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Abstract: Students preparing for competitive examinations often rely on multiple disconnected platforms for notes, videos,
topic explanations, and mock tests, resulting in a fragmented and inefficient learning experience. This paper presents Smart
Preparation, an integrated, AI-driven digital learning platform designed to unify the entire exam preparation workflow into
a single, cohesive system. The platform automates syllabus structuring, study-plan creation, and content generation using
the Google Gemini API, enabling administrators to instantly produce summaries, flashcards, and topic-wise quizzes.
Additionally, the system leverages the YouTube Data API to automatically curate high-quality educational videos, ensuring
comprehensive and context-appropriate learning resources.

For learners, Smart Preparation offers a guided, topic-wise learning path with real-time progress tracking and
performance analytics. A fully featured proctored mock test environment simulates real examination conditions through a
countdown timer and academic-integrity mechanisms such as tab-switch detection and full screen exit monitoring. The
platform is developed using a modern full-stack architecture—Next.js, Node.js, and SQLite—providing a fast, secure, and
scalable user experience. Overall, Smart Preparation addresses the limitations of traditional exam preparation methods by
delivering an all-in-one intelligent system that enhances learning efficiency, content accessibility, and assessment reliability.
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I INTRODUCTION academic integrity features such as tab-switch and fullscreen-
exit detection, providing students with an exam-like

Preparing for competitive examinations requires experience. Its modular structure includes syllabus creation,

structured planning, reliable study materials, and continuous
practice. However, students today struggle with fragmented
digital resources, often switching between multiple platforms
for notes, videos, quizzes, and mock tests. This scattered
approach results in loss of time, reduced focus, and difficulty
in tracking academic progress.

To address these challenges, Smart Preparation is
designed as a unified, Al-driven learning platform that
centralizes all essential components of exam preparation. The
system integrates syllabus generation, topic-wise study
materials, curated educational videos, and assessment modules
into one seamless environment. Using the Gemini API, the
platform automatically generates summaries, flashcards, and
quizzes, while the YouTube Data API provides high-quality,
topic-relevant video content.

The primary objective of Smart Preparation is to
streamline the learning journey by offering an organized study
pathway supported by real-time progress tracking and a
realistic mock test environment. The platform incorporates
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guided learning, topic-wise quizzes, and a final proctored mock
test—delivering a complete end-to-end solution for effective
exam preparation.

Overall, Smart Preparation enhances efficiency,
accessibility, and reliability by replacing multiple disconnected
tools with a single, integrated digital learning ecosystem.

1. RELATED WORK

The development of Smart Preparation is supported by
research across generative Al, educational technology,
instructional content automation, and secure online assessment
systems. Existing literature highlights the growing role of Al in
enhancing content creation, personalization, and exam integrity
within digital learning environments.

» Generative Al in Educational Content Development
Recent studies emphasize how generative Al can

automate large portions of instructional design. Dickey and

Bejarano [1] introduced the GAIDE framework, demonstrating
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how generative models can support educators in creating
structured course content. Similarly, Liu Wei and Carla
Johnson [2] applied Al within the ADDIE model to accelerate
lesson planning. While these works successfully automate
content creation, they often lack topic-level coherence and end-
to-end integration. Smart Preparation builds upon these
foundations by using the Gemini API to automatically generate
summaries, flashcards, and MCQs directly from syllabus
inputs, combining automation with administrator review for
improved reliability.

» Reliability and Accuracy Challenges in Al-Generated
Learning Material

A consistent issue discussed in literature is the risk of
hallucinations or inaccuracies in LLM-generated outputs.
Magesh et al. [3] note that Al-powered assistants can
misinterpret domain-specific text or fabricate information
when used in high-accuracy fields like education and law.
Naseeb [4] also highlights the need for verifiable outputs in Al-
driven learning systems. To address this, Smart Preparation
incorporates  structured prompt engineering, manual
verification, and consistency checks to ensure that
automatically generated quizzes and summaries remain
syllabus-aligned and factually correct.

