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SUMMARY

Topic title: Course management integrate a recommendation system
Student name: Truong Huy Hoang
Student ID: 102200090 Class: 20TCLC_DT2.

In the field of educational technology, integrating advanced systems to enhance
learning experiences is crucial. This thesis presents the development and
implementation of a sophisticated course management system, incorporating a
recommendation engine to improve user engagement and streamline course-related
processes.

This project's main aim is to design and deploy a comprehensive course management
system with an embedded recommendation engine. The system is intended to facilitate
course discovery, enrollment, and engagement, ultimately enhancing the overall
learning experience for users. The objectives include developing an intuitive interface
for easy course navigation and interaction, implementing a robust engine to suggest
relevant courses based on user preferences and history, providing tools for course
management and analytics to assist administrators, and enhancing the system's
capacity to accommodate a growing number of users.

The project focuses on the development and implementation of the course
management system. The target audience includes students, learners, instructors, and
administrators who interact with the platform for managing courses, enrollments, and
recommendations.
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PREFACE

In today's educational landscape, efficient course management is crucial for enhancing
the learning experience. Both instructors and students encounter challenges in
organizing courses, tracking progress, and discovering relevant educational content.

Learners often struggle to find courses that align with their interests and skill levels,
while instructors require a robust platform to manage and deliver their courses
effectively. Administrators need comprehensive tools to oversee the system, ensuring
quality and consistency.

This project involves developing a course management website integrated with a
recommendation system to address these challenges for end users, instructors, and
administrators. End users can search for courses, register using various authentication
methods, enroll in free or paid courses, receive personalized course recommendations,
update their profiles, and engage with course content through comments and ratings.
Instructors can manage their courses, track orders, and respond to student feedback.
Administrators have tools to manage courses, orders, user accounts, and categories,
along with a dashboard for system-wide monitoring.

The recommendation system uses deep learning algorithms trained on course data from
platforms like Udemy, providing users with tailored course suggestions. This integration
not only enhances the user experience but also aligns with the trend of applying digital
technology in education.

This project leverages modern management and recommendation technologies to offer
an effective solution for educational institutions, improving the quality and delivery of
Ccourses.
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INTRODUCTION

In educational technology, the integration of advanced systems to enhance learning
experiences has become increasingly pivotal. This thesis embarks on a journey to
develop and implement a sophisticated course management system integrated with a
recommendation engine. This introduction outlines the purpose, objectives, scope,
target audience, research methodology, and structure of this graduation project.

Purpose of the Project:

This project's main purpose is to design and deploy a comprehensive course
management system that incorporates a recommendation engine. This system aims to
streamline the process of course discovery, enrollment, and engagement for users,
thereby improving the overall learning experience.

Objectives of the Project:

— Develop a user-friendly interface for seamless course navigation and interaction.

— Implement a robust recommendation engine to suggest relevant courses based on
user preferences and history.

— Provide administrative tools for course management and analytics.

— Enhance system scalability and performance to accommodate a growing user base.

— Scope and Research Target:

— This project focuses on the development and implementation phases of the course
management system. The research targets include end users (students and learners),
instructors, and administrators who interact with the platform to manage courses,
enrollments, and recommendations.

Research Methodology:

The research methodology encompasses a combination of literature review, system
design and development, implementation of recommendation algorithms, usability
testing, and feedback collection. The project employs both qualitative and quantitative
approaches to evaluate system effectiveness and user satisfaction.

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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Structure of the Thesis:

Chapter 1: Overview of topic

Chapter 2: Literature Review

Chapter 3: System Analysis and Design
Chapter 4: Recommendation System

Chapter 5: Demo Application

Summarizes the findings, discusses limitations, and proposes recommendations
for future enhancements and research directions.

This structure ensures a comprehensive exploration of the project's development,
implementation, and evaluation phases, aiming to contribute to the advancement
of educational technology and user-centric learning experiences.

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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Chapter 1: OVERVIEW OF TOPIC

1.1 Introduction to the Topic

— Course Management Systems: An overview of what course management systems
are, their purpose, and their importance in modern education.

— Integration of Recommendation Systems: Introduction to recommendation
systems, their role in enhancing user experience, and the significance of integrating
such systems into course management platforms.

1.2 Reasons for Choosing the Topic

— Growth of Online Education: Discussion on the rapid expansion of online
education and the increasing demand for effective course management systems.

— Need for Personalization: Emphasis on the necessity for personalized learning
experiences to improve engagement and learning outcomes.

— Technological Advancements: The availability of advanced technologies, such as
deep learning, to develop sophisticated recommendation systems.

1.3 Objectives of the Project

— Develop a Comprehensive Web Application: Creating a platform that integrates
course management with a recommendation system.

— Enhance User Experience: Providing personalized course recommendations to
users based on their interactions and preferences.

— Streamline Management: Offering efficient tools for instructors and
administrators to manage courses, orders, and user interactions.

1.4 Practical Significance

— Improved Learning Outcomes: The potential impact of personalized
recommendations on student engagement and success.

— Enhanced Administrative Efficiency: Benefits of streamlined course and user
management for instructors and administrators.

— User Satisfaction: Increased user satisfaction through tailored course suggestions
and a seamless user experience.

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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1.5 Problem Statement

— Course Management Challenges: Identifying common issues in existing course
management systems, such as lack of personalization and complex management
processes.

— Solution Overview: Introducing the proposed solution that integrates a
recommendation system to address these challenges.

1.5.1 Functionalities

End User:
- Search for courses
- Register and login via email, GitHub, Google (including email verification)
- Register for courses (free or paid via Stripe)
- Receive course recommendations
- Update account information
- Comment on lessons
- Rate courses
Instructor:
- Manage courses (CRUD operations)
- Dashboard for overview and analytics
- Manage orders
- Respond to comments on lessons
Administrator:
- Manage courses
- Manage orders
- Manage user accounts
- Manage categories
- Dashboard for administrative tasks and analytics

1.5.2 Requirements

— Functional Requirements: Detailed list of functionalities the system must provide
for each user type.

— Non-Functional Requirements: Performance, security (e.g., email verification,
secure payment processing), scalability, usability.

1.6 Project Phases

— Phase 1: Requirements Gathering and Analysis

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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Collecting detailed requirements from stakeholders.

— Phase 2: System Design
Designing the architecture, database, and user interfaces.

— Phase 3: Implementation
Developing the backend, frontend, and integrating the recommendation system.

— Phase 4: Testing
Conducting unit, integration, system, and user acceptance testing.

— Phase 5: Deployment
Deploying the system to a live environment and monitoring performance.

— Phase 6: Maintenance and Updates
Ongoing support and iterative improvements based on user feedback.

1.7 Challenges and Solutions

— Data Collection: Collecting sufficient and relevant data for training the
recommendation system.

— Solution: Utilize publicly available datasets from platforms like Udemy.
— Integration Complexity: Integrating the recommendation system with the course
management platform.

— Solution: Modular design to facilitate seamless integration.

— Scalability: Ensuring the system can handle a large number of users and
courses.

— Solution: Implement scalable architecture and technologies.

— User Privacy and Security: Protecting user data and ensuring secure
transactions.

— Solution: Implement robust security measures such as encryption, secure
payment gateways, and thorough testing.

Chapter 2: LITERATURE REVIEW

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang



Course management integrate a recommendation system

2.1 Recommendation Systems

2.1.1 Types of Recommendation Systems:

— Collaborative Filtering: This method utilizes the behavior and preferences of a
group of users to generate recommendations. It analyzes patterns in user
interactions like ratings, clicks, and purchases to identify similarities between
users or items. Collaborative filtering can be categorized into user-based and
item-based approaches. The user-based method recommends items based on the
preferences of similar users, whereas the item-based method suggests items like
those the user has previously interacted with.

— Content-Based Filtering: Unlike collaborative filtering, this approach
recommends items based on their similarity to items the user has engaged with
in the past. It examines attributes such as item descriptions, keywords, and
metadata, along with the user's profile and preferences. By analyzing these
features, content-based filtering identifies items that are likely to be relevant to
the user's interests.

