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ABSTRACT

In the current changing digital learning environment, conventional approaches to early
childhood education lacks the ability to maintain young learner's interest. Currently, the
resources like flashcards and books do not link abstract ideas, like alphabet letters, to a child's
daily surroundings. The Augmented Reality Alphabet Learning tackles this issue by providing
an engaging, interactive environment where kids can discover and learn letters through the
recognition of actual objects. This solution combines AR and deep learning to enhance
education, making it more engaging and intuitive particularly in settings with restricted
internet connectivity
The Research detects physical items via a DenseNetl21-based object detection model and
presents matching 3D models with audio narration through AR. Technologies such as
TensorFlow Lite, ARCore, React Native, and Blender 3D are utilized for smooth object
identification and content presentation. Important aspects comprise immediate object
identification, three-dimensional animation, speech synthesis narration, assessments, progress
monitoring, and controls for parents.
To verify the system's effectiveness, comprehensive testing was conducted that encompassed
unit, UI, scalability, error-management, and user acceptance testing. Findings indicated
seamless object detection, rapid AR rendering, and precise progress reporting on various
Android devices. The app exhibited consistent responsiveness during prolonged usage and
received favorable ratings for its user-friendliness, particularly from kids and non-technical
individuals. Database testing verified correct monitoring of quiz outcomes and performance
metrics.
Even with its impressive performance, there are also some limitations to the AR Alphabet
Learning Research. Object detection can be impacted by poor lighting, complex backgrounds,
and object orientation, sometimes leading to inaccurate results. Device performance
differences affect AR quality, and current support is limited to English and a small set of
recognizable objects. In future, we aim to includes expanding language support, improving
detection accuracy with advanced algorithms and increasing training data set, enhancing AR
with gamified features, and introducing cloud-based tracking for better progress monitoring.

Keywords: Augmented Reality Learning, Alphabet Recognition,Object-Based Learning Deep
Learning Education System
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CHAPTER 1 INTRODUCTION

In today’s digitally connected world, technology continues to reshape the way we
approach education and problem-solving. One such innovation is the use of Augmented Reality
(AR) combined with artificial intelligence, providing new ways to create interactive and
engaging learning environments. Our Research, an AR-based alphabet learning Research,
leverages this powerful technology to help young children connect real-world objects with
alphabet letters through a fun and educational mobile experience.
While AR has been widely used in fields like gaming, training, and retail, our objective stands
apart. We focus on early childhood education, aiming to support children in recognizing letters
of the alphabet by linking them to real objects using object detection. This helps bridge the gap
between abstract learning and real-world understanding. Even without internet access, the app
provides a reliable and engaging platform for learning using pre-trained Al models and
preloaded 3D content.
This Research works by detecting everyday objects through the device’s camera using a deep
learning model, DenseNet121, and then displaying the corresponding alphabet letter along with
a 3D animation and audio narration. The integration of these technologies creates a multi-
sensory experience that boosts retention and encourages exploration. Children can visually
identify an object, hear the pronunciation, and see the corresponding letter in a virtual 3D
environment—making learning intuitive and fun.
Therefore, this AR-based learning app has strong potential as an educational tool for early
learners. It promotes alphabet recognition through real-world associations, supports learning
in environments with limited internet connectivity, and provides a scalable, engaging, and
modern approach to teaching the alphabet using cutting-edge technology.

1.1. Motivation

The motivation for this Research arises from a deep understanding of the importance
of early childhood education and the limitations of existing teaching methods. Traditional
approaches to alphabet learning often rely on static materials like books and flashcards, which
fail to fully engage children or spark their natural curiosity. This lack of interactivity and real-
world Research can make the learning process feel monotonous, ultimately hindering a child’s
ability to retain and connect with the material. Recognizing the potential of modern technology
to address these issues, we were inspired to create an educational tool that combines the power
of Augmented Reality and object detection. Augmented Reality allows for the seamless
integration of virtual elements into the real
world, offering children an immersive and engaging way to interact with educational content.
By pairing this technology with object detection, we aim to provide a learning experience that
connects abstract concepts, such as alphabets, to real-life objects in a child’s environment. For
example, when the object 'apple' is detected on the table, our model shows a 3D model of the
apple, not only enhancing recognition but also fostering a deeper understanding of the
relationship between objects and their representations in the physical world.

1.2. Problem Statement

Identifying the problem begins with examining the limitations of traditional methods
of teaching alphabets. Conventional techniques, such as rote memorization and the use of
flashcards or printed materials, lack the interactive and engaging qualities necessary to
maintain a child’s interest. These static methods often fail to stimulate young learners, making
it difficult for them to connect with the material or retain the information effectively. Moreover,
these methods rarely incorporate real-world context, which is crucial for helping children
understand how the alphabets relate to their everyday surroundings. Additionally, while there
are existing educational Researchs aimed at teaching alphabets, most focus primarily on
repetitive memorization and provide limited interactivity. They do not leverage advanced
technologies, such as Augmented Reality or object detection, which could significantly
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enhance the learning experience. As a result, many of these Researchs fail to offer an engaging
and dynamic learning environment that caters to the needs of young children.

1.3. Proposed Solution

The proposed solution for this Research is an Augmented Reality-based Alphabet
Learning with Real-Time Object Detection, designed to enhance early childhood education by
making alphabet learning interactive and engaging. Using AR technology, the app will display
3D models of objects in the real-world environment, allowing children to associate each letter
with familiar objects around them. For example, pointing the device at a ball will display the
3D model of object helping children to connect letters. The app will also integrate object
detection to recognize everyday items and reinforce the learning process through interactive
features, such as games and quizzes. Developed for Android using AR Core and Tensor Flow
Lite, the Research aims to offer a fun and
immersive learning experience, fostering creativity and curiosity while improving both
alphabet recognition and object identification skills

1.4. Goals and Objectives

The Research’s Goals and Objectives are stated below:

e To develop an interactive learning app that uses AR and object detection to teach the English
alphabet to children.

e To enhance early childhood education by associating real-world objects with alphabet
letters using Al-based object recognition.

e To ensure accessibility and engagement through gamified features, audio narration, and 3D
animations.

e To provide a user-friendly and scalable system that supports learning with or without internet
connectivity.

1.5. Scope of the Study

The Research scope for the Augmented Reality-based Alphabet Learning with Real-
Time Object Detection encompasses the development of a user-friendly, interactive platform
for early childhood education. The scope includes the integration of Augmented Reality (AR)
and object detection technologies to display 3D object models and recognize real-world objects,
facilitating an immersive learning experience. The app will be developed for the Android
platform using AR Core and Tensor Flow Lite, ensuring compatibility across a range of
devices. The Research will feature interactive learning modules, quizzes, and challenges,
designed to engage young learners. Additionally, the app will integrate object detection to
dynamically associate objects with their corresponding alphabet letters. The scope also
involves the optimization of the app for performance, usability testing, and ensuring a seamless
user experience for children, parents, and educators.

1.6. Process Model
The development of the Augmented Reality-based Alphabet Learning with Real-Time
Object Detection follows an iterative development model, which emphasizes gradual
refinement and continuous improvement throughout the Research lifecycle. The process begins
with the identification of the educational challenges in traditional alphabet learning and
proceeds through various stages. These include the conceptualization of the core features, such
as AR-based alphabet visualization and object detection for real-time
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object recognition. Subsequent phases focus on designing and implementing interactive
learning elements (e.g., quizzes), ensuring user-friendly interface design, and integrating AR
Core and Tensor Flow Lite for the AR and object detection functionalities. Once the
foundational features are developed, the Research will undergo rigorous usability testing with
target users, such as children and educators, to ensure functionality, ease of use, and
engagement. Feedback from testing will drive further refinements before the final deployment.
The iterative approach ensures continuous improvement and the delivery of a robust, effective
learning tool. A diagram representing the Process Model of AR Learning App is shown in

Figure 1.1.
Requirement
Gathering

Comprehensive

Training & Suport System design

Deployment

Development

Figure 1.1: Process Model

1.7. Organization of Report

The first chapter introduces the AR-based alphabet learning system, explaining the
motivation behind developing an educational tool that enhances early childhood learning
through modern technology. It outlines the main objectives of the Research, discusses
challenges in traditional alphabet learning methods, and presents the proposed solution that
combines Augmented Reality and object detection. This chapter also defines the scope of the
Research, explains the development model used, and gives an overview of how the rest of the
report is structured.
The second chapter focuses on the literature review and related educational technologies. It
examines existing AR-based learning apps, object detection systems, and early learning tools.
It compares available solutions, highlights their shortcomings, and identifies gaps
that the proposed system aims to address. The chapter concludes with key insights that
influenced the system’s design and development approach.
The third chapter outlines the detailed requirements of the system, including software
frameworks, Al model specifications, and hardware capabilities needed to support AR and
object detection. It includes both functional and non-functional requirements, as well as use
case models showing how users (such as children, parents, and educators) interact with
different features of the app. Full use case descriptions are provided to capture system behavior.
The fourth chapter discusses the system design and modeling strategies used to build an
engaging, interactive, and accessible mobile Research. It presents interface mockups,
architectural diagrams, and data flow representations. The chapter also describes the
integration of key technologies like TensorFlow Lite, Google ARCore, and Text-to-Speech,
and how each module contributes to the overall system.
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The fifth chapter details the implementation phase of the Research. It explains how major
modules such as object detection, 3D model rendering, audio narration, and gamified learning
were developed and connected. It walks through the development process for each feature,
illustrating the challenges faced and how they were resolved. The chapter concludes with a
summary of the completed Research.

