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ABSTRACT

Many higher education institutions continue to rely on manual methods for tracking student
attendance, methods that are time-consuming, error-prone, and vulnerable to manipulation. At
Uganda Christian University, for example, 75% of student failures are attributed to poor
attendance, while 80% of students report a lack of academic motivation. These inefficiencies not

only compromise academic record accuracy but also reduce administrative productivity.

This report presents Attend Sure, a location-aware digital attendance management system
designed to address these challenges through automation and geofencing technology. The system
verifies student presence within a designated geographic boundary (e.g., N Block or Nkoyoyo

Hall) before allowing them to check in via a secure mobile interface.

To ensure robust development, the project undertook a comprehensive system analysis and
design process, including the identification of functional and non-functional requirements,
process modeling using data flow and sequence diagrams, and database design through an Entity
Relationship Diagram (ERD). The system backend is built using MongoDB, a flexible and
scalable NoSQL database optimized for real-time data storage and retrieval. Attend Sure offers
distinct user interfaces for administrators, lecturers, and students, supporting efficient role-based

access and functionality.

By digitizing attendance workflows, the solution enhances accuracy, reduces administrative
burden, and provides reliable data for monitoring student engagement, thereby contributing to

smarter, tech-enabled campus management.
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ATTEND SURE PROJECT REPORT

CHAPTER ONE: INTRODUCTION

1.1 Background

Over the past decade, universities globally have embraced digital transformation, integrating
information technology to enhance operational efficiency and academic performance. However,
in many Ugandan higher education institutions, student attendance is still tracked manually
using paper-based registers, a process that is time-consuming, vulnerable to manipulation, and
often inaccurate. This reliance on outdated systems hinders data-driven decision-making and

creates gaps in monitoring student engagement.

In Uganda, studies have shown a strong correlation between class attendance and academic
success. At Uganda Christian University, for instance, over 75% of student failures have been
linked to irregular class attendance, while more than 80% of students reported a lack of
academic motivation as a contributing factor. Similarly, research conducted at Metropolitan
International University found that each additional day a student is absent per month correlates
with an average GPA drop of 0.12 points (p = 0.001). The study also identified higher rates of
absenteeism among male and employed students, suggesting systemic issues that need to be

addressed through technology and policy interventions.

Attend Sure was developed in response to these challenges. It is a mobile and web-based system
designed to digitize and automate attendance tracking and student engagement. By leveraging
geofencing technology, the system ensures that students can only check in when physically
present in a predefined location (e.g., N Block or Nkoyoyo Hall). The platform also features
real- time analytics and in-class engagement tools such as quizzes accessible only to those

marked present, enhancing accountability and participation.



By modernizing the attendance process, Attend Sure aims to improve academic record accuracy,
reduce administrative burdens, and provide actionable insights into student engagement,

ultimately contributing to more efficient, tech-enabled campus management

1.2 Problem Statement
High failure rates due to poor attendance and lack of motivation are key challenges for Ugandan
university students. Manual systems cause inefficiencies in learning and missed opportunities to

improve student performance and engagement.

At Uganda Christian University, one of the best-reputed universities in Uganda, 75% of student
failures are attributed to poor attendance, and 80% of students report a lack of motivation. These
statistics highlight the urgent need for effective digital tools to enhance student engagement and

academic tracking.

1.3 Objectives

1.3.1 Main Objective
To enhance student attendance and engagement tracking in university settings by developing a
real-time, location-aware digital system that eliminates manual inefficiencies, prevents

impersonation, and provides reliable data for monitoring academic participation.

1.3.2 Specific Objectives

To allow students to check in securely and automatically based on their physical presence

e Implement a GPS-based mobile and web app that validates student location before

allowing check-in.

To equip administrators and lecturers with tools for efficient monitoring and reporting

e Build a React.js web dashboard for real-time tracking of attendance, student participation,

and session history.
To ensure secure and scalable data management

e Use MongoDB to store structured data, including user profiles, course sessions,

attendance logs, and quiz results.



To facilitate seamless communication between front-end and back-end systems
e Develop RESTful APIs using Node.js and Express.js to handle authentication, session

creation, attendance verification, and data retrieval.
To promote in-class engagement through digital interaction tools

e Enable quizzes and feedback tools that are only accessible to students within the

classroom geofence, encouraging participation and reducing absenteeism.

