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ABSTRACT

This project outlines the creation of SQL Quest, an interactive platform
that aims to assist in learning SQL through gamification. SQL, or
Structured Query Language, is essential for data management and analysis,
however, most online learning platforms are not engaging, lack
personalized feedback, or do not provide real-world relevance. SQL Quest
seeks to provide a solution by integrating conventional content into
interactive practices coupled with real-time feedback, an XP progress
tracker, and challenges to motivate learners. The system is built with
HTML, CSS, and JavaScript alongside web development software such as
Node.js and MySQL. These components structure the platform using
the Prototyping model which allows for iterative refinement. The
platform boasts a few features including lesson modules with quizzes,
practice SQL editors, multi-tiered challenges, dashboards, and a progress
tracker. Users are also enabled to bookmark lessons, track lessons they
have completed, and earn XP which unlocks badges. SQL comprehension
and user engagement preliminary results indicate that user functionality
and performance meet SQL Quest’s objectives. The project has value in
responsiveness, scalability, and user-centered design principles applied to
SQL and computer science education. Further development five aims to
incorporate a SQL Smart assistant for suggestion and correction tasks
to enhance interactivity and incorporate industry-specific SQL application

scenarios.

Area of Study (Maximum 2): Web-Based Learning, Gamified Education

Keywords (Maximum 5): SQL Learning, Gamification, Web Platform,

Interactive Lessons, Progress Tracking
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CHAPTER 1

CHAPTER 1 Introduction

This chapter introduces the project, outlining the problem it addresses, the motivation behind
it, the specific objectives, the project's scope and direction, and the contributions.

1.1  Problem Statement and Motivation

Problem Statement

Organizations ranging from businesses and financial institutions to hospitals and online
retailers to software firms and universities all generate data in the form of relational databases
and use SQL as the language to interpret that data. The SQL language is widely considered to
be the "operational™ aspect of data engineering and analysts. It is used to retrieve, manipulate,
report and optimize data providing an indispensable skill to those focused on data. However,
learning SQL is still a barrier to entry.

Classical pedagogy like textbooks, lecture-style instruction on SQL or fixed-content online
tutorials, teach to understanding of the SQL syntax, but are usually insufficient to fill the gap
between theory and practice usage. Learners often find it hard to make the jump from solving
simple textbook problems to solving complex and large-scale SQL problems in real world -
problems such as joints, optimization, applying constraints, designing structured databases
etc.

There are learning platforms for SQL which attempt to resolve this issue, however due to
many constraints they cannot be used practically:

e Non-interactive and Non-Engaging: Many sites teach SQL as if it were any other
subject, resulting in a very static training where students don’t get a chance to play
around with the contents of the lessons. Learners cannot experiment interactively with
queries and do not immediately see the effects of their queries on a (simulated)

database.

e Lack of feedback: Current tools generally yield only a binary decision
(correct/incorrect) with minimal explanation. This leaves students feeling confused

about errors and leads to stagnation in their development of skills.

e Lack of Customizations and Gamification: The learner population for SQL is
broad, from beginners to intermediate to even professional levels. Most platforms are
one-size-fits all, not personalizing challenges to a user's skill level. And without any

of that gamified bullshit- it’s hard to stay interested
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Real-World Applications Disconnect: A lot of Time Sometimes, a
language/platform only focuses on teaching basic syntax or C.R.U.D. operations.
They are incomplete without hands-on real-world problems from fields of customer
relationship management, finance, inventory systems, and HR databases. This is a
limitation which prevents students from verifying or see how SQL is being used in

industry.

Lack of Al-Boosted Assistance: Students sometimes demand in-time assistive
recommendations after their input fails or concepts are unclarified. Traditional
momigo systems are gap-less in that they do not provide contextual hints, validation

or query implementation advice with intelligent tutoring systems being an exception.

These deficiencies are causing learners to enter the industry unprepared to work with SQL in

professional environments where databases are high-stakes, complicated, and focused on

performance.

Motivation

This project has been motivated by the great necessity for providing students with an

adaptive, entertaining, and applied educational support for SQL that matches up to

professional use-cases of SQL. The developed platform -SQL Quest- fills this gap by

integrating Al driven tutoring, gamification and real-world cases in a single and integrated

learning environment.

Key motivating factors include:

Al Based Tutor and Validator: Leveraging AIML and ChatGPT API, the system
has implemented an interactive SQL tutor which can explain, validate the query and
provide the correction while the user is typing. This closes the feedback loop in

traditional systems.

Gamified to Foster Engagement: also encourages sustained motivation with XP
Tracker, Ranks, Badges, and an Adult Leaderboard to spark friendly competition in a

supportive manner.

Customized Progression: Students can bookmark lessons, mark modules as
completed and unlock progressive challenges (from the fundamentals to advanced
SQL such as joins, subqueries, views, indexes and constraints), which cater to their

custom learning pace and ability

Bachelor of Information Systems (Honours) Information Systems Engineering
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Hands-On Projects: The platform projects including CRM, Finance, HR, Inventor,
Supplier databases make SQL practice real. This guarantees that students learn more
than just syntactic knowledge, that is, the trainees should also be trained in domain-

specific problem solving.

Interactive Curriculum Framework: Inside every lesson, we have descriptions,
syntax, examples with mock data, interactive editors with validators and education
exercises mixing course theory with real world practiceAccessibility and
Engagement: Learn SQL in a less intimidating environment with gamified lessons
that are detailed yet concise — everything you need to succeed inside a retro-themed
Ul that eliminates cognitive load with audio cues, dark/light themes, on-screen

memes, gamified responses and more.

In conclusion, the purpose of this research is to fill the perpetual void between theoretical

SQL knowledge and practical, day-to-day adeptness in usage. Through Al tutoring,

gamification, and contextual case studies, the proposed platform seeks to create learners who

not only can code SQL but also can solve professional database problems with confidence.
1.2 Objectives

The main aim of this project is to develop SQL Quest, an advanced learning service for SQL

which corrects the deficits of the available solutions and enhances the learning experience,

and subsequently the SQL skill of the users. The system is intended to not just teach SQL

syntax, but to train the ability of students to apply SQL confidently in real-world situations.

The project is underpinned by a number of sub-objectives designed to deliver upon this

overarching aim:

An Interactive Learning Environment for SQL

Objective: Create an easy-to-use platform where users can learn SQL in a guided,

interactive way.

Contribution: This facility encourages more participation of students in learning as
they can run queries on mock databases at runtime and see the results immediately.
This practical aspect makes the platform much more interactive and powerful as

opposed to the standard static learning methods.
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Integration of Real-World Scenarios
e Goal: To include real-world-like exercises that simulate day-to-day functions of
database systems such as Customer Service, Finance, HR, Inventory, Sales and

Management Reporting systems.

o Contribution: Learners will be job-ready from “on the job” through exposure to
realistic case studies—not just syntax. This allows students to put their learning into
context and leverage SQL in the industry

A Detailed Feedback System to be put in Practice

o Goal: To provide feedback giving immediate, concrete, and actionable information on
user requests. And the system should consider not just correctness, but also

performance and best practices.

e Contribution: Learners will be able to identify mistakes, appreciate different
approaches, and enhance problem-solving abilities. The ontological feedback loop is
that enhancing so much better than the fully binary response so many systems

currently provide me!

Games for Reward or Competition and their Effect on Motivation and Performance
e Goal: Maintains engagement by including elements familiar from games, such as XP
tracking, badges, achievements, ranks, and leaderboards, throughout the learning

process.

o Contribution: Making SQL learning a game increases and encourages practicing on a

more regular basis. It also encourages competition and motivation.

Al-Powered Tutoring and Personalization
e Aim: Use AIML and ChatGPT APIs to generate an intelligent tutor system, offering
contextual hints, query validation, and corrective guidance, and choosing exercises

based on students’ level of learning.

e Contribution: This will enable learners to get the proper amount of help at the
appropriate times. New students can be steered with step-by-step instruction, or
existing students can be pushed with difficult problems to create an individual path for

progression.
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1.3 Project Scope and Direction

This project will focus on the design, development, and deployment of “SQL Quest”, a web-
based interactive educational environment for SQL. The system is intended to address the
shortcomings of current SQL learning systems by providing a more effective, engaging, and
intuitive approach to learning SQL with a focus on practice and application to real-world

scenarios.

The project does the following explicit

Interactive Learning Platform: A live SQL editor that allows learners to write and run SQL

queries on dummy databases in real time to promote a learn-by-doing approach.

e Simulated Real-World Scenarios: CRM, Finance, HR, Inventory, and Supplier
databases from industry to enable learners to solve problems as faced by professionals.

e Al Tutor and Validator: AIML-based, ChatGPT-powered SQL tutor that validates
queries, highlights error, recommends improvements, and gives hints using the
context.

o Detailed Feedback: Unlike regular yes-or-no answers, the program provides instant,
constructive feedback to see if you wrote what’s correct, if it’s efficient, and even
shows the best way to solve the problem.

o Gamification Elements: Points built in teams, badges, awards, ranks, and
leaderboards to motivate learners, engage them, and foster friendly competition.

e Profile and Progress: Personal dashboards help you keep track of your curriculum
progress by showing what lessons you have completed and what you have
bookmarked for later.

e User Interface Design: A responsive retro-style interface with dark/light modes,
animations, and audio feedback helps make the system accessible, reduce cognitive
load, and create a fun place to learn.

e Lesson Modules and Quizzes: Lessons with explanations, syntax demonstrations, for
example data, interactive editors, quizzes, and real-world tasks to practice what you

have learnt in practical labs.
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1.4 Contributions

The project contributes significantly to SQL education and to the overall field of educational
technology by integrating current pedagogical approaches into an interactive learning

environment.
These include:

e Enhanced Learning Experience: The platform will allow for the creation of a more
dynamic learning environment in which users can interactively practice SQL queries
with real-time feedback that adjusts the learning pace. Such an approach will foster
not only more active involvement but also better retention by incorporating practical,
problem-based learning scenarios reflective of real-world challenges.

e Real-World Scenario Simulation: The platform will be developed to allow modules of
real-world SQL competencies, including querying large datasets, planning schema
changes, and optimizations in query performance. Simulations offer learners a place
where they can apply academic theory into practical applications and bridge the gap in
their learning to professional SQL usage.

o Adaptive Learning Paths: It shall have an adaptive learning system that will
automatically tailor the difficulty of the content to fit a user's skill level. This will
protect novice users from being overwhelmed while advanced learners are constantly
challenged. Thus, it will satisfy both sets of users: those who started with SQL
yesterday and seasoned professionals who want to fine-tune their expertise.

e Open-Access Educational Resource: Most importantly, the platform is to be an open-
access tool, intended for the wide facilitation of education in SQL among students,
pros, and educators alike. By offering free resources, it would be a contribution
toward initiatives meant to democratize technical education so that more people get a

chance to pick up this essential skill in SQL.
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1.5 Report Organization

This report is organized into 7 chapters. Chapter 1 provides an introduction and overview of
the project including the background, problem statement, objectives, scope, contribution, and
structure of the report. In Chapter 2, the background of the work is introduced in a manner of
literature review style which first gives a survey in terms of technology including hardware
platform, operating system, database, programming language, and algorithms, as well as the
comparison of current SQL learning platforms in aspects of features, limitation and working
efficiency, and presents what this project is aimed for that have not existed to fill the gap of
the market. 3 System Methodology This chapter explains the overall system methodology
which includes overall architecture, use case diagrams, activity diagrams that describe
workflow of the platform. System Design is presented in Chapter 4, which describes block
diagram, parameters of the system’s elements and the way the components interface with
each other in such a way that a future reader can re-build the project. Implementation In this
chapter we describe the system implementation which includes hardware and software setups,
configuration, demonstration of system operations with screenshots, and problems faced and
challenges we faced during development. Chapter 6 discusses evaluation and discussion,
which includes system testing, performance measures, testing results, issues and evaluation of
the project’s objectives to determine if the project being effective. Chapter 7: Summary and
conclusion of the report concludes with Chapter 7 where the findings of the report are
summarized, and suggestions are given on how the SQL Quest platform could be extended in

the future
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CHAPTER 2 Literature Reviews

In this chapter, we consider solutions developed by other researchers and developers to
address challenges in SQL education. We analyze the strengths and weaknesses of such
solutions and suggest ways through which the identified limitations can be addressed. This
analysis forms the basis of developing a more effective SQL learning platform.

2.1 Review of the Technologies

This subsection presents the technologies on which SQL Quest is implemented. Every
technology we chose was chosen for its applicability, extensibility, and relevance when

developing an interactive, gamified SQL learning platform.

2.1.1 Hardware Platform

SQL Quest is developed on a modern laptop with a CPU 12th Gen Intel(R) Core (TM) i5-
12400F @ 2.50GHz, memory 16GB DDR4 RAM (3200 MHz), and storage of KLEVV
CRAS C710 M.2 NVMe SSD 1TB. These specifics made multitasking during development
a breeze, allowed the example front-end animations to run silky smoothly, and the database

transactions could only be described as warp speed.

An NVIDIA GeForce RTX 4060 GPU was also added for rendering complex, dynamic retro
user interfaces and gamified SFX. Coding and testing were supported by input peripherals

including a standard keyboard and a mouse to facilitate debugging.

There are minimal hardware requirements for end-users as it is a web-based solution, only

needing a device with access to the internet and a recent browser.
2.1.2 Firmware / Operating System

| upgraded the host environment from Windows 10 to Windows 11 to provide the most
stable and compatible environment possible for all development tools. Both of these were
tested. SQL Quest was also tested on several OSs to ensure it was truly cross-platform
(Windows, Ubuntu).
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And since the system is browser-based, front-end operations are not OS dependent. All you
need is a modern browser like Google Chrome, Mozilla Firefox or Microsoft Edge. On the
backend runtime side of things, the platform uses the Node.js engine that is both platform

independent and uniform across varying OS flavors.
2.1.3 Database

We have selected MySQL as the backend database technology for SQL Quest, which is one
of the most popular RDBMS. MySQL was chosen because of its open-source technology,
easy deployment, and adherence to the SQL standard.

In SQL Quest, you will use MySQL for the two:

1. Presentation databases: A few domain-specific databases (CRM, Finance, HR,
Inventory, and Supplier systems) were developed to imitate real-world situations for
learning purposes. Learners can use these databases to query and practice, in a way
that simulates real industry issues.

2. System Database Management: In addition, MySQL is another example for your
user data (profiles, logins, tracking progress, lessons finished, bookmarks, XP,

leaderboard scores).

The scalability of MySQL and the presence in professional use is a further reason why to own
be a part of SQL Quest.

2.1.4 Programming Language

JavaScript is the language in which SQL Quest is programmed, mainly because it is suitable
for frontend and backend work. The frontend is based on HTML5, CSS3 and JavaScript,

with Bootstrap 5 for responsive design and retro-styled custom CSS.

Node.js with Express.js aims to build routing, API calls, and middleware configuration more
simply. Other pieces of JavaScript laying around cover gamification (XP, badges,
achievements), Al tutoring integration, and progress tracking. Supporting libraries, like
bcrypt (for secure password hashing), dotenv (for environment configuration), and mysql2

(for database connectivity), add to the usability of the system.
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2.1.5 Algorithm

A few algorithms are used in SQL Quest to create its special learning system:

e SQL Validation Algorithm: Evaluates the user queries to assure the correctness of
the queries, efficiency, and syntax conformance. It provides students with instant and
nuanced validation over and above binary feedback.

e Al Feedback Algorithm: The system uses Ci-wi Al to interpret queries and identify
mistakes from query using AIML and ChatGPT APIs. NLP algorithms are employed
to process queries and provide context-sensitive hints/corrections.

o Gamification Algorithms: With the ability to determine XP points, assign ranks,
unlock badges, and keep the leaderboard live or real-time, learners are motivated
thoroughly.

e Progress Monitoring Algorithm: The tracking technology gauges lessons completed,
bookmarked modules, and quiz results, setting a personal dashboard interface on the
course based on the real-time learning material.

e Security codes: Add password hashing (bcrypt) and session handling to protect the

user account and support the secure login.

2.1.6 Conclusion of the Review of the Technologies

All in all, the technologies in the SQL Quest stack were considered enough to be succinct,
functional, and easy to scale. The hardware was smooth for development and testing, but we
have chosen Windows OS and Node.js runtime and have guaranteed compatibility across

environments.

