of immersive teaching technologies is to engage students on a deeper level, fostering
better understanding, retention, and practical application of knowledge through experiential
learning. This approach is increasingly popular in fields like science, medicine, history,
engineering, and more, where hands-on experience can be critical.

2. What is Augmented Reality (AR)?

It is a technology where the real world and digital elements coexist. AR integrates computer-
generated sounds, images, or other data into our physical environment, making these elements
appear as if they actually exist. Through devices such as smartphones, tablets, or AR glasses,
users can experience the real world enhanced with digital content. Augmented reality enriches
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user experience by combining the real world with digital elements. It is used in many areas,
from education to entertainment, shopping to healthcare, and is becoming increasingly popular.
Its main features can be listed as follows:

e AR enables users to perceive digital information, images, or sounds layered onto the
existing physical world as if they were real. For example, while looking at a historical
building through a smartphone camera, digital information about that building can
appear on the screen.

e AR allows the user to interact with the real world instantly. For instance, when a user
scans a book with their phone camera, digital notes or animations related to the book's
content may appear on the screen.

e AR is typically experienced using mobile devices (smartphones and tablets) and
specialized AR glasses. On mobile devices, the camera displays the real world while the
screen overlays digital elements.

e AR integrates not only visual information but also sound and other sensory feedback,
allowing users to experience it in a more comprehensive way.

AR elements added to textbooks or objects in the classroom can help students better understand
the subject. For example, in a biology lesson, adding augmented reality elements to the book to
provide information about cell structure can help students grasp the topic. AR brings real-world
elements into the gaming world. For instance, games like Pokémon Go, where users walk
around in the real world to find digital characters, are common examples of AR. AR allows
users to try a product before purchasing it. For example, a user can place virtual furniture in
their room to see how it would look in real life. In the medical field, AR enables professionals
to add digital anatomical structures to patients' bodies for more detailed examination.

3. Working Principle of AR

The working principle of Augmented Reality (AR) technology is based on adding digital
information to the real-world environment and making it perceivable through the user's device.
The working process of AR is explained step-by-step below.

3.1. Detection (Sensors and Input Data): For AR systems to work, they must first collect data
from the real world. This data is collected through the sensors in the devices used. The sensors
are as follows:

Camera: Provides a visual background on which digital information can be layered by
capturing the surrounding image. The camera is also used for object recognition.

GPS: Determines the device’s location, allowing digital information to be placed
appropriately within the physical environment.
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Accelerometer and Gyroscope: Detects the device’s orientation and movement,
enabling AR content to adapt to the movement of the user's device.

Depth Sensors: Calculates the distance of objects from the camera, ensuring that digital
objects are correctly positioned within the physical world.

The information collected through these sensors is processed by AR software and prepared to
offer a real-time visual experience to the user.

3.2. Processing (Data Analysis and Creation of Digital Content): The detected data is
analyzed by the AR software. At this stage, two main processes are carried out:

Environment Recognition: The AR software analyzes the images captured through the
camera and identifies the characteristics of the physical environment. This determines
where surfaces or objects are located in the environment, allowing the software to decide
where to place digital content. Object recognition and surface mapping are important
parts of this process.

Creation of Digital Content: Based on the detected environment and user, digital
information is created or existing digital content is adapted. This may appear as labels,
animations, or descriptions on objects. For example, when you hold your phone over a
product with an AR application, descriptions and price information about that product
appear on the screen. At this stage, the AR software also considers elements like
perspective, lighting, and shading to make digital objects look compatible with the real
world.

3.3. Presentation (Visualization and User Interaction): The processed digital content is
presented on the user’s screen (smartphone, tablet, or AR glasses) as an overlay on the real-
world view. This stage consists of two main components:

Visual Presentation: The content displayed on the device screen is combined with the
surrounding physical environment in real time. Digital information appears as digital
layers on the screen, interacting with real-world objects.

User Interaction: The user can interact with the digital content they see on the screen.
For example, while looking at an artwork displayed in a museum, they can tap on
descriptions that appear through AR to get more information, or they can move digital
objects on the screen in games.

4. Tracking and Updating (Real-Time Adaptation)

One of the important features of AR is its ability to adapt in real time to the user's movements
and changes in the environment. As the device moves or the user looks at a different object, the
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AR system re-analyzes the surroundings and updates the digital information. This ensures that
digital content always remains aligned with the physical environment, providing the user with
a continuous experience.