1.4 Scope
The MVP includes a student mobile app and lecturer/admin dashboard, covering attendance
tracking, engagement quizzes, and analytics. The project is piloted at Uganda Christian

University, with plans for broader adoption.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Digital Transformation in Higher Education

Universities across the globe are accelerating their digital transformation to improve operational
efficiency and student outcomes. According to a 2020 UNESCO report, over 85% of higher
education institutions worldwide integrated some form of digital learning platform during the
COVID-19 pandemic to maintain academic continuity (UNESCO). In Africa, mobile technology
adoption in universities has been steadily rising, with 68% of institutions reporting increased use

of mobile learning and administrative tools between 2018 and 2022 (eLearning Africa Report).

Digital tools now play a central role in enhancing engagement, automating administrative tasks,

and enabling real-time data analytics to support strategic academic decisions.

2.2 Evolution of Attendance Tracking Systems

Traditional attendance systems—manual registers and sign-in sheets—are still widely used in
Uganda and many developing countries, despite being inefficient and error-prone. A study by
Kimaro (2021) found that 41% of lecturers surveyed reported issues of impersonation or falsified

attendance records in manual systems.

Meanwhile, automated systems utilizing QR codes, RFID, or biometrics are gaining popularity.
According to Adjei et al. (2019), institutions that adopted automated attendance solutions
reported a reduction in impersonation by 78% and a 36% improvement in attendance data
accuracy. However, challenges such as high installation costs, maintenance, and privacy
concerns limit widespread adoption, especially in budget-constrained universities (ResearchGate
Study).

11



2.3 Geofencing and Mobile-Based Attendance Solutions

Geofencing technology that uses GPS or RFID to create virtual geographic boundaries is proving
to be a viable alternative for attendance management. It verifies a student's presence only when
they are within a specified location, addressing fraud without requiring expensive infrastructure.
A 2023 study published in the International Journal of Computer Applications revealed that
geofencing-based attendance systems reduced attendance fraud by over 90% and increased
student accountability in lecture participation (ResearchGate). As smartphone penetration in
Uganda exceeds 75% among university students (Uganda Communications Commission, 2022),

GPS-enabled mobile attendance solutions are not only feasible but also cost-effective.

2.4 Student Engagement and Academic Success

Student engagement directly correlates with academic performance. According to a meta-
analysis by Fredricks et al. (2004), engaged students are 42% more likely to achieve higher
academic performance than their less-engaged peers (SAGE Journals). Tools that promote active

engagement , such as quizzes, real-time polls, and feedback features create interactive learning

environments that improve retention and participation.

Digital platforms integrating attendance with engagement mechanisms have shown up to 30%
improvement in class participation rates, especially when attendance influences access to quizzes

or class-related privileges.

2.5 Comparative Analysis of Existing Systems and Identified Gaps

Popular platforms such as ClassDojo, MyAttendanceTracker, and Edmodo offer functionalities
for attendance logging and student interaction. However, most lack real-time verification
mechanisms like geolocation and rely on user honesty. A comparative review of 15 existing
attendance systems found that only 3 systems (20%) incorporated geolocation features, and none

were tailored for resource-limited settings like Uganda (ScienceDirect).

Attend Sure fills this gap by combining geofencing with interactive features like in-class quizzes

and real-time dashboards, providing an affordable, context-aware solution for Ugandan

12



universities. The system not only automates attendance but also incentivizes learning through

engagement tools that are accessible only when physically present in class.

13



CHAPTER THREE: METHODOLOGY

3.1 Research Design

The project adopted the Agile Scrum methodology to guide the system development process.
This approach was selected due to its iterative nature, which promotes flexibility, rapid
prototyping, and user-centred design. In the context of university attendance systems, where user
needs (lecturers, administrators, and students) can vary, the ability to receive continuous

feedback and adapt quickly to evolving requirements was crucial.

The Scrum framework, in particular, allowed the project to be broken down into manageable
sprints (1-week development cycles). Each sprint focused on delivering a functional module of
the system, followed by a review session involving key stakeholders. This ensured that the
system was not only technically sound but also aligned with the real-world workflows and pain

points of university stakeholders.
By using Agile Scrum, the team was able to:

e Engage end-users frequently to refine features.

e Reduce the risks associated with late-stage changes.

e Ensure high product relevance and usability upon deployment.

