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ABSTRACT-This paper presents a comprehensive Learning Management System (LMS) utilizing Next.js for front-
end development and AWS for cloud-based integration. The study evaluates security features, performance metrics,
cost efficiency, and user experience through a comparative analysis of three system architectures. The findings indicate
that among different tested systems and provides the best balance between security, usability, and performance.
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I. INTRODUCTION

An E-learning Management System is a robust platform that leverages the power of frontend technologies such as
NextJS, a popular react framework and utilizing cloud computing such as Amazon Web Services (AWS). They are
transforming the methods of delivering and overseeing education and training. In today's age of digital education, AWS
offers the essential infrastructure and resources to develop, expand, and enhance E-learning experiences that
accommodate a variety of learners and organizations. AWS, a top provider of cloud computing services, delivers an
extensive range of services, encompassing computing capabilities, storage solutions, databases, machine learning,
security, and content delivery, all of which can be utilized to develop and improve E-learning Management Systems.
These systems serve a crucial function in schools, businesses, and e-learning platforms by offering a unified centre for
development of courses, dissemination of content, student involvement, and evaluation. In this setting, a Management
System for E-learning AWS-powered system embodies a versatile and adaptable solution. It enables the development
of tailored learning. Routes, customizes material to suit the requirements of each learner, provides top-notch
multimedia resources, guarantees expandability and accessibility, and gathers information for comprehensive analysis
to consistently enhance the educational experience. This opening will investigate the numerous methods by which
AWS can be utilized to create and enhance an E-learning Management System, offering a scalable, secure, and
effective setting for the distribution of educational materials, evaluation, and management. Regardless of whether you
are a school, a corporate training division, or an online course supplier, AWS enables you to take advantage of E-
learning opportunities in the digital era. Schools and universities are investing amounts of money and time in
developing education methods alternatives to traditional types of learning systems [1]. E-learning helps to apply
information technologies/systems to facilitate student learning, enhance instructor teaching performance and reduce
educational costs [2]. There are different softwares, tools and techniques that help to implement e-learning. Examples
of e-learning systems are Course Management Systems (CMSs),Learning Content Management Systems (LCMSs) and
Learning Management Systems (LMS). LMS is defined as set of networks and tools integrated together to support
online learning [3]. LMS allows students to view multimedia lectures, communicate with their teachers and each others
in learning communities, download course materials, take online quizzes and submit homework and class work
assignments [4].Many academic institutions have invested heavily in LMS implementation to support online teaching
[5]. A number of studies have investigated the success of information technologies application in education from the
learner’s perspective.

Il. LITERATURE SURVEY
Even since the spread of the COVID-19 plague worldwide, the school system of on-premises learning has been
drastically disturbed worldwide. In almost every country, with the exception of a handful, the school system shutting

down for learning activities created disparities from teaching to assessment [6]. Several examination boards awarded
predicted grades for the students to promote their students to the next academic year. The COVID-19 epidemic which
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spread all over the world and left its footprint in almost every discipline of human life disturbed the education domain
as well. The first line of defence for COVID-19 is using non-pharmaceutical interferences and precautionary measures
such as social distancing, which have pressed decision-makers for the closure of face-to-face academic activities.
During the COVID pandemic years, COVID-19 has disturbed education systems internationally.

Table 1: Continent-Countries Wise Global School Closure (Weeks)

Continent | Countries | Full Closure | Partial Closure
Africa 54 4 - 60 2 - 45
Americas 45 3-61 1-71
Asia 48 3-63 1 - 65
Europe 46 5-28 1-34
Oceania 17 1-35 1 -44

This closure of academic centres globally which is either fully or partially, dependent on the country situation of
COVID-19. It is evident from table 1 that most of the schools in the Americas and Asia region closed down.
Furthermore, it can be observed that in the Americas only the school was partially down up to 70+ weeks vs. the full
closure in some Asia regions for more than 60+ weeks. The closure of academic institutes, whether full or partial, also
resulted in increased disparities and worsened a pre-existing education crisis in some countries due to the unavailability
of teaching resources online or efficient information technology infrastructure. The closure of academic activities
affected all levels of the education and learning activity.

This closure of academic centres globally is, either fully or partially, dependent on the country situation of COVID-19.
It is evident from the Tab. 1 that most of the schools in the Americas and Asia region closed down. Furthermore, it can
be observed that in the Americas only the school was partially down up to 70+ weeks vs. the full closure in some Asia
regions for more than 60+ weeks. The closure of academic institutes, whether full or partial, also resulted in increased
disparities and worsened a pre-existing education crisis in some countries due to the unavailability of teaching
resources online or efficient information technology infrastructure. The closure of academic activities affected all levels
of the education and learning activity.