MySQL was employed as a teaching as well as a system management database, allowing the
learners to have realistic practice. JavaScript with Node.js and Express.js is also the most
practical and flexible choice for the front and back-end development. The validation, Al
tutoring, gamification, and security algorithms used in SQL Quest differentiate it from the
typical static SQL tutorials. Together, they make a resilient basis to build an interactive,

gamified, and Al-enhanced SQL learning system.
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2.2 Solutions Currently Available in SQL Education

Over the past decade, numerous mechanisms have developed online to help meet the demand
for SQL education. This section reviews five leading tools to determine approaches, strengths,
and weaknesses relevant to SQL education.

2.2.1 Codecademy - SQL Course

Endikodery /g’ Aikaanen's SIS D e

SQL

SOL courses

Figure 2.1Codecademy - SQL Course Interface

Codecademy is a web-based online platform to learn programming languages; SQL is no
exception. It is an interactive, beginner-friendly environment where SQL queries can be
practiced live in the browser. The system is designed to be interactive and accessible, thus
allowing learners to get immediate feedback on the queries they build [6].

Strengths:

e Interactivity: The good thing with Codecademy is that it allows for hands-on practice
right away, as you will write and execute SQL queries [6].

e Beginner-friendly: Courses are structured in such a way that they can accommodate a
full newbie; all the concepts are explained step by step to lay the foundation of the
learner in SQL [6].

o Accessibility: Because Codecademy has both free and paid content, it is accessible to
the mass market [7].

Weaknesses:

o Limited Depth: The platform does not go in-depth into more advanced topics of SQL,
leaving the experienced user under-challenged [7].

o Real-World Application: Most of the exercises are highly hypothetical in nature and
fail to provide any simulation of real-world SQL themselves, so the practical
applicability is very limited [7].

Improvement Suggestion: Add more complex, real-world scenarios to the exercises that
11
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Codecademy creates; this would build more practical knowledge.

2.2.2 Khan Academy (Intro to SQL)

Cape Sonh

Help us do more

O == Unit 3: Intro to SQL: Querying and managing data

About this unit

Figure 2.2Khan Academy - SQL Course Interface

One free introductory course to SQL is available on the Khan Academy website. It covers the
basics, mixing video tutorials with interactive exercises. The platform is highly accessible,
with high educational quality; it is thus very popular among learners new to SQL [8].

Strengths:

o Free Access: Everything on Khan Academy is free, which allows equal opportunity
for all learners who cannot afford to pay for other courses anywhere else in the world
[8].

e Video-Based Learning: It covers video lessons to explain SQL concepts in bite-sized
chunks, assisted by interactive practice exercises [9].

e Basics covered: The course covers the basics of SQL; therefore, it would be
recommended for beginners [8].

Weaknesses:

e Lacking Advanced Content: The SQL course on Khan Academy does not extend to
more complicated topics, thus decreasing its helpfulness for learners beyond the
basics.

o Limited Real-World Context: The exercises provided are straightforward and do not
incorporate complex, real-world scenarios, reducing their practical application in
professional settings [9].

Improvement Suggestion: Khan Academy can further develop the course by the addition of
more advanced topics and inclusion of exercises connected with real situations, making it
more practical.

12
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2.2.3 W3Schools (SQL Tutorial)
b - - : = ) . . m o
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=3

Examples in Each Chapter
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Figure 2.3 W3Schools SQL Tutorial Interface

W3Schools is an online educational portal about various web technologies, including SQL.
More of a reference tool, it consists of a full SQL tutorial which covers a wide variety of

topics [10].

Strengths:

e Full-Text Content: W3Schools covers SQL from basic queries up to some complex

commands and hence, is helpful for both beginners and advanced learners [10].

e Interactive Examples: The reader can interactively try SQL queries using an inbuilt

editor with immediate feedback [10].

o Free and Accessible: Because the platform is freely available to every individual on

the network, its usage spanning across the globe has become predominant [11].

Weaknesses:

e Not Guided Learning: W3Schools is more of a reference site than it is for structured
learning, which may cause confusion among beginners who need some guided

learning.

o No Adaptive Features: It does not adapt content to the learner's skill level, which

might result in less personalization in learning itself [10].

e Lack of Real-World Scenarios: Although the tutorial provides a lot of information,
the exercises are rather elementary and do not come close to the reality of everyday

tasks in SQL [10].

Improved Suggestion: W3Schools must come up with a learning tour which would lead the
learner through this SQL tutorial in a more orderly manner. Besides, it will also be more

practical if some exercises that are applicable to real-world scenarios can be added to it.
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2.2.4 LeetCode (SQL Practice Problems)

< -
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Figure 2.4 LeetCode

LeetCode is primarily a platform for people to prepare for their coding interviews; however,
it also hosts an extensive set of SQL problems. Most of these problems vary in difficulty and
are targeted toward real-world scenarios and, thus, would be extremely valuable to more
advanced learners looking to further develop their skills in SQL [12]

Strengths:

Real-World Scenarios Simulation: LeetCode contains SQL problems similar to
those encountered in real life, which provides experience for the learner in solving
practical database problems [12]

Variety in Difficulty Scale: The platform contains a wide variation in problems,
ranging from easy to hard, to accommodate users of different skill levels [12]
Community Engagement: LeetCode involves the community in active discussion of
problems, and solution sharing, which eventually develops collaborative learning [13]

Weaknesses:

Not for Beginners: LeetCode assumes familiarity with SQL, and therefore applies
more appropriately to the intermediate to advanced learner, not a beginner at all [12]
Lack of Instructional Content: This is primarily a problem-solving site with limited
instructional content, so the users probably must use some other resources to
understand the concepts being implemented here [13]

Improvement Suggestion: LeetCode can introduce introductory content and a beginner's
track to make it friendlier for beginners. In this regard, more instructional content should be
integrated to help them understand the ideas behind the queries.

2.2.5SQLZoo

14
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SQL Tatorial

Tetar

Figure 2.5 SQLZoo Interactive Exercise

SQLZoo is a free interactive SQL tutorial developed to teach advanced SQL through
exercises. It is one of the older platforms available, but it continues to be popular because of
the comprehensiveness of its coverage and its ease of access.

Strengths:

Absolutely Free: SQL Zoo is free; hence, it is affordable for the mass public with no
cost implications whatsoever from the individual's perspective [14]

Interactive Exercises: The SQL queries practice is provided within the platform
interactively, allowing learners to practice the material directly [15]

Any Topic under the Sun: SQL Zoo covers a large spectrum of SQL topics, thus
providing almost the perfect background for learners in virtually any stage of their
education [14]

Weaknesses:

Outdated Interface: The interface adopted by the platform is a bit dated and may be
off-putting for more modern learners [14]

Limited Feedback: Although immediate feedback may be provided regarding the
queries, an explanation or other ways of doing something might not be given; thus,
SQL Zoo provides limited feedback that restrains deep understanding from the users'
side.

Improvement Suggestion: SQL Zoo will enhance its website by providing an improved Ul
and offering detailed feedback regarding SQL queries.
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2.2.6 Summary of the Existing System

The review of existing SQL learning platforms highlights that while systems such as

Codecademy, Khan Academy, W3Schools, LeetCode, and SQLZoo have each contributed to

SQL education, they also present considerable limitations. Codecademy and Khan Academy

are beginner-friendly but lack advanced real-world coverage. W3Schools and SQLZoo

provide comprehensive SQL content but are primarily reference-based and limited in

interactive feedback. LeetCode focuses on practical and challenging problems but is

unsuitable for beginners.

The comparative study in Table 2.1 summarizes the strengths and weaknesses of these

platforms against the proposed system, SQL Quest.

Table 2.1 Comparative Study of SQL Learning Platforms

Khan Proposed System
Feature Codecademy Academy W3Schools|| LeetCode ||[SQLZoo (SOL Quest)
User login & v (profiles, bookmarks,
profile tracking v v X v X dashboards)
Interactive v (real-time SQL
learning v v v v v editor, quizzes)
Real-world .
scenario X X X v X ;/ (CTM’ Fslnan(lzfa, HR,
exercises nventory, Supplier)
. X (focus V' (basics to advanced
(s:(ogTFlrgc:;séZe X (basic) X (basic) ||V on v joins, views,
problems) constraints, indexes)
v (Al tutor, SQL
Feedback - v ; .
mechanisms Vv (limited) (limited) X X X validator, detailed
explanations)
Beginner- V' (step-by-step guided
friendly v v v X v lessons)
v (AIML + ChatGPT
Al Support X X X X X tutor with contextual
hints)
v/ (XP, badges, ranks,
Gamification X X X X X achievements,
leaderboard)
. X (paid
Free access X (partial) ||V v premium) v v (open access)
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CHAPTER 3 System Methodology/Approach

3.1 Methodologies and General Work Procedures

To fulfil the goals of SQL Quest, the project followed the Prototyping Model as its
development approach. It focuses on creating an early prototype, involving the users to test
the system and provide feedback, and refining the product with iterative iterations until it
fulfills its functional and non-functional needs. The Selection of the Prototyping Model was
selected, as it matches the kind of educational technology projects where the usability,
interactivity and learner experience are just as important than technical accuracy.

The developmental phase commenced with the planning and analysis component of existing
SQL learning sites including Codecademy, Khan Academy, W3Schools, LeetCode and
SQLZoo. Comparative pre-testing results revealed several shortcomings of current systems:
lack of interactivity, limited real-world practice, non-adaptive feedback, no gamification
features and the absence of Al tutoring. These results were used as a starting point for SQL
Quest's first requirements.

Design Low fidelity wireframes and sketches were developed during the design process for
the user registration, SQL editor, lesson pages, and profile dashboard. It was a simple, retro
and user-friendly design. Wireframes evolved into interactive prototypes that included a
facsimile of the learning experience itself: logging in, jumping to lessons, posing questions
and getting instant answers.

The prototype phase of the Available only as per terms of use Project involved the
development of key features using HTML5, CSS3, JavaScript and Node. js/Express, and
MySQL. User authentication, lesson module creation, submitting queries and progress were
the basic functionalities implemented at this point. The dev team performed internal tests on
those prototypes for accuracy, ease of use, and responsiveness.

Afterwards, the testing and feedback stage went on involving actual users (students and
colleagues) who used SQL Quest to complete lessons or challenges. Feedback was gathered
for interface usability, clarity of instructions, accuracy of SQL validation and engagement. In
response to this feedback, iterative improvements including integrations with Al Tutor
(ChatGPT + AIML APIs for contextual hints and query validation), gamification mechanics
(XP tracking, badges, achievements and leaderboard), saving book lesson for personalized
learning and the responsive retro-styled Ul with dark/light themes and sound were made.

During the iteration phase, more modules representing physical SQL databases were included
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in CRM, Finance, HR, Inventory and Supplier domains. These simulations turned SQL Quest
into an educational platform that reflects real life use-cases for industry. The course also
contributed to challenging problems beyond the basic CRUD operations, such as database
optimization challenges, schema design tasks and query performance practices.

Lastly, the execution and deployment phase had an up-and-running SQL Quest application.
The front end was developed with HTML5, CSS3, JavaScript and styled using Bootstrap 5 &
Custom CSS. The backend was built with Node.js with Express.js, which handles backend
API calls, gamification logic and interface with external Al services. Both mock datasets
(query practices) and systems data were stored in MySQL database, including user account
information, learning progress of lessons, bookmarks for favorite lessons or recommended
programs, XP points and leaders’ boards results. This system was tested end-to-end for
functionality, speed, and security before being turned into an entire web application.

The cycle of Prototyping Model design, feedback, revision and deployment is depicted in
Figure 3.1 showing how from sketches SQL Quest related into a complete gamified Al based
on learning environment for SQL. Here we describe multiple iterations through which the
final platform was developed so that it would be technically feasible but also engaging and

user-centered in terms of learning.
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Planning & Analysis

h, 4

Design Phase

Prototype Construction

Testing & User Feedback

Refinement & Enhancement

Final implementation & Deployment

Figure 3.1 Prototyping Model
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3.2 Technology Involved

3.2.1 Hardware
The SQL Quest platform is developed and implemented on a modern, custom laptop capable
of full-stack web development. Development system execution and multitasking performance
is sufficiently maintained by the 12th Gen Intel(R) Core (TM) i5-12400F @ 2.50GHz
processor. Complex front-end designs and animations are smoothly loaded through the
NVIDIA GeForce RTX 4060 graphics card enabling unparalleled complex and dynamic
front-end interface DE Simultaneous execution of development environments as well as
backend servers and database systems is made possible by the 16.0 GB DDR4 3200 MHz
RAM with no lag on the system. Application compilation, deployment, and database
transaction handling is further augmented with system storage from KLEVV CRAS C710
M.2 NVMe SSD 1TB due to rapid read/write speeds. Easy operation during the whole
process of development, coding, testing, and navigation is enhanced through standard
keyboards and mice peripherals throughout the system.

Table 3.1 Hardware Requirements

Hardware [Specifications “Description

Processor [12™ Gen Intel(R) Core (TM)
i5-12400f @ 2.50GHz

Graphics |NVIDIA GeForce GTX 4060

Used for executing and managing the

overall performance of the system.

Used to present graphical content and

interface.
Memory [16.0 GB DDR4 3200 MHzUsed for program execution and data
RAM processing.
Storage KLEVV CRAS C710 M.2Provides fast storage access and
NVMe SSD 1TB efficient data management.
Input Mouse and Keyboard Used to control the system during
Device development and program execution.
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3.2.2 Software

The chosen software environment for the project provides concrete application development,

compatibility, and scalability. The current operating system in use is Windows 11, updated

from Windows 10, which achieves stability for all development tools and server software

needed. The primary web browser employed for testing front-end applications is Google

Chrome, allowing seamless verification of cross-platform rendering and responsive design.

The IDE selected for the project is Visual Studio Code (VS Code 2022), which offers
numerous plugins for Node.js, MySQL, and JavaScript debugging. The SQL Quest platform
is front end with HTMLS5, CSS3, and JavaScript, with Bootstrap 5 utilized for styling. The

managed component front end is controlled by React.js (latest stable version). For managing

server operations and RESTful APIs, Express.js runs on the server-side with Node.js. The

relational database is managed using MySQL Workbench. It stores user profile data, lesson

content, progress on challenges, XP, and feedback records.

Table 3.2 Software Requirements

Software Specifications Description

Operating ) Provides the necessary environment for running
Windows 10

System the laptop and software programs.

Web Browser

Google Chrome

Used for displaying and testing the platform's

output during development and use.

Main tool for front-end, backend, and database

IDE Visual Studio Code (2022) _ ]

coding and debugging.
Front-End (HTML, CSS, JavaScript,|Used for creating and designing the graphical
Tools Node.js, Express.js user interface of the platform.

Used to store, manage, and retrieve user data,
Database MySQL Database

learning modules, and progress information.
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3.3 User Requirements

The SQL Learning Platform has two types of users which are: Guest User and Registered
User. Both have a few basic features in common, but as Registered Users you can play for
points and maintain your progress, earn XP and compete on leaderboards.

3.3.1 Guest User Requirements

Guest Users can access the platform without registration but with reduced actions and spaced

in time:

e View Website: Visit our SQL Quest home page and navigation menu.
e View Lessons: Take free classes in areas like Beginner, Intermediate, Relational
databases and Database Management System.

e Try Example SQL: Have fun with example queries in demo mode.

e Practice SQL.: Use the practice editor to write, run, and share queries.

o Submit Practice SQL: Run queries on a mock database.

o View SQL Feedback: Get instant response including results or errors.

e Take Quiz: Attempt quizzes related to lessons.

e View Quiz Feedback: View score and rationale but not saved.

o View Real-World Projects (Demo): Get restricted datasets of CRM, HR, Finance,
Inventory and Supplier.

e Theme Switcher (Dark/Light Mode): Toggle between light and dark themes
(preference not saved).

e Use Chat Assistant (Al Tutor): Ask for query troubleshooting or explanations, and

don't save the history.

