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ABSTRACT 

In the contemporary educational environment, effective student attendance management is a 

critical priority for institutions striving to enhance administrative efficiency. Traditional manual 

attendance methods are labor-intensive, prone to inaccuracies, and often result in operational 

inefficiencies. The QR Code Based Attendance System addresses these challenges by leveraging 

QR code technology to streamline and automate attendance tracking. This system utilizes QR 

codes to mark attendance, eliminating the need for manual record-keeping and reducing errors. 

 

The QR Code Based Attendance System offers significant benefits, including automation of 

attendance recording, real-time data insights, and enhanced reporting and communication. Its 

user-friendly interface allows administrators and faculty to monitor attendance effortlessly, while 

students can mark their attendance using readily available mobile devices. The system also 

supports data analytics, enabling institutions to generate detailed attendance reports for 

performance evaluation and compliance purposes. By modernizing attendance management, this 

system fosters an environment of accountability and efficiency. 
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CHAPTER ONE 

1.0 INTRODUCTION 

Academically, tracking student attendance using traditional methods, such as roll via roster or 

paper-based registers, can be inaccurate and time-consuming. More importantly, managing 

attendance with these traditional methods emphasizes paper records and can become a burden for 

educators and administrators. As colleges and universities seek more efficient and exact solutions 

to practices of administrative processes using technology, one of those technological advances is 

QR Code Based Attendance System. This attendance system is driven through the use of mobile 

technology, and it uses automation to record attendance. The QR codes simplify the process of 

taking attendance. It is practical because the student can easily scan the QR code. It is cost-effective 

because QR codes are easy to generate and students can scan with their common mobile phones. 

The goal of the project is the creation of an automated, cheap, and easy to use Attendance 

Management System (AMS) that will make use of QR code technology to provide a better method 

of accurately tracking attendance in formal educational institutions. While there are traditional 

issues in manual attendance tracking methods that reduce effectiveness and efficiency, this process 

should simplify administrative processes, reduce errors, and improve tracking accuracy. This 

system will also allow real-time access to data and reporting which may allow faculty and 

administrators to make timely decisions and actions to increase accountability and positive 

academic outcomes (Akhter et al., 2022). 

 

These aims can be consolidated into a set of objectives to shape the research and development of 

a QR code-based attendance system that facilitates attendance marking with students scanning 

individual secure QR codes provided by lectures at lecture time to minimize classroom 

interruption, as well as errors associated with manual attendance methods. The objectives also 

include developing a system that will be scalable and adaptable (configurable) to institutional 

databases and systems infrastructure to facilitate attendance monitoring and reporting in real-time 

to both the lecturers and the associated institute (Khan et al., 2023). The attendance system will 

also heavily utilize security features such as the use of changing QR codes and student-based 

authentication practices to prevent fraudulent mechanisms e.g., proxy attendance and enhance the 

reliability and trustworthiness of the system (Zhang & Wang, 2021). Finally, the usability, 
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performance, and effectiveness of the QR code attendance system will be evaluated by deploying 

the system in a pilot study in an education environment, collecting user feedback to understand the 

impact of QR code attendance and its role in monitoring attendance in lecture classes allowing 

improvements for the future (Smith et al., 2021).  

 

As educational institutions continue to adapt to digital transformation, QR code-based attendance 

systems can be viewed as a step forward in convenient and reliable attendance record-keeping. 

The project contributes to modernizing the administrative operations that can improve overall 

academic success. 

 

1.1 BACKGROUND OF THE STUDY 

In recent years, the educational landscape has undergone monumental changes, propelled by 

technological advancements, the accelerating quest for a more efficient administrative approach. 

Attendance tracking, an integral piece of the educational administration puzzle creates, delineates 

and measures student accountability, and determines institutional efficiency and productivity. 

Traditional means of attendance tracking results in several impediments, including time wasted, 

human error, and challenges associated with data management. This can significantly (harmfully) 

impact the education process experience and academic performance overall (Khan et al., 2023). 

The influence of digital technologies has led educational institutions to search for novel solutions 

that improve more efficient problem-solving to carry out administrative tasks. QR codes (Quick 

Response) codes are an innovative device that can be utilized in several aspects of an operation, 

including attendance tracking. QR codes are an effective contemporary alternative to traditional 

attendance tracking methods because they function as a shortcut for easily scanning and connecting 

smartphones to data capture. This transference of attendance tracking, while nevertheless 

important, becomes more relevant in higher education, where large class sizes and broad student 

populations encourage an abandonment of traditional attendance tracking processes (Akhter et al., 

2022). 

 

Using a QR Code Based Attendance System will dramatically increase attendance tracking 

capabilities and regulation and oversight within your institution. Unlike the previous systems 

indicated in this project, you will not only automate the attendance record but also gain access to 
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real-time data so the instructor or administrator can make a time-appropriate decision based on the 

accurate attendance record. Subsequent QR codes can be produced in real-time for as many 

sessions as possible which increases the security and reduces fraudulent operations such as proxy 

attendance (Zhang & Wang, 2021). Additionally, with the focus on accountability to data-driven 

decisions in education, attendance tracking in education is an important factor with schools 

implementing a solid attendance reporting system. As schools look for ways to improve 

operational workflow in their institutions, an example like with QR code technology is a 

reasonable possibility for improving the operational process of student engagement. As part of 

significant modernization within education administration service, this project will, hopefully, 

help overcome certain limitations of existing attendance systems (Smith et al., 2021). The 

proposed QR Code Based Attendance System should offer an intuitive, scalable, and user-friendly 

attendance management and reporting system that maximizes the productivity of attendance 

reporting in higher education. 

 

1.2 STATEMENT OF PROBLEM 

Monitoring attendance accurately and efficiently is a critical function for educational organizations 

to track student engagement and participation, ensure compliance with academic policies, and 

inform administrative decision making. Unfortunately, traditional methods of manual attendance 

monitoring such as taking roll, or using a paper-based register are labor intensive, time-consuming, 

prone to inaccuracies, detract from classroom instruction, and do not provide real-time information 

to inform timely interventions when needed. Many times these methods result in factors that skew 

the attendance records, such as proxy attendance, clerical errors, etc., and they lack up to date 

information that would allow a faculty member to take timely intervention to deal with issues 

impacting student performance (David et al., 2020). This issue is of considerable importance when 

attempting attendance monitoring in large educational settings monitoring attendance in repeated 

lectures with varied student groups can be overwhelming! Also, the administrative effort of taking 

attendance can steal time from instruction, as ultimately it comes with opportunity costs for 

required attention from faculty with respect to their time, engagement, or academic performance. 

There are alternatives to manual attendance monitoring, for example, RFID or biometric systems, 

but these systems often involve expensive infrastructure, or technological expertise, or privacy 

concerns that may prevent their use at resource-constrained institutions. QR code-based attendance 
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systems are a very exciting, and cost-effective opportunity using technology most students are 

familiar with smartphone but a lot of the established systems do not seamlessly integrate with 

institutional systems, are limited by security systems to prevent fraudulent attendance, lack ease-

of-use or functionality that are suited for lecture monitoring (Liew et al., 2021). 

 

The nonexistence of scalable, secure, and efficient attendance tracking mechanism prevents 

educational institutions to digitalize lecture monitoring and to systematically utilize attendance 

data. Topics like a lack of improvement in record keeping, reducing the administrative burden for 

school administrators, and enhancing student accountability can be solved when there is 

automation. Also, when an institution cannot provide real time attendance reports, it places a 

burden on faculty, who can no longer set interventions for uninterested students who are at risk of 

not succeeding with subsequent actions. This project, "Design and Implementation of a QR Code 

Enabled Attendance System for Lecture Monitoring" seeks to target this problem through a QR 

code computer attendance tracking system that will automate attendance tracking and reporting 

while providing enhanced accuracy and real time data reporting and integration with the academic 

back end systems (Benesa et al., 2024). On the whole, this project emphasizes the academic side 

to the digital transformation of educational administration into institutional improvements as well 

as improvements for academic success. 

 

1.3 AIM AND OBJECTIVE 

The main objective of this project is to design a complete, automated and cost-effective Attendance 

Management System that provides the attendance monitoring process in educational institutions 

with QR code technology to enhance the accuracy and speed of student attendance tracking. This 

system addresses the issues, limitations and inefficiencies of traditional manual methods of 

attendance tracking so that administrative processes are streamlined, mistakes are reduced, 

reliability improves and attendance tracking is improved. Furthermore, the new attendance system 

input will provide live access to the data and reporting for faculty and administrators, and 

ultimately establish reasonable timeframes for engagements that encourage student accountability 

and enhance academic performance. 
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The main goal of the QR Code Based Attendance System project is to create an efficient, 

easy-to-use attendance management system that uses QR code technology to improve the 

attendance process for educational institutions and organizations. This system will strive 

to: 

1. Improve Accuracy: Reduce the human error associated with taking attendance 

manually by letting the QR codes do the work. 

2. Make it More Efficient: Reduce the amount of time it takes to take attendance so that 

classes and meetings notice a faster turnaround for sessions. 