I1l. SYSTEM ARCHITECTURE
The proposed Learning Management System (LMS) is designed to address the challenges of scalability, security, and

performance using a cloud-based approach. The architecture integrates Next.js for front-end development and AWS
services for back-end infrastructure, ensuring optimal performance and security.

Fig 1: Backend AWS Architecture
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A. Front-End Development with Next.js
Next.js is chosen for its hybrid rendering capabilities, combining server-side rendering (SSR) and static site generation
(SSG) to improve load times and responsiveness. SSR ensures that content is dynamically generated on the server
before being sent to the client, reducing latency and enhancing SEO performance. Additionally, Next.js provides
automatic code splitting, optimizing resource utilization for a smooth user experience.

B. Cloud-Based Back-End with AWS

The LMS leverages AWS for cloud scalability and secure data storage. Key AWS services used in the architecture

explained in fig 1 include:

e AWS Lambda: A serverless computing service that executes back-end functions in response to events, reducing
operational overhead and improving scalability.

e Amazon S3: A highly scalable object storage service used to store course materials, student records, and
multimedia content securely.

e DynamoDB: A NoSQL database service offering high availability and low-latency data retrieval, ensuring fast
access to user profiles, course progress, and discussion forums.

e AWS Cognito: Used for authentication and user management, enabling secure sign-in with multi-factor
authentication (MFA).

e AWS CloudFront: A content delivery network (CDN) that enhances performance by caching static assets and
distributing them globally to reduce latency.

C. System Architecture Evaluation

To ensure the efficiency of the proposed LMS, the system is compared against three alternative architectures based on

four key factors:

1. Security — Measures such as encryption, authentication, and threat detection are analysed to ensure data protection.

2. Performance — System responsiveness, throughput, and resource utilization are evaluated to determine efficiency.

3. Cost — The total cost of ownership, including initial setup, maintenance, and operational expenses, is assessed.

4. User Experience — The ease of use, learning curve, and adoption rates are measured based on user interactions and
feedback.

The evaluation results demonstrate that the proposed architecture provides a balanced solution, offering high security,

optimal performance, cost efficiency, and an improved user experience. By leveraging Next.js and AWS, the system

ensures seamless learning experiences while maintaining scalability and security for educational institutions.

IV. COMPARATIVE ANALYSIS

To assess the effectiveness of the proposed Next.js and AWS-based Learning Management System (LMS), we
conducted a comprehensive comparative analysis against three alternative LMS architectures (System A, System B,
and System C). The comparison is structured around four key dimensions. The Security Features have been analysed in
table 2, the Performance Metrics have been shown in table 3, Cost Analysis in table 4 and User Experience in table 5.
Each of these aspects plays a crucial role in determining the scalability, usability, and feasibility of an LMS platform.

Table 2: Security Features Analysis

Feature iystem System B System C
Encryption AES- ) .
Type 256 RSA-2048 | ECC-521

Role- Attribute-

Access Control Based Based

Discretionary

Authentication Multi- Biometric Password-
factor based
Audit Logging | Yes Yes No
Threat Al- Signature- | Heuristic-
Detection based based based

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 9172




©2025 IJMRSET | Volume 8, Issue S, May 2025| DOI1:10.15680/IJMRSET.2025.0805279

IBVEPELYEPALEE | www.ijmrset.com | Impact Factor: 8.206)| ESTD Year: 2018|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

Dmrsel
|
Encryption Standards:
e System A employs AES-256 encryption, widely regarded as the most secure encryption standard, ensuring strong
data confidentiality and integrity.
e  System B utilizes RSA-2048, which provides strong security but is computationally expensive.

e System C uses ECC-521, which provides comparable security to RSA but with better efficiency for constrained
environments.

Access Control Mechanisms:

o Role-Based Access Control (RBAC) in System A ensures that users are granted permissions based on predefined
roles, minimizing unauthorized access.

o Attribute-Based Access Control (ABAC) in System B offers greater granularity but is complex to manage.

e Discretionary Access Control (DAC) in System C allows flexibility, but it lacks centralized enforcement, making it
prone to security breaches.

Authentication & Threat Detection:

e  System A supports multi-factor authentication (MFA) and Al-driven threat detection, which improves resistance to
phishing and brute-force attacks ([3]).

e System B employs biometric authentication, reducing dependency on passwords but requiring specialized
hardware.

e  System C uses only password-based authentication, making it the least secure.

Final Verdict: System A offers the highest level of security with AES-256 encryption, Al-based threat detection, and

MFA, making it the best choice for a secure LMS environment.

