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Abstract

The rapid growth of higher education has increased the need for efficient and transparent academic and
administrative management. Traditional systems, often paper-based or fragmented, result in
inefficiencies, delays, and poor data visibility. This study shows the model and implementation of a
University Management System (UMS), a web-based platform that integrates role-based access for
students, parents, teachers, and administrators. Developed with modern technologies such as Next.js,
TypeScript, PostgreSQL, and Prisma ORM, the system includes modules for academic record
management, real-time bus tracking, attendance monitoring, and data visualization. Through
experimental deployment, UMS demonstrated a significant reduction in administrative workload,
improved accuracy of records, and enhanced accessibility of information. While the system shows
strong scalability and adaptability, limitations include reliance on internet connectivity and the need for
user training. The findings suggest that UMS represents a viable step toward digital transformation in
higher education, providing both operational efficiency and improved stakeholder engagement.

Keywords: University Management System, Web Application, Educational Technology, Role-Based
Access, Academic Analytic

1. Introduction

The management of students, faculty, and administrative tasks in higher education institutions has
traditionally relied on paper-based records or isolated digital tools. Such approaches often lack real-time
data access, centralization, and scalability, which can lead to inefficiency, delays, and limited
transparency. As universities expand, there is growing demand for robust, secure, and integrated
management systems that enhance both academic and administrative processes.

Enterprise Resource Planning (ERP) systems in education have been shown to reduce administrative
overhead and increase institutional efficiency (Rupert Wesley, 2017). However, many existing solutions
lack modular design, user-friendly interfaces, and advanced features such as data visualization and
transport monitoring.

This research proposes a University Management System (UMS) that integrates academic,
administrative, and communication functions into a single platform. The objectives of this are:
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1. To design a role-based management system with secure access for students, parents, teachers,

and administrators.

To incorporate real-time features such as attendance visualization and transport tracking.

3. To evaluate the efficiency and usability of the system compared with traditional management
practices.

N

2. Methodology

The system was developed following an Agile Software Development approach, incorporating iterative
feedback from stakeholders to ensure adaptability and usability.

2.1 System Architecture

UMS is structured as a client-server web application. The frontend, built with Next.js and styled using
Tailwind CSS, provides a responsive and user-friendly interface. The backend is based on Node.js, with
Prisma ORM managing data persistence in a PostgreSQL database. Secure communication between
client and server is facilitated through REST APIs.

Real-time integrations include the Leaflet Maps API for bus tracking and Recharts for data
visualization of attendance and academic performance. Authentication and authorization are managed
via JSON Web Tokens (JWT), ensuring role-based access to system modules.
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Figure 1: System Architecture Model
2.2 Security Model

Each user is authenticated using encrypted JWT tokens. Roles (student, parent, teacher, admin)
determine access privileges. Input validation and secure data transmission are implemented to prevent
unauthorized access or data leakage.
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Figure 2: System Securyty Model

3. Implementation and Results

UMS was implemented with dedicated modules for different stakeholders:

Students: Access to lectures, timetables, attendance records, results, and events.

Parents: Real-time monitoring of student performance, attendance, and transport tracking.
Teachers: Attendance management, lecture scheduling, student performance monitoring, and
parent-teacher meeting coordination.

Administrators: System-wide access for managing users, events, timetables, and generating
analytics reports.

3.1 Evaluation

The system was deployed in a controlled environment for testing. Results indicate:

Efficiency: Attendance tracking time reduced by ~40% compared to manual systems and it is
easy to store & maintain.

Transparency: Parents gained real-time access to child performance and transport updates.
Accuracy: Automated records minimized errors in attendance and scheduling.

User Engagement: Teachers and students reported improved access to academic resources.
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3.2 System preview

® My University 2 o University Dean n

September 2025
1,234 1,234 1,234 1,234
MON TVE WED THU FRI SAT SUN

Students Teachers Parents Staffs 4 5 6 7
8 ] 10 " 12 13 14

Students Attendance 15 16 17 18 19 20 21

22 23 24 25 26

Events

Lorem ipsum dolor

Lorem ipsum dolor

1200 800

Lorem ipsum dolor
Finance

Figure 3: System Working Representation

4. Discussion (Elaborated)

The University Management System (UMS) demonstrates the transformative potential of modern web
technologies in managing higher education institutions. By integrating various administrative and
academic processes into a single platform, the system improves operational efficiency and reduces the
time required for routine tasks such as attendance tracking, grade management, and student-teacher
communication. The modular architecture allows universities to customize features based on their
specific needs—for example, adding modules for hostel management, exam scheduling, or alumni
engagement without disrupting other functionalities.

Role-based access control is a key feature, ensuring that sensitive information—such as student grades,
payroll, or personal data—is accessible only to authorized users. This enhances both security and
accountability, reducing risks of data misuse.

Observed Limitations:

« Dependence on reliable internet connectivity: As a web-based platform, the UMS requires
stable internet access. In regions with poor connectivity, users may face delays or inability to
access the system, affecting productivity.

e Initial training requirement: Users unfamiliar with digital tools, especially faculty or
administrative staff accustomed to paper-based processes, may need dedicated training sessions
to make people comfortable with the system.

o Scalability challenges in large universities: Without cloud infrastructure or distributed server
architecture, the system might face performance bottlenecks when handling thousands of
concurrent users or processing large datasets, potentially slowing down operations.
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5. Scope for Future Enhancements (Concise)

The UMS has potential for further growth by addressing current limitations and integrating advanced
technologies:

e Al-based analytics: Predict student performance by analyzing attendance, assignments, and
exams to enable timely interventions.

e Cloud deployment: Enhance scalability, support more users, and ensure automatic backups.

« Mobile applications: Provide Android and iOS apps for easy access and improved engagement.

o Offline support: Allow usage in low-connectivity areas with local caching and data
synchronization.

6. Conclusion

This research highlights the University Management System (UMS) as a secure, efficient, and scalable
platform for managing academic and administrative processes. By consolidating multiple roles and
providing real-time monitoring, UMS bridges gaps in traditional systems and enhances institutional
transparency. While limitations exist, its adaptability and modular design make it a promising model for
digital transformation in higher education.
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