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Abstract 

Student attendance is widely recognized as a key indicator of academic success, classroom 

engagement, and institutional effectiveness. Accurate and timely attendance recording enables 

educators to monitor student participation and identify learners who may require early 

intervention. However, attendance management remains a challenging task in many higher 

education institutions, particularly in large classes where manual attendance recording is time-

consuming, disruptive to teaching, susceptible to human error, and places a considerable 

administrative burden on instructors. 
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Existing attendance management solutions, including manual roll calls, card -based systems, 

biometric devices, QR codes, and facial recognition technologies, often suffer from limitations 

such as scalability issues, infrastructure requirements, high implementation costs, privacy 

concerns, susceptibility to misuse, or increased processing time as class sizes grow. Moreover, 

many of these systems simply record attendance without motivating students to attend classes 

punctually or providing meaningful real-time feedback to support student success. 

This paper proposes an innovative AI-enabled attendance management system that leverages the 

widespread availability of smartphones to automate attendance recording in higher education. As 

smartphones have become an indispensable part of students' daily lives, they provide a 

convenient, accessible, and cost-effective platform for implementing an intelligent attendance 

solution without requiring specialized hardware. The proposed system is accurate, fast, scalable, 

and fully automated, performing consistently regardless of class size. Whether a class comprises 

fewer than 10 students or more than 200, the system records attendance efficiently without 

increasing the instructor's workload. It incorporates an incentive-based mechanism that rewards 

punctual and regular attendance, encouraging greater student engagement and accountability. In 

addition, the system provides students with real-time access to their cumulative attendance 

records and utilizes AI-driven analytics to examine the relationship between attendance and 

academic performance. The findings demonstrate a strong positive correlation between regular 

attendance and improved academic achievement. The proposed solution offers a practical, 

intelligent, and scalable framework that enhances teaching efficiency, supports data-driven 

decision-making, and contributes to improved learning outcomes in higher education institutions. 

Keywords: AI-Enabled Attendance System, Mobile Based Attendance, Smartphone-Based 

Learning, Incentive-Based Learning, Educational Technology 

1. Introduction 

Attendance refers to the systematical procedure in assessing the class participation, for recording 

and tracking the presence of individual within an educational institute. Students who remain 

punctual and regular tend to achieve higher marks in class participation grading (Haq et al., 

2020). 

It is a fundamental administrative function that performs several key functions as monitoring the 

presence of individual, compliance with educational policies, support educational planning 
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within the higher educational institutes (Abiodun et al., 2026). The accuracy and efficiency of 

tracking student data are crucial elements that directly or indirectly influence educational 

outcomes, resource allocation, and institutional accountability (Ajayi & Letseka, 2026). 

Several digital systems are available in this modern age, each serving different functions; 

Educational institutions adopt and integrate these systems to align with their organisational 

needs, pedagogical objectives, and administrative requirements. Such systems are generally 

categorized into several modern digital attendance technologies, including CCTV-based 

capturing, face recognition, QR-code scanning, ID card scanners, fingerprint biometrics, and 

shared-code verification methods. These technological represent the most commonly used 

approaches in universities today, and provide many benefits like, accuracy, time saving and 

convenience for managing student attendance etc. 

Despite of several technological benefits these, modern digital attendance system in universities 

face many limitation related to privacy, accuracy, security concern, computational delays in large 

classroom, slower response in real time processing (Al-Dabbagh, 2025), Furthermore, the high 

cost of application development, expenses related to training and infrastructure, the allocation of 

additional time and resources, and multiple commands running on a single system can delay 

systematic responses. These factors create significant hurdles, affect desired outcomes, and 

reduce the efficiency of essential operations. 