— Hybrid Systems: These systems integrate collaborative filtering and content-
based filtering techniques to capitalize on their respective strengths. By
combining multiple recommendation strategies, hybrid systems enhance the
accuracy and reliability of recommendations. For instance, Netflix employs a
hybrid approach to suggest movies and TV shows, blending user behavior data
with content attributes to provide personalized recommendations.

2.1.2 Content-Based Filtering Approach:

— Algorithm Description: Content-based filtering involves representing both
items (courses) and user profiles in terms of features. Each course is
characterized by attributes such as title, description, keywords, and topics. A
user's profile is built based on their interactions with courses, including courses
they have viewed, enrolled in, or rated. The recommendation algorithm
calculates the similarity between the user's profile and available courses using
techniques such as cosine similarity or Euclidean distance.

— Application in Project: The recommendation system analyzes the features of
courses the user has interacted with and recommends new courses with similar
attributes. This approach ensures that recommendations are tailored to the user's
specific interests and preferences. For instance, if a user has previously enrolled

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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in courses related to web development, the system will suggest other web
development courses.

— Advantages of Content-Based Filtering:

e Personalization: Provides highly personalized recommendations based on the
user's past interactions and preferences.

e Cold Start Problem: Addresses the cold start problem for new users by
recommending items based on their initial interactions without relying on other
users' data.

e Transparency: Allows users to understand why certain items are recommended,
as the recommendations are directly based on their own past behavior.

2.2 Technology Stack

2.2.1 Backend Technologies

Node.js: Node.js utilizes Chrome's V8 JavaScript engine to execute JavaScript
outside of the browser environment. Its non-blocking, event-driven architecture
makes it ideal for developing scalable network applications. In this project, Node.js
manages server-side operations, handles API requests, and facilitates real-time
communication.

Express.js: Express.js serves as a lightweight and adaptable web application
framework for Node.js. It offers a comprehensive suite of functionalities essential
for web and mobile applications, such as routing, middleware integration, and
HTTP utilities. Utilized in this project to develop a RESTful API, Express.js
manages routes, processes incoming requests and outgoing responses, and
incorporates middleware for tasks like authentication and validation

2.2.2 Database Management

MongoDB: MongoDB is a NoSQL database that stores data in flexible, JSON-like
documents. Its schema-less nature allows for easy scalability and iterative
development. In this project, MongoDB stores user data, course information,
interaction logs, and recommendation results. The database's flexibility is ideal for
managing the diverse and evolving data structures in a course management system.

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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— Redis: Redis functions as an in-memory data structure store that serves multiple
roles including database, cache, and message broker. It supports diverse data
structures like strings, hashes, lists, sets, and sorted sets. In this project, Redis is
employed to cache frequently accessed data such as user sessions and
recommendation outcomes, enhancing performance and minimizing latency.

2.2.3 Frontend Technologies

— Next.js: Next.js, a React framework, empowers server-side rendering (SSR) and
static site generation, enhancing web application performance and SEO by pre-
rendering pages either at build time or on demand. This project utilizes Next.js to
construct the user interface, ensuring a seamless and responsive experience for
users.

— Redux: Redux serves as a predictable state container designed for JavaScript
applications, facilitating consistent management of application state. Integrated
with React components in this project, Redux handles global state management
tasks such as user authentication status, course data, and recommendation lists,
thereby simplifying debugging and testing processes.

2.2.4 Storage and Media Management

Cloudinary: Cloudinary offers a cloud-based service specializing in comprehensive
image and video management solutions. It oversees media uploads, storage,
transformations, and delivery processes. Within this project, Cloudinary is responsible
for managing course images and videos, optimizing them for various devices and
ensuring efficient, dependable delivery.

2.2.5 Deep Learning Framework

PyTorch: PyTorch, an open-source machine learning library built on the Torch library,
is extensively utilized in fields like computer vision and natural language processing.
It stands out for its dynamic computational graphs, which simplify the development
and training of deep learning models. Within this project, PyTorch plays a crucial role
in developing the recommendation system's deep learning model, harnessing its
flexibility and user-friendly nature.

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang



Course management integrate a recommendation system

2.2.6 Authentication and Security

— OAuth: OAuth is an open standard utilized for access delegation, often
employed to authorize websites or applications to access user information
without the need to expose passwords. In this project, OAuth is integrated to
allow users to log in securely using their Google or GitHub accounts, ensuring a
safe and convenient authentication process.

— JWT (JSON Web Tokens): JWT is a compact, URL-safe method of
representing claims exchanged between two parties. It serves as a secure
mechanism for user authentication and authorization in this project. JWTSs are
generated during user login and are subsequently included in requests to
validate the user's identity and permissions effectively.

2.2.7 Payment Integration

Stripe: Stripe is a technology company that builds economic infrastructure for the
internet. It provides tools for accepting payments online and in mobile apps. In this
project, Stripe is integrated to handle payments for course registrations, ensuring
secure and efficient payment processing. Stripe's API simplifies the process of
managing transactions, handling disputes, and ensuring compliance with financial
regulations.

2.3 Integration of Recommendation Systems in Course Management

2.3.1 Current State of Integration

Many existing course management systems rely on manual curation and static
recommendations, which can limit the personalization and relevance of course
suggestions. The integration of advanced recommendation systems can significantly
enhance the user experience by providing personalized course suggestions, improving
engagement and retention.

2.3.2 Case Studies

— Udemy: Udemy employs a combination of collaborative filtering and content-
based filtering to recommend courses to users. The platform analyzes user
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behavior, such as course enrollments, ratings, and searches, and course attributes
like topics and descriptions. This hybrid approach allows Udemy to provide highly
relevant and personalized course recommendations.

— Coursera: Coursera utilizes machine learning algorithms to personalize course
recommendations. The platform considers user interactions, such as course views,
enrollments, and completions, and course content similarities. By leveraging data
from millions of users and courses, Coursera's recommendation system enhances
the learning experience by suggesting courses that match users' interests and
learning goals.

2.4 Summary

— The integration of advanced technologies such as Node.js, Express.js, MongoDB,
Redis, Next.js, Redux, PyTorch, and Cloudinary plays a crucial role in the
development of a comprehensive course management system with personalized
recommendation capabilities.

— The use of a content-based filtering approach for the recommendation system
enhances the ability to provide accurate and relevant course suggestions, thereby
improving user engagement and learning outcomes.

— Authentication and security measures, along with payment integration via Stripe,
ensure a secure and seamless user experience.

— By leveraging state-of-the-art technologies and techniques, this project aims to
create an efficient, scalable, and user-friendly course management system that
meets the needs of end users, instructors, and administrators.
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Chapter 3: SYSTEM ANALYSIS AND DESIGN

3.1 Use case overview

Code Name Brief Description

Allow end users to register an account using email,

B Registration Google, or GitHub, and verify their email.

Allow end users to log in using email, Google, or

UC02 Login GitHub.

UC03 Logout Allow end users to log out from their account.

UCO5 Search Courses  Allow end users to search for courses using keywords.

UCO6 Course Allow end users to register for courses, either free or
Registration paid, through Stripe.
UCo7 Update Account  Allow end users to update their account information

Information such as name, email, and password.

UC09  Rating Course Allow end users to rate and review courses they have

completed.
UC10 Comment on Allow end users to leave comments on individual
Lesson lessons within a course.
UC11 Create Course Allow instructors to create a new course

UC12 Update Course Allow instructors to update an existing course..

UC13 Delete Course Allow instructors to delete an existing course.
UC14 View Instructor Allow instructors to view an overview of their course
Dashboard statistics and activities.
UC15 Respond to Allow instructors to respond to comments left by end
Comments users on their lessons.
Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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Allow instructors and admin to view and manage
UCI6E Manage Orders orders related to their courses.

UCL7 Manage Users Allow admins to view, update, and delete user

accounts.
uc1s Manage Allow admins to create, update, and delete course
Categories categories.

