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Abstract: Attendance tracking is a critical component 

of classroom management and student accountability in 

educational institutions. Traditional manual attendance 

methods, such as paper-based sign-in sheets, often 

present significant challenges in terms of efficiency, 

accuracy, and comprehensive data management. The 

time-consuming nature of these methods, coupled with 

the risk of human errors, hinders the effective utilization 

of classroom time and limits the ability of educators and 

administrators to make data-driven decisions [1, 2]. 

This research paper investigates the implementation and 

benefits of QR code-based attendance systems as a 

digital alternative to traditional attendance-taking 

methods. The reviewed literature highlights how the 

adoption of QR code-based attendance systems can 

enhance classroom efficiency, improve data 

management and accessibility, increase security, and 

foster student engagement [1-4,7]. By streamlining the 

attendance-taking process and providing real-time 

attendance data, these digital solutions have the 

potential to support the overall educational objectives of 

academic institutions. 

Findings from this literature review suggest that 

integrating QR code technology into attendance 

tracking supports the digitalization of educational 

processes and aligns with the growing trend of classroom 

technology integration[11, 12]. The proposed system 

highlights key components for successfully 

implementing a QR code-based attendance system, 

covering both technical and operational aspects [3, 5, 8, 9]. 

Adopting such a system can improve classroom 

management, increase student accountability, and 

optimize instructional time, ultimately helping 

institutions achieve their educational goals. 
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I. INTRODUCTION 

 

In modern educational institutions, the process of 

attendance tracking is a fundamental but often time-

consuming and tedious task. Traditionally, attendance 

is recorded manually, which not only consumes 

valuable class time but also poses a risk of errors, 

inaccuracies, and sometimes manipulation. The 

inefficiencies of manual attendance management can 

negatively impact classroom efficiency and hinder 

educational data management. As institutions grow 

and class sizes increase, these issues become even 

more significant, necessitating a streamlined and 

automated solution. 

 

MarkMate is designed as a digital solution to address 

these challenges. Leveraging QR code technology, 

MarkMate introduces a system where attendance can 

be marked simply by students scanning a unique QR 

code displayed by the teacher. This system effectively 

eliminates the need for manual attendance marking, 

allowing educators to save time and focus more on 

teaching. In addition to reducing errors and preventing 

fraudulent attendance records, MarkMate provides a 

centralized platform for attendance data, allowing 

real-time access and tracking by both teachers and 

administrators. 

 

To ensure data security and integrity, MarkMate 

incorporates token-based authentication, a robust 

security measure that validates each scan and prevents 

unauthorized access to attendance records. 

Furthermore, the system is designed with scalability 

and adaptability in mind, making it suitable for 

various educational settings, from small classrooms to 

large institutions. MarkMate can be deployed in cloud 

environments like AWS, ensuring high availability 

and quick scaling as required by the institution. 

 

By implementing MarkMate, educational institutions 

not only modernize their attendance processes but also 

build a foundation for further digital transformations. 

The automated attendance system paves the way for 

integrating more sophisticated analytics, such as 

attendance trend analysis and early identification of 

absenteeism patterns. This solution not only enhances 

operational efficiency but also contributes to a data-

driven approach in educational management, aligning 

with the digital transformation goals of contemporary 

education. 
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II. LITERATURE SURVEY 

 

1. Automated Attendance Systems and Their 

Impact on Efficiency: Automated attendance systems 

have gained traction in educational institutions as they 

promise significant time savings and accuracy 

improvements. According to Kumar and Saini (2020) 

in the International Journal of Innovative Technology 

and Exploring Engineering, automated systems 

reduce human errors common in manual entry, 

enhancing record accuracy and saving 30% of class 

time on average. The study found that automation led 

to increased teacher focus on educational tasks, 

reducing administrative burdens and allowing 

educators to spend more time on interactive learning. 

This research underscores the need for digital 

attendance systems that can efficiently manage 

attendance without requiring extensive time or 

resources, providing a foundational case for QR-based 

solutions like MarkMate. 

 

2. QR Code Technology for Secure and 

Efficient Attendance Tracking: QR code technology, 

originally developed for commercial product tracking, 

has now become widely used in various industries due 

to its efficiency and reliability. In a study by Rathod 

et al. (2019) in Procedia Computer Science, QR codes 

are highlighted for their rapid scanning capabilities, 

low cost, and minimal space requirements. 

Educational applications, particularly in attendance 

management, benefit from QR codes’ ability to 

quickly authenticate individuals without physical 

contact or manual processing. This feature has led to 

the technology's adoption in institutions looking to 

reduce operational costs and enhance security. 

MarkMate’s adoption of QR technology aligns well 

with this trend, as it enables quick attendance tracking 

while leveraging token-based authentication to 

maintain data security. 