3. Allow for Monitoring in Real-time: Allows for attendance tracking and reporting as it 

happens, meaning immediate access to attendance information. 

4. User Data Security: Keeping user data private and stored securely while being 

compliant with Privacy and Data Protection cautiously. 

5. User Experience Engagement: Allowing the user to engage with a simple UI to use 

make the uptake easier for students and staff. 

 

If done correctly, the project will help overcome the limitations of traditional attendance 

systems and provide a modern solution for its users effectively. 

 

1.4 METHODOLOGY   

The process for developing the QR Code Based Attendance System includes several phases to 

ensure a proper and successful development process. First, we conduct requirements gathering 

through surveys and interviews with future users and stakeholders to understand their needs and 

requirements. The requirements gathering is analyzed to define both functional and non-functional 

requirements to ensure the system will meets user needs. A literature review to study other 

attendance systems began and examined existing attendance systems, the limitations and areas of 

improvement for similar systems and potential QR code technology.  

 

The design of a system will combine QR code generation, the QR Code scanning process, along 

with the database handling. For the design phase, a general system design can be created that will 

include use case diagrams and workflow processes to visualize user processes. The design also 

considered ethical considerations to protect the user’s privacy and protect their data. 



6 
 

In the implementation phase, you will use your technology stack of programming languages, 

frameworks, and tools to create the system. Creating the generation and scanning of QR codes 

occurs, followed by both the backend and frontend development of a user experience that enhances 

seamless use. Security measures will be implemented to protect users' data against feasible threats.  

 

Testing will occur through unit, integration, and usability testing to assess the overall system use 

performance and satisfaction. User feedback from testing will be a part of the refinement of the 

system. Finally, results will be examined, compared to traditional methods, and discussed to 

demonstrate the system's strengths and possible enhancements for the future. 

 

1.5 SCOPE OF THE STUDY   

The QR Code Based Attendance System project scope includes the complete design, 

implementation and testing of an Attendance Management System based on QR Code 

technology. This project aims to support an efficient attendance solution within an organization 

or educational institution while improving the shortcomings of traditional attendance systems. 

The following components provide more specified project scope:  

1. System Features: The system will ensure the primary features of attendance management, 

which would include unique QR code generation for each user, as well as effective attendance 

marking via QR code scanning. Features will also include up to date attendance marking within 

attendance records, the generation of attendance reports, and data analytics to discover attendance 

patterns over time. The system will incorporate notifications and reminders for users regarding 

attendance regulations and important dates.  

2. User Roles and Permissions: The project will include the roles of the administrators, teachers, 

and students. Each role will provide specific rights of access and capacities to ensure activities 

are completed successfully by its users. Administrators will function directly with user accounts, 

and overall system function and workload, teachers will mark student attendance, and provide 

reports of student attendance. Students, will maintain access to their user attendance records and 

notifications. 
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3. Integration with legacy Systems: The QR Code Based Attendance System will be designed in 

order to integrate easily with existing student information systems or other databanks. This wil 

allow data to be synced between users and the system and the attendance records will align with 

existing operational systems within the institution. 

4. User Interface Design: A focus on user experience would drive the design and development of 

the user interface for the application (Mobile and web interface). It will be easily accessible and 

have a user friendly design that is easy to use and intuitive for all users regardless of their technical 

ability so that anyone can effectively use this and ultimately get students to use it as well. 

5. Security and Data Protection: The framework of the project will include security elements to 

help make sure sensitive user information is protected. For example, the attendance information 

will be encrypted when stored in the database, access will be strictly limited, and protections will 

be put in place. The maintenance of the user privacy so that their data is only accessed by people 

who have permission to access it. 

6. Testing and Evaluation: There will be enough testing methodologies that the usability, 

functionality, and performance can be validated. For example, unit testing, integration testing, 

and end-user acceptance testing. Also, there will be a mechanism to solicit user feedback in order 

to improve the overall use based on real usage and requirement. 

7. Limits and exclusions: Within the project, the intention is to provide all of the benefits 

associated with attendance tracking. However, the focus will be on attendance management only, 

and will not include grading, course management, and other more encompassing administrative 

functions. Furthermore, the system will be dependent on users having access to smartphones or 

devices that can scan a QR code, therefore, if the system is being utilized in an environment that 

does not have access to these technologies, it could limit usage. By outlining such boundaries, the 

project will be aimed at providing a solution that is focused, efficient, user friendly, and overall 

effective with regard to attending management processes and user satisfaction and data safety.  

Overall, this approach will improve operational efficiencies and also create a modern learning 

environment with modern technology 
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1.6 LIMITATION OF THE STUDY 

While this study aims to provide valuable insights into the effectiveness of a QR Code Based 

Attendance Management System, several limitations must be acknowledged: 

1. Sample Size and Generalizability: The research will be conducted within a single 

educational institution, which may limit the generalizability of the findings to other 

contexts. The sample size may also restrict the ability to draw broader conclusions about 

the system's effectiveness across diverse educational settings. 

2. Timeframe: The study will be conducted over a limited timeframe, specifically one 

academic semester. This duration may not capture long-term usage patterns or the sustained 

impact of the system on attendance management and student engagement. 

3. Technology Reliance: The effectiveness of the QR Code system relies heavily on students' 

access to smartphones and internet connectivity. Variability in technology access among 

students could impact the overall adoption and effectiveness of the system. 

4. User Adaptation: The study assumes that users (students and faculty) will adapt quickly 

to the new system. However, varying levels of technological proficiency may affect the 

ease of use and overall satisfaction, potentially introducing bias in user feedback. 

5. Focus on Technical Aspects: While the study will evaluate usability and user satisfaction, 

it may not fully address the broader educational implications of attendance monitoring, 

such as its influence on student performance or engagement over time. 

6. Potential Bias in Feedback: The data collected from surveys and interviews may be 

subject to bias, as participants might provide socially desirable responses rather than candid 

feedback about their experiences with the system. 

7. Limited Features: The initial version of the attendance system may not include all 

potential features (e.g., integration with other academic systems, advanced analytics), 

limiting the scope of the study to basic functionality and user experience. 

By acknowledging these limitations, the study seeks to provide a transparent framework for 

interpreting the findings while highlighting areas for future research and development in 

attendance management systems. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW  

2.1  OVERVIEW OF TRADITIONAL ATTENDANCE SYSTEM 

The traditional attendance system has always been a major component of educational or 

organizational institutions, utilizing manual methods to mark students or employees as present. 

Some common methods include roll calls (where names are called out), passing available sign-in 

sheets, and following a paper-based attendance register. These methods are easily understood, 

however, they take up time and are prone to human errors. For example, while using the time-

consuming agnostic practice of roll calls, teachers may skip names or mark them as absent when 

they are present. In addition to human errors, there is the concern that the manual nature of 

traditional attendance systems causes losses of instructional time. This loss is apparent when 

teachers spend time calling the roll of students rather than getting right into the engagement of 

learning with students. 

Figure 2 1: A Traditional Attendance Register Used in Classrooms. 
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Additionally, typical attendance systems are unable to track data in real-time, this can stop timely 

interventions regarding attendance. Generally speaking, attendance data is accumulated to the end 

of the day or the week, it would be challenging to mitigate issues about attendance when the data 

is referred at end of the day, whether it be electronic or on paper. Such a delay may translate to 

chronic absenteeism, which has shown correlation to lower academic performance as well as not 

being engaged in learning or the learning dynamic. Depending on physical documents and hold 

copies brings into question data security and accessibility, as well as losing or even damaging the 

documents, paper cannot be easily replicated. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 2: A Teacher Conducting Roll Call in a Classroom Setting 

 

On the other hand, modern attendance management systems utilize technology to automate and 

simplify attendance tracking. These systems offer additional features, such as tracking attendance 

in real-time, automated reporting features, and easy integration with current educational platforms. 
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This represents a significant leap in both accuracy and efficiency in attendance management. 

Moving from manual processes to automated systems helps the institution not only with record-

keeping, but also to increase accountability and engagement with the learning process. In 

conclusion, while traditional attendance systems served a purpose for many years, the limits related 

to manual attendance tracking show that it is time for more advanced solutions that can address 

the needs of today's educational environments. 

 

2.2 LIMITATIONS OF MANUAL METHOD 

The drawbacks of manual attendance strategies are substantial and diverse, highlighting the 

pressing need for more effective options in education-related contexts. One of the chief 

limitations is the time wasting nature of traditional roll-calling procedures. Teachers can invest 

numerous minutes every session calling out names or circulating sign-in sheets, interrupting 

students' experience and learning time (Smith, 2020). This time inefficiency is not only a source 

of frustration for teachers, but also diminishes learning opportunities and engages students that 

could otherwise be involved. 

 

Manual methods are also, by their very nature, susceptible to human error. It is not difficult to 

think of varied examples where mistakes such as calling names incorrectly, not calling someone's 

name, or marking a student as presents when they were absent have occurred. As a result, the 

records were incorrect. Sometimes records negatively impacted the students' academic status and 

participation (Johnson & Lee, 2021). The uncertainty in regards to the records can fuel disputes 

related to attendance causing confusion and miscommunication of expectations, participation, 

and accountability between teachers, students, and parents. This uncertainty in reliability creates 

doubt for the attendance system as a whole. 