UC19  Manage Roles Allow admins to assign or change roles of users (e.g.,
upgrade a user to an instructor)..

Provide detailed reports and analytics for admins and
instructors regarding user engagement and course
metrics.

Analytics and
JIeZy Reporting

Table 3.1 Overview of Use Cases

3.2 Use Case Diagrams

@

,’l\
// Endluser\

¢ Login " search Coursé-'i ) 1_"7-hegisterr'-"f) ¢ Logout { Receive Course Recommendations 1 7" Update Account \nfn“‘)
T T~ -~ L _«includes»
T - =< Enrall in Course
s e
_ -~ “«includes» ™~ «includes»
{_Participate in Comments f;_,.rrRa‘e COUTSE”‘,_’}

Figure 3.1 End user use case diagram

(:iManage Courses :) (:Manage Ordersi) (:rvlanageAccounts;) (’:Manage Categories \) \/: View Dashboard::)

Figure 3.2 Admin use case diagram
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Instructor

Manage Courses

Manage Orders View Dashboard

Figure 3.3 Instructor use case diagram

f

Respond to Comments

Enduser

\
v«includes»

\
AN

Enroll in Course

Select Payment Method

Confirm Enrollment
Receive Confirmation

Figure 3.4 End user enroll course use case diagram
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Course Management

Create Course

~ Update Course

Admin ~ Delete Course

1l

~ Manage Content

// Instructor Actions

—_— View Own Courses

Instructor\
Update Course Content

Figure 3.5 Admin and instructor manage course use case diagram

£

Enduser Instructor\
Course Cg gnts
View Course Content Post Comment w

Figure 3.6 End user and instructor comment on course use case diagram

0
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Admin Actions

Admin
Order Management and Payment
View Order History
, Browse Courses
Enroll in Course
Enduser\ Validate Payment Method
Choose Payment Method -
Enroll in Course
Payment Response
PaymentGateway Initiate Payment

Figure 3.7 Order management use case diagram

3.3 Use Case Specifications

3.3.1 Registration use case

Use Case ID ucCo1

Registration
Use Case Name

End User
Actor(s)

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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_ Allow end users to register an account using email, Google, or
Description GitHub, and verify their email.

- The end user must have access to the internet and a valid
Preconditions email address, Google, or GitHub account.

- The end user will have a new account in the system, and their
Postconditions  email will be verified.

1. The end user navigates to the registration page.

2. The end user selects a registration method (email, Google,
or GitHub).

3. If email is selected:

a. The end user enters their email, password, and other
required details.

b. The system sends a verification email to the provided

address
c. The end user clicks the verification link in the email.
Main Flow d. The system verifies the email and activates the account.

4. If Google or GitHub is selected:
a. The end user is redirected to the respective service's
authentication page
b. The end user logs in using their credentials
c. The system receives authentication confirmation from the
service.
d. The system creates and activates the account.
5. The end user is redirected to their dashboard with a
registration success message.
3bl. The email verification link is expired
a. The end user requests a new verification email.
b. The system sends a new verification email.
Alternate Flows  4bl. The authentication with Google or GitHub fails:
a. The system displays an error message.
b. The end user retries the login or selects another registration
method.
la. The email provided is already in use:
a. The system displays an error message indicating the email
is already registered.
b. The end user chooses to log in or use a different email.
: The end user has basic knowledge of how to use email and
Assumptions authentication services.

Exceptions

- High
Priority
Frequent
Frequency of Use
Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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: Email addresses must be unique Passwords must meet security
Business Rules  requirements (e.g., minimum length, complexity).

The system must integrate with Google and GitHub OAuth
services. The system must be able to send and receive email
verifications reliably.

Ensure that the registration process is user-friendly and secure.
Notes and Issues  Monitor for any issues with third-party authentication
Services.

Special
Requirements

Table 3.2 Registration Use Cases

3.3.2 Login use case

Use Case ID uco2

Use Case Name  Login

Actor(s) End User
Description Allow end users to log in using email, Google, or GitHub.
Preconditions The end user must have a registered account in the system.

Postconditions The end user is authenticated and redirected to their dashboard.

1. The end user navigates to the login page.
2. The end user selects a login method (email, Google, or

GitHub).
3. If email is selected:
Main Flow a. The end user enters their email and password.

b. The system verifies the email and password.

c. The system authenticates the user and redirects them to their
dashboard.

4. If Google or GitHub is selected:

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang
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Alternate Flows

Exceptions

Assumptions

Priority

Frequency of
Use

Business Rules

Special
Requirements

Notes and Issues

a. The end user is redirected to the respective service's
authentication page.

b. The end user logs in using their credentials.

c. The system receives authentication confirmation from the
service.

d. The system authenticates the user and redirects them to their
dashboard.

5. The end user is greeted with a login success message.

3b1. The email or password is incorrect:

a. The system displays an error message indicating incorrect
credentials.

b. The end user retries entering their email and password.
4b1. The authentication with Google or GitHub fails:

a. The system displays an error message.

b. The end user retries the login or selects another login
method.

1a. The user account is locked due to multiple failed login
attempts:

a. The system displays an account locked message.

b. The end user follows account recovery procedures.

The end user has a valid registered account and remembers their
credentials.

High

Frequent

Passwords must be verified against stored hashed passwords.
User session management must be secure.

The system must integrate with Google and GitHub OAuth
services. The system must handle and store user session tokens
securely.

Ensure that the login process is secure and user-friendly.
Monitor for any issues with third-party authentication services.

Table 3.3 Login Use Case

3.3.3 Logout use case
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Use Case ID

Use Case Name

Actor(s)

Description

Preconditions

Postconditions

Main Flow

Alternate Flows

Exceptions

Assumptions

Priority

Frequency of
Use

Business Rules

Special
Requirements

ucCo3

Logout

End User

Allow end users to log out from their account.

The end user must be logged into the system.

The end user is logged out, and their session is terminated.

1. The end user clicks the logout button.

2. The system invalidates the user's session token.

3. The system clears any session-related data.

4. The end user is redirected to the homepage or login page with
a logout success message.

2a. The session token is already invalid:

a. The system displays a session expired message and redirects
to the login page.

N/A

The end user wants to end their current session.

High

Frequent

The system must ensure all session data is cleared to prevent
unauthorized access.

The system must handle session management securely.
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Ensure that the logout process is quick and user-friendly.

Notes and Issues : : , A T
Monitor for any issues with session invalidation.

Table 3.4: Logout Use Case

3.3.4 Search course use case

Use Case ID ucos

Use Case Name Search Courses

Actor(s) End User

. Allow end users to search for courses using keywords, filter by

DSl category, and sort results.

Preconditions The end user must be logged into the system and connected to the
internet.

The system displays a list of courses that match the search

Posteonditions - vo.ia filters, and sorting preferences.

1. The end user navigates to the search bar.
2. The end user enters keywords related to the desired course.
3. The end user selects a category filter, if desired.
4. The end user selects a sorting preference (e.g., by popularity,
rating, date).
Main Flow 5. The system processes the search query with the selected filters
and sorting.
6. The system retrieves and displays a list of courses that match
the search keywords, filters, and sorting preferences.
7. The end user views the search results and selects a course to
view more details.
3a. No courses match the search keywords:
a. The system displays a message indicating no results found.
b. The end user refines or changes the search keywords.
3b. The end user enters invalid or incomplete search keywords:
a. The system displays an error message and prompts the user to
enter valid keywords.

Alternate Flows
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Exceptions

Assumptions

Priority

Frequency of
Use

Business Rules

Special
Requirements

Notes and
Issues

4a. No courses match the selected category filter:

a. The system displays a message indicating no results found for
the selected category.

b. The end user changes or removes the category filter.

4b. No courses match the sorting preference:

a. The system displays results without sorting preference. b. The
end user selects a different sorting preference.

N/A

The system's search functionality is responsive and returns
relevant results.

Medium

Frequent

The search algorithm should prioritize relevance and user
preferences.

The search results should be paginated if necessary.

