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Abstract

Fee management has become a crucial component of modern educational institutions, with increasing
reliance on digital platforms to handle financial transactions and administrative processes. However,
students and staff often encounter challenges such as scattered fee information, manual verification
procedures, delayed payment updates, and limited transparency across departments. To address these
issues, BVC EduPay—a smart college fee payment system—has been developed as a centralized digital
platform that consolidates academic fees, examination fees, hostel charges, transport fees, library dues,
and placement- related payments into a unified system. The platform simplifies the fee payment process
by providing structured and real-time information tailored to user roles, along with features such as
automated eligibility checking, secure online transactions, and real-time payment status updates. The
system is implemented using modern full-stack MongoDB, Express.js, React, and Node.js (MERN)
architecture, with React for the frontend to ensure an interactive user experience, Node.js and
Express.js for backend processing, MongoDB for efficient data storage, and Razorpay integrated as a
secure payment gateway. Its modular and scalable design supports future extensions such as mobile
app integration, advanced analytics dashboards, automated reminders, and connectivity with
institutional enterprise resource planning (ERP) systems. Overall, BVC FEduPay enhances
transparency, reduces administrative workload, and significantly improves the efficiency of fee
management within educational environments.

Keywords: Fee management system, MERN stack, Razorpay, digital payments, EDUTech, full-stack
application

INTRODUCTION

The digital transformation of educational institutions has accelerated significantly with the
widespread use of online platforms, web-based applications, and automated management systems. In
earlier years, students depended heavily on manual procedures, physical visits to administrative offices,
and paper-based receipts to complete college fee
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different counters to verify outstanding dues, submit receipts, and obtain clearance. The lack of
integration among these departments often leads to miscommunication, delayed updates, human errors,
and difficulties in retrieving historical payment data. These limitations highlight the need for a
centralized, streamlined, and transparent digital platform for fee management.

To overcome these challenges, BVC EduPay was developed as a unified web-based system that
integrates all fee-related services into a single platform. The primary objective of BVC EduPay is to
simplify college fee payments and improve user convenience by providing a centralized environment
where students can view fee details, make secure payments, track their payment history, and receive
instant confirmation. Through this platform, students can access information regarding academic fees,
examination fees, transport charges, hostel dues, library fines, and other institutional payments in an
organized and intuitive manner.

The system provides a user-friendly environment that allows users to complete fee payments based
on real-time eligibility, dynamically calculated fee structures, and secure online transactions. By
integrating multiple fee-related processes into one application, BVC EduPay eliminates the need for
physical visits to administrative blocks and reduces the dependency on manual verification. This
integration improves transparency, enhances user satisfaction, and helps both students and staff make
informed decisions during fee management.

From a technical perspective, BVC EduPay follows a robust full-stack architecture built using the
MERN stack, which integrates React for frontend development, Node.js and Express.js for backend
processing, and MongoDB for efficient data management. Razorpay was incorporated as a secure
payment gateway to handle online transactions with real-time verification. The frontend ensures a
responsive and interactive user experience, whereas the backend manages business logic, role-based
authentication, payment workflows, and communication with the database. MongoDB stores all
essential records, including student profiles, fee structures, transaction details, department-wise dues,
and payment histories.

This architectural approach ensures scalability, security, and maintainability as the number of users
and transactions increases. Security mechanisms, such as JWT-based authentication, data encryption,
and server-side payment validation, safeguard sensitive user and financial information. The modular
structure also allows for future enhancements, including analytics dashboards, notification systems, and
mobile application integration.

Overall, BVC EduPay aims to enhance the digital fee payment experience by offering a
comprehensive, transparent, and efficient platform that supports seamless financial transactions,
reduces the administrative burden, and promotes streamlined coordination across various college
departments.