The sixth chapter presents the testing strategies used to verify that the system performs reliably.
It covers unit testing, interface usability, performance evaluation across devices, and real-world
testing with children. This chapter also outlines how test cases were handled, how issues were
addressed, and provides an analysis of the system’s accuracy and user feedback.

The final chapter concludes the Research by summarizing the key accomplishments and
assessing whether the Research meets its intended goals. It also suggests future improvements,
such as support for more languages, additional learning modules, and enhanced offline
functionality. The chapter ends with a reflection on the educational impact and real-world
potential of the Research.

CHAPTER 2 BACKGROUND AND EXISTING

10
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SYSTEMS

This chapter explores the background and current state of educational technologies that
are similar to the proposed Augmented Reality-Based Alphabet Learning Research. By
examining previous research and existing systems, this chapter aims to highlight the progress
made in AR-based learning and object recognition while identifying the gaps that still exist in
early childhood education tools. The chapter begins with a literature review to build the
foundation for this Research, focusing on studies related to AR in education, object detection
in learning, and interactive mobile Researchs for children. It then discusses current systems
and Researchs that serve similar purposes, offering insights into their design, features, and
limitations. The Identified Problems section outlines the shortcomings of these existing
solutions, and the Proposed Solution Boundaries section defines how our Research addresses
those challenges through its unique integration of AR, 3D animation, and Al-driven object
detection. The chapter concludes with a summary that recaps the key points discussed
throughout.

Literature Review

The literature review aims to explore and analyze previous research and developments
related to the use of Augmented Reality (AR) and object detection in early childhood education,
particularly for teaching the English alphabet. With growing interest in interactive and
immersive learning technologies, several studies have investigated the impact of AR on
children's engagement, motivation, and retention of information. This chapter reviews existing
systems and academic efforts that have integrated AR and artificial intelligence to enhance
literacy learning. By examining their methodologies, strengths, and limitations, this section
identifies key contributions in the field and highlights the research gaps that this Research an
AR-based alphabet learning Research with object detection intends to address.
(Papachristos et al., 2022) [1] investigates the impact of AR Researchs on early foreign
language learning, focusing on English alphabet and vocabulary acquisition. It found that AR-
enhanced learning environments significantly improved children's motivation and retention of
vocabulary compared to traditional methods. The integration of 3D models, audio, and
interactive games in AR Researchs made learning more engaging and effective for young
learners.
(Alam et al., 2022) [2] presents a novel approach combining Visual-Inertial Odometry (VIO)
with object detection to enhance real-time performance in mobile AR Researchs.
Implemented using ARCore and SSD Mobilenet on Android devices, the method improved
detection accuracy by 12%, making it highly relevant for AR-based educational apps requiring
real-time object recognition.
(de Liafio et al., 2019) [3] explores the use of AR flashcards in teaching vocabulary to preschool
children. Findings indicate that AR flashcards, which display 3D images and provide audio
cues, significantly enhance children's vocabulary acquisition and retention compared to
traditional 2D flashcards. This approach aligns with your app's use of AR for interactive
learning.
(Tran Ngoc Hai., 2017) [4] discusses the development of an Android Research capable of
detecting objects based on color, shape, or local features using OpenCV. The Research
demonstrated effective object recognition in various conditions, which is pertinent to your
Research's use of DenseNet121 for object detection in real-time.
(Romero-Rodriguez Maria et al., 2023) [5] focuses on the design and evaluation of the
Wordtastic Kids AR Research aimed at enhancing English vocabulary learning in preschool
children. Results showed significant improvement in vocabulary acquisition and motivation
among children using the AR app, highlighting the effectiveness of AR in early language
education.
(Zubaidah Siti et al., 2021) [6] examines the implementation of AR technology to support
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phonics-based literacy among children with autism. The study found that AR Researchs
significantly improved engagement and literacy skills in children with autism, demonstrating
the potential of AR in inclusive education setting.

Comparison of Existing System

Several mobile Researchs currently exist that aim to enhance early childhood learning
through Augmented Reality (AR) and interactive elements. For example, 360ed Alphabet AR
[7] helps children explore the English alphabet using animated 3D models in AR and supports
multiple languages. Alphabet Explorer, developed by The MeshMinds Foundation [8],
combines AR with coloring and handwriting recognition to help kids learn letters and
vocabulary through play. AR Alphabet by Paugren [9] offers AR experiences using a printed
alphabet book, allowing children to view animated letters and objects in real-world
environments. Lastly, ABC Animals AR [10] uses 3D animal models to associate each alphabet
letter with an engaging visual and audio experience, making learning more immersive and
enjoyable.
While these existing apps offer rich visual and interactive features, my Research stands out by
integrating real-time object detection using a deep learning model (DenseNet121). Instead of
relying solely on printed markers or predefined assets, the app allows children to point their
camera at real-world objects, which are then recognized and linked with alphabet letters in real-
time. Additionally, my Research combines 3D animations, audio narration via Android TTS,
user progress tracking, and parental controls all within a scalable and modular framework. This
makes it more dynamic, educational, and adaptable for different learning levels, as compared
to the static or marker-based interactions seen in the existing systems. Table 2.1 presents the
features, strengths, and limitations of existing systems.

Table 2.1: Comparison of Existing Systems

Ref | Year Contribution Technologies Limitation Research

[7] | 2020 [Introduces 3D animated |ARCore, 3D Relies on /Alphabet
alphabet learning in Modeling, printed learning
multiple languages Multilingual flashcards; through AR-
using AR.. Support limited enhanced

interaction flashcards.
with real-
world objects.

[8] | 2022 |(Combines AR with ARKit (i10S), Available only |Learning
coloring, handwriting Handwriting on 10S; letters and
recognition, and audio-  [Recognition, requires vocabulary
visual elements. Audio Narration |manual through AR

coloring coloring and
interaction. tracing.

[9] | 2018 (Offers AR visuals when |ARCore, Dependent on  [Enhancing
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used with a physical Marker-Based physical book; [book-based
alphabet book. AR, 3D Models o object alphabet
detection or learning with
learning 3D
feedback. animations.
[10] 2016 |Uses AR to associate ARKIit/ARCore, [Limited to Teaching
letters with animal \Audio Narration, falphabet- children’s
animations and sounds. (3D Animal animal letters
Models pairings; lacks |through
progress animal
tracking and associations
customize. in AR.

2.3. Identified Problem from Existing Work

While existing AR-based educational Researchs like 360ed Alphabet AR, Alphabet
Explorer, AR Alphabet, and ABC Animals AR have made significant strides in making
learning more engaging for children, they still present several limitations. Most of these
systems rely on predefined triggers such as printed flashcards, coloring books, or static content
to initiate the AR experience. This restricts the flexibility of learning and limits interaction with
dynamic real-world environments. Additionally, many of these apps lack features like real-
time object detection, adaptive learning paths, or comprehensive user tracking, which are
crucial for modern educational tools aiming to deliver personalized learning experiences.
Moreover, most of these apps do not offer a complete system that combines multiple learning
modes such as audio-visual support, real-time feedback, and gamification— within a unified
platform. Parental control features, progress tracking, and backend data storage are often
missing or poorly implemented. These gaps create a need for a more interactive, intelligent,
and scalable solution that not only recognizes real-world objects but also adapts to the learner’s
progress. This is the key problem space my Research aims to address by merging AR, object
detection, and gamified learning into a single, child-friendly Android Research.

2.4. Boundary for the Developed System
The developed system is designed specifically for Android devices that support Google
ARCore and camera-based interaction, limiting its compatibility to mid- to high-end
smartphones with adequate hardware capabilities. The object detection is restricted to 28
predefined objects, each mapped to an English alphabet letter, which means the system cannot
recognize arbitrary or unseen objects beyond the trained dataset. The Research functions with
an active internet connection for certain features like user authentication
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and data synchronization with the backend server, though the core AR and learning
functionalities are processed locally. Additionally, the system targets children aged 4 to 7, and
thus its interface, language, and educational content are tailored to that age group, excluding
older learners or advanced language levels. The system also does not currently support cross-
platform deployment (e.g., iOS or web).

Summary

This chapter provided a comprehensive overview of existing systems related to
augmented reality-based alphabet learning and identified the gaps that still persist in current
Researchs. It examined four similar mobile apps, highlighting their contributions, technologies,
limitations, and practical Researchs. A comparative table was presented to clearly contrast their
features. The identified problems from these systems, such as limited object interaction, lack
of real-time detection, and absence of personalized learning paths, helped shape the direction
of the proposed solution. Finally, the boundaries of the developed system were outlined,
emphasizing its scope, platform limitations, and target user group. This sets the foundation for
understanding the motivation and scope of the proposed Research.
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CHAPTER 3 REQUIREMENTS SPECIFICATION
In this chapter, we define the requirements that guide the development of the software
system. Both functional and non-functional requirements are outlined in detail, providing a
clear understanding of what the system should do and how it should perform. These
specifications serve as the foundation for design and implementation, ensuring the Research
meets its intended purpose. By capturing user needs and system expectations, this chapter
establishes a well-structured roadmap for building a reliable and effective solution.

Interface Requirements

The AR Alphabet Book Game Research comprises multiple modules that rely on
distinct hardware and software components. This modular structure facilitates a seamless and
interactive experience by leveraging a range of modern technologies. The Research is divided
into various subsystems that collectively require both development-side and user-end interface
support.