Filters and sorting should be applied accurately to the search
results.

The system should support keyword-based search, category
filtering, and sorting options.

Ensure the search functionality is optimized for speed and
accuracy.

Monitor search logs to improve relevance and user experience.
Validate the effectiveness of filters and sorting options.

Table 3.5: Search Course Use Case

3.3.5 Course registration use case

Use Case ID

uCo6

Use Case Name Course Registration

Actor(s)

End User
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Description
Preconditions

Postconditions

Main Flow

Alternate
Flows

Exceptions

Assumptions

Priority

Frequency of
Use

Business Rules

Special
Requirements

Allow end users to register for courses, either free or paid,
through Stripe.

The end user must be logged into the system.

The end user is registered for the selected course, and payment is
processed if applicable.

1. The end user navigates to the course details page.
2. The end user clicks the "Register" button.
3. The system checks if the course is free or paid.
4. If the course is free:
a. The system registers the user for the course.
b. The user receives a confirmation message and is redirected to
the course content.
5. If the course is paid:
a. The system redirects the user to the Stripe payment gateway.
b. The user enters payment details and confirms the payment.
c. The system processes the payment through Stripe.
d. Upon successful payment, the system registers the user for the
course.
e. The user receives a confirmation message and is redirected to
the course content.
5b1. Payment details are incorrect or declined:
a. The system displays an error message.
b. The user re-enters payment details or cancels the registration.
5c1. Payment processing fails:
a. The system displays a failure message.
b. The user retries the payment or contacts support.
2a. The course is full and does not accept new registrations:
a. The system displays a message indicating the course is full.
b. The user selects a different course or joins a waitlist.

The end user has sufficient funds or valid payment methods for
paid courses.

High

Frequent

The system must accurately track course availability. Payment
processing must be secure and comply with Stripe's requirements.

The system must integrate seamlessly with Stripe for payment
processing.

The system must handle payment failures gracefully and provide
clear instructions to the user.
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Ensure the registration process is secure and user-friendly.
Monitor for any issues with course registration and payment
processing.

Notes and
Issues

Table 3.6: Registration Course Use Case

3.3.6 Update account information use case

Use Case ID uco7

Use Case .

Name Update Account Information

Actor(s) End User

Description Allow end users to update their account information such as

name, email, and password.

Preconditions  The end user must be logged into the system.

Postconditions = The end user's account information is updated in the system.

1. The end user navigates to the account settings page.
2. The end user selects the information they want to update (e.g.,
name, email, password).
3. The end user enters the new information.
4. The system validates the entered information.
5. If the information is valid:
a. The system updates the user's account information.
b. The system displays a confirmation message indicating a
successful update.
6. If the user updates the email address:
a. The system sends a verification email to the new email
address.
b. The user clicks the verification link in the email.
c. The system verifies the new email address.
4a. The new information is invalid (e.g., invalid email format,
weak password):
a. The system displays an error message indicating the issue.
b. The user re-enters the correct information.
6a. The email verification link is expired:
a. The user requests a new verification email.
b. The system sends a new verification email.

Main Flow

Alternate
Flows

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang

24



Course management integrate a recommendation system

4b. The entered email is already in use by another account:

a. The system displays an error message indicating the email is
already taken.

b. The user enters a different email address.

The end user has basic knowledge of how to update account
information online.

Exceptions

Assumptions

Priority Medium
Frequency of .
s Occasional

Email addresses must be unique.
Business Rules Passwords must meet security requirements (e.g., minimum
length, complexity).
The system must securely handle and store user data.
The system must ensure that email verification is performed for
email updates.
Ensure that the account update process is user-friendly and secure.
Monitor for any issues with account updates and email
verification.

Special
Requirements

Notes and
Issues

Table 3.7: Update Account Information Use Case

3.3.7 Rating course use case

Use Case ID uco9

Use Case .

Name Rating Course

Actor(s) End User

Description Allow end users to rate and review courses they have completed.

The end user must be logged into the system and have completed

Precondition
ditions the course.

Postconditions = The course rating and review are recorded in the system.
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Main Flow

Alternate
Flows

Exceptions

Assumptions

Priority

Frequency of
Use

Business Rules

Special
Requirements

Notes and
Issues

1. The end user navigates to the course details page.
2. The end user selects the option to rate or review the course.
3. The end user provides a rating (e.g., star rating) and optional
text review.
4. The system validates the rating and review.
5. The system updates the course's average rating based on the
new rating.
6. The end user's rating and review are stored in the system.
7. Optionally, the system sends a notification to the instructor
about the new review.
4a. The end user does not provide a rating:
a. The system displays a message indicating a rating is required.
b. The end user provides a rating.
7a. The instructor opts out of notifications:

a. The system does not send a notification to the instructor.
4b. The rating is outside the valid range (e.g., not between 1-5 for
a star rating):
a. The system displays an error message.
b. The end user corrects the rating.
6a. The review cannot be stored due to system error:

a. The system displays an error message indicating the issue. b.
The end user retries submitting the review.
End users have completed the course before providing a rating.
Ratings and reviews are visible to other users to aid in course
selection.

Medium

Moderate

Each end user can rate a course only once.
Reviews should comply with community guidelines and policies.

The system must calculate and display average ratings for each
course.

Ratings and reviews should be moderated for inappropriate
content.

Ensure that the rating and review process is straightforward and
encourages feedback.

Monitor for any issues with rating validation and storage. Provide
clear guidelines for users on how ratings and reviews are used.

Table 3.8: Rating Course Use Case
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3.3.8 Comment on lesson use case

Use Case ID

Use Case
Name

Actor(s)
Description

Preconditions

Postcondition
S

Main Flow

Alternate
Flows

Exceptions

Assumptions

Priority

Frequency of
Use

UCi10
Comment on Lesson
End User

Allow end users to comment on specific lessons within a course.

The end user must be logged into the system and have access to the
course and lesson.

The comment is posted and visible to other users with appropriate
access rights.

1. The end user navigates to the lesson within the course.
2. The end user scrolls to the comment section or selects a specific
comment option.
3. The end user writes their comment in the text field.
4. The end user submits the comment.
5. The system validates the comment.
6. The comment is posted and displayed in the lesson's comment
section.
7. Optionally, the system notifies the instructor about the new
comment.
3a. The end user decides not to submit the comment:
a. The end user cancels the comment action.
5a. The comment is empty or contains invalid content:
a. The system displays an error message.
b. The end user corrects the comment.
7a. The instructor opts out of notifications:
a. The system does not send a notification to the instructor.
5b. The comment submission fails due to technical issues:
a. The system displays an error message indicating the issue.
b. The end user retries submitting the comment.

Comments are moderated for inappropriate content. Comments are
visible to other enrolled users to aid in learning and collaboration.

Medium

High
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Business Users can edit or delete their own comments. Comments should
Rules foster a positive and constructive learning environment.
Special The system must handle threaded comments for better

organization. Comment notifications should be configurable for
instructors and users.
Ensure that the comment section is user-friendly and promotes

Requirements

Notes and engagement. Monitor for any issues with comment validation and
Issues posting. Provide clear guidelines for users on appropriate comment
etiquette.

Table 3.9: Comment on lesson Use Case

3.3.9 Create course use case

Use Case ID UCl11

Use Case Create Course
Name
Actor(s) Instructor, Admin

Description Allow instructors and admins to create new courses.

Preconditions The actor must be authenticated and authorized as an instructor or
admin.

Postcondition = The new course is created and added to the system.
S

Main Flow 1. The actor navigates to the course creation section.
2. The actor selects the option to create a new course.
3. The actor enters details for the new course, such as title,
description, category, and pricing (if applicable).
4. The actor uploads course materials (e.g., videos, documents). 5.
The system validates the entered information.
6. The system adds the new course to the system.
7. Optionally, the system notifies the instructor or admin about the
successful creation of the course.
Alternate 3a. The actor decides not to proceed with creating the course: a.
Flows The actor cancels the course creation action.
5a. Required fields are incomplete or invalid:
a. The system displays an error message.
b. The actor corrects the information and retries.
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7a. The instructor or admin opts out of notifications:
a. The system does not send a notification.