» Human Centered Learning Platforms and Accessibility
Human Centered design principles are recognized as
essential for improving comprehension and learner
engagement. The Legal-Asst project [5] demonstrated that
plain-language explanations and step-by-step reasoning
significantly improve accessibility for non-technical users.
Similar principles apply to educational technology. Smart
Preparation adopts a human centered approach through:

Topic-wise content organization

Simplified and concise summaries

Curated YouTube videos for visual learners

A guided learning path with real-time progress analytics

This aligns with research supporting learner-friendly,
modular, and accessible digital interfaces.

» Modular and Multi-Component Al Architectures

Multi-agent Al architectures have proven more effective
than monolithic models for domain-specific tasks. Cui, Ning,
et al. [6] developed Chat-Law, a modular chatbot combining
specialized Al components to improve reliability. Modular
systems are also shown to reduce errors and increase
explainability across multiple studies. Smart Preparation
follows this architectural direction by integrating separate
components for:

Content generation (Gemini Al),
Video retrieval (YouTube Data API),
Quiz evaluation,

Proctored mock testing, and
Performance tracking.

This  distributed model  ensures  scalability,
maintainability, and accuracy across multiple learning tasks.
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» Al for Accessible and Inclusive Education

Adeleye, Eden, and Adeniyi [7] explored inclusive
teaching methodologies supported by Al and emphasized the
role of intelligent systems in ensuring equitable access to
learning resources. Their findings highlight that AI can
improve accessibility when designed with diverse learner
needs in mind. Smart Preparation aligns with these principles
by offering multi-format resources summaries, videos, quizzes
and adaptive study pathways that support varied learning styles
and student backgrounds.

» Technology Adoption in Digital Learning Platforms

Clay-Williams et al. [8] evaluated user experience
challenges in digital communication systems such as
telelearning. Their study emphasizes the importance of
intuitive interfaces, stable system design, and clear information
flow for user trust and technology adoption.

Smart Preparation incorporates these insights by using a
modern, responsive Next.js interface, real-time analytics, and
visually structured content layouts to ensure smooth student
engagement and platform usability.

1. PROBLEM STATEMENT AND SYSTEM
OBJECTIVES

» Problem Statement

The current ecosystem for competitive exam preparation
is fragmented and inefficient. Students are forced to rely on
multiple disconnected platforms—YouTube for lectures,
random websites for notes, mobile apps for MCQs, and
separate portals for mock tests. This scattered environment
results in wasted time, inconsistent study flow, and difficulty
tracking academic progress. Moreover, most existing tools lack
structured study planning, automated content creation, and
reliable performance analytics. Mock test platforms often fail
to simulate real exam conditions due to the absence of
proctoring, making self-assessment inaccurate. Students also
struggle with the manual, time-consuming process of
organizing learning materials and identifying weak areas. The
core problem, therefore, is to design an integrated, intelligent
system that centralizes the entire exam preparation workflow
while ensuring accuracy, structure, academic integrity, and
accessibility.

» Proposed System and Objectives

Our proposed system, “Smart Preparation,” is an all-in-
one intelligent learning platform designed to address these
limitations. It functions as a unified, Al-assisted ecosystem
rather than a collection of isolated tools. The platform ingests
admin-provided syllabus topics and automatically generates
structured learning resources using a multi-stage Al
workflow. The primary objectives of this project are:

o Automated Content Generation:

Use the Gemini API to generate summaries, flashcards,
and topic-wise quizzes directly from syllabus inputs, reducing
manual workload and ensuring consistent content quality.

o Centralized Learning Resources:
Integrate notes, Al-generated materials, topic-wise
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YouTube videos (via YouTube Data API), and quizzes into a
single, seamless platform.

o Structured Learning Path:

Build a guided study workflow where students can
follow lessons, complete quizzes, view videos, and track
topic completion logically and sequentially.

o Realistic and Secure Mock Testing:

Develop a proctored mock test module with countdown
timers, tab-switch detection, and full screen monitoring to
simulate real exam conditions and ensure academic integrity.

o Real-Time Progress Tracking:

Provide dashboards and analytics that track quiz scores,
topic completion, study time, and performance trends to give
students an accurate understanding of their preparedness.

o Accessibility and User Experience:

Deliver a clean, intuitive interface using Next.js and
ensure all content is easy to navigate, responsive across
devices, and accessible to learners of all backgrounds.