3.3.2 Registered User Requirements

Registered Users have access to all Guest User features, plus advanced options for tracking,

saving, and gamification:
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o Register: Create an account with username, email, and password.
e Login: Securely log in with credentials to access profile.
o View Website & Lessons: Same as Guest, but can also:
o Mark Lesson Completed: Record progress after finishing lessons.
o Bookmark Lessons: Save lessons for quick access later.
e Practice SQL: Same as Guest, but queries can be saved for progress tracking.
o Submit Practice SQL and View SQL Feedback are linked to the user profile.
o Take Quiz: Same as Guest, but results are stored in MySQL.
o View Quiz Feedback history can be revisited.
e Track XP & Progress: Personal dashboard shows XP, completed lessons, badges,
and achievements.
e Open Challenges: Access gamified SQL challenges.
o Select Challenge Set (Beginner, Intermediate, Relational, Database).
o Select Level (Easy, Medium, Hard).
o Gain XP by solving challenges and completing activities.
e View Real-World Projects: Full access to CRM, HR, Finance, Inventory, and
Supplier datasets with saved progress.
e View Leaderboard: Compare ranks with peers based on XP and badges.
o Use Chat Assistant (Al Tutor): Receive debugging help, SQL explanations, and best
practices with session history stored.
e Theme Switcher (Dark/Light Mode): Same as Guest, but preferences are saved to

profile.

3.3.3 General Requirements (All Users)

e The platform must be accessible on standard web browsers.

e The design must be responsive for both desktop and mobile.

e Authentication must be secure, and session based.

e User progress, XP, challenges, and leaderboard data must persist in the MySQL
database.

e All system feedback (query errors, invalid login, unavailable challenges) must be
clear and user-friendly.

e The dark/light mode toggle must be available for personalization.
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3.4 Timeline

TASK

W1 w2 w3 W4 W5 (W6 [wy WE WS W10 [W1l [wl2 [wl3 |Wl4

Chapter 1: Introduction

Project Background

Problem Statement and Motivation

Project Objectives

Project Scope and Direction

Requirement Gathering

Refine Project Objective and Project Scope

Contributions

Report Organization

Chapter 2: Literature Review

Analyse/Review on other websites and system

Resolve the weaknesses of similar system

Compare Similar Systems

Chapter 3: Methodology and System Design

Define Methodology

Determine System Hardware and Software

Block Diagram

Use Case Diagram

Project Timeline

Future Development Plan

Chapter 4: Implementation and Testing

Implementation Module

Create a Prototype

Prototype Testing

Design Poster

Black Box Testing

User Testing

Finalise FYP 1 Report

FYP 1 Report Submission

FYP 1 Demaonstration

TASK

Figure 3.2 Timeline — FYP1

W7 W8 W9 W10 (W11 W12 |wW13 |Wi4

Refinement of Chapter1, 2, 3

Overall Refinement of Chapter 1

Overall Refinement of Chapter 2

Overall Refinement of Chapter 3

Project Timeline

Chapter 5: Implementation and Testing

Implementation Module

Define Technology and Tools Used

Define Algorithm Used

Define API Used

Implementation Issues and Challenges

Black Box Testing

User Testing

Chapter 3: System Specification

Analysis

Design

System Evaluation/Verification

Chapter 4: Conclusion and Recommendation

Project Review, Discussions, and Conclusion

Novelties and Contributions

Future Work

Prototype Testing

Limitation

Finalise FYP 2 Report

FYP2 Report Submission

FYP 2 Demonstration

The project scope spans two semesters. In the first semester (FYP1), the focus is on gathering

VA and system analysis, defining an appropriate methodology, and developing a design.

Figure 3.3 Timeline — FYP2
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Important deliverables include a complete report of Chapter 1-3, the system block diagram,
use case diagrams, and a simple Gantt chart timeline. During this period, prototype

development for core modules (Registration/Login and Lessons) begins.

In the second semester (FYP2), primary focus moves to system development with design
evaluation, testing, and system verification. Front end completion milestones (Home,
Lessons, Challenges, Leaderboard, Profile), backend logic construction (authentication,
lesson content serving, XP tracking, Smart SQL assistant), and backend MySQL database
integration outline construction milestones. In these stages, black box testing, user feedback
collection, and pre-system verification testing are done. Writing the report, designing the
poster, and FYP2 final presentation are scheduled for the last month. A full Gantt chart

showing all week-by-week tasks for both semesters is attached below.

25
Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTA



Chapter 4

CHAPTER 4 System Design /Overview

4.1  System Architecture Diagram

Database Layer (MySQL)

User Profiles & Accounts

Lesson Content & Quizzes

Real-World Databases
(CRM, HR, Finance, Inventory, Supplier)

Challenge Data
(XP, Badges, Leaderboards)

R/J

Backend Layer (Node. js / Express)

User Management

Lesson Management

Challenge & XP Engine

Real-World Project Engine

Smart SOL Assistant
(Validator + Hints)

Al Tutor Integration

(ChatGPT + AIML APIs)
Progress Tracking & Gamification
User Interface Layer
Web Browser
(DarkiLight Mode)
\' Frontend Layer (HTML, CSS, JS)

Home Page Lessons
Challenges

Real-World Projects

Al Chat Assistant

Leaderboard
Authentication
Profile (Register/Login/Logout)
Bookmarks

Completed Lesson

Progress Dashboard

Figure 4.1 System Architecture Diagram of SQL Quest Platform

SQL Quest System Architecture Diagram The first SQL Quest system architecture diagram
shows how their layered architecture is a solid conceptual foundation for achieving scalability,

modularity and intuitive user interaction. Web Browser: this one supports dark and light
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themes), at the "top" level of the User Interface Layer. It is the main learner interface for
accessing lessons, challenges, projects and dashboards.

The Frontend Layer is constructed with HTML/CSS/JavaScript, and it is the layer responsible
of showing features in an interactive form. The home page, lessons, challenges, real world
projects core  modules come: Ai  chat assistant  leaderboard  profile
authentication(register/login/logout) bookmarks completed lesson progress dashboard This
layer provides a nimble navigation, instant feedback and gamified Ul parts to make students

user experience enjoyable.

Backend Layer It’s built using Node. js and Express to process the business logic and
interface with the frontend and database. It is responsible for handling crucial services like
User Management, Lesson Management, Challenge & XP Engine, Real-World Project
Engine, Smart SQL Assistant (Validator and Hints), Al Tutor Integration (ChatGPT AIML
APIs) and Progress Tracking & Gamification. Together, these services handle user input to
provide interactive hints on SQL queries; manage and validate the progression of gamified

logic; and log users’ progress and achievements.

The Database Layer The root layer is the Database Layer, which in MySQL stores and
indexes all persistent tabular data. This includes User Profiles & Accounts, Lesson Content &
Quizzes, Real-World Databases (e.g. CRM, HR, Finance, Inventory and Supplier systems),
along with Challenge Data including XP, Badges and Leaderboards. The design guarantees
all data interactions are reliable, ensuring availability and consistent access with quick

retrieval that can be used to both monitor personal progress and competitive gamification.

In combination these layers provide a flexible design which connects the user in the browser
to the Frontend Layer, then his request is taken care of by backend and database where all
information needs to be persisted. This architecture has, in addition to the support of SQL
Quest’s gamified learning model, built by ensuring room for flexibility with additional real-
life modules, advanced analytics as well as more Al-supported tutoring features in future

releases.
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4.2 Block Diagram

Vieh Server
(Node js)

Database
MySaL)

User Management Lesson Conient

Gamificafion Engine (XP, Badges,
Ranks, Leaderboard)

Progress Tracking

SOL Validation Engine

‘Al Tufor Integrafion (ChatGPT + AIML APIs)

—“w/—/.

Frontend

Home Page Lessons

Challenges

Leaderboard

Profie

Huthc LoginRegister

Rea-World Projects

Chat Azzistant (4] Tulor)

‘Theme: Switcher (DarkiLight Mode)

Bookmaris

Progress Dazhboard

Browser

Wed Browser

User Interface:

Figure 4.2 Block Diagram of SQL Quest platform

The platform structure of SQL Quest is designed in a layered way to support scalability,

maintainability and interactivity. At bottom on the base, the User Interface serves as a

primary interface point by which learners engage with the platform via a web browser.

Frontend Layer conveys an interactive, retro-looking theme through its design and is built

using HTML, CSS/React-like module components. It consists of the key things like Home

Page to navigate around, Lessons for learning content in a structured way, Challenges for

practice and Real-World Projects to mimic the professional scenarios with CRM, Finance,

HR and Inventory databases. Front-end includes User Experience features like Profile

handling, Authentication (Login/ Register), Bookmark for personalized learning, Progress

Dashboard to track your performance, Leaderboard to compete with the community members
Theme Switcher (Dark/Light Mode) for accessibility and Chat Assistant backed by Al

support you with any query.
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The Backend Layer: The backend has been developed in the Node.js with Express.js, which
serves as the computational engine for controlling data flow and orchestration. It manages
user, what means account, login and role. Lesson Content Management manages lesson
questions, quizzes and exercises. These levels on the Gamification Engine are used to
calculate User's XP, rank, assign badges and leaderboard positions increasing engagement.
Progress Tracking saves the progress of completed lessons, bookmarked modules and
challenge results in real time as the SQL Validation Engine executes as well as evaluates
submitted SQL queries against mock databases ensuring correctness and efficiency. The Al
Tutor Integration the Al tutor APIs based on ChatGPT and AIML supports learning with
contextual hints, corrective feedback and optimal suggestions that constitute the bridge
between theory and practice.

The Database Layer is used as data persistence and realized in MySQL. It saves users profile,
authentication details, progress history and bookmarks to inform XP scores, leaderboards and
other historical data that guarantees an individual learning experience. It also includes lesson
material, quizzes and dummy databases on various real-time domains (CRM, Finance, HR,
Inventory, Supplier) as well. These benchmark databases are necessary for realistic problem-
solving, as well as training and research contexts. The database is accessed by the back-end
system via APIs, however the web server (Node.js) is responsible for the client-side

application and handling requests and responses to the database.

This learning ecology is designed to be a strong rich ecosystem. The frontend provides a
gamified, user-friendly experience; the backend ties logic, validation and Al tutoring together;
and the database allows for persistent, structured training data straight from the real world.
Such a multi-level design is employed to make SQL Quest an advanced, Al-driven and
practice-based SQL learning tool that overcomes the problems with the current tools while

getting learners ready for professional databases at work.
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4.3 Sitemap Diagram
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Figure 4.3 Sitemap Diagram of SQL Quest Platform
The sitemap of the SQL Quest reflects in whole the navigation structure of SQL-Quest,
making a clear distinction between guest functionality and registered user actions. At the top
level, there are modules for Guest Access, Registered User Access, Lesson Module Real-
World Projects Al Chat Assistant Challenges Module Leaderboard Profile & Social
Authentication, and Home/Navigation interface. The structure is designed so that users can
also fluidly transition between basic learning, higher-level challenges and community-

focused components.

Users experience initial engagement as they are walked through some of the content (lesson,
leaderboards) for Guest Access. They can search the website for basic functionality, try
demos in SQL and get to know the environment of the site. Since there is no stateful account,
they can't do things like saving a lesson for later or keeping track of progress. This distinction

provides an incentive for people to sign up for more complete access.

Access the full feature set immediately after you register for an account. This means users
can have a profile/social aspect, bookmark lessons for later and the ability to go back and
look at completed lessons. ON THE COUCH: Student learning progress is tracked on the
Progress Dashboard which combines XP with badges, history, and achievements so they can
see how far they’ve come. The user space is protected through authentication flows such as

Registration, Login, and Logout which persisted via MySQL storage.
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The heart of the pedagogical experience in SQL Quest is the Lesson Module. Lessons are
split into Beginner (basic overview of SQL including syntax and SELECT query),
Intermediate (update, delete and group functions), Relational Concepts (joins, subqueries,
unions) and Database Management (constraints, primary/foreign keys, indexes & views).
Lessons can be marked as complete, bookmarked and interacted with through ratings or
comments. The lessons include an embedded Smart SQL Assistant with practice hints and
instant feedback to empower self-paced exploration.

In addition to our structured classes, we offer real-world projects that simulate professional
SQL environments through domain-specific datasets. Modules covering CRM, HR, Finance,
Inventory and Supplier systems enable learners to sample real-world data in their exploration
journey between classroom exercises and workplace problem solving. This rare combination

of theory and practice will soon have your confidence in processing your data with SQL.

The Al Chat Assistant offers further interactive assistance. Learners can inquire on how to
debug, explanations for difficult queries, and best-practices recommendations. The assistant
operates as a steady companion, limiting how much frustration players can experience while
exploring. Its contextual hints complement the validator, available to refine users” knowledge

and avoid making the same mistake again.

To solidify their skills, the Challenges Module introduces gamification to learning. Users
choose challenge sets by difficulty (easy, medium, hard) and advance through XP accrual.
Motivation is maintained with points, badges, and ranks—awarded by the gamification
engine. The XP you earn in this activity will progress your rank on the Leaderboard -
showing you how much XP others have accrued and helping to create some friendly

competition among Warrior's Path members.

The Home Page and Navigation Menu are the glue that holds everything up at Ul level. The
application comes with a theme switcher (dark/light mode) for both accessibility and
personalization, so that you can learn in a refreshing interface. All functionality is easily

reachable through intuitive menu entries for students of all skill levels.
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4.4 Use Case Diagram
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Figure 4.4 Use Case Diagram of SQL Quest Platform
The Use Case Diagram of SQL Quest, in Figure (2), shows all the potential interactions with
learners regarding system and, by using stereotypes method, it separates guest access from
registered user access. You, as a Guest User, can browse the website, examine lessons,
execute example SQL queries, practice in SQL editor and take quizzes. These functions act as
an interface, allowing new users to experience the functionality before deciding to sign up.
But all guest interactions are ephemeral — progress, scores, bookmarks are not saved, and

that’s an incentive to sign up.

User A registered and logged in User is granted the full ability to use SQL Quest. They can
take structured lessons like syntax, commands and relational concepts. Lessons can be
completed, and progress is logged in an individual profile. Users can virtually “bookmark”
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lessons for revisitation, and comment on/rate lessons in support of peer feedback and the
quality assurance process. Other than guests, users logged in will be able to see the
Leaderboard that shows XP, ranks as well as badges and achievements encouraging friendly

competition.

Practice SQL includes a query validator that not only verifies the correctness of your queries,
but also provides hints, explanations and alternative optimizations for your queries. This not
only enables students to spot mistakes but to learn best practice. Quizzes are also auto graded
with rich feedback that turns mistakes into learning moments.

Practice is gamified by letting users choose challenge sets (such as Joins, Aggregates, and
Subqueries) and difficulty levels (Easy, Medium or Hard) in the Challenges Module. Students
earn XP, level up, and unlock new avatars when they complete challenges. Their progress is
recorded in their Progress Dashboard which integrates history, milestones and performance

into one consolidated view.

The Real-World Projects Module is one of the best features, which provides learners an
opportunity to reconcile real hands-on experience on simulated industry databases (CRM, HR,
Finance, Inventory and Supplier Systems). This is the gap between academic learning and a

production SQL workplace, students will be prepared for real use cases with SQL.

And the Al Chat Assistant gives you real-time guidance. Users can request help with
debugging, ask for explanations of queries and best practices. This Al-based guide

complements the learning modules, so students never feel “stuck.”

For easy reading and customization, SQL Quest offers theme switching (dark mode or light
mode), to prevent visual fatigue during long learning process. The MySQL data store,
operated through Node, stores all user interaction (progress tracking, challenges, quiz

attempts, bookmarks and comments).js/Express APIs.

To conclude it can be stated that the new use case diagram brings forward more clearly than
before the dual use of the system, as either guest access (explored only) or registered user
access (full progress, leaderboards, achievements and personalization). SQL Quest isn't
simply a learning tool; it's an enclosed gaming universe dedicated to helping you transform
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from beginning syntax memorizer into confident, capable SQL ready to take on professional

data analysis projects of the highest caliber.

4.4.1 Login Account — Use Case Description

Use Case Name

Login

Purpose

To allow a registered user to access their profile and learning
features.

Actor

User

Normal Flow

Events

1. User selects “Login”.

of||2. Enters email and password.

3. System checks MySQL for credentials.

4. If valid, session begins, and user is redirected to dashboard.

Alternate Flows

If invalid, error messages are displayed.

4.4.2 Register — Use Case Description

Use Case Name

Register

Purpose

To allow a guest to create a new SQL Quest account.

Actor

Guest User

Normal Flow

Events

of

1. Guest selects “Register”.

2. Inputs username, email, and password.

3. System validates fields.

4. Account is created and stored in MySQL.

5. Guest is redirected to login page.

Alternate Flows

If email already exists or validation fails, system shows an error

message.