Exceptions 5b. The course title already exists:
a. The system displays an error message.
b. The actor enters a unique course title.
6a. Course creation fails due to technical issues:
a. The system displays an error message.
b. The actor retries creating the course or contacts support.
Assumptions  Instructors and admins have necessary permissions to create
courses. Course creation details are accurate and complete before
submission.
Priority High

Frequency of Regular

Use

Business Course titles must be unique. Course materials should be stored
Rules securely and accessible to enrolled users.

Special The system must support file uploads for course materials.

Requirements Notifications for course creation should be configurable for
instructors and admins.

Notes and Ensure that the course creation process is intuitive and efficient.

Issues Monitor for any issues with validation and storage of course
details. Provide clear guidelines for instructors and admins on
course creation guidelines.

Table 3.10: Create Course Use Case

3.3.10 Update course use case

Use Case ID UCi12

Use Case Update Course
Name
Actor(s) Instructor, Admin

Description Allow instructors and admins to update existing courses.

Preconditions The actor must be authenticated and authorized as an instructor or
admin. The course to be updated must already exist in the system.
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Postcondition
S

Main Flow

Alternate
Flows

Exceptions

Assumptions

Priority

Frequency of
Use

Business
Rules

Special
Requirement
S

Notes and
Issues

The course information is successfully updated in the system.

1. The actor navigates to the course management section.

2. The actor selects the course to be updated.

3. The actor edits the course details, such as title, description,
category, and pricing (if applicable).

4. The actor uploads new course materials (e.g., updated videos,
documents).

5. The system validates the updated information.

6. The system updates the course information in the system.

7. Optionally, the system notifies the instructor or admin about the
successful update of the course.

3a. The actor decides not to proceed with updating the course: a.
The actor cancels the update action.

5a. Required fields are incomplete or invalid:

a. The system displays an error message. b. The actor corrects
the information and retries.
7a. The instructor or admin opts out of notifications:

a. The system does not send a notification.
5b. The updated course title already exists:

a. The system displays an error message.

b. The actor enters a unique course title.
6a. Course update fails due to technical issues:

a. The system displays an error message.

b. The actor retries updating the course or contact’s support.
Instructors and admins have necessary permission to update
courses.

Updated course details are accurate and complete before
submission.
High

Regular

Course titles must be unique. Course materials should be updated
and stored securely.

The system must support file uploads for updated course materials.
Notifications for course updates should be configurable for
instructors and admins.

Ensure that the course update process is intuitive and efficient.
Monitor for any issues with validation and storage of updated
course details. Provide clear guidelines for instructors and admins
on course update procedures.
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Table 3.11: Update Course Use Case

3.3.11 Delete course use case

Use Case ID

Use Case
Name

Actor(s)

Description

Preconditions

Postcondition
S

Main Flow

Alternate
Flows

Exceptions

Assumptions

UCi13
Delete Course
Instructor, Admin

Allow instructors and admins to delete courses from the system.

The actor must be authenticated and authorized as an instructor or
admin. The course to be deleted must exist in the system and not
have active dependencies (e.g., enrolled users, ongoing sessions).

The course and associated materials are permanently removed from
the system.

1. The actor navigates to the course management section.

2. The actor selects the course to be deleted.

3. The actor confirms the deletion action.

4. The system validates the deletion request.

5. The system removes the course and associated materials from the
system.

6. Optionally, the system notifies the instructor or admin about the
successful deletion of the course.

3a. The actor decides not to proceed with deleting the course: a.
The actor cancels the deletion action.

4a. Deletion validation fails due to active dependencies (e.g.,
enrolled users, ongoing sessions):

a. The system displays an error message.

b. The actor resolves the dependencies or contact’s support.
6a. The instructor or admin opts out of notifications:

a. The system does not send a notification.
4b. Course deletion fails due to technical issues:

a. The system displays an error message.

b. The actor retries deleting the course or contacts support.
Instructors and admins have necessary permissions to delete
courses.

Course deletion is irreversible and should be confirmed carefully
by authorized personnel.
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Priority High
LFchzquency 2 Occasional
BUS Deleting a course should not impact other system functionalities.
usiness : _ :
Rules Course dele_tlon should be confirmed by authorized personnel to
prevent accidental removal.
Special The system should have robust error handling for deletion
Requirement operations. Notifications for course deletion should be configurable
S for instructors and admins.
Ensure that the course deletion process is clear and secure.
Notes and Implement safeguards to prevent accidental course deletion.
Issues Provide clear guidelines for instructors and admins on course

deletion procedures.

Table 3.12: Delete Course Use Case

3.3.12 View instructor dashboard use case

Use Case ID UCi4

Use Case .

Name View Instructor Dashboard

Actor(s) Instructor

Description Allow instructors to view their personalized dashboard displaying

course analytics and management options.

The instructor must be authenticated and authorized as an
instructor in the system.

Preconditions The instructor must have at least one course associated with their

account.
Postcondition  The instructor successfully views their dashboard with relevant
S course analytics and management tools.

1. The instructor logs into the system.

2. The instructor navigates to the dashboard section.

3. The system retrieves and displays analytics such as course
Main Flow enrollment, completion rates, and student feedback.

4. The instructor views options to manage courses, such as editing

course details, adding new lessons, or viewing earnings (if

applicable).
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3a. No analytics data is available:
a. The system displays a message indicating no data available yet.

Alternate 4a. The instructor does not have any courses:
Flows a. The system displays a message indicating no courses found.
b. The instructor can proceed to create a new course or contact
support.
Exceptions -

Instructors have the necessary permissions to access analytics and
Assumptions  management tools. Dashboard data is accurate and updated
regularly based on course activities.

Priority Medium

Frequency of i

Use High

BUSiness Dashboard should provide actionable insights for instructors to

Rules improve course offerings. Instructor earnings should be displayed
securely and accurately.

Special The system should support real-time updates for course analytics.

The dashboard layout should be responsive and user-friendly for
instructors accessing different devices.

Ensure that the instructor dashboard provides a comprehensive
view of course performance.

Monitor for any issues with data retrieval or display.

Provide clear navigation and tooltips to guide instructors on using
dashboard features effectively.

Requirements

Notes and
Issues

Table 3.13: Instructor Dashboard Use Case

3.3.13 Respond to comments use case

Use Case ID UCi15

Use Case
Respond to Comments
Name
Actor(s) Instructor
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Allow instructors to respond to comments made by users on
lessons or course materials.

The instructor must be authenticated and authorized as an instructor
in the system.
There must be existing comments from users on lessons or course

Description

Preconditions

materials.
Postcondition The instructor's response is successfully posted and visible to users
S who can view the comment.
1. The instructor navigates to the lesson or course section with user
comments.

2. The instructor identifies a comment to respond to.
3. The instructor enters their response in the comment section. 4.
The instructor submits the response.
5. The system validates the response.
6. The response is posted and displayed under the original
comment.
2a. There are no comments to respond to:

a. The instructor can proceed with other tasks or wait for new
comments.
Alternate 5a. The response is empty or contains invalid content:
Flows a. The system displays an error message.

b. The instructor corrects the response.
6a. The instructor opts out of notifications:

a. The system does not send a notification.
5b. The response submission fails due to technical issues:

a. The system displays an error message.

b. The instructor retries submitting the response or contact’s
support.
Instructors have the necessary permission to respond to comments.
Assumptions  Responses should adhere to community guidelines and promote

positive interaction.

Main Flow

Exceptions

Priority Medium

Frequency of

Use Moderate

Business Instructors can edit or delete their own responses.

Rules Responses should be timely and relevant to user comments.
The system should support threaded responses for better

Special organization.

Requirements Notifications for instructor responses should be configurable for
users.

Notes and Ensure that the response process is straightforward and encourages

Issues instructor engagement.
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Monitor for any issues with response validation and posting.
Provide clear guidelines for instructors on responding to user
comments effectively.