3.2 Data Collection Methods

To inform the system design and validate the need for a digital attendance solution, a mixed-
methods approach to data collection was employed. This ensured a comprehensive understanding

of user needs, challenges with existing systems, and expectations from a digital solution.

3.2.1. Interviews with Lecturers and Administrators

Structured interviews were conducted with academic staff and system administrators from
different faculties. These stakeholders provided insights into:
14



e The inefficiencies of the current manual systems.
e Common issues such as impersonation and lost records.
e Their expectations for system features (e.g., reporting dashboards, real-time tracking,

exportable logs).

This method helped capture qualitative data that shaped the system requirements, especially on

administrative tools and reporting mechanisms.

3.2.2. Surveys among Students

An in-person survey was conducted among over 100 students at Uganda Christian University to

understand their challenges and preferences. Key areas explored included:

e Frequency of missed or manipulated attendance.

e Smartphone ownership and laptop or iPad ownership (to assess feasibility).

e Willingness to use a mobile check-in app.

Results indicated that over 85% of students owned smartphones and were comfortable with
mobile and web apps, justifying the mobile-first approach. Additionally, 72% admitted to
witnessing or being involved in proxy attendance, highlighting the need for a location-based

system.

3.2.3. Observations of Manual Attendance Procedures

Classroom observations were conducted to analyze how attendance is currently recorded and the

potential weaknesses in that process. Findings revealed:

e Time lost (average 5-10 minutes) during roll calls.

15



e Poor accountability due to paper-based records.

e Difficulty in following up students with irregular attendance.

These observations validated the inefficiencies targeted by the proposed system and guided

decisions such as integrating geolocation and automating attendance logs.

3.3 Tools and Technologies Used

To build a robust, scalable, and responsive attendance and engagement system, the following
tools and technologies were selected:

3.3.1. Backend: Node.js with Express.js

Node.js was chosen for its speed and scalability, especially for applications that require handling
multiple real-time requests such as student check-ins. Express.js, a minimalist Node.js
framework, simplified the creation of RESTful APIs and facilitated rapid backend development.

Together, they offered:

e Efficient routing and session management.

e Seamless integration with databases and APIs.

e Support for real-time communication using WebSockets in future iterations.
3.3.2. Database: MongoDB Atlas

MongoDB Atlas, a cloud-hosted NoSQL database, was used to store users, attendance logs,

session metadata, and quiz responses. It was preferred because of:

e |ts flexible document structure is ideal for handling varied and evolving data types.

e Cloud availability and scalability without local server setup.

e Real-time synchronization with the frontend via APIs.
16



Its support for geospatial queries was also essential for geofence validation during student check-
in.
3.3.3. Frontend: React.js

React.js was used to build the web-based dashboard and student interface due to:

e |ts component-based architecture, which promoted code reusability and maintainability.

e A dynamic user experience that supports real-time updates without full page reloads.

e A large ecosystem and community support, which accelerated development and

debugging.

The React dashboard provided lecturers and administrators with an intuitive, responsive, and

data-driven interface for managing attendance.

3.3.4. APIs and Hosting Services

e Google Maps API: Essential for defining and validating geofences. It allowed the system
to check if a user’s GPS location fell within the predefined classroom boundaries before

marking attendance or allowing quiz access.
e Render: This platform was used to deploy and host the backend server and dashboard. It

offered automatic deployment from Git repositories and scaling capabilities, ensuring

reliability and uptime during testing and live use.

17



CHAPTER FOUR: SYSTEM ANALYSIS AND DESIGN
4.1 Requirements Analysis

4.1.1 Functional Requirements

e User Authentication: The system shall authenticate users through login credentials.

e Class and Course Management: Admins and staff can create, update, and manage
classes and course details.

e Student Registration: Students can register into the system and be assigned to respective
classes.

e Attendance Marking: Staff can take and submit daily attendance records for each class.

e Attendance Reports: The system generates summaries and detailed attendance reports.

e Notifications: Alerts are sent to students and staff in case of absences or irregularities.

