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ABSTRACT

In today’s digital era, the ability to operate basic computer technologies has become
increasingly important. However, many beginners and older adults continue to face
difficulties in learning digital tools such as email, word processors, and calculators,
mainly due to the lack of accessible and interactive resources. This project addresses
this issue by developing TechTutor, an Augmented Reality (AR)-integrated and
Artificial Intelligence (Al)-assisted mobile learning application designed to provide a
simple, intuitive, and engaging platform for digital literacy. TechTutor was developed
using Unity 2022.3.57f1, AR Foundation (ARCore and Vuforia), and OpenAl
integration, following the Agile Software Development methodology. The system
consists of 3 main components: AR Learn, which enables users to identify computer
components, interact with 3D models, and attempt AR-based quizzes; AR Guide,
which provides step-by-step AR tutorials for tasks such as sending an email, using
Microsoft Word, the Snipping Tool and a calculator; AI Tutor, which offers chatbot-
based assistance with both text and image inputs, enhanced by EasyOCR for keyword
detection and contextual guidance. Speech-to-Text (STT) and Text-to-Speech (TTS)
technologies were integrated across the modules to enable hands-free navigation,
interactive feedback, and accessibility for diverse user needs. The novelty of TechTutor
lies in combining AR-driven experiential tutorials and Al-powered assistance with
keyword highlighting, creating an adaptive learning environment tailored for users with
minimal prior exposure to computers and technology. By delivering immersive,
interactive, and personalized guidance, TechTutor aims to reduce the digital divide and
promote inclusive technology use among underserved groups, particularly the

beginners and older adults.

Area of Study: Augmented Reality (AR), Artificial Intelligence (Al)

Keywords: Digital Literacy, Augmented Reality Learning, Interactive Tutorials,
OpenAl Integration, Speech-to-Text (STT), Text-to-Speech (TTS), EasyOCR, Unity

Development
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Chapter 1: Introduction

Chapter 1
Introduction

This chapter introduces the foundation of the project by presenting the problem
statement and motivation behind the development of the TechTutor. It outlines the
project objectives, scope, contributions, and background information followed by the
organisation of the report. These sections provide a clear roadmap for readers to

understand the purpose, direction, and the significance of this project.

1.1 Problem Statement and Motivation

1. Digital Literacy Gap

In today’s advanced digital world, computer technology plays an essential role in the
daily life. While younger generations have grown up surrounded by digital devices,
there remains a significant gap in helping users, particularly older adults to become
comfortable with modern technology. Although many older adults are aware of the
capabilities and features of digital tools, they often struggle to utilize them effectively
[6]. According to the Pew Research Center [1], 65% of seniors reported experiencing
difficulties with using modern technology, mainly due to the lack of simple, clear
guidance and support [2]. This situation often leads to frustration and discouragement

when learning new technologies.

2. Challenges in Basic Computer SKkills

Despite the availability of educational resources, many current computer learning
applications fail to offer an interactive, step-by-step approach necessary to simplify
technology use for older adults [3]. Designing educational tools for this demographic
requires careful consideration of factors such as vision, hearing limitations, simplicity
of design, and the user’s prior experience to ensure the usability and effectiveness of
system [4]. Older adults, particularly those without extensive digital exposure may need

user interfaces that do not assume prior knowledge and are tailored to their needs.

Furthermore, basic computer operations, such as using Microsoft Word and sending
emails remain challenging for many beginners. Research shows that older adults take
1
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Chapter 1: Introduction

significantly longer time to learn word processors like Microsoft Word, and often
struggle with email tasks without detailed guidance [5], [6]. Specific difficulties include
navigating menus, understanding functions like the “Subject” field in email, and
confidently executing basic operations [7]. These challenges, if unresolved, may
contribute to feelings of isolation, digital exclusion, and reduced quality of life for the

older adults [8].

3. Limitations of Existing L.earning Methods

In addition to issues faced by older adults, broader challenges exist within the
education field itself. Traditional teaching methods often rely heavily on passive
learning approaches, such as lectures, textbooks, and static online materials, which
can limit student engagement and hands-on understanding [9]. Practical fields,
especially digital literacy, require more experiential and interactive learning methods
to bridge the gap between theoretical knowledge and real-world application. Moreover,
the success of the learning process depends not only on instructional methods but also

on the quality of the learning media utilized.

Studies have highlighted that the integration of appropriate technological tools can
enhance the effectiveness and efficiency of teaching, therefore educators are
increasingly expected to master technological tools [13]. For instance, the use of ICT
in classrooms has been shown to help students access information more efficiently and

support more student-centred, creative learning experiences [42].
Motivation

To address these problems, the project proposes the development of an Augmented
Reality (AR)-integrated learning application known as TechTutor. AR technology
offers an immersive, interactive learning environment by overlaying digital content
onto the real world, enabling users to experience and interact with virtual objects in real
time. According to [10], previous studies have shown that AR enhances the
understanding, increases learner motivation, and improves experiential learning

outcomes.

Motivated by these findings, this project aims to create a simple, intuitive, and
adaptable learning platform that supports different learning speeds and styles. Through
interactive 3D computer components, simulated software interfaces, and guided

2
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Chapter 1: Introduction

tutorials delivered via mobile devices, the system aims to make digital learning more
approachable and less overwhelming. By combining AR-based step-by-step tutorials
with Al-driven assistance, TechTutor specifically addresses the digital literacy gap
among the older adults, while remaining inclusive for users of all ages who wish to
strengthen their basic computer skills. Therefore, this project seeks to bridge the digital
divide by leveraging the AR and Al technologies to provide an interactive, inclusive,

and accessible learning platform.

1.2 Objectives

The main purpose of this project is to design and develop TechTutor, an Augmented
Reality (AR)-integrated and Al-assisted mobile application that provides an intuitive
platform for users of all ages, particularly beginners and older adults, to learn essential
computer and technology skills. The project focuses on delivering a solution that
teaches basic computer skills, simplifies technology use through interactive, step-by-

step learning experiences.

e To develop an AR-based Learning Modules, AR Learn and AR Guide.
The main objective of these modules is to enable users to recognize and interact
with virtual computer components and follow step-by-step tutorials for basic
tasks such as sending emails, using Microsoft Word, and operating calculators.
These modules combine digital overlays, 3D models, synchronized narration

and visual cues to create immersive and engaging learning experiences.

e To develop an AI Tutor Module.
This module provides real-time support and personalized guidance through
chatbot interaction, image-based queries, and OCR-powered keyword
highlighting and navigating. It ensures that users can access on-demand

explanations and receive context-aware assistance beyond the AR tutorials.

e To implement adaptive learning features.
The system includes quiz history, narration review, and flexible navigation

using Speech-to-Text (STT) and Text-to-Speech (TTS). These features allow
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Chapter 1: Introduction

1.3

users to progress at their own pace, support different learning speeds and styles,

and enhance inclusivity for users from diverse backgrounds and abilities.

Project Scope

This project focuses on the design and development of TechTutor, an Augmented

Reality (AR)-integrated and Al-assisted mobile application aimed at improving the

digital literacy. The scope of the project is defined as follows.

AR Learn

This module enables users to recognize and interact with virtual computer
components such as the keyboard, mouse, monitor, laptop, and speaker.
Through 3D models, labelling, and narration, users can explore hardware
functions in an engaging way. Additionally, an AR Quiz feature is included to
assess knowledge through Al-generated questions in a marker-based AR
environment, with quiz history stored for later review.

AR Guide

This module provides step-by-step tutorials for performing basic computer
tasks, including sending emails, using Microsoft Word, operating the Snipping
Tool, and performing basic calculator operations. Tutorials are delivered
through synchronized narration, visual cues, and interactive overlays. Two
viewing modes are provided to suit different user needs.

e The first mode is 3D AR Mode, which uses interactive models and is
most suitable for complete beginners who benefit from immersive,
hands-on visualization.

e The second mode is Canvas Mode, which presents simplified panel-
based guidance, designed for users who already have some familiarity
and prefer concise step-by-step instructions.

At the same time, Speech-to-Text (STT) is supported for hands-free navigation
commands such as ‘Next’ or ‘Previous’.

Al Tutor

This module offers real-time assistance and personalized guidance. Users can
interact with the system through text or image queries. With integrated

Optical Character Recognition (OCR), the system identifies keywords from

4
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Chapter 1: Introduction

screenshots and highlights them within the tutorial interface. This allows users
to receive contextual guidance in addition to just chatbot-style explanations.
Supporting Features

To enhance accessibility, TechTutor incorporates the Text-to-Speech (TTS)
for narration and Speech-to-Text (STT) for hands-free control. User
adaptability is supported through features such as repositioning and scaling
AR objects, saving quiz history, and storing narration audio files for review.
These features ensure inclusivity for learners with different needs and learning
speeds.

Target Users

The application is designed for beginners of all ages who wish to acquire
fundamental computer skills, with particular emphasis on supporting older
adults who often face greater barriers in digital literacy.

Project Boundaries

The current implementation is limited to Android devices with ARCore
support, and internet connectivity is required to access Al Tutor features. Also,

it does not cover hardware troubleshooting or repair.

In summary, TechTutor provides an interactive, adaptive, and accessible platform

for learning basic computer skills through AR tutorials, quizzes, and Al-driven

support, while remaining focused on foundation skills within defined project

boundaries.

1.4

Contributions

The contributions of this project can be summarized as follows:

Integration of AR and AI for digital literacy

Unlike existing applications that focus on STEM subjects or professional
training, TechTutor applies Augmented Reality (AR), and Artificial Intelligence
(AD) specifically to the field of basic computer and technology education.
This unique integration provides an immersive and intelligent learning

environment that is currently lacking in widely available solutions.
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Chapter 1: Introduction

1.5

Comprehensive learning workflow

TechTutor introduces a structured workflow that combines AR Learn, AR
Guide, and AR Quiz, which enables users to progress from recognition of
computer components to guided step-by-step tutorials, and finally to knowledge
assessment with quiz history review. This approach ensures that learners not
only acquire knowledge but also reinforce and evaluate their understanding in
an interactive manner.

Personalized and accessible learning support

Through features such as AI Tutor, Speech-to-Text (STT), Text-to-Speech
(TTS), and OCR-based keyword highlighting, the system accommodates
diverse learning speeds, styles, and accessibility needs. This inclusivity makes
TechTutor suitable for users of all ages. At the same time, it provides additional
support for beginners and older adults who face greater challenges in digital
literacy.

Contribution to bridging the digital divide

By making basic computer education more approachable and less
overwhelming, TechTutor addresses one of the critical barriers to digital
literacy. This project not only educated, but also empowers users, fostering
confidence in technology use and contributing to more inclusive digital

participation in this society.

Background Information

In today’s technology-driven society, digital literacy has become a fundamental, but

essential skills for individuals of all ages. Digital literacy is broadly defined as the

ability to access, create, evaluate, and communicate information by using the digital

technologies responsibly and effectively [12]. To support digital literacy, advanced

technologies such as Augmented Reality (AR) and Artificial Intelligence (AI) have

gained significant attention in the education sector.

Augmented Reality (AR) is a technology that overlays digital information, such as

images, sounds, and 3D models onto the real-world environment through devices like

smartphones and tablets. Unlike Virtual Reality (VR), which immerses users in a fully

virtual space, AR enhances the real-world experiences by blending digital content with

6
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Chapter 1: Introduction

the physical surroundings [10]. Therefore, it creates interactive and engaging learning
opportunities for users. Recent studies also have shown that AR can significantly

improve motivation, experiential learning, and retention in education [9].

Artificial Intelligence (Al) also plays an important role in modern learning systems,
especially in this digital-growing era. For example, Al-driven chatbots simulate human-
like conversations by providing a real-time support by understanding user queries and
generating relevant responses [11]. These chatbots are increasingly applied in education
area to assist learners by answering questions, offering guidance, and providing on-
demand explanations. When combined with natural language processing and other
recognition technologies, Al facilitates personalized and accessible learning pathways

effectively and efficiently.

In summary, the integration of AR and Al into educational applications represents a
convergence of innovative technologies that aimed at enhancing the digital literacy and
user engagement. By combining immersive AR tutorials with Al-driven guidance, these
technologies can bridge the learning gaps, simplify access to digital tools, and create

more inclusive educational environments for users from diverse backgrounds.

1.6  Report Organisation

This report is organized into seven chapters. Chapter 1 introduces the project by
presenting the problem statement and motivation, project scope, objectives,
contributions, background information, and the overall report organisation. Chapter 2
provides a detailed literature review, including an overview of related technologies, a
review of previous applications, and a comparison of existing works that form the
foundation of this project. Chapter 3 outlines the research methodology, project
requirements, and project timeline. Chapter 4 describes the system design through
system flowchart, diagrams, and architecture. Chapter 5 presents the system
implementation, covering software and hardware setup, configuration, operation of
modules, and challenges faced. Chapter 6 discusses the system evaluation, testing
approach, results, project challenges, and the evaluation of objectives. Finally, Chapter
7 concludes the report and provides recommendations for future improvements and

extensions.
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Chapter 2

Literature Review

This chapter summarizes the technologies and prior works relevant to the development
of TechTutor. It first reviews key technologies such as Augmented Reality (AR), AR
development platforms, AR manuals, and Optical Character Recognition (OCR). Then,
it examines several existing AR-based educational applications, including Quiver,
Visible Body, ARChem, Jigspace, and Assemblr EDU, alongside OCR tools such as
EasyOCR and Tesseract. Finally, the chapter compares the strengths and limitations of
these works, highlighting gaps that inform the design of the proposed TechTutor

application.

2.1 Review of the Technologies
2.1.1 Augmented Reality (AR)

According to [16], the concept of Augmented Reality (AR) was first introduced in 1992
by Thomas Caudell at Boeing, who created an AR application to assist with industrial
assembly tasks. It is a technology that enhances the real-world environment by
overlaying digital information such as images, sounds, and 3D models in real time [9],
[10]. Over time, AR has been defined in various ways, but it generally revolves around
a ‘Reality-Virtuality Continuum’, which outlines a scope of environments ranging
from real world to the fully virtual environment [17]. Figure 2.1 illustrates the Reality-

Virtuality Continuum [17], which includes:

¢ Real Environment (RE): The physical world where people live.

e Augmented Reality (AR): The real world enhanced with digital virtual
elements to further enhance the reality.

e Augmented Virtuality (AV): A predominantly virtual environment enriched
with real-world elements.

e Virtual Reality (VR): A completed simulated digital environment with no real-

world view.
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Figure 2.1 Reality-Virtual Continuum Schematic [17]

AR works by linking digital information to the physical world, enhancing the user’

perception and interaction with their surroundings. Key AR technologies include

e Marker-based AR: It uses visual markers (such as QR Codes) to trigger the
virtual content.

e Markerless AR: It relies on GPS, accelerometers, or other environmental
sensors to display virtual elements without specific markers.

e Project-based AR: It projects light onto the real-world surfaces to detect
interactions.

e Overlay AR: It replaces real-world objects with digital information for

enhanced visualization.

Until today, AR is applied across diverse fields, from industrial maintenance to
immersive entertainment and education [15], [18]. With the rise of Industry 4.0 and
mobile technologies, AR continues to evolve as a tool for both productivity and learning

enhancement.

2.1.2 Augmented Reality (AR) Development Platforms

In recent years, the development of AR applications has been significantly advanced
by specialized platform such as Apple’s ARKit and Google’s ARCore, launched in
2017 and 2018 respectively [19], [20]. These platforms provide powerful tools for
motion tracking, plane detection, and environmental understanding, making AR

development more accessible to a wide range of developers [21].

According to Apple’s official documentation, ARKit enables the precise mapping of
3D spaces with advanced capabilities such as 3D object detection, scene reconstruction,
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and people occlusion [14]. ARKit is exclusive to iOS devices, which is known for its
high frame rate performance and advanced features like 3D object detection and scene
reconstruction. It enables the precise mapping of 3D spaces, making it a preferred
platform for high-demand AR applications. In contrast, ARCore offers cross-platform
compatibility, supporting both Android and i0OS devices [21]. Although ARCore’s
optimization on iOS devices may not match that of ARKit, its broad device support

makes it an attractive choice for developers who are targeting for a diverse audience.

To further address the cross-platform challenges, Unity introduced ARFoundation, a
development framework that allows developers to create AR applications deployable
on both ARKit and ARCore platforms using a unified database [22]. AR Foundation
provides key functionalities like plane tracking, light estimation, and environment

probes, simplifying the development of immersive AR experiences [22].

2.1.3 Augmented Reality (AR) Manuals

An emerging application of AR is in the development of AR Manuals, which replace
traditional paper-based manuals with interactive digital overlays. The supported picture
is shown illustrated in Figure 2.2. According to [23], AR manuals allow user to point
their mobile device cameras at a piece of equipment, then it will instantly display the
relevant instructions, maintenance guides, or 3D models that superimposed onto the
real world. This process is enabled through the object recognition and real-time

guidance.

AR manuals significantly enhance the visual clarity, reduce the error rates, and improve
the user productivity [15]. They offer numerous advantages, including hands-free
operation, faster troubleshooting, and eco-friendly documentation by eliminating the
reliance on printed materials. According to [16], highlighted that AR manuals in
industrial settings have proven to be highly effective tools in reducing downtime and
streamlining complex maintenance processes. Beyond industrial use, the use of AR
manuals is expanding into educational and training environments, demonstrating AR’s

versatility and long-term potential for improving learning outcomes [16].
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Figure 2.2 Example of Usage of AR Manuals [24]

2.1.4 Optical Character Recognition (OCR)

Optical Character Recognition (OCR) is a fundamental technology that enables the
automatic conversion of printed, handwritten, or scene text into machine-readable form
[43]. Traditionally, OCR system relied on handcraft features and segmentation-based
methods, but these approaches often struggled with complex backgrounds, irregular
text arrangements or varied fonts. According to the survey by Singh et al., the author
highlights that OCR has revolutionized industries such as banking, healthcare, and
digital libraries by automating document digitization, reducing the manual data entry
and supporting large-scale information retrieval [43]. With the integration of advanced
segmentation algorithms and optimization techniques, OCR has expanded its
applications to domains such as CAPTCHA solving, music score recognition, and also
the vehicle plane detection, demonstrating its versatility in real-world contexts [43].
Figure 2.3 shows an example of how OCR techniques can be applied to segment and

recognize the distorted text in CAPTHCA images [43].
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Figure 2.3 Example of CAPTCHA usage in OCR [43]

Recently, advances in deep learning have redefined the OCR pipeline, which typically
consists of 2 major stages, text detection and text recognition. In the detection stage,
models identify regions containing text, which may appear in arbitrary orientations or
curved forms [44]. The Character Region Awareness for Text Detection (CRAFT)
model proposed by Baek et al. introduced a character-level awareness mechanism that
localizes each character and estimates the affinity between adjacent characters, enabling
robust detection of texts with irregular shapes [44]. Unlike the earlier word-level
detection methods, CRAFT’s bottom-up strategy improves the accuracy effectively in
complex scenarios such as curved or deformed text, achieving state-of-the-art
performance on multiple public benchmarks. As shown in Figure 2.4, CRAFT can
accurately capture text regions across different orientations, demonstrating the higher

flexibility compared to conventional regression-based methods [44].

12
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 2: Literature Review

Curved Horizontal

Arbitrary

Figure 2.4 Example of CRAFT Detecting Texts in Horizontal, Curved, and Arbitrary Shapes
[44]

For the recognition stage, deep learning approaches such as the Convolutional
Recurrent Network (CRNN) proposed by Shi et al. have proven highly effective. CRNN
integrates the convolutional layers for feature extraction, recurrent layers for sequence
modeling, and a transcription layer using Connectionist Temporal Classification (CTC)
to output variable-length text sequences [45]. This end-to-end trainable framework
eliminates the need for character-level segmentation and demonstrates superior
performance on scene text recognition benchmarks [45]. Its compact model size and
robustness make it practical for real-world applications, including mobile and AR-
based systems. Figure 2.5 illustrates the CRNN architecture which enables it to
transcribe variable-length text sequences directly from images without requiring the

explicit character-level segmentation.
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Figure 2.5 Architecture of Convolutional Recurrent Neural Network (CRNN) for Text
Recognition [45]

2.2 Review of Previous Works

Since there is currently no existing application that integrates Augmented Reality (AR)
and Artificial Intelligence (Al) for teaching basic computer and technology operations,
this literature review focuses on analyzing related AR-based educational applications.
By reviewing existing applications such as Quiver, Visible Body, ARChem, JigSpace
and Assemblr EDU, their advantages, limitations, and technological approaches are
identified. Through this analysis, insights are abstracted and used to improve in design
of proposed TechTutor application, ensuring that it leverages the strengths and

addresses the gaps observed in similar educational solutions.

2.2.1 Quiver — 3D Colouring App

Quiver — 3D Coloring App is an Augmented Reality (AR) application that enhances the
traditional colouring activities by combining them with interactive 3D rendering
technologies. The app transforms 2D colouring pages into animated 3D models that can
be viewed, manipulated, and interacted with in real-time which target primarily at
younger audiences. Through this innovative approach, Quiver offers an engaging way

to stimulate creativity and learning among children [25].
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Figure 2.6 Logo of Quiver — 3D Colouring App [25]

Figure 2.7 Examples of Marker-based Coloring Papers [26, 27]

Advantages

Quiver utilizes a marker-based approach, where specially designed colouring pages
serve as AR markers. The applications apply computer vision techniques to detect the
outlines and coloured regions on the printed page, extracts the colour information, and
then maps it onto a corresponding 3D model. The dynamic colour mapping process
creates a personalized 3D AR experience, where the model appears exactly as coloured
by the user. This method aligns with standard practices in AR colouring apps that use
computer vision for marker detection and real-time texture mapping [28]. The example

about this technique can refer to the Figure 2.1.

In addition, its’ primary advantage will be the simplicity and accessibility of the
application itself. It is easy for children or beginners to use without any prior technical
knowledge. The app delivers smooth AR rendering and support intuitive interaction
through basic touch gestures such as rotating, scaling and moving 3D models. By

blending familiar manual activities like colouring with digital interactivity, Quiver
15
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effectively lowers the barriers to AR adoption and promotes the visual and experiential

learning.
Limitations

Despite its strengths, its interactivity is relatively basic, it confined mainly to touch
manipulation of static 3D models. They system heavily depends on the pre-printed
colouring sheets provided by Quiver, limiting the flexibility and creative freedom. It
also lacks advanced educational features such as voice-guided interaction to enhance

the auditory effect for children.

Suggested Improvements

To further expand its educational potential, Quiver could integrate the voice recognition
or sound effects, such as triggering animal sounds for specific models, to enhance the
immersion and engagement. Also, it may introduce the markerless AR technologies, so
that it allows users to animate any artwork without the need for predefined sheets,
offering greater flexibility of the application. Furthermore, incorporating the interactive
storytelling, gesture-based controls, and user progress tracking could transform Quiver

from a simple AR colouring tool into a more comprehensive learning platform.

2.2.2 Visible Body

Visible Body is an educational application that leverages AR and 3D visualization to
provide an immersive, interactive experience for studying human anatomy. It is
designed primarily for medical education and offers detailed customizable 3D models
of the human body, allowing users especially for medical students to explore the
anatomical systems more effectively than the traditional textbooks or online resources.
It supports both 10S and Android devices, ensuring accessibility across a wide range of

users.

It uses the markerless AR, enabling users to project and manipulate 3D models directly
onto flat surfaces detected by the device’s camera and sensors. Plane detection ensures
that the models remain accurately positioned within the physical environment.