 

Another significant limitation is the limitation to not be able to use real-time data. Generally, 

attendance information is collated manually at the end of the day or week, meaning that educators 

and administrators cannot respond to patterns of absence in more than a timely manner (Brown, 

2019). If a student misses a bit of class here or there, or every Thursday, that may lead to chronic 

absenteeism, which is often correlated with lower academic outcomes, less student engagement, 

and a higher probability of dropping out. Without a real time feedback mechanism, students may 
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not fully appreciate the intransitive co-efficient of their collective attendance impacting their 

overall success and academic plan.  

 

Physical attendance tracking mechanisms may also face many issues related to accessing the 

information securely. When the information is recorded physically it is subject to loss, damage, 

or unauthorized access (Adams, 2022). All of these issues would be considered serious privacy 

violations inside of an educational institution. There are potential ramifications before these 

institutions use sensitive data effectively, not to mention that educator’s circumstances for 

assessing attendance systematically are complicated and computer-vision technology provides 

also reduces administrative burden. 

 

Overall, physical attendance tracking limitations, including time waste, human error (to record a 

physical presence), reduced responsiveness, and security breaches, indicate an urgent need for 

new, advanced, and automated attendance solutions: as more institutions look for opportunities 

to harness new technology, using attendance tracking to engage with students, teachers, and 

parents has the potential to improve outcomes for students. 

 

2.3 OVERVIEW OF MODERN ATTENDANCE SOLUTION  

As educational institutions and organizations look for ways to improve their methods of tracking 

attendance, new solutions have emerged that are purportedly much faster, more accurate, and 

more secure than traditional manual methods. These technologies each handle the pitfalls of time, 

human error, and privacy issues. Below is a list of the most well-known ways to track attendance 

as an alternative to manual attendance tracking, with different features and benefits for each: 

1. Biometric Attendance System: Biometric attendance systems track attendance based on 

unique physiological or behavioral characteristics. Examples of biometric characteristics 

include fingerprints, face recognition, and vocal recognition to verify attendance. 

Biometric attendance systems typically have a high level of security, and can help 

eliminate buddy punching or proxy attendance, as the individual must be present to be 

verified (Kumar et al., 2023). But biometrics can be more expensive than QR codes, and 
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inherently have privacy concerns about biometrics collection and storing methods 

(Adams, 2022) 

 

 

Figure 2 3: Biometrics Attendance System  

 

2. RFID Attendance System: RFID (Radio Frequency Identification) attendance systems 

use small electronic tags or cards that can be scanned to mark attendance. RFID attendance 

systems are similar to QR codes and apps, but RFID is not dependent on a camera or 

scanner to read the tag. Therefore, RFID attendance systems offer an entirely different set 

of advantages when measuring attendance in cases when attendance measures to be 

tracked at a large scale (i.e., 100's or 1000's people) (Kumar et al., 2023). While RFID 

may offer a more convenient means of tracking attendance, their use can be cost 

prohibitive, as organizations also have to consider the cost of the specialized hardware 

and infrastructure (Brown, 2023). 
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Figure 2 4: RFID Attendance System. 

 

3. Beacon Attendance System: A beacon attendance system uses Bluetooth Low Energy 

(BLE) to track attendance with beacons in multiple locations. Each time a student or 

employee enters or exits an area with a beacon, their mobile device will receive a signal 

from the beacon and record attendance automatically (Kumar et al., 2023). Beacon 

attendance systems are effective in larger spaces, and the signal may still be received 

adequately in locations with poor connectivity; however, users must have Bluetooth 

enabled on their devices, and set up is generally more complex than the setup required for 

QR code attendance (Johnson & Lee, 2021). 

 Figure 2 5: Beacon Attendance System 
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4. GPS-based Attendance System: GPS-based attendance systems use geolocation 

technology to register attendance. In order to use this system, users must have GPS turned 

on their mobile devices, and attendance is registered at when they enter or exit the defined 

sites (Brown, 2023). Although this system does have utility in outdoor and field events, it 

is less accurate than some of the options available, and there may be apprehensions about 

maintaining the privacy of individuals by tracking their locations (Johnson & Lee, 2021). 

 

 

 

 

 

Figure 2 6: GPS-based Attendance System: 

 

2.4 QR CODE TECHNOLOGY  

2.4.1 Concept of QR Code Technology 

QR code technology is a new way to encode, share, and access information. The term QR stands 

for Quick Response, and a QR code is a two dimensional barcode allowing various types of data, 

including URLs, plain text, contact information, and more. This technology was created in 1994 

as an efficient way to track components in manufacturing for automotive parts by the company 
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Denso Wave. The inherent versatility of QR codes and ease of use has resulted in widespread use 

in many sectors today. 

 

The fundamental structure of a QR code is a grid of black squares on white space, and QR codes 

are scanned by devices with cameras, including smartphones. Upon scanning the QR code, the 

phone rapidly decodes the provided data, and the user can be sent to a specific website or shown 

various types of data. This unique ability makes QR codes an effective method to bridge the 

physical world and digital instance. 

 

QR code technology includes a key feature that enables error correction. Because of the added 

error correction, a QR code will accurately scan and read even if there is partial damage or the 

code is somewhat blocked. Included in the code is information corrected through the Reed-

Solomon error correction method, which uses a mathematical equation to determine what portion 

of the code is unreadable (essentially recovering the code). This error correction method 

facilitates the use of QR codes in the real world, which can include a host of varied physical 

conditions. 

 

Another factor that highlights the wide-ranging use of QR codes is their applicability. In the field 

of marketing, QR codes can be used to engage consumers in a way that links them to 

supplementary promotional material, product information, or dynamic experiences. Businesses 

can also leverage the data from QR code scans to ascertain the number of times users have 

interacted with their campaigns or message and glean insights about their customers' behavior 

based on the analysis of that data. In healthcare, QR codes eliminate, or lessen a number of steps 

in complex processes like patient identification or the management of medications, while 

improving the accuracy or speed of implementation and maintaining quality assurance checks. 

Educational institutions use QR codes to simplify student access to information, and to connect 

them to assignments or resources as well as supplemental material to further enrich the learning 

experience, as well as promoting an interactive experience. 

 

In addition, QR codes are becoming common in the event management space, specifically for 

ticketing and check in purposes, allowing attendees to quickly scan their tickets, minimize waiting 
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times and improve the experience. Newer technology is beginning to incorporate more advanced 

features along with QR code, like augmented reality (AR), letting users access engaging content 

simply by scanning a code.  

 

QR codes do have some disadvantages, including the need for users to have a smartphone or 

device capable of scanning; this may exclude some demographics. Also, there are possible 

security issues that stem from users scanning a malicious QR code that brings them to a malicious 

website, or a website that has unwanted actions. Users should always be cautious about the 

unknown source of a QR code before scanning.  

 

In conclusion, QR code technology has changed the way information is shared and accessed 

forever, delivering a fast and reliable way of connecting the tangible and digital worlds. It is a 

very practical and universally useful tool that has various uses and flexibility to incorporate error 

correction. It is being applied in various industries such as marketing, healthcare, education, and 

event management. QR codes will only continue to evolve in new ways and will increase user 

experience and interim at every touchpoint in a world that is constantly becoming more digital. 

 

2.4.2 How QR Code Works 

QR Codes, or quick response codes, are unique two-dimensional barcodes made up of a series of 

black squares on a white background. Their unique design allows QR codes to store different data 

types such as URLs, text, contact information, and even multimedia. QR or Quick Response 

code is a type of two-dimensional barcode that can store a multitude of information. We encounter 

QR codes in our everyday lives on products, web pages, magazines, promotional billboards, t-

shirts, and more. Understanding how QR codes work reveals the technology behind this versatile 

tool. Let’s explore the mechanisms that make QR codes effective. 

 

2.4.2.1 The development of QR code 

Back in 1992, there was a rising need in Japan to develop a compact code that could store more 

information, including alphanumeric, Kanji (logographic Chinese characters), and Kana 

(Japanese syllabary) characters. A Japanese company called Denso Wave Incorporated was 
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developing barcode readers at that time. To meet this rising demand, a two-member team at Denso 

Wave, led by Masahiro Hara, embarked on the development of a new two-dimensional code 

(Denso Wave, 1992). 

2.4.2.2 The 2D problem 

In traditional barcodes, information can be coded only in one-dimension (transverse direction), 

while in two-dimensional (2D) codes, information can be coded in both transverse and longitudinal 

directions. Designing 2D codes that can be scanned as fast as possible was a major challenge for 

the development team because it was difficult for scanners to recognize the location of a 2D code. 

 

2.4.2.3 Position detection pattern 

One day, Hara hit on the idea of adding positional information to the code that indicates its location 

to scanners. Based on this idea, a position detection pattern was added at three corners of each 

code to allow scanners to accurately recognize 2D codes quicker. 

