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Abstract- The need for safe, scalable, and effective remote learning platforms has grown due to the quick
expansion of online education. Conventional e-learning systems frequently encounter issues such low scalability,
unapproved access, data security flaws, and ineffective user-server communication. In order to give students,
instructors, and administrators a dependable and secure online learning environment, this project suggests a
Secure Full Stack Architecture for a Remote Education Platform. Modern full-stack technologies, such as Next.js
for the frontend, Laravel PHP for the backend, PostgreSQL for database administration, and cloud-based services
for scalable storage and deployment, are used in the development of the platform. To improve the entire learning
experience, extra features including online course management, assignment submission, video-based learning,
attendance tracking, progress monitoring, and real-time communication are incorporated. In order to handle
numerous concurrent users while safeguarding sensitive data, including user credentials and course-related
information, from cyber-attacks, the suggested architecture places a strong emphasis on security best practices,
scalability, and performance optimization. The system seeks to offer a secure, effective, and user-friendly remote
learning option appropriate for contemporary digital learning settings.
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I. INTRODUCTION Traditional monolithic architectures often fail to
provide the granularity required to secure diverse
user roles—students, teachers, and administrators—
while maintaining the high-concurrency
performance needed for real-time video streaming.
This paper introduces a highly resilient, secure full-
stack architecture designed to address these
challenges through a modular, "Security-by-Design”
approach. The proposed system utilizes Nextjs 14
for the frontend, ensuring a secure and responsive
user interface through features like HttpOnly cookies
and CSRF protection. The backend is powered by
Laravel 11, a RESTful APl engine that integrates JWT
(JSON Web Tokens) and Sanctum for robust session
management, and Encrypting users Pasword, Role-
based limited Access of platform.

After a Global Pandemic Remote education platform
is increasing rapidly. Many Ed-tech industries are
coming daily so that they are introducing and selling
all kind of courses with certifications and providing
their user with all kind of notes, video recorded
lectures, live lectures and doubt session.

Increase in Remote education platforms helps a lot
of users but also creates a lot cyber threats like data
security, unauthorized access, poor scalability, and
inefficient communication between users and
servers.

Remote education platforms have become essential
in modern learning. These systems handle sensitive
data and require strong security. This paper focuses
on designing a secure and scalable system.

Central to this architecture is the implementation of
a Zero Trust framework, where every request is
treated as potentially hostile regardless of its origin.
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This is operationalized through an extensive
middleware pipeline that enforces Role-Based
Access Control (RBAC), ensuring that sensitive
functionalities—such as grading assignments or
managing financial transactions—are strictly isolated
to authorized personnel.

The architecture further bridges the gap between
security and utility by integrating advanced real-time
communication modules. By utilizing WebRTC and
Laravel WebSockets, the platform facilitates
synchronous live classes and interactive discussion
forums, all while being protected by enrollment-
verification middleware. This research aims to
provide a comprehensive technical blueprint for
educational institutions, prioritizing student data

privacy, financial transaction integrity through
validated webhooks, and exhaustive system
auditability.

Il. PROBLEM STATEMENT
Challenges  include data  breaches, weak

authentication, insecure APIs, lack of monitoring,
and poor scalability. These issues impact trust and
reliability.

The digital transformation of education has
introduced a sophisticated set of security and
operational challenges that traditional platforms are
ill-equipped to handle in 2026. The core problem lies
in the inherent conflict between universal
accessibility and data integrity. Educational
platforms are currently facing several critical
deficiencies:

e Identity and Access Vulnerabilities: Many
existing systems rely on basic authentication,
making them susceptible to Al-powered
credential stuffing and unauthorized account
sharing among students.

o Data Exfiltration and Privacy Breaches: Student
records, including sensitive PIl (Personally
Identifiable Information) and financial data, are
often stored without sufficient encryption,
leading to significant privacy violations.

e Live Session Disruptions: The lack of robust
middleware often allows unauthenticated users

to join live classes (e.g., "Zoombombing"),
disrupting the pedagogical process.

e Transaction Insecurity: Educational institutions
frequently lose revenue due to fraudulent
payment claims or insecure webhook
implementations that fail to verify transaction
signatures correctly.

e Performance Bottlenecks: Monolithic
architectures struggle to maintain low-latency
video streaming and real-time chat interactions
during peak periods, such as simultaneous
global examinations.

l1l. EXISTING SYSTEM ANALYSIS

Traditional systems use monolithic design with

limited security. They lack encryption, proper
authentication, and scalable infrastructure.
Feature Existing System Impact on
Limitation Security/Performance
Authentication Basic High risk of XSS and
username/passwo session hijacking.
rd or simple
session tokens.
Architecture Monolithic A single failure in a

codebase where
all services are
tightly coupled.

chat module can crash
the entire examination
service.

Authorization

Flat permission
structures or
simple boolean
"is_admin"
checks.

Students may
accidentally or
intentionally gain
access to grading and
teacher modules.

Streaming

Standard HTTP
polling or non-
optimized video

High latency and poor
user experience in
low-bandwidth

delivery. regions.
Data Storage Unencrypted Impossible to perform
relational forensic analysis after

databases with
no audit trails.

a security breach or
identify malicious
internal actors.