Furthermore, object recognition and motion tracking technologies are utilized to

16
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 2: Literature Review

maintain the model’s spatial stability even as users move around, enhancing the real-

time interaction and immersion [31].

VisiBLE ' Bobpy:

Figure 2.8 Logo of Visible Body [31]

Figure 2.9 Example of Usage of AR Technology in Visible Body [29, 30]

Advantages

It delivers high-resolution, anatomically accurate 3d models that users can intuitively
manipulate through zooming, rotating, and isolating specific anatomical structures.
This interactive approach fosters deeper visual understanding and supports experiential
learning, which is important for students who specialize in medical and healthcare fields.
Through the AR technology used in the application, users are able to gain practical,
hands-on experience in exploring human anatomy in realistic spatial contexts,

enhancing their preparation for real-world clinical environments.
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Furthermore, the use of markerless AR eliminates the need for external markers or
printed materials, simplifying the setup process and improving user convenience. By
removing the reliance of physical media, the application not only reduces the
preparation time but also contributes positively to the environmental sustainability by

minimizing the paper waste.
Limitations

Despite its strengths, Visible Body presents a learning curve for users who are
unfamiliar with AR environments. It may potentially hinder the initial engagement.
First-time users may require additional time to adapt to interacting with the virtual
anatomical models in an Augmented space. Additionally, the app’s coursework and
educational materials is currently available in English, which limit the accessibility for
non-English speaker users. Furthermore, the app is mainly specialized in human
anatomy and does not support broader educational customization such as creation of
user-generated tutorials, adaptive learning pathways, or content modification beyond

the provided 3D models.

Suggested Improvements

To further enhance its usability and accessibility, Visible Body could consider
expanding its educational content into multiple languages, improving the accessibility
for global audience. Also, it may provide optional onboarding tutorials for first-time
AR users, which may help reduce the initial learning curve and improve user confidence.
In addition, it should allow for basic customization features, such as adding
personalized notes or labels to the anatomical models, could increase the interactivity

and educational flexibility for the educational contexts.

2.2.3 ARChem

ARChem is an educational Augmented Reality (AR) application developed to provide
an interactive, virtual chemistry laboratory experience. It allows users to engage in
hands-on lab activities without the need of physical laboratory equipment, making it an
accessible tool for educational institutions with limited resources. This was particularly
beneficial during the Movement Control Order period (MCO) in Malaysia in 2021,

when the COVID-19 pandemic restricted the physical classroom access.

18
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 2: Literature Review

The application primarily relies on marker-based AR technology, utilizing the Vuforia
Engine for object tracking and interaction [33]. Through the camera, physical markers
are detected, and a virtual laboratory apparatus and chemical simulations are overlaid
onto the real-world environment. To enhance realism, ARChem integrates the OBI
Fluid physics engine to simulate fluid dynamics, allowing the visualization of the liquid

behaviour during the chemical experiments [34].

In addition, ARChem incorporates several supporting modules, including an AR
Engine, a Reaction Engine, a Reaction Database, and advanced Fluid Renderers, which
work together to deliver smooth interactions, realistic experiment simulations, and

computational efficiency on mobile devices [34].

Event: FreeRoam
Progress: 0.00

Figure 2.11 An Example Screenshot of Demonstration using Two Marker Papers [34]

Advantages

One of the ARChem’s major advantages is its ability to deliver highly realistic and
interactive virtual chemistry experiments, promoting experiential learning without the
risks associated with handling any dangerous chemicals. The application supports high
frame rate performance and optimizes visualization, ensuring smooth operation even

on low-end mobile devices. Therefore, it broadens its accessibility to students from
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various socioeconomic backgrounds. Additionally, by simulating the real-time fluid
behaviour during the experiments, ARChem offers an authentic and engaging
representation of chemical reactions, enhancing the student’s conceptual understanding

and interest in the subject matter.
Limitations

Despite its strengths, ARChem exhibits limitations primarily related to its reliance on
marker-based AR. If the physical marker is moved, poorly lit or partially obscured
during use, alignment issues may occur, causing the virtual objects to misalign or drift
from their intended position. Such disruptions can affect the continuity of the learning
experience and reduce overall immersion for students. Furthermore, the system
currently focuses solely on chemistry-related experiments and does not offer
customizable experiment creation or personalized feedback pathways, which could

broaden its application to wider educational fields.

Suggested Improvements

To improve usability, ARChem can consider integrating markerless AR technologies
to reduce its dependency on physical markers, thereby enhancing system stability and
ease of use across different environments. Besides, ARChem may consider adding
basic adaptive features, such as adjustable difficulty levels for experiments or real-time
feedback based on user interactions to further personalize the learning experience.
Finally, it can expand its subject coverage to include broader science education topics
such as physics or biology experiments, so that it could significantly increase its

versatility and impact within science education.

2.2.4 Jigspace

JigSpace is an Augmented Reality (AR) platform that enables users to explore
interactive 3D visualizations, known as ‘Jigs’, across both 10S and Android devices. It
is developed using Unity 3D and utilizing Unity’s AR Foundation framework to ensure
cross-platform compatibility. AR Foundation acts as a bridge between ARKit (for i0S)
and ARCore (for Android), automatically adapting the application at runtime based on

the device’ s operation system [35].
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Figure 2.12 Logo of JigSpace [35]

SHCIRIENEN © B

Q
My 3D objects +

All objects

Biology

harrow.STEP remschijf.STEP remschijf.STL A-10stp

nventions
Transport

Chemistry
hemistry LIQUID RING

VACUUM pump-

b PUNPSTEP  assembly.STEP

CCB_II_edition.stp Face-Shield.stp

Figure 2.13 Example of Creation of ‘Jig’ [36]

Advantages

One of the key advantages of JigSpace is its cross-platform support, offering AR

experiences for both 10S and Android users without require separate applications. At

the same time, the platform provides high-resolution 3D models that user can zoom,

relate, and interact intuitively with it. It helps to promote better visual learning and

understanding of complex structure. Additionally, JigSpace hosts its 3D models in the

cloud through the Jig Library [35], allowing users to easily access a broad range of pre-

built Jigs without consuming the extensive local storage. These features make it
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particularly effective for industries that require clear visual communication, such as

manufacturing, medical devices and engineering [35].
Limitations

Despite its strengths, JigSpace is primarily designed for business use cases, including
the industrial training, product demonstrations and engineering visualizations. As a
result, it may not be well-suited for beginners, older adults, or general educational use.
Creating a new ‘Jig’ from scratch requires lots of technical effort, making it difficult
for non-technical users to develop customized content. Furthermore, JigSpace focuses
heavily on pre-built topics, offering limited support for creating custom tutorials or
personalized, adaptive learning paths. The platform also lacks integrated user progress
monitoring, real-time adaptive feedback, making it less suitable for structured

educational programs.

Suggested Improvements

JigSpace could be improved by integrating sound elements, such as voice narrations
and interactive audio cues, to enhance the user engagement during AR interactions.
Besides, expanding support for creating customized, step-by-step tutorials will further

increase its adaptability for educational environments.

2.2.5 Assemblr EDU

Assemblr EDU is an educational augmented reality (AR) application that enables users,
particularly educators, to create customized AR lessons for their students. It allows the
creation of both QR-based markers and customized image markers, onto which 3D
models, animations, and other digital content can be anchored. It leverages the AR
rendering techniques built using Unity 3D, integrating both ARKit and ARCore
frameworks to deliver cross-platform augmented reality educational experiences [37],

[38].
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EDU

Figure 2.14 Logo of Assemblr EDU [40]

Figure 2.15 Customizable Image Markers [39]

Advantages

One of the key advantages of Assemblr EDU is its accessibility for non-technical users.
It offers intuitive tools that allow educators and students to easily create their own AR
lessons by attaching 3D models to markers or real-world surfaces. The platform is
specifically designed to support the learning and teaching process, promoting
collaborative and interactive experiences in educational settings [13]. Through visual
and hands-on engagement, it enhances students’ understanding, particularly for
younger learners. Besides, it also offers a flexible licensing model, providing a free
package with access to basic 3D objects and subscription packages that unlock a

broader range of educational content.
Limitations

Despite its strengths, Assemblr EDU presents several limitations. While it allows users
to create their own AR content, the range of available free 3D objects is limited, with

many educational resources are restricted to pay the subscription plans. Furthermore,
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although users can create interactive scenes, the platform focuses primarily on static 3D
model placement without offering real-time adaptive learning feedback, Al-guided
assistance, or dynamic learning adjustments. The platform also lacks comprehensive
student progress tracking, which reduces its effectiveness for structured educational

programs that require continuous monitoring of learning outcomes.

Suggested Improvements

Assemblr EDU could be further enhanced by integrating Al-driven feedback
mechanisms that guide learners based on their interactions with AR models. By adding
the basic progress tracking features and hint-systems for self-correction would make it
more powerful tool for a personalized education. Furthermore, expanding the range of
freely accessible 3D educational models would lower the adoption barriers, especially
for schools and institutions with limited budgets, making the platform more widely

usable across diverse educational environments.

2.2.6 EasyOCR vs Tesseract OCR

Optical Character Recognition (OCR) methods such as EasyOCR and Tesseract have
been widely used in various applications, and their comparative performance has been
evaluated in real-world contexts. Vedhaviyassash et al. conducted a study on automatic
license plate recognition, integrating the YOLOVS for object detection and applying
both EasyOCR and Tesseract OCR for character recognition [46]. The results
demonstrated that EasyOCR consistently outperformed Tesseract, achieving an
accuracy of approximately 95%, whereas Tesseract reached around 88 —90% [46]. This
performance gap was largely attributed to EasyOCR’s deep learning pipeline, which
employs CRAFT for text detection and CRNN for text recognition, making it more
robust under challenging conditions such as varying fonts and noisy backgrounds [44,

45].

Beyond accuracy, an important feature of EasyOCR is its ability to return both the
recognized text and the positional coordinates of each character or word. This
functionality is particularly useful in applications where position-aware outputs are
required, such as the project proposed, TechTutor. In contrast, Tesseract OCR, while
effective for printed and structured text, was reported to support fewer languages and
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relies on its adaptive classifier for recognition accuracy [46]. Therefore, EasyOCR is
selected for this project as it better satisfies the requirements of real-time, position-
aware text recognition in AR-based learning. As shown in Figure 2.16, EasyOCR
returns not only the recognized text but also additional information such as confidence
scores (and in its full output, positional coordinates). In contrast, Tesseract OCR outputs
only the recognized text, which is sufficient for document digitization but less

advantageous in AR-based contexts [46].

Parameter Test Data 1 Test Data 2

Original Image

B——

Character
Recognition using
EasyOCR

'POLBCAF5030", 0.30806908725519727) ]

’ULBCIFSOSOI

Figure 2.16 Comparison of Character Recognition Results Between EasyOCR and Tesseract
OCR [46]

Character
Recognition using
Tesseract

Table 2.1 shows the comparison table to further highlight the strengths and limitations
of EasyOCR and Tesseract. Also, it provides a clearer understanding of why EasyOCR
is more suitable for the proposed project, TechTutor, particularly in terms of its ability

to provide position-aware text recognition and support AR-based applications.

Table 2.1 Comparison between EasyOCR and Tesseract OCR

Features EasyOCR Tesseract OCR
Accuracy Around 95% on license Around 88 to 90% on
plate recognition [46]. license plate recognition
[46].
Core Approach Deep learning pipeline Classical OCR engine with
(CRAFT for detection + adaptive classifier [46].
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45]

CRNN for recognition) [44,

Language Support

70+ languages, including

complex scripts [46].

[46].

Fewer languages supported

Dependencies

[46].

Lightweight, PyTorch-based
API with minimal setup

Requires additional setup

and dependencies [46].

Text Position Output

Return recognized text with

positional coordinates [46]

Outputs primarily plain text

Best Use Case

Real-time, multilingual,

position-aware OCR

Document digitization and

structured printed text.

2.3  Comparison of Previous Works

Table 2.2 shows the comparisons for several existing AR-based educational

applications, highlighting their technologies, advantages, limitations and potential

improvements. Based on this analysis, the proposed TechTutor application is designed

by combining the best features across these platforms while addressing their gaps.

TechTutor uniquely integrates AR-guided tutorials with Al-based feedback and user

progress tracking, targeting an underserved need for accessible, intuitive digital literacy

education, especially for beginners and older adults.

Table 2.2 Comparison Table of Existing Applications vs TechTutor (Proposed Project)

Application Technology Advantages Limitations Potential
Used Improvements
Quiver 3D - Marker-based | - Personalized - Limited - Add voice/
Coloring App AR 3D models based | interactivity sound
- Computer on user - Rely on pre- | interactivity
&j/ Vision for Color | colouring printed - Move to
W Mapping - Simple and kid- | colouring markerless AR
: friendly papers. - Expand
educational
storytelling
Visible Body - Markerless - High-resolution | - Initial - Add more
AR anatomy models | learning curve | tutorials
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- Plane - Multi-angle is high for AR | - Multi-language
VisiBLe | Bopy Detection exploration beginners expansion
- Object - English-only | - Allows user
Tracking coursework annotations and
- Limited labels
content
customization
ARChem - Marker-based | - Realistic virtual | - Marker - Introduce
AR (Vuforia) chemistry misalignment | markerlerss AR
- OBI Fluid experiments issues - Broaden subject
physics engine | - Optimized for | - Limited to range
low-end devices | chemistry - Add adaptive
topics feedback systems
JigSpace - Markerless - Highly - Business- - Provide
AR interactive object | focused educational
Jlg - Cloud-based manipulation - Hard to templates
Jig Library - Good for visual | create custom | - Add easier Jig

- High-fidelity | learning Jigs creation tools
3D rendering - No user - Integrate
progress progress tracking
monitoring system
Assemblr Edu - Marker-based | - Easy AR - Limited free | - Add Al-guided
I AR & content creation | 3D assests hints
A | Markerless AR | for education - No adaptive | - Broaden free
ED - Unity with - Collaboration feedback or content
ARCore/AR Kit | classroom use learning - Introduce
integration analytics progress analytics
features
TechTutor - Markerless - Combined AR | - Requires - Add more
(Proposed AR (Vuforia+ | Learning stable Internet | computer-related
AR Foundation) | modules (AR connection for | tutorials such as
- Marker-based | Learn, AR OpenAl API Excel,
AR Guide, Al Tutor) | (except offline | PowerPoint

- Unity 3D
2022.3.57f1

- Multi-modal

interaction

stored content)

- Enhance offline

functionality with
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- OpenAl API
integration

- EasyOCR for
text detection &
recognition

- Speech-to-
Text (STT) and
Text-to-Speech
(TTS)

- Local storage
for history and

quiz records

(voice, touch,
image input)

- Interactive 3D
models with
labelling and
manipulation.

- Real-time
keyword
highlighting via
OCR (Canvas
Mode)

- Al-generated
quizzes and
chatbot guidance
- Synchronized
AR + Canvas
modes for
tutorials

- Designed for
beginners and
older adults to
improve digital

literacy.

- Limited
range of
tutorials
compared to
full software
suits.

- Dependent
on mobile

device

performance.

pre-downloaded
Al responses

- Improve AR
stability and
tracking on low-
end devices.

- Expand
adaptive feedback
and personalized
learning
analytics.

- Integrate multi-
language support
for wider

accessibility.
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Chapter 3
System Methodology

This chapter presents the overall methodology adopted for the development of
TechTutor application. It outlines the software development approach used, the system
requirements in terms of hardware and software, and the functional and non-functional
requirements that guided the design of the system. In addition, the project timeline is
provided to illustrate the structured progression of tasks throughout both Final Year

Project I (FYP I) and Final Year Project II (FYP2).

3.1 Methodology

The methodology chosen for this project is the Agile Software Development
Methodology. Agile development is suitable for this project because it emphasizes the
iterative development, continuous feedback and flexible adaptation, which make it
ideal for the rapid development of the TechTutor application, which consists of multiple

AR and Al-integrated features.

Since TechTutor is not a safety-critical system, but a mobile learning application, Agile
methodology offers the flexibility needed to adapt to changes and continuously refine
the user experience throughout the development process. The system was divided into
smaller modules, including AR Guide, AR Learn, and AI Tutor. Each module was
developed, tested and improved independently through the short iterative cycles
(sprints). In addition, this approach supports early testing of AR functionality, Al
integration and user interaction features, which allows the issues to be identified and
resolved at each stage of the sprints through the continuous feedback. The process flow

diagram is shown in Figure 3.1.
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AGILE

Review

1
Requirements

Figure 3.1 Agile Software Development Approach [41]

Planning Phase

In the planning phase, user requirements (functional and non-functional requirements)
were identified. The project objectives, problem statements, and project scope were
discussed and finalized. Wireframe of user interfaces and system flow diagrams were
prepared. The 3 main modules were prioritized according to their complexity and

importance:

¢ AR Learn Module (Al Identify, AR Models, AR Quiz)

¢ AR Guide Module (Tutorials for Microsoft Word, Snipping Tool, Calculator,
and Send Email)

e Al Tutor Module (Al Assistance, Frequently Asked Questions (FAQ))

Design Phase

System architecture diagrams, use case diagrams, and activity diagrams were created
to model the system structure and user interaction flows. The modular breakdown of

the system was finalized, which involves:

e AR Learn Module — Support image target detection, plane detection, and
marker-based AR for quizzes.

e AR Guide Module — Provides step-by-step tutorials using markerless AR
overlays and marker-based AR overlays with synchronized Text-to-Speech
narration.

e Al Tutor Module — Provides text-based and image-based assistance, powered

by OpenAl integration and EasyOCR keyword highlighting.
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Development Phase

The development followed an iterative, sprint-based approach, where each sprint

focuses on building specific features. Table 3.1 illustrates the detailed for each of the

sprint.
Table 3.1 Sprint Cycles for Each Sprint

Sprint Focus Area

Sprint 1 Setup Unity project, integrate Vuforia and
Google ARCore XR Plugin.

Sprint 2 Build AR Guide tutorials (Microsoft Word
and Snipping Tool).

Sprint 3 Develop Al Tutor chatbot with OpenAl
integration and EasyOCR support.

Sprint 4 Build AR Learn features (Al Identify and AR
Models).

Sprint 5 Implement AR Quiz with marker-based
triggers and question generation.

Sprint 6 Extend AR Guide with Send Email and
Calculator tutorials.

Sprint 7 Add FAQ modules and refine Text-to-Speech
(TTS) and Speech-to-Text (STT) functions.

Sprint 8 Final integration, Ul refinement,
optimization and testing.

Testing Phase

Testing will be conducted iteratively at the end of each sprint to ensure the quality of

the feature and overall system stability.

e Unit Testing: Each module was tested independently, such as AR detection
accuracy, quiz functionality, and Al chatbot responses.

e Integration Testing: Verified smooth interactions between AR modules, Al
Tutor, and multimedia features (STT/TTS).

e User Testing: Evaluated usability, accessibility, and clarity of tutorials for

beginners and older adults.
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e Final System Testing: End-to-end testing was conducted after full integration to
ensure stability across all modules.

Deployment Phase

After thorough testing, the completed application was deployed to Android devices.
Final APK builds were generated and tested on real devices to ensure compatibility
with ARCore-supported phones. Minor adjustments were made based on device

performance results.
Review Phase

Feedback was collected regarding the user experience, system usability, stability, and
also the functionality. Based on the feedback, further refinements and improvements
were implemented. Final project documentation, reports, and deliverables were then

completed.

3.2 System Requirements
3.2.1 Hardware

The hardware requirements for this project include a development machine and a
mobile device for deployment and testing. The specifications ensure that the system can
run Unity smoothly, support AR rendering, and validate Speech-to-Text (STT) and

Text-to-Speech (TTS) features. Table 3.2 shows the minimum recommended hardware

specifications.
Table 3.2 Hardware Specifications

Hardware Minimum Requirement Description

Development Machine Intel Core i5 processor or Used for Unity

(Laptop / PC) equivalent (recommended i7 | development, system
or above), 8GB RAM configuration, and
(recommended 16GB), integration of AR, Al, and
Dedicated GPU with backend services.
OpenGL 4.5+ support,

500GB storage (SSD
recommended), Windows 10

or above.
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Mobile Device (Android)

Google ARCore-supported
device, Octa-core CPU,
4GB RAM (recommended
6GB-8GB), Android 10 or
above, Rear camera with

autofocus.

Used to deploy the APK,
test AR functionality, and
validate STT and TTS

performance.

3.2.2 Software

The development of this project involves several software applications. Table 3.3

shows the related software that will be used to develop the system.

Table 3.3 Software Specifications

Software

Description

1. Unity

It is the main platform that used to develop the
application.

It is a powerful cross-platform game engine that
enables the creation of 3D AR environments,
user interactions and scene management that is

essential for the AR-based learning experiences.

2. Vuforia Engine

<>

<& Vvuforiar

It is an Augmented Reality (AR) software
development kit that will be used to integrate
with Unity.

Used to detect the real-world images and objects,
enabling the application to anchor the digital 3D
models and tutorial panels onto recognized

surfaces.

3. ARCore XR Plugin

c ARCore

Used to allow the application to access ARCore
features on supported Android mobile devices.

It provides the enhanced capabilities such as
light estimation, surface detection and motion
tracking to provide a more stable and realistic

AR experiences.

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR

33



Chapter 3: System Methodology

4. Sketchfab

Used for discovering and downloading the 3D

models.

5. Figma

Used to design the wireframes, Ul layouts,

buttons, icons for the application.

6. GitHub

GitHub

Used for wversion control and project
management throughout the development

process.

7. Android Studio

Used for debugging while coding. For example,
when deploying to Android phone, the
console.log results will appear in the Android

Studio log.

8. Meshy.ai

:@

Used to convert the image (AR Robot) into a 3D
model and display it in the AR Quiz.
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3.3

Functional Requirements

The functional requirements define what the TechTutor application must be able to

perform in order to meet the project objectives.

1. AR Learn Module (AI Identify, AR Models, AR Quiz)

Al Identify

The system shall allow users to identify basic computer components such as
keyboard, mouse, monitor, laptop, and speaker using Al-based recognition.
The system shall provide voice narration (TTS) of the identified component’s
name and description.

The system shall allow users to review previously scanned objects from a local
history list.

The system shall provide access to detailed information on scanned objects and

allow replay of the narration if required.

AR Models

The system shall generate quizzes dynamically using marker-based AR for the
same five components (keyboard, mouse, monitor, laptop, speaker).

The system shall present quiz questions in both text form and audio narration
(TTS).

The system shall allow users to answer quiz questions and receive immediate
feedback.

The system shall allow users to regenerate new quiz questions.

The system shall maintain a local history of past quiz attempts, including

questions and audio files, for later review.

AR Quiz

The system shall generate quizzes dynamically using marker-based AR for the
same five components (keyboard, mouse, monitor, laptop, speaker).

The system shall present quiz questions in both text form and audio narration

(TTS).
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The system shall allow users to answer quiz questions and receive immediate
feedback.

The system shall allow users to regenerate new quiz questions.

The system shall maintain a local history of past quiz attempts, including

questions and audio files, for later review.

2. AR Guide Module (Microsoft Word Tutorial, Snipping Tool Tutorial, Send

Email Tutorial, Calculator Tutorial)

Microsoft Word Tutorial, Snipping Tool Tutorial, Send Email Tutorial

The system shall provide step-by-step tutorials overlayed in AR with
synchronized TTS narration.