However, designing the shape of the position detection pattern was extremely challenging because 

when a similarly shaped figure was added near the code, the pattern could not be recognized 

accurately. To prevent false recognition, the position detection pattern had to have a unique shape. 

 

 

 

 

 

 

 

Figure 2 7: Position detection Pattern 

Image:  Denso Wave 
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After surveying the ratio of white to black areas in pictures and characters printed on leaflets, 

magazines, corrugated cartons and other documents, the development team reduced the positional 

detection pattern to patterns with black and white areas. The team studied numerous printed 

documents and finally identified the ratio that least appeared on the printed matter. The ratio was 

1:1:3:1:1. 

  

 

 

 

 

 

 

 

 

 

Figure 2 8: The Ratio of Black and White Area in a Position detection pattern 1:1:3:1:1 

Image: Denson Wave 

This way, the widths of black and white areas in the position detection pattern were determined 

and scanners were able to detect the code regardless of the scanning angle by finding this unique 

ratio. 

 

2.4.2.4 The QR Code 

After a year and a half of painstaking trial and error development, the QR code system was 

officially developed and could store up to 7,089 alpha-numeric characters; it could also encode 

Kanji/Kana characters. QR codes were introduced by Denso Wave in 1994 for the automotive 

industry in Japan. These codes enabled fast component scanning and tracking of vehicles during 

production. Because QR codes are compact, quickly readable, and hold much greater data, it 

spread quickly outside the automotive industry. 

 

2.4.2.5 Barcodes 

We all see barcodes in everyday products. Both QR codes and barcodes have their inspiration from 

Morse codes. Barcodes work by shining a bright LED or laser light at a series of elongated lines. 
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We know that black absorbs light and white reflects it. The barcode scanner reads the pattern of 

light reflected back to its light-detecting electronic component called a photoelectric cell. 

As the scanner moves past the barcode, the photoelectric cell generates a pattern of on-off pulses 

that correspond to the black and white stripes. An electronic decoder circuit attached to the scanner 

quickly converts these on-off pulses into binary digits (zeros and ones). These binary digits are 

sent to the computer attached to the barcode scanner, which detects the binary code. 

All barcodes may look similar to the naked eye and share common features like a start and end 

code which allows it to be read correctly regardless of orientation. Barcodes are limited to about 

20 alphanumeric characters. That is where QR or quick response codes come in. 

 

2.4.2.6 QR codes 

QR codes differ from barcodes in appearance but work the same way. Barcodes have vertical bars 

in varying thickness while QR codes are square-shaped and contain black squares arranged in a 

square grid on a white background that can be scanned by an imaging device such as a smartphone 

camera. Some phones may require the use of a QR reader app, which can be freely downloaded 

from the Android or iPhone stores. 

QR codes use standard encoding modes (numeric, alphanumeric, byte/binary, and Kanji/Kana) to 

store data efficiently. The amount of data that can be stored in the QR code image depends on the 

type of data, version, and error correction level. When a QR code is read by a QR code scanner, 

the code is first detected by a two-dimensional digital image sensor and then digitally analyzed by 

a programmed processor in the device. 

2.4.2.7 Versions of QR codes 

QR codes come in different versions. They can range from version 1 which have 21 rows and 21 

columns of modules, version 2 have 25 rows and 25 columns of modules and so on. Version 40 

which have 177 rows and 177 columns of modules has the maximum storage capacity and a low 

error correction level, denoted by 40-L. Shown below are sample versions of QR code from version 

1 to 40, indicating the overall dimensions of the symbol, i.e. 4 × version number + 17 dots on each 

side.  
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Figure 2 9: Samples versions of QR Codes 
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2.4.3 Components of a QR code] 

In this section of the report, we will explore the various components of a QR code by examining a 

sample Version 1 (21×21) QR code that we have generated. 

 

 

Figure 2 10: Version 1 (21×21) QR code example 

❖ Modules 

A module is a fundamental unit of a QR code. These are the black and white blocks that make up 

the data encoded in a QR code. Modules store data and makeup rows and columns of the QR code 

called the data matrix. 

The positioning of data bits begins from the bottom right corner of the matrix and moves upward 

in a two-module wide column and switches direction on reaching the top as shown below. 

 

Figure 2 11: The Positioning of Data Bits in the QR Code. 
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❖ Finder Patterns 

The processor in the QR code reader first locates three distinctive squares (finder patterns) at three 

corners of the QR code image to detect the position and rotation of the code. Larger versions of 

QR codes includes smaller alignment structures near the fourth corner. However, the version 1 QR 

code shown here does not have alignment markers. 

 

 

 

 

 

 

 

 

Figure 2 12: Finder patterns. 

 

A QR code must have white space called a quiet zone around the boundary of the QR code. The 

quiet zone helps the QR code scanner to locate finder patterns. 

❖ Separators 

Separators are important in discerning the different patterns that describe the finder patterns and 

the actual data encoded in a QR code. Since the location defined on the QR code marks the 

boundaries, it can be accurately discerned without impacting the integrity of the QR code's 

encoded data. 

 

Figure 2 13: Separator 
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❖ Timing pattern 

The next structure that occurs on all QR codes is the timing pattern. This pattern aligns with the 

edge of the outer positioning squares and alternates between the two colours of the code at a size 

of 1 module. This allows the QR code reader to confirm the version of this code and as well as the 

timing of the bits along both axes. 

 

 

 

 

 

 

 

 

Figure 2 14: Timing pattern 

 

❖ Format information 

The next structure on the QR code is used to denote the format of data stored in the code. Format 

information contains two pieces of data – the level of error correction and mask pattern. 

 

The level of error correction 

QR codes can have one of four types of error correction levels. The higher the error correction 

level, the lesser the storage capacity. The following table lists the approximate error correction 

capability at each of four levels: 

 

Table 2. 1: Level of Error Correction 

LEVEL PERCENTAGE OF DATA RESTORED 

Level L (Low) 7% of data bytes can be restored. 

Level M (Medium) 15% of data bytes can be restored. 

Level Q (Quartile) 25% of data bytes can be restored. 

Level H (High) 30% of data bytes can be restored. 

The first part of the format pattern denotes the level of error correction used in the code. 
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Figure 2 15: Level of error correction. 

 

❖ Mask pattern 

The second part of the format pattern denotes the mask that is applied to the data. Masking is the 

inverting of colours of modules. In masking, dark modules are converted to light and light ones to 

dark. Mask is used to break up large parts of identical bits to make the pattern more readable for 

scanners to decode the QR code. Larger versions include a format pattern that specifies the version 

code. 

 

 

 

 

 

Figure 2 16: Mask Pattern 

 

There are eight different mask patterns used in QR codes and each can be represented by a formula 

taking in coordinates of modules to determine which modules are masked. 
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Figure 2 17: QR code format patterns. 

 

❖ Format error correction 

The remaining section of the format pattern is the error correction for five bits that we have covered 

so far. The required data is extracted from patterns that are present in both horizontal and vertical 

components of the image. 

 

Figure 2 18: Format Error Correction  

 

❖ An Unused Data Bit 

The next part of the QR code is a single bit that is always represented as 1. This bit is not 

required for the data and the format information. It is relatively an unused part of the code. 
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Figure 2 19: A Single Unused Data Bit Represented as 1 

 

❖ Data 

The rest of the QR code is used to represent the stored data. The data is arranged in such a way 

that it starts in the lower right corner starting with the most significant bit of the data and then 

follows a pattern as shown below. 

 

 

Figure 2 20: Data in QR code. 

 

❖ Encoding (Enc) 

The first four bits specify the type of encoding using which the data is stored. This includes 

numeric, alphanumeric, Kanji/Kana, whole bytes as well as other more complicated structures. 
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Our data will be stored as whole bytes, so the corresponding encoding format is stored in the first 

byte of data. 

 

Note: A QR code is able to store multiple different data types in the same code where each section 

starts with its own specific encoding indicator. 

 

❖ Message length (Len) 

The second byte of data stores the message length. The text message that is stored in this QR code 

is Digitash. Our message is 8 bytes long which is represented in binary as 00001000 and 

transposed into the second byte. 

 

❖ The Message 

The next byte is stored in the ASCII capital letter “D” which is represented with the binary bits 

01000100. These binary bits are transposed into the next byte in our data space. Similarly, all 

remaining letters of our message are stored in the next 7 bytes of data. 

❖ End of the Message (End) 

Following our data, the next four bits in our code is the end of message indicator. This indicator 

contains four zeros which are represented by four light modules in our QR code. 

❖ Error Correction 

Now that the message in our QR code is complete, we still have 16 remaining bytes of storage 

space which is used to store the error correction data of our message. QR code uses the Reed-

Solomon error correction until the image can be appropriately interpreted. 

After applying the Reed-Solomon error correction data and the mask pattern, our QR code is now 

complete. With built-in error correction, QR codes are less susceptible to damage from water or 

dirt. Even in harsh factory environments, QR codes can still be scanned properly. The below QR 

code can still scan right even with all those colours and text added over the code. 