34

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTA




Chapter 4

4.4.3 View Website- Use Case Description

Use Case Name

View Website

Purpose

To allow any visitor to browse the SQL Quest homepage and access the

navigation menus.

Actor

Guest User, User

Events

Normal Flow of|/1. Actor opens the SQL Quest website.

2. Homepage with navigation, theme switcher, and menus loads.

Alternate Flows

None.

4.4.4 View Lessons

Use Case Name

View Lessons

Purpose

To let actors access SQL lessons categorized into Beginner, Intermediate,
Relational, and Database Management.

Actor

Guest User, User

Normal Flow of

Events

1. Actor selects “Lessons”.
2. System displays list of lesson modules.

3. Actor clicks on a lesson to open explanations, syntax, and examples.

Alternate Flows

Guests cannot mark lessons as completed or bookmark them.

4.4.5 Bookmark Lessons

Use Case Name

Bookmark Lessons

Purpose

To allow registered users to save lessons for later reference.

Actor

User

Normal Flow of Events|i2. System saves bookmark entry in MySQL under user profile.

1. User clicks “Bookmark” on a lesson.

3. Lesson is shown in bookmarked lessons tab.

Alternate Flows

The bookmark will hide if no login
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4.4.6 Mark Lesson Completed

Use Case Name Mark Lesson Completed

To allow users to mark lessons as completed and track their learning
Purpose

progress.
Actor User

1. User selects a lesson.
2. After finishing, clicks “Mark Completed”.

Normal Flow of

Events L
3. System records completion in user’s progress log.

Alternate Flows If user is not logged in, the system will no mark it .

4.4.7 Track XP & Progress

Use Case Name Track XP & Progress

To track and display user’s earned XP, badges, achievements, and
Purpose
completed lessons.

Actor User

1. User performs actions (quizzes, challenges, projects).
2. XP and badges are updated in MySQL.
3. User dashboard displays updated progress statistics.

Normal Flow of

Events

If database error occurs, system shows “Unable to fetch progress. Try
Alternate Flows '
again later.”

4.4.8 Practice SQL

Use Case Name Practice SQL
Purpose To let learners write and run SQL queries in a live interactive editor.
Actor Guest User, User

1. Actor opens practice editor.
2. Inputs SQL query.

Normal Flow of Events P ey )
3. System executes queries on mock database.

4. Results are displayed immediately.

Alternate Flows If query is invalid, error message with syntax hints is shown.
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4.4.9 Submit Practice SQL

Use Case Name

Submit Practice SQL

Purpose

To allow learners to submit SQL practice queries for validation.

Actor

Guest User, User

Normal Flow

Events

of

1. Actor executes SQL query.
2. Query is validated against expected output.
3. Feedback returned (correct, incorrect, or partially correct).

Alternate Flows

If system error occurs, query submission fails, and user is prompted

to retry.

4.4.10 View SQL Feedback

Use Case Name

View SQL Feedback

Purpose

To provide immediate feedback on user-submitted SQL queries.

Actor

Guest User, User

Normal Flow of Events|i2. Displays results, errors, and optimization tips.

1. System analyzes query.

3. User reads feedback to correct mistakes.

Alternate Flows

If system cannot evaluate query, it returns a generic error message.

4.4.11 Take Quiz

Use Case Name

Take Quiz

Purpose

To test learners’ knowledge after completing lessons.

Actor

Guest User, User

Normal Flow

Events

of

1. Actor selects a quiz.
2. Answers multiple-choice or coding questions.

3. System auto-grades quiz.

Alternate Flows

Guest results are not saved (only preview). Registered users’ results are
stored in MySQL.
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4.4.12 View Quiz Feedback

Use Case Name

View Quiz Feedback

Purpose

To show users their quiz performance with explanations.

Actor

Guest User, User

Normal Flow of Events

1. Quiz submitted.

3. User reviews mistakes.

2. System provides score and detailed solution explanations.

Alternate Flows

None.

4.4.13 Open Challenges

Use Case Name

Open Challenges

Purpose To allow learners to attempt gamified SQL challenges.
Actor User
1. User selects “Challenges”.
Normal Flow  of ) ]
2. System displays challenge categories.
Events

3. User attempts selected challenge and earns XP if completed.

Alternate Flows

If challenge is wunavailable,

available”.

system displays “Challenge not

4.4.14 Select Challenge

Set

Use Case Name

Select Challenge Set

To allow learners to choose specific challenge sets (Beginner,

Purpose ) )

Intermediate, Relational, Database).
Actor User

1. User opens Challenge Module.
Normal Flow of

2. Chooses challenge set (1-12).
Events

3. System loads appropriate problems.

Alternate Flows

If selected set is empty, error “No challenges found”.
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4.4.15 Select Level

Use Case Name

Select Level

Purpose

To allow learners to select the difficulty level of a challenge.

Actor

User

Normal Flow of Events

1. User opens a challenge set.
2. Chooses difficulty (Easy, Medium, Hard).
3. Challenge content adjusts based on chosen level.

Alternate Flows None.
4.4.16 Gain XP
Use Case Name Gain XP

To reward users with XP points for solving quizzes, challenges, and

Purpose ) )
completing projects.
Actor User
1. User completes activity (quiz, challenge, project).
Normal Flow of )
2. System updates XP in database.
Events

3. XP reflected on progress dashboard.

Alternate Flows

None.

4.4.17 View Real-World Projects

Use Case Name

View Real-World Projects

To allow users to access domain-specific real-world databases (CRM,

Purpose ) ]

HR, Finance, Inventory, Supplier).
Actor Guest User, User

1. Actor selects “Real-World Projects”.
Normal Flow of )

2. System loads project modules.
Events

3. User runs SQL queries on domain datasets.

Alternate Flows

None.
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4.4.18 Use Chat Assistant (Al Tutor)

Use Case Name

Use Chat Assistant (Al Tutor)

Purpose

To provide contextual query debugging, SQL explanations, and best

practices.

Actor

Guest User, User

Normal Flow

Events

of

1.Actor opens Chat Assistant.
2.Inputs question or SQL query.

3. Assistant returns explanations, optimizations, or fixes.

Alternate Flows

If API is unreachable, fallback error message is displayed.

4.4.19 View Leaderboard

Use Case Name

View Leaderboard

Purpose

To allow users to view rankings based on XP, badges, and

achievements.

Actor

User

Normal Flow

Events

of

1. Actor selects “Leaderboard”.
2. System fetches user rankings from MySQL.

3. Rankings displayed with usernames and XP.

Alternate Flows

If database unavailable, leaderboard displays “No data available™.

4.4.20 Theme Switcher (Dark/Light Mode)

Use Case Name

Theme Switcher (Dark/Light Mode)

Purpose

To allow users to toggle between light and dark Ul themes.

Actor

Guest User, User

Normal Flow of Events|i2. System switches Ul colors between dark/light mode.

1. Actor selects “Toggle Theme”.

3. Preference is saved (if logged in).

Alternate Flows

Guest changes are temporary and reset on reload.
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45  Activity Diagram
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Figure 4.5 Login Activity Diagram

4.5.1 Login Activity
The login uses case diagram as shown in the figure represents how a user can interact with
the web system during authentication. The flow starts with the user trying to sign-in,
providing their e-mail and password in the app via a form. These credentials are then
validated against the database when they submitted into the web system. If the input is valid,
it passes validation and user logged redirect to main page which concludes our login process.
If the login information is incorrect, the system gives you instant feedback by showing what
was wrong with your login: a wrong password, or an unregistered email. The user is
presented with the choice to retry at this stage. Opting to try again takes the user back to the
sign-in and they can re-enter their information. If they decline a new attempt, you stop
without issuing a successful login. This loop perfectly balances user experience and security
by presenting meaningful validation errors, allowing for multiple failures, and only
authorizing access after valid credentials
are authenticated.

41

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTA



Chapter 4
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Figure 4.6 Registration Activity Diagram

4.5.2 Registration Activity

This diagram shows how a new user is onboard. After a user fills out the registration form,
our online system checks the data for basic validity like format, email uniqueness, password
strength, etc. The system returns errors if the validation fails, prompting the user to correct
the input. Upon successful validation, the system creates a log entry in the users table and
presents the login page.

This helps in maintaining a logical flow of operations on the system with a single-entry point
for data and effective management of user accounts at registration. Validation restrictions
ensure that system resources are gently tapped. Implementation was done with frontend
validation on form filling in JavaScript and validation, and on the other side with Node.js.
Such validation enhances the dependability of the system and reduces errors, erased records,

or imperfections in the data storage center, aka the database, and maintains data integrity.
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Open lesson
h 4
Preview table data
Try a SQL query -l View practice resulf & CommentJ
. ) L
¥
' ™y i~ ™y
Take Practice: > Validate Pratice
. A . l A

g ™y
View practice result & Comment

e A

'S ~

{ Take quiz Validate quiz

| —
¥

e A

h 4

View query result & Comment

h 4

Auto "Mark Lesson Complete” I Mark lesson as completed

hd

@

Figure 4.7 Lesson Interaction Activity Diagram

4.5.3 Lesson Interaction Activity
The lesson module activity diagram captures the logical order of learning a lesson that a user
undergoes. It starts with a lesson opening that shows a related mock database table, alongside
which users can optionally execute exploratory queries. Users then advance to guided
practice sessions where they formulate SQL statements to solve some tiny problems. The
system first checks these responses and approaches each of them with a line-by-line
commentary for a remix. Upon finishing practice, users try a quiz for that topic. If they pass,
the system indicates that they have completed the lesson and shuffles the record in the
progress database. The pedagogical approach involving theory, practice, and evaluation
simultaneously is depicted in this diagram. It shows the SQL Quest pedagogy framework that
incorporates active learning. During the development, this flow was modularized to be reused
across various lessons, improving codebase maintainability and scalability.
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User

Web-Based System
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[ Open lesson page ]
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Bookmark button hidden } { Click "Bookmark
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v

Save bookmark in MySQL
(UserlD + LessonlD)

!

Update bookmarked lessons list

queries

Figure 4.8 Bookmark Lesson Activity Diagram

4.5.4 Bookmark Lesson Activity

The Bookmark Lesson Activity Diagram demonstrates how users can keep lessons for future

reference according to the logged in or out state. The system looks at the login status when a

user enters a lesson page. If the answer is no, then we will hide the bookmark button because

guests can browse and view every lesson (but they are not able to bookmark a lesson). When

the user is logged in, the bookmark button appears and when clicked adds a new entry in the

database that ties the UserID with the LessonlD. The system then updates the user's

bookmarked lessons list, making it easy for the user to quickly enter and view saved lessons

while viewing lesson content.
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Figure 4.9 Challenge Attempt Activity Diagram

4.5.5 Challenge Attempt Activity

This activity diagram details the ultimate process of taking on challenges in SQL Quest, and a
new feature focused on tracking completion times for Hard level challenges. The process
starts when a participant opens the Challenges page and chooses a challenge set that they

fancy. Then it asks the user to select a difficulty level and loads a desired challenge (SQL or
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multiple-choice). The user tries the challenge and enters an answer, as the system checks it
right away. If the response is wrong, the user receives a limited number of retries until they
produce a correct answer or run out of retry attempts. If the answer is accurate, points are
rewarded based on a gamified advancement system. It’s at this point that the system
introduces the decision: Is my difficulty Hard? If so, the system logs how long it took for
them to complete the challenge and can store this data for use in comparing users against one
another, e.g. sorting on leader boards or tie breaking of MMR across XP identical users. If it
doesn't specify Hard difficulty, then the system just skips tracking time at all. For each
condition the challenge is considered complete, and the flow stops. This flow ensures that
every task type contribute to user progress and XP, but only Hard challenges introduce an
added metric—completion time—that encourages the balance between accuracy and
efficiency, creating a more competitive learning environment that will motivate users even in

(almost) all too easy tasks.
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User Web-Based System
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Figure 4.10 XP & Badge Earning Activity Diagram

4.5.6 XP & Badge Earning Activity

This diagram illustrates the behavior of the User System with respect to performance
quantification. After a lesson or challenge is completed, the system is awarded XP and
determines if the user has reached a new threshold. In case they have, a new badge is
unlocked, and a notification is displayed. The thresholds for XP and badges are kept in a
separate reference table in the database so they can easily be modified.

This diagram supports gamification, which increases learner engagement. The system is
designed to use a reward loop for this part of the system as positive reinforcement for
consistent learning. The logic in the backend turns off and updates XP instantaneously in real

time which unlock achievement triggers without the need of user interaction.
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Figure 4.11 Profile & Progress Dashboard Activity Diagram

4.5.7 Profile & Progress Dashboard Activity Diagram

The system loads the user's study data after a successful login, including XP, lessons
completed, badges earned, and bookmarks.” The profile dashboard surfaces a progress bar
showing visually milestone completion summary alongside metrics. This flow optimizes
learning while helping abs cope with disengagement. Motivation is built through users seeing
progress reported transparently enabling self-monitoring and boosting engagement. The
information is fetched by executing optimized SQL queries to retrieve the tabulated data, then

refresh the display using JavaScript DOM rendering.
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User Web-Based System
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Figure 4.12 Leaderboard Activity Diagram

4.5.8 Leaderboard Activity

The activity diagram presented here -represents the order of operations for generating and
displaying SQL Quest's leaderboard. It begins the moment the user loads onto the leaderboard
page, this prompts the system to go out and collect everyone’s XP scores from the database.
To further its ranking authenticity and challenge the player base, it additionally gathers the
Hard times. The ranking is performed as follows: first XP users and visitors are sorted by
descending order, and they come at the top. If there is a tie—in the case of same XP—the rule
for tiebreaker puts you in higher slot through their average completion time range of Hard-
level challenges. Following this sorting and tie-breaking, the ranks are generated on the fly by
the system and displayed as the final leaderboard to the user. This method emphasizes respect
for the total learning effort and problem-solving efficiency, leading to a more balanced

competitive environment.
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Figure 4.13 Theme Switcher Activity Diagram

4.5.9 Theme Switcher Activity

The Theme Switcher Activity Diagram explains how the users switch modes between dark

and light on the SQL Quest site. The flow starts off with the user clicking on “Toggle

Theme” at that point, the system checks which theme is currently set up. If the system sees

that the current theme is dark, it changes the interface to light mode, otherwise it changes the

interface to dark mode. After switching the mode, user will be able to see this new theme

immediately without any delay. This functionality enhances personalization and accessibility,

giving both guests and members the ability to engage with the platform in their preferred

viewing format.
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Figure 4.14 Use Chat Assistant (Al Tutor) Activity Diagram
4.5.10 Use Chat Assistant (Al Tutor) Activity

The Use Chat Assistant Activity Diagram illustrates the process flow as a user request
assistant from the Al tutor in SQL Quest. To do so, the user opens Chat Assistant and types
an SQL query or a text question. The system sends this request to Al API, and the latter
handles the input and gives a response. If the system retrieves a response well, it provides
some Al-based explanation/optimization/correction. But should the response from API be un-
successful, then it will display a fallback error message displaying that the assistant is not
available. Lastly, the user reviews an Al response or error message, and conversing turns to
be completed. This approach guarantees users’ feedback is never lost, keeping platform

reliability even when API calls fail.
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Figure 4.15 View Real-World Projects Activity Diagram

4.5.11 View Real-World Projects Activity

The real-world projects activity diagram of the View is shown in SQL Quest when a user or
guest navigates through domain specific project modules. This flow will occur when the user
clicks on “View Real-World Projects,” upon that click, the system should collect all available
project modules like CRM, HR, Finance, Inventory and Supplier. The user can then select
one of these modules. After selecting a module, the system will display in order: related use
case, sample queries, ERD and mock database tables. The user can then check for the project
specification and run queries interactively. This flow allows guest users and registered users
alike to consume realistic data sets and scenarios in a hands-on fashion - it takes the academic

out of theoretical learning and makes it real.

All in all, the sitemap shows that SQL Quest isn't merely a simple ‘tutorial’ site, but an entire
ecosystem. It combines curriculum-based lessons with gamified practice, real-life projects,
Al driven support and social feedback in a synchronized unit. By tracking these paths, the
sitemap illuminates how SQL Quest makes learning SQL fun, successful and satisfying on

the road from novice to expert.