IV. SYSTEM ARCHITECTURE AND DESIGN

Smart Preparation follows a modular, service-oriented
architecture designed to support Al-generated content
creation, structured learning workflows, secure mock testing,
and real-time analytics. The system is divided into multiple
interactive components that collectively provide an integrated
learning environment for students and administrators as
shown in (fig-1-System Architecture).

» Admin Module

The Admin interface enables centralized course
management. Administrators can create exams, define
syllabi, and populate study materials either manually or
automatically using the Gemini API. The system generates
structured educational content such as summaries, flashcards,
and quizzes, which can then be reviewed, edited, and
published to students. This module ensures consistent quality
and rapid expansion of learning resources.

» Student Module

The Student module delivers the learning workflow.
Students can browse the syllabus, study Al-generated
summaries, practice using flashcards, watch curated videos
sourced through the YouTube Data API, and attempt topic-
wise quizzes or full-length mock tests. A real-time dashboard
displays progress metrics, completion percentages, quiz
scores, and mock-test history, enabling a data-driven learning
experience.

» Backend Services

Smart Preparation uses a Node.js backend that handles
authentication, content management, exam operations,
analytics, and integration with third-party services. The
system leverages:

e Gemini API for automated content generation
(summaries, MCQs, flashcards).
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e YouTube Data API for fetching relevant educational
videos based on topic metadata.

e SQLite as the primary lightweight database to store users,
exams, lessons, quizzes, attempts, and progress tracking
data.

Together, these backend services ensure consistent data
flow between the frontend, Al engines, and persistent storage.

» Proctoring System

To preserve academic integrity during mock tests, the
system incorporates lightweight client-side proctoring
mechanisms. These include:

e Tab-switch detection to identify potential malpractice
e Full-screen violation tracking to ensure exam focus
e Timer-based control for automatic submission

These features simulate a realistic examination
environment and provide reliable assessment results.

START

[AIIManual Syllabus Generatiorﬂ

[ Study plan Generation ]

F Topic Organisation —]

[AI Generated Summary,Quizzes,fIashcards]

( Student learning Activity J

[ Progress Tracking ]

. STOP

Fig 1 System Architecture

» UML Design

The system design is represented using standard UML
diagrams, illustrating component interactions, data flow, and
logical structure.

e Use Case Diagram

The Use Case diagram models the functional interaction
between the two primary actors—Admin and Student—and
major system functionalities. Admins manage syllabus
creation, Al-based content generation, and exam publishing,
while students interact with learning materials, quizzes, and
mock tests.
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o C(Class Diagram
The Class diagram defines the key data models in the
system, including:

v" User (role, authentication, metadata)

v Exam, Lessons, Topics (hierarchical content structure)

v Summaries, Flashcards, Quizzes (Al-generated learning
resources)
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v QuizAttempt and Mock TestAttempt (student performance
records)
v' UserProgress (completion status, best scores, attempts)

This diagram illustrates the relationships between
content, assessment, and progress-tracking entities stored in
the SQLite database. Seen in (Fig-2 Class Diagram).

Exam Lesson
+has
+id() +id()
MockTest Attempt +itle() +title()
- +Description() +examlid()
+id()
+Userld() +Contains
+Examid()
+Score()
+Timespent() Topic
+title()
User UserProgress | ., ..xeu by +lessonlid()
+id() «progresses | +id() =
+email() = +Userld()
+role() +topicld()
+BestScore()
+isCompleted()
Fig 2 Class Diagram

» Sequence Diagrams
Two primary sequence diagrams illustrate dynamic
interactions:

o Admin Sequence Diagram:

Shows how an admin creates the syllabus, triggers Al-
generated content using the Gemini API, reviews the output,
and publishes it to the student interface. Seen in (Fig-4 Admin
Diagram).

o Student Sequence Diagram:

Represents the student workflow—from selecting an
exam, viewing the syllabus, engaging with summaries and
flashcards, watching curated videos, attempting quizzes, and
finally taking a proctored mock test. Seen in (Fig-3 Student
Diagram).
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API Gateway

o
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Fig 3 Student Diagram
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Fig 4 Admin Diagram

METHODOLOGY AND IMPLEMENTATION

Translating the conceptual architecture of Smart
Preparation into a deployable, scalable platform required
selecting technologies that supported automation, reliability,
low latency, and cost-efficient deployment. Each layer of the
system content generation, learning workflow, proctoring,
and analytics was implemented using a combination of
modern web technologies and Al services. The methodology
follows a structured Al-assisted pipeline grounded in the
system requirements.