IV. LITERATURE REVIEW

Studies highlight vulnerabilities such as XSS, SQL
injection, and weak APIs. Defense-in-depth and zero
trust architectures are recommended.
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The development of a secure full-stack architecture
for remote education necessitates an examination of
current academic and industry standards regarding
microservices, zero-trust security, and real-time data
synchronization.

1. Full-Stack and Microservices Scalability

Current research emphasizes the shift from
monolithic architectures to decoupled, microservice-
based designs to enhance platform resilience.
According to Fowler (2024), microservices allow for
independent scaling of educational components,
such as separating high-traffic video streaming from
low-traffic administrative tasks. In the context of
EdTech, Besant & Vohra (2025) highlight that global
accessibility requires an "offline-first" approach and
efficient state management, which are facilitated by
modern frameworks like Next.js and Zustand.

2. The Zero-Trust Security Paradigm

The "Zero Trust" model, as defined by NIST Special
Publication 800-207, operates on the principle of
“never trust, always verify". In the proposed
architecture, this is implemented through Laravel
11's middleware suite. Literature suggests that
relying solely on perimeter defenses is insufficient
for cloud-native platforms. Instead, granular Role-
Based Access Control (RBAC) must be enforced at
the API level to ensure that students, teachers, and
admins only access data relevant to their specific
permissions.

3. Real-Time Communication and Protocol
Security

Live pedagogical interaction requires low-latency
streaming protocols. Industry standards point
toward WebRTC for peer-to-peer engagement and
HLS (HTTP Live Streaming) for one-to-many
broadcasts. Research by Luo & Zhang (2025)
indicates that securing these streams requires more
than encryption; it necessitates enrollment-
verification middleware to prevent unauthorized

"session joining". Furthermore, real-time chat
systems now utilize
WebSockets (such as Laravel WebSockets) to

maintain persistent, bidirectional communication

channels without the overhead of traditional HTTP
polling.

4. Data Integrity and Auditability

For educational institutions, the integrity of
academic records and financial transactions is
paramount. Recent literature suggests that Audit
Logs and Access Logs are essential for forensic
analysis following security incidents. The proposed
use of PostgreSQL/MySQL with dedicated logging
tables aligns with Stallings (2025)'s
recommendations for database security, ensuring
that every sensitive action—from grade changes to
payment attempts—is timestamped and tied to a
unique user identity and IP address.

5. Mitigation of Emerging Al Threats

As of 2026, the literature identifies "synthetic
identity" and "deepfakes" as primary threats to
remote examinations. Scholars like Smith & Doe
(2026) argue that secure architectures must now
include Multi-Factor Authentication (MFA) and
Device Tracking middleware to verify the physical
presence and legitimacy of the user. The integration
of Razorpay/Stripe webhooks with signature
verification  further addresses the increasing
sophistication of financial fraud in automated
educational platforms.

V. SYSTEM ARCHITECTURE

The system follows layered architecture: frontend
(Next.js), backend (Laravel), database (MySQL), cache
(Redis), and cloud storage (AWS S3). This separation
improves scalability and security.

architecture follows a

The proposed system

Decoupled Full-Stack Pattern, separating the
presentation layer from the core business logic to
ensure  maximum  security, modularity, and
scalability.

1. The Frontend Layer (Client-Side)

The frontend is developed using Nextjs 14,

providing a high-performance environment with
Server-Side Rendering (SSR) capabilities.
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e User Interface: Styled with Tailwind CSS and
ShadCN for a responsive, accessible, and
professional design.

e State Management: Utilizes Zustand or Redux
Toolkit to handle complex application states like
lesson progress and live chat synchronization.

e Frontend Security: * JWT via HttpOnly Cookies:
Prevents token theft via Cross-Site Scripting
(XSS) by ensuring tokens are inaccessible to
client-side scripts.

e CSRF Protection:
unauthorized
malicious sites.

e Zod Validation: Ensures all user inputs are
sanitized and validated against a schema before
being dispatched to the API.

Integrated to
command  execution

prevent
from

2. The API & Backend Layer (Server-Side)

The backend is powered by Laravel 11, functioning

as a stateless RESTful API.

e Authentication Engine: Uses Laravel Sanctum or
JWT to manage secure, token-based sessions for
Students, Teachers, and Admins.

e Middleware Security Pipeline: A rigorous set of
filters that every request must pass through:

e throttle:api: Protects against brute-force attacks
by limiting users to 60 requests per minute.

e role:admin/teacher/student:  Enforces Role-
Based Access Control (RBAC) to isolate sensitive
teacher functionalities (grading) from student
access.

e secure.headers: Injects mandatory security
headers such as Content-Security-Policy and X-
Frame-Options.

e Asynchronous Processing: Redis is utilized for
high-speed caching and managing the queue
for time-consuming tasks like processing large
video uploads or sending automated
notifications.

w

. Data Persistence & Storage Layer
Primary Database: PostgreSQL or MySQL stores
relational data including user profiles, course
structures, and payment records.
e Security Tables: Specialized tables such as
login_logs, audit_logs, and device_sessions are
maintained to provide a complete trail of system
activity for forensic analysis.

e File Storage: All physical assets (videos, PDFs,
and assignment submissions) are stored in AWS
S3. Access is restricted via secure file upload
validation to prevent the execution of malicious
payloads.