2. Digital Technologies in Attendance Management Systems in 

Higher Education and their Limitations 

In modern era, numerous digital system have been mobilized to address student attendance in 

higher education. These systems can be divided into two primary categories: biometric and non-

biometric system A biometric system primarily employs physical and structural characteristics as 

facial features, voice recognition, retina scan and fingerprints to recognize individuals. A salient 

benefit of these systems is the elimination of additional requirements for individuals to carry 

items for authentication, while providing quick and accurate identification through unique 

physical traits, on the other side, non-biometric attendance systems use alternative mechanisms 

for verifying attendance. These methods typically include QR codes, barcode identification, 

camera-based systems, ID cards, shared codes, password and wireless technologies such as 

Bluetooth communication (Otta et al., 2023).                                                                                                                                                     

These technological frameworks operate in different ways and carry certain functional 

limitations depending on their implementation (Hasan et al., 2020). 

2.1 Face Recognition Attendance System 

Facial recognition technology is increasingly being used to monitor classroom attendance. 

However the practical deployment facial recognition attendance system face significant 
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challenges including privacy risk, data risks, ethical and legal concerns, demographic bias, 

spooking risks, limits computing resources (Herodotou et al., 2023).  

A primary concern is the risk of false recognition, where the system fails to detect the actual 

student and instead generates an incorrect result. Such inaccuracies can adversely affect the 

reliability of attendance records and reduce the overall effectiveness of the system (Jain et al., 

2016) 

2.2 QR Code Scanning Attendance System 

QR code-based system has two systematical dimension barcodes that students scan with their 

mobile devices and record their appearances. The system preserve identity, data, and time in the 

database system and offer low cost and fast alternative as compare to manual attendance system. 

(Jain et al., 2016) 

Despite systematical efficiency, QR systems have security concern as static codes can be copied 

or shared, enable proxy attendance. The system depends upon smartphone availability, access to 

the internet connection, and camera quality. Since QR codes merely rely on code verification 

instead of the individual, the system cannot ensure physical presence without additional 

verification such as biometrics, GPS, or facial recognition. (Jain et al., 2004). 

2.3 ID Card Scanning Attendance System 

ID card-related system interconnects with barcode, RFID, and NFC technologies to automate 

attendance recording. Every student carries a card with unique digital information that they scan 

to retrieves identity details and mark attendance. RFID/NFC systems are commonly use in 

universities as they offer fast identification, reduce administrative workload, and support 

large-scale data (Al-Dabbagh, 2025). 

Instead these benefits, ID card systems have several limitations as they only verify card 

possession rather than the student. The card can be lost, shared with other students, and can get 

damage or duplicated. Additionally, RFID/NFC systems require appropriate hardware 

requirement, maintenance, and security measures for preventing unauthorized cloning 

2.4 Share Code Verification Attendance System 

Share-code produce a temporary verification code and sends to authorized users by registered 

devices or application. The users input the code on the device and confirm identification. This 

method commonly used in multi-factor authentication for adding extra security feature beyond 

password (Kotevski et al., 2018). 

Although effective, share-code has several operational and security issues as the system rely on 

stable network connection and access to registered device. Share-code may get delayed due to 

expire or incorrectly entered codes. Security risks of phishing, social engineering, or device 
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compromise allow hackers to obtain verification codes. In large classrooms, manual code entry 

can reduce efficiency as compare to automated biometric method.   

Based on my experience, when a teacher shares a QR code in a class of approximately 200 

students, some students forward the QR code to classmates who are absent. Consequently, absent 

students can scan the shared QR code and be marked as present. This practice reduces the 

effectiveness of the attendance system and compromises the accuracy and reliability of the 

collected attendance data. 

2.5 Fingerprint Biometric Attendance System 

Fingerprint biometric system identity students by analyzing their unique fingerprint feature and 

match them with stored templates. As unique fingerprints are difficult to replicate, such system 

provide stronger authentication as compare to cards or passwords. Fingerprint is widely use in 

educational institutes (Kulkarni & Gkountouna, 2021).  