5. Output Device (Display Platform)

The final stage of AR technology is presenting the digital content in a form that the user can
see or hear. This usually occurs through the screen of a smartphone or tablet. However, more
advanced AR glasses or head-mounted devices can make this experience more immersive.
Through these devices, the user can simultaneously see both the real world and the digital
elements layered onto it.
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B.

To view an object in an Augmented Reality (AR) environment, the basic steps required
involve a combination of physical and digital processes. These stages are listed as follows:

1. Preparation of 3D Model or Digital Content
The object to be viewed in AR must first be prepared in a digital form.

Modeling: 3D modeling software (such as Blender, 3ds Max, Maya) is used to create
the object in 3D. If the object is a simple graphic, it can also be a 2D image or
photograph.

Texturing and Material Settings: To make the object look realistic, appropriate textures
are added. The object's appearance in the real world is determined by adjusting
properties such as lighting, shading, and material characteristics (e.g., brightness,
opacity).

Animation (Optional): If the object is animated and needs to be in a moving form,
animation is added at this stage. For example, animations such as a character walking
or a door opening are defined in this step.

2. Choosing an AR Platform

To display the digitally prepared object, an AR platform or tool must be selected. These
platforms allow the object to be placed in the real world and made interactive. The tool
compatible with Android devices is ARCore. Game engines like Unity 3D and Unreal Engine
provide powerful tools and SDKs (Software Development Kits) for AR. WebAR, on the other
hand, offers web-based AR solutions (such as 8th Wall) that allow an AR experience directly
through a browser without needing to download an application.

3. Integration of the Object into the AR Environment

The digital object you prepared must be integrated into the chosen AR platform. At this stage,
it is important to determine how the object will be displayed and interacted with.

Anchoring: Tools provided by the platform should be used to anchor the digital object
to a location in the real-world environment. For example, placing the object on a
physical surface is typically done by anchoring it to a flat surface or a specific coordinate
identified by the camera.

Position and Scale: Adjustments are made to ensure the object appears in the correct
position and scale in the real world. For example, if the object is to be placed on a table,
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the table surface is detected, and the object is placed on this surface in an appropriate
scale.

Interaction: If users need to interact with the object (e.g., rotating, zooming in/out),
interaction features can be added through touch screens or hand gestures.

4. Use of Marker or Markerless AR
In AR systems, there are two main methods for displaying an object:

Marker-Based AR: In this method, the digital object appears with the help of a marker.
The marker is usually a QR code or a specific image. When the device’s camera
recognizes this marker, the digital object is placed on top of it.

Markerless AR: The device analyzes the surrounding surfaces and environment to place
the object without a marker. In this case, the camera detects flat surfaces (e.g., table,
floor) and places the digital object on these surfaces.

5. Visualizing the Object

The digital object integrated into the AR platform is overlaid onto the real-world view through
the camera. The following steps should be followed to visualize the object:

Using the Device Camera: The AR device (phone, tablet, or AR glasses) uses the
camera to capture the real world. While the camera scans the environment, the software
analyzes the physical surroundings.

Adding the Object: The digital object is placed in the designated position and displayed
as if it is actually there in the real world. This allows the user to see both the object and
the real world on the device screen simultaneously.

Real-Time Interaction: As the user moves the camera, they can interact with the object,
see it from different angles, or engage with it further by tapping on it (e.g., zooming,
rotating).

6. Testing and Optimization
After the object appears in AR, it is necessary to ensure that the experience works smoothly.
Performance Testing: Test whether the object works properly in the AR environment

and if there is any lag. Depending on the device's processor capacity, the complexity
and resolution of the 3D model should be optimized.
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Realistic Appearance: Check whether the object aligns well with other real-world
objects. A more realistic appearance can be achieved with lighting and shadow effects.

Interaction Check: If interaction with the object is required, make sure these interactions
work correctly. Once the object is successfully displayed in the AR environment, the
application can be considered ready.

7. Challenges and Solutions: Transition from Vuforia to ARCore

In the initial phases of our AR project, we decided to use Vuforia as the primary platform for
developing augmented reality(AR) experiences. Vuforia is a well-known and robust AR
platform, offering extensive support for marker-based and markerless AR, along with features
that facilitate rapid development. However, as we delved deeper into the project requirements
and long-term objectives, certain challenges and limitations became apparent:

Platform Dependency: Vuforia's reliance on specific licensing models and its
integration with Unity raised concerns about scalability and cost-effectiveness,
especially for projects with potential future expansions.

Compatibility: Although Vufori a supports multiple devices, ARCore provides better
native compatibility with modern Android devices, ensuring seamless performance and
fewer technical adjustments during deployment.