29 
 

 

Figure 2 21: Complete QR Code with Error Correction. 

 

In conclusion, Due to their versatility, QR codes can be programmed for a variety of functions. 

They often contain data that directs users to a website or application. Simply adding a QR code to 

your product allows smartphone-equipped shoppers to access more detailed information. 

Some applications of QR codes include product tracking, item identification, website login, 

restaurant ordering, time tracking, document management, counterfeit detection, video games, and 

general marketing. Importantly, QR code technology is license-free, and the standard is defined in 

ISO/IEC 18004:2015. 

 

2.4.3 Application of QR Code 

QR codes have found extensive applications across various sectors, leveraging their ability to store 

and share information efficiently. 

❖ Marketing and Advertising: In the realm of marketing and advertising, businesses 

increasingly utilize QR codes in their promotional materials to direct consumers to 

websites, special offers, or detailed product information. This practice not only enhances 

customer engagement by providing immediate access to digital content but also allows 

companies to track the effectiveness of their campaigns through scan analytics. By 

analyzing the data collected from QR code scans, businesses can gain valuable insights 

into consumer behavior and preferences, tailoring their strategies accordingly (Kumar, 

2023). 
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❖ Healthcare: In healthcare, QR codes serve a vital role in improving patient identification, 

medication tracking, and access to medical records. By scanning a QR code, healthcare 

providers can quickly retrieve essential patient information, thereby streamlining 

administrative processes and reducing the potential for errors in medication administration. 

This enhances the accuracy of medical information management and contributes to better 

patient outcomes (Smith & Johnson, 2022). 

❖ Education: Educators across the globe are beginning to utilize QR codes in education to 

provide easier access to things like assignments, additional resources, and multimedia 

resources. QR codes have been a fantastic way to create interactive learning experiences 

for students, and prompt them to think critically and engage with learning through an 

interactive process. Incorporating QR codes in lesson plans allows for better engagement 

with students and their learning, and create more interactive and less painful learning 

experiences (Adams, 2023). 

❖ Event management: In the events industry, QR codes have practical uses for things such 

as tickets and check-in procedures. Attendees can simply scan their ticket when they arrive 

at the event, and this eliminates wait times and makes the overall experience more 

enjoyable. This also allows events to take control of entries from check-in booths and 

attendance procedures (Brown, 2023. 

2.4.4 Advantages of QR Codes 

QR codes offer substantial benefits to a plethora of industries, bolstering efficiencies and user 

interaction. 

❖ Easy to Use: Firstly, QR codes are simple to use. They were created with usability in 

mind, allowing most smartphones to quickly capture them. The user simply needs to point 

their phones camera at the QR code and the encoded information is accessible in the blink 

of an eye. This process is quick compared to entering the information manually, which is 

often subject to error and, or requires more time. The simplicity of QR codes also allows 

for a broader audience, including the general population that may not have the expertise 

of technical capabilities, or those lacking even basic tech savvy skills to compare it to, and 

given the ease of use of QR codes, accessibility and convenience are maximized. 
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❖ Versatility: Secondly, QR codes allow for coding of different types of data. QR codes 

can encode all sorts of different data types, including URLs, plaintext, email addresses 

and even multimedia data like videos and images. This flexibility means organizations 

can use QR codes in many different ways, from marketing and educational materials to. 

documentation in healthcare and electronic ticketing for events. For example, a business 

can link a QR code in a marketing campaign to their promotional website; Educators who 

use QR codes can link to assignments and other resources where the assignment is 

ultimately for the students to complete online. These capabilities mean QR codes can be 

adapted to a whole range of different industry needs. 

❖ Cost Effective: QR codes are affordable. Typically, QR Codes are inexpensive, and many 

services and applications can generate codes at little to no cost. Businesses can have QR 

codes printed on various products - i.e. flyers, posters, product packaging - at little to no 

cost to the business itself. This makes QR codes very appealing to organizations looking 

for additional marketing tools or to enhance operational effectiveness, while not spending 

a lot of money.  

❖ Tracking and Analytics: Businesses receive detailed tracking and analytics. When using 

QR code campaigns, businesses can see the scans data which can tell them if their QR 

Code campaigns are effective. By tracking where a QR code is scanned, and how many 

times it is scanned, the business is able to do an analysis of their audience engagement 

behaviors. When a business tracks the scanning activity they can measure the success of 

their marketing campaign and adjust if necessary, or even use this data for future 

campaigns. Imagine if you have a promotional offer that your QR code links to and it is 

being scanned more often than is normal for your audiences demographic, the business 

can easily determine that the offer is appealing, consider extending the offer, or doing a 

similar one in the future. 

2.4.5 Limitations of QR Code  

While QR codes have many benefits, there are also several key limitations that could affect 

effectiveness and usability in various contexts.  
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2.4.5.1 Dependence on Technology 

 A core limitation to QR codes is their dependence on technology. Users must have a smartphone 

or a device that has a camera and the ability to scan QR codes. This can exclude certain 

demographics, especially older adults or individuals in lower socioeconomic groups, who have 

limited access to modern smartphones, or the internet. Research indicates a large portion of the 

population does not have a smartphone, which is especially true in developing regions of the world, 

thereby limiting the scope and effectiveness of QR code campaigns (Brumby, 2023). In addition, 

not all smartphone owners may be familiar with QR code scanning features, or may simply be 

reluctant to use them, which may also impact engagement. 

 

2.4.5.2 Security Issues 

Another major disadvantage is the safety issues with QR codes. Bad actors can create fake QR 

codes that redirect people to malicious sites or perform unwanted actions, like installing malware 

or a phishing attempt. People may unknowingly scan bad QR codes and have their data 

compromised or funds stolen. The anonymity of QR codes makes it challenging for people to 

verify what they are scanning leading to some serious security problems (Kumar, 2023). That said, 

it is imperative that greater public understanding and education about the risks of scanning QR 

codes is available as well as implementing a safer QR code scanning landscape. 

 

2.4.5.3 Design Problems 

QR codes can be customized to an extent, but there are also design problems that induce 

functionality limitations. With highly complex designs or changes that significantly vary from the 

traditional QR code and patterned images, the potential for ability to scan and scalability issues 

arises. For example, excessive graphics elements can make scanning challenging and altering the 

code itself can limit its functionality as scanners may struggle to read the code if it alters the color 

contrast and size (Brumby, 2023). Furthermore, QR codes need a certain level of error correction, 

so they can still be scanned if they are partially destroyed or obscured. These parameters can also 

limit designers in terms of how they can alter the QR code but still ensure equation, an effective 

reads.   
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In general, QR codes offer several advantages, however there are disadvantages such as technology 

dependency, security issues, and design options that users should take into consideration. In order 

to gain the most benefit from QR codes it is critical to deal with issues which will could and should 

rely on users experience to eliminate risk. 

 

 2.4.6 Recent Developments in QR Code Technology 

Recent developments within QR code technology have made them far superior, flexible and 

secured, this can make them more important for businesses and consumers. 

The most important advancement is dynamic QR codes. With static QR codes, the information 

created is permanent; with dynamic QR codes, the business can change the destination URL 

dynamically without having to print a new code. Dynamic QR codes are useful for time-sensitive 

promotions because companies can change their promotions and offers based on the updated 

content in the QR code after it's been printed and distributed. Businesses will be able to provide 

customers up-to-date information and offers. For example, brands can adjust the content the QR 

code is attached to, based on a seasonal promotion, based on inventory substitutions, etc. (Kumar, 

2023). 

Another notable development is the use of block chain technology with QR codes which is creating 

better security for QR codes, particularly in areas of counterfeiting and product authenticity. When 

QR codes link to block chain records, businesses can provide consumers with unadulterated 

information about a product’s origins, manufacturers, and journey through the supply chain. 

Transparency enables trust building with customers, particularly in luxury goods, and the 

pharmaceutical industry where authenticity is essential (Smith & Johnson, 2022). 

Also, using augmented reality (AR) with QR codes provides users with an immersive experience. 

Upon scanning, AR products can represent a 3D model of the product or tutorials that are 

interactive. This type of strategic development not only creates a higher level of user engagement 

but allows consumers to visualize items in their world before purchasing. For example, an AR-

enabled QR code available at a furniture retailer allows customers to visualize the chairs in their 

own living room, improving the shopping experience (Adams, 2023).  



34 
 

In summary, the development of QR code technology such as the uses of dynamic QR codes, block 

chain, and AR provide businesses with new ways to interact with consumers to improve security, 

interactivity, and experiences. 

2.5 REVIEW OF RELATED WORKS 

Here is a summary of related works and case studies that highlight the applications and 

advancements of QR code technology: 

 

Table 2. 2: Review of Related Works and Case Studies on QR Code Technology 

SN STUDY/CASE DESCRIPTION FINDINGS/INSIGHT REFERENCE 

1. Adebayo 

(2023) 

Investigated the 

role of QR codes 

in the Nigerian 

healthcare sector 

during the 

COVID-19 

pandemic 

Highlighted that QR 

codes facilitated 

patient data 

management and 

improved service 

delivery in healthcare 

settings. 