Despite high accuracy result, the system have limitation as it can effect performance due to dirty 

sensors, damage or low quality fingerprints or environmental condition, additional cost is 

required for implementation of system, system require strong encryption, secure storage and 

compliances with regulation, further it raise hygiene issues due to multiple fingerprint contacts 

(Lwande et al., 2025). 

3. Mobiles for Data Capture About Student Learning and 

Engagement 

The widespread availability of mobile phone devices provides great opportunities for performing 

classroom teaching and learning through bring-your-own-device strategies. Almost every student 

carries a mobile phone, which can be used as an effective educational tool instead of only a 

communication device. Upon entering the classroom, a student can mark himself as present, 

which eliminates the need for the teacher to call names or maintain the attendance record. This 

method helps save valuable time and ensures accuracy in the records. Furthermore, it enables the 

automatic tracking of attendance patterns, punctuality, and classroom presence (Li et al., 2023).  

Beyond attendance, mobile phone applications can engage students in learning activities 

throughout the lesson. Students can answer questions, take participation in quizzes and topic 

discussions, and the system can automatically detect and save the participation of each 

individual  (Lwande et al., 2025) because each mobile phone device is uniquely associated with 

a specific student. Further, the unique application can identify the interest of each student, their 

frequency in participation, level of engagement, etc. Moreover, classroom activities can also be 

digitalized, as students may complete an exercise, take a snap, and submit it within seconds for 

evaluation (Muir, 2009). The convenience, speed, and availability of mobile devices make them 
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a desirable platform for collecting academic data and engaging students within the learning 

process. 

The ongoing and single-instance collection of attendance, participation, assessment, and 

classroom activity data contributes to a detailed learner profile for each student. AI integrated 

into the mobile application can analyze this data to identify trends, learning patterns, strengths, 

weaknesses, and individual progress over time. Such insights help teachers implement different 

strategies in learning and provide immediate intervention for those who are at risk further make 

evidence-based pedagogical decisions  (Patel et al., 2025). Consequently, the proposed 

AI-enabled mobile learning system will not only automate routine learning but also support 

data-driven teaching strategies and personalized learning, ultimately enhancing student 

engagement, academic performance, and overall learning outcomes. 

3.1 AI for Data Analysis and Inference 

Artificial intelligence (AI) has changed the methodology through which educational data are 

collected, analyzed, and interpreted. In a mobile-enabled classroom, students actively participate 

by using their own smart phones to answer questions, engage in discussions, respond to polls, 

and submit quizzes. Each interaction generates authentic data, including participation frequency; 

answer accuracy, response time, attendance records, and overall engagement levels. AI 

algorithms can easily process these large volumes of data in a short time, providing valuable 

insights that are difficult for educators to obtain manually. 

AI-based data analysis examines statistical modeling and pattern-recognition techniques to 

identify trends and patterns within classroom participation data (Ajayi & Letseka, 2026). For 

example, the system can identify students who participate regularly, analyze those who 

demonstrate minimal participation, examine their level of involvement during a lecture, and 

measure participation trends over time. 

In addition to descriptive analysis, Al enabled support predictive inference by predicting future 

academic performance using past participation data [20]. Students who frequently arrive late and 

take less participation in classroom activities can be identified as being at risk of 

underachievement. Early identification helps instructors intervene promptly by providing 

personalized support, additional learning resources, and constructive feedback before academic 

difficulties become severe. Such predictive analytical contributions significantly help improve 

student retention, motivation, and overall learning outcomes (Sarker, 2021) 

AI supports analytical prescriptive processes by recommending appropriate instructional 

strategies (Ajayi & Letseka, 2026). For example, if the system detects that a student is losing 

concentration while studying, it may suggest strategies such as introducing interactive quizzes or 

incorporating collaborative activities. Consequently, teachers can identify topics that students 

find difficult to learn and adjust their teaching accordingly. Additionally, dashboards provide 

visual insights, engagement metrics, and patterns of student participation, along with learning 
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indicators that support evidence-based decision-making throughout the semester (Tang & Su, 

2024). 