Feature Set and Performance: While VVuforia excels incertain scenarios, ARCore offers
advanced features like environment understanding and light estimation, which align
more closely with the immersive and interactive goals of our project.

After careful evaluation, we decided to transition to ARCore, Google’s proprietary AR
platform, which is specifically designed to leverage the hardware and software of Android
devices. The move to ARCore presented several advantages:

Native Integration: ARCore's tight integration with Android's operating system allowed
us to achieve better performance and lower latency, ensuring a smoother user
experience.

Advanced Capabilities: ARCore's ability to detect and track flat surfaces without
requiring markers aligned perfectly with our vision of creating more intuitive and
engaging AR interactions.

Cost Efficiency: The platform's licensing and development ecosystem proved to be more
cost-effective, particularly for a project that involves iterative testing and potential
scaling.
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While the transition required significant effort, including the re-implementation of certain
functionalities and adjustments in workflows, the decision ultimately led to a more robust and
scalable AR solution. The process underscored the importance of aligning technology choices
with both immediate needs and long-term objectives. This experience has strengthened our
team’s ability to adapt and optimize tools for future projects.
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C.
Positive effects and potential of our AR application on the EduVentures Project
1. Educational Objectives: Enhancing Learning Through Interactive AR Experiences

Our project focuses on utilizing augmented reality (AR) to develop an engaging platform that
fosters soft skill development and reinforces educational content in a highly interactive manner.
The primary goal is to provide a learning experience that is both enjoyable and effective,
particularly for younger audiences.

To achieve this, the application includes the following key features:

Realistic 3D models of Cultural and Historical Sites: The application features highly
detailed and accurate 3D models of historical and cultural landmarks. Now 5 locations have
completed on pur AR Application. These models allow users to explore these sites in
augmented reality, creating an immersive learning experience. For instance, students can view
these landmarks in their immediate environment, making history and culture more tangible and
relatable.

Audio Narratives: Each landmark can accompanied by professionally narrated audio
descriptions. These voiceovers provide historical context and interesting facts, ensuring that
users not only view the landmarks but also understand their significance.

Interactive Quizzes: To reinforce learning, the application can include quizzes related
to the historical sites to develop students soft skills. These quizzes will designed to challenge
users’ understanding of the material they have interacted with. Questions range from basic facts
to more in-depth queries about the landmarks and their histories, encouraging active
engagement with the content.

User-Friendly Feedback System: At the end of each quiz, the application provides
immediate feedback through an intuitive Ul system, displaying correct and incorrect answers
in an easily understandable format. This feedback loop is crucial for helping users identify areas
where they need improvement, while also rewarding their progress.

Platform Accessibility: Given that the target audience for this platform is students, the
application was developed as an Android AR app., ensuring compatibility with widely used
devices and ease of access. This allows students to use the platform conveniently at home, in
classrooms, or on field trips.

This AR application bridges the gap between theoretical knowledge and practical experience
by creating a platform that makes learning history and culture exciting. It not only encourages
students to explore new topics but also develops soft skills such as critical thinking and
curiosity. By integrating modern technology with traditional educational content, this project
represents a significant step forward in interactive learning.
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2. Future Plans: Expanding and Enhancing the Learning Platform

Our vision for this project extends beyond its current capabilities, aiming to continually enrich
the educational content and improve user experience.

Expanding Content: Additional cultural and historical landmarks will be introduced
overtime, offering a broader range of educational experiences for users. This will ensure that
the platform remains dynamic and continues to provide new learning opportunities.

Enhancing Interactivity: New features will be explored to deepen user engagement. This
includes adding more advanced interactivity options, such as gesture-based controls or voice-
activated features, to make learning more immersive and intuitive.

Democratization of Education: The infrastructure of the developed application is
suitable for supporting multiple language options. Furthermore, although not included in this
project, an animated character could be added in the future to enable students with special needs
to use the application.

Integration of Feedback: Feedback from users and educators will play a critical role in
shaping the evolution of the platform. By analyzing usage data and user comments, the
application can be more effectively tailored to meet the needs of the target audience.

Technological Innovation: The application will continue to leverage the latest
advancements in AR technology to improve performance, visual quality, and scalability. This
includes exploring compatibility with emerging AR hardware and platforms.
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Below, you can find the locations included in our application and how they appear in the AR
environment.

Fig. 1: Sculptures of the Commagene kingdom
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Fig. 2: Cappadocia
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Fig. 3: Gobekli Tepe (Potbelly Hill)
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Fig. 4: Trojan Horse
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Fig. 5: Temple of Athena
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