Hardware Interface Requirements

To ensure proper functioning, the Research requires an Android device with a minimum
OS version of Android 8.0 (Oreo) or higher. The device should be equipped with at least 3GB
of RAM and a quad-core processor to support realtime object detection and 3D rendering. A
rear camera with a minimum of 8 megapixels is essential for accurate and consistent detection
performance. Additionally, devices must support Google ARCore for rendering augmented
reality features effectively. Storage-wise, at least S00MB of available internal space is needed
for the Research, associated 3D models, and additional assets. The device must also include
speakers and a microphone, enabling audio narration of detected objects and potential voice
interaction in future updates. The Table 3.1 shows the requirement of hardware.

Table 3.1: Hardware Requirements

Requirement Hardware
Internet Connectivity Server Side
Testing/Running Mobile Device/Laptop

The Research interacts with several hardware components of the Android device to deliver
its functionalities effectively. The primary hardware interfaces include

the device camera for capturing real-time images used in object detection and augmented
reality rendering. The processor and RAM serve as critical interfaces to handle the
computational load of deep learning inference and 3D animation rendering. Additionally, the
device’s speakers and microphone facilitate audio narration and potential voice interactions,
enhancing the learning experience. The storage interface manages saving the app data, 3D
models, and user progress. Compatibility with Google ARCore ensures seamless integration
with the device’s motion sensors and camera to provide accurate AR experiences. The Table
3.2 below shows the Hardware Interface Requirements.

Table 3.2: Hardware Interface Requirements

Requirement Hardware
Processor Quad-core processor or higher.
RAM At least 4 GB.
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Minimum 500 MB free internal
Storage storage

OS IAndroid, i0OS/ Windows 7 or above

Rear camera with at least 8
Camera megapixels

3.1.2. Software Interface Requirements

The software system consists of both client-side and server-side components. The client
app runs on Android devices with version 8.0 or higher and is developed using React Native
with JavaScript or TypeScript in Visual Studio Code. It integrates ARCore libraries for camera
and augmented reality functionalities. On the server side, Flask (a Python web framework)
manages RESTful API communication, connecting the frontend with a MySQL database.
Blender 3D is used to create and animate the 3D models optimized for mobile devices.
TensorFlow Lite deploys the DenseNet121 model for real-time object detection. The software
stack includes additional Python libraries to support voice playback, database interactions, and
API handling. The Software Interface Requirements of AR Learning App are shown in the
Table 3.3.
Table 3.3: Software Interface Requirements

Requirement Software

Mobile App Framework React Native
Backend Framework Flask (Python)
Database MySQL

Code Editor Visual Studio Code
AR Library AR Library

3D Modeling Blender 3D

3.2. Functional Requirements/ Software Features
The Research integrates real-time object detection using the DenseNet121 model to
identify 26 predefined objects through the mobile device's camera. Upon successful detection,
the Research renders 3D models of the objects (created in Blender 3D) and provides voice and
text-based information for an enhanced user experience. The app also includes interactive
features such as quizzes and progress reports tailored for educational purposes, particularly for
children. Secure user authentication ensures personalized data tracking and access control. The
combination of detection, augmented visualization, and interactive learning makes the
Research both educational and engaging.
3.2.1. Object Detection
The object detection functionality is powered by the DenseNet121 model. It is trained
to recognize 26 specific objects each corresponding to a letter of the English alphabet.
Detection takes place in real-time using the mobile device’s camera feed, allowing children to
point at real-world items and receive instant educational feedback.
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3.2.2. 3D Model Rendering
Once an object is successfully detected, the system retrieves a corresponding 3D model
created using Blender. The model is rendered in realtime using AR Core and is visually overlaid
onto the detected object in the camera view. This integration offers an immersive and visually
rich learning experience.

3.2.3. Voice and Text Output
To support auditory and visual learners, the app provides spoken and written
information about each detected object. When an object is recognized, the app plays a voice
narration (e.g., B is for Ball) and displays matching text on the screen. This dual-mode feedback
reinforces memory retention and improves letter-object association.

3.2.4. Interactive Features
The Research includes interactive features such as alphabet-based quizzes and
knowledge challenges. After detecting objects, users can take quizzes to test their
understanding of the object-letter pairings. Additionally, the app tracks progress over time and
generates performance reports, helping children and parents monitor learning milestones.

3.2.5. User Authentication
Secure login and logout functionality for user access control.
Authentication ensures data privacy and user-specific progress tracking.

3.3. Use Case Diagram

The use case diagram illustrates how users interact with the object detection system by
first opening the Research and accessing the live camera feed for real-time detection using the
DenseNet121 model. Detected objects are highlighted in the feed, and corresponding 3D
models created in Blender are dynamically rendered over them. Users receive both audio and
textual descriptions to enhance understanding and can engage with interactive features such as
quizzes and progress tracking based on the detected objects. Secure user authentication enables
personalized settings, access to usage history, and detailed reports, creating a seamless
integration of detection and interactive learning for a rich and comprehensive user experience.
The system is designed to be intuitive and child-friendly, ensuring that young learners can
easily navigate through the app and benefit from its educational features. By combining real-
time object detection with immersive AR and interactive quizzes, the Research fosters an
engaging learning environment that motivates children to explore and reinforce their
knowledge of the alphabet. This user-centric approach not only supports effective learning but
also encourages regular use and progress monitoring by parents or educators. The vibrant
visual elements and audio cues enhance retention by appealing to multiple
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- senses. Seamless offline access ensures uninterrupted learning, even without an internet
connection. Gamified rewards and progress badges keep children motivated and excited to

learn more. The Use Case Diagram is shown in Figure 3.1.

AR Alphabet Learning App

( "iﬁ-Object Detection\i‘:x

( BD Model & Audio Naratioﬁf )

|

= Access Quiz

( View Learning History

\ View Report

T
(_ Manage User Accounts )

Figure 3.1: Use Case Diagram

3.4. Full Dress Use Case

The use case diagram for the AR Learning App provides a clear overview of how
different users interact with the system to support an engaging and educational experience. It
identifies two primary actors: the User, typically a child engaging with the app to learn through
augmented reality, and the Parent or Teacher, who oversees and manages the learning process.
The diagram highlights key functionalities such as initiating real-time object detection,
displaying 3D models with audio narration, accessing quizzes, and reviewing learning history
and progress reports. Additionally, it shows account management capabilities primarily
handled by the Parent or Teacher to customize and secure the user experience. Encapsulated
within the system boundary of the AR Learning App, these use cases collectively define the
scope and interactive features designed to facilitate effective and personalized alphabet
learning through AR technology.
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3.4.1. Object Detection — Full Dress Use Case
This functionality initiates the process where the AR Learning App activates the

device’s camera and uses the DenseNet121 model to detect predefined objects in the user’s
environment in real-time. The system continuously analyzes the camera feed to identify objects
that correspond to alphabet letters, enabling subsequent AR interactions. Successful detection
triggers the rendering of 3D models and associated audio narration, forming the core learning
experience. Table 3.4 shows the detailed overview for this full-dress use case.
Table 3.4: Object Detection — Full Dress Use Case

Use Case Selection Comment

Use Case ID ucCo1

Use Case Name Object Detection

Scope AR Learning App

Primary Actor User

Pre-Condition User .hats opened the app and granted camera
permissions.

Success Guarantee Real-time object detection begins, and detected

objects are identified accurately.

Main Success Scenario User launches camera feed; system processes
and highlights detected objects.

Extensions If detection fails, the system prompts the user to
adjust lighting or try again.

Stakeholders and Interests |[User: Wants seamless and accurate object
detection to support learning.

System: Provides reliable detection for effective
AR experience.

3.4.2. 3D Model and Audio Narration — Full Dress Use Case
This use case covers how the system renders animated 3D models over detected
real-world objects and plays corresponding audio descriptions using text-
to-speech technology. This multi-sensory feedback enriches the user’s understanding by
visually linking letters with tangible objects and providing clear verbal explanations, which
enhances retention and engagement. The full-dress use case for Display 3D Model and Voice
is shown in Table 3.5.
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Table 3.5: 3D Model and Audio Narration — Full Dress Use Case

Use Case Selection

Comment

Use Case ID

uco2

Use Case Name

3D Model & Voice Audio Narration

Scope

AR Learning App

Primary Actor

User

Pre-Condition

Object has been detected by the system.

Success Guarantee

3D model and audio narration are synchronized
and displayed correctly.

Main Success Scenario

System overlays 3D model on the object and
plays audio description.

Extensions

If audio playback fails, a visual text description
is displayed.

Stakeholders and Interests

User: Gains multi-sensory learning support.
System:  Ensures smooth and synchronized
multimedia output.

3.4.3. View Learning History — Full Dress Use Case
This use case enables users to review their past learning activities, including objects

detected and quizzes completed. It provides an overview of progress over time and helps users

and caregivers monitor improvement and areas needing attention. Table 3.6 shows the
overview and the further details related to this use case.

Table 3.6: View Learning History — Full Dress Use Case

Use Case Selection Comment

Use Case ID uCo3

Use Case Name View Learning History

Scope AR Learning App

Primary Actor User

Pre-Condition User has logged in and used the app previously.
Success Guarantee User accesses detailed learning history.
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Main Success Scenario

System displays past detected objects and quiz
results chronologically.

Extensions

If no history is found, the system prompts the
user to start learning.