LITERATURE SURVEY

The development of modern web-based financial management systems has been significantly shaped
by established software engineering principles, structured development models, and architectural best
practices. Pressman and Maxim highlighted that systematic software engineering approaches contribute
to building reliable, scalable, and maintainable software applications, especially in domains requiring
high accuracy and data consistency, such as fee management systems [1]. Similarly, Sommerville
emphasized that well-defined software architectures improve system performance, maintainability, and
long-term sustainability, which are essential for applications that must process large volumes of
transactions and sensitive financial data [2].

These foundational principles are particularly relevant to the development of centralized digital fee
payment platforms, such as BVC EduPay.

© STM Journals 2026. All Rights Reserved 25



Journal of Open Source Developments
Volume 13, Issue 1
ISSN: 2395-6704

Existing fee management systems in educational institutions often rely on manual or semi-digital
processes that lack integration across departments, such as academics, transport, examinations, and
hostel administration. Multiple studies have pointed out that fragmented systems result in inefficiencies,
delays, and data inconsistencies. Fowler discusses the importance of enterprise architectural patterns
that promote modularity and unify diverse services within a single platform, thereby addressing the
problems caused by isolated fee-processing systems [3]. Implementing these patterns enables seamless
communication between institutional departments and ensures faster and more transparent financial
workflows.

Modern web application development is strongly influenced by the evolution of client—server models
and advances in dynamic web technology. JavaScript is a fundamental technology for building
interactive and responsive user interfaces. Flanagan highlights that JavaScript’s flexibility and
widespread adoption make it a core component of modern web solutions [4], whereas Crockford
emphasizes that efficient design principles in JavaScript development significantly enhance application
performance and user experience [5]. These characteristics are crucial for systems such as BVC EduPay,
where users depend on real-time updates and smooth fee-processing interfaces.

The introduction of component-based frontend frameworks has further simplified the development
of interactive web platforms. React allows developers to construct modular, reusable Ul components
and manage complex state-driven interactions efficiently. Its virtual document object model (DOM)
capabilities support faster rendering and improved responsiveness, making it an ideal choice for
applications that require frequent updates, such as fee status checks, transaction notifications, and
dashboard analytics [6].

On the backend, technologies such as Node.js and Express.js have been widely adopted to implement
scalable, event-driven server-side applications. Their non-blocking architecture enables the concurrent
processing of multiple client requests, which is essential for handling high transaction loads in financial
management systems. Modern backend design relies heavily on REST-based architecture. Fielding’s
REST principles remain fundamental to creating distributed and maintainable web services, enabling
smooth interaction between the frontend and backend layers of systems such as BVC EduPay [7, 8].

Data management plays an equally important role in web application development. As educational
institutions handle large sets of structured and semi-structured fee-related data, robust database
technologies are required to manage them.

MongoDB, a NoSQL database, provides a flexible schema design and efficient storage for evolving
data models. Silberschatz, Korth, and Sudarshan highlight the importance of efficient data retrieval,
indexing, and integrity in database systems, concepts that directly apply to storing student information,
fee records, and transaction histories [9].

Secure and reliable digital payment integration is another critical aspect of modern financial systems.
Payment gateways, such as Razorpay, implement encryption, transaction validation, and secure APIs
to ensure reliable online payments. Industry research emphasizes the importance of secure
communication channels, identity verification, and tamper-proof transaction workflows to protect
sensitive user data and prevent financial fraud [10, 11]. These mechanisms form the backbone of secure
fee-processing in BVC EduPay.

Furthermore, service-oriented and modular system designs remain central to building scalable
enterprise applications. Erl explains that service-oriented architecture (SOA) supports the integration
of multiple services in a flexible, interoperable environment, allowing systems to scale and evolve as
institutional needs grow [12]. This approach is highly relevant for a fee management system that must
integrate academic departments, administrative modules, and third-party payment gateways.
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The web standards defined by the World Wide Web Consortium (W3C) for HTMLS5, CSS, and
accessibility ensure consistent user experiences across devices and platforms. These standards guide
developers in creating responsive, accessible, and reliable user interfaces suitable for students, staff,
and administrators using various devices [13].