Table 3.14: Reply comment Use Case

3.3.14 Manage order use case

Use Case ID

Use Case
Name

Actor(s)

Description

Preconditions

Postcondition
S

Main Flow

Alternate
Flows

Exceptions

UC16
Manage Orders

Admin

Allow admins to manage orders placed by users for courses or
other services.

The admin must be authenticated and authorized as an admin in the
system.
There must be existing orders placed by users.

The admin successfully manages orders, including viewing details,
updating status, and resolving issues.

1. The admin logs into the admin panel.
2. The admin navigates to the orders management section.
3. The admin views a list of orders, including details such as order
ID, user details, course/service details, order status, and payment
information.
4. The admin selects an order to view or manage.
5. The admin updates the order status (e.g., processing, completed,
refunded).
6. The admin resolves any issues related to the order (e.g., refund
requests, customer inquiries).
3a. There are no orders to manage:

a. The admin can proceed with other tasks or wait for new orders.
5a. The admin decides not to update the order status:

a. The admin cancels the status update action.
6a. The admin opts out of notifications:

a. The system does not send notifications related to order updates.
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Admins have the necessary permission to manage orders and
resolve issues.

ASSUMPLONS 5, o s and payment information are accurate and up to date in the

system.
Priority High
lI:J?‘:quency of High
Business Order status updates should be reflected accurately to users. Admin
Rules actions should comply with refund policies and user agreements.
Special The system should support detailed order tracking and history.

Requirements Notifications for order updates should be configurable for users.
Ensure that the order management interface is user-friendly and

efficient.
Notes and Monitor for any issues with order status updates and payment
Issues processing.

Provide clear guidelines for admins on managing orders and
resolving user issues effectively.

Table 3.15: Manage orders Use Case

3.3.15 Manage users use case

Use Case ID ucCi7

Use Case

Name Manage Users

Actor(s) Admin

Description Allow admins to manage user accounts and profiles within the

system.

The admin must be authenticated and authorized as an admin in the
Preconditions  system.
There must be existing user accounts to manage.

Postcondition = The admin successfully manages user accounts, including viewing

S details, editing profiles, and handling account-related issues.
. 1. The admin logs into the admin panel.
Main Flow . X .
2. The admin navigates to the user management section.
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3. The admin views a list of user accounts, including details such
as username, email, registration date, roles, and activity status.
4. The admin selects a user account to view or manage.
5. The admin edits user profile information (e.g., username, email,
roles).
6. The admin handles account-related issues (e.g., password resets,
account suspensions).
3a. There are no user accounts to manage:
a. The admin can proceed with other tasks or wait for new user
registrations.
Alternate 5a. The admin decides not to update user profile information:
Flows a. The admin cancels the profile update action.
6a. The admin opts out of notifications:
a. The system does not send notifications related to user account
updates.

Exceptions

Admins have the necessary permissions to manage user accounts
Assumptions  and profiles. User information is accurate and up to date in the

system.
Priority High
Frequency of High

Use

User profile updates should be reflected accurately across the
Business system.

Rules Admin actions should comply with user data privacy regulations
and policies.
The system should support secure user data management and

Special access control.

Requirements Notifications for account-related updates should be configurable
for users.

Ensure that the user management interface provides clear
navigation and efficient functionality.
Notes and Monitor for any issues with user profile updates and account
Issues handling.
Provide clear guidelines for admins on managing user accounts
and handling user inquiries effectively.

Table 3.16: Manage Users Use Case

3.3.16 Manage categories use case
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Use Case ID

Use Case
Name

Actor(s)
Description

Preconditions

Postcondition
S

Main Flow

Alternate
Flows

Exceptions
Assumptions

Priority

Frequency of
Use

Business
Rules

uUCi1s
Manage Categories

Admin

Allow admins to manage categories used for organizing courses or
content within the system.

The admin must be authenticated and authorized as an admin in the
system. There must be existing categories to manage.

The admin successfully manages categories, including creating,
updating, and deleting categories as needed.

1. The admin logs into the admin panel.
2. The admin navigates to the category management section. 3. The
admin views a list of existing categories, including details such as
category name, description, and associated courses (if applicable).
4. The admin selects a category to view or manage.
5. The admin adds a new category or updates existing category
details (e.g., name, description).
6. The admin deletes a category after confirming the action.
3a. There are no categories to manage:

a. The admin can proceed with other tasks or wait for new
categories to be added.
5a. The admin decides not to add or update a category:

a. The admin cancels the category creation or update action.
6a. The admin opts out of notifications:

a. The system does not send notifications related to category
changes.

Admins have necessary permissions to manage categories.
Category information is accurate and up to date in the system.

Medium

Moderate

Categories should be organized logically and reflect course content
effectively. Deleting a category should not impact associated
courses unless specified.
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Special
Requirements

Notes and
Issues

The system should support hierarchical category structures.
Notifications for category changes should be configurable for
admins.

Ensure that the category management interface is intuitive and
supports easy navigation. Monitor for any issues with category
creation, updates, and deletion. Provide clear guidelines for admins
on managing categories effectively.

Table 3.17: Manage Categories Use Cases

3.3.17 Manage roles use case

Use Case ID
Use Case
Name

Actor(s)

Description

Preconditions

Postcondition
S

Main Flow

Alternate
Flows

UC19
Manage Roles
Admin

Allow admins to manage roles assigned to users within the system.
Roles define permissions and access levels for various system
functionalities.

The admin must be authenticated and authorized as an admin in the
system. There must be existing roles defined in the system.

The admin successfully manages roles, including creating,
updating, and deleting roles as needed.

1. The admin logs into the admin panel.
2. The admin navigates to the role management section.
3. The admin views a list of existing roles, including details such as
role name, description, and assigned permissions.
4. The admin selects a role to view or manage.
5. The admin adds a new Use Case ID
on course update procedures. w role or updates existing role details
(e.g., permissions, description).
6. The admin deletes a role after confirming the action.
3a. There are no roles to manage:
a. The admin can proceed with other tasks or wait for new roles to
be defined.
5a. The admin decides not to add or update a role:
a. The admin cancels the role creation or update action.
6a. The admin opts out of notifications:
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a. The system does not send notifications related to role changes.
Exceptions -
Assumptions Admins have the necessary permissions to manage roles. Role
information is accurate and up to date in the system.

Priority Medium

Frequency of Moderate

Use
Business Roles should define clear and distinct permissions for system
Rules functionalities. Deleting a role should not affect users' access unless
intended.
Special The system should support assigning multiple roles to users.

Requirement Notifications for role changes should be configurable for admins.

S

Notes and Ensure that the role management interface is user-friendly and

Issues supports easy navigation. Monitor for any issues with role creation,
updates, and deletion. Provide clear guidelines for admins on
managing roles effectively.

Table 3.18: Manage Role Use Cases

3.3.18 Analytics and reporting use case

Actor(s) Admin

3a. No analytics or reports are available:
a. The admin can proceed with other tasks or wait for data to be
Alternate collected.
Flows 5a. The system encounters processing errors:
a. The system displays an error message.
b. The admin retries the request or contact's support.
Admins have necessary permissions to access and generate
Assumptions analytics and reports.
Data used for analytics and reporting is accurate and up to date.
Analytics and reports should provide actionable insights for
Business improving system performance and user experience.
Rules Data privacy and confidentiality should be maintained in analytics
and reporting processes.
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Allow admins to access and generate analytics and reports based on

LSSl system data for courses, users, and other relevant metrics.

Exceptions -

Frequency of .

Use High
1. The admin logs into the admin panel.

2. The admin navigates to the analytics and reporting section.
3. The admin selects the type of analytics or report to generate (e.g.,
course enrollment trends, user engagement metrics).

Main Elow fép;g;te admin configures filters and parameters for the analytics or
5. The system processes the request and generates the analytics or
reports.