 

3. Token-Based Authentication and Privacy in 

Educational Technology: Ensuring data privacy and 

security is a major concern for digital attendance 

systems. In IEEE Access, Chen and Lu (2021) 

explored the importance of token-based 

authentication in educational software, finding that 

tokens prevent unauthorized data access and reduce 

risks of data tampering. The use of one-time tokens or 

session-based authentication ensures that data 

integrity is maintained, particularly in systems where 

sensitive information is accessed by multiple 

stakeholders. MarkMate’s reliance on token-based 

authentication provides an additional security layer, 

allowing institutions to manage attendance data 

confidently, safeguarding both student privacy and 

institutional records. 

 

4. Cloud-Based Solutions for Scalability in 

Educational Management: Cloud computing enables 

educational institutions to scale applications easily, 

adapting to various sizes and demands. According to 

research by Nguyen and Li (2020) in Journal of Cloud 

Computing, cloud-based solutions support high 

availability, easy scaling, and cost-effective 

deployment, especially for data-intensive applications 

such as attendance tracking. Platforms like AWS 

allow systems to handle a large volume of data 

transactions, essential for institutions with large 

student bodies. MarkMate’s design as a \ cloud-

deployable application aligns with this trend, 

providing the flexibility to adapt to various 

institutional needs while offering high uptime and 

responsiveness. 

 

III. METHODOLOGY 

 

System Design: 

The system design of MarkMate centers on a three-

tier architecture: frontend, backend, and database. The 

frontend, built with React and Tailwind CSS, provides 

a user-friendly interface for students to scan QR codes 

and for teachers to view attendance. The backend, 

developed with Node.js and Express.js, manages core 

functions, such as QR code generation, attendance 

verification, and secure data access via JWT-based 

authentication. NoSQL is used as the database to store 

structured attendance records and user data, ensuring 

data integrity and security. The solution is hosted on 

AWS, utilizing EC2 for server hosting and RDS for 

database storage, offering scalability and reliability. 

This design enables seamless attendance tracking, 

providing institutions with an efficient and secure 

alternative to manual attendance processes. 

 

Data Collection: 

In the MarkMate project, data collection primarily 

centers on recording real-time attendance through 

student QR code scans during class sessions. Each 

scan is processed by the backend, which verifies and 

logs details such as the timestamp, student ID, session 

ID, and attendance status. These records are securely 

stored in the NoSQL database, enabling accurate 

tracking over time. In addition to attendance data, user 
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profiles—including student, teacher, and admin 

roles—and class schedules are also collected and 

managed to streamline reporting and retrieval. This 

comprehensive data allows for detailed analysis of 

attendance trends, helping institutions make informed, 

data-driven decisions to enhance student participation 

and optimize administrative efficiency. 

 

Algorithm Development: 

The attendance recording process begins with the 

teacher initiating a class session and generating a 

unique QR code specifically tied to that session. This 

QR code, displayed to the students, is scanned using 

the MarkMate mobile app, which captures essential 

details, including each student’s user ID, the current 

timestamp, and the unique QR token associated with 

the session. When this data is sent to the backend, the 

system verifies the QR token against active session 

data stored in the database, ensuring that it matches 

the session in progress. Upon successful verification, 

the student’s attendance is marked as "Present," and 

details such as user ID, session ID, and timestamp are 

logged in the MongoDB database under attendance 

records. This record updates in real-time, making the 

data instantly accessible on the teacher’s dashboard. 

After the class session, the teacher can generate 

attendance reports for administrative purposes or 

further analysis, exporting the data if needed. By 

automating attendance tracking, MarkMate 

significantly reduces manual effort, ensures data 

accuracy, and facilitates easy monitoring and 

reporting, creating a seamless, user-friendly 

attendance solution for institutions. 

 

System Integration: 

System integration in the MarkMate project involves 

connecting various components—frontend, backend, 

database, and external tools like Google Forms and 

QR code scanners—into a cohesive attendance 

management solution. The frontend, built with React, 

interacts seamlessly with the backend API, developed 

in Node.js and Express.js, to handle attendance data 

flow securely and efficiently. QR code scanning by 

students communicates directly with the backend, 

where data is verified and recorded in a MongoDB 

NoSQL. To ensure interoperability, Google Forms are 

integrated as a backup data recording tool or 

alternative output, syncing seamlessly with the 

backend’s data. Hosting on AWS ensures scalability, 

with services like EC2 for the backend and MongoDB 

for database management, providing reliable, on-

demand resources. This integration strategy ensures 

that data flows smoothly across all components, 

providing a robust, user-friendly experience while 

maintaining security and reliability for both students 

and educators. 
 