Overall, the literature indicates that modern fee management systems benefit significantly from
integrated architectures, secure payment mechanisms, dynamic user interfaces, and scalable backend
frameworks.

These findings collectively reinforce the need for a centralized, robust, and user-friendly system, such
as BVC EduPay, to address the limitations of traditional fee payment processes.

PROPOSED SYSTEM

The proposed system, BVC EduPay, is designed to provide a centralized digital platform for
managing college fee payment activities. The system addresses the limitations of traditional manual
processes by integrating various fee-related components, such as academic fees, examination fees,
hostel charges, transport fees, and library dues, into a single unified system. By combining these
services, the platform simplifies the overall fee payment process and allows students to complete
transactions efficiently without having to visit multiple departments.
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BVC EduPay was developed using modern web technologies and follows a modular and scalable
architecture. The system supports secure interactions between students and administrators while
ensuring reliable data management. Each component of the system performs specific tasks, such as fee
calculation, payment processing, and verification, while communicating smoothly with other modules.
This structure ensures efficient service delivery and enhances the overall transparency and usability of
the fee management process (Figure 1).

BVC EduPay System Architecture

The BVC EduPay application follows a three-tier architecture that separates the system into three
distinct layers: frontend, backend, and database. This architectural approach improves system
organization, simplifies maintenance, and enhances scalability by separating the presentation logic,
application logic, and data management.

Frontend Layer

The frontend layer is responsible for providing an interactive and user-friendly interface through
which students and administrators interact with the system. This layer was developed using React.js, a
modern JavaScript library used to build dynamic and responsive web interfaces. React allows the
creation of reusable Ul components and supports efficient rendering, making the application fast and
intuitive to use.

Through the frontend interface, students can view their academic fees, examination fees, hostel and
transport charges, library dues, and payment history. They can also receive notifications regarding fee
deadlines, exam fee announcements, and payment confirmations. Administrators can access department
dashboards, verify payments, update the fee structures, and manage user roles. The use of React ensures
a smooth and consistent experience across different devices and browsers.

Backend Layer

The backend layer handles the core application logic and manages communication between the
frontend and database. The backend of the BVC EduPay system was implemented using Node.js and
Express.js, which provide a powerful environment for building scalable server-side applications.

This layer processes student requests, manages role-based authentication and authorization,
calculates fee amounts, validates payment details, and interacts with the Razorpay payment gateway for
secure transactions. The backend also coordinates departmental workflows, such as exam fee approvals,
hostel fee verifications, and transportation registration updates. The modular nature of Node.js and
Express.js ensures efficient development, easy debugging, and smooth integration with external APIs
and other services.

Database Layer

The database layer is responsible for storing and managing all the data required for system operations.
The BVC EduPay system uses MongoDB, a NoSQL document-oriented database that supports flexible
data storage and rapid retrieval.

The database stores various types of information, including:
Student registration and profile details

Department-wise fee structures

Academic, exam, hostel, library, and transport fee records
Payment transactions and Razorpay responses

Admin and department head roles

Notifications and payment status updates

Fee receipts and payment history
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Figure 2. Project architecture.

Using a flexible database structure, the system maintains data integrity, ensures fast queries, and
efficiently handles large volumes of fee-related data. This layered architecture ensures that BVC
EduPay remains modular, scalable, and secure, allowing developers to maintain and extend the system
easily in the future (Figure 2).

System Design

The BVC EduPay system is designed with multiple functional modules that manage different aspects
of student fee management and academic recordkeeping. The two primary modules of the system are
the Student and Admin Modules. These modules interact with the system architecture to perform
various operations related to student payment and administration.

Student Module

The student module allows students to access the system and manage their fee payments and
academic details as per their needs. This module provides an intuitive interface through which students
can interact with the platform and perform the multiple operations required for educational
management.