Adebayo, S. (2023). The 

impact of QR codes on 

healthcare delivery in 

Nigeria during the 

pandemic. African Journal 

of Health Sciences, 15(2), 

78-89. 

2. Okafor et al. 

(2023) 

Explored the 

adoption of QR 

codes in Nigerian 

small businesses 

for marketing and 

customer 

engagement. 

Found that QR codes 

significantly improved 

customer interaction 

and provided valuable 

marketing insights for 

small enterprises. 

Okafor, N., Uche, E., & 

Adeola, O. (2023). QR 

codes as a marketing tool 

for small businesses in 

Nigeria. Nigerian Journal 

of Marketing Research, 

8(1), 45-59. 

3. Kumar (2023) Examined the 

impact of QR 

codes in 

marketing 

strategies across 

Demonstrated that QR 

codes significantly 

enhance customer 

engagement and 

provide valuable 

Kumar, A. (2023). The 

impact of QR codes in 

modern marketing 

strategies. Journal of 

Business and Marketing 

Research, 18(1), 15-29. 
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various 

industries. 

analytics for 

businesses. 

4. Smith & 

Johnson (2022) 

Investigated the 

use of QR codes 

in healthcare for 

patient 

management and 

record access. 

Found that QR codes 

streamline processes, 

reduce errors in 

medication 

administration, and 

improve patient 

outcomes. 

Smith, J., & Johnson, L. 

(2022). Improving 

healthcare processes with 

QR code technology. 

Journal of Health 

Information Management, 

39(4), 210-222. 

5. Adams (2023) Explored the role 

of QR codes in 

enhancing 

educational 

environments 

through 

interactive 

learning. 

Highlighted that QR 

codes facilitate quick 

access to resources, 

fostering increased 

student engagement 

and participation. 

Adams, R. (2023). 

Enhancing student 

engagement through 

technology: The role of QR 

codes in education. Journal 

of Educational Technology, 

45(2), 123-136. 

6. Brown (2023) Analyzed QR 

codes' 

effectiveness in 

event 

management for 

ticketing and 

attendee check-in 

processes. 

Concluded that QR 

codes reduce wait 

times at events and 

improve overall 

attendee experience 

through efficient entry. 

Brown, T. (2023). 

Innovations in event 

management: The impact 

of QR codes on attendee 

experience. International 

Journal of Event 

Management, 12(1), 45-58. 

7. Brumby (2023) Discussed the 

limitations of QR 

codes, focusing 

on security issues 

and demographic 

access. 

Emphasized the need 

for education on QR 

code security to protect 

users from malicious 

scams and phishing 

attempts. 

Brumby, J. (2023). The 

challenges of QR code 

technology: Security and 

accessibility. Journal of 

Cybersecurity Research, 

10(3), 200-215. 
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8. Chen et al. 

(2022) 

Investigated the 

role of QR codes 
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retail experiences 

through 

interactive 

marketing. 

Found that interactive 

QR code campaigns 

led to higher customer 

satisfaction and 
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experiences with QR 
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9. Thompson 

(2023) 

Explored the 

integration of QR 
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products. 
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combats counterfeit 

goods. 

Thompson, A. (2023). 

Block chain and QR codes: 

A new frontier in product 
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10. Lee & Kim 

(2023) 

Analyzed the 

impact of QR 

codes on 

contactless 

payment systems 

during the 

COVID-19 

pandemic. 

Concluded that QR 

codes facilitated a 

significant increase in 

contactless payments, 

enhancing consumer 

safety and 

convenience. 

Lee, J., & Kim, H. (2023). 

The rise of contactless 

payments: QR codes in a 

post-pandemic world. 

Journal of Payment 

Systems, 15(1), 34-48. 

11. Patel (2022) Evaluated the use 

of QR codes in 

tourism for 

providing 

information and 

enhancing visitor 

experiences. 

Found that QR codes 

improved access to 

information about 

attractions, leading to 

more informed and 

enjoyable visits. 

Patel, R. (2022). QR codes 

in tourism: Enhancing 

visitor experiences through 

technology. Tourism 

Management Perspectives, 

47, 123-132. 
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CHAPTER THREE 

3.0 METHODOLOGY 

3.1 METHODOLOGY OVERVIEW  

This chapter explains the method used in this research to implement the QR code based attendance 

system built on Excel. The design and development of the system is detailed with regards to the 

process of generating QR codes, recording attendance, and the relevant features in the spreadsheet 

itself. This chapter also shows how the system will operate in practice. This includes how students 

can mark attendance very easily by employing a QR code, as well as how the data is recorded, 

kept, reused and accessed. 

 

3.1.1 Research Questions and Objectives 

The research question this study seeks to answer is: "How effective is a QR code based attendance 

system at enhancing and facilitating attendance tracking in an educational setting?" This question 

aims to discover the advantages and disadvantages of creating an attendance system through QR 

codes. In order to answer the overall question effectively, the following objectives are set: 

1. To create a simple and efficient process for QR that makes attendance easy for educators 

and students. This objective attempts to offer ease of usability with an intuitive interface 

that allows an educator to create a simple unique QR code for each class, and ultimately 

making the QR code generation process simple and easy requiring no technical skills 

ensuring that educators, and their students will use the QR code attendance taking. 

2. To create and implement an efficient and effective attendance tracking system in Excel 

that reduces the amount of work for educators and increases tracking accuracy. This 

includes designing a system that records attendance in real time as well as effectively 

categorizes and organizes this information in Excel. The goal is to automate the data 

tracking process as much as possible so that educators do not have to do any manual 

tracking and only have to enter data once. Educators can keep their focus on teaching, not 

administrative work.  

3. To compare the predictable time and efficiency, reporting ease of use, and reporting 

reliability of the QR code system with traditional methods of taking attendance. This 
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comparison will also provide factors we could measure for improvement. This included 

tracking the amount of time it takes to track attendance; how easy will the system be for 

students to use; and, how reliable is the data collected with the QR code system as opposed 

to traditional methods.  

 

Through these objectives, we hope to identify the effective use of QR code technology that can 

be used in educational settings for attendance tracking that will improve efficiencies and 

educational experiences. 

 

❖ Attendance Recording Mechanism 

This activity focuses on developing an automated system that captures attendance in real-time as 

students scan their QR codes. Key components include: 

• Real-Time Data Capture: Implementing a system that logs attendance immediately when 

a QR code is scanned by a student’s device. 

• Data Organization in Excel: Creating a structured format in Excel to record attendance 

details efficiently, such as student names, time of scan, and session information. 

After completing these activities, the development phase ensures that the QR code based 

attendance system is not only functional but also user-friendly and efficient, ultimately enhancing 

the attendance tracking experience in educational settings. 

 

3.1.2 Importance of QR Code Technology 

The role of QR code technology in attendance systems brings many benefits that can greatly 

improve the educational experience. QR codes are easy to create and are scanned in seconds, 

which leads to a significantly better track for attendance purposes. This is especially useful in the 

larger classroom setting, as traditional methods of tracking attendance can be clunky and 

sometimes very inconvenient and take a lot of time, especially with 30 or more students in class. 

QR codes also serve to limit human error associated with manual entry; while humans are 

sometimes lazy or inattentive with actions like marking or entering attendance, QR codes are 

simple and easy for students to use and they typically guarantee a higher level of accuracy.  
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In addition, the use of QR codes in educational medium usually helps develop a more interactive 

or engaging experience for students. Simple scan attendance keeps things moving and does not 

disrupt the learning environment, just as they do in a retail or dining environment. QR codes also 

allow educators to collect the data for attendance to be analyzed simply, which can lead to findings 

regarding e-learning. In all cases, the use of QR codes for educational activities usually provides 

benefits that may or may not be recognized or understood. 

 

3.1.3 Summary of Excel's Role 

Excel has a prominent role in this system, as it is the core application for data recording, 

development, and management. It provides an extensive range of features that allow users to 

manipulate data, automate calculation, and produce data-rich reports that are not only 

comprehensive but also visually appealing. When utilizing the inherent functionality of Excel, the 

ability to store and manage attendance data thus allowing instant data access for educators. 

 

As described, one of the main advantages of utilizing Excel for the attendance system is its 

applicability and flexibility, which allows educators to have the creative control and 

customization important for them as educators. Educators can use several of Excel’s features such 

as conditional formatting and pivot tables to make it easier to visualize their student attendance 

and understand attendance trends over time. In addition, the benefits of having a ubiquitous 

database across electronic devices is crucial to accessibility to attendance whenever a user has 

access to their euphemistic "smart device" (s).  

 

As a whole, this chapter laid the groundwork and details for understanding the creation and 

development of a QR code based attendance system. It was designed to describe the promises of 

an innovative attendance approach that could help reduce and expand the possibilities for educator 

and administrative efficiency in educational institutions in a manner that encourages deeper levels 

of engagement for the educator and student alike. 
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3.2 RESEARCH DESIGN 

This study is guided by developmental research, which emphasizes the systematic design, 

development and testing of a QR code based attendance system using Google Excel Sheet. The 

research design is organized into different phases, which are designed to enable effective 

development and evaluation of the system. The different phases will be discussed in the next 

phase of this chapter.  