The system shall highlight required actions on the monitor, keyboard, or mouse
to guide the user.

The system shall allow users to toggle between 3D AR Mode and Canvas Mode,
ensuring both are synchronized with instructions.

The system shall support hands-free navigation using STT commands (“next”,
“previous”).

The system shall update the virtual monitor display dynamically at each tutorial

step to reflect the expected outcome.

Tutorial Objectives (Specific)

Microsoft Word Tutorial: The system shall teach users to create, edit, format
text and save a document.

Snipping Tool Tutorial: The system shall teach users to open the Snipping
Tools, select capture modes, and save the screenshot.

Send Email Tutorial: The system shall teach users to compose an email with

recipients, subject, body text before sending.

Calculator Tutorial

The system shall start the tutorial when the users scan a calculator in their laptop

or monitor.
The system shall provide step-by-step instructions overlayed in AR.

The system shall highlight relevant calculator buttons to explain their functions.
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e The system shall guide the user through an example calculation (e.g., addition)
to demonstrate the practical use.
e The system shall allow hands-free navigation through STT commands such as

“next” or “back”.

3. Al Tutor Module (Al Assistance, FAQ)

Al Assistance (Chatbot)

e The system shall allow users to ask questions through text input.

e The system shall allow users to upload an image or capture a screenshot for
analysis.

e The system shall process questions using OpenAl and return concise and step-
by-step answers.

e The system shall extract keyword from images using EasyOCR.

e The system shall highlight detected keywords in the “Canvas Mode” to guide
the user.

e The system shall allow users to review past chat interactions in a history list,

including text and image context.

e The system shall provide a FAQ section accessible from the Al Tutor menu.

e The system shall include examples questions and tips to guide users on how to
phrase their queries effectively.

e The system shall allow users to browser and read FAQs without requiring an

Internet connection.
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3.4

Non-Functional Requirements

1. AR Learn Module (Al Identify, AR Models, AR Quiz)

Al Identify

The recognition process shall display results within 3 to 5 seconds after
scanning.
The voice narration shall use a natural and clear voice for accessibility.

The history list shall persist locally even if the application is restarted.

AR Models

The AR models shall render at a minimum of 30 FPS to ensure smooth
interaction.

Visual labels shall remain anchored to the model even when repositioned or
rotated.

Voice command recognition shall achieve at least 85% accuracy in quiet

environments.
AR Quiz

Quiz question generation shall complete within 5-7 seconds after the user
clicked the “Generate Quiz” button.

All saved quiz history and audio files shall remain accessible offline.

The quiz interface shall be designed with large buttons and clear fonts for

usability by beginners and older adults.

Microsoft Word Tutorial, Snipping Tool Tutorial, Send Email Tutorial

The system shall render AR Overlays and monitor updates with a response time
of less than 2 seconds per step.

The AR highlights shall remain stable and accurately anchored to the target
during user movement.

The tutorials shall be designed with simple, beginner-friendly language to
accommodate users with limited computer knowledge.

The TTS narration shall be clear and paced slowly enough for older adults to
follow comfortably.
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The interface shall provide large, clearly visible navigation buttons for manual

control.

Calculator Tutorial

The marker-based detection shall initialize within 3 seconds after the calculator
is scanned.

The AR highlights shall remain stable on the calculator surface during normal
hand movement.

The tutorial steps shall be limited to essential instructions to avoid

overwhelming the user.

Al Assistance (Chatbot)

The chatbot responses shall be displayed within 5 seconds after a query is
submitted.
The highlighted keywords in Canvas Mode shall remain clearly visible with

distinct colour contrast.

The FAQ section shall be written in clear, beginner-friendly language to

accommodate beginners and older adults.
The FAQ interface shall use a simple layout with large, readable fonts.
The FAQ content shall remain available offline once downloaded with the

application.
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3.5 Project Timeline

Figure 3.2 and Figure 3.3 show the Gantt chart outlining the project timeline for the
development of the TechTutor application, covering both Final Year Project I (FYP I)
and Final Year Project II (FYP II). The two Gantt Chart detail the major tasks, starting
from the initial proposal and system design stages in FYP 1, through to the development,
testing, deployment, and the final report writing in FYP 2. Each task is organized with
specific start and end dates, durations, and dependencies to ensure a structured and

progressive workflow throughout the overall project duration.

The timeline also aligns with the Agile methodology adopted in this project, where
major modules such as AR Learn, AR Guide, and Al Tutor were developed iteratively
across multiple sprints. Key milestones, including prototype completion in FYP I and

full system integration and testing in FYP I, are clearly indicated to track progress

effectively.
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Figure 3.3 Gantt Chart for FYP 2
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Chapter 4
System Design

This chapter illustrates the overall system design of the TechTutor application. It
presents the system flowchart, system architecture, use case diagram, and activity
diagrams that describe the structure, components, and workflows of the system. These
diagrams provide a clear representation of how the application module interacts, how
user engage with the system, and how the functionalities are executed to achieve the

project objectives.

4.1 System Flowchart

Figure 4.1 presents the system flowchart of the TechTutor application. After launching
the application, users are presented with 3 main features: AR Guide AR Learn, and
Al Tutor.

e In AR Guide, the user selects between marker-based or markerless tutorials.
For marker-based tutorials, the system detects real-world objects such as the
calculator and provides step-by-step instructions. For markerless tutorials, the
system overlays 3D models and instructions for applications such as Microsoft
Word, Gmail, and the Snipping Tool. Each tutorial continues with synchronized
narration until completion.

e In AR Learn, the user selects different tutorials options such as identifying
computer components, interacting with 3D models, or taking AR Quizzes. For
Al Identify module, the capture request is sent to OpenAl, and the response is
shown to the user, with the information stored in local storage. For AR Quizzes,
the user selects models, and the system generates the Al-based quiz questions.
The quiz results are displayed and saved for later review.

e In Al Tutor, the user can ask questions in text or uploading in image. For text
queries, the system sends the prompt directly to OpenAl to generate a step-by-
step answer. For image queries, the image is first analyzed by OpenAl to
identify relevant keywords. These keywords are then passed to EasyOCR to
detect their positions in the screenshot if requested by the user. The system
highlights the identified regions in Canvas Mode and delivers the step-by-step
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guidance. All chatbot interactions and responses are stored in local storage for

future reference.

This flow ensures that users are guided through a structured and interactive learning
experience by combining AR interaction and Al assistance, while maintaining local

history records for review and continued learning.

Launch Application

Feature:

AR Guide AR Leam Al Tutor

Select Ask Question (Text
Select Tutorials, of Image)
Tutorials

OpenAl Generates Answers
Marker-based Markerless AR Igentity Computer Interact with 3D Take AQ Quiz & Relevant Keywords
Tutorials Tutorials Components Models

| L

. Choose Mogels and
Damcé?;acl'swnnﬂ Overiay 3D Models Caplure and Send ‘Send Quiz Highlight Keywords
Request 1o OpenAl Generating Request

‘ I to OpenAl

Get Response
Provide Step-by- Get Al Quiz
Step Tulorials

Compiete Tutorial

Provide Step-by-Step Guidance

Save 1o Local
Storage

Save to Local
Storage

End P,

Figure 4.1 System Flowchart of TechTutor

4.2 Use Case Diagram

Figure 4.2 represents the use case diagram that shows the interaction between users and
the TechTutor application. It includes the three main activities: AR Learn, AR Guide,
and Al Tutor.
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TechTutor: AR-Integrated Learning Application for Computer and
Technology
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Figure 4.2 Use Case Diagram of TechTutor

e In AR Learn, users can choose between different learning options. They may
identify basic computer components through Al Identify, interact with 3D
models of computer components, or attempt an AR quiz. The system will
automatically generate Al-based questions based on the models they selected if
the user clicks the ‘Generate Questions’ button. All results and relevant data are
saved to local storage for review.

e In AR Guide, user can follow both marker-based and markerless AR Tutorials.
For example, marker-based tutorials include the ‘Basic Calculator’, while
markerless tutorials cover applications such as Microsoft Word, Gmail, and the
Snipping Tool. The system provides step-by-step guidance with synchronized
narration, ensuring that users can follow instructions in an interactive and

accessible way.
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e In AI Chatbot, users can either ask questions directly (via text or image) or
view frequently asked questions (FAQs). When a question is asked, the system
provides a concise step-by-step answer. If an image is uploaded, EasyOCR will
highlight the relevant keyword on the image and show them. All chatbot

interactions and responses are also saved to local storage for future reference.

The diagram highlights how the system supports different learning actions through AR
interaction and Al assistance, while maintaining local history records for review and

continued learning.

4.3 System Architecture

Figure 4.3 shows the overview system architecture of the TechTutor application. The
system integrates multiple components, and each of them plays a distinct role in

enabling the AR interaction, Al assistance, and intelligent user guidance.

Vuforia Target Manager (Marker-based AR) Application Assets

| Upload Image Target 30 Modeis Donwioad Application Logic (C# Scripts) 30 Models Generator

Meshy

Impert Vuforia Engine

g Unity Game Engine
: Google AR Core XR
Import Database H Un it : (Markerless AR Support)
5 y !

Import ARCore XR Plugin |

Al Modules
GPT.5Turbo & [ N B St

Speech-To-Text (STT) - Voice Command Libary

Voice Command Inpul

Import OpanAl API

ser : !
Q Keyword & Text Delection i |

Figure 4.3 System Architecture Diagram of TechTutor

First and foremost, the Vuforia Target Manager is responsible for managing the

image targets used in specific marker-based AR experiences, which are the AR Quiz
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and ‘Simple Calculator’ tutorial. In these cases, predefined markers are uploaded as
image targets, which are compiled into the Target Manager Database. This database
is then imported into the Unity Game Engine via the Vuforia Engine plugin, which
activates the object recognition functionality that is required for anchoring the AR

content for these modules.

Besides, the Application Assets box includes all the elements from visual and

interactive layers of the application. These includes:

e 3D Models (It is downloaded from Sketchfab or generated using Meshy Al.)
e C# Scripts (It is used to define the application logic.)
e Unity Assets (e.g., colliders, materials, prefabs)

e UI/UX Assets (It is designed using Figma, Icons8, and Canva.)

All of these assets are then integrated into the Unity Game Engine, which acts as the
main development environment for scene composition, AR rendering and the

interaction handling.

At the same time, Google ARCore XR Plugin is imported into the Unity to enhance
the AR experience with advanced environmental understanding features such as the
image tracking, motion tracking and the plane detection. This helps ensure a stable and
accurate placement of AR content within the user’s physical environment. ARCore is
important for developing the AR Guide Tutorials and the AR models module, which
are fully designed using the markerless AR. Examples include the ‘Send Email’ tutorial,
‘Microsoft Word’ tutorial, and ‘Snipping Tool’ tutorial, as well as the interactive 3D

computer components models (keyboard, mouse, monitor, laptop and speaker).

For the AI Modules section, it highlights the intelligent features of the application
which includes the GPT-3.5 Turbo, GPT-4.0, Text-to-Speech (TTS), and EasyOCR.

e GPT-3.5 Turbo and GPT-4.0 are integrated through the OpenAl API, and it
allow users to interact with chatbot that provides real-time conversational
support and generates the quiz questions and tutorial steps.

o Text-to-Speech (TTS) converts Al-generated contents or tutorial response into
audio output, so that it can provide synchronized narration for quizzes and AR

guides.
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e EasyOCR is used to detect and extract the keywords from the images or
screenshots so that it can be used to support the ‘Canvas Mode’ keyword

highlighting feature.

In addition, a Speech-to-Text (STT) Voice Command Library is integrated
separately to enable hands-free navigation. This allows the users to control tutorials or

quizzes using simple voice commands such as “next’ or “previous.

All the data, such as quiz history, TTS audio files, and the chatbot records are stored in
local storage on the Android device. This ensures that the application functions offline
without requiring cloud storage while still allowing users to review their past

interactions and learning progress.

Lastly, once the application is developed successfully, it is deployed to an Android
Device, where user interacts with the application in real-time. Depending on the module,
Unity processes either marker-based AR (via Vuforia) for the AR Quiz and
Calculator tutorial, or Markerless-AR for the AR Guide tutorials and AR Models
module. The recognized objects or detected planes are then used to overlay relevant 3D
content, synchronize tutorial steps, and manage the logic flow, which also includes the

Al-based support such as narration, quizzes and keyword highlighting.

To conclude, this system architecture can ensure the smooth integration between AR
content delivery, user interaction and the Al-enhanced learning support. It demonstrates
a well-organized and scalable design for delivering an immersive, intelligent

educational experiences for the users.
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4.4 Activity Diagram

AR Learn Module — Al Identify

Figure 4.4 illustrates the activity diagram of the Al identify submodule under AR Learn
module. The process begins when the user launches the feature and points the camera
at a computer component. The captured image is then sent to the OpenAl service, which
generates the recognition response. The system receives the result, displays the object
information on screen, automatically plays the narration, and stores the record in the
local history. The user can then choose to view more detailed information through an

info panel, capture another object, review the saved history list, or exit the module to

complete the activity flow.

User OpenAl

System

Open Al Identify

Activate Camera

Receive

Point Camera at Receive Request and
object and Capture Generale Response

View result with
narration

Result

-

Display Obiject Info
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H

#_

<iew Detailed Info’

Open and View
Detailed Panel

Review History

Save Result to
History

Figure 4.4 Activity Diagram for Al Identify Submodule
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AR Learn Module — AR Model

Figure 4.5 illustrates the activity diagram for the AR Models submodule under the AR
Learn module. The process begins when the user launches the AR Camera and moves
their camera to scan the environment. Once the AR engine detects a plane, and then
after user tapped and locked the plane, the system will prompt the user to select for a
model. Once user selected, a preview model will spawn on the plane. The user can
interact with the model through gestures such as drag, pinch, and rotate. The system
will display an info panel with synchronized TTS narration. User may choose to select

another model or exit the module to complete the activity flow.

User AR Engine (ARCore)

Open AR Models —i Activate AR Camera

Move Phone to Scan ‘Start Plane Detection

Environment & Tracking

Tap On the Plane
Surface/ plane

> found?
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No
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®

Figure 4.5 Activity Diagram for AR Models Submodule
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AR Learn Module — AR Quiz

Figure 4.6 illustrates the activity diagram for the AR Quiz submodule under the AR

Learn module. The process begins when the user launches the AR Quiz and points the

camera at a quiz marker. The AR engine detects the marker and spawns the associated

3D model. Once the user selects a model, and requests for generating quiz, the system

will send a request to OpenAl to generate quiz questions. The generated questions are

received, displayed on a quiz panel and narrated using TTS. The user then answers the

question, and the system provides feedback accordingly. All questions and attempts are

stored in the quiz history. The user may choose to change the model, review the past

quiz history, or exit the module to complete the activity flow.

User

AR Engine (ARCore)

OpenAl

System

-{ Aciivate AR Camera

=)

G

Select Models r

‘Spawn the 3D Model
above Marker

—»| Generale Quiz

View Question (Text +

Namation)

Answer Question and
Receive Feedback
.

L

Figure 4.6 Activity Diagram for AR Quiz Submodule
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AR Guide — Microsoft Word Tutorial, Send Email Tutorial, and Snipping Tool

Tutorial

Figure 4.7 illustrates the shared activity diagram for the AR Guided tutorials covering
Microsoft Word, Snipping Tool, and Send Email. The process begins when the user
launched the AR Guide and move his phone to scan the environment. The AR engine
detects a plane, and the system spawns the required virtual 3d models, which are
monitor, keyboard, and mouse. Each tutorial step is displayed with synchronized TTS
navigation and visual highlights. The user may proceed through the tutorial using the
button on the virtual info panel or voice commands and can toggle between 3D AR
Mode and Canvas Mode at any time while maintain the synchronized progress. The

activity concludes one all tutorial steps are completed.

User AR Engine (ARCore) System OpenAl

Cpen AR Guide

Spawn 30 Models
(Desk Simuiation)

——
SendRequeststor | | _ _
Generatng TTS Generate TTS

- J )

Figure 4.7 Activity Diagram for AR Guide Tutorials (Microsoft Word, Snipping Tool, Send
Email)
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AR Guide — Calculator Tutorials

Figure 4.8 illustrates the activity diagram for the calculator tutorial under the AR Guide
module. The user begins by pointing the device at the calculator at their monitor or
laptop and waiting for it to be detected and tracked by the AR engine. The system
overlays an info panel besides the calculator and provides step-by-step instructions. The
user navigates through the tutorial using the buttons on the panel or speech commands
(“next”, “back™). The activity concludes after completing the guided example

calculation, marking the end of the tutorial.

User AR Engine (ARCore)

Open AR Guide » Activate AR Camera

h 4

Point Camera at QIJIZI

Marker

> Detect Marker

-

¥

. I, Spawn the Info Panel
View the Steps I- above Marker

H

Continue Tutorials

Figure 4.8 Activity Diagram for AR Guide — Calculator Tutorial
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Al Tutor — Al Assistance (Chatbot)

Figure 4.9 illustrates the activity diagram for the Al Assistance submodule under the
Al Tutor module. The process begins when the user opens the Al Tutor and chooses to
input either a text question or an image. For text queries, the system builds the prompt
and sends it directly to OpenAl. For image queries, the image is first sent to OpenAl to
identify relevant keywords based on the user’s request. These keywords are then passed
to EasyOCR, which scans the image to determine the positions of the keywords within
the screenshot. The system overlays the highlighted regions in Canvas Mode and
displays OpenAl’s step-by-step answer. The user may ask another question or review
the history list. The steps are stored locally for later reference. The activity concludes

when the user exists the module, completing the activity flow.

User System OpenAl EasyOCR

(Cn:mueo o caan
Mode

[ ‘ )
Keymordto OCR Highight Relevant
Keyward

Figure 4.9 Activity Diagram for Al Assistance Submodule
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Chapter 5
System Implementation

This chapter summarizes the practical realization of the TechTutor application. It
describes the software and hardware environment required for development, followed
by the configuration of the key technologies such as Unity, Vuforia, ARCore, OpenAl,
and EasyOCR. The system operation is then detailed, presenting how the 3 major
modules, AR Learn, AR Guide and AI Tutor function within the application.
Furthermore, this chapter discusses the challenges encountered during implementation
and the strategies employed to address them. The chapter concludes with a reflection

on the overall development process and its alignment with the project objectives.

5.1 Software Setup

5.1.1 Unity Setup

Unity 2022.3.57f1 (LTS) was installed as the primary development environment. The
Long-Term Support (LTS) version was chosen to ensure stability and compatibility for

AR development.

O

a Join us in Barcelona for Unite 2025 on November 19-20. Register today <

2Hub

Installs Search Locate | Install Editor
Projects

All

= Installs

g UNITY 6

Resources

&s‘ Unity 6 (6000.0.37f1) LTS © Manage
3 9
C:\Users\Chia Heung\Desktop\Unity\6000.0.37f1\Editor\Unity.exe

Licenses

‘Web  Windows

OTHER VERSIONS

[ Unity (2022.3.57f1) LTS @ Manage
C:\Users\Chia Heung\Desktop\Unity\2022.3.57f1\Editor\Unity.exe
Settings
Android = Windows

Figure 5.1 Unity 2022.3.57f1(LTS)
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5.1.2 Vuforia Developer Portal

The Vuforia Developer Portal was used to prepare marker-based AR resources for the
application. After logging into the portal, developer accessed to the ‘Target Manager’
tab to create a new database. Then, a database name was entered, and the target type
was selected. Once confirmed, the database was generated successfully and made
available for later use in the Unity Project.

Account  Plan & Licenses  Credentials = Target Manager

Target Manager

Use the Target Manager to create and manage databases and targets.

Search

Database Date Modified

Type Targets

L]

Image_target Device 26 Sep 07, 2025

Figure 5.2 Vuforia Developer Portal Setup

5.1.3 Vuforia Engine AR Package

The Vuforia Engine AR Package was installed in Unity Package Manager. This
package provides the core functionalities for marker-based AR on both the Android and
i0S device. This package enables the application to recognize and render the image
targets that were created in the Vuforia Engine Developer Portal. By integrating this
package, the system was able to anchor 3D models and instructional content onto the

detected markers. The installed version for this project is 11.0.4.
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Filters =

A

no4[ica]@ | | Vuforia Engine AR Remave

Figure 5.3 Vuforia Engine AR Package Setup

5.1.4 ARCore XR Plugin

The ARCore XR Plugin was installed through the Unity Package Manager to support
markerless AR development on Android devices. This plugin enables plane detection,
motion tracking, and environmental understanding, which were essential for
implementing the AR Guide tutorials and AR Models features. The installed version
for this project is 5.1.6.

) * Filters = Clear Filters

Google ARCore XR Plugin Remave

ruary 13, 20

P % % P

S

ulti-platform XR AP,

Figure 5.4 ARCore XR Plugin Setup
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5.1.5 Speech-to-Text (STT) Plugin

The Speech-to-Text (STT) plugin was installed in Unity using a Git URL link through
the Package Manager. This plugin allows the application to convert spoken voice
commands into text on Android and iOS devices. It was primarily used to enable hands-
free navigation in AR Guide tutorials (for example, the “next” and “previous”
commands) and to support interactions in AR Learn modules. The installed version is

1.1.1.

1sc) *  Filters

"

Speech to Text Update Remove

111

Autl

Figure 5.5 Speech-to-Text (STT) Plugin Setup

5.1.6 Native Camera

The Native Camera plugin was installed in Unity using a Git URL link. This plugin
allows the application to capture photos and record videos directly from the device’s
camera on both Android and 10S. It was mainly used in the Al Tutor module to let users

take snapshots for image-based questions. The installed version is 1.5.0.
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Native Camera Update Remave

Unity

on

Figure 5.6 Native Camera Plugin Setup

5.1.7 Native Gallery

The Native Gallery plugin was installed in Unity using a Git URL link. This plugin provides
access to the device’s gallery, allowing the application to save images or videos, as well as to
select files from the gallery. It was used in the Al Tutor module to let users upload images from

their phone storage for OCR keyword detection. The installed version is 1.9.1.

Native Gallery Update Remove

Figure 5.7 Native Gallery Plugin Setup
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5.1.8 AR Foundation and XR Plugin Management

The AR Foundation package was installed through the Unity Package Manager as the
core framework for augmented reality development. It provides essential cross-
platform functionalities such as plane detection, anchors, hit testing, and face tracking,
which are required for AR interaction. Alongside this, XR Plugin Management was
enabled automatically to manage the active AR backends. Through this system, the
ARCore XR Plugin was configured for markerless AR features on Android devices,
while the Vuforia Engine was configured for marker-based AR features on both

Android and iOS devices. The installed version is 5.1.6.

sc) v Filters v Clear Filters

AR Foundation

=

516 @

5.1.6 - Februa 2025

e at https://github.com/Unity-Te farfoundation-samples

Figure 5.8 AR Foundation and XR Plugin Management Setup

5.1.9 Android Studio

Android Studio was installed to support application debugging on Android devices. It
was primarily used for accessing the Logcat tool, which displayed real-time system logs,
error messages, and console outputs generated by the Unity application during testing.

The installed version is Android Studio Hedgehog 2023.1.1 Patch 2
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Figure 5.9 Android Studio Logcat Window

About Android Studio

Android Studio Hedgehog | 2023.1.1 Patch 2
A- Build #Al-2 93 231111 ilton January 1 4

Copy and Close Close

Figure 5.10 Android Studio Version

5.1.10 Sketchfab

Sketchfab was used as an online platform to source and download pre-built 3D models
for the application. Computer component models such as the keyboard, monitor,
mouse, and speaker were obtained from Sketchfab and imported into Unity for use in
the AR Learn and AR Guide modules. This reduced development time while ensuring

that realistic models were available for interactive learning.