4. Communication & Real-Time Integration

e Live Classroom: Managed via WebRTC with an
Agora or Jitsi server for low-latency streaming.
Access is guarded by the course.enrolled
middleware to ensure only paying students can
enter.

e Real-time |Interaction: Laravel WebSockets
provides the backbone for the chat and
discussion forum systems, allowing instant
messaging between students and teachers.

Layer Technology Key Security
Responsibility
Frontend Next.js 14, Tailwind XSS Sanitization,
HttpOnly Cookies
API Gateway Laravel 11, Sanctum | Rate Limiting, RBAC
Middleware
Database PostgreSQL/MySQL Encryption at rest,
Audit Logging
Caching/Queue Redis Session
management,
Request Throttling
Storage AWS S3 Secure file
validation, Content
isolation
VI. TECHNOLOGY STACK

Frontend uses Nextjs and Tailwind CSS. Backend
uses Laravel with JWT. Redis is used for caching. AWS
S3 handles storage. The technology stack for this
secure remote education platform is engineered to
handle high-concurrency demands while
maintaining a hardened security posture. Each
component is selected for its ability to integrate into
a Zero-Trust environment and a decoupled full-stack
architecture.

A. Frontend Environment (The Presentation Layer)

The frontend is responsible for a secure, responsive,

and type-safe user experience.

e Framework: Next.js 14 serves as the core React-
based framework, providing Server-Side
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Rendering (SSR) for faster initial loads and
enhanced security.

Styling & Ul: Tailwind CSS combined with
ShadCN is used to build accessible and modern
user interfaces across public, student, teacher,
and admin screens.

State Management: Zustand or Redux Toolkit is
utilized to manage complex application states,
such as tracking lesson progress and
synchronizing real-time chat interactions.

Data Integrity: Zod provides schema-based form
validation to ensure all data entered by users is
sanitized before being transmitted to the API.
Security Mechanisms: * Auth Handling: JWT
tokens are stored via HttpOnly cookies to
prevent Cross-Site Scripting (XSS) attacks.
Protection Layers: Implementation of CSRF
protection, Content Security Policy (CSP), and
XSS sanitization.

2. Backend Environment (The Logic Layer)

The backend acts as a stateless RESTful
managing  all

API,

business logic and security

enforcement.

Framework: Laravel 11, a PHP framework
designed for high-performance and secure web
applications.

Authentication: Laravel Sanctum or JWT (JSON
Web Tokens) provides secure, token-based
authentication for students, teachers, and
administrators.

Security Features

RBAC: Role-Based Access Control ensures that
only users with specific roles (Admin, Teacher,
Student) can access sensitive endpoints.

Rate Limiting: API Throttling is enforced (e.g., 60
requests per minute) to mitigate brute-force and
DDoS attacks.

Encryption:  Implementation of password
hashing via bcrypt and database-level
encryption for sensitive Pll  (Personally

Identifiable Information).
Efficiency Tools: Redis is used as both a Cache
layer for rapid data retrieval and a Queue driver
for background tasks like video processing and
automated notifications.

3. Data & Infrastructure Layer
This layer ensures long-term persistence, high
availability, and secure file management.

Primary Database: PostgreSQL or MySQL serves
as the relational database management system,
housing the complex schema for users, courses,
and enrollments.

File Storage: AWS S3 or Cloudinary is used for
secure, scalable storage of course videos, PDFs,
and student assignment submissions.

Real-Time Communications

Live Classes: Powered by WebRTC using either
the Agora SDK or Jitsi Meet for low-latency video
streaming.

Chat & Messaging: Managed through Laravel
WebSockets to provide instant bidirectional
communication.

e Payment Integration: Razorpay or Stripe
facilitates secure course purchases with
signature-verified webhooks.

Component Technology Role in
Architecture
Frontend Next.js 14 Presentation &
Framework Client-side logic
Backend API Laravel 11 Business logic &
Security
enforcement
Primary Database | PostgreSQL / Relational data
MySQL persistence
Caching/Queuing Redis Performance
optimization
Authentication Sanctum / Secure identity
JWT management
Object Storage AWS S3 Secure lesson &
file hosting
Live Streaming Agora / Real-time
WebRTC interactive
sessions
Ul Components ShadCN / Accessible,
Tailwind responsive
design

Core Modules

Includes authentication, dashboards, live classes,
assignments, payments, chat, and admin control.
Each module is secured and independently scalable.
The architecture of the remote education platform is
composed of eight primary functional modules. Each

5



Tushar Saini, International Journal of Science, Engineering and Technology,

2026, 14:3

module is designed as an independent service layer
within the Laravel backend to ensure scalability and
security.