» Core Technologies Used

The implementation stack was chosen to balance
performance, user accessibility, and development simplicity.
The frontend is developed using Next.js, a React-based
framework known for its server-side rendering and smooth
routing, which improves loading performance for syllabus
pages and learning materials This ensures that students
receive fast, responsive access to content across devices. The
backend is built using Node.js, selected for its non-blocking
architecture and ability to efficiently handle concurrent
requests during operations such as quiz submissions, progress
updates, and real-time analytics generation. Using
JavaScript/TypeScript across both frontend and backend also
simplifies development and reduces cognitive load, as
supported in prior work on unified stack engineering [9].

For data storage, the system uses SQLite, a lightweight
and serverless database engine ideal for file-based
deployments. SQLite supports structured schemas for users,
exams, content, attempts, and progress tracking, while
minimizing operational overhead—a relevant consideration
for educational platforms with limited infrastructure budgets.
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The system Integrates Two Major External APIs:
v" Google Gemini API, used for generating summaries,
flashcards, and quizzes automatically. Its strong
instruction following capability makes it highly suitable
for educational content generation, consistent with prior
frameworks such as GAIDE [1].

YouTube Data API, which enables automated retrieval of
high-quality topic-specific educational videos, reducing
manual effort for content curation.

This combination ensures a lightweight, scalable
ecosystem capable of supporting both administrators and
students effectively.

» AI-Driven Content Pipeline

The core methodology behind Smart Preparation is a
structured Al pipeline designed to automate syllabus creation
and generate multi-format learning resources. This pipeline
mirrors research on Al-augmented instructional design
frameworks [1], [3] and adapts them to the competitive-exam
domain.
o Syllabus Generation (Al Planner)

The content pipeline begins when the admin provides a
topic or exam name. The request is sent to the Gemini model,
which generates a well-structured syllabus consisting of
lessons, subtopics, and key learning outcomes. This mirrors
automated syllabus generation practices highlighted in
literature on Al-assisted instructional design [1], [3].

o Summary Generation (Al Simplifier)

Each topic is passed to Gemini to produce concise,
readable summaries. Following guidelines from human-
centered design research [5], summaries are optimized for
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accessibility and knowledge retention. Admins review and
approve these outputs before publication.

o Flashcard Generation (Al Extractor)

Using custom prompt engineering, Gemini extracts core
concepts, definitions, and factual information to create topic-
wise flashcards. Flashcards serve as rapid revision tools,
parallel to practices proposed in inclusive Al pedagogy
frameworks [8].

o Quiz Generation (Al Evaluator)
MCQs are generated using an evaluation-focused
prompt structure that includes:

v The question

v Multiple options

v’ The correct answer
v" A short explanation

This aligns with prior work on Al-enabled automated
assessments [3], ensuring consistency and reducing manual
workload.

o Video Curation (API Integration Layer)

The system uses the YouTube Data API to fetch relevant
educational videos based on topic keywords extracted from
the syllabus. This ensures high-quality multimedia support
aligned with modern digital-learning research on multi-modal
engagement [6].

This multi-stage content pipeline ensures consistency,
scalability, and alignment with educational best practices.

» Mock Test Environment

The mock test module implements a realistic and
integrity-driven exam simulation, addressing the limitations
highlighted in earlier studies regarding student assessment
platforms.

o Countdown Timer & Auto-Submission

A strict timer controls test duration and automatically
submits the exam upon timeout, ensuring fairness and
preventing incomplete attempts.

o Tab-Switch Detection

The system monitors browser events to detect when
students leave the active exam tab. Each violation is logged,
similar to integrity-monitoring systems used in remote
proctoring research.

o Fullscreen Enforcement

Exiting fullscreen mode triggers warnings and may
affect the final result, creating an exam-like environment that
enhances authenticity.

o Analytics After Submission
Upon submission, the backend generates:

v" Score breakdowns
v" Topic-wise performance
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v' Time tracking
v' Violation logs

These analytics follow established models of
technology-supported assessment feedback [6].