© Sketchfab Computer

Figure 5.11 Sketchfab Website
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5.1.11 GitHub

GitHub was used for version control and project backup throughout the development
of the TechTutor application. The Unity project files were committed and pushed to a
private GitHub repository, ensuring proper version tracking and recovery in case of
errors. This also provided a structured workflow for managing updates and maintaining

the source code.

@'{J TechTutor rivate @ Unwatch 1 - - % stared 1

P main + ¥ 1Branch © 0Tags Q Gotofile t Add file ~ <> Code ~

-);_-t LohChiaHeung & S 2025 - Done for Ul & F z 4356dd - 5 days ago Y1) 33 Commits

B Assets

I Packages

B ProjectSettings

B Qcar + 6 5 Releases
I8 TechTutor_BurstDebuginformation_DoNotShip...

[3 gitattributes

Packages
.gitignore

D
[3 .vsconfig

Languages
[0 README

C# 90,1
® HISL 1.59

Figure 5.12 GitHub Repository for TechTutor

5.1.12 Meshy.ai

Meshy.ai was used to generate custom 3D models from 2D image inputs. For example,
an AR Robot model was created and later integrated into the AR Quiz feature. This tool
helped to supplement pre-built assets from Sketchfab by providing unique models

tailored to the project’s requirements.

Figure 5.13 AR Robot Generated from Meshy.ai
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5.1.13 Figma
Figma was used to design the user interface (UI) layouts and icons for the TechTutor
application. The interface elements, including buttons, menus, and panels, were first

prototyped in Figma and later exported for integration into Unity. This ensured a

consistent and user-friendly design throughout the application.

Figure 5.14 Figma Workspace

5.1.14 Icons8

Icons8 was used as an additional design resource to obtain icons and graphic assets for
the TechTutor application. These assets were used to complement the user interface
elements designed in Figma, ensuring a clean and professional appearance for the

application’s menus and panels.

¥ Figmaplugin B8 Windows app  Style packs  New icons MCP  Forum  Pricing 88 Products -

lcons v BY delete button @ Recolor v B8 Detailed 388 Compact

[ [}
[m}
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}
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£)
(m]
[ [}
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Figure 5.15 Icons8 Website Interface
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In summary, the above software tools and packages were installed and configured to
establish the development environment for the TechTutor application. These tools
provided the necessary support for AR functionality, Al integration, 3D asset
generation, and user interface design, ensuring a smooth workflow throughout the

project.

5.2  Hardware Setup

The hardware used to develop and test the TechTutor application included a laptop and
an Android mobile device. The laptop was primarily used for Unity development,
system configuration, and hosting the Flask backend for EasyOCR, while the mobile
device was used for deploying the APK, testing AR functionality, and validating the
Speech-to-Text (STT) and Text-to-Speech (TTS) features. Detailed specifications are
provided in Tables 5.1 and 5.2.

Table 5.1 Laptop Specifications

Description Specifications
Model ROG Strix G16
Processor 13th Gen Intel(R) Core™ i17-13650HX
Operating System Windows 11
Graphic NVIDIA GeForce RTX 4050
Memory 16GB
Storage 1TB SSD
Table 5.2 Mobile Device Specifications

Description Specifications
Model Mi 11 Lite

Qualcomm Snapdragon 732G (8nm)
Processor

CPU: Octa-core Max 2.3GHz

_ Android 11 (MIUI 12), upgradable to Android 13 (MIUI

Operating System

14)
Graphic Adreno 618
Memory 8GB
Storage 128GB

64MP primary camera (f/1.79, 6P lens)
Camera .

8MP ultra-wide angle camera (119° FOV, {/2.2)

62

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR




Chapter 5: System Implementation

SMP telemacro camera (f/2.4, Contrast AF, 3cm-7cm)

5.3  System Configuration

5.3.1 Vuforia Engine Configuration

To configure the Vuforia Engine for marker-based AR, a license key first needed to
be obtained from the Vuforia Developer Portal. After logging in, the developer
navigated to the ‘Plan & Licenses’ tab and clicked ‘Generate Basic License’ to create
a new license. As shown in Figure 5.16, an example license “Test Appl” was
generated. By selecting the license, the license key was displayed, as illustrated in
Figure 5.17, and then copied for use in Unity.

engine
developer portal

Home News Downloads Library Support Pricing Log Out

Account  Plan & Licenses  Credentials  Target Manager

Current Plan

Add-ons

Other Licenses

Basic Plan

With the Basic Plan you have access to all Basic features and can try out
our Premium features. You can publish apps commercially when using
basic features. Click here to Learn more!

Generate Basic License

Upgrade to Premium

Gain access to Premium features
such as Model and Area Targets,
production support, and more!

Request Now

Search /
Name Type Status v

Test_App1 Basic Active

Date Modified

Mar 22, 2025

Figure 5.16 Generate License Key

Licenses » Test_App1

TESt_App1 Edit Name Delete License Key

License Key Usage

Please copy the license key below into your app

Plan Type: Basic

Status: Active

Created: Mar 22, 2025 21:40

License UUID: 8825933d7ca549d68d674c76b3c189a2

Figure 5.17 Obtained License Key
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In Unity, the license key was applied by right-clicking in the Project panel and creating
a Vuforia Engine > AR Camera. The AR Camera contained a Vuforia Behaviour
script, where the developer could click ‘Open Vuforia Engine Configuration’ and paste

the license key, as shown in Figure 5.18 and Figure 5.19. This step activated Vuforia in

the project.

Figure 5.19 Paste License Key

Once activated, the engine was able to recognize image targets defined in the database.
The database created earlier in the Vuforia Developer Portal was imported into Unity
and linked with the project. The developer then created an Image Target object under
the Vuforia Engine. As shown in Figure 5.20, the Type option was set to “From
Database”, the imported database was selected, and the desired image target name was

chosen. A 3D model or other content could then be placed as a child object of the Image
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Target. When the user pointed their device camera at the image target, the

corresponding model was spawned in the AR scene.

v &% oo

Figure 5.20 Image Target Behaviour Configuration

5.3.2 ARCore & AR Foundation Configuration

For markerless AR development, the AR Foundation and ARCore XR Plugin package
were configured in Unity. First, the developer enabled the XR Plugin Management by
navigating to Edit > Project Settings > XR Plug-in Management. As shown in Figure
5.21, the Android build platform was selected, and Google ARCore was enabled as the

active provider.

XR Plug-in Management

Informatior

Figure 5.21 Activated Google ARCore

The AR Foundation package served as the cross-platform framework, providing a

unified API for plane detection, anchors, and hit testing. Meanwhile, the ARCore XR

65
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 5: System Implementation

Plugin acted as the backend for Android devices, handling the actual motion tracking
and environmental understanding.

After configuration, Unity’s AR Session and XR Origin (Mobile AR) prefabs were
added to the scene, as shown in Figure 5.22. The AR Session controlled the lifecycle
of the AR experience, while the XR Origin (Mobile AR) defined the point of reference

for placing virtual objects into the real-world environment.

Create Empty
3D Object
Effects

Light

Audic

Video

ul

Vuforia Engine
Ul Toolkit

XR AR Debug Menu
Camera AR Default Face
Visual Scripting Scene Variables AR Default Plane
AR Default Point Cloud
AR Session
Convert Main Camera To XR Rig
AR Origin (Mobile AR)

Figure 5.22 AR Session and XR Origin (Mobile AR) Prefabs

After the configuration, it allowed TechTutor application to support markerless AR
functions, particularly for the AR Guide tutorials and AR Models feature, where 3D

objects could be anchored onto the detected surfaces.

5.3.3 OpenAl API Configuration

The OpenAl API was configured to enable the Al-driven features in the TechTutor
application. An API key was first obtained from the OpenAl Developer Portal by
clicking Create new secret key. The developer was then prompted to assign a name to
the key and create a project. As shown in Figure 5.23, the project “OpenAl” was

created.

After the project was created, an information panel appeared displaying the newly
generated secret key as shown in Figure 5.24. This key is only shown once and cannot
be retrieved again; therefore, it had to be copied and stored securely for later use in

Unity.
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Create new secret key

Figure 5.23 Creating OpenAl Secret Key

Save your key

Please save your secret key in a safe place since you won't be able
to view it again. Keep it secure, as anyone with your APl key can
make requests on your behalf. [f you do lose it, you'll need to
generate a new one.

Learn more about API key best practices (2

Permissions

Read and write API resources

Figure 5.24 Generated OpenAl Secret Key

After securely storing the secret key, the developer integrated it into Unity through C#
scripts. As shown in Figure 5.25, the UnityWebRequest class was used to send HTTP
POST requests to the OpenAl endpoint. The request included the authorization header
with the API key and JSON-formatted body parameters. Upon receiving a response, the
result was parsed using Unity’s JsonUltility to extract the generated output for use within

the application.
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( req = Undi

req.uploadHandler =
req.downloadHandler =
req.S5etRequestHeader(”Aut
req.5SetRequestHeader("Con

yield return req.SendWebRequest();

if (req.result = UnityW uest.Result.Sucecess)
{
msg = $"HTTP {req.responseCode} {req.error}\n{req.downloadHandler.text}";
ogError(" [AI(Q nerator] " + msg);
OnError?. Invoke(msg);
yield break;

inbtility . FromJson<Ch: >(req.downloadHandler.text];
content = resp = && resp.choices I= E&& resp.choices.Length > 8
? resp.choices[8].message.content

.IsNullOrEmpty(content))

or] Empty content."):

yield break;
}

if (logResponse) . "[AT enerator] JSON:\n" + content);

Figure 5.25 OpenAl API Integration using UnityWebRequest

5.3.4 EasyOCR Configuration

The EasyOCR library was integrated through a Flask backend server to provide text
recognition functionality for the TechTutor application. This setup enabled the
application to process uploaded or captured images and highlight relevant keywords in

the AI Tutor module.

Before running the server, the required Python dependencies were installed, including:
e flask — for hosting the backend server
e flask-cors — to allow cross-origin requests from Unity
e pillow — for image processing
e numpy — for handling image data arrays
e casyocr — for performing optical character recognition
These libraries were installed using pip and stored in a requirements.txt file for

environment setup.

Next, a Flask server was developed in Python with EasyOCR installed as the
recognition library. As shown in Figure 5.26, the server code (ocr_server.py) defined
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endpoints to receive images in Base64 format, process them with EasyOCR, and return
detected text along with bounding box coordinates in JSON format. This allowed Unity

to know not only the detected words but also their positions in the image.

Then, server was launched in a Python virtual environment. As illustrated in Figure
5.27, the Flask server was successfully started and ran on http://127.0.0.1:5000 (local)
and on the host machine’s IP address for network access. But, when it deployed to the
mobile phone, it needs to change to the personal ip address and the mobile phone and
the server should have the same network configuration in order to do the ocr.

In Unity, captured images or files selected from the device gallery were sent to this
backend using UnityWebRequest. The server responded with recognized words and
coordinates, which Unity then used to highlight keywords in Canvas Mode by

overlaying semi-transparent boxes and directional arrows on the detected areas.

This configuration enabled the Al Tutor to extend beyond textual responses and provide

visual guidance, making the learning process more interactive and user-friendly.

ocr_serverpy X

app.run(host="0. port=5608, debug=

Figure 5.26 Flask Server Code

69
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 5: System Implementation

C:\Users\Chia Heung>cd TechTutorOCR

C:\Users\Chia Heung\TechTutorOCR>python -m venv .venv
C:\Users\Chia Heung\TechTutorOCR>.venv\Scripts\activate.bat
(.venv) C:\Users\Chia Heung\TechTutorOCR>python ocr_server.py
Using CPU. Note: This module is much faster with a GPU.

* Serving Flask app 'ocr_server'
* Debug mode: off

* Running on all addresses (0.0.8.8)
* Running on http://127.8.08.1:5000

Figure 5.27 Flask Server Running

5.3.5 System Prompt Engineering for OpenAl

To ensure consistent and task-appropriate outputs from the OpenAl API, different
system prompts were engineered for each module. The prompts enforce strict formats,
restrict unnecessary text, and guide the model to return responses that are directly

usable by TechTutor.

AR Quiz (MCQ) Generator

The AI Quiz module was implemented using the OpenAl Chat Completions API to
automatically generate beginner-friendly multiple-choice questions. The system
prompt was carefully engineered to instruct the model to return strictly valid JSON
responses that follow a fixed schema, ensuring compatibility with Unity’s JsonUltility

parser.

The user prompt requested exactly five multiple-choice questions with four options
each, where the correct answer must be obvious for beginners. For consistency and to
minimize randomness in outputs, a low temperature value of 0.2 was applied in the
API request, which reduced unnecessary variation across quiz generations. The
generated JSON was then deserialized into a QuizPayload object, saved locally through
the AIQuizLocalStore, and linked with the corresponding 3D model selected by the
user. This approach ensured that each quiz session was reproducible, structured, and

easily integrated into the AR environment.

70
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 5: System Implementation

itor qui

Name} (computer
ytion).

to a beginner

reqlbj =

model = .IsNullOrEmpty(config.chatModel) ? "gpt-4o-mini" : config.chatModel,
response_format = = t { type = " }'

temperature = 8.2f,

max_tokens = 9

messages -

m", content systemMsg },

, content = userMsg }

url = confi
jsonBody =

req.uploaddandler = U E .UTF8.GetBytes(jsonBody));
req.downloadHandler = d Q;

req. SetRequestHeader( " Authc ation”, "Bearer " + config.apiKey);
req.SetRequestHeader( e application 3;

yield return req.SendWebRequest(]);

if (reg.result != Uni eb st .Result.Success)

i

msg = $"HTTP {req.responseCode} {req.error}\n{req.downloadHandler.text}";
D LogError("[AIQuizGenerater] " + msg);
OnError? . Invoke(msg);
yield break;

Figure 5.28 AR Quiz Configuration Code Snippet

Al Tutor (Text/Image Step-by-Step Guidance)

The AI Tutor module was configured to provide step-by-step guidance in plain text,
with optional keyword highlighting when a screenshot was attached. A carefully
engineered system prompt instructed the model to always respond in a strict format,
which is numbered steps with a short action, a brief explanation, and a ‘Keywords’,

which is a line containing one to three exact Ul tokens from the image (e.g., menu
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labels or button names). If no tokens were available, the model was required to return
Keywords: (none). To ensure consistency, additional rules prohibited greetings,

summaries, markdown formatting, or code fences.

When a screenshot was included, the request was sent to gpt-40 with both text and
Base64-encoded image data. For text-only queries, the lightweight gpt-40-mini was
used. In both cases, the API call was configured with temperature = 0.2 to reduce
variability and max_tokens = 900 to prevent truncation across 4—6 steps. The request
was built in JSON format and submitted via UnityWebRequest, with the API key

passed securely in the authorization header.

The returned response was parsed, sanitized, and displayed in the chat panel. The
extracted steps were also transformed into an internal guide object, which supported
‘Canvas Mode’ by overlaying highlights on detected keywords using EasyOCR. All

interactions were saved to the chat history for later review.

its Like Cirl

model = includeImage ? "gpt-4o" : "gpt-Uo-mini";

F (includeImage)

base6dImage = EncodeImageToBase6d(selectedImage);

, ""content"": """ + EscapeJson(systemPrompt]) + @"""

" + EscapeJson({userMessage) +
url®"": { ""url®™": ""data:i 4 " + base6YImage + @""

""" + EscapeJson(systemPrompt) +
" + EscapelJson(userMessage) + @
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t request = I} sbRequest(apilrl, "POST");
yRaw = System.Text. 0.UTF8.GetBytes(json);
request.uploadHandler = Up dHandle yRaw);
request.downloadHandler = 1 T

request.SetRequestHeader("C " ! n")
request . SetRequestHeader( " Authori 1 penATHey) ;

responseText.text += $"\n\nYou: {userMessage}\n\nTechTutor:\n";
C .ForcelpdateCanvases(
tScrollRect.verticalNormalizedPosition = @F;

yield return request.SendWebRequest();

if (reguest.result == Unity est.Result.Success)

i
jsonResponse = request.downloadHandler.text;
reply = ExtractReply(jsonResponse);

reply
reply

StripDisclaimers(reply);
SanitizeForTMP(reply);

lastBotReply = reply;

lastGuide = BuildGuideFromPlainSteps(reply);

displayReply = StripHeywordlLines(reply);
StartCoroutine(TypeText(responseText.text, displayReplyl);

Figure 5.29 Al Tutor Configuration Code Snippet

Al Identify (Computer Component Description)

The Al Identify module was designed to analyze images of computer components and
provide concise educational descriptions. When the user captured an image through the
AR interface, the application first performed a “shutter” effect and then obtained a full-
screen capture from the AR camera. The captured texture was downscaled and
compressed into JPEG format to optimize network transfer, while a preview copy of

the image was retained for display in the UL

The processed image was then encoded into Base64 and sent to the OpenAl API with
a specialized prompt. The system prompt instructed the model to identify the

component (e.g., mouse, keyboard, monitor, speaker, laptop) and to respond in a strict

format:
e Thisisa
e [TITLE]:
e [INFO]:
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The [TITLE] had to match the component name, while the [INFO] section was
limited to one or two short paragraphs written in a beginner-friendly style. The prompt
explicitly forbade describing the photo itself (e.g., “This image shows...”), ensuring

that the output remained educational rather than observational.

The request was then sent using UnityWebRequest with the Base64-encoded image
attached, as shown in Figure 5.31. Upon receiving a successful response, the text was
parsed to extract the summary, title, and info sections. These outputs were displayed in
the info panel, converted into speech using TTS, and saved together with the preview

image into the history log for later review.

This configuration enabled the Al Identify module to transform simple camera captures

into interactive learning content, bridging AR recognition with Al-driven explanations.

e = Downscale(full, maxUploadWidth);
jpegBytes = resized.EncodeToJPG(jpegQuality);

if (lastPreviewTexture) Destroy(lastPreviewTexture);
lastPreviewTexture = resized;
Destroy(full);

base6dImage = t.ToBase6UString(jpegBytes);

+ base64Image + "\"}}" +

request = t(

[] bodyRaw = System.Text.E UTF8.GetBytes(json);
request.uploadHandler = r(bodyR
request.downloadHandler =
request . SetRequestHeader("
request . SetRequestHeader(”

ExtractTitleAndInfo(reply, titl content);

savedPath = SavePreviewTextureToDisk(lastPreviewTexture];
entry = AddHistory(summary, title, centent, savedPath);

SpeakSummaryOnce();

Figure 5.31 Al Identify Configuration Code Snippet
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5.4 System Operation
5.4.1 Main Menu Scene
Figure 5.32 shows the main menu screen displayed when the user first logs into the
system. It consists of the TechTutor logo and three buttons for users to select, which

are AR Learn, AR Guide, and Al Tutor.

AR Learn

AR Guide

Al Tutor

Figure 5.32 Main Menu Screen
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5.4.2 AR Learn

Figure 5.33 shows the main screen of the AR Learn module. It consists of three buttons

which are Al Identify, AR Modules, and AR Quiz.

AR LEARN

Your Visual Teacher

P
O Alidentify

AR Models
. AR Quiz

Figure 5.33 AR Learn Module Main Screen

Al Identify

Figure 5.34 shows the Al Identify Ul screen. The “Back” button (€) allows the user to
return to the AR Learn module main screen. The “Capture” button enables users to
point at any computer component and perform the real-time capturing function. The
navigation section, represented by a robot character, displays instructions to guide
users, and also includes a “More Info” button that provides additional details about the
identified computer component. Lastly, the “History List” button allows users to review

previously captured images along with the corresponding information.
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History
list

Back
button

Real-
Time
Capture
Navigation
Section More info
section
Figure 5.34 Al Identify Main Screen
Figure 5.35 shows the process when a user points at a computer component, in this case,
a mouse, and clicks the “Capture” button. An information message, “Analyzing...
Please wait...”, is displayed while the system processes the image. During this stage,
the captured image is sent to OpenAl for object detection.
Click
“Capture”
button

Information
message pop
out

Figure 5.35 Capture Scene

Figure 5.36 shows the result provided by OpenAl. After the analysis, the content in
the navigation area changes from “Welcome! You can capture anything here” to a
message stating “This is a .” In this case, since the identified computer

component is a mouse, the system displays the message “This is a mouse.” At the
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same time, a voice response is also generated, informing the user with the spoken

message “This is a mouse.”

Contents
Chjfleged I ‘ AR Learn: This is @ mouse.
Figure 5.36 OpenAl Response
Figure 5.37 shows the information panel that appears when the user clicks the More
Info button. More detailed information about the computer component is displayed,
accompanied by speech generated through OpenAl’s Text-to-Speech (TTS). The panel
also includes a Voice Out button, which allows the user to replay the speech if they
need to listen to the explanation again.
“Voice Out”
button
Info panel A mouse is a handheld pointing device used in User
for mouse conjunction with a computer. It controls the clicked
is shown. movement of a pointer on the computer screen “More
and allows you to click, drag, and interact with blntft"
utton

items on your display. Mice can be wired or

Figure 5.37 Mouse Info Panel
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From Figures 5.38 and 5.39, after the user finishes reading and understanding the
information about the mouse, they can continue to capture other computer components
such as a monitor or laptop. In this case, a keyboard is captured, as shown in Figure

5.38. Subsequently, the navigation content changes from “This is a mouse” to “This is

a keyboard,” accompanied by the corresponding voice output, as shown in Figure 5.39.

User
clicked
Information ‘Capture’
message button
pop out again
AR Learn: This is a mouse.
Figure 5.38 Capture Scene for Keyboard

Contents

are changed

AR Learn: This is a keyboard.

Figure 5.39 Updated Navigation Content

Figure 5.40 illustrates the action when the user clicks the “History List” button. The
system then displays a list containing all previously captured images along with their
descriptions. As shown in Figure 5.41, each entry in the list includes a two-line
description of the computer component, the date and time of capture, and a “View”
button located at the end of the panel.
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User
clicked
“History
List”
button
History list
anel < :
P Your History List
popped up
& * Keyboard
e \ A keyboard is an essential input device used to
) interact with computers. It allows users to ent...
PN\ 2025-09-11 12:44 (B vw |
“View”
\ R button
Datetime : : L RRRE A mouse is a handheld pointing device used in
inf - . conjunction with a computer. It controls the m...
info /

Figure 5.41 History List Interface

After the user clicks the “View” button, the corresponding information panel is
displayed again, and the voice speech is played automatically. This allows the user to
review the same information for that particular computer component, as shown in

Figure 5.42.
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Keyboard
info panel
is
displayed N
A keyboard is an essential input device used to
interact with computers. It allows users to enter
text, numbers, and commands by pressing keys.
Most keyboards have a standard layout with keys
for letters, numbers, and functions, as well as
Figure 5.42 Keyboard Information Panel
AR Models
Figure 5.43 shows the main screen of the AR Models module. A “Back” button (€) is
in the top-left corner, while a “Model Selection” button is provided in the top-right
corner, allowing users to choose a model. In the bottom-left corner, a “Text-to-Speech”
(TTS) icon enables users to trigger the tutorial without selecting a model manually. In
the bottom-right corner, there are five control buttons. The first side is the movement
control, which allows users to move the model left, right, up, and down. A “Reset”
button is also available to return the model to its original position in the right side.
Model
selection
Back button
button
Reset
button
Text-to-
Speech il
(TTS) icon :p ‘; Movement
il b control
(left, top,
Figure 5.43 AR Models Main Screen bottom,
and right)
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Before overlaying a model, the user needs to perform plane detection by scanning a

horizontal surface. The surface should have visible texture to allow AR Foundation to

capture it more effectively. Figure 4.44 shows the detected plane.