6. The admin reviews and analyzes the generated data.
7. The admin exports or shares the analytics or report as needed.
Ensure that the analytics and reporting interface is robust and
Notes and supports complex data queries.
IsSUes Monitor for any issues with data processing and report generation.

Provide training or documentation for admins on interpreting
analytics and reports effectively.

The admin successfully accesses and generates analytics and
reports, providing insights into system performance and user
behavior.

The admin must be authenticated and authorized as an admin in the
system. There must be sufficient data available for analysis and

Postcondition
S

Precondition

> reporting.

Priority High

S|EE] Th hould izable analytics dashboard
Requirement e system should support customizable analytics dashboards.

s Export formats for reports should be configurable (e.g., PDF, CSV).

Use Case ID UC20

Use Case . .
Name Analytics and Reporting
Table 3.19 Analytics and Reporting Use Case
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3.4 Sequence Diagrams
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Figure 3.8 Enrollment course sequence diagram
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Figure 3.9 Course commented sequence diagram
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Figure 3.10 Course commented sequence diagram
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Figure 3.11 Course management sequence diagram

3.5 Database Design

3.3.1 Database Tables

In this section, we delve into the database design for our system. Effective database
design is crucial for ensuring data integrity, optimizing performance, and providing a
scalable structure for future growth. Our database is designed to store and manage
various entities related to the e-learning platform, including users, courses, orders,
comments, reviews, and more. Below, we describe the database structure in detail.
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The database consists of multiple tables, each representing a distinct entity within the
system. The following is an overview of the main tables:

— users: Stores information about users, including their personal details and roles.
— roles: Contains the different roles that users can have.

— user_roles: Maps users to their respective roles.

— addresses: Stores user addresses.

— courses: Contains information about the courses available on the platform.
— course_data: Detailed data about each course, such as videos and descriptions.
— course_benefits: Lists the benefits associated with each course.

— course_prerequisites: Lists the prerequisites for each course.

— enrollments: Records which users are enrolled in which courses.

— comments: User comments on courses.

— reviews: User reviews and ratings for courses.

— links: Additional resources and links related to courses.

— orders: Information about user orders.

— payment_info: Payment details associated with orders.

— notifications: Notifications sent to users.

— faq_items: Frequently asked questions and their answers.

— categories: Categories of courses.

— banner_images: Images used for banners on the platform.

— course_questions: Questions asked by users about courses.

— course_suggestions: Suggestions for course improvements.

— video_thumbnails: Thumbnails for course videos.

3.3.2 Detail Table Descriptions

Here, we provide detailed descriptions for each of the major tables, including their
columns, data types, and relationships with other tables.

Table: users
Column Data Type Constraints  Description
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user_id
name
email

password

avatar_public_id

avatar_url
role_id
Is_verified

created_at

Table: roles

Column
role_id

role_name

Column
course_id
name

description

Unique identifier for the user
User's full name

User's email address

User's password

Avatar image public ID

URL to the avatar image
Foreign key to roles table
Verification status of the user

User account creation date

Description
Unique identifier for the role

Name of the role

Description
Unique identifier for the course

Name of the course

int Ii:;llé}ement
varchar (255)
varchar (255) zz:?ue, not
varchar (255) not null
varchar (255)
varchar (255)
int
bool default: false
timestamp
Table 3.20 User table
Data Type Constraints
int PK, increment
varchar (50) not null
Data Type Constraints
int PK, increment
varchar (255)  not null
text not null

Description of the course
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category i

q int Foreign key to categories table
price decimal (10,2)  not null Price of the course
giii:::r:ated_ decimal (10,2) Estimated price of the course
thumbnail  varchar (255) URL to the course thumbnail
tags varchar (255) Tags related to the course
level varchar (50) Difficulty level of the course
demo_url  varchar (255) URL to the course demo
ratings decimal (3,2) Average rating of the course
purchased int default: 0 Elelérrr\]%irr((:);;;? des the course has
instructor i int F_oreign key to users table
d (instructor)

Table 3.21: Table course
Column Data Type Constraints Description
order_id int PK, increment  Unique identifier for the order
user_id int Foreign key to user's table
]E)gi/irgent_in int Foreign key to payment_info table

Table 3.22: Table order
...and similarly for other tables

3.3.4 Database Diagram
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Chapter 4. RECOMMENDATION SYSTEM

4.1 Data Collection

4.1.1 Introduction

The process of acquiring comprehensive data from Udemy involves utilizing the
Udemy API to fetch detailed course information. This section outlines the
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methodology and steps employed to collect, process, and store data for subsequent
analysis and model development.

4.1.2 Methodology

The methodology for data collection revolves around the following key steps:
API Authentication and Initialization:

Authentication through OAuth 2.0 using client credentials (client ID and client
secret).

Initialization of the Udemy API endpoint (https://www.udemy.com/api-2.0/) for
authorized access.

Crawling Courses by Subcategories:

Identification of relevant educational subcategories across diverse domains such
as Business, Technology, and Personal Development.

Iterative retrieval of course IDs using specified subcategories to ensure broad
coverage of educational offerings.

Fetching Course Details:

Implementation of API requests to retrieve detailed metadata for each course
identified by its course ID.

Extraction of attributes including course title, description, pricing, ratings,
enrollment statistics, and instructor details.

Data Parsing and Cleaning:

Parsing of raw JSON responses to extract relevant course attributes.
Cleaning operations to handle data inconsistencies, remove HTML tags, and
normalize numeric fields such as pricing.

4.1.3 Data Handling and Storage

Data Storage: Saved course 1Ds and detailed metadata to structured files for
subsequent analysis and modeling.

Data Quality Assurance: Implemented validation checks and cleaning
operations to ensure data completeness, accuracy, and consistency.

APl Rate Limiting: Addressed rate limiting challenges through strategic delay
strategies between API requests to maintain compliance with Udemy API usage
policies.
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4.2 Data Preprocessing

4.2.1 Introduction

Data preprocessing is a crucial step in preparing raw data obtained from the Udemy
API for analysis and modeling. This section details the methodologies and techniques

used to clean, transform, and integrate the dataset into a structured format suitable for
building recommendation systems.

4.2.2 EDA (Exploratory Data Analysis)

Distribution of price
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Figure 4.1 Distribution of price
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Distribution of estimatedPrice
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Distribution of Description Length
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Figure 4.4 Distribution of description length
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Figure 4.3 Distribution of name length

4.2.3 Data Cleaning
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— Data cleaning involves identifying and addressing inconsistencies, missing
values, and noise in the dataset acquired from Udemy. Key cleaning operations
include:

— Handling Missing Values: Implementing strategies such as imputation or
removal for missing attributes like course descriptions or ratings.

— Normalization and Standardization: Scaling numeric attributes (e.g., course
ratings, enrollment numbers) to a standardized range to facilitate meaningful
comparisons.

— Text Data Cleaning: Removing HTML tags, special characters, and stop words
from textual attributes (e.g., course descriptions) to enhance text mining
processes.

4.2.4 Feature Engineering

Feature engineering enriches the dataset by creating new attributes or transforming
existing ones. Techniques applied include:

BERT (Bidirectional Encoder Representations from Transformers) is a highly
influential language representation model developed by Google. It stands out due to its
ability to pre-train deep bidirectional representations by conditioning on both left and
right context in all layers, setting it apart from previous models which looked at text
sequences in a unidirectional manner or combined left-to-right and right-to-left
training.

The architecture of BERT is based on the Transformer model, specifically the
Transformer encoder, which relies on attention mechanisms to capture global
dependencies between input and output. BERT comes in two sizes: BERT Base with
12 layers, 768 hidden units, and 12 self-attention heads, and BERT Large with 24
layers, 1024 hidden units, and 16 self-attention heads.