User Authentication and Identity Management
This module serves as the primary security gateway
for the entire platform.

e Registration & Login: Facilitates secure account
creation and session management using JWT
(JSON Web Tokens).

e Two-Factor Authentication (2FA): Provides an
additional security layer via email or TOTP
verification to protect user accounts from
unauthorized access.

e Device Management: Tracks active sessions and
allows users to logout of specific devices to
prevent session hijacking.

e Email Verification: Ensures all registered users
have a valid, verified email address before
accessing course content.

Teacher Dashboard and Content Management
Teachers are provided with a robust administrative
suite to manage their educational offerings.

e Course Creation: A multi-step interface to define
course titles, descriptions, pricing, and difficulty
levels (Beginner to Advanced).

e Curriculum Structuring: Allows teachers to
organize content into Modules and Lessons with
a drag-and-drop reordering system.

e Revenue Analytics: Provides detailed reports on
course  performance, student enrollment
numbers, and total revenue generated.

Student Learning Experience

Designed to maximize engagement and track

individual progress.

e Student Dashboard: A personalized view of
enrolled courses, current progress percentages,
and upcoming live classes.

e Lesson Viewer: A secure video player
environment that supports multiple formats and
tracks "mark as complete" actions to update
course progress.

e Progress Tracking: Real-time calculation of
student completion rates across various
modules.

Live Classroom and Real-Time Interaction

This module facilitates synchronous learning using

modern streaming protocols.

e Streaming Engine: Utilizes WebRTC via the
Agora SDK or Jitsi Meet for low-latency video
and audio broadcasting.

e Engagement Tools: Features include a "Raise
Hand" function, screen sharing capabilities, and
a real-time chat interface.

e Access Control: Integrated middleware
(course.enrolled) ensures that only students with
valid purchases can join a live session.

Assessment and Grading System

A comprehensive module for evaluating student

performance.

e Assignment Management: Teachers can create
assignments with specific due dates and detailed
instructions.

e Submission Portal: Students can securely upload

documents or media files as assignment
responses.
e Grading & Feedback: Teachers review

submissions and assign grades, which are then
stored in the database and visible on the
student's dashboard.

Payment and Enroliment Management

Handles the financial integrity and access rights of

the platform.

e Transaction Processing: Integration  with
Razorpay or Stripe to facilitate card, UPI, and
net-banking payments.

e Enrollment Automation: Upon successful
payment verification, the system automatically
grants the student access to the course via the
enrollments table.

¢ Webhook Security: Uses specialized middleware
to verify the digital signature of payment
gateway notifications.

Real-Time Chat and Discussion Forums

Facilitates peer-to-peer and student-to-teacher

communication.

e Direct Messaging: 1-1 private conversations
between students and instructors facilitated via
Laravel WebSockets.
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e Discussion Threads: Course-specific forums
where students can post questions and reply to
existing threads.

Secure Admin Panel

The highest level of control

maintenance and security monitoring.

e User Moderation: Admins can suspend, block, or
change the roles of any user within the system.

e Course Approval: A moderation queue where
admins review and approve/reject courses
before they are published.

e Security Logs: Access to system audit logs, failed
login attempts, and I[P tracking to identify
potential security threats.

for platform

API Design

REST APIs follow secure design with authentication,
validation, and rate limiting. APIs are structured
under /api/v1/.

These endpoints handle the entry and exit points of
the system, utilizing JWT or Laravel Sanctum for
session management.

e Public Access: Includes endpoints for
registration (POST /auth/register), login (POST
/auth/login), and password recovery workflows.

e Security Hardening: Specialized APIs for Two-
Factor Authentication (2FA) enable users to
secure their accounts via email verification (POST
/auth/2fa/email-verify) or disable the feature.

e Session Control: Users can monitor active
sessions  (GET  /user/active-devices) and
remotely terminate sessions on specific devices
(DELETE /user/logout-device/{id}) to mitigate
unauthorized access.

Course & Pedagogical Management APIs

These APIs are strictly segmented by roles using

custom  middleware like roleiteacher and

role:student.

e Public Discovery: Unauthenticated users can
search for courses (GET /courses/search) or filter
by category slugs.

e Teacher-Only Operations: Teachers utilize a
separate namespace to create (POST
/teacher/courses), update, and delete course
modules and lessons.

e Content Delivery: Lessons are served via specific
module identifiers (GET
/modules/{module_id}/lessons), with video URLs
protected by secure storage paths.

Assessment & Grading APIs

This module manages the submission lifecycle and

protects the integrity of student grades.

e Student Workflow: Allows students to view
assignments per course and submit their work
via the POST /student/submissions endpoint.

e Grading Workflow: Teachers access submissions
for specific assignments and post grades using
the POST  /teacher/grade/{submission_id}
endpoint.

Real-Time Communication APIs

Leveraging Laravel WebSockets for instant updates.

e Chat: APIs manage conversations and message
history (GET /chat/messages/{conversation_id}).

e Discussions: Thread-based interactions are
handled through course-specific discussion
endpoints.

e Live Classes: Teachers can initiate sessions (POST
/teacher/live/create), while student access is
restricted to a specific course view (GET
/student/live/{course_id}).

Security & Administrative Monitoring APIs

These endpoints are critical for maintaining the

"Secure Architecture” theme and are restricted to

users with the role:admin middleware.