Plane | ,\M del s,ei;cﬂon
Detection l
Figure 5.44 Plane Detection
After the user completes plane detection, they may click on the detected plane to lock
it. Once the plane is locked, plane detection will no longer proceed. As shown in Figure
5.45, the model selection interface will then appear, consisting of five main models for
users to choose from. They are keyboard, monitor, speaker, mouse, and laptop.
@ Select The Model For Your Tutorial
Keyboard C_] Monitor @ Speaker
5 models
to choose

@ Mouse

Figure 5.45 Model Selection Interface
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Figure 5.46 shows that when the user selects the keyboard model in Figure 5.45, a
preview of the keyboard is overlaid on the plane. The user may reposition it within the

plane or to a preferred location, and then click the “Confirm Model” button to place the

model in that position.

Preview
keyboard
model

‘Confirm
Model’
button

Figure 5.46 Keyboard Model Selected

Figure 5.47 shows that before confirming the model, the user may use two fingers to

enlarge it, making the model more visible and adjusting it to a suitable size.

“Enlarged’
preview
keyboard
model

Figure 5.47 Enlarged Preview of Keyboard Model

Figure 5.48 shows that after the user clicks the “Confirm Model” button, the keyboard

model is placed according to the position and size previously adjusted by the user.
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Keyboard
model is
placed.
New Text
Figure 5.48 Keyboard Model Placed
Figure 5.49 shows that after the user clicks the model, then the information panel is
displayed, and the corresponding speech is played simultaneously. The panel also
includes an “Explore More” button, which the user may click to proceed to the next
step and view more detailed information about the keyboard model.
‘Explore
Morea This is a computer kevboa:;ers o
button T e e e
Info Panel
displayed.

Figure 5.49 Information Panel Displayed

Figure 5.50 shows that after the user clicks the “Explore More” button, labelled text is
displayed to highlight important keys on the keyboard, such as the ‘Windows’ Key,
‘Arrow’ Keys, ‘Delete’ Key, ‘Control” Key, ‘Caps Lock’ Key, and the ‘Volume Up’

and ‘Volume Down’ Keys.
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Volume Up
Volume Down | _ Delete Key

Caps Lock
Button

New Text

Figure 5.50 Key Labels Overlay

Figure 5.51 shows that when the user clicks the ‘Left’ button in the movement control

section, the keyboard model shifts to the left.

Keyboard
model
shifts to
the left
‘Left’
button is
clicked.

Figure 5.51 Movement of Keyboard Model

Figure 5.52 shows that when the user clicks the “Reset” button, the keyboard model

returns to its initial position and scale.
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Volume Up
Volume Down

| Delete Key

Caps Lock

New Text

Figure 5.52 Position Reset
Figure 5.53 shows the information panel for the ‘Arrow’ Keys. When the user clicks

the ‘Arrow’ key in the keyboard model, then this panel is displayed, providing detailed

information about the keys, including their position, functions, and common usage.

* Position: Bottom-right area of the keyboard, arranged

in an inverted T shape.

« Used to move the cursor or navigate through text,
menus, or game elements.

« Common Use: t / | --> Scroll up or down, « / - ->
Move left or right (text or menus).

Figure 5.53 Arrow Keys Information Panel

Figure 5.54 shows the information panel for the remaining keys, including the

‘Volume’ Keys, ‘Caps Lock’ Key, ‘Control’ Keys, ‘Windows’ Key, and ‘Delete’ Key.
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i

Volume Key ® Caps Key &®

« Position: Usually found on the top row of the keyboard, » Position: Left side of the keyboard.

or on the side of laptops. * Used to toggle capital letter mode. When enabled, all
«+ Used to adjust system sound level without opening letter you type will be in UPPERCASE.

settings. « Common Use: Emphasizing text in documents or

+ Common Use: Volume Up / Down --> Increase games.

/Decrease Sound Level. itk » Tip: Press again to turn it off.Most keyboards have a
« Tip: Useful for quickly controlling sound during video. small light indicator when Caps Lock is active.

- 9

D Control Key (Crtl) @ g @ Windows Key

« Position: Bottom-left & bottom-right corners of the + Position: Bottom-left of the keyboard, usually between

keyboard. Crtl and Alt.

« It is used together with other keys to perform +» Opens the Start menu and is used with other keys for

shortcuts. shortcuts.

« Common Use: Crtl + C --> Copy, Crtl + V --> Paste » Common Use: Win + D --> Show Desktop, Win + L -->
Lock PC.

« Position: Usually located in the top-right area of the
keyboard. Often above or near the arrow keys and
Insert key.

» Deletes the character in front of the cursor (to the
right). Not the same as Backspace.

» Common Use: Delete files or folders, Clear items in
forms or spreadsheets.

Figure 5.54 Information Panel for Other Keys

Figure 5.55 shows that when the user clicks the “Model Selection” button again and
chooses the monitor model, the keyboard model is removed, and a preview of the

monitor appears at the starting point.

L?j Select The Model For Your Tutorial

If user
choose for
‘Monitor’

model
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‘Monitor’
preview
model will
be
spawned.

New Text

Figure 5.55 Selection Another Model

Figure 5.56 shows that when the user clicks the monitor model, the information panel
is displayed. When the user clicks ‘Explore More’, labels appear for key parts of the
monitor, including the Power Plug, HDMI Port, HDMI Label, Brand Label, and Power
Button. Since the Power Plug and HDMI Port are located at the back of the monitor,
the user can rotate the model with a finger gesture to view the labels clearly. Movement

to the left and right is also supported.

Info panel
is
displayed.

Labels in
the front

Figure 5.56 Information Panel and Labels for Monitor Model
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Labels in
the back

- side
-
|

Power Plug HDMI Port

nolvE 1awos,

New Text

Figure 5.56 Information Panel and Labels for Monitor Model (Cont.)

Figure 5.57 shows the information panel for all components of the monitor model,

including the brand label, HDML label, Power Button, HDMI Port, and Power plug.

i ‘

B
HDMI Label ®

7

-—— Brand Label ®
P

» Indicates the current input type (e.g., HDMI).

» Usually found near the bezel or on-screen display.

» HDMI transmits both high-definition video and audio.

» Displays the manufacturer name (e.g., ASUS, Dell, etc).
» Helps users identify the monitor model and brand.
*» Usually centered on the bottom bezel.

@ Power Button 3 (o HDMI Port

« Usually located at the bottom-right of the monitor + Located on the back or un'dersx‘de of the monitor.
bezel. « Allows you to connect devices like laptops, PCs, or

+ Used to furn the monitor ON or OFF. consoles. ] ) N
* May have a light indicator when powered on. + Supports both video and audio transmission.

Power Plug

* Located on the back of the monitor.

« Connects the monitor to a power source using a 3-pin
plug.

» Required to supply electricity for the monitor to
function.

New Tex

@

Figure 5.57 Information Panel for All Components (Monitor)
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Figure 5.58 shows that when the user clicks the mouse model, the information panel is
displayed. When the user clicks “Explore More” button, labels appear for key parts of
the mouse, including the Scroll Wheel, Left Click, and Right Click.

Seroll Wheel

Left Click \,

&t click W
—

Figure 5.58 Information Panel and Labels for Mouse Model

Figure 5.59 shows the information panel for all components of the mouse model,

including the Left Click, Right Click, and Scroll Wheel.

Left Click

» Use to select or open items.

* Most commonly used button.

Figure 5.59 Information Panel for All Components (Mouse)
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+ Opens context menu with more options.
« Example: Copy, Paste, Rename.

Scroll Wheel

* Scroll up/down on pages.
» Click to open links in a new tab.

Figure 5.59 Information Panel for All Components (Mouse) (Cont.)

Figure 5.60 shows that when the user clicks the speaker model, the information panel

is displayed. No additional labels appear for the speaker.

i i ¥
This is a speakers.

1t produces sound so you can hear music,
alerts or video audio.

Figure 5.60 Information Panel for Speaker Model
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Figure 5.61 shows the Speech-to-Text (STT) function in action. When the user clicks
the button, the instruction changes from “New Text” to “Listening,” indicating that the
system has started listening to the user’s speech. For example, if the user says, “laptop
tutorial”, the action to switch the model is triggered. The existing model is removed,

and the laptop preview model is spawned, as shown in Figure 5.61.

Figure 5.61 Speech-to-Text Action

Figure 5.62 shows that when the user clicks the laptop model, the information panel is
displayed. When the user clicks the “Explore More” button, labels appear for key parts
of the laptop, including the webcam, charging port, internal keyboard, touchpad, power
button, and USB port. Similar to the monitor model, the laptop can be rotated to view

different positions and examine the labels in more detail.

92
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 5: System Implementation

Webcam

Internal

r Button
Keyboard | iited

Charging Port
USB Port

|
Fouchess N \ . -
Dursie

Figure 5.62 Information Panel for Laptop Model (Laptop)

Figure 5.63 shows the information panel for all the components for the monitor model,
including the touchpad, internal keyboard, charging port, power button (laptop),
webcam, and USB Port.

USB Port x

D Internal Keyboard @

+ Allows you to connect devices like a mouse, keyboard, « Built-in keyboard for typing text and commands.

or USB drive.

+ Includes letters, numbers, symbols, and function keys
(F1-F12).
+» Some keys have shortcuts like brightness or volume.

*» Most laptops have 2-4 USB ports.
+» Some newer laptops include USB-C ports for faster
data and charging.

Figure 5.63 Information Panel for All Components (Laptop)
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, . r
\< Webcam Touchpad X

« Captures video and images. ©  +Replaces the mouse for moving the cursor.
« Used for online meetings or video calls. + Supports tapping, clicking, and scrolling with fingers.
+ Usually located at the top center of the screen. + Common gestures: two-finger scroll, pinch to zoom.

h‘ Charging Port ® ) Power Button (Laptop) ®

+ Used to plug in the charger and provide power to the |+ Used to turn the laptop ON or OFF.

laptop. » Usually found near the top-right of the keyboard or on
« Usually located on the side or back of the laptop. the side.

« The laptop battery charges when plugged in.

Figure 5.63 Information Panel for All Components (Laptop) (Cont.)

AR Quiz

Figure 5.64 shows the marker-based image used for the AR Quiz. When the user points
the phone at this marker, the AR tutorial begins. All relevant models and panels are

spawned.

Figure 5.64 AR Quiz Marker
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Figure 5.65 shows the main screen of the AR Quiz module. It consists of a “Back”

button (<) (top left), “Reset Position” button (bottom left), “Reset Scale” button

(bottom left), and “History List” button (top right).

Back
button

“History
List”
button
“Reset
Position”
& “Reset
Scale”
buttons

Figure 5.65 AR Quiz Main Screen

Figure 5.66 shows that when the user points the device at a marker, the model selection
interface appears. Above the model are the “Choose Model” and “Unchoose Model”
buttons. On either side of the model are “left (€)” and “right (=) arrows, which the
user can click to switch between models or swipe with a finger to move left and right.
Beside the AR model robot, a text label “Model Selection:  ” is also displayed,

which automatically updates whenever the user changes the selected model.

“Choose
Model” and
“Unchoose

Model”

Buttons Click ‘Left

——or ‘Right’
button to
switch
model.

Model
selection
label

Default
model,
keyboard is
spawned.

Figure 5.66 Model Selection Interface on Marker
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Figure 5.67 shows the remaining model options, including the mouse, speaker, monitor,
and laptop. When switching between models, the label updates accordingly. At the
same time, a sound effect is played to announce the selected model (e.g., “mouse,”
“keyboard,” “laptop”). In addition, swiping sound effect is included during the

switching process to provide an immersive and engaging experience for users.

1

NodelSeIecﬁon:MOUSE i Mogel Selection : SPEAKER e

AP-Al AR-Al
0 Qu™”

Model Selection : LAPTOP |-

Model Selection : MONITOR s

AD_AI
| N
N

‘ AR-AI

Figure 5.67 Model Switching

Figure 5.68 shows that when the user clicks the “Choose Model” button, the current
model is locked, and the button becomes inactive (disabled). At this point, the quiz
panel is spawned. The panel presents a set of default Al-generated questions for the
user to answer. For the keyboard model, the first question is fixed and requires the user
to locate specific keys on the keyboard. For example, as shown in Figure 5.68, the user
is asked to click the “Windows’ key by identifying its position on the model. If the
model appears too small, the user may enlarge it using a two-finger gesture or rotate it
with one finger. The Reset Position and Reset Scale buttons can also be used to return

the model to its original orientation and size if necessary.
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Question1 /5

the Windows key? Tap it.

r Looking at the keyboard model, where is

You may Rotate/Scale the model and tap Quiz panel
the correct key.

is spawned.

Figure 5.68 Quiz Panel Spawned

Figure 5.69 shows that when the user answers a quiz question correctly or incorrectly,
a feedback response is provided. A correct answer is indicated with the label ‘Correct’
in green, accompanied by a positive sound effect, while an incorrect answer is shown

with the label ‘Try Again’ in red, along with an error sound effect.

- _ — Question1 /5
ion: ARD . ;
MOd'e'I Sele‘cnon : K"E‘YBO - Looking at the keyboard model, where is ‘

the Windows key? Tap it.
AR-Al
Rotate/Scale the model and tap B s
o cbeciie Correct
label
Figure 5.69 Correct and Wrong Label Feedback
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Question2 /5

Model Selection : KEYBOARD .

What does the 'Enter’ key do?

13 )
AR_A' A - It moves the cursor. Try Agaln
- firms a command.
g - ;: ?e’l‘e;’er: text. | label
D- |

1t opens @ menu.

Figure 5.69 Correct and Wrong Label Feedback (Cont.)

Figure 5.70 shows that when the quiz is completed, the message ‘Quiz Complete!’ is

displayed in the panel.

5/5 correct

Modelrsrelec’rioﬁ: KEYBOARD_ =

AR-Al

Quiz Complete!

Nz

Figure 5.70 Finished Quiz Message

Figure 5.71 shows that when the user clicks the “Unchoose Model” button, the button
becomes inactive while the “Choose Model” button is reactivated. The generated quiz
and its panel also disappear. At this stage, the user may select a new model to begin a

new quiz.
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“Choose
Model”
button
activated Model Selection : KEYBOARD
AR-Al
Nz
Figure 5.71 Unchoose Model Action
Figure 5.72 shows that when the user selects a new model (in this case, the laptop
model) and clicks the “Generate Quiz” button, the request is sent to OpenAl to generate
quiz questions along with the corresponding speech output through the Text-to-Speech
(TTS) function. When the user clicks the button, a label “Generating quiz...” is
displayed to inform the user that OpenAl is processing the request and preparing the
quiz.
Question1/5
Model Selection: LAPTCP? . whot is SGEREERHIT
‘Generating | A IG gnera tin g X g' its{!l%;;omm'
quiz. L " A _ B-1Itis used for'c::::::ag‘:ZSKS'
label 7 % Xltr Isut:\:\isf::nnect to the internet.

Figure 5.72 Triggering the Generate Quiz Button

Figure 5.73 shows that after the quiz generation process begins, a progress label *

Preparing voice - 0/5 — 5/5” is displayed, functioning like a breadcrumb indicator.
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Once the preparation is complete, the label “Quiz Generated !!!” appears to confirm that

the quiz is ready.

Question1/5

Model Selection : LAFTCP

‘Preparing Pr r hat is a lapt used for?
. ing voice...
Voice’ label t? Rp g A - T4 is only for gummg
™ 2 B - It is used for computing tasks.
y s C - 1t is a type of smartphone.
é/ i G Th COdO' connect to the internet.
ac | I enera e
‘Quiz
Generated !
11" label
Figure 5.73 Second Feedback Label
Figure 5.74 shows that the panel updates to display newly generated questions provided
by OpenAl. Along with this, the voice output is played simultaneously when the new
questions are displayed, allowing the user to have a more immersive learning
experience while answering the quiz.
" Question1/5 X
New Model SeIeCTion : Solaliol what is the primary function of a laptop?
queStionS A\D o A - To clean floors.
B - To compute and run software.
arc A C - To cook food.
generated. SV, D - To water plants.

Figure 5.74 New Question Generated by OpenAl

Figure 5.75 shows the additional four questions generated by OpenAl
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Question 2 /5 ® i Question3 /5

Which part of a laptop is used to input | What connects a laptop to the internet?
data? i

A - The screen. A - A charger.

B - The keyboard. B - A mouse.

C - The battery. C - A printer.

D - The speakers. 3 D - Wi-Fi or an Ethernet cable.

oOCHC

Question 4 /5 Question 5 / 5
Which component stores files and

i laptop? What do you use to control the cursor on a
programs in-a

/ laptop?
A - The fan.

. A - The battery.
B - The hard drive. B - The speakers.
C - The screen. C - The touchpad.
D - The camera. D - The keyboard.

Figure 5.75 Other Questions Generated by OpenAl

Figure 5.76 shows the quiz history list, which appears when the user clicks the “Quiz
History” button in the top-right corner. After clicking it, the user can view the quizzes
previously answered, such as the keyboard and laptop quizzes. The history is arranged

with the most recent quiz at the top. Each entry is displayed with its timestamp, model

name, and the total number of correctly answered questions.
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B - The speakers. | List’ button
C - The touchpad. i
D - The keyboard.

- . Question5 /5 . ) “'T
Model Selection : LAPTOP M .
‘ a ol = = What do you use to control the cursor on a Click
laptop? .
R - ‘History
‘ S A\ # A - The battery.
|
|

Quiz History List

Quiz that 2025-09-11 13:36 | laptop | 5/5
gnswered —]
Justnow 2025-09-11 13:35 | keyboard | 5/5

2025-09-11 13:33 | mouse | 5/5

2025-09-11 13:22 | nomodel | 5/5

Figure 5.76 Quiz History List

Figure 5.77 shows that when the user clicks an item in the history list, the quiz detail
panel is displayed. In this panel, the user can review all the quizzes previously

answered, including the user’s response, the correct answer, and the result.
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Qui»z Detail Panel

laptop — 2025-09-11 13:36 — 5/5

Q1. What is the primary function of a laptop?
A. To clean floors.

B. To compute and run software.

C. To cook food.

D. To water plants.

Your answer: B

Correct: B

Raciilt Carract

Figure 5.77 Quiz Detail Panel

5.4.3 AR Guide

Microsoft Word Tutorial, Snipping Tool Tutorial, Send Email Tutorial

As their operation flows are identical, starting from detection, displaying step-by-step
instructions, and synchronizing text, voice, and visual cues, so the explanation is
presented together in this section. The subsequent descriptions and screenshots

therefore cover the operation of both types of tutorials in a combined manner.

In order to provide a complete view of the desk simulation in a consistent manner, all
three tutorial scenes are set to a fixed portrait orientation. As shown in Figure 5.78, the
interface includes a “Back” button (<) positioned at the top-left corner, while the
bottom-left area contains the Text-to-Speech (TTS) icon and the “Change Mode”

button.
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Back button
TTS icon
New Text
“Change
Mode”
button © ) Change Mode

Figure 5.78 AR Guide Main Scene

Figure 5.79 shows that user pointing the camera to scan the environment. Once a plane
is successfully detected, aa highlighted grey surface is displayed to indicate the are

where the AR content can be placed.
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Detected
plane

New Text

(© =) Change Mode

Figure 5.79 Plane Detection in AR Guide

Figure 5.80 shows that after the user clicks on the detected plane, the desk simulation
model appears. The simulation includes a virtual monitor, keyboard, and mouse, along
with an information panel and key highlight labels that display instructions or visual
cues. At the same time, Text-to-Speech (TTS) narration is automatically played to guide

the user through the tutorial steps.
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Q@bserve the change
Bf monitafscreen!

Mouse

Keyboard

New Text

Change Mode Mouse
model

Figure 5.80 Desk Simulation Model Placement

Figure 5.81 shows that when the user clicks on the information panel, a control panel
appears at the lower-right corner. This panel allows the user to adjust the position of
the canvas by moving it left, right, up, or down. If the user wishes to return the canvas
to its original placement, then the “Reset Position” button can be clicked to restore it
instantly. These controls ensures that the canvas can be repositioned to achieve the best

possible viewing experience for the user.
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Control
panel

New Text

“Reset
Position”
Chonge MOde eset Position button

Figure 5.81 Information Panel Control Options

Figure 5.82 shows another control panel, which appears when the user clicks on the
entire desk simulation model. Similar to the canvas control, this panel allows the user
to move the model left, right, up, or down. In addition, it provides options to scale larger

or scale smaller to improve the visibility of the overall model. The panel also includes
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“Reset Position” and “Reset Scale” buttons, enabling the user to quickly restore the

model to its original placement and size.

Whole model
control panel

“Reset Scale”
button

Reset Position

A
»y Reset Scole

New Text

Scaler larger
or scale
smaller

Change Mode

Figure 5.82 Whole Model Control Panel

Figure 5.83 shows that after adjusting the model, the user can continue with the tutorial.
By clicking the “Right” (=) button, the next information panel appears together with

the synchronized Text-to-Speech (TTS) narration. Similarly, clicking the “Prev” (<)
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button returns to the previous step, with both the text and narration updated accordingly.
In addition, users may click the STT icon and issue voice commands such as “next” or

“ back” to navigate through the tutorials hands-free.

Steps changed
accordingly

Back button
(<)

Next button
=)

Click to start
the STT
feature.

New Text

Change Mode

Figure 5.83 Tutorial Progression with Navigation Buttons

Figure 5.84 shows that the virtual monitor screen updates according to the current
tutorial step. At the same time, visual cues are displayed when the step involves specific

interactions such as moving the mouse, performing a search, or typing keys on the
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keyboard. These synchronized updates help users follow the tutorial more intuitively

by combining on-screen changes with corresponding physical actions.

Monitor
screen

Visual cue is
e changed.

related to the
steps in the
panel.

Type
'Miesesof:
Word'

(=]

New Text

Change Mode

Figure 5.84 Monitor Screen and Visual Cues

Figure 5.85 shows that when the user clicks the “Change Mode” button, the system
switches to Canvas Mode. In this mode, the desk simulation model disappears, and the
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user can freely move the camera and tap on the screen to spawn the canvas information

panel. The spawned canvas remains synchronized with the current tutorial step from

the desk simulation model, ensuring continuity of the instructions. At the same time, a

“Reset Panel” button appears. If the user wishes to reset the position, clicking this

button once will trigger the function, and the user can then tap the screen again to spawn

the panel in a new position.

New Text

Change Mode

[@J Reset Panel

New Te)f.vr —

Change Mode

HOW TO use
ASSISTANT?AI

Rek questions (ke

)

How do | sak » question ta the A
Chatbot?

“Canvas
Mode” info
panel

“Rest Panel”
button
appears

Figure 5.85 Change Mode and Canvas Synchronization (Canvas Mode)

Figure 5.86 shows that if the user wants to switch back to the 3D desk simulation model,

they can simply click the “Change Mode” button again. Once activated, the Canvas

Mode ends, and the desk simulation model respawns at the same location on the

previously detected plane.
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HOW To Use
A
ASSISTANT? :

Rsk questions (ke

)/

How do | ask  quastion fo the A
Chatbor? g

Just type your Geestion in the text
Peld 224 pross the ‘Sead button |

For example
“How o | create o folder I
indows?"