52
Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTA



CHAPTER 5

CHAPTER 5 System Implementation

5.1 Hardware Setup

For best performance and functionality of the SQL Quest platform, some hardware
requirements are recommended for the hosting server as well as end users’ devices. Below is

the bare minimum on hardware:

1. Processor:

o Intel® Core™ i3, or AMD Ryzen™ 3 processor Such processors perform the
computations needed by SQL Quest, that is query processing and
communication with the database. Recommendation is an upper-tier CPU (i.e.
Intel i5/i7, AMD Ryzen 5/7) for optimal multitasking and deployment of a
larger number of the same or similar objects. Mesh/Capsule Colliders are used
to perform optimized interaction. Note that this only is related to affecting the
speed by which scripts are processed.

2. RAM (Random Access Memory):

o 4 GB RAM Sufficient memory is required for smooth navigation and running
of the SQL queries in the system. Users should have a minimum of 4 GB
RAM to guarantee ease of use for lessons and interactive exercises. Server: To
host servers, it is recommended to have higher than 8GB specification (as
many learners can use at once).

3. Hard Disk Space:

o 10GB of available hard disk space for installation and storage. Users need
slack storage for caching, logs and data files. You will need a minimum of 250
GB storage for dealing with real-world projects (CRM, HR, Finance,
Inventory, and Supplier) thanks to your server. It's recommended to have
SSD-based storage for the performance advantage of executing queries faster
with low latency.

4. Display:

o Display: 1366 x 768 screen resolution with True Color Graphics Card: 16-bit

color video display adapter. Lessons, dashboards and query results are best

viewed at a display resolution of 1366 x 768 pixels or higher with a standard
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graphics adapter. It's recommended to use a full HD resolution (1920 x 1080)
for the best experience.
5. Network:

o Internet connection High speed internet with a minimum download speed of
5MBPS. Because SQL Quest is a web application, an internet connection is
needed to execute interactive queries and work with the real-life project data
sets while also syncing of your progress. More bandwidth means latency

should be lower for real-time responses and Al interaction.

This hardware enables learners and admins to both use SQL Quest without major
performance problems. These are minimum requirements as users and hosting servers with
better configurations will experience faster response times, quicker query execution and

better performance.
5.2 Software Setup

For end-users as well as developers to be able to work with, understand and support the SQL
Quest platform easily, it is necessary to have the following software components and

configurations:

1. Web Browser

SQL Quest is 100% web based so all users need a modern web browser. The platform is

tested and tailored for the most recent releases of:

e Google Chrome
e Mozilla Firefox
e Microsoft Edge
e Apple Safari

These browsers are responsive of course; they follow the light/dark mode system and support
the interactive SQL editor. Make sure your users have an up-to-date browser for complete

compatibility and best rendering of animations, quizzes, dashboards, and gamified elements.
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2. Backend Runtime Environment

SQL Quest is powered by Node.js and Express.js, which are responsible for server-side logic,

user authentication, calling APIs and interacting with the database.

e Node.js: v18.0 or above (LTS recommended)
o Express.js: Middleware framework used for routing, authentication, and handling
client—server requests.

o npm (Node Package Manager) is required for dependency installation.

3. Database Management System
The site's backend is built upon MySQL as the main RDBMS:

e To Keep and store your user profiles, log-in details, bookmarks, progress, XP
(experience points) and leaderboards records.
o Test project databases (CRM, HR, Finance, Inventory, Supplier) to practice SQL

exercises.
Recommended tool:

e« MySQL Workbench (latest version) for database management, ERD view and query

testing.

4. Al Tutor and External Integrations

SQL Quest can connect to external APIs using the Al Chat Assistant (ChatGPT + AIML) for

hints, explanations, and optimization feedback.

e Requires (read-only) key to OpenAl API and store it safely in a file. env file.
e Node.js modules such as axios and dotenv oversee constructing and managing API

calls.
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5. Front-End Development Tools
The front end is developed using:

e HTMLD5, CSS3, JavaScript for basic structure and style.

e Bootstrap 5 is used for responsive and uniform design.

o React.js does (if we're doing a full implementation) to control lessons parts and
reactively update the UI.

A modern IDE is recommended locally:

e Visual Studio Code (VS Code) and Node.js, ESLint, and MySQL plugins.

6. Additional Tools

o Git for a version controlled collaborative development.
e Postman (optional) to test the APIs and backend endpoints.
e Draw.io or PlantUML for UML, activity and architecture diagrams in

documentation.
5.3 Setting and Configuration

To access and use the SQL Quest platform, users and developers must configure the software
components correctly. This section provides a step-by-step guide on setting up and
configuring the required tools for smooth execution of the system both locally (for

development) and on the server (for deployment).

Step 1: Install Node.js and npm

1. Download Node.js Installer

e Visit the official Node.js website at https://nodejs.org.
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o Select the LTS (Long-Term Support) version for better stability.

nede

Run JavaScript
Everywhere

O ® @ w X ¢ m

Figure 5.1: Node.js Official Website (Homepage)

nede

Figure 5.2: Node.js Download Page

Run the Installer

Locate the downloaded .ms1i file in your Downloads folder.
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e Double-click to launch the installer.

,,,,,,,,,

<<<<<<

Figure 5.3: Node.js Installer Downloaded

3. Custom Setup

o Ensure the following options are checked during setup:

o Node.js runtime
o npm package manager
o AddtoPATH

"8 Nodejs Setup

= pod

Custom Setup

Select the way you want features to be installed.

s

nt..#e

Click the icons in the tree below to change the way features will be installed.

Mode. js runtime

corepack manager

Online documentation shortcuts
Add to PATH

Reset Disk Usage

Install npm, the recommended
package manager for Node. js.

This feature requires 472KB on your
hard drive.

w
=1
@
m

Figure 5.4: Node.js Custom Setup

4. Install Tools for Native Modules

e Tick the box: “Automatically install the necessary tools”.

e This ensures support for compiling C/C++ addons required by npm modules.
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"8 Node,js Setup — X
Tools for Native Modules n d
Optionally install the tools necessary to compile native modules. ‘[]] c

Some npm modules need to be compiled from C/C++ when installing. If you want to be able
to install such modules, some tools (Python and Visual Studio Build Tools) need to be
installed.

M Automatically install the necessary tools, Mote that this will also install Chocolatey, The
— script will pop-up in @ new window after the installation completes.

Alternatively, follow the instructions at https: {fgithub. com/nodejs/inode-gyp#on-windows
to install the dependencies yourself,

Figure 5.5: Tools for Native Modules

Start Installation

Click Install and wait until setup completes.
“H MNodejs Setup = =
Ready to install Node.js n ‘d e
(S

Click Install to begin the installation. Click Back to review or change any of your
installation settings. Click Cancel to exit the wizard.

Back  Install Cancel

Figure 5.6: Ready to Install Node.js
Verify Installation

Open Command Prompt and run:
node -v
npm -v

The versions of Node.js and npm should appear.
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Comman d Prompt X+ v
P

Microsoft Windows [Version 16.8.26100.3775]
(c) Microsoft Corporation. ALl rights reserved.

C:\Users\FANSTORE GAMING>node -v
v22.19.0

C:\Users\FANSTORE GAMING>npm —v
10.9.3

C:\Users\FANSTORE GAMING>

Figure 5.7: Verifying Node.js and npm Installation

Step 2: Install MySQL Database

1. Download and install MySQL Community Server
https://dev.mysqgl.com/downloads/workbench/

® MySQl MySQL Enterprise Edition for Developers
Community 1\‘_ e e ey e e B e
Downloads Bosnloadious

€ MySQL Community Server

Archives

MySQL Community Server 9.4.0 Innovation

Microsoft Windows

Windows (x86, 64-bit), MS1 Installer IECPRIN o cwricad |
Windows (x86, 64-bit), ZIP Archive ).4.0 SRV ocnicos
Windows (x88, 84-bit), ZIF Archive b.0.0 SEPIVIN o cwnicad
Debug Binaries & Test Suite

Figure 5.8: MySQL Community Server Download Page

from

2. Also install MySQL Workbench to manage and visualize databases from

(https://dev.mysqgl.com/downloads/workbench/).
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® MySQL Community Downloads

< MySQL Workbench

MySQL Workbench 8.0.43

Microsoft Windows ~

MySQL Installer -
for Windows 3
...... o o fo N e n—
e S
— s - [ o to powmioes race > |
oooooooooooooo
Windows (xs6. 6a-it ). M1 Installer SRV ocvricoc |

ORACLE ©

Figure 5.9: MySQL Workbench Download Page

3. During installation, configure the MySQL root user with a strong password (to be
used later in . env).
4. Start the MySQL service.

Step 3: Configure SQL Quest Source Code

1. Download the provided SQL Quest source code (zip file or Git repository).
2. Extract the project to a working directory, for example:
3. C:\Users\FANSTOREGAMING\source\repos\sgl-learning-
platform
4. Open the project in Visual Studio 2022.
Install all dependencies by running:

6. npm install

Step 4: Database Setup
1. Open MySQL Workbench

o Launch MySQL Workbench from the Start Menu or after installation.
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o Connect to your MySQL Server instance using the root account (or the
account you set up during installation).
Create a new database:
Type the SQL code “CREATE DATABASE sqgl learning;” inside the

MySQL workbench then click the lightning logo button, then the database will create

MySQL Workbench

- [m] X
#&  Localinstance MySQLED x
File Edit View Query Datsbase Server Tools Scriping Help
Sl e S&BEESH B & = /= |
Navigator sQLAdditians
SCHEMAS o 7§ 6 2] Lmitto 00ws ~ | 75 | < @ (1] (7 | (T2 iy | Jumpto
Q Filter objects 1 ®  CREATE DATABASE sql_learning;

Automatic context help is
» | my_first_database 2 .
> sakila disabled. Use the toolbar t
¥ [ sql_learning manually get help for the
current caret position or tc
bookmarks toggle automatic help.
E challenge_times

Administration Schemas

Information

Schema: sql_learning

ContextHelp  Snippets
Output

[ Action Output

Time Action Messsge Duration /

Object Info ~ Session

Added new script editor

Figure 5.10: MySQL Workbench with Database Creation

Import the provided SQL schema (sgl learning.sgl) located in the
/database folder of the project.
o This will set up tables for users, lessons, bookmarks, progress, XP,

challenges, leaderboard, and mock datasets (CRM, HR, Finance,
Inventory, Supplier).

Step 5: Start the Server

1.

In the terminal, navigate to the project directory.
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2. Run the application using:

3. npm start

4. By default, the server will run at: http://localhost:5000

Step 6: Accessing SQL Quest

1. Open a modern web browser (Chrome/Firefox/Edge).

2. Enter the URL:

3. http://localhost:5000

4. The SQL Quest homepage will load, showing options for Lessons, Challenges,

Real-World Projects, Leaderboard, and Profile Dashboard.
5. Guest users can explore lessons and demos, while registered users can log in,

bookmark lessons, track XP, attempt challenges, and view progress.

63
Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTA


http://localhost:5000/

CHAPTER 5
5.4 System Operation

This chapter features the functionality of the SQL Quest web application using screenshots
and several scenarios as to how a user operates within the system, from sign-on to browsing
real-life projects, lessons, challenges and profile attributes. It has a guest and a user system,
so guests can also challenge other guests to solve SQL problems in head-to-head Johnny
Tables mode.

5.4.1 Home Page

= SOL Quest

¥ Welcome to S

Figure5.11 Home Page with Sidebar Navigation

The Home Page of SQL Quest (see Figure 5.11) serves as the central hub for users, greeting
them with a futuristic, gamified feeling design. Here, the left-hand menu is depicted on which
you can quickly access important sections such as Home, Lessons, Real-World Projects, Chat

Assistant, Challenges, Leaderboard, Login and Register. This feature permits users or guest

64
Bachelor of Information Systems (Honours) Information Systems Engineering

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



CHAPTER 5

visitors to transition between the various modules of the platform. You'll also find the theme

toggle button at the top for your viewing pleasure.

=] soL oues+

% Welcome to SEL Guest

et vk i thveonsghs Sm raricnt
4 !+--

Figure5.12 Home Page with Theme Toggle (Light Mode)

The whole Ul could be switched from dark mode to light mode by clicking this button,
as indicated in Figure. 5.12, to meet the user’s habits and barrier-free design. In the
middle of the landing page, there is a welcome header phrase with a “Start Quest”

button that petting users to start learning SQL.
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» Welcome To SGEL Gu

Figure5.13 Home Page After Login with User Statistics

Upon a successful login, the interface shifts to include a personalized stats panel as presented
in Figure 5.13 that displays the user’s profile, experience points gained (XP), rank and
progress towards next level. Underneath it, three clickable gauntlets—Learn, Challenge, and
Compete—Ilead users to lessons, practice challenges, and the leaderboard. Moreover,
competitive rankings are displayed in the Top Players area to incentivize learners. In sum, the
Home Page uses accessibility and customized motivation to create a psychologically safe

opening experience on SQL Quest.
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5.4.2 Register Page

( Toggle These
=]

Register for SQL Quest
Username:

3-20 characters, letfers, nusbers, underscol

Password:

Min § chars, uppercase, lovercase, nusber

Figure 5.14 Registration Form with Validation Errors
SQL Quest Register Page is a simple and safe way for new users to sign up for an account
prior to using the full features of the system. Figure 5.14 The registration form needs three
mandatory fields: Username, Email and Password. The system applies a list of validation
rules directly in form, e.g. username 3-20 characters and can have letters, numbers or
underscores. Passwords need to be a minimum of 8 characters in length and should contain a
combination of upper case, lower case & numbers. When users mistakenly input false
information, error messages show right away in red underneath the field to guide correction,

so that data is valid and security-standard-proof.
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Register for SGL

Username:

edample_user

exampledgmail. com

Password:

Figure 5.15 Successfully Completed Registration Form

Figure 5.15 shows a well-formed registration form, filled out with an acceptable username, e-
mail address, and password. When the input is complete, you can use the Register button to
send your form. Such entries are revalidated once they are submitted, and if they're legitimate

then the system saves them into database.
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Figure 5.16 User Data Stored in Database
Figure 5.16 Shows the user details saved in the MySQL database with table name users as
shown below. It includes inputs of user 1D, username, email, encrypted password, account
creation timestamp score scores completed levels current chapter current lesson proven
indentation and average time hard level. Passwords are hashed before saving which makes
impossible accessing users data without authorization. It also sets up tracking fields like XP,
progress and completed challenges which will be updated as the user moves ahead with

lessons and challenges.
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5.4.3 Login Page

¥ seL Quest

Login to SGL Guest

Figure 5.17 Login Page Interface

Figure 5.17 illustrates the SQL Quest login screen, which enables registered users to securely
log into the system. And the page itself has an aggressively future-y, neon feels to it that fits
the gamified angle of the system. There's a light switch on the top right of the page to switch
between light and dark theme for your preferred viewing experience. The primary login form
is in the middle with two boxes: e-mail address and password as well as a Login button. With
this straightforward and user-friendly interface, users can authenticate in a jiffy and head on

to their customized dashboard.
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Login 1o S8L Guest

Please include an '"@' in the email address. "aasd’ is missing an '@".

Figure 5.18 Invalid Email Format Warning
As you can see in Figure 5.18, the system pro- vides form validation out of the box. If a user
logs in with an incorrect email (for example, without @) sends the system a warning message:
“Please enter an ‘@’ in the email address.” This interactive validation will help prevent

invalid submissions and keep you informed as to what makes a valid email.
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Login o SE8L BGuest

aasdEgmail. com

Please fill in this field.