¢ Audit Logging: Admins can retrieve system-wide
audit logs, access logs, and login logs to identify
patterns of abuse.

¢ Incident Response: Includes endpoints to block
users (GET /admin/block-user/{id}) or report
suspicious activity through the /security/report-
suspicious portal.

e Financial Oversight: Admins and teachers can
generate revenue reports and monitor payment
history, while payments are verified through
webhook listeners.

Security Implementation

Security includes JWT authentication, RBAC,
encryption, CSP, secure cookies, and cloud IAM
policies.
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Authentication and Identity Protection
The platform moves beyond simple password checks
to a robust identity verification system:

JWT & Sanctum: Implements stateless
authentication where tokens are issued upon
login and validated for every subsequent
request.

Two-Factor Authentication (2FA): Mandatory for
administrative and teacher roles, requiring email
or OTP verification to mitigate the risk of
compromised credentials.

Password Security: All passwords are encrypted
using the bcrypt hashing algorithm before being
stored in the database.

Device Tracking: The system tracks device
names, IP addresses, and last active times,
allowing users to view and terminate
unauthorized sessions.

Advanced Middleware Pipeline
Every APl request must pass through a sequence of Security is enforced on the client-side via Next.js 14:
security "filters" before reaching the business logic:

Rate Limiting (throttle:api): Prevents brute-force
and DDoS attacks by restricting users to 60
requests per minute.

Account Status Check (account.active): A custom
middleware that immediately blocks users with a
"suspended" or "blocked" status in the database.
Secure Headers: Injects headers such as X-
Frame-Options to prevent clickjacking and X-
Content-Type-Options to prevent MIME-
sniffing.

Content Security Policy (CSP): A frontend and
backend coordinated effort to restrict script
execution to trusted domains, significantly
reducing XSS risks.

Role-Based Access Control (RBAC)

Access is strictly partitioned based on user roles
(Student, Teacher, Admin): Student Role: Restricted
to enrollment, lesson viewing, and assignment
submission.

Teacher Role: Authorized to create courses,
upload lessons, and grade assignments.

Admin Role: The only role capable of viewing
audit logs, changing user roles, or moderating
content.

Data and Transaction Integrity

Database Security: Relational data is stored with
unique constraints (e.g., unique email and
transaction IDs) to prevent data duplication and
injection.

Payment Webhook Validation: The
validate.webhook middleware verifies the digital
signature of incoming notifications from
Razorpay or Stripe to prevent "fake payment"
exploits.

File Upload Validation: Restricts uploads by
MIME type and size, ensuring only valid
documents (PDF, DOCX) or videos are stored in
AWS S3.

Audit Logging: The log.activity middleware
records every sensitive action (IP, endpoint, time,
and user ID) into an audit_logs table for real-
time monitoring and forensic analysis.

Frontend Hardening

HttpOnly Cookies: JWT tokens are stored in
HttpOnly cookies, making them inaccessible to
JavaScript and protecting them from XSS theft.
Input Sanitization: Utilizing Zod for schema-
based validation to ensure no malicious strings
are sent to the backend.

CSRF Protection: Native protection to ensure
that requests originate only from the authorized
frontend application.

Security Layer | Technology/Method | Threat Mitigated
Network HTTPS-only, MITM attacks,
Throttling DDoS
Authentication JWT, 2FA, berypt Credential
stuffing, Hijacking
Authorization RBAC Middleware Privilege
escalation
Data Integrity | Webhook Validation Financial fraud
Monitoring Audit Logs, Device Internal threats,
Tracking Account sharing

Steps
implementation, testing,

VI. METHODOLOGY

include requirement analysis,

and evaluation.

design,
The

research and development of this secure full-stack
architecture follow a structured DevSecOps and
Systems Development Life Cycle (SDLC) approach.
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The methodology focuses on integrating security at
every stage of the software development process,
ensuring that the platform is resilient against 2026-
era cyber threats while maintaining high
pedagogical utility.

1. Requirements Engineering & Threat Modeling
The initial phase involved a comprehensive analysis
of the EdTech ecosystem to define functional and
security requirements.

e Module Identification:  Core  functional
requirements were identified, including User
Authentication, Teacher/Student Dashboards,
Live Classes, and Payment Systems.

e Threat Assessment: Potential attack vectors such
as SQL injection, XSS, and "Zoombombing" were
analyzed, leading to the requirement for specific
security features like JWT Authentication, Rate
Limiting, and Input Validation.

e Security APl Mapping: Specific security-focused
APIs were planned, including login logs, audit
logs, and suspicious activity reporting to ensure
a "Secure Architecture" theme.

2. Architectural Design & Technology Selection

A Decoupled Architecture was selected to ensure a

strict separation of concerns between the

presentation and business logic layers.

e Frontend Selection: Next.js 14 was chosen for its
Server-Side Rendering (SSR) capabilities and
native support for security features like CSRF
protection and Content Security Policy (CSP).

e Backend Selection: Laravel 11 was implemented
as a RESTful APl engine due to its robust security
middleware ecosystem and built-in protection
against common web vulnerabilities.

e Data Layer Design: A relational schema
(PostgreSQL/MySQL) was engineered to support
complex relationships between users, courses,
and enrollments, with dedicated tables for
auditability.