Thea, Al will respond with 2 simple,
04 atop byl expinination

" I cmEover
“Canvas

Mode” end,
info panel
disappears

User clicks
“Change
Mode” button

- New Toxdamee=== —— New/Text

Change Mode Change Mode

Figure 5.86 Switching Back to Desk Simulation Mode Desk simulation

appears in the
same position.

Afterwards, the user may proceed step by step until the tutorial reaches completion.
This describes the overall operation of the AR Guide module, which consists of 3
submodules, Microsoft Word Tutorial, Sending Email Tutorial, and Snipping Tool
Tutorial. The total number of steps for each tutorial, including the final “tutorial

completed” message, is as stated below:
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e Microsoft Word: 27 steps
e Sending Email: 20 steps
e Snipping Tool: 16 steps

For the full list of completed tutorial steps and the corresponding monitor screen

updates, please refer to the Appendix section:

e Microsoft Word: Appendix C
e Send Email: Appendix D

e Snipping Tool: Appendix E

Calculator Tutorial

The next part describes the marker-based tutorial, which focuses on the operation of the
Calculator Tutorial. In this case, the tutorial begins when the user points the camera at
the real calculator displayed on the laptop. Once the calculator marker is detected, the

system activates the tutorial and displays the first instructional panel.

Figure 5.87 shows the main screen of the Calculator Tutorial. A “Back” button (<) is
placed at the top-left corner, and the screen is set to a fixed orientation to ensure a
consistent and smooth user experience. At the bottom-left corner, there is an STT icon
that enables voice navigation. The figure also shows the information panel spawning
when the user points the camera at the calculator in the laptop screen. Once the
calculator marker is detected, the information panel appears, and the user can click the

“Next” button to proceed with the tutorial steps.
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Calculator in the laptop screen. Info panel is spawned once the
marker is detected.

Standard 59

WELCOME TO
TUTORIAL FOR USING
CALCULATOR!

It is a 'Standard’ calculator.

)

Figure 5.87 Main Screen and Info Panel of Calculator Tutorial

Standard &

Divide -Separate into parts.

Multiply - Times or Group
something.

Minus - Take away or subtract.
Plus - Add Number Together.

Equal - Get the Answer.
\3

Figure 5.88 Tutorial Steps in Calculator Tutorial

Figure 5.88 illustrates the sequence of steps contained in the Calculator Tutorial.
Similar to the previous tutorials, the interface includes “Back” and “Prev” buttons that
allow the user to navigate between steps. Navigation can be triggered either by clicking
these buttons directly or by using the STT icon to issue voice commands such as “next”

or “back.”

“Prev” and “Next”

buttons
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Standard

) C - Clears the whole calculation
% - Calculate for CE - Clear just the last number
Percentage i you're typing

1/x - 1 divide by : | X2 - Power of 2
your input number i VX - Square root of 2

+/- - Make it ! L(— Prevj Mexté ]
be-~me positive / 3 = 2 &

p ve number

Standard

: Use these button to type
numbers, just like you would
on a regular calculator!

Standard

Let's Start a Quick Example !!

cen e M

Figure 5.88 Tutorial Steps in Calculator Tutorial (Cont.)
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= Standard

Step 1 : Tap Button 5

Step 2: Click '+'

Step 3: Tap Button 9

Step 4 : Click '='

You'll get your result now! (14)

\s

Calculator

Standard &

Congratulations! You have
completed the tutorials!

‘g

Figure 5.88 Tutorial Steps in Calculator Tutorial (Cont.)
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5.4.4 AI Tutor

Figure 5.89 shows the main screen of the AR Learn module. It consists of two buttons.

They are Al Assistance and Frequently Asked Questions (FAQs).

AI CHATBOT

Your Reliable Assistant

Al Assistance

Frequéntlg Asked
Questions (FAOS)

Figure 5.89 AR Learn Module Main Screen

Al Assistance

Figure 5.90 shows the main screen of the Al Assistance module. In the top-left corner,
there is a “Back” (€) button, and in the top-right corner, a “History List” button. The
first section allows the user to type a question, and below it is three buttons. They are
“Sent”, “Gallery”, and “Take Photo”. The next section displays the Al chatbot’s

responses. Below this, there is a “Canvas” Mode button.
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e - \
“History

“Back? YOUR TECHNOLOGY List” button
HELPER

button (<)

User’s typing
Ask anything... section

3 buttons

OpenAl
response
section

“Canvas Mode”

button

Figure 5.90 Al Assistance Main Screen

Figure 5.91 shows that when the user clicks the “Gallery” button, an option menu
interface appears, allowing the user to choose whether to select an image from the

gallery, file manager, or photos.
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Option menu

T

appears.

Select an image for TechTutor to an...

s

Cancel

Figure 5.91 Click the Gallery Button

Figure 5.92 shows that when the user selects “Gallery” from the option menu, the

system allows the user to choose an image from the device’s gallery / album.
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21165 M@ - G2 @R @4

X Select 1 photo

Photos Albums
Sep 2 | TechTutor

o

Sep 1 | TechTutor

User’s

. Aug 31 | TechTutor
device ___— % ot

gallery 2 ]

Aug 28 | TechTutor

Figure 5.92 Select Photo from the Gallery

Figure 5.93 shows that after the user selects an image from the gallery, the image
preview is displayed in the area above the Al response section. An “X” button in the

top-right corner allows the user to delete the image and select a new one if needed.
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YOUR TECHNOLOGY

HELPER
€
«
Ask anything...
Image
preview
section

Figure 5.93 Selected Image from the Gallery

Figure 5.94 shows that the user may click the image to view it in a larger size and with

more detail.
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YOUR TECHNOLOGY

Your Uploaded
Image

Larger
image
preview

Figure 5.94 Clicking to Enlarge the Image

Figure 5.95 shows that after the user inserts an image, they can click the “Send” button

to submit the question to OpenAl.

User’s YOUR TECHNOLOGY
typing HELPER
result e
..
How to move the scenes folder to the
English training folder?
Then, user can
click the
. ‘Send’ button.
User typing
section How to move the scenes folder to oK
\} the English training folder?|
H 5 & @ S

11213]1415|6|7|8|9|0
@ # £ _ & -+ ( )/
S0 I R B O R R (<

ABC

w=
an

Figure 5.95 User Prompt with Question and Send Action
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Figure 5.96 shows the response generated by OpenAl. The full step-by-step instructions

are as follows:

e Step 1: Select the “Scenes” folder.
- Click on the “Scenes” folder to select it.
e Step 2: Cut the folder.
- Right-click the “Scenes” folder and choose Cut from the menu.
e Step 3: Navigate to the “English Training” folder.
- Find and click on the “English Training” folder in the left panel.
e Step 4: Paste the folder.
- Right-click inside the “English Training” folder and choose Paste from

the menu.

Figure 5.96 OpenAl Response

Figure 5.97 shows that after the user clicks the Canvas Mode button, the interface
switches to ‘Canvas Mode’ in a new scene. The selected image is then sent to EasyOCR
for processing. The user may need to wait for OCR to respond and highlight the
detected text.
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Click this Steps info
“Canvas Mode” shows in this
button. section.

Step 1: Select the

Image shows in "Scenes” folder
this section. . )

Click on the "Scenes"” folder
to select it.

01-Aug 25 337PM

Figure 5.97 Canvas Mode

Figure 5.98 shows that after EasyOCR completes its detection, the recognized text is
highlighted in red with reduced opacity. Above the highlighted text, a red arrow is

displayed to provide a more visually obvious cue for the user to follow

Step 1: Select the
"Scenes” folder

The relevant TR BN Click on the "Scenes” folder
keyword is to select it.

being
highlighted.

Figure 5.98 Highlight Text using EasyOCR

Figure 5.99 shows the remaining steps in ‘Canvas Mode’. If a keyword is detected, it

is highlighted in the corresponding step. If no keyword is found, no text is highlighted.
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Step 2: Cut the folder

Right-click the "Scenes”
folder and choose "Cut”
from the menu.

No relevant
keyword, no
keyword is
highlighted.

Step 3: Navigate to
"English Training”

Find and click on the _
"English Training"” folder in
the left panel.

Step 4: Paste the
folder

Right-click inside the
"English Training” folder and
choose "Paste” from the
menu.

Figure 5.99 Remaining Steps with EasyOCR

Figure 5.100 shows that when the user clicks the “History List” button, the chat history

list is displayed along with the associated image, timestamp, and a “View” button.
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Click this
“History List"
button.

° <

Chat History List

How to move the
scenes folder to the

English training folde. All the quiz
(Bves)

N How to move Scene
folder to the English
Training folder?

history is
listed.

§ How to move the
scenes folder to the
English Training fold..

How to copy the
scenes folder to the
English Training fold..

“View” button

How to copy the

Figure 5.100 Chat History List

Figure 5.101 shows that when the user clicks the View button, the detail panel is

displayed. This allows the user to review the response to the question that was

previously asked.

A\
How to move the
scenes folder to the Detail panel
English training folder? .

1S
Step 1: Select the "Scenes” folder .
- Click on the "Scenes" foder to di sp] ayed .
. . select it.
Cth thls Step 2: Cut the folder
¢ . P’y - Right-click the “Scenes" folder and
V]eW choose "Cut" from the menu.
button Step 3: Navigate to "English Training”

- Find and click on the "English
Training" folder in the left panel.

Step 4: Paste the folder

- Right-click inside the "English
Training” folder and choose “Paste”
from the menu.

2025-09-11 21:17

Figure 5.101 Chat History Detail Panel
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Frequently Asked Questions (FAQs)

Figure 5.102 shows the list of Frequently Asked Questions (FAQs) provided for users,

giving them a basic understanding of how to use the chatbot and EasyOCR. A total of

six FAQ questions is available, along with two sample questions that serve as examples

to guide users on how to ask questions to the chatbot.

HOW TO USE AT
ASSTISTANT?

Ask questions like...

FAQ 1

' Question:

How do | ask a question to the A
Chatbot? y

1 Answer:

Just type your question in the text
field and press the 'Send' button !

For example:

"How do I create a folder in
Windows?"

Then, Al will respond with a simple,
and step-by-step explaination.

FAQ 4

' Question:

Can | ask the Al chatbot questions in
different languages?

11 Answer:

Yes! The Al chatbot supports multiple
languages.

You can ask questions in English,
Malay, Chinese, and more.

The bot will try its best to understand
and respond accordingly.

Notes: OCR highlights on images:
English only for now.

FAQ 2

' Question:

What is Canvas Mode (Overlay
Guide)?
'Y Answer;

Canvas Mode shows your
uploaded/captured image with on-
screen highlights (red box + arrow) to
point at the exact buttons/menus
mentioned in the steps.

Use it when you want clear visual
guidance without using AR!

FAQ 5

, Question:

Can | ask the Al Chatbot about
anything?

'Y Answer:
Yes! You can ask questions about:
- How to use computer applications? ,

- Performing basic computer tasks
- Troubleshooting common issues

Figure 5.102 Lists of All FAQ Questions
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FAQ 3

, Question:

What is OCR Assist? What can it do?

11} Answer:

OCR Assist automatically reads text
in your image (menus, buttons,

labels) and draws a red box + arrow
above the best match for each step.

It helps you find exactly where to
click or look on the screenshot you
provided.

FAQ 6

' Question:

What should | do if the Al doesn't
understand my question?

' Answer:

Try rephrasing your question using
simple language.

- Avoid long or complicated
sentences. For example:

- Instead of: "What's the method to
organize files systematically?"

- Ask: "How do I organize my files into
folders?"
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Sample Question 1 Sample Question 2

® yser:

e User: €

€

Can you teach me how to take a

How do | create a folder in Windows?
screenshot?

® Chatbot: 1v Chatbot:

1. To capture the whole screen, press
PrtScn.

2. To capture a selected part, press
Windows + Shift + S and drag the area. |
3. The image will be saved to your
cliphoard or screenshots folder.

1. Right-click on the desktop or inside
a folder.

2. Hover over “New” and click
“Folder.”

3. Type a name for the folder and
press Enter

Figure 5.102 Lists of All FAQ Questions (Cont.)

5.5 Implementation Issues and Challenges

During the development and deployment of TechTutor, several implementation
challenges were encountered. These challenges were largely related to system

performance, device constraints, and real-world deployment conditions.

Performance Lag and Confidence Value in Detection

Initially, the system explored training a custom YOLOvS5 model for detecting computer
components. However, the detection confidence values typically ranged only between
0.5 and 0.7 during real-time use. This not only reduced the reliability of recognition but
also caused noticeable lag on mobile devices, which disrupted the smoothness of the
user experience. Therefore, after evaluating the trade-offs, the project transitioned to
using OpenAl-based identification, which provided more consistent and user-friendly

results.

High Batter Consumption and Device Heating

Running AR applications with continuous camera usage and plane detection is resource
intensive. Extended use of the AR modules led to rapid batter depletion and noticeable

heating of the mobile device. This challenge highlighted the limitations of mobile
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hardware for long AR sessions, requiring the project to emphasize shorter, focused

tutorials to balance usability with device constraints.

Misalienment of AR Models in Real-word Environments

Although AR objects and overlays appeared stable within the Unity environment, real-
world testing revealed occasional misalignment. In some cases, 3D models would drift,
remain stuck in incorrect positions, or fail to anchor properly due to variations in
lighting, surface textures, or environmental conditions. This required extensive testing
across multiple scenarios to refine placement logic and ensure overlays were as accurate

and stable as possible.

Time-intensive Testing and Calibration

As AR interactions are highly dependent on the user’s physical environment, extensive
interactive testing was required. For example, issues that did not appear during Unity
simulation scene often surfaced in the real-world usage, such as the poor detection in
low-light conditions. Considerable time was needed to be spent on testing, calibration,
and re-adjusting the placement and scaling of AR elements to improve the robustness

of the system.

5.6  Concluding Remark

This project has successfully implemented the TechTutor application by combining AR
and Al technologies into a single mobile learning platform. This implementation
covered the integration of AR Learn, AR Guide, and AI Tutor modules, supported by
Unity, Vuforia, ARCore, and OpenAl API. Each module was configured and tested to
ensure that the intended features, such as AR-based tutorials, computer components
identification, interactive models, AR quizzes, and Al-driven assistance were fully

operational.

Despite challenges such as performance lag, high battery consumption, and occasional
misalignment of AR overlays, the system was refined to achieve a stable and functional
prototype. Overall, this project has demonstrated that the intended features have been

fully implemented, and the TechTutor application is now operational as designed.
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Chapter 6

System Evaluation and Discussion

This chapter summarize the evaluation of the TechTutor application based on the
testing and analysis. It begins with the testing approach and setup, followed by the
results obtained from the system implementation. The chapter then further discusses
the challenges encountered during development, evaluates the extend to which the
project objectives have been achieved, and concludes with final remarks on the overall

system performance.

6.1 System Testing Approach

To evaluate the TechTutor application, functional testing was conducted using a
black-box approach. This approach was selected because it focuses on validating
whether each function of the system behaves according to the specified requirements,
without the need to examine the internal implementation details. In practice, different
inputs and user actions were provided to the system, and the outputs were observed to

check if they matched the expected results.

The testing covered all three main modules of the system, which are AR Learn, AR
Guide, and AI Tutor. Each module was tested based on its intended functionality, such
as displaying AR-based tutorials, identifying computer components, generating quizzes,

and responding to user queries.

The evaluation placed emphasis on the correctness of system behaviour and the
consistency of results across multiple trials. The detailed functional test cases and their

outcomes are presented in the following subsection.

6.2 Testing Setup and Result

The testing of the TechTutor application was performed on an Android mobile device
(Mi 11 Lite, 8GB RAM, Android 13) to simulate a real usage environment. The device
was used in indoor conditions under normal lighting, with stable internet connectivity

for features requiring access to the OpenAl API. Each module of the system, AR Learn,
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AR Guide, and AI Tutor was tested to verify that the functionalities worked as

intended.

A black-box functional testing approach was adopted, where user actions were carried
out and the system responses were observed. The expected outputs were compared

against the actual results to determine whether the test cases passed or failed.

AR Learn Module

Table 6.1 Al Identify Test Case

Module 1 - AR Learn Module

Test Case Module: Al Identify

Test Test Case Input / Action Expected Output Actual | Result
Case | Description Results
ID
TCO1 | Identify Point Camera to System display text | As Pass
Keyboard ‘Keyboard’ object in | “This is a keyboard’ | Expected.
real world and click in the navigation
‘Capture’ button. section and plays
TTS narration.
TCO02 | Identify Point Camera to System displays text | As Pass
Mouse ‘Mouse’ object in real | “This is a mouse” in | Expected.
world and click the navigation
‘Capture’ button. section and plays
TTS narration.
TCO03 | Identify Point Camera to System displays text | As Pass
Laptop ‘Laptop’ object in real | “This is a laptop” in | Expected.
world and click the navigation
‘Capture’ button. section and plays
TTS narration.
TCO04 | Identify Point Camera to | System displays text | As Pass
Monitor ‘Monitor’ object in | “This is a monitor” | Expected.
real world and click | in the navigation
‘Capture’ button. section and plays
TTS narration.
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TCOS5 | Object Point camera to any System displays As Pass
Capture and | object, click the “Analyzing ... Expected.
Analysis ‘Capture’ button, and | Please wait ...”

send request to message, then

OpenAl shows the detected
object text and plays
TTS narration
successfully.

TCO06 | Open More | After an object is System opens the As Pass
Info Panel analyzed, click the information panel Expected.

‘More Info’ button. with extended
details of the
detected object, and
TTS narration
begins
automatically.

TCO07 | Replay Click the ‘Sound Out’ | System replays the | As Pass
Sound in button in the info TTS narration for Expected.

Info Panel panel. the detected object.

TCO08 | Open Click the ‘History System displays the | As Pass
History List | List’ button. history list Expected.

containing past
identifications.

TCO09 | Scroll Scroll through the System allows As Pass
History List | history list panel. vertical scrolling, Expected.

showing all
previous history
entries.

TC10 | View Click the ‘View’ System opens the As Pass
History button on a history detailed information | Expected.

Detail entry. panel of that entry
and automatically
plays TTS narration.

TC11 | Back to AR | Click the ‘Back System navigates As Pass
Learn Main | arrow’ button at the back to the AR Expected.
Screen top-left corner. Learn main scene.
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TC12 | Close Info Click the ‘Close’ The info panel As Pass
Panel button (X) on the info | closes. Expected.

panel.

TC13 | Close Click the ‘Close’ The detail panel As Pass
History button (X) on the closes. Expected.

Detail Panel | history detail panel.
Table 6.2 AR Models Test Case
Module 1 - AR Learn Module
Test Case Module: AR Models
Test Test Case Input / Action Expected Output Actual | Result
Case Description Results
ID
TCO1 | Plane Detection | Point camera to a System detects and | As Pass
surface with shows highlighted | Expected.
textures. plane on the
surface.
TCO02 | Lock Plane Click on detected Selected plane is As Pass
plane. locked, other planes | Expected.
disappear, and
model selection
panel appears.

TCO03 | Model From selection Preview model of As Pass
Selection: panel, choose “Keyboard” Expected.
Keyboard “Keyboard”. appears in the

middle of locked
plane.

TC04 | Model Choose “Mouse” Preview model of As Pass
Selection: model. “Mouse” appears in | Expected.
Mouse middle of plane.

TCOS5 | Model Choose “Monitor” | Preview model of As Pass
Selection: model. “Monitor” appears | Expected.
Monitor in middle of plane.
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TC06 | Model Choose “Laptop” Preview model of As Pass
Selection: model. “Laptop” appears in | Expected.
Laptop middle of plane.

TCO07 | Model Choose “Speaker” | Preview model of As Pass
Selection: model. “Speaker” appears | Expected.
Speaker in middle of plane.

TCO08 | STT: Keyboard | User says, Existing model As Pass
“Keyboard disappears, Expected.
tutorial”. “Keyboard”

preview model
spawns in middle of
plane.

TCO09 | STT: Mouse User says, “Mouse | “Mouse” preview As Pass
tutorial”. model spawns in Expected

middle of plane.

TC10 | STT: Monitor User says, “Monitor” preview | As Pass
“Monitor tutorial”. | model spawns in Expected.

middle of plane.

TC11 | STT: Laptop User says, “Laptop | “Laptop” preview As Pass
tutorial”. model spawns in Expected.

middle of plane.

TC12 | STT: Speaker User says, “Speaker” preview | As Pass
“Speaker tutorial”. | model spawns in Expected.

middle of plane.

TC13 | Move Model Drag preview Model can be As Pass
Before Confirm | model before moved freely Expected

pressing Confirm. | within plane.

TC14 | Scale Model Use pinch gesture | Model scales As Pass
to scale preview smoothly without Expected.
model. distortion.

TC15 | Confirm Click “Confirm Model fixed in As Pass

Placement Model” button. place at selected Expected.
position.

TC16 | Click Model to | Tap on confirmed | Info panel appears | As Pass
Show Info Panel | model. with details and Expected.

TTS narration.
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TC17 | Explore More Click “Explore Info panel closes As Pass
(Show Labels) More” button in and part labels are | Expected.
info panel. overlaid on the
model.
TC18 | Click Label for | Tap a part label on | Detailed info panel | As Pass
Detail the model. for that part Expected.
appears.
TC19 | Close Detail Click Close (X) Detail panel closes, | As Pass
Panel button on detail returning to Expected.
panel. labelled model.
TC20 | Rotate Laptop Rotate Laptop Laptop rotates As Pass
Model model using smoothly on plane. | Expected.
gesture.
TC21 | Rotate Monitor | Rotate Monitor Monitor rotates As Pass
Model model using smoothly on plane. | Expected
gesture.
TC22 | Reset Position Click “Reset” Model resets to As Pass
button. original position Expected.
and rotation.
TC23 | Move Model Use “Up”, Model moves As Pass
with Buttons “Down”, “Left”, correctly in Expected.
“Right” buttons. specified direction.
Table 6.3 AR Quiz Test Case
Module 1 - AR Learn Module
Test Case Module: AR Quiz
Test Test Case Input / Action Expected Output Actual | Result
Case Description Results
ID
TCO1 | Marker Point camera to Model, quiz panel, | As Pass
detection marker image. and buttons are Expected.
spawned.
TCO02 | Play model Select a model Corresponding As Pass
sound + update | (Keyboard, Mouse, | sound plays. Label | Expected.
label
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Speaker, Laptop, updates to “Model
Monitor). Selection: _ ”.
TCO03 | Switch model Click “Left” / Different models As Pass
with arrows “Right” arrows. are displayed. Expected.
TC04 | Switch model Swipe left / right Model changes As Pass
with hands on screen. according to swipe | Expected.
(swipe left and direction.
right)
TCO05 | Choose model Click “Choose Quiz panel appears | As Pass
for quiz Model” button. with Al-generated | Expected.
question. Model is
locked (can’t be
switch) and button
states update, which
“Choose Model”
button become
unactive.
“Unchoose Model”
button become
active.
TCO06 | Answer quiz Select one of 4 Correct Answer =~ | As Pass
question answers. shows “Correct” | Expected.
label and correct
sound effect.
Wrong Answer —
shows “Try again
” label and error
sound.
TCO7 | Interactive quiz | For Keyboard System detects key | As Pass
with keyboard model Q1, click input and evaluates | Expected.
model key (e.g., answer.
Windows, Caps
Lock).
TCO8 | Generate new Click “Generate Request sent to As Pass
quiz Quiz” button. OpenAl and new Expected.
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quiz is generated

and shown in the
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quiz panel.
TC09 | Display new After Al Question | Quiz panel shows As Pass
question generation new question and Expected.
completes. sound narration
plays automatically.
TC10 | Unchoose model | Click “Unchoose Model unlocked; As Pass
Model” button. and “Choose Expected.
Model” button re-
activated. Model
now can be
switched.