One important advantage of AI is its ability to identify the relationship between classroom 

participation and academic performance. Statistical and machine learning models can help 

quantify the correlation among participation, attendance, assessment performance, and final 

examination results. These strategic approaches help educators to evaluate teaching strategies, 

improve course design, and develop personalized leaning pathways. Consequently, AI 

transforms raw classroom data collected with the help of mobile devices into actionable 

educational intelligence, ultimately benefiting students, instructors, and institutional 

administrators (Tang & Su, 2024). 

While AI provides substantial educational benefits, ethical considerations remain an important 

factor. There should be transparency in the collection of student data, and all data must be 

analyzed in compliance with privacy regulations (Want, 2006). Al system should ensure fairness 

among student, minimize algorithmic biasness, and offer explainable recommendations where 

educational decisions remain transparent and accountable (Rehman and Ferraro 2026).   

3.2 Innovative and AI-Enable Mobile Attendance System 

Smartphones in educational technology are increasingly reshaping teaching and are viewed as 

valuable educational resources rather than distractions. Historically, smartphones were treated as 

the ultimate enemy of focus and were banned or hidden in the back pocket. Educators are now 

embracing the importance of BYOD (bring-your-own-devices) as the infrastructure for such a 

technological revolution already exists with the students. 

Instead of fighting the fact that almost every student carries a mobile phone which is now 

recognised by educators as an emerging and powerful educational tool, educators can reach 

students more effectively. It is a total game changer for students, who can use their own devices 

more comfortably to boost their academic lives.  

The foundation of such whole revolution is simply and ubiquity, as the infrastructure arrives 

through the classroom doors every morning in students’ pockets. A significant untapped resource 

exists within schools. Consider tedious time consuming roll calls that just eat up valuable 

instructional time and resources. 
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Figure 1: Flow Chart Automating Administrative Task 

Despite knowing the fact that other modern systems have several limitations, AI-enabled 

attendance apps provide an immediate solution that helps reduce excessive administrative tasks 

and make the process more efficient and automated. Upon entering the classroom, a student can 

open the mobile app and tap a button that records their attendance. Whether there are ten 

students or two hundred, attendance is captured instantly and accurately. The system uses 

geofencing technology, which ensures that students can only mark their attendance when they 

are physically present within the classroom vicinity. If they are outside the designated area, the 

app restricts access, preventing false or proxy attendance. This intelligent feature enhances 

reliability, transparency, and accountability in the attendance process while minimizing 

administrative workload.   
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Figure 2: Process Flow of the AI Mobile Attendance Reporting System 

 

AI agent in the mobile phone can consistently monitor and support individual improvement as 

the attendance app can track each student’s attendance behavior. It records punctuality and 

notifies irregularity to both the student and the teacher. Such early intervention will help take 

preventive action before it becomes a serious issue at the end of the semester. 
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Figure 3: Data Accuracy Diagram 

 

AI-enabled mobile attendance app improves accuracy and data efficiency by eliminating human 

or other systematical errors, preventing proxy attendance, and breach of academic attendance 

policy because the system verifies identity through features like device authentication, time 

stamps, or location checks. The attendance data becomes more efficient, fast, reliable, and 

consistent. The automated process also synchronizes data more correctly with academic 

databases, making the entire attendance process more precise, efficient, and difficult to 

manipulate. 
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Figure 4: AI-Driven Mobile Attendance Cost Reduction Framework 

 

AI-enabled mobile attendance apps significantly reduce operational costs by eliminating 

excessive record-keeping, excessive DATA , CCTV-based monitoring, attendance machines, and 

additional manpower for administrative tasks. No additional infrastructure is required, and there 

is no extra cost for training or other resources. 
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Figure 5: Process Diagram for Feedback Delivery 

 

AI enabled mobile attendance systems help in the development of complete student profiles by 

collecting constant data on attendance, engagement, and participation. Because this device can 

provide individual student data, the system can monitor the participation of each student and 

their performance and involvement in class activities. This system also provides teachers with 

personalised feedback through the app. This system also provides teachers with personalized 

feedback through the app. In addition, the device system generates behavioral patterns, 

highlights areas for improvement, looks at performance trends, and helps educators adopt the 

right instructional approaches. It also supports teachers in making informed decisions that are 

beneficial for overall student performance.  