3. Security Implementation Methodology (The
Zero-Trust Model)

The core of the methodology is the implementation
of a Zero-Trust framework through a sophisticated
middleware pipeline.

e  Multi-Tiered Middleware: 12 specific middleware
layers were designed to validate every request,
including auth:sanctum for session integrity,
throttle:api for brute-force prevention, and
account.active to block suspended users.

e Role-Based Access Control (RBAC): Custom
middleware was developed to strictly enforce
permissions for Students, Teachers, and Admins,
preventing privilege escalation.

e Financial Integrity = Protocols:  Webhook
validation middleware (validate.webhook) was
implemented to verify digital signatures from
payment gateways (Razorpay/Stripe), ensuring
transaction legitimacy.

4. System Performance

Optimization

This phase involved the orchestration of real-time

and storage services.

e Real-Time Synchronization: Integration of
Laravel WebSockets for chat and
WebRTC/Agora for live classrooms, with
enrollment checks (course.enrolled) integrated
into the streaming workflow.

e Cloud Infrastructure: Offloading file storage to
AWS S3 with strict MIME-type validation and
using Redis for high-speed caching and queue
management.

e Logging & Monitoring: Implementation of
log.activity and track.device middleware to
populate audit_logs and device_sessions tables
for real-time security monitoring.

Integration &

5. Testing and Verification

The final methodology phase involves rigorous

testing of the "Secure Architecture" parameters.

e Middleware Stress Testing: Verifying that the
throttle:api middleware correctly restricts
excessive requests.

e RBAC Validation: Testing all teacher-specific
endpoints (e.g., POST /teacher/courses) to
ensure they are inaccessible to student-role
tokens.

e Audit Trail Verification: Confirming that all
sensitive actions, such as grade changes or
payment attempts, are accurately recorded in
the system logs.
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Phase Core Activity Keg Security ‘ Metric H Result ‘
m
icome ‘ Login Success Rate H 99.1% ‘
Analysis Threat Identification of P o
Modeling & 14 essential AP| ‘ Payment Verification Accuracy H 100% ‘
Module categories. | File Upload Time H 1.8 sec ‘
Planning
Observation
Design Decoupled Full- Hardened The system maintained stable performance even
Stack frontend (Nextjs) | during simultaneous user activity.
Engineering & Backend
(Laravel). 3. Security Evaluation
Security testing was performed against common
Implementation Middleware Enforcement of | attacks:
Pipeline Zero-Trust and ‘ H ‘
Development RBAC protocols. Attack Type Result
‘ SQL Injection H Blocked ‘
Integration Real-Time & Secure live Cross Site Scripting
Cloud streaming and (XSS) Blocked
Orchestration validated financial
webhooks. UnauthorizedAPI Blocked
Access
Monitoring Audit Log & Full system . Prevented using rate
Device Tracking auditability and Brute Force Login limiting
forensic readiness. d usi |
Session Hijacking Prevente usmg HttpOnly
cookies

VII. EXPERIMENTAL EVALUATION AND

COMPARATIVE ANALYSIS 4. Scalability Testing

Load testing showed:

e 100 users — normal
250 users — stable
500 users — acceptable latency
500 users — minor delay observed

1. Experimental Setup

The proposed secure remote education platform was
experimentally evaluated to measure its security,
scalability, and system performance under different
workloads. This confirms good scalability.
Testing Environment

5. Comparative Analysis
e Frontend: Nextjs 14 mparative Ana'ysl

e Backend: Laravel 11 Feature Moodle Google Classroom Proposed
System
e Database: PostgreSQL I > y
e Cache: Redis Feature  |Moodle CIGoog N gopose
e Cloud Storage: Amazon Web Services S3 assroom ystem
e Test Machine: Intel i5, 16GB RAM, SSD Zero Trust No No Ves
Security
2. Performance Evaluation Role-Based
; Partial Partial Full
‘ Metric H Result ‘ Access Control artia artia u
‘ Average APl Response Time H 220 ms ‘ Secure
No No Yes
‘ Max Concurrent Users H 500+ ‘ Payment
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I P
Feature Moodle Google roposed
Classroom System
DeV|Fe No No Yes
Tracking
Real-Ti Li
earlime Live Yes Yes Yes
Classes
Audit Logging | Limited|| Limited ||  Full

Analysis
The proposed system provides stronger security and
better modular scalability than existing platforms.

6. Discussion

Experimental results demonstrate that the proposed
architecture successfully balances:

e security,

e performance,

e and scalability,

making it suitable for modern remote education
systems.

Performance and Scalability

Uses load balancing, caching, and auto-scaling to

support large user bases.

High-Concurrency Management via

Microservices and Decoupling

The platform utilizes a decoupled architecture,

separating the Nextjs 14 frontend from the Laravel

11 backend. This allow for:

¢ Independent Scaling: The API layer can be scaled
horizontally behind a load balancer during peak
enrollment periods without needing to scale the
entire frontend application.

e Stateless Execution: By using JWT (JSON Web
Tokens) for authentication, the backend does
not need to store session state in memory,
allowing any server in a cluster to handle any
incoming request.