Students must first register and log in to the system using secure authentication. Once logged in, they
can view pending fees for tuition, library, and other services. The system provides detailed information
about the fee structure, enabling students to choose the appropriate payment methods.

After selecting a payment method, students can complete online transactions through unified
payments interface (UPI), net banking, or card payments. The system also allows students to download
fee receipts, track their payment history, and view their academic progress.

Once all actions are completed, the system automatically updates the student account. Students can
also submit feedback regarding the fee payment process, which helps improve system quality and
reliability.
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Admin Module

The admin module provides administrative control over the system and allows system administrators
to manage student- and fee-related information efficiently. Administrators play a critical role in
maintaining the accuracy and availability of fee records and student details on the platform.

Through the admin interface, administrators can manage student profiles, including enrollment
details, courses, and personal information of the students. They can also add, update, or remove fee
structures and payment options to ensure that students have access to current and accurate information.

In addition, administrators can monitor fee payments, generate reports, and track pending or
completed transactions. The admin module also allows administrators to review student queries and
requests, ensuring proper validation and timely resolutions.

Fee Management Workflow

The Fee Management Workflow defines the step-by-step process through which students complete
their payments and administrators manage financial records using the BVC EduPay platform. This
structured workflow simplifies the fee payment process and ensures that students complete all the
required steps before finalizing payments.

The workflow begins when a student logs into the system using valid authentication credentials to
access the system. After accessing the system dashboard, students view their pending fees for the current
semester. The student then chooses their preferred payment method to complete the transaction.

Once the payment is made, the system updates the student account and generates an official receipt.
Subsequently, administrators can verify transactions, update records, and generate reports as required.
Students can also provide feedback on the payment process, which can contribute to system
improvement.

RESULTS AND DISCUSSION

The BVC EduPay system was successfully implemented using modern web technologies, including
React.js for the frontend, Node.js/Express for the backend, and MySQL for the database. The system
was tested in a web environment to evaluate its functionality, usability, and efficiency in managing fee
transactions and student record management.

The results demonstrate that the platform effectively integrates multiple student and administrative
services into a single system, thereby simplifying the overall fee management process.

The implemented system provides several functional modules, including student registration, login
authentication, fee overview, payment processing, fee record management, and administrative control.
Each module was tested to verify the correct interaction between the frontend interface, backend
application logic, and database operations.

Student Registration and Authentication

The system provides a secure student registration interface that allows new users to create an account
by entering personal details, such as name, email, and student ID. Once registered, the students can log
in to the system using their credentials. The login module verifies student information through backend
authentication processes before granting access to the fee management interface.

This authentication mechanism ensures that only authorized students can access the system features
and submit fee payments. The results indicate that the login and registration modules operate efficiently
with appropriate validation and error handling.
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Fee Overview Interface

After a successful login, students can access the fee overview interface, where pending and paid fees
are displayed in an organized manner. The interface allows students to browse detailed information
about tuition, library, and other fees. Each fee category provides relevant details to help students
effectively plan their payments.

The system dynamically retrieves fee data from the database through backend APIs, ensuring that
students receive accurate and up-to-date information. This feature improves usability and reduces the
time required for fee reviews.

Payment Processing and Receipt Generation

The core functionality of the system is the payment processing module, where students can select
payment methods and complete their transactions. Once a payment is made, the system automatically
updates the student account and generates a fee receipt.

The system displays a structured summary of the payment, allowing students to review the details
before confirmation. This automated processing improves accuracy and helps students make informed
financial decisions.

Fee Record Management

After completing a payment, students can view updated records on their dashboard under the “My
Dashboard” section. Students can track their payment history, view outstanding fees, and download the
receipts.

The dashboard provides a convenient way to manage financial records and review the previously
submitted transactions. The system also provides confirmation messages upon successful payment
processing.

Administrative Control Panel

The system includes an admin dashboard that enables administrators to manage the platform’s overall
operation. Administrators can monitor registered students, manage the fee structure, review payments,
and generate reports.