Stakeholders and Interests

User: Wants to track progress.
Parent/Teacher: ~ Monitors
journey.

child’s learning

3.4.4. Access Quiz — Full Dress Use Case
This functionality allows users to take interactive quizzes based on detected objects to
reinforce their learning. Quizzes are designed to be engaging and suitable for young children,
providing immediate feedback and tracking progress to motivate continued learning and
knowledge retention. The Access Quiz full dress use case is also represented in the Table 3.7.
Table 3.7: Access Quiz — Full Dress Use Case

Use Case Selection

Comment

Use Case ID

uCco4

Use Case Name

Access Quizzes

Scope

AR Learning App

Primary Actor

User

Pre-Condition

User has completed object detection activities.

Success Guarantee

User completes quizzes and receives scores or
feedback. .

Main Success Scenario

User selects quiz; system presents questions.

Extensions If user exits mid-quiz, progress is saved for later

continuation.

Stakeholders and Interests |User: Wants interactive ways to test knowledge.

System: Tracks and motivates learning progress.

3.4.5. View Reports — Full Dress Use Case
This functionality allows both users and parents/teachers to access detailed
performance reports, summarizing learning progress, quiz scores, and app usage. These reports
help guide personalized learning and provide valuable insights into strengths and weaknesses.
Table 3.8 shows the full-dress use case of View Reports.
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Table 3.8: View Reports — Full Dress Use Case

Use Case Selection Comment

Use Case ID ucCos

Use Case Name 'View Reports

Scope AR Learning App
Primary Actor User, Parent/ Teacher

Pre-Condition

User has completed multiple learning sessions.

Success Guarantee

Reports accurately reflect user performance
data.

Main Success Scenario

System generates and displays comprehensive
performance reports.

Extensions

If data is insufficient, the system suggests more
learning activities.

Stakeholders and Interests

User, Parent/Teacher: Use reports for feedback and|
planning. System: Ensures data accuracy and
timely report generation.
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3.4.6. Manage User Account — Full Dress Use Case
This use case involves managing user profiles, including creating, updating, or deleting
accounts. Parents or teachers primarily manage these functions to tailor the learning
environment and secure access, while users may have limited self-management options. The
Manage User Account full dress use case is shown in Table 3.9.
Table 3.9: Manage User Account — Full Dress Use Case

Use Case Selection Comment

Use Case ID ucCo6

Use Case Name Manage User Account

Scope AR Learning App

Primary Actor User, Parent/ Teacher

Pre-Condition User or Admin is logged in with appropriate
permissions.

Success Guarantee User account changes are saved and applied
successfully.

Main Success Scenario IAdmin or user edits profile details and settings;
changes are confirmed by the system.

Extensions If account update fails, the system notifies the
user to retry.

Stakeholders and Interests  [Parent/Teacher: Maintains control over learning
environment.
User: Personalizes app experience.

3.5. Non-Functional Requirements
Non-functional requirements (NFRs) play a crucial role in our video editing Research,
outlining its operational parameters beyond fundamental features. These requirements
prioritize elements such as performance, security, and reliability, to ensure an optimal user
experience.
3.5.1. Performance
Real-time object detection using the DenseNet121 model should operate with minimal
latency, ensuring prompt identification and highlighting of objects. Smooth and lag-free
rendering of 3D models, even when objects are in motion. The system must efficiently manage
devices.
3.5.2. Security
Real-time object detection using the DenseNet121 model should operate with minimal
latency, ensuring prompt identification and highlighting of objects. Smooth and lag-free
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rendering of 3D models, even when objects are in motion. The system must efficiently manage
device resources to avoid overheating or excessive battery drain.
Reliability

Accurate detection of objects trained in the DenseNet121 model, with a high level of
reliability. Consistent performance across various Android devices, with no crashes or
significant performance degradation.
Compatibility

Designed for Android devices with AR Core support to enable seamless augmented
reality features.

Maintainability
The codebase should be modular and well-commented to allow easy updates or feature
additions in future releases.

Usability

The Research must have an intuitive user interface that is easy to navigate, especially
for children. Voice guidance should be provided for non-readers or users with limited reading
proficiency, ensuring accessibility.

Summary

This chapter on Requirement Specification defines the essential needs and expectations
for developing the Augmented Reality-based Alphabet Learning with Real-Time Object
Detection. It begins by outlining the Research’s scope and objectives, followed by a clear
description of both functional and non-functional requirements the system must satisfy. The
chapter details the necessary hardware and software environments to ensure smooth and
effective operation. Additionally, it includes use cases that demonstrate how users interact with
the app’s key features, such as real-time object detection, 3D model rendering, audio narration,
quizzes, and progress tracking. Overall, this chapter lays the groundwork for building an
engaging, interactive, and educational AR app aimed at enhancing early childhood learning
through innovative technology.
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CHAPTER 4 SYSTEM MODELING
This chapter is related to system modeling and how the system works, which module
of the proposed system performs first, and then second, and so on, and how input is sent from
one module to another to complete the user requirements. It shows images graphically through
a data flow diagram (DFD), Activity Diagram, etc.

4.1. System Design

The system design outlines the architecture and integration of key components to ensure
a seamless and engaging user experience. The system employs a client-server model, with the
frontend (React Native) interacting with the backend (Flask) for real-time object detection
using the DenseNet121 model. Detected objects are dynamically overlaid with 3D models
(created in Blender) using AR Core for augmented reality. The system incorporates secure user
authentication, quizzes, and personalized progress reports to enhance user engagement. Data
flows smoothly from user input (camera feed) to backend processing and output (augmented
visuals, voice descriptions, and interactive features). Optimized for Android devices, the
system ensures reliable performance, accessibility, and scalability, catering to diverse users,
especially children and educators.

4.2. Design Approach

The design approach for the Augmented Reality-based Alphabet Learning with Real-
Time Object Detection focuses on creating a modular, scalable, and user-friendly system
architecture. The Research is built using a layered structure, separating the presentation layer
(user interface), the Research logic (object detection, AR rendering, quizzes), and the data layer
(user data and backend services). This separation of concerns ensures maintainability and
allows independent development and testing of each component. The use of component-based
design makes it easier to integrate future features, such as multilingual support or additional
AR interactions. The system emphasizes responsiveness, reusability, and clear interaction
flows to provide an intuitive and engaging learning experience for children.

4.3. Interface Design

The interface design of the Augmented Reality-based Alphabet Learning with Real-
Time Object Detection is centered around simplicity, accessibility, and engagement
particularly for young users aged 4 to 7. Each screen is designed with a child-friendly layout,
incorporating large icons, vibrant colors, and intuitive navigation to make interaction effortless
and enjoyable. The goal is to reduce cognitive load while guiding users seamlessly through
object detection, learning content, and quizzes. Consistent visual elements and responsive
feedback are used throughout to build familiarity and confidence as users progress. In the
following sections, each interface is described in detail, highlighting its purpose, components,
and how it contributes to the overall user experience. Let’s explores the screens one by one.
The login page is the first screen users see and is designed for easy and secure access. It
includes simple fields for username and password, along with login and register buttons. The
layout is clean and colorful to keep it friendly. The Figure 4.1 shows the Login Screen.
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Welcome Back!

Being in contact with the Object Detection
World

Email

[E] Password

Forgot Password?

Don’t have an account? Register

Figure 4.1: Login Screen

The sign-up page allows new users to create an account to access the app's features. It includes
fields for name, email, password, and confirmation, with large input areas and clear labels to
support easy use. The design stays colorful and welcoming, helping young users and parents
register smoothly. The Sign Up is shown in Figure 4.2.
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Sign Up

First Name

Last Name

Password

Confirm Password

Already have an account? Login

Figure 4.2: Sign Up Screen

The forgot password page helps users recover access if they forget their login credentials. It
contains a single input field for the registered email, along with a reset button. The layout is
simple and direct, guiding users through the process with clear instructions and child-friendly
visuals. The screen for Forgot Password is shown in Figure 4.3
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Forgot Password

Reset your password

Email

& New Password [N

& cConfirm Password R

Reset Password

Remember your password? Login

Figure 4.3: Forgot Password Screen

The Enter OTP page appears after the user initiates the sign-up or password recovery process.
It prompts the user to enter a one-time password (OTP) sent to their registered email. The
screen includes a numeric input field, a countdown timer, and a Resend OTP option. The design
remains clear and engaging, making it easy for users to complete verification quickly and
without confusion. The Screen for Enter OTP is shown in the Figure 4.4.
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Enter OTP

We have sent a verification code
to your email at akmal@gmail.com.
Please enter the code
below to verify.

Verify OTP

Didn't receive the OTP? Resend OTP

Figure 4.4: Enter OTP Screen

The Main Menu page serves as the starting point for interaction within the app. It initially
displays two large, easy-to-tap buttons labeled pick image from gallery and take a picture.
These options let users either select an existing image or capture a new one using the device's
camera. Once an image is chosen, a third button labeled scan image appears, allowing the app
to process the image for object detection. The interface is designed with a playful yet clean
layout to make navigation smooth and engaging for young users. The Screen of Main Menu is
shown in Figure 4.5.
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@ Alpha Learning

Get Results with your Images

Pick from Gallery

Take a Picture

Scan Image

Figure 4.5: Main Menu Screen

The Result page displays the results of the object detection process. It shows the spelling of the
detected object prominently, accompanied by a 3D model of the item rendered in augmented
reality. Additionally, the app plays an audio pronunciation of the spelling to reinforce learning
through multiple senses. The interface is designed to be visually clear and engaging, helping
children connect real-world objects with their names and sounds effectively. This screen
supports interactive learning by combining visual, auditory, and tactile feedback. The
responsive design ensures smooth performance across different
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Android devices, making the learning experience consistent and enjoyable. Figure 4.6
shows this screen.