Caching and State Optimization

Efficient data retrieval is prioritized to minimize

database load and reduce latency:

e Redis Integration: Redis is implemented as a
high-speed caching layer to store frequently
accessed data, such as course listings and user
profile information.

e Session and Cache Management: Using Redis for
both caching and session storage ensures that
even with thousands of active users, data
retrieval remains sub-millisecond.

e Frontend State: Zustand or Redux Toolkit is used
on the client side to manage Ul state locally,
reducing the number of redundant API calls for
Ul updates.

Asynchronous Task Handling

To prevent the main application thread from

blocking during resource-intensive operations, the

system utilizes an event-driven approach:

e Queue Systems: Time-consuming tasks, such as
processing file uploads (videos/documents) to
AWS S3 or sending bulk email notifications for
upcoming classes, are pushed to a Redis-backed
gueue.

e Background Workers: Laravel's queue workers
process these tasks asynchronously, ensuring
that the student's or teacher's interface remains
fluid while heavy processing occurs in the
background.

Optimized Real-Time and

Communication

The performance of live educational interaction is

maintained through specific protocols:

e Adaptive Bitrate Streaming: Whether using
WebRTC, Agora, or Jitsi, the system adjusts video
quality in real-time based on the student's
current network bandwidth.

e WebSocket Efficiency: Laravel WebSockets
provide a persistent connection for chat and
discussions, which is significantly —more
performant than traditional HTTP long-polling,
reducing server overhead.

e Database Indexing: The PostgreSQL/MySQL
schema includes optimized indexes on
frequently queried fields like user_id, course_id,
and token, ensuring that enrollment checks
(course.enrolled middleware) do not become a
bottleneck during live session entry.

Streaming

API Throttling and Traffic Control

To maintain system stability and prevent resource
exhaustion, the architecture enforces strict traffic
limits:
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e Rate Limiting: The throttle:api middleware
restricts users to 60 requests per minute,
preventing single users or malicious bots from
overwhelming the APl endpoints.

e Content Delivery Network (CDN): By offloading
static assets and video files to AWS
S3/Cloudinary, the architecture ensures that
global learners pull content from the nearest
edge location, minimizing latency.

Component Technology Performance Benefit
Data Redis Caching Reduces database
Retrieval read operations and
latency.
Heavy Redis Queues Offloads video/file
Processing processing from the
main thread.
Real-Time WebSockets/ | Provides low-latency
Data WebRTC interaction
compared to HTTP
polling.
Database Indexing & Ensures fast
Constraints enrollment and
authentication
checks.
Traffic API Throttling Prevents server
Control crashes due to
brute-force or bot
traffic.
Compliance
System aligns with GDPR, FERPA, and OWASP
guidelines.

Data Privacy and Student Protection (GDPR &

FERPA)

The architecture enforces strict data sovereignty and

privacy measures to protect Student Personally

Identifiable Information (PII).

e Right to Erasure: A dedicated endpoint DELETE
/user/delete-account is implemented to comply
with GDPR "Right to be Forgotten”
requirements.

e Data Minimization: The database schema is
designed to collect only essential information,

and sensitive fields like passwords are protected
using bcrypt hashing.

e Encryption at Rest and Transit: All data
transmission is restricted to HTTPS-only
deployment, while sensitive database columns
utilize AES-256 encryption.

e Consent Management: Use of the verified
middleware ensures that students have explicitly
confirmed their identity and agreed to terms
before accessing educational content.

Financial and Transactional Compliance (PCI-

DSS)

Security for financial operations is handled through

secure third-party integrations and signature

verification.

e Payment Tokenization: By utilizing Razorpay or
Stripe, the platform never stores raw credit card
data on its own servers, significantly reducing
PCI-DSS audit scope.

e Webhook Integrity: The validate.webhook
middleware verifies the digital signature of every
payment notification, preventing fraudulent
"successful payment" injections into the
database.

e Auditability: Every financial event is recorded in
the payments table with a unique transaction_id
and timestamp for internal and external
auditing.

Access Control and System Auditability

Compliance with internal security policies is

maintained through an exhaustive logging system.

e Activity Monitoring: The log.activity middleware
records user actions, IP addresses, and
endpoints in the audit_logs table, fulfilling
requirements for  continuous security
monitoring.

e Device Compliance: The track.device middleware
and device_sessions table ensure that account
sharing is monitored and session hijacking is
mitigated.

e Role-Based Access Control (RBAC): Strict

partitioning of  duties via  role:admin,

role:teacher, and role:sstudent middleware
prevents unauthorized access to sensitive
academic records or administrative tools.

12
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Content and Application Security

The platform implements technical safeguards to

comply with digital safety standards.

e XSS & CSRF Prevention: The use of HttpOnly
cookies for JWT storage and Content Security
Policy (CSP) headers ensures compliance with
modern web security benchmarks.

e Moderation Workflow: An admin-specific
workflow for approve-course and delete-course
ensures that all public content is moderated for
safety and compliance before publication.