BERT’s training process involves two key objectives. The first is the Masked
Language Model (MLM), where random tokens in the input are masked and the model
attempts to predict them based on the context provided by the surrounding tokens. This
helps BERT understand the context of a word from both directions. The second
objective is Next Sentence Prediction (NSP), which helps BERT learn the relationship
between sentences, a crucial feature for tasks such as Question Answering and Natural
Language Inference.
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One of BERT’s primary advantages is its bidirectional approach, which allows it to
capture context more effectively than models that process text in a single direction.
Additionally, BERT is designed for transfer learning, meaning it can be fine-tuned
with minimal additional parameters to achieve state-of-the-art performance on a wide
range of NLP tasks. This fine-tuning process involves adjusting the pre-trained BERT
model weights slightly based on task-specific data, making it versatile and effective
for various applications like named entity recognition, sentiment analysis, and question
answering.
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Figure 4.4 The Transformer model architecture

Despite its capabilities, BERT does present some challenges. Training BERT from
scratch requires substantial computational resources and large amounts of text data.
Nevertheless, its impact on the field of natural language processing is significant,
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setting new benchmarks across multiple NLP tasks and influencing the development of
subsequent models. BERT’s bidirectional nature and adaptability through fine-tuning
have made it a foundational model in modern NLP research and applications.

4.2.5 Integration and Transformation

Integration involves merging disparate datasets or aggregating information to enrich
the dataset further. Transformation steps include:

— BERT Embedding Integration: Applying pre-trained BERT models to convert
textual data into embeddings. This process involves tokenization, encoding, and
subsequent vectorization of text, encapsulating both syntactic and semantic
meanings.

— Data Aggregation and Feature Extraction: Aggregating user reviews sentiment
scores derived from BERT embeddings or deriving new features such as course
duration from start and end dates.

4.3 Training and Evaluating the Model

In this section, we detail the process of training and evaluating the deep learning
model used for the course recommendation system. This involves constructing the
model, training it with the prepared data, and evaluating its performance using
standard metrics.

4.3.1 Model Construction

The model we used for the recommendation system is a simple neural network
architecture. The main goal of this model is to learn the latent features of courses and
predict similar courses based on these features. The network consists of an input layer,
a hidden layer, and an output layer:

— Input Layer: This layer takes in the combined feature vectors, including text
embeddings from BERT and numerical features like ratings and purchase
counts.

— Hidden Layer: This layer introduces non-linearity to help the model capture
complex patterns in the data.
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— OQutput Layer: This layer produces the output, which in the case of an
autoencoder, aims to reconstruct the input feature vector.

— The activation function used in the hidden layer is ReLU (Rectified Linear
Unit), which helps in faster convergence during training.

4.3.2 Training the Model

The training process involves optimizing the model's weights to minimize the
reconstruction error, typically measured using Mean Squared Error (MSE). We used
the Adam optimizer, which is well-suited for deep learning models due to its adaptive
learning rate capabilities.

— Training Data: The combined feature vectors from the course data.

— Loss Function: Mean Squared Error (MSE), which measures the difference
between the input and the reconstructed output.

— Optimizer: Adam optimizer, chosen for its efficiency and performance in deep
learning tasks.

— Epochs: The model was trained over multiple epochs to ensure convergence.

— Batch Size: Training was done in batches to make efficient use of computational
resources and improve model generalization.
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Figure 4.5 Training loss over Epoch

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang

58



Course management integrate a recommendation system

4.3.3 Model Evaluation

After training, the model's performance was evaluated using several metrics:

— Mean Squared Error (MSE): Measures the average squared difference between
the input and the reconstructed output.

— Mean Absolute Error (MAE): Measures the average absolute difference
between the input and the reconstructed output.

— R2 Score: Indicates how well the reconstructed output captures the variance in
the input data.

The evaluation metrics were calculated as follows:

— MSE: Provides an overall measure of reconstruction error, with lower values
indicating better performance.

— MAE: Provides an alternative measure of error that is less sensitive to outliers.

— R2 Score: Indicates the proportion of variance in the input data that is captured
by the reconstructed output, with values closer to 1 indicating better
performance.

— The evaluation results showed that the model effectively learned the latent
features of the courses and provided accurate recommendations.

4.3.4 Results
The model achieved the following performance metrics:

— Mean Squared Error (MSE): 0.0023
— Mean Absolute Error (MAE): 0.0341
— R2? Score: 0.981

These results demonstrate that the model has a high degree of accuracy in
reconstructing the input feature vectors, indicating that it has effectively learned the
underlying patterns in the course data.

4.3.5 Conclusion

The trained model successfully captures the complex relationships between courses
based on their features, allowing it to provide accurate and relevant recommendations.
The high R? score and low error metrics indicate that the model is well-suited for the
task of course recommendation. Future work may involve fine-tuning the model and
exploring more advanced architectures to further improve performance.
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Chapter 5. Demo application

5.1 Authentication

Login with ELearning

Enter your Email

Enter your password

®

G0

Figure 5.1 Authentication screen

The login screen allows users to securely access their accounts on the Course
Management System. Users can authenticate using their email and password, or via
Google or GitHub.

5.2 Home screen
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Figure 5.2 Home screen

The home screen provides users with an overview of available courses and
personalized recommendations. It serves as the main navigation hub, allowing users to
browse, enroll in courses, and access their profile and course progress.

5.3 Search course
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Figure 5.3 Search course screen
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The course search screen enables users to find courses by entering keywords or
applying filters. It provides a list of relevant courses, allowing users to view details

and enroll in their preferred options.

5.4 Profile
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Figure 5.4 Profile screen
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The profile screen allows users to view and update their personal information, track
their enrolled courses, and manage account settings. It serves as a centralized area for

users to maintain and personalize their account details.

5.5 Admin dashboard
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Figure 5.5 Admin dashboard screen

The admin dashboard provides administrators with an overview of system activities,
including user management, course management, and order tracking. It offers tools
and insights for effective oversight and decision-making.
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Figure 5.6 Manage course screen

Student: Truong Huy Hoang Instructor: Ph.D Pham Cong Thang

64



Course management integrate a recommendation system

The manage course screen enables instructors and administrators to create, update, and
delete courses. It provides functionalities to organize course content, set pricing, and
manage course visibility and details.

5.7 Create courses
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Figure 5.7 Create course screen

The create course screen allows instructors to develop new courses by entering details
such as the course title, description, category, and pricing. Instructors can also upload
course materials and organize lessons and modules.
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CONCLUSION

Achievements:

Throughout the course of this project, significant milestones have been achieved in the
development and implementation of a comprehensive course management system
integrated with an advanced recommendation engine. The system now facilitates
seamless course discovery, enrollment, and engagement through personalized
recommendations tailored to each user's interests and learning history. This
enhancement has not only simplified the user journey but also enriched the learning
experience by providing relevant and targeted educational content.

Moreover, the project successfully addressed initial challenges in system design and
functionality, ensuring robustness and reliability. The integration of features such as
user authentication, course categorization, and secure payment processing has
contributed to a holistic and user-centric platform.

Areas for Improvement:

While celebrating these accomplishments, it is crucial to identify areas for further
refinement and enhancement:

— User Interface (Ul) and User Experience (UX): Continuously refine the UI/UX
design to optimize usability, accessibility, and visual appeal. Implement intuitive
navigation and responsive design principles to enhance user satisfaction and
engagement.

— Performance Optimization: Conduct thorough performance testing under
varying loads to identify and address potential bottlenecks. Optimize system
responsiveness and speed to ensure smooth operation during peak usage periods.

— Feedback Mechanism and Iterative Development: Establish a robust feedback
loop to gather user input regularly. Utilize this feedback to iterate on system
functionalities, improve recommendation algorithms, and address user pain
points effectively.

— Security and Data Privacy: Strengthen data security measures to safeguard user
information and ensure compliance with data protection regulations. Implement
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encryption protocols and regular security audits to mitigate risks and build user
trust.

— Scalability and Future Expansion: Enhance system scalability to accommodate
growing user bases and expanding course catalogs. Plan for future enhancements
and technological advancements to maintain competitiveness and relevance in
the dynamic educational technology landscape.

By focusing on these areas of improvement, the project can continue to evolve and meet
the evolving needs of its users, delivering a cutting-edge educational platform that
fosters learning excellence and user satisfaction.
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