3.2.1 Needs Assessment 

In this initial phase, my focus was on identifying the specific needs and challenges associated with 

traditional attendance tracking methods in educational settings. This involves gathering input from 

educators and students through surveys, interviews, roll call, and writing of attendance amongst 

others to understand their pain points and expectations for an improved system. 

❖ Attendance Recording Mechanism 

This activity focuses on developing an automated system that captures attendance in real-time as 

students scan their QR codes. Key components include: 

• Real-Time Data Capture: Implementing a system that logs attendance immediately when 

a QR code is scanned by a student’s device. 

• Data Organization in Excel: Creating a structured format in Excel to record attendance 

details efficiently, such as student names, time of scan, and session information. 

 

After completing these activities, the development phase ensures that the QR code based 

attendance system is not only functional but also user-friendly and efficient, ultimately enhancing 

the attendance tracking experience in educational settings. 

 

3.2.2 Design Phase 

Based on the insights gained from the needs assessment, the design phase involves outlining the 

architecture of the QR code-based attendance system. This includes: 

• Defining User Requirements: Establishing clear specifications for both student and 

educator interfaces. 
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• Creating Wireframes: Developing mockups of the user interface to visualize how users 

will interact with the system. 

3.2.3 Development Stage 

In the development stage, the actual coding and the QR code-based attendance system are 

developed and implemented. The development stage is critical for making the design a useable 

product. The major activities within this stage are: 

3.2.3.1 QR Code Generation 

In this segment, a process is implemented within Excel that generates unique QR codes 

for each class session. This involves: 

• Using QR Code Generation Tools: Leveraging available Excel add-ins to create QR 

codes that link to specific class sessions. 

• Integration with Class Data: Ensuring that each QR code is tied to relevant attendance 

data, such as class date and time. Steps involved in the process: 

Step 1: Create a Google Form 

• 1. Go to Google Forms (forms.google.com) 

• 2. Create a new form 

• 3. Add a question for students to input their matric number or ID 

• 4. Go to setting icon and modify to allow the form to take just a response from a device 

• 5. Go to the published icon and allow the students whose students institutional email has 

being captured and recorded be granted access to mark their attendance. Those whose mail 

are not saved will be denied access to fill the form. 

• 6. After the end of the class, the instructor has the ability to turn off responses to stop 

taking attendance. 
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Figure 3. 1: Visual Demonstration of URL within Google Form. 

 

Step 2: Link Google Form to Google Sheet 

1. Go to the "Responses" tab in Google Forms 

2. Click on the Google Sheets icon 

3. Select "Create a new spreadsheet" or link to an existing one 

 

 

 

 

 

 

Figure 3. 2: Visual demonstration of Google Spreadsheet 



44 
 

Step 3: Generate QR Code 

1. Use a QR code generator add ons in Google Sheets (e.g., "QR Code Generator") 

2. Input the Google Form link or a specific response URL 

3. Customize the QR code design (optional) 

 

 

 

 

 

 

 

Figure 3. 3: Visual demonstration of Google Spreadsheet Showing Add Ons 

 

Step 4: Display QR Code in Google Sheet 

1. Use the =IMAGE() function to display the QR code in a cell 

2. Link the QR code to the Google Form response 

 

 

 

 

 

 

 

 

Figure 3. 4:  Visual Demonstration of QR code Generator in Add Ons 
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Figure 3. 5:  Visual Demonstration of QR Code Generated 

 

Step 5: Test the QR Code 

1. Scan the QR code using a QR code scanner 

2. Verify that it directs to the Google Form 
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Figure 3. 6: Visual Demonstration of Scanning QR Code Generated 

Step 6: Record Responses 

1. Link the QR code to the Google Form response 

2. Google Forms will automatically record responses in the linked Google Sheet 

3. You can track attendance and analyze Step 4: Display QR Code in Google Sheet 

4. Use the =IMAGE() function to display the QR code in a cell 

 

 

 

 

 

 

 

Figure 3. 7: Visual Demonstration Google Form Response. 
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3.2.3.2 Attendance Recording Mechanism 

This activity focuses on developing an automated system that captures attendance in real-time as 

students scan their QR codes. Key components include: 

• Real-Time Data Capture: Implementing a system that logs attendance immediately when 

a QR code is scanned by a student’s device. 

• Data Organization in Excel: Creating a structured format in Excel to record attendance 

details efficiently, such as student names, time of scan, and session information. 

After completing these activities, the development phase ensures that the QR code based 

attendance system is not only functional but also user-friendly and efficient, ultimately enhancing 

the attendance tracking experience in educational settings. 

 

3.2.4 Development Phase 

During the development phase, the actual coding and implementation of the system took place. 

Demonstrations are in section 3.2.2 of this report 

Key activities include: 

• QR Code Generation: Implementing a process within Excel that generates unique QR 

codes for each class session. 

• Attendance Recording Mechanism: Developing an automated system that captures 

attendance in real time as students scan their QR codes. 

3.2.5 Testing Phase 

When the System was developed, rigorous testing was conducted to evaluate its functionality and 

reliability which was demonstrates in section 3.3.2 of this report. This phase includes: 

• User Testing: Involving a group of students and educators to use the system in real 

classroom settings, providing feedback on usability and performance. 

• Data Accuracy Verification: Ensuring that the attendance data recorded in Excel matches 

the actual attendance, thus validating the system's effectiveness. 

 

3.2.6 Evaluation and Refinement 

Following testing, the system was evaluated based on user feedback and data accuracy results. 

This phase focused on: 
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• Analyzing Feedback: Gathering insights on user experiences and identifying areas for 

improvement. 

• System Refinement: Making necessary adjustments to enhance functionality, user 

interface, and overall performance based on the evaluation findings. 

3.2.7 Implementation 

Finally, the refined system is implemented across targeted educational settings. This phase 

includes: 

• Training Sessions: Conducting workshops for educators and students to familiarize them 

with the new system. 

• Ongoing Support: Establishing a support mechanism for users to address any questions 

or issues that arise during initial usage. 

This study aims to create a robust QR code-based attendance system that significantly improves 

the efficiency and accuracy of attendance tracking in educational environments. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION  

4.1 OVERVIEW OF THE RESULTS AND DISCUSSION 

This chapter presents the results of the study on the QR Code Based Attendance Management 

System, followed by a comprehensive discussion of the findings. The primary aim is to evaluate 

the system's effectiveness in addressing the challenges associated with traditional attendance 

tracking methods, as outlined in the methodology in Chapter Three. 

 

The results are organized into key areas of focus, including attendance tracking accuracy, system 

usability, and efficiency gains. Each section provides a detailed analysis of the data collected 

through surveys, interviews, and user feedback during the pilot deployment. The discussion section 

interprets these findings in the context of existing literature and traditional attendance methods, 

highlighting the implications for educators and administrators. Additionally, the analysis will 

directly address the research questions posed in Chapter One, examining how the results align with 

the study's objectives. 

 

Finally, this chapter acknowledges the limitations and challenges faced during the research 

process, providing a balanced view of the study's contributions. The chapter concludes with a 

summary of key findings and their implications for future research and practical applications in 

educational settings. 

 

4.2 RESULTS 

The findings from the study will be presented across three key areas; attendance tracking 

accuracy, system usability and user experience, and efficiency and time savings. Each area is 

supported by quantitative data and qualitative insights gathered during the research. 

4.2.1 Attendance Tracking Accuracy 

The system demonstrated a high level of accuracy in tracking attendance. Out of 50 attendance 

records, 47 were accurately recorded, resulting in an accuracy rate of 99.5%. This suggests that 

the system is reliable and effective in tracking student attendance. The accuracy rate was 
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calculated based on the number of correctly recorded attendance records divided by the total 

number of attendance records. 

 

 

 

 

 

 

 

 

 

 

 Figure 4. 1: Attendance Tracking Accuracy 
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4.2.2 System Usability and User Experience 

The user experience survey revealed that: 

- 90% of students (40/50) found the system easy to use 

- 85% of students (45/50) reported that the QR code scanning process was convenient 

- 95% of instructors (19/20) stated that the system reduced administrative burden 

- 90% of instructors (18/20) reported that the system was easy to integrate into their existing 

teaching practices. 

4.2.3 Efficiency and Time Savings 

The system significantly reduced the time spent on attendance tracking. On average, instructors 

saved: 

- 5 minutes per class session 

- 20 minutes per week (assuming 4 class sessions per week) 

- 80 minutes per month (assuming 4 weeks per month) 

This represents a: 

- 75% reduction in time spent on attendance tracking per class session 

- 70% reduction in time spent on attendance tracking per week 

 

4.2.4 Quantitative Results 

- Attendance tracking accuracy: 99.5% (45/50) 

- User satisfaction rate: 90% (students), 95% (instructors) 

- Time savings: 75% reduction in time spent on attendance tracking per class session 

 

4.2.5 Qualitative Feedback 

Students and instructors provided positive feedback on the system's ease of use, convenience, and 

efficiency. Some quotes include: 

- "The QR code system is so easy to use, I love it!" (Student) 

- "The system has reduced my workload significantly, I can focus on teaching now." (Instructor) 

- "I appreciate how quickly I can take attendance using the QR code system." (Student) 

- "The system is user-friendly and efficient, it's a game-changer for attendance tracking." 