Figure 5.19 Empty Field Validation Warning
Further, Figure (5.19) demonstrates the system validated empty input fields for login. If the
user leaves the email and password field empty, when he clicks on send a message "Please
fill out this form." pops up in no time. That validation is for each field on its own—I leave the
email blank, it submits and opens a warning under the email; | leave password blank, a
warning appears below that input. That way users shouldn't be able to proceed until they have

completed credentials which satisfies security and stops them from submitting half the form.
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localhost:5000 says

User not found

Figure 5.20 User Not Found Error
The login fails in Figure 5.20 because the email entered does not exist in the database, as
shown. The system alerts “User not found” in error pop-up. This response notifies the user
that either the email is wrong, or account does not exist, and that they can retry with correct

details or else sign up.
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5.4.4 Lesson Page

¥ seL Guest
z

® Beginner Level

® Intermediate Level

Figure 5.21 Lesson Page Structure

The lesson page layout for users viewing and not logged in is as what is shown on figure 5.21.
Over on the left, to the side of the page you’ll find a SQL sidebar divided into Beginner and
Intermediate Levels covering such lessons as SQL Syntax, Data Types, and Create Database.
The core content section features the chosen lesson (namely “Introduction to SQL”), which
sections out topics such as What is SQL, Basic SQL Syntax, Try a Query (complete with
code editor), Preview Table Data, Real-World Use Case, Helpful Tips, Summary and Quiz.
This ascertains that there are theory parts, practical case studies and conducive testing at
every lesson progressing systematically. But, pre-login, learners can view and practice

content without any functions functioning (no bookmarking or tracking of completed lessons).
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¥ SOL Quest
]

® Beginner Level

» Introduction to S@L

Boolmark

= SOL ORDER BY

m SeL Lwrr

® SGL NULL & TS WULL

SeL Alimses

® Intermediate Level

What dows SGL stand for?

Figure 5.22 Lesson Page with Login Features
Figure 5.22 is the page lesson logged on, beside the usual present interactive elements (fig. In
addition to the course content displayed in Figure 5.21, there are two new features/buttons: a
Bookmark button (Screenshot 5.23 and Screenshot 5.24) so users can save the lesson for later
use, and “Mark Lesson Complete” button which gives learners an opportunity to track their
completion throughout the course. These new features customize learning experiences by

empowering logged-in users to control their study flow and track lessons learned.
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g Introduction o SEL

Figure 5.23 Bookmarking a Lesson

The Bookmark feature is shown in Figure 5.23. Readers can bookmark a lesson to use at any
time. When you do so, the system will let you know that the counter has been saved and give
you the option to remove it from your bookmarks (see Figure 5.24). This feature allows better

navigation and personalization.

% Remove Bookmark » Bookmarked

Figure 5.24 Removing a Bookmark
The interface in Figure 5.24 depicts a lesson that has been bookmarked, and the button now
reads Remove Bookmark. This affords people the option to determine all of their frequent

test prep reviews.

Figure 5.25 Interactive SQL Query Editor

The Try It Yourself query editor is shown in Figure 5.25, Users can enter SQL commands
(e.g., SELECT * FROM customers;) and run them typing into the browser’s console then

clicking on “Run” button. It is instant practice in lesson setting.
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ID NAME

Amina
[

Ben
Tan

Chen
Wei
Dila
Arif
Sam

Carter

Mauya
Singh

Luca
Moreau

Yuki
Sato

Zoé
Martin

Nora
Dupont

EMAIL CITY

amina. lee@example. com Tokyo

ben. tanfexamp le. com Tokuo

chen. uei@example . com Paris

dila.arif@example.com
York

sam.carter@example. com
York

maya.singh®@example. com
Yorik

luca.moreaufexample.com Paris

yuki.sato@example. com Osalka

zoe.martinfexamp le. com Paris

nora.dupont@example. com Paris

Japan

Japan

France

usa

usa

usAa

France

LB

COUNTRY AGE

63

63

S8

27

19

31

19

27

STATUS

pending

inactive

active

active

pending

inactive

active

CREATED_AT

2022-09—
0STOS:48:03.000Z

2023-09-
09TO08:48:03.0002

Z2024-03—
25TO08: 48: 03. 0002

2024-05—
02TO08: 48:03.000Z

Z023-07—
21TO8:48:03.000Z

2023-12—-
10TOS:48:03. 000Z

2024-10—
16T0S:48:03.0002

2023-01—
19T0S:48:03. 000Z

2024-03—
16TOS:48:03.000Z

Z023-08—
19T0S:48:03. 000Z

Figure 5.26 Query Execution Result

UPDATED.

2025-04-
04TOS:48:035.

2025-04-
04TOS:48:03.

2025-049-
04TOS:48:03.

2025-04-
04TOS:48:03.

2025-04-
04TOS:48:03.

2025-04-
04TOR:48:03.

2025-04-
04TOS:48:03.

2025-04-
04TOS:48:035.

2025-04-
04TOS:48:03.

2025-04-
04TOS:48:035.

Figure 5.26: After running a query in the editor, we see the results in formatted table form.

Example Output from the customers Table with fields such as ID, Name, Email, City,

Country, Age and Status. This is a very nice crossover from learning into real database

interaction.

2

Write a SELECT statement to select the product_name and price from the product=s table:

+ product_name (VARCHARC100))>

. price (DECIMAL{S, 2>

Figure 5.27 shows the Practice Section which prompts users to query against a table (e.g.,”

Write a query to select product name, price from products”). If a bad search is entered, the

Figure 5.27 Practice Section with Error Feedback

system will return an error message as feedback giving clues to help realize the correct syntax.
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'

Write a SELECT statement to select the product_name and price from the products table:

« product_name {(VARCHAR{100))>

« price (DECIMALL(E, Z2>)

A You're close! Double-check the column names and suntax.

Figure 5.28 Practice Section with Partial Feedback
Figure 5.28 The user’s query is correct or close, but its syntax or structure is incorrect. The
feedback of the system, for example, is “Check column names and syntax again,” which

offers constraining guidance not to get frustrated.

’

Write a SELECT statement to select the product_name and price from the products table:
. product_name (VARCHAR{(100))>

. price (DECIMAL(E, 2)>)>

@ Perfect! Your SELECT query is correct.

Preview: What the table would look like when queried:

After Query (Example Result):

PRODUCT_NAME
Laptop
Smartphone

Headphones

Figure 5.29 Correct Practice Query Execution
Figure 5.29 Successful attempt when the query syntax is successfully constructed. Upon
successful completion the system responds with a green success message and renders the
result table which demonstrates what an actual database query output looks like (Laptop,

Smartphone, Headphones with their prices).
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&

Which command returns only the names and cities from the customers table?

A) SELECT ALL FROM customers: B) SELECT name citu FROM customers:
€) SELECT name. citu FROM cusfomers: DY GET name, city FROM custiomers:

X

Explanation:

+« SELECT name city FROM customers; is missing a comma between name and city. It should be
SELECT name, city FROM cusiomers;.

Figure 5.30 Quiz Section with Explanation
In figure 5.30 Section We show the quiz section of each lesson. Users answer multiple-choice
questions (e.g., find names and cities on the customers table). Wrong tries lead to an
extensive explanation, so that learners realize their mistakes and remember the correct format
of a SQL query.

@

Which command returns only the names and cities from the customers table?

BY SELECT name citu FROM customers:;

B Correct! Quiz completed!

Explanation:

« SELECT name, city FROM customers=; returns only the name and city columns from the table.

. This is the correct SEL syntax to select specific columns.

Figure 5.31 Quiz Completion Feedback
Figure 5.31 The quiz portion of the lesson: an interactive XQuery exercise in which users are
challenged to select the SQL query that will extract values (names and cities) from a
customer’s table. When the appropriate selection is made, the system issues feedback in real-
time and posts a confirmation message: Correct! Quiz completed!”. Further down the
confirmation we have a section to explain why that query is right, this way completing the
learning by making sure SELECT name, city FROM customers; correctly brings back the
desired columns. By doing that, it confirms the answer of the user and at the same time

ensures conceptual understanding through explaining its structural syntax.
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Figure 5.32 Lesson Completion Status

Figure 5.32 shows the contents page of a lesson when you have completed all its parts and
allows you to use the buttons on screen to move between lessons which are handy features. A
button that says “Lesson Completed” comes up telling the user that he/she has done the
exercise. This button, when clicked, updates a user’s progress and enables them to see which
lessons they have done so far. This feature is provided with a key to help participants keep
track of their progress and their commitment but also as a system for unlocking other

levels/steps or sections.
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5.4.5 Real-World Project Page

S0L QGuest

# Real-World S8L Project Explorer

Browse common business database scenarios. Dpen an example to see schema and use cases.

Figure 5.33 Explorer page of the Real-World project

The Real-World Project Explorer page (Figure 5.33) is the portal to applied learning modules.
Here, you can look at some user-favorite business-oriented SQL project ideas like Customer
CRM, Inventory Tracker, HR Management, Supplier Directory and Accounting & Finance.
Each module has a brief overview and a “View Example” link that directs students to detailed
use cases, sample queries, and data sets. This structure adds necessary validity, as it relates

SQL with business in the real world.
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& Tnuventory Trackes — Real

Earcoame Le

Figure 5.34 Full Example Page

Figure 5.34: Full Example Page Once a user clicks on any one of the real-world projects
offered in SQL Quest, the Full Example Page appears as in Fig. The system comes with core
modules like Customer CRM, Inventory Tracker, HR Management, Supplier Directory and
Accounting & Finance. For illustration the Inventory Tracker module is presented. The page
is broken down into subpages to provide comprehensive explanations for students about the
chosen project. At the highest level of structure, the Use Case portion describes the business
or other real-world context for which use of the module is intended, e.g., tracking inventory

(stock levels), supplier management, or purchase order processing. Underneath that, the
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Sample Queries shows organized SQLs for corresponding tables with a copy tab advocating
you to be hands-on. Also, on the page there is an ERD (Entity Relationship Diagram) to help
learners better understand relationships between the tables of your database. Finally, is the
Mock Database Viewer that enables browsing and interacting with simulated data so when
sifting through lists of tables and columns for them to test their queries. All together, these
parts of the project make sure each example shows practical applications, SQL queries,

relational model and real-data simulation.

Use Case

. Inventory Tracking: Monitor stock levels across
multiple warehouses.

. Reorder Management: Trigger alerts when quantity falls
below threshold.

. Stock Movement: Track all inventoruy transactions with
full audit +rail.

. Supplier Management! Maintain vendor relationships and
purchasing history.

. Purchase Orders!: Create and track orders through the
procurement cucle.

. Warehouse Management: Organire inventoruy across
multiple phusical locations.

. Reporting! Generate insights on inventory value,

furnover, and status.

Figure 5.35 Use Case Overview
Figure 5.35 depicts the Use Case section for the chosen real-world project. This section
provides an overview of the main business processes supported by the system: stock control,
reordering functionality, movement and audit trails, supplier management, purchase orders
(including scanning), data warehouse operations and reporting. Each point is on how SQL
can be used to carry out these Functions so that students will have a working understanding

of Database Applications.
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Sample Bueries

Users

-- Users: internal users (admins, managers)
CREATE TABLE Users {
user_id INT PRIMARY KEY AUTO_INCREMENT,
username VARCHAR(58) NOT NULL UNIQUE,
full_name VARCHAR(168),
email VARCHAR(188) UNIQUE,
role VARCHAR(5@),
password TEXT NOT NULL,

created_at DATETIME DEFAULT CURRENT_TIMESTAMP

. Categories

-- Categories: product categories

CREATE TABLE Categories (
category_id INT PRIMARY KEY AUTO_TINCREMENT,
name VARCHAR(1@@) MNOT NULL,
description TEXT

b H

. Products

-- Products: catalog of items

Figure 5.36 Sample Queries Section
The Sample Queries section is displayed in Figure 5.36, which provides learners with
predefined SQL to be used with various entities, such as User, Category and Product. These
are examples of how to manipulate the table, adding a primary key, unigue constraints and
fields. This section assists learners in bridging the gap from abstract SQL syntax to actual

data model and table creation.
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Entifty Relationship Diagram

Figure 5.37 Entity Relationship Diagram (ERD) Access
The text is hyperlinked to the ERD (Entity Relationship Diagram) showing all columns in a
node within Figure 5.37, which readers may click on the link to browse through Figure 5.38
The Entity Relationship Diagram (ERD) link can be clicked and viewed full size similarly to
images. Graphical form in a separate tab or window of their browser. This section becomes
important to understand how various tables and entities are related with each other in the

database schema and it provides a shape or structure-based understanding of databases.

<<<<<<<

Figure 5.38 Column Relationship (ERD) Visualization
The overall ERD of the system is shown in Figure 5.38 that shows tables such as Products,
Categories, Inventory, Warehouses, Stock Transactions Reorder Rules Users Suppliers
Purchase Orders etc. The diagram emphasizes the links (one-of-multiple and multiple- of-one)

among entities, which train students to interpret complex schemata and relational associations
in use.
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Mock Database Viewer

Explore the inventory database ftables with this

interactive viewer:

Theme: All Tables

B Mock Table: inventory

INVENTORY_ID PRODUCT_ID WAREHOUSE_ID QUANTITY LAST_UPDATED
1 5 2024-09-15 14:30
2024-09-14 11:20
2024-05-13 03:45

2024-09-12

Figure 5.39 Mock Database Viewer — Viewing a Single Table
Figure 5.39 The Mock Database Viewer - learners can interactively work with the database
tables. In a typical representation, the Inventory table could look like something like shown
with columns such as Inventory 1D, Product_ID, Warehouse 1D, Quantity and Last_Updated.
This functionality enables users to mimic browsing real datasets, which reinforces their

testing skills of querying in a real-world context.
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Mock Database Viewer

Exrlore the inventoru database tables with this

interactive wviewer:
Theme = ALL Tobles

= )

Table Relationships

-» categories
-3 products
> warehouses
-> products
stock_transactions --> warehouses
reorder_rules -> products
purchase_orders --> suppliers
purchase order_items —- -» purchase orders

purchase order_items

| Imventoruy Management

m Mock Table: inventorw

INVENTORY TID PRODUCT TD WAREHOUSE TID OUANTITY LAST UPDATED
==

-

m Mock Table: stock transactions

TEN TD PRODUCT TD WAREHOUSE TD TXN TYPE OUANTITY

! Product Management

Figure 5.40 Mock Database Viewer - Relations of Tables

Furthermore, in Figure 5.40 the Mock Database Viewer has been enhanced to support
multiple data sets and table relationships. The above schema tells us how tables Products,
Inventory, Stock Transactions and Reorder Rules are related to each other which is much
cleaner in the upper part of the picture and data stored in inventory management over all
product items, stock transactions are shown below. The fusion of schema relationships with
data views gives the learner conceptual as well practical understanding about relational
databases.
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5.4.6 Chat Assistant (Al Tutor) Page

¥ seL Quest

& SBL Learning Assistant

Ask me anuthing about SOL! Get instant help with queries, debugging.
tices

Figure 5.41 Briefing of the Al Chat Box
Figure 5.41 The SQL Learning Assistant as an Al-based chat box integrated via the ChatGPT
API. This feature makes it easier for learners to ask whatever (SQL-related) questions they
may have and get instant explanations, debugging tips, and best practice advice from SQL
experts. In the middle of everything is the chat interface, where users can type in their
questions. To support learners, recommended prompts are like: “How do | write a SELECT
statement? and “What is the difference between INNER and LEFT JOIN? are provided. The
lower part of the homepage features categories such as Query Debugging, SQL Explanations,
Best Practices and Learning Support to reflect what its assistant can do for you. Sample

questions are shown to facilitate users that they can quickly start conversations with.
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Give me the select example sql code

& Absolutely! The 'SELECT statement is one of the fundamental commands in SQL and is
used to retrieve data from a database. Here's a basic example along with an explanation of

each part:

### Example SQL Code

&
SELECT first_name, last_name, email
FROM employees
WHERE department = 'Sales’
ORDER BY last_name;

### Explanation of Each Part

1. **SELECT**: This clause specifies the columns that you want to retrieve. In this case, we are

selecting “first_name’, ‘last_name’, and ‘email’.

2. **FROM**: This clause specifies the table from which to retrieve the data. Here, we are

querying data from the ‘employees’ table.

Figure 5.42: Example SQL Code Assistance
Figure 5.42 illustrates the way the Al chat box answers if a user’s enters “Give me the
example of SQL SELECT code” as an input to ask for the SQL sample case. The system uses
the chatbot-powered ChatGPT API and returns an entire SQL query which allows the
retrieval of employee names & email addresses, filtered by department and sorted by last
name. Next to the code, there is an explanation of everything written which breaks down each
part of -FROM, SELECT -ORDER BY and WHERE. Thus, students do not get just working

examples and should grasp how each of the SQL components work.
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—~

& @ Hi! I'm your expert SQL learning assistant. I'm here to help you master SQL with clear
explanations and practical examples.

& ® Try asking me things like:

» "How do | write a SELECT query?”
« "What's the difference between INNER and LEFT JOIN?"
= "Help me debug this SQL query”
« "Show me how to use GROUP BY"
« "What are SQL best practices?”

do u know how to racing ?