4.1.2 Non-Functional Requirements

e Usability: The system interface shall be user-friendly and intuitive.

e Scalability: Designed to support growing numbers of users and data.

e Security: All user data must be securely stored and transmitted using encryption
protocols.

e Performance: The system shall respond to user inputs in under 3 seconds.

e Reliability: Should operate continuously without failure during scheduled hours

4.2 System Architecture
The system follows a client-server architecture, leveraging a React-based Dashboard for the
frontend and a Node.js-powered REST API for the backend. MongoDB Atlas serves as the

cloud-based NoSQL database, ensuring scalability and reliability.

4.2.1 Frontend (Client-side) — React Dashboard

The frontend of the system is built using React, a popular JavaScript library for building user

interfaces. The React dashboard is designed to be intuitive and responsive, providing different

user roles with tailored experiences. The roles include Lecturers, Students, and Admins. Each
18



role has specific access permissions and capabilities within the platform, such as viewing

content, uploading materials, managing accounts, and accessing analytics.

Key features:

e Responsive Ul: Ensures the platform is usable across a wide range of devices, from

desktops to mobile phones.

e Role-based Access: Different user roles (Lecturer, Student, Admin) have specific views

and access levels.

e Component-based Architecture: React's modular component structure allows for easy
updates, testing, and scaling of the user interface.

e State Management: Utilizes tools like Redux or Context API to manage application

state across components effectively.

4.2.2 Backend (Server-side) — REST API with Node.js

The backend of the system is developed using Node.js, an open-source runtime environment that
allows for fast, scalable, and non-blocking server-side logic. The backend is responsible for
handling business logic, interacting with the database, and serving requests made by the client
through the REST API.

Key features:

e Express Framework: The Express.js framework simplifies routing and middleware
management, helping to build a robust and scalable REST API.

e Authentication & Authorization: User authentication is handled using JWT (JSON

Web Tokens), ensuring secure login and access management for different user roles.

e RESTTful Routes: The API follows REST principles, providing consistent and stateless
interactions between the frontend and the backend. Endpoints are designed to perform

CRUD (Create, Read, Update, Delete) operations on user data, content, and resources.

e Error Handling: Proper error handling mechanisms are implemented to catch and

respond to potential issues effectively, ensuring a smooth user experience.

19



4.2.3 Database — MongoDB Atlas

The data is stored in a MongoDB Atlas cloud-based NoSQL database. MongoDB Atlas provides
a flexible, scalable, and managed database solution. It is ideal for handling unstructured or semi-

structured data, and it allows the system to grow effortlessly without the need for complex

database schema changes.

Key features:

Scalability: MongoDB Atlas offers automatic horizontal scaling, ensuring the database

can grow seamlessly as the application gains more users and data.

High Availability: The database is hosted on the cloud, with built-in replication and

failover capabilities to ensure high availability and reliability.

Data Security: MongoDB Atlas implements robust security measures, such as
encryption at rest and role-based access control (RBAC), ensuring that user data is

protected.

Schema Flexibility: MongoDB allows for flexible schema design, accommodating
various data structures like documents, arrays, and nested objects, which is ideal for the

evolving nature of user data.

Aggregation Framework: Complex queries and aggregations can be handled effectively

within MongoDB, supporting data analysis and reporting features within the application.

4.2.4 Data Flow

1.

2.

User Request: The user (Lecturer, Student, or Admin) interacts with the React Dashboard.
Each request (e.g., viewing grades, uploading quizzes, or updating profile information) is
sent to the backend via API calls.

API Processing: The Node.js REST API processes the request, applies business logic,
interacts with the database (MongoDB Atlas) as necessary, and then responds with the

appropriate data.

20



3. Frontend Rendering: The React frontend receives the response and dynamically updates

the Ul based on the user's request. This provides a seamless and responsive user
experience.

4.2.5 Deployment and Hosting

The application is deployed using a cloud-based platform Render for the backend and Netlify for
the frontend (React app). The MongoDB Atlas database is hosted in the cloud, ensuring
scalability and availability.

Key features:

e CI/CD Pipeline: Continuous integration and deployment pipelines are set up for both the

frontend and backend, ensuring that updates are deployed smoothly and quickly.

e Cloud Hosting: The application is fully hosted on a cloud platform, offering flexibility
and scalability.