Regulatory Technical Measure Source
Focus Requirement
Privacy delete-account AP, Data
(GDPR) AES encryption Sovereignty
Academic RBAC Middleware Privacy of
(FERPA) (role:teacher) Records
Financial validate.webhook, Transaction
(PCI-DSS) Razorpay/Stripe Integrity
Operational audit_logs, System
login_logs Traceability
Web Security | secure.headers, CSP Application
Hardening

Future Work
Includes Al-based security, blockchain certificates,
and zero trust architecture.

Implementation of Al-Driven Adaptive Security
While the current system utilizes static rate-limiting
and role-based access control, future iterations will
integrate Machine Learning (ML) to enhance threat
detection.

e Behavioral Biometrics: Implementing Al to
analyze user interaction patterns (typing speed,
navigation habits) to detect account sharing or
unauthorized access beyond traditional 2FA.

e Automated Threat Hunting: Utilizing Al to scan
audit_logs and login_logs in real-time to identify
and block sophisticated botnets that bypass
standard throttle:api middleware.

Enhanced Proctoring and Academic Integrity

To further secure the "Assessment System”, future

work will focus on hardened remote examination

environments.

e Al-Based Face Recognition: Expanding the
student dashboard to include facial recognition
for attendance and identity verification during
live classes and quizzes.

e Plagiarism Detection Integration: Automating
the review of student submissions via the POST
/student/submissions endpoint by integrating
advanced Al-based plagiarism and Al-generated
content detectors.

Advanced Data Privacy through Emerging

Cryptography

As data privacy regulations evolve, the architecture

will seek to implement more advanced encryption

standards.

e Homomorphic Encryption: Researching the
application of homomorphic encryption for the
grade and amount columns in the database. This
would allow teachers to perform statistical
analysis on grades and admins to run revenue
reports without ever decrypting sensitive
individual data.

e Zero-Knowledge Proofs (ZKP): Implementing
ZKP for authentication, allowing students to
prove they are enrolled in a course
(course.enrolled) without the server needing to
access their full profile or payment history
during every request.

Scalability and Edge Computing Optimization

To improve the performance of live classes for global

learners, the architecture will transition toward a

more decentralized model.

e Edge Middleware Execution: Moving security
checks like secure.headers and ip.whitelist to
edge locations (via AWS Lambda@Edge or
Cloudflare Workers) to reduce latency by
blocking malicious traffic before it reaches the
Laravel API.

e  Multi-Region Database Synchronization:
Enhancing the current MySQL/PostgreSQL setup
to support active-active multi-region replication.
This ensures that even if a regional data center
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fails, student progress and enrollment data
remain available globally.

Blockchain for Academic Credentialing

To ensure the permanence and security of

certifications, future work involves the integration of

Distributed Ledger Technology (DLT).

e Immutable Certificates: Once a student
completes a course (verified via the progress
column in enrollments), the certificate metadata
can be hashed and stored on a blockchain. This
provides a tamper-proof method for employers
to verify student credentials through a public-
facing admin API.

Research Technology Focus Objective
Area
Integrity Al Proctoring & Prevent exam
Face Recognition | fraud and account
sharing.
Privacy Homomorphic Protect sensitive
Encryption & ZKP student and
financial data.
Performance Edge Computing Reduce latency
& Multi-Region DB for global real-
time learning.
Verification Blockchain Provide
Credentialing immutable,
verifiable
certificates.

VIIl. CONCLUSION

The proposed architecture ensures secure, scalable,
and efficient remote education systems. The
development of the proposed secure full-stack
architecture for remote education represents a shift
from traditional monolithic learning systems to a
hardened, decoupled, and highly scalable
ecosystem. By integrating Nextjs 14 at the
presentation layer and Laravel 11 at the business
logic layer, the platform achieves a necessary
balance between high-concurrency performance
and stringent data protection.

The core findings of this research emphasize that a
Zero-Trust security model—operationalized through
an exhaustive 12-layer middleware pipeline—is
essential for mitigating 2026-era threats such as

session hijacking, Al-driven brute force, and

unauthorized data exfiltration. Key architectural

outcomes include:

e Robust Access Control: The implementation of
custom Role-Based Access Control (RBACQ)
ensures that sensitive pedagogical and
administrative  functions are isolated to
authorized users, preventing privilege
escalation.

e Transactional Integrity: The use of signature-
validated webhooks via the validate.webhook
middleware effectively secures the financial
workflow, ensuring that revenue reports and
enrollment grants are based on legitimate
transactions.

e System Auditability: Through the mandatory use

of audit_logs, login_logs, and track.device
middleware, the architecture provides a
comprehensive forensic trail that allows

administrators to monitor system health and
identify suspicious activity in real-time.

e Pedagogical Resilience: By offloading heavy
processing to Redis-backed queues and utilizing
WeDbRTC for low-latency streaming, the system
maintains a high quality of service for live
classrooms without compromising the security
of the underlying infrastructure.

In conclusion, this architecture provides a scalable
and secure blueprint for modern EdTech institutions.
While the current implementation effectively secures
data in transit and at rest, the foundation laid here
allows for future integrations of Al-driven threat
hunting and blockchain-based credentialing to
further enhance the integrity of global remote
education.
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