@ It seems you're asking about racing, which is not directly related to SQL or database
management. However, if you meant to ask about a specific SQL-related topic or if you have a
question about SQL, feel free to ask! I'm here to help you learn and master SQL concepts.

Figure 5.43: Handling Off-Topic Queries
Figure 5.43 Features that allows the Al to respond well to irrelevant or out-of-topic questions.
When the user says: “Do u know how to racing? the assistant running on the ChatGPT API
detects that the question is out of scope with respect to SQL. Rather than giving nonsense
output, it graciously tells the reader that this is not in fact suitable input for learning SQL, but
also suggests they come back with some SQL questions. This keeps the learning environment

on track and shows just how flexible Al can be.
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5.4.7 Challenge Page

¥ seL Guest

5 Challenge Sets

¢ Beginner Challenges

¢ Intermediate Level (Data
Manipulation)

® Relational Concepts (Joins &
Subqueries)

o Set s * Set 9
i Subrrer i & LS

: Database Management & Constraints

Figure 5.44 Challenge Sets Overview
Figure 5.44 presents the Challenge Sets Overview page that is utilized to illustrate how
learning challenges in SQL are organized within the PLAR system. The page is organized
into several sections including Beginner Challenges, Intermediate Level (Data Manipulation),
Relational Concepts (Joins & Subqueries) and Database Management & Constraints. There
are challenge sets available in their classes (e.g.: SQL Basics, Joins, Views & Indexes) that
you can pick from. At the top, you see your XP and badge area to show player progression. In
this demo, the Beginner Challenge Set 1: SQL Basics is chosen to demonstrate how the

challenge feature works.
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No Badge

Challenge Set 1 — S8L Basic

v Choose Your Path

a Harﬁ

Complete
Medium

Figure 5.45 Challenge Level Selection
Figure 5.45: The screen where users can select the difficulty for a challenge set is displayed
in figure 5.14. The architecture offers three categories of levels: Easy, Medium and Hard. To
start with Easy is the only level accessible, by reaching a certain distance the Medium and
Hard options will become unlocked when reached. This page is meant to be the starting place

for learners who are ready to choose a focus area based on their current skill set.
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Challenge 1 of 8

EASY LEVEL

Challenge 1 (easy) Intro fo SGL

What does S8L stand for?®

Structured BGuery Language

Simple Buery Logic

Standard BGuery Link

Figure 5.46 Challenge Question Interface
Figure 5.46 shows a representation of how the system would pose questions within a
challenge to the user. The platform will present both MCQ and typed input questions to
learners, allowing them the chance to check not only their recognition skills but also how
well they can write queries. A MCQ is shown to the learner in this demo, and photos are
displayed too. This shows challenging elements embedded into an interactive and gamified

design.
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BRONZE1

Challenge 1 of &

EASY LEVEL

Challenge 1 (easy) Intro 1o SGL

What does S8L stand for?

v Correct!? You earned 5 XP.

Next challenge in 3s...

Figure 5.47 Correct Answer Feedback
The feedback process in case the learner is correct can be seen in Figure 5.46. The selected
option is green, and the system gives 5XP for answering the question. There's a bar that fills
at the top as you complete and saying that next challenge will load automatically. This demo
demonstrates how the system incentivizes correct responses and engages participants with XP

points.
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BRONZE1

Challenge 2 of &

EASY LEVEL

Challenge 2 (easy) Iniro {to SGL

Which command is used 1o retrieve data®

SELECT

? Incorrect. You have 1 more truy.

Figure 5.48 Incorrect Answer Feedback
Figure 5.48 shows what should occur when the learner chooses the wrong option. In this
demonstration the command “GET” is answered instead of “SELECT”. The incorrect answer
is in red with the response "Incorrect. You have 1 more try.” This really demonstrates that the
system offers real-time feedback and extends to a second chance for users to remedy their

error prior to continuing.
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BRONZE 1

v Completed 8 Challenges

EASY LEVEL

#» Chaptfer Complete!?

Returning to level selection...

Figure 5.49 Chapter Completion Screen
Completion of Easy mode after completion of all questions in the challenge set is shown by
Figure 5.49. The system will verify that the student read through the chapter, reward 25 XP,
and generate a badge (Bronzel). In this demo you will see how the platform acknowledges

learner progress and accomplishments at the end of each chapter.
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BRONZE 1

Challenge Set 1 — S8L Basic

v Choose Your Path

Figure 5.50 Path Choice on Completion
After the Easy Level is finished, the Path Selection Page is changed to what is shown in
Figure 5.50. In this walkthrough, the medium path is unlocked, and the learner can proceed.
The Hard level is locked until medium challenges are finished. This is a demonstration of

how the system through progressive unlocking designs the learning path.
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5.4.8 Leaderboard Page

¥ saL Guest

t Top Plavers

RANK BADGE USERNAME X3P AVG HARD TIME

81 winkin 2865 ®P | 0:54

u2 | ki 170 XP | —

Figure 5.51 Leaderboard Page
As shown in figure 5.51, this page displays the top players who have earned the highest XP
explained earlier in the user profile section. Additionally, players are placed based on ranking
where the table includes the rank, badge, username, total xp, and average time taken for hard-
level completion shown in the column besides it and determined on the dashboard. The
ranking occurs based on the achieved total XP where the greater the XP, the higher the
ranking is each hard. However, if two or more players have acquired the same XP, one’s
average completion time in hard-level challenges is considered to determine who ranks
higher. This system rewards the achieved XP but also knowledge and efficiency; hence, it is a
fair ranking system. Moreover, by displaying the top performers, it creates competition and

encouragement among the users to complete more challenges to be top.
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5.4.9 Profile Page

¥ soL Quest

My Profile

examp le_user

u Learning Progress

; Intreduction fo SOL

# Bookmarked Lessons u Completed Lessons

Figure 5.52 Profile Page

The Profile Page is the user-owned dashboard of the SQL Quest and is displayed in Figure
5.52. At the top of it, the page shows you some of the specific details about your profile such
as your username, how much XP you’ve earned in total and, finally what’s your current rank
at that time (i.e.: Bronze, Silver or Gold). This is a nice overview of what this player has
accomplished and how far they’ve come.

Under this, The Learning Progress section shows bars for areas such as Beginner Level,
Intermediate Level, Relational Concepts and Database Management. Each progress bar
shows the percentage completion of its corresponding module so that you can keep track of
your progress in different areas of SQL learning. At the bottom of the page, you are given
two panels: Bookmarked Lessons and Completed Lessons. The bookmarked section permits
users to save the exact lessons they would like to go back to, and the completed section
shows all the success stories on all the chapters (ones that you finished successfully), e.g.
Introduction to SQL” Stuff. This design allows learners to easily view their accomplishments
and areas they need to work on more and quickly absorb the history of learning personalized

for them.
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5.5 Implementation Issues and Challenges
Throughout the development, publication and release process of the SQL Quest system,

numerous problems and challenges arose. It's mainly because of technical and user
experience stalls that the main issues developed. They had to be solved and resolved for the

application to work right, well and healthy.

Driver integration was one of the most important problems. Since SQL Quest heavily
depends on mock datasets (CRM, HR, Finance, Inventory & Suppliers) and real-time queries,
the database schema must be kept consistent and compatible throughout all the modules. In
very rare cases, the data integrity type mismatch or missing foreign key relationship may
have prevented some queries from being executed successfully. To battle this, we refined,

optimized and carefully tested the schema against various example queries.

There was also an issue with user security and authentication. As it came time to implement a
registration and login system, it became necessary to deal with bad inputs, securely hash and
store passwords, and check email addresses. For instance, it was not obvious to encrypt
passwords with hashing methods and still have a frictionless login flow. They also had to
ensure that rigorous input validation, such as checks against empty fields or invalid email

formats, was in place to prevent vulnerabilities or crashes.

The Ul design was additionally challenging. SQL Quest was also anticipated to be a futuristic
game-like environment, which could include interactive content such as quizzes, missions
and bookmarks. Finding performance has been more difficult with such an immersive design,
especially when certain pages, like those doing interactive querying, were hogging system
resources. Polished performance was achieved through pixel-tuned CSS animations,
optimizing responsiveness and layout, and by simplifying some of the features to get a faster

load, both on desktop and mobile.

Real-time query execution was another substantial problem to solve. “Try It Yourself” and
challenge features are implemented by having a backend that can safely handle SQL

commands without sacrificing data integrity. Writing clear and informative error messages
10
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for wrong queries was a real challenge, but it had to be both correct and useful for students. It
took several iterations to fine-tune this feature, so the feedback from queries and errors

contributed to learning.

Finally, the gaming and scoring logic implementation added more complexity. The platform
had to perform accurate XP calculation, unlock levels (Easy, Medium and Hard), and update
the leaderboard in real time. At first release, it had issues like wrong XP rewards for duels
and such, a delay in updates and ranked wasn’t consistent. These issues were fixed by

introducing details on the backend level and synchronizing with the database and frontend.

Conclusions: In general, SQL Quest encountered many issues in database integration,
security, the design of the user interface, real-time query processing and gamification. And
although these challenges initially stunted growth, at the end of the day, they became
valuable lessons. By perfecting the schema, implementing security features, making changes
to the design, and through iterative testing, the system was fortified and fully implemented

for end users.
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CHAPTER 6 System Evaluation and Discussion

6.1 Black-Box Testing
The SQL Quest system test was Va built in this section by carrying out black box testing on

all features to verify if everything properly functions regarding different input and usage

circumstances. The tests target system outputs, but don’t look at any internal code. All

modules were tested using valid and invalid input to verify that the functions are executing

according to design.

The findings of the black-box testing are presented in sub-sections below.

6.1.1 Test Scenario: Home Page Functionality

Test Case

Value
(Input/Action)

Expected Result

Actual Result

Access home

Open system

Home Page loads with sidebar

Same as

Players area

views Home Page

displayed

1
page URL navigation and header expected result
] ) Click on
Use sidebar _ Same as
2 o “Lessons” in Redirected to Lessons Page
navigation ] expected result
sidebar
3= Toggle Click on theme  ||UI changes from Dark Mode — Light |Same as
theme toggle button Mode (and vice versa) expected result
| Use “Start ] )
Click on “Start  ||[Redirected to first lesson page Same as
4 ||Quest”
Quest” (“Introduction to SQL”) expected result
button
"~ |View home _ )
) Sidebar and Start Quest available, but |Same as
5 ||page before |Not logged in ]
i no personalized stats shown expected result
login
] ) Login o
View home User statistics panel appears (username,
successfully, Same as
6 |page after XP, rank, progress,
i return to Home expected result
login Learn/Challenge/Compete buttons)
Page
| Check Top ||Logged-inuser | Leaderboard snippet with top players |Same as

expected result

Table 6.1 Home Page Functionality
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6.1.2 Test Scenario: Register Page Functionality

No

] Expected Actual
Test Case Value (Input/Action)
Result Result
User registered
successfully,
Register  |Username: example user redirected to Same as
with valid |Email: example@gmail.com confirmation  |expected
details Password: valid123 page, and data |[result
saved in
database
Error:
Username: ab “Username Same as
Username )
Email: valid@gmail.com must be expected
too short
Password: validl23 between 3 and |[result
20 characters”
Error:
Username:
“Username Same as
Username |laveryveryverylongusername
) must be expected
too long |Email: valid@gmail.com
between 3 and |[result
Password: valid1l23
20 characters”
Invalid Username: validuser Error: “Please ||Same as
email Email: invalidemail enter a valid expected
format Password: Vvalid123 email address” |[result
Error:
“Password must
be at least 8
Username: validuser Same as
Password ) characters long
Email: valid@gmail.com _ expected
too short and contain
Password: 123 result
uppercase,

lowercase, and

numbers”’
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No

(ee]

10

] Expected Actual
Test Case Value (Input/Action)
Result Result
Error:
Password |Username: validuser “Password must|Same as
missing Email: valid@gmail.com contain at least |expected
uppercase |Password: validl1234 one uppercase |[result
letter”
Error:
Password |Username: validuser Same as
o ) “Password must
missing Email: valid@gmail.com ) expected
contain at least
number  |IPassword: ValidPass result
one number”
Submit Username: (Blank) Error: “All Same as
empty Email: (Blank) fields are expected
form Password: (Blank) required” result
Duplicate |Username: newuser Same as
) ] Error: “Email
email Email: example@gmail.com ' expected
) ) already exists”
registration||Password: validl23 result
User data saved
in MySQL table
users With
Database Same as
) ] ] ] hashed
storage Register new user with valid details expected
o password and
validation result

tracking fields
(XP, progress,

timestamps)

Table 6.2 Register Page Functionality
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6.1.3 Test Scenario: Login Page Functionality

w

~

(6]

Value Actual
Test Case ) Expected Result
(Input/Action) Result
Login with Email: ] Same as
j valid@gmail . com|/User successfully logged in,
valid ) expected
) Password: redirected to dashboard
credentials result
Validl23
) ] Email: Same as
Invalid email ||invalidemail Error: “Please enter an ‘@’ in
expected
format Password: the email address”
result
Validl23
.. ||[Email: (Blank) , Same as
Empty email Error: “Please fill out this field”
. Password: o expected
field (under email input)
Valid123 result
Empty Email: Same as
Error: “Please fill out this field”
password valid@gmail.com ] expected
(under password input)
field Password: (Blank) result
] ] Same as
Both fields  |[Email: (Blank) Error messages shown for both
expected
empty Password: (Blank) |/ficlds: “Please fill out this field”
result
Email:
Non-existent notfound@gmail. Same as
com Error: “User not found” expected
user
Password: result
Validl23
Wrong Email: Same as
valid@gmail.com
password for Error: “Incorrect password” expected
) Password:
valid user result
WrongPass
Email: Depending on system config,
Case ' ) ) Same as
o VALIDEGMAIL.coM|either login success (case-
sensitivity _ o ) _ expected
Password: insensitive email) or error (if
check result
Validl23

case-sensitive)
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10

Value Actual
Test Case ) Expected Result
(Input/Action) Result
Email:
- - Same as
SQL injection||7@++d€gmatt-com |y it sanitized, error message
’ OR ‘17='1 ) expected
attempt returned, login prevented
Password: result
anything
) ) ) Same as
Theme toggle ||Click on theme Ul switches between light and
) expected
test switcher dark mode
result

Table 6.3 Login Page Functionality
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6.1.4 Test Scenario: Lesson Page Functionality

Value
No Test Case ) Expected Result Actual Result
(Input/Action)
Lesson content (theory,
Open Lessons — o
) examples, quiz) is
Access lesson page as  ||Introductionto || Same as
1 _ displayed, but no
guest SQL without expected
] Bookmark or Mark
login .
Complete button visible
Login — Open .
Lesson content displayed
Access lesson page as  |[Lessons — _ Same as
2 ) ) with Bookmark + Mark
logged-in user Introduction to expected
Lesson Complete buttons
SQL
Logged-in user  ||Lesson is saved to user’s
) ) ) ) Same as
3  ||Bookmark a lesson clicks Bookmark |[profile, confirmation
expected
button shown
Logged-in user  ||Lesson removed from
] ) Same as
4 |[Remove a bookmark |[clicks Remove |lbookmark list, button label
expected
Bookmark button|ichanges
) ) : « ||System executes query and
Run valid SQL query in Input: SELECT Same as
5 ) FROM shows formatted table
editor expected
customers; results
o Input: sEL.CT Error message shown with |[Same as
6 Run invalid SQL query |name FrOM
feedback expected
customers;
Input: sSELECT
. Run partially correct ||| .;cs, cities [Feedback: “Check column (Same as
SQL query FROM names and syntax again”  |lexpected
customers;
Input: SELECT
name, city Success message + table  ||Same as
8 Run correct SQL query ’ )
FROM results displayed expected
customers;
9 ||Attempt quiz question |[|Select incorrect ||System marks red + Same as

Bachelor of Information Systems (Honours) Information Systems Engineering
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Value
No Test Case ) Expected Result Actual Result
(Input/Action)
(wrong answer) option provides explanation expected
) ) Confirmation “Correct!
Attempt quiz question ||Select correct . _ Same as
10 Quiz completed!” with
(correct answer) SQL query ] expected
explanation shown
Logged-in user  ||Lesson marked as
) ) Same as
11 ||Mark lesson complete |iclicks Mark completed, stored in DB,
expected
Complete progress updated
Guest user attempts to ) No option to bookmark or
Guest clicks ) Same as
12 |lbookmark/mark mark complete (restricted
lesson page expected
complete to users only)