Table 3: Performance Analysis

Metric System A | System B | System C
Response Time (ms) | 120 95 150
Throughput (reg/sec) | 1000 1100 950
Latency (ms) 50 40 70

CPU Utilization (%) | 75 65 80
Memory Usage (GB) | 8 6 9

Response Time & Latency:

e  System B has the lowest response time (95ms) and latency (40ms), making it the fastest in user interactions.
e System A performs well but lags slightly in response time compared to System B.

e System C has the highest latency (70ms), making it less efficient for real-time learning.

Throughput & Resource Utilization:

e System B achieves the highest throughput (1100 reg/sec), indicating better handling of concurrent users.

e System A maintains moderate CPU and memory utilization while offering high throughput.

e  System C consumes the most resources (80% CPU, 9GB RAM), reducing efficiency.

Final Verdict: System B provides the best performance efficiency, making it ideal for large-scale LMS platforms.

Table 4: Cost Analysis

Cost Factor System A ($) | System B ($) | System C ($)
Initial Setup 5000 7000 6000
Maintenance ($/yr) 2000 1500 1800
Licensing 1000 1200 1100
Operational Cost ($/yr) | 3000 2500 2800

ROI Period (years) 3 4 3.5

Initial Investment vs. Long-Term Savings:
e System A has the lowest initial setup cost ($5000), making it an affordable option for startups or educational
institutions.
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e System B has the lowest operational cost ($2500/yr), making it cost-efficient in the long run.

e System C balances initial cost and maintenance but does not optimize long-term savings as effectively as System
B.

Return on Investment (ROI):

e System A has the shortest ROI period (3 years) due to its lower initial and operational costs.

e  System B takes 4 years to recoup investments due to higher initial setup fees.

e System C falls in the middle range, but its higher maintenance costs make it less attractive.

Final Verdict: System A offers the best ROI, but System B is more cost-efficient over time, confirming cost-saving
strategies outlined in ([5]).

Table 5: User Experience Analysis

Factor System A System B iystem
Ease of Use High Medium Low
Learning Curve Low Medium High
User Adoption (%) | 85 75 60
Customer Support | 24/7 Business Hours (E)mall
nly
Documentation Comprehensive | Moderate Minimal

Usability & Learning Curve:

e System A has the highest ease of use and lowest learning curve, making it the most user-friendly.
e  System B requires moderate training, which might slow down adoption.

e System C has a high learning curve, making adoption challenging for non-technical users.

Support & Documentation:

e  System A offers 24/7 support and comprehensive documentation, ensuring smooth user adoption.
e  System B has business-hour support, which may not be sufficient for global users.

e System C relies on email-only support, which delays issue resolution.

Final Verdict: System A is the best choice for maximizing user adoption.

Our comparative analysis shows that:

System A is the best overall LMS solution, excelling in security, user experience, and ROI efficiency.
System B is ideal for  organizations  prioritizing  performance  and  cost  efficiency.
System C is the least optimized but may be suitable for specific niche applications.

By integrating Next.js and AWS, our proposed LMS combines the security, scalability, and user-friendliness of System
A with the cost-efficiency of System B, creating an optimized e-learning platform.

Future Work: Implementing Al-driven analytics and personalized learning recommendations will further enhance
engagement and adoption.

V. CONCLUSION

The comparative analysis demonstrates that System A offers a well-balanced LMS solution, excelling in security and
user experience while maintaining reasonable costs. System B provides superior performance and long-term cost
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efficiency, whereas System C lacks optimization in key areas. Future work will focus on integrating Al-driven analytics
to enhance personalized learning experiences, further improving user engagement and adoption.

Table 6: Summary of LMS Comparative Evaluation

System C
Criteria System A (Best Overall) System B (Best for Performance & (Least
Cost Efficiency) .
Optimized)
ECC-521
AES-256  encryption,  Multi-Factor | RSA-2048  encryption,  Biometric | encryption,
Security Authentication, Al-based threat | authentication, Signature-based | Password-
detection detection based
authentication
. High latency,
Performance | Good response time, High throughput B?St response time, Lowest latency, Low
Highest throughput .
efficiency
High
Cost Lowest operational cost, Good long- | maintenance
Efficiency Lowest setup cost, Best RO (3 years) term savings cost, ROI not
optimized
User Easiest to use, Low learning curve, 24/7 | Moderate learning curve, Business cHuI?\?e Iegm;?ﬁ
Experience support hours support '
only support
. . Limited
Best Use Balap(_:ed LMS with  security and High-performance, cost-efficient LMS | scalability,
Case usability .
less efficient

Final Recommendation from table 6 illustrate that System A is the most well-rounded LMS solution, offering the best
mix of security, usability, and cost efficiency, making it the ideal choice for a scalable and secure e-learning platform.
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