
          
               International Journal of Scientific Research in Engineering and Management (IJSREM) 
                         Volume: 10 Issue: 02 | Feb - 2026                                SJIF Rating: 8.659                                          ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM56562                                        |        Page 1 
 

CollegeConnect : A Smart Digital Ecosystem for Academic Administration 

and Student Interaction 

 

Pranet Narwani 

Computer Engineering 

V.E.S Polytechnic [MSBTE] 

Mumbai, India 

co2023.jitendar.pranet@ves.ac.in 

Aditya Mhamane 

Computer Engineering 

V.E.S Polytechnic [MSBTE] 

Mumbai, India 

co2023.aditya.mhamane@ves.ac.in 

Sumit Manchanda 

Computer Engineering 

V.E.S Polytechnic [MSBTE] 

Mumbai, India 

co2023.sumit.manchanda@ves.ac.in 

Mrs. Jayashree Kambale 

Lecturer 

V.E.S Polytechnic [MSBTE] 

Mumbai, India 

jayashree.kambale@ves.ac.in 

Karan Nagrani 

Computer Engineering 

V.E.S Polytechnic [MSBTE] 

Mumbai, India 

co2023.nagrani.karan@ves.ac.in 

 

 
Abstract 

This paper presents the complete technical documentation 

for CollegeConnect, an advanced academic management 

ecosystem designed to modernize institutional workflows 

within the MSBTE diploma framework. The system 

addresses the inherent inefficiencies and data latency found 

in legacy educational portals by implementing a serverless, 

event-driven architecture. Developed using React.js and 

Google Firebase, the application features real-time 

attendance synchronization, an automated MCQ assessment 

engine, and digital identity verification modules. Significant 

technical challenges, such as NoSQL document size 

limitations and network instability, were overcome through 

the implementation of a custom Base64 image compression 

utility and exponential backoff networking algorithms. The 

resulting platform offers a scalable, secure, and highly 

transparent digital environment for students, faculty, and 

administrators. 

Key Words: Serverless Architecture, Firebase Firestore, 

React Hooks, EdTech, NoSQL, Digital Identity. 

 

1. INTRODUCTION 

Traditional academic administration in many institutions still 

relies on fragmented digital tools or manual paper-based 

registers for tracking attendance, grades, and notifications. 

These disconnected systems often lead to "data lag," where 

critical information like sudden schedule changes or urgent 

alerts does not reach the student body in real-time. In a high-

intensity diploma engineering environment, where academic 

logistics are subject to frequent shifts, such delays can 

significantly disrupt the educational process. 

CollegeConnect was developed to bridge this gap by 

providing a "Single Source of Truth" accessible to all 

stakeholders via a mobile-first web interface. By utilizing 

cloud-native synchronization, the platform ensures that the 

student’s dashboard is an identical, live reflection of the 

administrator’s ledger. This project moves away from 

formula-driven, static instruction toward an experiential, 

integrated digital ecosystem that enhances institutional 

efficiency and student engagement. 

2. LITERATURE REVIEW 

Contemporary research in Educational Technology (EdTech) 

emphasizes the transition from static information portals to 

dynamic "Engagement Systems". Deterding et al. 

demonstrate that incorporating game-like design elements—

such as real-time feedback and progress tracking—can 

significantly increase user participation in non-game 

contexts like education. Furthermore, studies in financial and 

technical literacy suggest that interactive, simulation-based 

tools provide superior conceptual understanding compared 

to traditional theoretical instruction. 
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While Enterprise Resource Planning (ERP) systems are 

common in large-scale universities, they are often 

prohibitively expensive and overly complex for mid-sized 

polytechnics. Existing literature highlights Backend-as-a-

Service (BaaS) models, like Firebase, as effective solutions 

for reducing infrastructure maintenance while maintaining 

high data integrity through Role-Based Access Control 

(RBAC). CollegeConnect builds upon these established 

principles by integrating transparent algorithmic logic with a 

serverless backend to create a robust, age-appropriate 

management tool. 

3. SYSTEM ARCHITECTURE 

The platform follows a sophisticated layered client-server 

architecture designed for high availability and minimal 

response latency. 

3.1 Presentation Layer 

 The frontend is implemented using React.js. It follows a 

component-based architecture, allowing for the reuse of UI 

elements such as StatCards, digital ID displays, and 

assessment forms. A mobile-first design approach ensures 

that the primary user group—students—can access the 

system effortlessly across smartphones and tablets. State 

management is handled through React hooks (useState, 

useMemo), ensuring efficient updates when real-time data is 

pushed from the backend. 

3.2 Application Layer 

 The application layer acts as the intelligence hub of the 

system, managing business logic through the Firebase SDK. 

This layer handles user authentication, trading operations for 

the assessment engine, and the execution of role-based 

security rules. To ensure reliability on unstable campus Wi-

Fi, a custom exponential backoff algorithm was implemented 

for API calls to handle retries during data synchronization. 

3.3 Data Layer  

The data layer utilizes Cloud Firestore, a NoSQL document-

oriented database. The schema is organized into collections 

for Users, Attendance, Notifications, and Quizzes. By 

attaching onSnapshot listeners to these collections, the 

system achieves sub-second synchronization, reflecting 

database changes in the UI without requiring manual page 

refreshes. 

 

Fig-1: Overall System Architecture 

 

4. TECHNICAL IMPLEMENTATION 

DETAILS 

4.1 Frontend and Optimization  

The frontend utilizes functional components and hooks to 

manage data-heavy operations, such as calculating live 

attendance percentages. A critical technical innovation 

involves a client-side compression module using the HTML5 

Canvas API. To bypass the 1MB Firestore document limit, 

student profile images are re-encoded into JPEG format at 

0.6 quality before being converted to Base64 strings. This 

ensures the database remains efficient while maintaining 

visual clarity for identity verification. 