® Alpha Learning

LAPTOP
I

Figure 4.6: Result Screen

The quiz screen is designed to reinforce learning by testing the child's ability to recall and spell
the name of an object. It displays an image of an object and provides a text input field where
the child can type the object's name, followed by a submit button to check the answer. This
interactive feature encourages active participation and helps assess the child's progress.
Immediate feedback can be given based on the entered answer, making
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the experience both educational and engaging. The screen layout is simple and intuitive,
tailored for young users. Figure 4.7 illustrates this screen.

@ Alpha Learning

Guess the Word

Type the spelling

Figure 4.7: Quiz Screen

The quiz report screen provides a summary of all previously attempted quizzes by the user. It
displays details such as the object image, the answer given by the child, the correct answer,
and whether the attempt was right or wrong. This screen helps track learning progress over
time, allowing parents or teachers to assess areas where improvement is needed. The layout is
clean and easy to navigate, ensuring children and
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guardians can review past performance without confusion. This feature promotes
continuous learning and self-assessment. Figure 4.8 shows this screen.

@ Alpha Learning

Quiz Report

airplane

Student Answer: Airplane
Score: 1

Correct: Yes

Date: 29 May 2025 at 11:01 AM

airplane

Student Answer: Airplane
Score: 1

Correct: Yes [4

Date: 29 May 2025 at 11:01 AM

microphone

Student Answer: Microwave
Score: 0

Correct: No X

Date: 29 May 2025 at 11:03 AM

microphone

Student Answer: Microphone
Score: 1

Correct: Yes

Date: 29 May 2025 at 11:04 AM

Figure 4.8: Quiz Report Screen
The performance screen displays the overall progress of the child by calculating the average
score of all attempted quizzes. It provides a quick snapshot of how well the child is grasping
the learned content, presented in a visual format like a progress bar or percentage. This helps
motivate the child to improve and gives parents or teachers insight into the learner’s
development. The screen may also offer suggestions or encouragement based on performance
trends. Figure 4.9 illustrates this screen.
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@ Alpha Learning

Quizes Performance

Total Quizzes

16

Total Score

12

Total Success

12

Total Wrong
4

Success Rate
75%
———_1 |

Figure 4.9: Performance Screen
The user profile screen presents the personal details of the user such as their name, email
address, and other relevant information. It offers a clear and organized layout for viewing and
potentially editing these details to keep the account up to date. This screen helps ensure a
personalized experience and supports features like progress tracking and secure access. It
contributes to user identity management within the app. Figure 4.10 shows this screen.
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@ Alpha Learning

Akmal Shehzad

Akmal
Shehzad
Akmalshehzad@gmail.com

Password

Save Profile

Figure 4.10: User Profile Screen

4.4. Data Flow Diagram
The Data Flow Diagrams (DFDs) provide a visual representation of how data moves
through the AR Alphabet Learning Research. These diagrams illustrate the flow of information
between different components such as the user, system modules, and external data sources. The
Level 0 DFD offers a high-level overview, showing the user interacting with the system
through processes like login, image input, object detection, and quiz interaction. While the
Level 1 provides a more detailed breakdown, revealing the specific
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modules and data stores involved in image processing, AR rendering, quiz management, and
performance tracking. Together, these DFDs effectively map out the entire data journey within
the Research, from user input to augmented reality display and performance reporting.

DFD Level - 0

This Data Flow Diagram (DFD) Level 0 illustrates the high-level interactions with the
AR Alphabet Learning Research. The primary external entities are the User, Admin, and
Mobile device. The User interacts with the Research by providing object images and taking
quizzes. The admin manages the system, suggesting administrative functionalities such as
content management or user oversight. The AR Alphabet Learning Research processes these
inputs and, in turn, displays 3D AR models and shows quiz results to the Mobile device,
representing the output interface for the user experience. This diagram provides a foundational
overview of the system's scope and its main data flows. The Level —0 of DFD is shown in
Figure 4.11.

Admin l

Manage System

Provides Object Image

( AR Alphabet Learning Shows Quiz Results Mobile
Takes Quizzes Application (

Displays 3D AR Models
>

’ User

Figure 4.11: DFD Level - 0 Diagram

DFD Level -1

The Data Flow Diagram Level 1 illustrates the functional processes within the system,
expanding upon the high-level overview. The User interacts by accepting images, which are
then processed and stored by the Image Detection & Labeling process, which also fetches
object labels from the Database. The Database, in turn, stores images for the Quiz Interaction
& Scoring process and provides records to the AR Visualization & Audio Output process,
which also displays 3D models to the User. Quiz Interaction & Scoring saves records to the
Database and shows scores to the User. An Admin entity monitors Image Detection &
Labeling, Quiz Interaction & Scoring, and checks records from AR Visualization & Audio
Output. Finally, the User can generate reports which are handled by the Progress Tracking &
Reporting process, which also fetches charts from the Database and generates. Figure 4.12
shows this diagram.
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Monitor g
Admin !
Check Recordl
2.0 I 3.0
Monitor
Image Detection & AR Visualization &
— Labeling Audio Output
Save Record
4 y
Fetch object label 1.0
5 . Fetch Record

Process & store Quiz Interaction &

_ Scoring

Store images
A l L2 |
<
Show score
R —
Database I Display 3D Model
Accept Image Fetch Images
l
N User '
Fetch charts
Generate Report
4.0 <+—————  Generate Report
Progress Tracking &

Reporting

Figure 4.12: DFD Level - 1 Diagram

View Model of Architecture

In the AR Alphabet Learning Research, the implementation of the ViewModel
architecture is essential for maintaining a clean, maintainable, and scalable structure. This
architecture follows the Model-View-ViewModel (MVVM) pattern, which separates the user
interface from the business logic and data management. The View is responsible for handling
user interactions and displaying content, such as showing detected objects, quiz interfaces, and
3D models in AR. The Model handles core functionalities like object detection using the
DenseNet121 model, quiz data storage, and user authentication.
This architectural setup improves development flexibility and testability by allowing
components to be modified independently. For instance, changes in object detection logic or
quiz evaluation do not affect the interface layer. It also simplifies handling asynchronous tasks
such as fetching object labels, rendering AR models using ARCore, or playing audio narration
via TTS.
The architectural documentation includes several modeling perspectives to give a
comprehensive view of the system’s behavior and structure. The Class Diagram defines the
core classes such as User, and Admin and illustrates how they interact to deliver key features.
Sequence Diagrams and System Sequence Diagrams demonstrate how various components
interact during specific use cases like logging in, detecting an object, or attempting a quiz.
Lastly, the Development View outlines how the frontend (built in React Native) and backend
(Flask and MySQL) components are organized within the codebase. These models collectively
help visualize and understand both the internal workings and external interactions of the
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Research, contributing to a more efficient and robust development process.

4.5.1. Class Diagram

The class diagram illustrates the core structure of the AR Alphabet Learning Research,
emphasizing the relationships between essential entities that align with the system’s five major
modules. At the center is the User class, which holds user-specific information such as name,
email, password, and role (e.g., child or parent). This class connects to three other core
components: quizResult, arRender, and performanceReport. The quizResult class stores each
quiz attempt, including the detected object name, user’s answer, correctness, and timestamp.
The arRender class manages the rendering process by linking users to detected objects through
associated 3D models defined in the objectModel class, which contains details such as object
labels, model URLSs, and audio resources. Finally, performanceReport aggregates quiz data for
each user, tracking total attempts, correct answers, accuracy, and report generation time. This
well-structured diagram clearly defines the flow of data and the integration between detection,
rendering, narration, quiz evaluation, and performance monitoring. Additionally, the
relationships in the diagram demonstrate how each component collaborates to support the app’s
interactive learning flow. The foreign key constraints ensure data consistency across modules,
particularly linking quiz attempts and AR sessions
back to the correct user. This modular yet interconnected design improves maintainability,
scalability, and supports role-based feature access within the Research. The Class Diagram of
AR Learning App is shown in Figure 4.13.

quizResult User ‘
gld int (pk) userld int (pk)
object name |string |— name string
user_answer |sting password string
is_correct sring }— email string
attempted at |Date role string
userld int (fk) Hu
arRender
render_Id int (pk) objectModel
userld it (fk) > model_id int (pk)
model_id it (fk) object_label string
detected_time Date { { model_url string
device_info string audio_url string
(
performan/i\eReport
report_Id int (pk)
userld int (fk)
| {total_attempts |int
correct_ans int |
accuracy int

generated_at |Date

Figure 4.13: Class Diagram

4.5.2. Activity Diagram

This activity diagram outlines the workflow of an AR Alphabet App, an
augmented reality Research designed for learning. The process initiates with the user launching
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the app. The system checks if the user is already logged in; if so, it directly displays the main
menu. Otherwise, the user is prompted to log in or sign up. For new sign-ups, an OTP
verification step is included before authentication. Once authenticated, the main menu is
presented. From the main menu, the user can select an image. The Research then attempts to
detect an object within the image. If the object detection is valid, an AR model is loaded, the
AR experience is displayed, and the object's name is spoken. If the object detection is invalid,
an error message is displayed, and the process terminates. Following the AR display, the
Research proceeds to a quiz phase where it asks questions and checks answers. Finally, the
quiz results are saved, and the user's progress is shown before the
activity concludes. The user can track their previous quizzes from quiz history, also check the
average performance from performance tab. The Activity Diagram for the Research AR
Learning app is shown in Figure 4.14.