TCI11 | Model Use gestures on Model can be As Pass
manipulation model. rotated and scaled | Expected.
(rotate/scale) smoothly.

TC12 | Reset model Click Reset button. | Model position and | As Pass
scale reset to Expected.
default.

TC13 | Open history list | Click History List | Quiz history list As Pass

button. panel displayed and | Expected.
it is scrollable.

TC14 | View quiz detail | Click entry in Quiz detail panel As Pass

history list. opens with full Expected.
question/answer
info.

TC15 | Back to AR Click Back (arrow) | System navigates As Pass

Learn main button back to AR Learn Expected.
main screen.
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AR Guide Module

Table 6.4 Simple Calculator Test Case

Module 2 - AR Guide Module

Test Case Module: Simple Calculator
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Test Test Case Input / Action Expected Output Actual | Result

Case Description Results

ID
TCO1 | Marker-based Point the camera at | The tutorial panel is | As Pass
Detection the calculator spawned Expected.
marker. automatically when
the marker is
detected.
TCO02 | Tutorial Panel Detect the The tutorial step As Pass
Alignment calculator marker | panel spawns in the | Expected.
in real-world correct position
space. above the marker
with no
misalignment or
drifting.
TCO03 | Next Button Click the “Next” The tutorial As Pass
Navigation button during the proceeds to the next | Expected.
tutorial. instructional step,
and the panel
updates
accordingly.
TCO04 | Previous Button | Click the “Prev” The tutorial returns | As Pass
Navigation button during the to the previous step, | Expected
tutorial. with the content
updated correctly.

TCO5 | Tutorial Labels | Observe the labels | All labels are As Pass
displayed in each clearly displayed Expected.
tutorial step. and properly

aligned with the
step panel, ensuring
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they can be seen

without obstruction.
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TCO06 | STT Navigation | Say “Next” or The tutorial As Pass
“Prev” using voice | proceeds to the next | Expected.
commands. or previous step

based on the spoken
command.
TCO07 | Back Button Click the “Back” The tutorial closes | As Pass
Navigation button at any stage | and the system Expected.
of the tutorial. returns to the AR
Guide main screen
without error.
Table 6.5 Microsoft Word Test Case
Module 2 - AR Guide Module
Test Case Module: Microsoft Word
Test Test Case Input / Action Expected Output Actual | Result
Case Description Results
ID

TCO1 | Plane Detection | Point camera to a System detects and | As Pass
surface with highlights the plane | Expected.
textures. surface.

TCO02 | Lock Plane and | Click to lock Other planes As Pass

Spawn Model detected plane. disappear. Desk Expected.
Simulation model
spawns with
tutorial panel and
TTS narration plays
automatically.

TCO03 | STT Navigation | Say “Next” or Tutorial proceeds to | As Pass
“Prev” using STT | the next or previous | Expected.
button. step according to

voice command.
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TC04 | Move Desk Drag Desk Model moves As Pass
Simulation Simulation model smoothly within Expected.
Model within the plane. plane boundaries.
TCO5 | Key Highlight Observe Key highlight As Pass
Labels highlighted keys labels are clearly Expected.
during tutorial shown on the Desk
steps. Simulation model.
TCO06 | Info Canvas Click the info Canvas control As Pass
Controls canvas. panel appears. Expected.
Arrows (top, left,
bottom, up) are
clickable for
movement.
TCO07 | Reset Info Click the reset Info canvas returns | As Pass
Canvas Position | position button. to default position. | Expected.
TCO08 | Model Control Click Desk Model control As Pass
Panel Simulation model. | panel appears. User | Expected.
can move model
(top, left, bottom,
right) and scale
larger or smaller.
TC09 | Reset Model Click reset buttons | Model resets to As Pass
Position and in model control default position and | Expected.
Scale panel. scale.
TC10 | Next and Click Next or Prev | Tutorial navigates As Pass
Previous button on tutorial correctly to next or | Expected.
Buttons panel. previous step.
TC11 | Trigger Canvas | Switch to Canvas Desk Simulation As Pass
Mode Mode by clicking | model disappears. Expected.
the ‘Canvas’ mode | Only canvas info
button. panel appears in
front of camera
when clicked.
TCI12 | Reset Canvas Click Reset Panel | Info panel resets As Pass
Panel button in Canvas and can be Expected.
Mode.
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respawned in front

display to match the
current step,
simulating the
correct action or
interface for that

step.

of camera.
TC13 | Synchronization | Ensure canvas Both panels display | As Pass
Between Modes | panel syncs with the same tutorial Expected.
Desk Simulation step consistently.
mode.
TC14 | Return to Desk | Switch back from | Desk Simulation As Pass
Simulation Canvas Mode to model reappears in | Expected.
Mode Desk Simulation the same locked
mode. plane position.
TC15 | Monitor Screen | Navigate through The monitor model | As Pass
Simulation each tutorial step. updates its screen Expected.

The functional test cases for Send Email and Snipping Tool tutorials are identical to

those of Microsoft Word tutorial, as they share the same AR Guide interaction flow

and system functions. The only difference lies in the tutorial step content, monitor

screen, which does not affect the test procedure.

Table 6.6 Send Email Test Case

Module 2 - AR Guide Module
Test Case Module: Send Email
Test Test Case Input / Action Expected Output Actual | Result
Case Description Results
ID
TCO1 | Plane Detection | Point camera to a System detects and | As Pass
surface with highlights the plane | Expected.
textures. surface.
TCO02 | Lock Plane and | Click to lock Other planes As Pass
Spawn Model detected plane. disappear. Desk Expected.
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Simulation model
spawns with
tutorial panel and

TTS narration plays
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automatically.

TCO03 | STT Navigation | Say “Next” or Tutorial proceeds to | As Pass
“Prev” using STT | the next or previous | Expected.
button. step according to

voice command.
TC04 | Move Desk Drag Desk Model moves As Pass
Simulation Simulation model | smoothly within Expected.
Model within the plane. plane boundaries.
TCO5 | Key Highlight Observe Key highlight As Pass
Labels highlighted keys labels are clearly Expected.
during tutorial shown on the Desk
steps. Simulation model.
TCO06 | Info Canvas Click the info Canvas control As Pass
Controls canvas. panel appears. Expected.
Arrows (top, left,
bottom, up) are
clickable for
movement.
TCO07 | Reset Info Click the reset Info canvas returns | As Pass
Canvas Position | position button. to default position. | Expected.
TCO8 | Model Control Click Desk Model control As Pass
Panel Simulation model. | panel appears. User | Expected.
can move model
(top, left, bottom,
right) and scale
larger or smaller.
TCO09 | Reset Model Click reset buttons | Model resets to As Pass
Position and in model control default position and | Expected.
Scale panel. scale.
TC10 | Next and Click Next or Prev | Tutorial navigates As Pass
Previous button on tutorial correctly to next or | Expected.
Buttons panel. previous step.
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TC11 | Trigger Canvas | Switch to Canvas Desk Simulation As Pass
Mode Mode by clicking | model disappears. Expected.
the ‘Canvas’ mode | Only canvas info
button. panel appears in
front of camera
when clicked.
TC12 | Reset Canvas Click Reset Panel | Info panel resets As Pass
Panel button in Canvas and can be Expected.
Mode. respawned in front
of camera.
TC13 | Synchronization | Ensure canvas Both panels display | As Pass
Between Modes | panel syncs with the same tutorial Expected.
Desk Simulation step consistently.
mode.
TC14 | Return to Desk | Switch back from | Desk Simulation As Pass
Simulation Canvas Mode to model reappears in | Expected.
Mode Desk Simulation the same locked
mode. plane position.
TC15 | Monitor Screen | Navigate through The monitor model | As Pass
Simulation each tutorial step. updates its screen Expected.
display to match the
current step,
simulating the
correct action or
interface for that
step.
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Table 6.7 Snipping Tool Test Case

Module 2 - AR Guide Module

Test Case Module: Snipping Tool
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Test Test Case Input / Action Expected Output Actual | Result

Case Description Results

ID

TCO1 | Plane Detection | Point camera to a System detects and | As Pass
surface with highlights the plane | Expected.
textures. surface.

TCO02 | Lock Plane and | Click to lock Other planes As Pass

Spawn Model detected plane. disappear. Desk Expected.
Simulation model
spawns with
tutorial panel and
TTS narration plays
automatically.

TCO03 | STT Navigation | Say “Next” or Tutorial proceeds to | As Pass
“Prev” using STT | the next or previous | Expected.
button. step according to

voice command.
TC04 | Move Desk Drag Desk Model moves As Pass
Simulation Simulation model | smoothly within Expected.
Model within the plane. plane boundaries.
TCOS5 | Key Highlight Observe Key highlight As Pass
Labels highlighted keys labels are clearly Expected.
during tutorial shown on the Desk
steps. Simulation model.
TCO06 | Info Canvas Click the info Canvas control As Pass
Controls canvas. panel appears. Expected.
Arrows (top, left,
bottom, up) are
clickable for
movement.
TCO7 | Reset Info Click the reset Info canvas returns | As Pass
Canvas Position | position button. to default position. | Expected.
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TCO8 | Model Control Click Desk Model control As Pass
Panel Simulation model. | panel appears. User | Expected.
can move model
(top, left, bottom,
right) and scale
larger or smaller.
TC09 | Reset Model Click reset buttons | Model resets to As Pass
Position and in model control default position and | Expected.
Scale panel. scale.
TC10 | Next and Click Next or Prev | Tutorial navigates As Pass
Previous button on tutorial correctly to next or | Expected.
Buttons panel. previous step.
TC11 | Trigger Canvas | Switch to Canvas Desk Simulation As Pass
Mode Mode by clicking | model disappears. Expected.
the ‘Canvas’ mode | Only canvas info
button. panel appears in
front of camera
when clicked.
TCI12 | Reset Canvas Click Reset Panel | Info panel resets As Pass
Panel button in Canvas and can be Expected.
Mode. respawned in front
of camera.
TC13 | Synchronization | Ensure canvas Both panels display | As Pass
Between Modes | panel syncs with the same tutorial Expected
Desk Simulation step consistently.
mode.
TC14 | Return to Desk | Switch back from | Desk Simulation As Pass
Simulation Canvas Mode to model reappears in | Expected.
Mode Desk Simulation the same locked
mode. plane position.
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Al Tutor Module

Table 6.8 Al Assistance Test Case

Module 3 — AI Tutor Module

Test Case Module: Snipping Tool
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Test Test Case Input / Action Expected Output Actual | Result
Case Description Results
ID
TCO1 | Type Question Click on the user Text can be entered | As Pass
asking section and | into the input field. | Expected.
type a question
using device
keyboard.
TCO02 | Upload from Click “Gallery” System allows As Pass
Gallery button to select an | image selection Expected
image from device | from gallery.
storage.
TCO03 | Take Photo Click “Take Photo” | Camera opens and | As Pass
button to capture user can take a Expected.
an image. photo in real time.
TCO04 | Send Text Type a text-only OpenAl responds As Pass
Query question and click | with a concise 3—5 | Expected.
“Send”. step explanation.
TCO5 | Display Image Upload an image Preview of the As Pass
Preview via Gallery or Take | uploaded image Expected.
Photo. appears below the
“Gallery” button.
TCO06 | View Larger Click on the image | Image opens in As Pass
Image preview. larger view. Expected.
TCO07 | Delete Preview | Click “X” on the Preview image is As Pass
Image image preview. removed from the Expected.
panel.
TCO8 | Switch to Click “Canvas Application As Pass
Canvas Mode Mode” button. switches to a new Expected.
scene (Canvas
Mode).
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TC09 | Keyword Upload an image Text in the image is | As Pass
Detection in and switch to detected, and Expected.
Canvas Mode Canvas Mode. relevant keywords

are highlighted.

TC10 | Correct Observe Highlighted As Pass
Keyword highlighted keywords appear at | Expected.
Highlight keywords. the correct
Position positions in the

image.

TCI11 | Next Step Click “Next” (=) | System navigates to | As Pass

Navigation button in Canvas the next step. Expected.
Mode.

TC12 | Previous Step Click “Prev” (<) System navigates As Pass

Navigation button in Canvas back to the previous | Expected
Mode. step.

TC13 | Back to Al Click “Back” Application returns | As Pass

Assistance (arrow) button in to Al Assistance Expected.
Canvas Mode. main scene.

TC14 | Open History Click “History Chat history list As Pass
List List” button. panel is displayed. | Expected.

TC15 | Scroll History Scroll within the History entries can | As Pass
List history list panel. be scrolled Expected.

vertically.

TC16 | View History Click “View” Detailed panel of As Pass
Detail button on a history | the selected entry is | Expected.

entry. displayed.
TC17 | Close History Click the “Close” Panel closes and As Pass
Panel button on the chat | returns to history Expected.
history detail list.
panel.
147




Chapter 6: System Evaluation and Discussion

6.3 Project Challenges

During the evaluation stage of TechTutor application, several challenges were
encountered that affected the testing process and overall assessment of the system.
Unlike the implementation issues discussed in Chapter 5, these challenges were
primarily related to the conditions under which the system was tested and the behaviour

of the application in real-world usage.

One of the major challenges was the dependence of AR features on the testing
environment. Lighting conditions, surface textures, and background clutter had an
obvious impact on plane detection and marker stability. In well-lit areas, the system
performed smoothly, but in uneven lighting, AR overlays occasionally drifted or
misaligned. Similarly, reflective or glossy surfaces sometimes interfered with plane

detection, requiring multiple attempts to achieve stable placement.

Another challenge was the variation in device performance. The system was
primarily tested on a mid-range device (Mi 11 Lite), which managed to run the
application with acceptable performance. However, continuous AR usage led to device
heating and faster battery drain, limiting the duration of testing sessions. This raised
concerns about how the application might perform on lower-end devices with less

processing power and memory.

User interaction also presented difficulties, particularly with the Speech-to-Text (STT)
feature. While STT worked well in quiet environments, noisy surroundings reduced its
accuracy, requiring users to repeat commands. Another challenge was the limited
project timeline. The entire system, which involved integrating AR features, Al
functionalities, and multiple interactive modules, had to be designed, developed, and
tested within approximately nine months. This relatively short duration placed
constraints on extensive experimentation and further optimization. As a result, the focus
was placed on ensuring core functionalities were fully implemented and stable, while

some advanced features and refinements were left as potential areas for future work.

Finally, the AI response consistency posed another challenge. Although OpenAl
generally produced relevant and accurate answers, the phrasing of responses varied
across different trials for the same query. This made it more difficult to evaluate the
reliability of Al responses in a standardized way during testing.
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Overall, these challenges highlighted the sensitivity of AR and AI systems to
environmental conditions, device capabilities, and user interactions. While they did not
prevent successful testing, they provided valuable insights into the limitations and

potential improvements for future iterations of the application.

6.4 Objectives Evaluation

This subsection evaluates the extent to which the objectives stated in Chapter 1 were
achieved. Each objective is assessed based on the implemented features and tested

functionalities of the TechTutor application.

e To develop an AR-based Learning Modules, AR Learn and AR Guide.
This objective is achieved. Both AR Learn and AR Guide modules were
successfully implemented, allowing users to recognize computer
components, follow interactive tutorials, and attempt quizzes for self-
assessment. For example, the AR Learn module consists of three
submodules: AI Identify, AR Models, and AR Quiz. These submodules
enable users to identify real-world computer components through Al
interact with 3D virtual models, and answer automatically generated quizzes
in marker-based AR. On the other hand, the AR Guide module consists of
four submodules: Microsoft Word, Snipping Tool, Send Email, and
Calculator tutorials. These provide step-by-step instructions with
synchronized narration, visual highlights, and the option to switch between
3D AR mode and Canvas mode for flexibility. Therefore, it can be
concluded that this objective has been fully achieved.

e To develop an AI Tutor Module.

The objective is achieved. The AI Tutor module was successfully
implemented to provide real-time support and personalized guidance
through both text and image-based queries. Users are able to type questions,
upload images from the gallery, or capture photos in real time to seek
assistance. With the integration of EasyOCR, keywords from screenshots
can be detected and highlighted in Canvas Mode, guiding the users to the
relevant part of the interface. Additional features such as history list and

image preview were also included to improve the usability of the system.

149
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Chapter 6: System Evaluation and Discussion

Hence, the Al Tutor module has met the intended objective of providing
contextual, on-demand support.
e To implement adaptive learning features.

This objective is achieved. The system incorporated adaptive features that
enhance inclusivity and support different learning speeds and styles. For
example, narration review is available through Text-to-Speech (TTS), while
Speech-to-Text (STT) enables hands-free navigation for tutorials and
quizzes. The quiz history list and chat history in Al Tutor allow users to
revisit past learning sessions at their own pace. These features make the
application more user-friendly for diverse groups, particularly older adults
and beginners who may require additional support. Therefore, it can be

concluded that the adaptive learning objective was successfully achieved.

6.5 Concluding Remark

This chapter has presented the evaluation of the TechTutor application through
functional testing, project challenges, and objectives assessment. Functional test cases
were carried out for each module, AR Learn, AR Guide, and Al Tutor, to verify that
the implemented features operated according to the specified requirements. The results
confirmed that the application was stable, and all intended functionalities were

successfully achieved.

Several challenges were identified during the evaluation stage, including environmental
dependence of AR features, device performance limitations, Speech-to-Text (STT)
accuracy in noisy surroundings, Al response variation, and the constraints of a nine-
month project timeline. These challenges, however, did not prevent the system from
being tested successfully, and they provided important insights into areas for future

improvement.

Finally, the objectives stated at the beginning of the project were revisited and evaluated.
All objectives in the development of AR-based learning modules, the Al Tutor module,
and adaptive learning features were successfully achieved. This demonstrates that the
system is able to provide an interactive, AR-integrated, and Al-assisted platform for

learning essential computer and technology skills.
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Chapter 7
Conclusion and Recommendations

This chapter concludes the project by summarizing the overall work done, highlighting
the key outcomes achieved, and reflecting on how the objectives were met. It also
presents recommendations for future enhancement and directions to further improve

and expand the TechTutor application.

7.1 Conclusion

This project set out to design and develop TechTutor, an Augmented Reality (AR)-
integrated and Al assisted mobile applications which aimed at improving digital
literacy, particularly among older adults and beginners. The system was developed to
address the challenges identified in the problem statement, which are digital literacy
gap, difficulties in learning basic computer skills, and the limitations of existing passive
learning methods. By combining immersive AR experiences with adaptive Al-driven
support, TechTutor provides an intuitive, engaging, and accessible platform for

technology learning.

The system was successfully implemented with 3 main components, which are AR
Learn, AR Guide, and AI Tutor. The AR Learn module enables users to recognize
computer components, interact with 3D models, and take Al-generated quizzes,
supported by Speech-to-Text (STT) and Text-to-Speech (TTS) functionalities. The AR
Guide module provides step-by-step tutorials for essential tasks such as Microsoft
Word, sending emails, snipping tools and also operating calculators, with synchronized
narration and visual cues in both AR and Canvas modes. The AI Tutor module offers
real-time support through a chatbot, image-based queries, and OCR-powered keyword

highlighting, ensuring context-aware guidance beyond the tutorials.

Through these features, the project achieved its objectives of creating an interactive,
adaptive and inclusive learning platform. The system demonstrated its ability to support
different learning speeds, provide hands-on guidance, and enhance user engagement,
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particularly for older adults with limited exposure to the latest technology. Furthermore,
the application shows potential for classroom use, where it can complement traditional
teaching by offering interactive, experiential learning opportunities, especially for

learning technology-related skills.

In conclusion, TechTutor successfully addressed the gaps in current digital literacy
tools by integrating AR, Al, and adaptive features into a unified platform. The project
contributes to bridging the digital divide by making computer learning more

approachable, less overwhelming, and better suited to diverse user needs.

7.2 Recommendations

While TechTutor has achieved its objectives, there remain opportunities to further
enhance its functionality, scalability, and adaptability. The following recommendations

are proposed for future development:

1. Expand Tutorial Coverage
Additional tutorials can be developed to cover more computer-related tasks,
such as Microsoft Excel, PowerPoint, and online communication tools. This
would broaden the scope of the application and support a wider range of digital

literacy.

2. Al-Adapted Tutorial Generation
The integration of fully Al-adapted tutorials could allow dynamic generation of
step-by-step instructions without the need for manual documentation. However,
this approach would require extensive training on computer applications to
ensure that the AI can accurately detect interface elements, understand
workflows, and adapt guidance to user progress. Although not yet feasible with
current technology, future advancements may enable scalable and personalized

tutorial generation.
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3. Al-Generated Visual Content
Recently, Al-generated images are not yet mature enough to consistently
produce accurate and step-consistent computer interface screens. Nevertheless,
as generative technologies advance, they may be incorporated to automatically
generate realistic and context-aware visuals for tutorials, reducing reliance on

pre-prepared assets and enabling fully Al-driven AR tutorial content.

4. Enhanced Offline Functionality
As the current system relies on internet connectivity for OpenAl services, future
development should consider integrating offline support through lightweight
local models or pre-downloaded Al responses. This would ensure accessibility

in environments with limited or unstable connectivity.

5. Improved AR Stability and Accessibility
Optimizations can be introduced to improve AR performance on lower-end
devices, ensuring stable tracking and smoother operation. Accessibility features
such as adjustable text size, high-contrast display options, and simplified
navigation should also be incorporated to better support older adults and users

with special needs.