» Progress Tracking and Analytics

Smart Preparation provides comprehensive
performance monitoring powered by structured database
schemas and visualization techniques.

o Tracked Metrics
The system tracks:

Completed and pending topics
Quiz scores and best attempts
Mock test scores

Study time (mock-test + learning)
Attempt history

AN N NN

Visual Analytics
Charts are generated for:

Progress Over Time (cumulative topic completion)

Topic Mastery Distribution (completed, in-progress, not-
started)

v Quiz Score Trends (last 10 assessments)

AN

These insights reinforce the personalized-learning
model described in Al-driven education research [4], [5].

» Implementation Challenges and Optimizations

During development, the team encountered constraints
related to API costs, database handling, and proctoring
reliability. In line with similar findings in software
engineering research [9], resource-intensive operations were
optimized through:

Efficient state management in Next.js

Minimizing Al calls through caching and admin previews
Optimized SQLite queries for large attempt histories
Using lightweight client-side proctoring

Asynchronous processing in Node.js to reduce latency

These optimizations ensured that Smart Preparation
remained deployable on low-cost hosting environments while
supporting a significant user base.

VL TESTING AND EVALUATION

A learning platform is only effective if it delivers
accurate content, reliable assessments, and a smooth user
experience. To ensure that Smart Preparation meets these
standards, we conducted a structured multi-phase evaluation
process that validated Al-generated materials, proctoring
reliability, system performance, and overall educational
usefulness.
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» Test Data and Scenarios

To rigorously evaluate the system, we prepared a
diverse test dataset representing real-world exam preparation
conditions. This dataset and test cases were intentionally
separated from any prompts or examples used during
development to ensure unbiased validation. The scenarios
included:

e Baseline Cases:

Clear, well-defined syllabus topics with standard text-
based explanations, ensuring that AI content generation
behaved predictably under ideal conditions.

o Challenging Learning Materials:

Topics with long, multi-layered subtopics, ambiguous
headings, and conceptually dense content (e.g., Aptitude
chapters, multi-step reasoning topics). These tested Gemini’s
ability to generate structured summaries, flashcards, and
MCQs.

e High-Load Scenarios:

Simultaneous quiz attempts and mock test submissions
by multiple users to evaluate the reliability of the Node.js
backend and the concurrency limits of SQLite.

o Video Retrieval Stress Tests:

Topics with uncommon keywords to evaluate whether
the YouTube Data API could still return educationally
appropriate videos.

e Proctoring Stress Scenarios:

Frequent tab switches, forced fullscreen exits, and rapid
user interactions to validate robustness of the proctoring
engine.

This diversity ensured that Smart Preparation was
validated not only under clean, controlled conditions but also
under realistic, imperfect user behavior.

» Error Analysis

A detailed error analysis was conducted to understand
the system’s limitations, classify failures, and refine the
methodology. The major error categories identified were:

o Al Content Generation Variability

In a few cases, Gemini-generated summaries were
either too brief or excessively detailed. MCQs occasionally
required manual refinement when the Al produced options
with similar semantics. This confirmed the need for strong
prompt engineering and mandatory admin review before
publication.

o Video Retrieval Irrelevance

The YouTube API occasionally returned videos that
were educational but not fully aligned with the targeted exam
syllabus. This generally happened when topic keywords were
too generic (e.g., “Number Systems”). Filtering logic was
improved to prioritize videos with explicit educational
metadata.
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e Proctoring Detection Sensitivity

During early tests, rapid switching between windows
caused duplicate warning logs. This did not affect
functionality but highlighted the importance of debounce
logic and stabilized event listeners for consistent proctoring
behavior.

o Database Write Conflicts

Under high load (multiple quizzes submitted
simultaneously), SQLite produced occasional write-lock
delays. This is a known limitation of file-based SQL engines.
We mitigated this by introducing queued writes and
optimized transactions.