6. Results and Discussion 

A pilot implementation of the proposed AI-enabled mobile attendance system is planned across 

diverse set of higher education institutes, including two African universities, one university in 

Pakistan and subjected to feasibility on university in the United Kingdom. The primary goal of 
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the pilot is to examine how effectively, accurately, and reliably the AI- enable mobile attendance 

solution performs, as well as its usability and scalability in diverse institutional settings. 

A preliminary review of current attendance management practices reveals that many universities 

continue to depend on manual attendance systems, even though advanced digital attendance 

systems do not accurately record the exact arrival of students or distinguish between punctual 

and late attendance. Although such systems simplify attendance recording, they often lack 

advanced features such as real-time verification, intelligent analysis, and comprehensive student 

performance monitoring 
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Figure 6: Current Attendance System Illusion for Universities 

 

The proposed AI-enabled mobile attendance system effectively overcomes these limitations by 

introducing a fully automated, fast, accurate, and reliable system. Upon entering the designated 

classroom, students receive an attendance prompt on their devices, while the system 

automatically records their attendance status and timestamp without requiring assistance from 

instructor. The pilot study will gather quantitative and qualitative data to evaluate improvement 

in the attendance management system, reducing excessive workload, processing time, user 

satisfaction, and operational efficiency. 

The proposed system represents a substantial advancement over both traditional manual 

attendance methods and existing electronic attendance systems. In contrast to current attendance 

practices that significantly depend upon instructor participation and consume valuable teaching 

time, the proposed system enables automated attendance recording while simultaneously 

capturing precise timestamps for every student. 
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With the availability of accurate and punctual attendance data, institutions can enable advanced, 

AI-based learning analytics. Such data can be correlated with classroom participation, 

assessment performance, pedagogical strategies, and final academic outcomes to identify student 

behaviour patterns and predict students who are at risk of poor academic performance. Such 

insights provide instructors with opportunities to make early interventions, enhance personalized 

academic support, and strengthen evidence-based decision-making. 

The multi-country pilot implementation will evaluate the robustness and adaptability of the 

proposed solution across different institutional contexts, technological infrastructure, and cultural 

environments. The evidence-based outcomes demonstrate whether the system can be deployed 

successfully at scale in higher educational institutions. 

7. Conclusion 

This research introduces an innovative AI-enabled mobile attendance system which design to 

eliminate the limitations of traditional attendance method. The proposed system automatically 

capture and record accurate real time attendance data without the instructor involvement, 

contributing to enhance the efficiency of teaching methodology, improve data reliability and 

enhance AI driven educational analytics.   

8. Future Work 

Future work will advance toward broad implementation and comprehensive evaluation of the 

proposed AI-enabled mobile attendance system among selected universities in Africa, Pakistan, 

and the United Kingdom. The pilot study will generate empirical evidence regarding the 

system’s operational effectiveness, stability, scalability, and user satisfaction. As part of 

automation attendance evaluation, future research will investigate the integration of attendance 

data with AI-driven learning analytics for assessing the relationship among attendance, 

classroom learning participation, instructional engagement, punctuality, and educational 

performance. 

The outcomes of the pilot are expected to confirm the proposed methodology, improve fault -free 

system functionality, and advance the institutional adoption of intelligent attendance systems as a 

key pillar of next-generation smart classrooms and AI-enabled digital universities. 
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