6. Multi-Language Support and Analytics
To broaden accessibility, the system can be extended to support multiple
languages. Furthermore, analytics features such as learning progress tracking
and personalized feedback could provide users with insights into their

performance, encouraging continuous improvement and self-paced learning.
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7.3 Closing Remark

In summary, TechTutor demonstrates the potential of integrating AR and Al
technologies to enhance the digital literacy and support diverse learners. With further
improvements and advancements in Al-driven tutorial generation and content creation,
the system can evolve into a fully adaptive and scalable platform, which can contribute
more meaningfully to bridging the digital divide in both individual and classroom

learning contexts.
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Appendix B Credits for 3D Models

1. 3D Keyboard Model

Model Name Gaming keyboard

Source (Link) https://sketchfab.com/3d-
models/gaming-keyboard-
cle5e07153d84978alad7256d720220a

Author ZxTulz

License Type CC Attribution
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2. 3D Mouse Model

Model Name Ice Claw mouse
Source (Link) https://sketchfab.com/3d-models/ice-
claw-mouse-

43de4d030ae94667bd8b8a478dd371ac

Author dmitriy7776661111

License Type CC Attribution
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3. 3D Monitor Model
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Model Name Monitor
Source (Link) https://sketchfab.com/3d-
models/monitor-
916f9018f14a4dbealadlaecalce89¢e7c
Author portgl16
License Type CC Attribution

Bachelor of Computer Science (Honours)

B-3

Faculty of Information and Communication Technology (Kampar Campus), UTAR



https://sketchfab.com/3d-models/monitor-9f6f9018f14a4dbea1ad1aea0ce89e7c
https://sketchfab.com/3d-models/monitor-9f6f9018f14a4dbea1ad1aea0ce89e7c
https://sketchfab.com/3d-models/monitor-9f6f9018f14a4dbea1ad1aea0ce89e7c

Appendix B: Credits for 3D Models

4. 2" 3D Monitor Model

Model Name PC Monitor
Source (Link) https://sketchfab.com/3d-models/pc-
monitor-

gb1DsRh6GJU2intFpbqCiROMTDS

Author 3DHaupt

License Type CC Attribution - Noncommercial
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5. 3D Laptop Model

oy
e

Model Name Laptop

Source (Link) https://sketchfab.com/3d-models/laptop-
75b0086¢55044de59aa0126f4f30933f

Author KhanSaab

License Type CC Attribution
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6. 2" 3D Laptop Model

Model Name Asus ROG Strix Scar 17 (2023) G733
Gaming Laptop
Source (Link) https://sketchfab.com/3d-models/asus-

rog-strix-scar-17-2023-g733-gaming-

laptop-
51eca7b2e5884c408713499e523d5184

Author Ranaha Creative Studio

License Type CC Attribution
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7. 3D Speaker Model

Model Name KRK Rokit 5 Speakers

Source (Link) https://sketchfab.com/3d-models/krk-
rokit-5-speakers-

6448444ed5d14b3eb8fe44a30d0d8712

Author Ryan_Nein

License Type CC Attribution
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Appendix C: Completed Tutorial Steps for Microsoft Word

Appendix C Completed Tutorial Steps for Microsoft Word

Step Tutorial Panel
Step 0 —
AR Guide
— Using L)
Microsoft What You'll Learn: m
Word In this short AR tutorial, you'll learn how
to open Microsoft Word, use basic tools,
and create your first document.
(1 Step) Let’s go step kby step! :
Steps Panel
Step 1 -
Open the
Microsoft
Word
Make sure: :
You have a Microsoft Office account.
(3 steps)
his tutorial uses Microsoft 365, Veréion ; v
Steps Panel

Bachelor of Computer Science (Honours)
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Appendix C: Completed Tutorial Steps for Microsoft Word

Step 1 - Open the Microsoft Word

. Type ‘Microsoft Word' in the search bar
nd click it. ; ;

)

Sube re

ECEEEED = G o mE O ®

Monitor Model Screen

Bachelor of Computer Science (Honours)
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~ New

‘ Good evening

Recent  Faworites  Shared with Me

Step 1 - Open the Microsoft Word

Steps Panel

Step 2 —
Explore 5 1%
the Top Step 2 - Explore the Top Menu
Menu

Guod afternoon
(5 steps)

Bachelor of Computer Science (Honours)
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- New

Good evening
nl

Monitor Model Screen

1 1

File Home insert Draw

Nomal | Nospcioe Heading ' *

Monitor Model Screen

C-4
Bachelor of Computer Science (Honours)
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Appendix C: Completed Tutorial Steps for Microsoft Word

4
File Home Insert Draw

. Insert — Add pictures, tables, or shapes.

. Draw — Use drawing tools.

o Heading |

CEINED = ¢ c mE O ® 98

Monitor Model Screen

1 | 4

‘ ) “4
Design  Layout References Mailings

Design — Change the document’s look.

Layout — Set Margins and page size.

contents

Step 2 - Explore the Top Menu

Mailings — Create labels or mail merge,

Bachelor of Computer Science (Honours)
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Appendix C: Completed Tutorial Steps for Microsoft Word

Steps Panel

Nomal | Nospscin Heading

Monitor Model Screen

| . . _ 8%
Step 2 - Explore the Top Menu
Review ;;\\ Help

Review — Check spelling, comments.
. View — Zoom or switch views.

Nospaciniz  Heading

CEXNED = 6 © MO ¢ X

Monitor Model Screen

C-6
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Step 3 -
Use the
Home Tab

(5 Steps)

Change Font 'Sv'ryle & Size
Copy, Paste, Bold , Align, an

d more ... !

Clipboard

—»

lipboard Section

Same as Crtl + ©) B
;g . Format Printer - Copy the Text Style

)

Paste

& Format Painter 4

Clipboard

Paste - Add Copied Content (Same as Crfl +1

A

I3

Steps Panel

Bachelor of Computer Science (Honours)
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Appendix C: Completed Tutorial Steps for Microsoft Word

o Spacine  Heading ' |~ Rl

ont Section

Font — Pick a text style (E.g. Times New _

Roman)
Size — Make it bigger |,

\ R
imes New Roman |+ |

or smaller

1o 8 1 U
. Clear — Remove all

Heading '|*

W - e x
.
y

Monitor Model Screen

Bachelor of Computer Science (Honours)
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ont Section (Cont.)
. B/1/U — Bold, Italic, Underline.
Highlight - Mark Important Text

. Bullets / Numbers — Make a list
Align — Left, Center, or Right
Spacing — Add Space Between Lines

Paragraph

Steps Panel

Bachelor of Computer Science (Honours)
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Nozmal Nospeciz Heading

Step 4 —
Trya
Simple
Example ongroTuIaﬁons,‘you have get to know most |
f the useful tools! Now, I will give youa
(11 Steps) xample to try on. .

_ets' get start!

Steps Panel

Nomal | Nospeis Heading *

Monitor Model Screen

Bachelor of Computer Science (Honours)
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My Daily Routine

Steps Panel

esign Layout  References Mailings  Review View Help

Normal

My Daily Routine

Nospacie  Heading ‘|~

' ' 56%
Step 4 - Try a Simple Examp

le

« Text Color: Blue

Steps Panel

Bachelor of Computer Science (Honours)
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e M P g

Nomssl Nospicie  Heading '[° @ Revls

My Daily Routine

Step 4 - Try a Simple Example

Checking your step:  Now, your text will
look like this !

My Daily Routing

Steps Panel

wecine. - Heading

My Daily Routine

Monitor Model Screen

Bachelor of Computer Science (Honours)
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My Daily Routine

?Woke Up Wake Up
‘EGT Breakfast lal Breaklast
Go TO CIGSS : Cro to class

My Daily Routine
Wake Up
Eat Breakfast

Go to class

. After that, below the title, type a short list

Step 4 - Try a Simple Example

72%

Bachelor of Computer Science (Honours)
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Steps Panel

Nospicing  Heading  °©

My Daily Routine

e Wake Up
* Eat Breakfast
* Gotoclass

Monitor Model Screen

sy = P

ow you text will look like this.

My Daily Routine

e Wake up

e Goto class

now,

Nospwcing  Heading ©

My Daily Routine

e Wake Up
* Eat Breakfast
* Gotoclass

Monitor Model Screen

. 76%
Step 4 - Try a Simple Example

Almost done! We are
g T going to savg the file

Bachelor of Computer Science (Honours)
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Step 4 - Try a Simple Example

5. Click the 'File' tab. 6. Click 'Save As'.

Home Insert

G Gaad evenin 9
— < New
. : -
| | ¢

. . - - e e
o o

g

o

o

F

F

o

o

F

o

Monitor Model Screen

: 84%
Step 4 - Try a Simple Example

7. Look at the bottom. Select your path. In
this tutorial, we will choose 'This PC'.-

1his PC

D) Adda Place

7 Browse

Steps Panel

Bachelor of Computer Science (Honours)
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Save As

Save As

- 88%

Step 4 - Try a Simple Example

'‘DailyRoutine’..

7= Documents

niversiti Tunku Abdul Rahman

= CEIND = G 0 M E O ¢ ) -

Monitor Model Screen

Mictasoft Coplot Chat Fies 671472025 1147 90

Bachelor of Computer Science (Honours)
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Save As

Steps Panel

’ i "9.72:‘;/&
Step 4 - Try a Simple Example

96%

Step 4 - Try a Simple Example

Tomwb Ra de

Visual Studio 2022

0. Then, you can see your word inside
Document' file!

your

Bachelor of Computer Science (Honours)
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Steps Panel

spacing - Heading

Monitor Model Screen

Step 5 —
Tutorial

Completed

(1 Step)

-~ Tutorial Completed --
You Did It ! Congratulations!

. You' ve just created and

saved your first Word
icjocumem‘!

@

-  IXEETERRR

Monitor Model Screen
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Appendix D Complete Tutorial Steps for Sending Email (Gmail)

Step Tutorial Panel
Step 0 —
AR Guide
— Sending
an Email what You'll Learn: ™4
In this tutorial, you will learn how to ope
(1 Step) Gmcnl log in, and send an email usmg
basic fecTures
. Let’s begin step by step!
Step 1 —
Open and 0%
Login to Step 1 - Open and Logm to Gma:
Gmail . Press the 'Windows' key on your '
eyboard.
(6 Steps) Type 'Google Chrome' in the search bar
qu‘i::gltﬂammo

Bachelor of Computer Science (Honours)
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Steps Panel

: 6%
Step 1 - Open and Login to Gmai

: 3 In Chrome, type www.gmail.com and

- press 'Enter’.

™M Google I

https://mail google com > mail

Email - Gmail - Google
No information 1s available for this page

Learn why

Steps Panel

D-2
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M Gmail

M . O
Secure, smart, and . -
easy to use email '
J ‘?1
8 v [

11% 4

ores

Step 1 - Open and Login to Glﬁd.f‘i:;

**Security Tips**:
The url link for gmail is:
https://mail.google.com

If you're a new user, click “Create an

_account” and follow the steps.

o
Secure, smart, and o
easy to use email
’ A
=1 ., AR

Bachelor of Computer Science (Honours)
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Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

Monitor Model Screen

; 179
Step 1 - Open and Login to Gma

4. If you already have an account, then click
“Sign In".

Steps Panel

M Gmail

Secure, smart, and
easy to use email

ated with Google Chat,

: : o 22%
Step 1 - Open and Login to Gma

. Enter your email address (e.g.,
lexlee@gmail.com) and password. -

Bachelor of Computer Science (Honours)
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Steps Panel

o~
<9
Welcome
@© lohchisheung@gmailcom ~
[0 showpassword
roasers ()

= CEEEED G MEO ¢ 0>

Monitor Model Screen

. | _2.8.% :
Step 1 - Open and Login to Gmail

6. Once logged in, you'll see your Gmail
inbox — Welcome!

Mo

Steps Panel

M Gmail Q search mail

i

o @+ i @

o~ ¢ >

SN

Compose

Inbox 1,755
Starred

Snoozed

Sent

Drafts

< DV OoexxO0

More

Labels +

@® Upgrade > ¢

% CENND = G O M E Ot 08

D-5
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Monitor Model Screen

Step 2 —
Send an

Email

(12 Steps) op-left).

-

= M Gmail Q Search mai E3
/ Compose as o

@ Inbox 1758

¥ Starred

® snoozed

B Sent

D orafts

v More

Labels +

@ Upgrade >

= CEENED = G ° M EO® 08

Monitor Model Screen

. Click the ‘Compose’ button (usually ont

he |

Bachelor of Computer Science (Honours)
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Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

M Gmail

AY

Compose

Inbox

Starred

@ % 0

Snoozed
Sent

Drafts

< DV

More

Labels

@® Upgrade

. Then, A new email window will pop up.
Here are the main parts: For now, I will
each you on all the basic elemenfs for the

Q searc 2 oo +u@
O~ ¢©
1 New Message -ax
1755 - T ¢ Be
~
“
™
W
13
+
»
|| © @ SensSerif v+ T+ B I U A~ Ev E ~
J " £l
- 2

Monitor Model Screen

D-7
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Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

S’ybjecf - Write a short [
title for your email.

(e.g., "Invitation to Open House?).

I >
o/ Compose o

| New Message -ax
& Inbox 1785
¥ Starred “
® Snoozed “
B Sent
D

© & sensSerif + 7T+ B I U A~ E~ i ~

ECEEEED = 6 mEOS® o0

Monitor Model Screen

D-8
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Inbox

/ Compose

s e S A it e Gt i

by foRL A it o i e

. BCC - Like CC,

but it hides the other

Steps Panel

= M Gmalil Q search ma £ o ® + =@

New Message -2 x

1,755 To

Monitor Model Screen

D-9
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Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

This is the area where you type your main
message.

Steps Panel

= M Gmail Q, search mai = ® & 4 G
N >
/ Compose o o
m New Message _ax
& Inbox 1,755 i -
¥ Starred n ™
@ Snoozed 1
B Sent .,
D) Orafts
M
v More
L 3
Labels +
e
1
M & & sansSerif v T+ B I U A~ = =

5 - b
@ Upgrade > miweag@gﬁ,fs ] <

Monitor Model Screen

Bachelor of Computer Science (Honours)
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CRaTTTEL

o 61% ;

Step 2 - Send an Email

Steps Panel

= M Gmail Q search mai = o s+ 3@
>

o/ Compose

3 NewMessage -ax
& Inbox 1755 To Ce Bee
% Starred ) &
© Snoozed . ™
B Sent

G -
[) Drafts
v More

> I
Labels +

e

Y‘TT. 8 I8 A-

! . 3
@ Upgrade > CP:0~-06067: ® ¢

NG = ¢ cmEeE O 0N

Monitor Model Screen
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G , 7%
Step 2 - Send an Email

1. T — Change font size. } _
. 2. B - Bold text. (Used to make your words

M Gmail Q_ Search ma b3 O @ 4 °

- e i 1-50 of 2728 >

7 Conpose o

m NewMessage -2 X
& Inbox 1755 To Ce Bee
Y Starred ] g

Subject

® snoozed 2 ™
B Sent

c ™
[ Drafts

s ™
b More

o 3
Labels o

*

1 3 4 05

M © & SansSerif ATe Bl I U A

su . 3
® Upgrade > CP:2c00067: o <

FEOomMEGCS? O

Monitor Model Screen
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lanted.)

. U ;‘ U,nderline‘fext

Steps Panel

= M Gmail Q_ Search mail = ® & 4 i o
v H 1-50 0f 2,728 >

/ Compose & <

m NewMessage o e
& Inbox 1755 To Cc Bee
% Starred ; |4

piect

@® Snoozed o [
B Sent ¢ M
O Drafts

5 M
v More

o 3
Labels -

3€ 2

1 3 4 5
o 1
T © & SansSerif T BT U A~|E~ E 4

su _ a
@ Upgrade > mADC-3©@EIE;Ii ] <

Monitor Model Screen

Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

Steps Panel

= M Gmail Q Search mail = ® @ 4 0
d H 1-50 0f 2,728 >
/ Compose o e
m NewMessage o e
& Inbox 1755 To Cc Bee
¥ Starred ™
Subject
@® Snoozed o [
B Sent 4 .
O Drafts
M 8! M
v More
° 13
Labels =+
1€ 2
1 2 3 4 5
o 21
T © & SansSerif T~ B I U A~|E~-i= + &

su . 3
@ Upgrade > mﬁgm@@gg;; o %

Monitor Model Screen
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. Now you can begin typing your email
essage. Simply click in the text areq, write

hat you want to say. For example:

0: emily5420@gmail.com o

ubject: Catching Up + Weekend Plan
ar o : C

O« o >
o/ Compose
n| Catching Up + Weekend Plan -
H
& Inbox 1785 emily5420@gmail.com
¥ Starred n b
Catching Up + Weekend Plan
® snoozed . M
B Sent Dear Emily.
ent
G M
O Drafts
b
v More
3
Labels +
€
1
" © @ sansSeif ~ T+ B I U A~ =~ i=

v & Ell
® Upgrade > C»: .v~co0az7: c} <

Monitor Model Screen
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Then, your message will look like this!

Draft saved -
emily5420@gmail.com
Catching Up + Weekend Plan &

Dear

Step 2 - Send an Email

* RN * G ° M E O 0%

Monitor Model Screen

® Upgrade > Lmi@m@@uﬁ;z'

= M Gmail Q Search mai Y °
v @ >
/ Compose o
7| Catehing Up + Weekend Plan
& Inbox s emily5420@gmail.com
% Starred n M
Catching Up + Weekend Plan
© Snoozed . "
= Doar Emily
Sent
4 M
) Drafts
v More
> 3
Labels +
€
1
! © & sesSerif + T+ B I U A~ E~ |

1]

Bachelor of Computer Science (Honours)
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Appendix D: Completed Tutorial Steps for Sending Email (Gmail)

= : o g
= M Gmail Q Search mail 3= (©) 4+
mn- (sl
o/ Compose
m Draft saved =
2
& Inbox 1758 emily5420@gmail.com
vr Starred n
Catching Up + Weekend Plan
@® snoozed g
B Sent ¢ Dear Emily,
O Drafts | hope you'rs doing well!
o iore St Just wanted to drop you a quick email to catch up and see how things are going.
o I's been a while since we las! chatted, and | was wondering if you'rs free this
tabel o weekend. Maybe we can grab lunch or watch a movie together?
abels
1€ Let me know what time works best for you.
Looking forward lo hearing from you soon!
o
Take cars,
" © O sansSeif ~ T~ B I U A~ E- S
@ Upgrade > ADe2e@6BE G2

4. When your message is ready, click the
‘Send’ button. TR

e Ly + Wessbensd Mo 2

Monitor Model Screen

Step 3 —
Tutorial

Completed

(1 Step)

-- Tutorial Completed --

You Did It ! Congratulations !

You' ve successfully send

an Email!

Bachelor of Computer Science (Honours)
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Steps Panel

g
-  IXCETERRR

Monitor Model Screen
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Appendix E Complete Tutorial Steps for Snipping Tool

Step Tutorial Panel

Step 0 —
AR Guide 2 e Ll : i e
— Using a AR Guide - Using a Snipping Too
Snipping e G )

What You'll Learn: = o
Tool ; : ol .

n this tutorial, you'll learn how to use the

(1 Step) nipping Tool — a simple but powerful

eature that lets you take screenshots of
nything on your screen. aaEt

et’'s go step by step!

C

-  IXEETERRX

Monitor Model Screen

E-1
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Step 1 -
Open the
Snipping
Tool

(2 Steps)

iy s d%
Step 1 - Open the Snipping Tool

Press the 2. Type 'Snipping

windows' key on Tool' in the search bar

our keyboard. and click on if.

| Snipping Tool
App

Steps Panel

- J
Q saipping loc|

C @ wom omen W e e fodn o b @ -

Best match
Snipping Tool a
L 1

Snipping Tool
ap

g P9 Tool 2025 08 04 1441
18

- IKECTERRR

Monitor Model Screen
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' : 7%
Step 1 - Open the Snipping Tool

**‘Quick Tip** g

You can also press
Windows Logo Key +
Shift + S to open the
shipping bar instantly.

Q Sriping Tool
2 o Apps  Documents Web  Settings People  Foldors Photos b (P

Best match
Sripping Tool
| @ (v a

Search the web Snipping Tool
Aop

Sripping Tool 2025-08-04 14-41-
Lt

ECEXND = 6 o mEO9ed

Monitor Model Screen

E-3
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Step 2 —
Choose
Your Snip

Type

on (snip mode selector).

(3 Steps)
en, you'll see 4 options:
Rectangular Snip T Sripping Too

. Window Snip
Full-Screen Snip
Freeform Snip

New

Steps Panel

= CENNED = G 0 mMEON®E

Monitor Model Screen

E-4
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21%
Step 2 - Choose Your Snip Type

| L) Rectangle

L 3. Full-Screen Snip: Captures the entire
screen. On laptops with multiple monitors, it
captures all screens.

. d Full screen

Freeform Snip: Draw any shcupe you like To
apture that area.

_; Freeform

i

E-5
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Steps Panel

Step 3 —
Take the

Screenshot

(3 Steps) ' For this tutorial, we'll use Rectangular Snip.

. After selecting for snipping tool, click the

*p/s: At that moment, your
screen will dim. Don't worry. I
completely normal! ! '

" CENNED = G mE O Y¢S

E-6
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Monitor Model Screen

Batch Mini-batch
Geadien Cescent Gradient Discent
. e
¢ VPN
B

Steps Panel

Mini-batch sizes

Batch Mini-batch Stochastic

Gradient Descent Gradient Descent Gradient Descent

B=M * 1<B<M +B=1

(X, yit) = (X, y) SR (X = (XS, v HS) o (X0yl) = (x, yi0)
Completes an epoch * Completes an epoch fasterthan  « Completes an epoch Takes
faster because make full SGD due to partial use of slower due to lack of

use of vectorization. vectorization. vectorization

Updates the parameters * Updates the parameters several  « Updates the parameters
once in each epoch. times in each epoch. Hence, most number of times in
Hence, needs more needs less epoch to complete each epoch. Hence, needs
epoch to complete less epoch to complete

Monitor Model Screen

E-7
Bachelor of Computer Science (Honours)
Faculty of Information and Communication Technology (Kampar Campus), UTAR



Appendix E: Completed Tutorial Steps for Snipping Tool

Mini-batch sizes

Batch

Gradient Descent

*« B=M

(X, ) = (X, y)

* Completes an epoch
faster because make full
use of vectorization,

* Updates the parameters
once in each epoch.
Hence, needs more
epoch to complete

vTYe®
Mini-batch
Gradient Descent
* 1<B<M

(X19, yld) = (XisHs+8), ylk(s+8)
Completes an epoch faster than
SGD due to partial use of
vectorization.

* Updates the parameters several

times in each epoch. Hence,
needs less epoch to complete

. 50%
Step 3 - Take the Screenshot

M Editinkait B @O @

Stochastic
Gradient Descent

*B=1
o (Xi0,ylt) = (x0, yi1)

* Completes an epoch Takes

slower due to lack of
vectorization

* Updates the parameters

most number of times in
each epoch. Hence, needs
less epoch to complete

ECEEEED "¢ cmEOYe XS

Monitor Model Screen

Edit PDF ke
word processor

Step 4A —
Save the

Screenshot

(4 Steps)

to retake.

. 57%
Step 4A - Save the Screenshot

¢ If you're not happy with it, click ‘New' again A

**This will discard the current screenshot.)

Bachelor of Computer Science (Honours)
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Steps Panel

Press Windows logo key + Shift + S to start a snip

A 64%
Step 4A - Save the Screenshot

Batch Mini-batch Stochastic
Gradiert Descent Gradient Descent G sdient Descert
e
L .y

- et

Steps Panel

Protect  FoxiteSign  Share  Help

@)
- & x
:
YV o & B okt B 0O @
o Mini-batch sizes
@
Batch Mini-batch Stochastic
Gradient Descent Gradient Descent Gradient Descent
. B=M + 1<B<M 1
» o (X, yi) = (X, y) o (X1, yi) = (X 1ylt) = (x, i)
* Completes an epoch * Completesane mpletes an epoch Takes
faster bacause make full SGD due to parl & ViwiSewchwthing  wer due to lack of
use of vectorization. vectorization. vectorization
* Updates the parameters * Updates the parameters several  « Updates the parameters
once in each epoch. times in each epoch. Hence, most number of times in
Hence, needs more needs less epoch to complete each epoch. Hence, needs
epoch to complete less epoch to complete
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Copy and
Share
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Step 4B - Copy and Shar:
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Mini-batch sizes

Batch

Gradient Descent
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Mini-batch
Gradient Descent
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* Completes an epoch faster th & Share

53 Visual Search with Bing

Takes

vectorization
* Updates the parameters

vectorization.

use of vectorization.
* Updates the parameters several
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once in each epoch.
Hence, needs more
epoch to complete

times in each epoch. Hence,

needs less epoch to complete

most number of times in
each epoch. Hence, needs
less epoch to complete
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Step 4B - Copy and Share
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