Through the admin interface, administrators can track pending payments, approve student requests,
and manage notifications about upcoming fee deadlines. This centralized administrative control ensures
that student and financial data remain accurate and up-to-date.

Student Feedback and System Completion

At the end of the payment process, students are provided with a feedback option, where they can
submit reviews about their experience with the system. The system also includes a confirmation
interface displaying a “Thank You for Using BVC EduPay” message after a successful payment
submission.

The feedback feature allows administrators to analyze student satisfaction and to improve system
services over time.

System Performance Evaluation

The testing results indicate that the BVC EduPay platform successfully integrates student and
administrative operations into a single workflow. The system demonstrates efficient communication
between the frontend, backend, and database layers, ensuring smooth data retrieval and processing
(Figure 3).
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Figure 3. Results.
APPLICATIONS
o  Online fee management: Helps students view and pay tuition, library, and other fees through a
single platform.
o FEducational institution platforms: Useful for colleges and universities to manage student
financial data digitally.
e Student record management: This allows administrators to maintain accurate student profiles,
course enrollments, and payment histories.
e Administrative management: It helps administrators track payments, monitor defaulters, and
generate reports efficiently.
e Smart payment calculation: Automatically updates fee records and generates receipts upon
successful transactions.
o Student feedback services: Enable students to provide feedback on payment processes and system
usability.
e Notifications and reminders: Sends alerts about upcoming fee deadlines and pending payments
to students.
o  FEducational and research projects: It can be used as a case study for full-stack web development
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learning.

e Mobile fee applications: These can be extended into Android or iOS applications for mobile fee
payment and management.

o Analytics and reporting tools: Provide insights into student payment patterns and administrative
performance.

CONCLUSION AND FUTURE SCOPE
Conclusion

The BVC EduPay system was developed to provide an integrated and user-friendly platform for
efficient student fee management and recordkeeping. Traditional fee management methods often
require students to visit multiple offices or use offline systems, which increases complexity and may
lead to delayed or inaccurate recordkeeping.

The proposed BVC EduPay platform addresses these challenges by integrating multiple student and
administrative services into a single, centralized system. The application allows students to register, log
into the system, view pending fees, select payment methods, complete transactions, download receipts,
and submit feedback using a structured workflow. The system automatically updates the fee records
and generates confirmations, thereby improving efficiency and transparency.

The system was successfully implemented using React.js for the frontend interface, Node.js/Express
for backend processing, and MySQL for database management. The three-tier architecture ensures
proper separation between the presentation, application logic, and data storage layers, thereby
enhancing system scalability, security, and maintainability.

The experimental results demonstrate that the BVC EduPay platform simplifies fee management and
provides students with a convenient digital environment for payment handling. The system also
provides an administrative dashboard that allows administrators to manage student profiles, monitor
transactions, and maintain overall operational efficiencies.

Overall, the BVC EduPay system provides a comprehensive and reliable solution for digital student
fee management and academic recordkeeping, improving both user experience and administrative
efficiency.

Future Scope

Although the current version of BVC EduPay provides essential fee management functionalities,
several enhancements can be implemented in the future to improve its performance and usability. One
possible improvement is the integration of online payment gateways that support multiple banking
options, enabling real-time fee transactions.

Another enhancement could be the implementation of Al-based notifications and recommendations
that remind students of upcoming deadlines, suggest optimal payment plans, and highlight pending
dues. The system can also be extended to support mobile applications for Android and iOS platforms,
enabling students to access fee management services on smartphones, thereby improving accessibility
and convenience.

Furthermore, advanced analytics and reporting tools can be included for administrators to monitor
student payment trends, track defaulters, and optimize resource planning. With these enhancements,
BVC EduPay has the potential to evolve into a fully intelligent and comprehensive student management
system that supports a wide range of academic and financial operations.
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