IV. OVERVIEW 

 

MarkMate is a simple yet powerful attendance system 

designed for educational institutions. It leverages QR 

code technology to enable teachers to efficiently 

manage and track attendance. Unlike traditional 

systems, where each student might have a unique 

code, MarkMate simplifies the process by having 

teachers create unique session-specific QR codes. 

Students simply scan the QR code to mark their 

attendance for that session. This system reduces the 

number of QR codes needed, ensuring easy 

management and streamlined attendance recording. 

 

MarkMate: First-Time User Tutorial: 

 

At MarkMate, we understand that a seamless user 

experience is key to ensuring that both teachers and 

students can navigate and use the system effectively. 

To enhance the experience for first-time users, we 

provide a step-by-step tutorial when you first log in, 

making it easy to get started with the system and 

understand how it works. Whether you are a teacher 

setting up sessions or a student scanning QR codes, 

our tutorial guides you through every essential step, 

ensuring you have the knowledge to use the system 

with ease. 

 

 
Fig1. Tutorial Interface 

MarkMate: Signup Interface Guide: 

The Signup Interface of MarkMate is designed to be 

easy-to-use, secure, and welcoming, ensuring that 

new users can quickly create an account and gain 

access to the platform. Whether you're a teacher or a 

student, the signup process is straightforward and 

intuitive. This guide will walk you through the key 

features and steps involved in signing up for a 

MarkMate account. 
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Fig2. Signup Interface 

 

MarkMate: Login Interface Guide: 

 

The Login Interface of MarkMate is designed to be 

simple, secure, and intuitive, ensuring a smooth user 

experience for both teachers and students. Upon 

accessing the MarkMate platform, users will be 

greeted with an easy-to-navigate login screen that 

prompts them for the necessary credentials to gain 

access to the system. The login interface provides a 

streamlined way for users to securely sign in and 

begin their tasks with minimal effort. 

. 

 
Fig3. Login Interface 

 

Teacher and Student Dashboard Guide: 

Teacher Dashboard: 

 

 
Fig4. Teacher Dashboard View 

 

Student Dashboard: 

 

The Student Dashboard provides students with the 

tools they need to mark their attendance, view session 

details, and track their attendance history. It’s 

designed to be intuitive and ensure students can 

interact with the system effortlessly. 

 
Fig5. Student Dashboard View 

 

Creating Session: 

The Create Session feature in MarkMate allows 

teachers to easily set up attendance sessions with 

unique QR codes. This functionality is designed to 

streamline the attendance process and help teachers 

manage multiple sessions efficiently. 

 

 
Fig6. Session Creation 

 

Session QR Code: 

Once a session is created in MarkMate, a unique QR 

code is instantly generated. This QR code serves as 

the attendance marker for that session, allowing 

students to simply scan it to mark their attendance. 

Teachers have the flexibility to display, download, 

print, or share the QR code digitally with students, 

making it easy to manage attendance whether in a 

classroom setting or remotely. This quick, accessible 

process reduces manual attendance tasks and ensures 

accurate record-keeping. 

 

Attendance Marked Confirmation: 

Upon successfully scanning the QR code, MarkMate 

provides instant confirmation with a “Attendance 

Marked Successfully” message and a checkmark icon. 
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A summary of session details, including date, time, 

and title, reassures students that their attendance is 

accurately recorded. This real-time feedback enhances 

confidence in the attendance process. 

 

 
Fig7. Attendance Confirmation View 

 

V. PROPOSED SYSTEM 

System Overview: 

The proposed MarkMate system will enable: 

• Teachers to create attendance sessions, generate 

unique QR codes, and monitor real-time 

attendance. 

• Students to mark their attendance by simply 

scanning a QR code, minimizing the time spent 

on attendance tasks and reducing errors 

associated with manual methods. 

• Administrators to access historical attendance 

records and generate reports to identify trends or 

patterns. 

 

System Architecture and Design: 

The MarkMate system is designed with a multi-tier 

architecture comprising the following layers: 

• User Interface Layer: Provides an intuitive and 

responsive interface for teachers and students to 

interact with the system via web and mobile 

devices. 

• Application Layer: Manages session creation, QR 

code generation, attendance marking, and data 

validation, handling business logic and core 

functionalities. 

• Data Layer: Stores attendance records, session 

details, and user profiles in a secure and 

optimized database, ensuring data integrity and 

easy retrieval for reporting. 

 

Benefits of the Proposed System 

The proposed MarkMate system offers multiple 

benefits: 

• Efficiency: Reduces time spent on manual 

attendance marking, improving classroom 

productivity. 

• Accuracy: Minimizes human error and prevents 

attendance manipulation through unique session-

specific QR codes. 

• Scalability: Supports multiple classrooms, 

sessions, and institutions, adapting to various 

educational environments. 

• Data Insights: Provides actionable analytics to 

assist teachers and administrators in monitoring 

student attendance patterns and promoting 

accountability. 
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