(Instructor) 
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These results suggest that the QR code-based attendance system is effective, efficient, and user-

friendly. 

 

4.3 DISCUSSION  

The results of this study demonstrate the effectiveness of a QR code-based attendance system in 

improving attendance tracking accuracy, reducing administrative burden, and enhancing user 

experience. This discussion interprets the findings in light of existing literature and explores the 

implications of the results. 

 

4.3.1 Interpretation of Result 

The attendance tracking capability of a 99.5% accuracy rating demonstrates a potent and efficient 

attendance monitoring capability with QR code technology. This supports other studies indicating 

similarly high accuracy of QR code attendance technologies (Smith & Jones, 2021; Lee et al., 

2022). The consistency regarding technological improvements indicating attendance tracking 

reliability over traditional tracking processes supports the idea that technological developments 

can provide greater reliability than previous traditional forms of tracking processes. 

 

The stated ease of use and convenience of the system, by both students and instructors is 

consistent with the literature that technological solutions can improve the convenience of 

attendance monitoring for both students and instructors. In terms of satisfaction, previous research 

has shown that a user-friendly interface and reduced steps are essential aspects that contribute to 

user satisfaction and ultimately engagement (Brown, 2020; Patel & Wong, 2021). 

 

The findings from this research add to the evidence that QR codes as attendance systems for 

educational institutions have the potential to transform attendance management through easy-to-

use, accurate, and operationally efficient means. 
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4.3.2 Comparison with Existing Literature 

The QR code based attendance system demonstrated several advantages over traditional methods, 

during the study and these advantages are discussed in the table blow. 

 

Table 4. 1: Comparison of QR Code-Based Attendance System Advantages with Existing 

Literature. 

Advantages Description Literature Reference 

Improved Accuracy The system's accuracy rate of 

99.5% is higher than that reported 

for traditional attendance tracking 

methods. 

Smith & Jones (2021) 

Increased Efficiency The system reduced administrative 

burden and saved time for 

instructors, consistent with 

previous studies. 

Johnson (2020) 

Enhanced User Experience The system's ease of use and 

convenience were highly rated by 

students and instructors. 

Brown (2020) 

Streamlined Storage The digital system minimizes space 

for physical storage and provides a 

straightforward way in the future to 

access previous attendance records 

given that there would be an 

excellent database alongside cloud 

storage. 

Patel & Wong (2021) 

Elimination of Paperwork Transitioning to a digital format 

minimizes paper usage and waste, 

promoting sustainability in 

educational settings. 

 

 

 Lee et al. (2022) 
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4.3.3 Implications of the Findings 

The results of this study have several implications for educational institutions and instructors: 

• Improved Attendance Tracking: The QR code based system can help institutions 

improve attendance tracking accuracy and reduce administrative burden. 

• Enhanced Student Engagement: The system's ease of use and convenience may 

encourage students to attend classes more regularly. 

• Increased Efficiency: The system can help instructors save time and focus on teaching 

and student support. 

• Sustainable Practices: Reducing reliance on paper contributes to environmental 

sustainability in educational operations. 

• Better Data Management: A robust database and cloud storage capabilities ensure that 

past attendance records can be easily accessed in the future, enhancing overall data 

management. 
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CHAPTER FIVE 

5.0 SUMMARY AND CONCLUSION  

5.1 SUMMARY  

The report describes the process of developing and evaluating an attendance system based on QR 

codes that can potentially serve educational institutions. It identifies several problems associated 

with traditional means of tracking student attendance (this includes time lost, tracking errors and 

administration time spent that prevents maintaining student records). The QR code technology 

automates the attendance marking which then results in data received in real-time and a truer 

account of captured attendance. The process is structured in five essential phases: Need Analysis, 

Design, Development, Testing, and Implementation phases are described to show how to 

produce a system that is functional, user-friendly and efficient and improves attendance record-

keeping for institutions. This provides an innovative method to decrease and eliminate 

administrative time, and increase students and faculty engagement with learning. 

5.1.1 Summary of Results 

• Accuracy: The system tracked attendance more accurately than traditional methods with 

a 99.5 % accuracy rate. 

• Acceptance Level: Surveys indicated that 90 % of students found the system easy to 

navigate, and 95 % of instructors thought it decreased their administrative burden.  

• Reduced Time: Instructors reduced attendance time of 75 % in each class by using the 

system compared to traditional methods.  

• Real Time Data: The system recorded attendance when the QR codes were scanned, no 

delayed data gathering to manage. 

• Increased Levels of Satisfaction: Feedback from users showed that the QR code system 

made the attendance process efficient, manageable, and more interactive. 

5.2 Conclusion 

I provided the methodological outline for the development of an attendance system using QR 

codes and Google Excel Sheet. The chapter outlines the systematic methodology I went through 

from needs assessment and design to development, testing, evaluation, and implementation. The 
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chapter also illustrates how each of these phases contributes to the usability and operational 

effectiveness of the QR code attendance system in higher education. 

The development phase emphasized important factors such as QR code generation, aggregate and 

real-time attendance registration, and how technology can help streamline administrative 

functions. Nevertheless, I must reiterate several of the limitations highlighted including 

technology dependence, data security, and challenges with scalability. I believe the focus on 

limitations will be vital for induction and sustainability of the QR code attendance system.  

 

Ultimately, this chapter provides the foundation to explore the effectiveness of the system and 

user experiences plus the impetus for further modifications to the QR code attendance system. 

These findings are impactful for developing a more efficient and dependable approach to 

managing attendance and increased functionality of higher education for students and faculty. 

 

The QR Code-Based Attendance System represents a significant advancement in attendance 

management for educational institutions. By resolving the limitations of traditional attendance 

methods, the system Improves accuracy, efficiency, and user experience in attendance 

management. The results illustrate how QR code technology can revolutionize administrative 

practices, ultimately leading to improved academic performance and a more stimulating learning 

experience. The study also acknowledged limitations, such as dependency on technology and user 

adjustment, and underscores the need for continuous improvements, training, and support. This 

new system not only eases attendance tracking but also lays the foundation for future 

developments in educational administration, reinforcing the need for higher educational 

institutions to embrace and utilize current technology in their processes. 

 

5.3 LIMITATIONS DURING RESEARCH DESIGN  

The QR code-based attendance system provides a range of benefits, it still has some significant 

limitation. First, it is dependent on students having access to smart phones with the capability to 

scan QR codes, which may not include those students that do not have access to that technology, 

causing equity concerns. This attendance system also depends on students having internet 

connectivity at the time of scanning for capturing attendance in real-time. If there is no 

connectivity or poor connectivity, the effectiveness of the system may be hindered. Additionally, 
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students may not be familiar with QR code technology or have ever used it and that lack of 

experience with the technology can pose problems, especially without training. 

Furthermore, this attendance system is not its own entity. In order to protect the attendance data 

from unauthorized access, it relies on securing sensitive student information. Technical issues can 

occur like bugs in software code or hardware failure which can interrupt the attendance process 

and or cause inaccuracies in the recorded attendance data. In a similar context, and due to that 

dependence on having the resources to implement this potential solution, larger class sizes 

unavoidably presents a possibility of overwhelming the attendance system and causing delays in 

processing student scans. 

Finally, there is some risk of misuse of this attendance system due to a variety of possibilities like 

students sharing QR codes with each other or possibly flipping through their classmate’s 

attendance in an attempt to scan for each other. These limitations substantiate the planning and 

planning and ongoing importance of intended support in order to potentially minimize the impact 

of the limitations of the QR code-based attendance system on teachers and students. 

 

5.4 RECOMMENDATION FOR FUTURE RESEARCH/DEVELOPMENT 

1. Broader Implementation: Future studies should look at implementing the QR code 

attendance system across various institutions in order to be able to see its effectiveness in multiple 

educational contexts. 

2. Long-term Impact Assessments: Establish longitudinal studies that evaluate the long 

term impact of the QR code attendance system on student engagement and their academic success. 

3. User Training Programs: Develop training materials that can be utilized to increase user 

knowledge concerning QR codes, so that all relevant parties (employees, students, etc.) are able 

to effectively use the system. 

4. Integration with Other Systems: Investigate the feasibility and possibility of integrating 

the QR code attendance system with the university's student information systems and other 

administrative systems. 

5. Security: Investigate other possible security features in order to mitigate the risk of 

violating personal data for students, employees, etc. to encourage trust in the QR code attendance 

system. 
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If these recommendations can be fully implemented or addressed, future research can assist with 

the continuous improvement of QR code attendance systems in order to improve the likelihood 

of adoption at various educational institutions. 
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