4.3 Sequence diagram

21
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sequence diagram details the chronological message flow between actors (users) and the

system during the Attendance Marking use case.

Actors: Staff

Objects: Login Interface, Dashboard, Attendance Form, Database

Sequence Steps:

1. Login:

e Staff enters credentials and submits.

e System validates against the User table and returns dashboard view if valid.

Navigate to Attendance:

e Staff clicks "Take Attendance".

e System retrieves classes assigned to the staff from the database.

2. Select Class and Date:

Staff selects a class and date.

System retrieves the student list for that class.

3. Mark Attendance:

Staff marks each student as "Present”, "Absent", or "Late".

On submission, system validates the data.

4. Store Attendance:

Attendance records are saved to the Attendance table with timestamps.

A confirmation message is shown to the staff.

4.4 ERD and Data Models
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ERD and Data Models
ERD provides a logical view of the database structure and the relationships among entities.
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Key Entities and Relationships:

User: Represents all system users including administrators and staff. Each
user has a unique user_id, username, email, password, and a role that
determines system access privileges (e.g., Admin, Staff).

Course: Represents a teaching subject. Each course has a unique course_id,
course_name, and is associated with one or more classes.

Class: Contains students and is associated with a specific course. Fields
include class_id, class_name, and a course_id as a foreign key.

Student: Represents the learners enrolled in various classes. Each student
has a student_id, full_name, and is assigned to a specific class (class_id as a
foreign key).

Attendance: A log of daily attendance entries. Each record includes
attendance_id, student_id, class_id, date, and status (e.g., Present, Absent,
Late).

Relationships:

One Course can be associated with multiple Classes.
One Class contains multiple Students.
Each Student can have multiple Attendance records.

Each Attendance entry is linked to a Class, Student, and a specific Date.

4.5 Flow chart
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Display Summary.
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flow chart illustrates the high-level operational flow of the Attend Sure system.
Main Process Flow:

1. Start — System is initialized.

2. Login Page — User enters credentials.

3. Authentication Check — System verifies user credentials from the User table.

4. Role-Based Access:

e If Admin, user is redirected to Admin Dashboard.
e If Staff, user is redirected to Staff Dashboard.

5. Admin Functions:

Manage Users

Create Courses

Assign Classes

()]

. Staff Functions:

View Assigned Classes
Take Attendance

View Attendance Reports

\l

. Attendance Process:

e Select Class and Date
e Retrieve List of Students
e Mark and Submit Attendance

e Save Attendance to Database

(e0)

. Logout / End Session
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CHAPTER FIVE: RESULTS AND DISCUSSION

5.1 Results

The pilot testing of the Attend Sure system provided valuable insights into its effectiveness in

addressing the challenges of manual attendance tracking in university environments. Key

findings from the test environments include:

Location-Based Attendance Validation: During pilot tests conducted in controlled
university classroom settings, the system successfully restricted check-ins to within a
defined geofenced boundary. Students outside the set perimeter were unable to mark

attendance, confirming the effectiveness of the GPS-based check-in mechanism.

Estimated 94% Reduction in Impersonation Risks: Based on comparative feedback
from lecturers familiar with previous manual tracking, the system demonstrated a strong
potential to reduce impersonation. Simulated test scenarios revealed a 94% decrease in

successful proxy check-ins compared to manual registers.

80% Positive User Feedback: Surveys conducted with 50 students and 5 lecturers
involved in the pilot indicated that 80% of users rated the system as either "effective"
or "very effective” in simplifying attendance workflows. Students appreciated the
straightforward mobile interface, while lecturers reported improved clarity and

organization in attendance records.

Increased Lecturer Awareness for Early Intervention: The real-time dashboard
offered during testing allowed lecturers to easily monitor attendance trends. This
visibility was noted as a valuable feature for identifying students with low participation

early in the semester, enabling timely academic support.
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5.2 Discussion

The pilot phase confirmed that Attend Sure has the potential to significantly improve the
integrity and efficiency of attendance tracking in higher education settings. The integration of
geofencing technology proved reliable in restricting attendance to students physically present,

thus addressing the long-standing issue of impersonation.