These findings guided iterative improvements and
helped strengthen reliability, especially in multi-user
environments.

» Final Validation

The final testing phase evaluated the entire platform as
a unified system—covering the Al pipeline, frontend
interaction, backend processing, and proctoring flows. The
validation involved real students attempting quizzes and
mock tests created entirely through the AI pipeline.We
verified that:

e Admin-generated content (syllabus — summaries —
flashcards — quizzes) flowed correctly from Gemini into
the platform.

e Topic-wise study modules loaded smoothly across devices
using Next.js.

e Proctored mock tests reliably enforced countdown,
fullscreen mode, and tab-switch detection.

e Quiz attempts and mock test results were accurately stored
and reflected on the student dashboard.

e Progress analytics—including topic completion, best
scores, and performance trends—updated correctly in real
time.

e End-to-end performance remained stable when students
attempted exams simultaneously.

A final scenario involved generating a complete
syllabus (e.g., "Aptitude Exam 2025"), publishing all Al-
generated materials, and having students attempt the
corresponding full-length mock test. The system successfully
delivered accurate, structured content, enforced proctoring
rules, and produced consistent analytics—demonstrating that
the core technical objectives of Smart Preparation were
achieved.

VIIL CONCLUSION AND FUTURE WORK

» Summary of Contributions

This paper presented the design, development, and
evaluation of Smart Preparation, an Al-driven learning and
assessment platform aimed at improving the accessibility,
structure, and effectiveness of competitive exam preparation.
The system integrates automated syllabus generation, Al-
powered summaries, flashcards, and quizzes using the
Gemini API, along with topic-specific educational videos
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retrieved through the YouTube Data API. A proctored mock
test environment with fullscreen enforcement, tab-switch
detection, and automatic submission simulates real exam
conditions, ensuring academic integrity.

By combining these components into a single unified
ecosystem, Smart Preparation addresses a long-standing gap
in the fragmented exam-preparation landscape. The platform
eliminates the need for students to switch between multiple
external tools and provides a structured learning workflow
supported by real-time progress analytics. Overall, the system
demonstrates that Al-driven educational platforms can be
both accessible and pedagogically effective, offering a
practical, scalable solution for the challenges faced by
modern learners.

» Limitations

As a first-generation implementation, Smart
Preparation has certain limitations. The Al-generated content,
while highly useful, still requires manual review to ensure
accuracy—particularly for subjects requiring domain
expertise. The proctoring module, though effective, relies on
browser-based restrictions that can be bypassed with
advanced user manipulation. Additionally, the system
currently depends on a lightweight SQLite database, which
may limit performance under very high user concurrency.
Video curation depends on publicly available YouTube
metadata, which can occasionally produce irrelevant or
outdated content. Lastly, the platform does not yet support
personalized adaptive learning paths based on student
performance trends.

» Future Scope

Smart Preparation provides a strong foundation, and
several promising directions exist for extending its
capabilities:

e Adaptive and Personalized Learning

Future versions will integrate adaptive learning
algorithms that tailor study plans, difficulty levels, and
resource recommendations based on each student's
performance history, learning speed, and weak areas.

e Enhanced Proctoring Techniques

To reinforce examination integrity, the system can
incorporate webcam-based monitoring, face detection,
environmental noise tracking, and behavioral analytics—
aligning with advanced remote-proctoring research.

e Migration to Scalable Databases

To support large-scale deployment, the backend can be
migrated from SQLite to PostgreSQL or MongoDB, enabling
higher concurrency, faster query execution, and improved
data durability.

e Mobile Application and Offline Learning

A dedicated Android/iOS app will extend accessibility.
Offline support for summaries and flashcards can further
improve usability for students with inconsistent internet
access.
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o Integration with External Educational APIs

Connecting to exam boards, open educational
repositories, and academic content APIs can increase the
depth of study material beyond Al generation alone.

o Instructor and Classroom Features

Future enhancements include dashboards for
instructors, collaborative learning modes, batch analytics, and
custom exam creation tools for coaching centers.
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