Figure 4.14: Activity Diagram

Activity Diagram - AR Alphabet App

¢

\ Launch App 1\

User Logged ln" ’,ij

Yes ~

[ show Main Menu |

Slgnup"

Yes

§ Verlfy oTP \
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o

| Authenticate [

] Show Main Menu

[ select Image \
|: Detect Object :\

he% Valld" )ﬂ
\ Load AR Model \

—

| Show AR + Speak Name |

| Quiz: Ask & Check |
\ Save Result |

| Show Progress .‘\

@

\_ Logln / Signup

‘, Enter Credentials
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4.5.3. System Sequence Diagram

The system sequence diagram illustrates the interactions between the User, App UI, and
various backend modules in an augmented reality (AR) learning Research, similar to the first
sequence diagram provided. The user initiates the process by launching the app and entering
credentials, which are sent to the

Authentication Module for verification. Upon successful login, the user can select an image,
prompting the App Ul to send it to the Image Detection Module. The module returns an object
label, which is then used by the AR Rendering Module to display a 3D AR model.
Subsequently, the user can start a quiz, triggering the App UI to request a question from the
Quiz Module. After the question and associated image are displayed, the user enters an answer.
The App UI validates the answer and receives the result, ultimately leading to the display of
the quiz results to the user. The System Sequence Diagram is shown in Figure 4.15.

‘ User ‘ !App ul ‘ ‘ Authentication Module i Image Detection Module ‘ ‘AR Rendering Module ‘ Quiz Module ‘

| Launch App |
>

| Enter
! Credentials

| authenticate(username, |
| password) !

>

| Login Success

| Select Image
| (Camera/Gallery) _|
e

| detectObject(image)

objectLabel
| render3DModel(objectLabgel)

AR View

! ! Displayed

| Start Quiz

‘ getNextQuestion()
Display Image

Enter Answer ! !
| validateAnswer(answer) |

! result |

Show Quiz |

| Result

‘ U;er ‘ ‘Ap;; ul ‘ ‘ Authentica;:ion Module ‘ Image Dete;tion Module ‘ ‘AR Renderéng Module ‘ Quiz N:Iodule ‘

Figure 4.15: System Sequence Diagram

4.5.4. Sequence Diagram

This sequence diagram illustrates the teacher's interaction flow with the AR Alphabet
Learning Research. Beginning with app launch, the teacher enters login credentials, which are
authenticated by the Auth Module. Upon successful verification, the teacher can create or
assign quizzes through the Quiz Module, which processes the request and confirms quiz
creation. The teacher then accesses student performance data by requesting reports from the
Performance Module, which retrieves and displays the analytics. This streamlined sequence
ensures efficient navigation between authentication, quiz management, and performance
tracking, highlighting the app's structured workflow for educators. The clear
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modular separation (Auth, Quiz, Performance) enables smooth transitions between tasks while
maintaining system integrity. The sequence diagram is shown in Figure 4.16.

Teacher

‘ App Ul ‘ ‘Auth Module ‘ Quiz Module ‘ ‘ Performance Module

' Launch App |
—_——

| Enter Login
' Info !
| authenticate(teacherCredentials) _|

._ loginSuccess

Create/Assign
1 Quiz i

createQuiz(quizData)

\_ quizCreated

| View Student |
| Performance
ST T

| fetchReport()

34 reportData

| _Show Report
o

Teacher App Ul Auth Module | | Quiz Module | | Performance Module |
|

Figure 4.16: Teacher Interaction Diagram

4.5.5. Development Diagram

This development diagram outlines the architecture of an Android App and its
interaction with a Backend Server. The Android App layer comprises a central Ul component
that communicates with several specialized modules: Auth Module for login/signup
functionalities, Image Detection for processing images, AR Renderer for displaying augmented
reality content, and Quiz & Performance for handling quizzes and reports. The Backend Server
consists of a User Service and a Quiz Service, both of which interact with a shared User and
Quiz DB to store and retrieve data. The Auth Module securely exchanges credentials with the
User Service to manage authentication and session handling. Image data from the app is sent to
the server for object detection processing and receives label results in return. The AR Renderer
fetches 3D model data and overlays it in real-time based on detected objects and camera input.
Quiz scores and performance analytics are transmitted to the Quiz Service, which updates the
database and generates user-specific progress insights. The Development Diagram for the
Research is shown in Figure 4.17.
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Summary
Figure 4.17: Development Diagram

This of the focuses on system modeling, which is essential for understanding the design
and architecture of the system. It starts with an overview of the system design and the approach
used to build it, emphasizing a modular structure and user-centered design. The chapter then
delves into the interface design, explaining how users interact with the Research through a clear
and intuitive interface. The Data Flow Diagram (DFD) is presented at two levels: Level-0 and
Level-1, illustrating the flow of data through the system and the various processes involved.
The view model of the architecture is also explored, providing a deeper look into the logical
view of the system, which includes the class diagram, activity diagram, system sequence
diagram, and sequence diagram. These diagrams showcase how the different system
components interact with each other and how tasks are executed in sequence. Finally, the
development view is discussed, detailing the system’s architecture and the connections
between modules. This chapter provides a comprehensive breakdown of the system’s design
and structure, offering insights into both its functionality and development process.

CHAPTER 5 IMPLEMENTATION
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This chapter outlines how the AR-based Alphabet Learning Research was developed
and transformed from concept into a functional system. It explains the step-by-step
implementation of each major component, ensuring that all modules from object detection and
3D rendering to interactive quizzes and user management work seamlessly together. The
system is structured into key features including object recognition using DenseNetl121,
augmented reality integration through Google ARCore, and a gamified learning experience
with quiz and performance tracking.

Modules of the Research

The AR Alphabet Book Game is built from several key modules including image
recognition, 3D animation, audio, user interface, and networking. These modules work together
to detect real-world objects, display matching 3D models using AR, and provide voice
narration. The user interface ties everything into a smooth experience, while the networking
module handles user data and backend communication. This modular design ensures efficient
performance and easy scalability.

User Authentication Module

This module handles all user access and security processes within the Research. It
includes functionalities for user registration, login, and password recovery. During sign-up and
password reset, an OTP is sent to the user’s registered email to verify their identity. This ensures
that only authorized users can access personalized features like quizzes, performance reports,
and learning history, maintaining both security and user-specific experience.
The authentication process is lightweight and designed to be mobile-friendly for quick access.
It ensures user credentials and sensitive data remain protected using secure backend logic. This
module forms the entry point for all users and enables a personalized, secure learning
experience from the start.

Object Detection Module

The object detection module is responsible for identifying real-world objects through
images provided by the user, either by capturing a photo or selecting one from the gallery. It
uses the DenseNetl121 deep learning model, optimized with TensorFlow Lite for mobile
performance, to accurately recognize objects in real time. Once detection is complete, the
system passes relevant data to other modules like 3D rendering and audio narration. The
model is trained on a
variety of common objects to ensure high accuracy and responsiveness. Detection is done on-
device to reduce latency and preserve user privacy. This module acts as the core of the AR
learning experience, triggering visual and auditory content.
3D Model Rendering

Once an object is detected, this module displays a corresponding 3D model in
augmented reality using Google ARCore. The 3D models, created in Blender, are optimized
for mobile devices to ensure smooth performance. This immersive visual experience helps
children connect real-world objects with their digital representations, making learning more
engaging and interactive. Rendering is responsive to camera position and lighting, enhancing
realism. Models are lightweight to support a variety of Android devices without lag. This
module bridges physical object recognition and digital learning through engaging visuals.

Audio Narration Module

This module enhances the educational aspect of the app by pronouncing the names and
spellings of detected objects using Android's built-in Text-to-Speech engine. It provides both
auditory and visual reinforcement, helping children improve their pronunciation and spelling
recognition skills. The voice narration begins automatically once a detection is successful,
creating a hands-free learning experience. The voice speed and tone are set to child-friendly
levels for better understanding. Users hear not just the name of the object but also its spelling
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letter-by-letter. This module supports multi-sensory learning, reinforcing language
development in young users.

5.1.5. Quiz Module

5.2.

The quiz module builds on detected objects to reinforce learning through interactive
questions. After viewing the 3D model and listening to the pronunciation, users can take
quizzes where they identify or spell the object shown in an image. The system checks the
submitted answer and stores the result. This Module also tracks all quiz attempts, storing the
child’s answers and accuracy rates. This module is also responsible for the calculation the
average score, giving parents or teachers a clear view of the child’s progress. These analytics
help tailor future content and track growth over time in a meaningful way.

Summary

This chapter detailed the development and integration of the core modules that power
the AR Alphabet Book Game. Each module from user authentication and object detection to
3D model rendering, audio narration, and quizzes was built to ensure an interactive,
educational, and secure experience for young learners. The DenseNet121 model powered real-
time object recognition, while ARCore and Blender-enabled 3D models brought those objects
to life visually. Text-to-Speech features supported auditory learning, and the quiz system
helped reinforce knowledge through practice and performance tracking. Together, these
modules work seamlessly to transform real-world objects into a playful and immersive learning
journey, highlighting the Research’s strong technical foundation and user-focused design.

CHAPTER 6
TESTING, ANALYSIS AND VALIDATION
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This chapter presents the systematic approach taken to ensure that the AR Alphabet
Learning Research functions correctly, reliably, and meets its intended goals. Testing was
carried out at both module and system levels to validate the performance, usability, and
accuracy of key features such as object detection, AR rendering, audio narration, and quiz
evaluation. Functional testing ensured that individual components behaved as expected, while
integration testing verified smooth communication between modules. User testing was also
conducted to evaluate the Research’s effectiveness and engagement for its target audience
children. The results of these tests were analyzed to identify bugs, improve responsiveness, and
confirm that the system aligns with user requirements. This chapter highlights the key findings
and validates the Research’s capability to deliver an interactive, educational, and technically
sound user experience.