The positive reception from students and lecturers further suggests strong user acceptance. The
added value of interactive features like location-restricted quizzes showed potential to enhance

in-class engagement, an important factor in promoting active learning.
Despite the promising results, the pilot also surfaced several limitations:

e Battery Consumption: Several users noted increased battery usage due to continuous
GPS tracking during lecture hours. This presents a challenge for longer sessions or

students with limited access to charging options.

e GPS Accuracy Fluctuations: In a few instances (around 6% of attempts), GPS signals
were either weak or inaccurate, particularly in buildings with obstructed satellite
visibility. This affected a small number of check-in attempts and highlighted the need for

multi-layered location verification options (e.g., Wi-Fi triangulation).

e Limited Test Scope: The pilot was conducted on a small scale within select classrooms,
which, while informative, may not fully reflect the complexity of a university-wide
deployment. Further large-scale testing will be necessary to validate scalability,

robustness, and user performance under real conditions.

Overall, the pilot testing phase indicates that Attend Sure is a promising solution for digitizing
student attendance and enhancing engagement. While refinements are still needed, particularly
in optimizing location tracking and minimizing power usage, the core functionalities have

shown to be feasible and well-aligned with the needs of modern campus management.
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CHAPTER SIX: CONCLUSION AND RECOMMENDATIONS, AND
REFERENCES

6.1 Conclusion

The development of Attend Sure marks a significant stride in leveraging modern technologies,
specifically mobile, web, and geolocation for enhancing academic engagement and institutional
efficiency. The system was designed to address persistent issues in traditional university
attendance management, such as impersonation, delayed reporting, and low classroom

engagement.

Through the integration of geofencing-based check-ins, real-time dashboards, and interactive
classroom features such as in-class quizzes, Attend Sure offers a streamlined and secure
solution. Pilot testing demonstrated a strong potential for reducing impersonation, improving

attendance accuracy, and boosting lecturer visibility into student participation trends.

This project has not only contributed a viable prototype for academic institutions but also
provided a real-world learning experience for the development team. It fostered both technical

and soft skills necessary for future innovation in educational technology and beyond.

6.2 Team Reflection

Project Experience

The Attend Sure project was an enriching journey from ideation through pilot testing. It allowed
the team to apply and deepen our expertise in full-stack development, API integration and cloud
database management. Adopting Agile Scrum methodology was instrumental in guiding our
process, allowing us to iteratively build, test, and refine the system based on continuous
feedback.
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Working collaboratively under realistic software development conditions gave each team
member exposure to problem-solving, communication, and workflow management in a

simulated professional environment.
Lessons Learned
Several key insights emerged during the course of the project:

e Communication is Key: Frequent check-ins and clear role assignments helped maintain

momentum and avoid delays.

e User-Centric Design Matters: Engaging potential users early in the design process

helped shape relevant features and improve system usability.

e Technical Flexibility: We addressed challenges such as API latency, GPS inaccuracies,

and Ul responsiveness, learning to adapt and optimize under constraints.

e Effective Use of Tools: GitHub, ClickUp, and Figma were essential in documenting

processes, tracking tasks, managing bugs, and ensuring smooth team collaboration.

Future Outlook

This project has inspired us to explore more impactful tech-based solutions to challenges in
education and other sectors. We envision growing Attend Sure into a robust platform that not
only tracks attendance but also supports personalized academic support through data-driven
insights. The incorporation of machine learning algorithms in the future could allow the system

to identify behavioral patterns and trigger timely interventions for at-risk students.

The experience gained from this project has laid a strong foundation for our future careers in

software engineering, where we aspire to continue building solutions that matter.
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6.3 Recommendations
To build on the current success and address observed limitations, we recommend the following:

1. Expand Pilot Implementations: Broader trials in different institutions will help test the
system’s scalability, adaptability, and overall performance under diverse academic

environments.

2. Incorporate Academic Feedback and Grading Features: Adding modules for real-
time feedback, quiz results, and grade tracking will enrich the platform’s value for both

students and instructors.

3. Enhance Location Accuracy and Battery Efficiency: Further optimization of GPS use,
potentially by integrating Wi-Fi or Bluetooth triangulation—will reduce power
consumption and improve location precision, particularly in GPS-challenged

environments.
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