Table 6.4 Lesson Page Functionality
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6.1.5 Test Scenario: Real-World Project Page Functionality

. Actual
No Test Case Input/Action Expected Result
Result
] System displays list of modules
Guest or logged-in [[((CRM, HR, Finance,
Access Real-World ) ) ) Same as
1 ) user clicks Real- |[Inventory, Supplier) with short
Project Explorer ) o ) expected
World Projects ||descriptions and View
Example links
| Click View Full Example Page appears
5 Open a project example |[Example for one |with Use Case, Sample Same as
page module (e.g., Queries, ERD access, and expected
Inventory Tracker) [Mock Database Viewer
| Business processes (stock
) _||Select Use Case |[control, reordering, supplier Same as
3 |[View Use Case details )
tab mgmt., reporting, etc.) expected
displayed with explanations
| Predefined SQL examples
) ) Select Sample (e.g., CREATE TABLE, Same as
4 |[View Sample Queries ] )
Queries tab SELECT, constraints) expected
displayed with copy option
] _ ERD diagram opens in new
) Click ERD Access _ ) Same as
5 ||Access ERD diagram ) tab/window showing table
link ) ) expected
relationships
] System displays full ERD with
6 Explore full ERD Navigate inside tables (Products, Categories, ||Same as
visualization ERD view Inventory, Suppliers, etc.) and |lexpected
their relationships
] Table displayed with columns
Open Mock Database ||Select Inventory Same as
7 ) o (Inventory_ID, Product_ID,
Viewer (single table)  |{table in viewer _ expected
Quantity, etc.) and sample data
8: View relational data in ||Select multiple Relationships (Products — Same as
10
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. Actual
No Test Case Input/Action Expected Result
Result
" |[Mock Database Viewer [related tables Inventory — Stock expected
Transactions — Reorder
Rules) displayed with sample
data
] ) Both guests and logged-in
Guest vs. logged-in Access page ) Same as
9 ) ) users can view modules and
access without login o expected
content, no restrictions
Table 6.5 Real-World Project Page Functionality
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6.1.6 Test Scenario: Chat Assistant (Al Tutor) Page Functionality
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. Actual
No|| Test Case Input/Action Expected Result
Result
| Open Chat  ||Click on Chat ) o
) ) System loads chat interface with input box, [Same as
1 ||Assistant Assistant from )
) suggested prompts, and categories expected
Page sidebar
" |[Enter valid  |User types: “How ]
) ChatGPT API responds with example SQL ||Same as
2 ||SQL-related |do I write a SELECT ]
syntax and explanation expected
query statement?”’
| Request User enters: “Give |ChatGPT API generates query (e.g., s
ame as
3 |lexample SQL |me example of SQL |[SELECT name, email FROM employees ed
_ expecte
code SELECT code” WHERE ...) with explanation of clauses
] Submit User enters: “Do Assistant detects off-topic and replies S
ame as
4 |lirrelevant you know how to politely that it is out of scope, suggesting
) ] expected
question race cars?” SQL-related queries
" |[Handle ) o
o User submits blank |System returns validation message (“Please||Same as
5 |linvalid/empty]. o ' ' ' .
ot input or gibberish  |enter a valid question”) without crashing |lexpected
inpu
] Display Suggested prompts such as “How do I
o Same as
6 ||suggested On page load write a SELECT?” are visible for user
_ expected
prompts quick start
| Scroll down to
Check categories (Query
. learning Debugging, SQL Categories displayed, each expandable with|[Same as
support Explanations, Best |examples expected
categories Practices, Learning
Support)
8: Response Submit any SQL Answer returned in structured format: code ||Same as
formatting  |lquery question snippet + plain explanation expected
9: Guest vs. Open Chat Assistant |Both guest and logged-in users can access |Same as
11
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. Actual
No|| Test Case Input/Action Expected Result
Result
] logged-in without login Al tutor equally (no restriction) expected
access
- Table 6.6 Chat Assistant (Al Tutor) Page Functionality
11
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6.1.7 Test Scenario: Challenge Page Functionality

) Actual
No Test Case Input/Action Expected Result
Result
] ) Challenge Sets Overview (Beginner,
User clicks on ] ]
Open Challenge ) Intermediate, Relational, Database Same as
1 Challenges in ] ]
Page ) Management) displayed with expected
sidebar )
XP/Badge info
| User clicks
5 Select challenge |Beginner System navigates to challenge level Same as
set Challenge Set 1: ||selection page expected
SQL Basics
| Try to select
~|[Mediumor Hard |[Medium/Hard are locked, only Easy  |Same as
3 ||Level accessibility ) _
before completing |[available expected
Easy
" |start Easy ] System loads first challenge question ||Same as
4 Click on Easy _
challenge interface expected
5= MCQ Question User selects correct|/Correct option highlighted in green, Same as
attempt answer +5XP awarded, progress bar updated |expected
| User selects wrong S )
] Option highlighted in red, feedback
Incorrect answer |joption (e.g., GET Same as
6 ) shown “Incorrect. You have 1 more
attempt instead of expected
tI' b
SELECT) Y
] ) User selects correct )
Retry incorrect Progress continues, XP awarded, next ||[Same as
7 ) answer on second
question challenge auto-loads expected
try
] o System displays chapter completion
Complete Easy Finish all Easy Same as
8 screen, +25XP awarded, Bronzel
level challenges expected
badge unlocked
] _ ||After Easy Medium path unlocked, Hard still Same as
9 ||Path unlocks logic )
completion, go locked expected
11
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. Actual
No Test Case Input/Action Expected Result
Result
] back to level
selection
N Complete Medium Same as
10 |[Unlock Hard level Hard path unlocked, now selectable
challenges expected
| Check XP and
) Updated XP, badge, and challenge
Progress badges on Profile ) ) ) Same as
11 ) ) completion reflected in profile and
consistency after completing expected
leaderboard
challenges
- Table 6.7 Challenge Page Functionality
11
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6.1.8 Test Scenario: Leaderboard Page Functionality
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. Actual
No|| Test Case Input/Action Expected Result
Result
| Open ] )
User clicks Leaderboard ||Leaderboard page loads showing ([Same as
1 ||lLeaderboard | )
in sidebar ranking table expected
Page
] Top players displayed with
5 Display top System fetches players’ |lcolumns: Rank, Badge, Same as
players XP & ranking info Username, Total XP, Avg Hard- |lexpected
Level Time
| ) Compare players with Players with higher XP always |Same as
3 ||[Ranking by XP|
different XP values ranked above lower XP expected
] ) Players with lower average
Ranking Two players have equal o Same as
4 1 . Hard-level completion time
tiebreaker XP _ expected
ranked higher
| Players with XP )
) ) Correct badge shown beside Same as
5 |Badge display ||milestones reached (e.g.,
) username expected
Bronze, Silver, Gold)
6: Guest user Open leaderboard without |[Leaderboard data still visible, but ||Same as
access login no personal highlight expected
7: Logged-in user |Open leaderboard while  ||User’s row highlighted for easy |Same as
access logged in tracking expected
8: Dynamic Another player completes ||Leaderboard refreshes, ranks Same as
updates challenges & earns XP recalculated instantly expected
| ) Avg Hard-level time shows “—”
Hard-level Players with no Hard- ) Same as
9 | or blank, rank still based on XP
influence level attempts expected
only
] ) System displays fallback
) ) Database connection lost Same as
10 ||Data integrity ] ] message: “Unable to load
while fetching expected
leaderboard”
- Table 6.8 Leaderboard Page Functionality
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6.1.9 Test Scenario: Profile Page Functionality

N

w

~

[ep}

\l

o

Test Case| Input/Action Expected Result Actual Result
Open Logged-in user ||Profile page loads showing username,
Profile clicks Profile in | XP, and current rank Same as expected
Page sidebar (Bronze/Silver/Gold)
Display ) )
User with certain ||Correct rank badge (e.g., Bronze)
XP & ) ) Same as expected
XP (e.g., 150 XP)|/displayed according to XP threshold
Rank
Learning |User has Progress bars show correct percentage
Progress |completed part of |[for Beginner, Intermediate, Relational |[Same as expected
Bars modules Concepts, and Database Management
No New user with O
progress |lcompleted All progress bars show 0% Same as expected
yet lessons
Bookmark (User bookmarks |[Lesson title appears in Bookmarked
Same as expected
Lessons |[for a lesson Lessons panel
User removes a )
Remove Lessons disappear from Bookmarked
bookmarked Same as expected
Bookmark Lessons panel
lesson
Completed o ] )
User finishes a  ||Lesson title appears in Completed
Lessons Same as expected
) lesson Lessons panel
Tracking
Multiple All finished lessons appear in
User completes S
Completed ) Completed Lessons list with correct  |[Same as expected
multiple lessons ||
Lessons titles
Guest Guest tries to ) ) _
] System redirects to login/register page |[Same as expected
access open Profile Page
Data User completes a ] ] ]
Profile data updates immediately upon
update new lesson or Same as expected
refresh (XP, rank, progress bar)
sync earns XP

Table 6.9 Profile Page Functionality
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6.2 Project Challenges

There were several challenges encountered during the creation of SQL Quest, which required
consideration. One of the challenges was database consistency between all mock datasets
(CRM, HR, Finance, Inventory and Supplier). Keeping foreign key relationships straight and
preventing query execution errors required constant testing and schema iterations. Another
challenge was real-time query execution, as the platform had to securely run SQL without
putting data at risk. It took several iterations to find a user-friendly way of processing error

messages while at the same time making sure that they led learners properly.

User authentication and security were also difficult, particularly hashing of passwords, input
validation and unauthorized access. It was further complicated due to the request for a
gamified solution, rendering tracking of progress, calculating XP, achieving badges and
ranking leaderboards — without being detrimental to the performance. Finally building out a
futuristic, responsive Ul that performed well on both desktop and mobile involved the careful
balancing of heavyweight features such as interactive in browser queries with a desire to
remain optimized. These obstacles in the end supported the further development of the

system: it grew by debugging, testing and gradual improvements.
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6.3 Objectives Evaluation
The goals of SQL Quest were to create a gamified, interactive learning environment for SQL
that incorporated tutorials, practice-based challenges, real-world data sets and Al tutors.

These goals have been accomplished in practice:

o Interactive Learning: The package comes with Lessons, Guided Practice sessions and
intervened Quizzes for step-by-step learning.

o Real-Time Practice: The included query editor enables learners to execute SQL
commands on simulated data sets & solidify their hands-on query writing abilities.

o Gamification: XP, badges & gradual unlocking of challenges to keep you motivated
to learn more.

o Real-World Context: System modules (e.g., CRM, HR, Finance, Inventory and
Supplier) provide application frameworks for deploying various real-world database
structures used in industrial contexts.

e Leaderboard & Challenge: Ranking by total XP and completed times at hard level
brings out competition spirit.

e Al Chat Assistant: Built-in ChatGPT tutor gives immediate feedback, explanations
and help.

In general, SQL Quest fulfils its objectives by providing a mix of interactive, competitive and

applied way of learning SQL.

6.4 Concluding Remark

SQL Quest illustrates the successful integration of gamification with real-world application to
offer an Al-inferential approach, and it provides potential benefits for database learning. The
platform mixes lessons, quizzes, practice challenges and real datasets for projects to offer
students both theoretical knowledge as well as practical skills in an industry-like
environment. The extensibility hinderances, such as database incorporation, Ul enhancement
and security problems that were overcome during development, culminated in a stable and

easy-to-use solution.

In summary, SQL Quest achieves its goal of making the learning of SQL easier, more
interactive and entertaining. It offers a starting point to add more datasets, complex query
simulations and improved Al-driven tutoring capabilities. The system is not only an academic
success but a technology to be used by academics and professionals for the benefit of

learners.
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Chapter 7: Conclusion and Recommendation
7.1 Conclusion
The SQL Quest project has proven that applying diverse gamification, live query execution

results and Al-assistant features can lead to a successful learning platform for the SQL
language. Developed with the intention to convert theoretical knowledge in SQL into an
application, the system consists of a few components, including structured lessons, practice
queries, challenges, real-world datasets and a leaderboard competition. With XP points,
badges, and progressively unlocked challenge levels, SQL Quest encourages students to
interact with it and fosters a rewarding environment which makes learning fun. We added the
average Hard completion time as a tiebreaker, so rankings would feature both stamina and
efficiency, making the competitive model more equitable. Another major contribution of the
system is in its Chat Assistant, which uses ChatGPT API to give immediate SQL
explanations, debugging hints and personalised recommendations to learners like you will be

taught by a tutor.

They faced several technical and design challenges when developing the system, such as
database integration, authentication, query processing and front-end optimisation. They were
systematically addressed by schema refactoring, increased security and performance tuning,
improving the stability of the platform and scalability. Consequently, SQL Quest was
successful in reaching academic learning targets as well as becoming a functional, interactive
teaching/learning game that motivates and supports non-registered and registered players to
gain proficiency in SQL. As a result, the project has achieved its initial objectives: to provide
an accessible set of SQL lessons, interactive query execution, personalised dashboards and
gamified progress tracking, with potential application beyond entertainment software within

the industry.
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7.2 Recommendation
While SQL Quest has achieved its initial goals, there is potential for extending and enriching

it to have a larger reach and a more engaging experience. The tool would be improved by
increasing dataset coverage to cover a greater diversity of industries and thus exposing
learners to broader business uses of SQL. Even though the Al Chat Assistant is now
effective, with context awareness and push-to-optimisation suggestions at higher levels of
sophistication, it can become an ever more personalised coach. Technically, however,
migrating the backend and database to a cloud-based solution would have enabled much
more scalability and security (for example, supporting concurrent multiple users). Some
added bells and whistles, like timed tests, digital credential verification, and collaborative
team challenges, would also increase the platform’s cache with users while maintaining

learner engagement.

Ul updates such as more general accessibility additions for different learner requirements
(that are different from those of the average user), yet more mobile optimisation to make it
easier to use on traditional devices in a wider community. Finally, ubiquitous feedback and
analytics would enable learners and teachers to track progress in a structured manner, whilst
providing valuable data for system enhancement. If implemented, these recommendations
will move SQL Quest from its status as a solid foundation for learning about SQL to an
advanced and scalable system for instruction that can cater not only for individual learners

but also to academic institutions or professional training programs
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Appendix
APPENDIX

C SOl QUEST

A GAMIFIED PLATFORM FOR LEARNING SQL

2 INTRODUCTION 1 SCOPE

HESQL IS ESSENTIAL IN TODAY’S DATA-DRIVEN W LESSONS: BEGINNER —
INDUSTRIES. ADVANCED (SQL SYNTAX, JOINS,

SHETRADITIONAL TUTORIALS LACK INTERACTIVITY AND SUBQUERIES, DB MANAGEMENT).
MOTIVATION. W CHALLENGES: EASY — MEDIUM —
S SQL QUEST MAKES LEARNING PRACTICAL, GAMIFIED, HARD (PROGRESSIVE

AND ENGAGING. UNLOCKING).
WAl SQL ASSISTANT: CHATGPT-

POWERED TUTOR FOR QUERIES &

PROBLEM STATEMENT DEBUGGING,

SHELIMITED REAL-WORLD RELEVANCE IN MOST S DASHBOARD/PROFILE: TRACK
LEARNING PLATFORMS. LESSONS, XP, BADGES,

M LEARNERS RECEIVE MINIMAL FEEDBACK AND BOOKMARKS.
PROGRESS SLOWLY. S LEADERBOARD: RANKING BY XP &
EXISTING SYSTEMS RARELY ADAPT TO DIFFERENT HARD-LEVEL SPEED.
SKILL LEVELS.

WCONCLUSION © OBJECTIVES

3 COMBINES THEORY + HANDS-ON PRACTICE FOR HEFUN SQL PLATFORM
DEEPER LEARNING. ¥ INSTANT FEEDBACK

& USES GAMIFICATION (XP, BADGES, RANKS, PROGRESS W& REAL DATASETS (CRM, HR,
BARS) TO KEEP MOTIVATION HIGH. FINANCE)

S PREPARES LEARNERS FOR REAL-WORLD SQL PROBLEM & XP» BADGES, LEADERBOARD
SOLVING WITH INSTANT FEEDBACK.
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