Testing Techniques

Testing plays a critical role in making sure the AR-based Alphabet Learning App works
as it should. Various testing techniques were applied throughout the development process to
catch bugs early and make the system more reliable. These included unit testing, performance
testing, database testing, UI testing, user acceptance testing, scalability testing, and error
handling tests. Each method focused on different aspects of the app to ensure everything
worked smoothly from object detection to 3D rendering and voice narration.

Unit Testing

Unit testing was used to verify that small components of the app like image
classification, text-to-speech output, and quiz logic worked properly on their own. Each part
was tested in isolation without depending on the rest of the app. This made it easier to catch
bugs early and made the overall code cleaner and more stable. We also used mock data to
simulate different conditions for each unit. This helped ensure the internal logic responded
correctly to both valid and invalid inputs.

Performance Testing

Performance testing was done to see how quickly and smoothly the app responds when
detecting objects, rendering 3D models, or playing audio. We looked at response times and
how well the app performed on typical Android devices. Even during continuous use like back-
to-back object scans or quizzes, the app ran with minimal lag and gave a smooth experience.
Stress testing was performed with larger inputs to see how the system holds under pressure.
Memory usage and CPU load were also monitored to keep performance optimized.
Database Testing

This focused-on checking whether the database correctly stores and retrieves user data,
quiz results, and progress reports. We tested scenarios like multiple entries, fast lookups, and
handling updates. It was important to confirm that the data didn’t get lost, duplicate, or corrupt,
especially for tracking children's progress. Constraints like unique user IDs and foreign keys
were verified for integrity. Backup and restore processes were also tested to ensure data
recovery in case of failure.
User Interface (UI) Testing

UI testing checked how easy the app was to use, especially for kids and parents. We
tested all screens including login, AR detection, quiz, and reports, to make sure buttons worked,
layouts were readable, and navigation was clear. Minor glitches and layout issues were fixed to
ensure the interface was smooth and child-friendly. Animations and transitions were tested to
ensure responsiveness across different screen sizes. Accessibility features like readable font
sizes and clear icons were also reviewed.

User Acceptance (UA) Testing
A few users were invited to test the app in real-life scenarios. They interacted with the
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app like a normal user would taking quizzes, detecting objects, and listening to audio feedback.
Most users found it engaging and easy to use. Based on their feedback, we improved a few
things like screen transitions and object feedback timing, confirming the app was ready for real
use. We also collected feedback using short surveys to understand what users liked and what
confused them. Their suggestions were implemented in the final version to improve usability.

Scalability Testing

Scalability testing was done to check how well the app handles increased data and more
users over time. We simulated multiple users using quizzes and object detection features at
once. The system remained stable and responsive,
showing that it can grow over time without major issues. We also tested data synchronization
when multiple devices were used. The app was monitored for delays or crashes during high-
volume usage.

Error Handling Testing

This test checked how the app behaves when something goes wrong for example, no
internet connection, a failed image scan, or a corrupted image. The app was tested to make sure
it didn't crash and instead showed useful messages like Try again or Check connection. Error
logs were also reviewed to help developers identify and fix issues quickly in future updates.
Timeouts, invalid user actions, and backend failures were tested to check how gracefully the
system handled them. Visual cues and user guidance were added for better recovery from
errors.

Testing Scenarios

Testing scenarios are created to simulate real-world usage of the AR Alphabet Learning
App and ensure that each feature behaves as expected in practical situations. These scenarios
help verify whether the system meets its functional requirements by walking through common
tasks like object detection, quiz participation, and user interaction. By testing how the app
responds to various inputs and user behaviors, we can better understand its reliability, usability,
and overall performance. Each scenario is designed to reflect the user’s journey and uncover
any potential issues before deployment.

Test Case 1 — Signup and OTP Verification

The Signup and OTP Verification ensures secure user registration by validating email
ownership through an OTP system. This test verifies that a new user can successfully sign up
by entering their details, receiving an OTP via email, and completing the registration by
correctly entering the OTP. This process prevents unauthorized account creation and enhances
security. Table 6.1 shows the details of this testing scenario.
Table 6.1: Test Case 1 — Signup and OTP Verification

GENERAL INFORMATION
Test scenario: Signup and OTP Verification Functionality
Test Date: March 2026 System Date, March
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if 2026
applicable:
M Akmal Shahzad Test Case
Tester: Fahad Farooq Number: T #001
Verify that a new user can sign up, receive an OTP, and
Description: complete registration successfully.
Incident
Results: Pass Number, IN/A
if applicable:
INTRODUCTION
Requirement be  The system must allow new users to register and verify their
tested: email via OTP to complete signup.
Roles: User enters details and OTP received by email.

Setup Procedures:

[User must have access to a valid email address and enter
valid credentials.

Stop Procedures:

Clear any unverified account data after test.

ENVIRONMENTAL NEEDS
Hardware: Mobile device with internet access.
Software: AR Alphabet Learning Research.
Procedural
Requirements: Ensure correct input of user details and OTP.

6.2.2. Test Case 2 — Login and Authentication

The Login and Authentication is a critical part of the Research that ensures secure
access for users by validating their credentials. This test verifies that a registered user can
successfully log into the app using a valid email and password. It also confirms that after
authentication, the user is redirected to the main menu, ensuring proper session management
and access control. Additionally, the system is checked for appropriate error messages when
invalid login attempts are made. This test plays a vital role in maintaining the integrity of user
access throughout the Research. This ensures both security and user guidance in case of

incorrect

input, Consistent and secure login behavior enhances user trust and protects sensitive
educational data. Table 6.2 shows the details of this testing scenario.
Table 6.2: Test Case 2 — Login and Authentication
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GENERAL INFORMATION
Test scenario: Login and Authentication Functionality
System Date, if  [March 2026
Test Date: March 2026 applicable:
/Akmal Shahzad
Wajiha Qavi Palwasha (Test Case
Tester: Urooj Number: T #002
Verify that a user can log in using valid credentials and
Description: access the main menu.
Incident
Results: Pass Number, if IN/A
applicable:
INTRODUCTION
Requirement be  The system must authenticate users and provide access to
tested: the main menu upon successful login.
Roles: User inputs email and password and taps login button.

Setup Procedures:

User
credentials.

must have a registered account with valid

Stop Procedures:

Log out after test completion to clear session.

ENVIRONMENTAL NEEDS
Hardware: Mobile device (Android smartphone).
Software: AR Alphabet Learning Research.
Procedural Ensure correct email and password input during login
Requirements: attempt.

6.2.3. Test Case 3 — Image Input
The Image Input enables users to select an image either from the device’s gallery or

by taking a new picture with the camera. This test validates that users
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can successfully pick or capture an image and proceed to scan it for object detection. Proper
functioning of this module is crucial for seamless interaction with the object detection system.
Table 6.3 shows the details of this testing scenario.
Table 6.3: Test Case 3 — Image Input

GENERAL INFORMATION
Test scenario: Image Input Functionality
System Date, if
Test Date: 11/04/25 applicable: 11/04/25
Akmal Shahzad
Wajiha Qavi Palwasha [Test Case
Tester: Urooj Number: T #003
Verify that the user can pick an image from the gallery or
Description: take a photo and proceed to scan it.
Incident
Results: Pass Number, IN/A
if applicable:
INTRODUCTION
Requirement be  [The system must allow users to select images via gallery or
tested: camera input for object detection.
Roles: User selects or captures image to be scanned.

Setup Procedures:

Ensure app permissions for camera and storage access.

Stop Procedures:

Clear temporary images after testing.

ENVIRONMENTAL NEEDS
Hardware: Mobile device with camera and storage access.
Software: AR Alphabet Learning Research.
Procedural Verify correct access to gallery and camera during test.
Requirements:
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Test Case 4 — Object Detection and Recognition

The Object Detection and Recognition is responsible for analyzing the selected image
using the DenseNet121 model to accurately detect and identify the object within the image.
This test ensures that the app processes the image correctly, recognizes the object label, and
passes the data for further use in the AR rendering and audio output modules. Table 6.4 shows
the details of this testing scenario.
Table 6.4: Test Case 4 — Object Detection and Recognition

GENERAL INFORMATION
Test scenario: Object Detection and Recognition Functionality
System Date, if
Test Date: 14/04/25 applicable: 14/04/25
Akmal Shahzad Wajiha
Qavi Test Case
Tester: Palwasha Urooj Number: T #004

Verify that the app detects and identifies the object correctly

Description: using DenseNet121.
Incident
Results: Pass Number, IN/A
if applicable:
INTRODUCTION

Requirement be  [The system must accurately detect and recognize objects
tested: from images using the DenseNet121 model.

System processes image and returns detected object label.
Roles:

Setup Procedures:
Provide clear images of known objects for testing.

Stop Procedures:
Reset detection state after each test.

ENVIRONMENTAL NEEDS
Hardware: Mobile device with sufficient processing power.
Software: AR Alphabet Learning Research, TensorFlow Lite.
Procedural Ensure model is properly loaded and functioning during test.