4.2 Serverless Backend Logic  

The backend architecture is built on a serverless model, 

utilizing Firebase Auth to manage user sessions across 

multiple access tiers (Student, Teacher, Admin). Business 

logic is governed by strict backend security rules that prevent 

students from accessing administrative modules or 

modifying global attendance records. 

4.3 Database Implementation and ERD  

The Firestore implementation ensures transactional integrity 

through atomic operations. The database schema is 

structured to allow for indexed queries, facilitating the 

efficient retrieval of historical attendance data and 

performance analysis for assessments. 

 

Fig-2: Database ER diagram 
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5. FUNCTIONAL MODULES 

5.1 Automated Assessment Engine  

This module provides a full lifecycle for MCQ tests. 

Teachers can construct tests via a "Question Ledger," while 

students take exams with instant grading. To ensure security, 

all score calculations are performed server-side, preventing 

client-side tampering. 

 

Fig-3: Assessment Result Page 

5.2 Digital ID Verification  

Every registered student is issued a dynamic digital identity 

card. The Admin panel features a ScanLine interface, 

intended to replace physical ID systems and allow campus 

security to verify enrollment status in real-time. 

5.3 Real-time Attendance Analytics  

This module replaces manual registers with a digital ledger. 

Faculty can mark attendance with a single click, which 

instantly updates the student's dashboard. The system 

calculates live attendance percentages dynamically, 

encouraging students to maintain consistent participation. 

 

Fig-4: Teacher's Attendance Marking Screen 

 

Fig-5: Student's Attendance Dashboard  

 

6. SYSTEM EVALUATION 

The evaluation phase of CollegeConnect involved a 

comprehensive assessment of both technical robustness and 

instructional reliability, specifically aligned with the rigorous 

standards of the MSBTE project curriculum. The evaluation 

was categorized into three primary testing domains: 

Functional Verification, Performance Benchmarking, and 

Security Auditing. 

6.1 Functional Verification and Role-Based Access 

Control (RBAC)  

Every core module, including user authentication, virtual 

attendance tracking, and the automated assessment engine, 

underwent rigorous functional testing. A critical focus was 

placed on the Role-Based Access Control (RBAC) system. 

Testing scenarios confirmed that the application effectively 

isolates sensitive administrative data; for instance, students 

are strictly restricted from accessing the "Verify Pass" 

module or the user management panel. Each role (Student, 

Teacher, Admin) was tested under various edge cases to 

ensure data consistency and proper error handling across the 

platform. 

6.2 Performance Benchmarking and Real-time 

Latency  

Performance evaluation targeted the responsiveness of 

the Firebase backend and the React-based frontend. Key 

metrics such as API response time, database query latency, 

and UI rendering speed were monitored under simulated 

concurrent user loads. Results indicated that the system 

maintains stable response times of less than 300ms for real-

time data pushes, even during peak activity periods such as 

simultaneous class attendance marking. The use of indexed 

database queries ensured efficient data retrieval, while the 

mobile-first design approach was validated by maintaining 

60FPS UI performance across various smartphones and 

tablets. 

6.3 User Experience and Institutional Suitability  

Observation-based usability testing indicated that the 

platform successfully balances system performance with 

instructional clarity. The minimal cognitive load of the 

interface ensures that the primary user group—students—

can navigate their academic records without extensive 

training. Overall, the evaluation results confirm 

that CollegeConnect is technically stable and suitable for 

academic deployment in a controlled institutional 

environment. 

7. LIMITATIONS AND FUTURE WORK 

Despite the successful deployment and positive evaluation 

of CollegeConnect, several technical constraints have been 

identified that provide a roadmap for future development. 

7.1 Current System Limitations The primary limitation 

is the system's reliance on a continuous internet connection 
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for real-time synchronization with Cloud Firestore. In areas 

with poor network connectivity, users may experience 

latency or an inability to view live updates, such as sudden 

schedule changes. Additionally, the current version of the 

assessment engine is intentionally restricted to MCQ formats 

to maintain conceptual simplicity for MSBTE-level 

deployment. While this supports educational clarity, it limits 

the platform's ability to handle complex descriptive answers 

or machine-learning-based grading at this stage. 

7.2 Future Enhancements and Scalability  

Planned future work aims to address these limitations by 

integrating Progressive Web App (PWA) capabilities, which 

would allow for offline access to schedules and E-library hub 

notes. We also intend to implement AI-driven feedback 

mechanisms that provide real-time, context-aware 

explanations for student performance in 

assessments. Further expansion of the analytics module will 

include detailed longitudinal comparative reports, allowing 

the institution to track student progress over several 

semesters. These enhancements will 

enable CollegeConnect to scale beyond an introductory 

management tool while preserving its core objective of safe, 

ethical, and effective academic engagement. 

8. CONCLUSION 

CollegeConnect serves as a robust proof-of-concept for the 

modernization of academic administration through cloud-

native technologies. The project demonstrates a successful 

integration of a React-based frontend, a Firebase serverless 

backend, and a NoSQL real-time database. By digitizing 

critical workflows—such as student identity verification and 

attendance tracking—the system significantly reduces 

administrative overhead and eliminates data lag. Technical 

optimizations, including custom Base64 image 

compression and exponential backoff algorithms, ensure that 

the platform remains performant and reliable even in 

challenging network environments. Ultimately, the project 

reinforces institutional efficiency and provides students with 

a transparent, secure, and engaging digital ecosystem 

designed for academic growth. 
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