Requirements:
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The Augmented Reality & Audio Output overlays a 3D model of the detected object
into the user’s environment and plays the spelling of the object name using Text-to-Speech
(TTS). This test verifies the correct rendering of the AR model and accurate pronunciation of
the object’s name letter by letter. It enhances the interactive learning experience for children.
Table 6.5 shows the details of this testing scenario.
Table 6.5: Test Case 5 — Augmented Reality & Audio Output

GENERAL INFORMATION
Test scenario: IAugmented Reality & Audio Output Functionality
System Date, if
Test Date: 14/04/25 applicable: 14/04/25
Akmal Shahzad
Wajiha Qavi Palwasha [Test Case
Tester: Urooj Number: T #005

Verify correct AR model rendering and audio spelling output for

Description: detected objects.
Incident
Results: Pass Number, IN/A
if applicable:
INTRODUCTION

Requirement be  The system must render 3D models in AR and
tested: pronounce object names correctly using TTS.

Roles: System displays model and plays audio after detection.

Setup Procedures:
Provide detected object labels to AR and audio modules.

Stop Procedures:
Clear AR view and stop audio after test.

ENVIRONMENTAL NEEDS

Hardware: Mobile device with ARCore support and speaker.

AR Alphabet Learning Research, Google ARCore, Android

Software: TTS.
Procedural Confirm AR environment stability and audio clarity
Requirements: during test.
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The Quiz and Evaluation engages children by presenting quizzes where they type the

name of the shown object. This test checks that quiz questions display correctly, user input is
accepted, answers are validated, and results are stored for progress tracking. It helps reinforce
learning through active participation. It also ensures that feedback is given instantly to support
continuous improvement and learning motivation. Accurate result storage further allows
parents and admins to monitor individual learning. Table 6.6 shows the details of this testing
scenario.
Table 6.6: Test Case 6 — Quiz and Evaluation

GENERAL INFORMATION
Test scenario: Quiz and Evaluation Functionality.
System Date, if
Test Date: 16/04/25 applicable: 16/04/25
Akmal Shahzad Wajiha
Qavi Test Case
Tester: Palwasha Urooj Number: T #006
Verify that quizzes can be attempted, answers submitted, and
Description: results saved correctly.
Incident
Results: Pass Number, IN/A
if applicable:
INTRODUCTION
The system must present quizzes and record user answers and
Requirement be  [results accurately, and maintain a report of previous quiz.
tested:
Roles: Child attempts quiz and submit answers.

Setup Procedures:

Provide quiz questions and enable input fields.

Stop Procedures:

Save quiz data and reset quiz state.

ENVIRONMENTAL NEEDS
Hardware: Mobile device.
Software: AR Alphabet Learning Research.
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Procedural
Requirements:

Ensure quiz interface is functional and responsive.

6.2.7. Test Case 7 — Security Test

The Security Test assesses the app’s ability to protect user data and prevent
unauthorized access. This includes verifying secure login and password management, proper
encryption of sensitive information, and robustness against common vulnerabilities such as
unauthorized data access or manipulation. The test ensures that the authentication module,
data storage, and communication channels are secure and compliant with best practices. Table
6.7 shows the details of this testing scenario.
Table 6.7: Test Case 7 — Security Test

GENERAL INFORMATION
Test scenario: Security Testing.
Test Date: 17/04/25 System Date, if  |17/04/25
applicable:
Tester: Akmal Shahzad Wajiha [Test Case T #007
Qavi Number:
Palwasha Urooj
Description: Verify secure user authentication, data encryption, and
protection against unauthorized access.
Results: Pass Incident IN/A
Number,
if applicable:
INTRODUCTION
Requirement be  [The system must ensure confidentiality, integrity, and
tested: security of user data.
Roles: Tester attempts to access user data and authentication features
securely.
Setup Procedures: [Prepare test accounts and tools for penetration testing.
Stop Procedures: [Reset test environment to a secure state after testing.
ENVIRONMENTAL NEEDS
Hardware: Mobile device, secure network environment.
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Software: AR Alphabet Learning Research.
Procedural Perform tests for vulnerabilities and secure data
Requirements: handling.

6.2.8. Test Case 8 — Performance Test
The Performance Test evaluates the app’s responsiveness and stability under normal
and heavy usage conditions. This test measures loading times for key functions such as image
detection, AR rendering, and quiz processing, ensuring the app performs smoothly without
crashes or noticeable lag. It is essential to confirm that the app can handle detection. Table 6.8
shows the details of this testing scenario.
Table 6.8: Test Case 8 — Performance Test

GENERAL INFORMATION
Test scenario: Performance Testing.
System Date, if
Test Date: 17/04/25 applicable: 17/04/25
\Akmal Shahzad Wajiha
Qavi Test Case
Tester: Palwasha Urooj Number: T #008

\Verify app responsiveness and stability under normal and
Description: heavy usage conditions.

Incident
Results: Pass Number, IN/A
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if applicable:

INTRODUCTION

Requirement be  [The app must maintain smooth operation with minimal
tested: delays during critical functions.

System is tested under varying workloads for performance.
Roles:

Setup Procedures: [Prepare different test cases simulating typical and heavy
usage.

Stop Procedures:
Close app and clear any cache or temporary files.

ENVIRONMENTAL NEEDS
Hardware: Multiple mobile devices with varying specifications.
Software: AR Alphabet Learning Research.
Procedural Monitor app responsiveness and resource usage during test.
Requirements:

6.3. Summary

This chapter outlines the testing, analysis, and validation of the AR Alphabet Learning
Research, ensuring it functions accurately and reliably. Various testing techniques were
applied, including unit testing for individual modules, integration testing to check how modules
work together, and Ul testing to assess design and usability. Error handling was tested to ensure
the app responds well to invalid inputs and edge cases. Functional tests covered all major
features like login, signup, image input, object detection, AR display, quizzes, performance
tracking, and user profiles. Additionally, performance and security tests confirmed the app’s
ability to handle heavy usage and protect user data effectively. These combined efforts
demonstrate the app’s readiness for real-world use.
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CHAPTER 7 CONCLUSION AND FUTURE WORK
The final chapter presents the conclusion and outlines potential future work for the AR
Alphabet Learning Research. It summarizes the key achievements of the Research,
highlighting how the integration of augmented reality, object detection, and interactive learning
has created an engaging educational tool for children. Additionally, this chapter explores
possible enhancements and extensions that can further improve the app’s functionality,
scalability, and user experience in future iterations.

Conclusion

The AR Alphabet Learning Research offers an innovative and interactive approach to
teaching the English alphabet through the integration of augmented reality, real-world object
detection, and audio narration. By combining machine learning with 3D visualization and quiz-
based evaluation, the app creates an engaging learning environment that caters to both visual
and auditory learners. The system effectively supports user authentication, accurate object
recognition, seamless AR rendering, and performance tracking, making it a comprehensive
educational tool for children. While the current implementation successfully meets its
objectives and delivers a user-friendly experience, there remains significant potential for future
enhancements to expand its capabilities and improve its adaptability across different learning
contexts.

Research Overview and Achievement

The AR Alphabet Learning Research was developed with the primary goal of making
early childhood education more interactive and engaging by leveraging augmented reality and
real-time object detection. The Research combines advanced technologies like DenseNet121
for image recognition, Google ARCore for 3D model rendering, and Android Text-to-Speech
for audio narration, creating a multi-sensory learning experience. The app allows children to
learn the English alphabet by interacting with everyday objects, seeing their 3D representations,
and hearing their spellings, which helps reinforce vocabulary and letter recognition in an
intuitive way.
Throughout the development process, several key modules were successfully implemented and
integrated. These include secure user authentication with OTP verification, robust image
detection from both camera and gallery inputs, accurate AR rendering of objects, and an
interactive quiz system that tracks and reports user progress. The system was tested rigorously
to ensure reliable performance,smooth user experience, and data security. These achievements
demonstrate the app’s ability to meet its educational objectives while maintaining technical
stability and usability.
Moreover, the Research highlights the potential of combining emerging technologies to address
educational challenges. By enabling personalized and gamified learning, the app not only
supports children’s cognitive development but also offers parents and educators valuable tools
to monitor progress. The success of this Research lays a strong foundation for future
expansions, such as including additional languages, integrating more complex object
recognition, or adding multiplayer learning features to enhance collaboration among young
learners.

Future Work

Future work for the AR Alphabet Learning Research includes expanding language
support to cater to a broader range of users by adding multiple languages and culturally relevant
content. Enhancing the object detection model with larger datasets and more advanced
algorithms will improve accuracy and responsiveness. Additionally, enriching the AR
experience through more interactive animations and gamified features can boost user
engagement. The app could also benefit from adding social and collaborative learning modes,
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allowing children to interact and learn together. Finally, integrating cloud-based progress
tracking and detailed analytics would enable parents and educators to monitor learning
outcomes remotely, making the Research more versatile and effective as an educational tool.
Limitation

Despite its successes, the AR Alphabet Learning Research has certain limitations. The
object detection accuracy can be affected by lighting conditions, object orientation, and
background complexity, which may occasionally result in misidentification. The reliance on
mobile device hardware means that performance and AR rendering quality can vary
significantly across different devices. Additionally, the current version supports only English
and a limited set of objects, restricting its accessibility for non-English speakers and diverse
learning environments. Finally, while the quiz and tracking features provide useful feedback,
they could be expanded to offer more personalized learning paths and deeper analytics.

Summary

This chapter detailed the various testing methods applied to ensure the AR Alphabet
Learning Research functions correctly and reliably. It covered unit testing for individual
components, integration testing for module interactions, UI testing for user experience, and
error handling to manage invalid inputs gracefully. The chapter also presented specific test
scenarios for key features such as login, signup, image input, object detection, AR rendering,
quizzes, performance monitoring, and user profile management. Additional performance and
security tests confirmed the app’s stability under different conditions and protection of user
data. Overall, the thorough testing process validates the system’s readiness for real-world
educational use.
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