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Abstract: Many studies show a strong correlation between a student’s attendance and their academic 
performance. This paper presents a smartphone based attendance tracking system that can quickly and 
accurately track class attendance in a cost-effective way. The system consists of a mobile application for 
students, a web application for administrators, and a central server. The mobile application runs on Android 
and iOS. Students register their attendance by sending a session-specific secret code — either a short 
numeric password, an alphanumeric password, a pattern, or a QR code. To effectively prevent attendance 
fraud, the system verifies submissions using information such as time and unique device identifiers. This 
paper presents an evaluation plan for our attendance tracking system. We wish to qualitatively measure the 
usability of the application and determine if it helps reduce absenteeism by reminding students of their 
lecture times and their recent attendance record.  
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1 Introduction 
Numerous studies have examined the importance of attendance to a student’s academic achievement. One such study 
(Romer, 1993) found that, in a single course, students with perfect attendance could expect to achieve nearly two letter 
grades higher than students who had only attended one-quarter of all lectures. This study also found that roughly one-
third of the variance in performance may be attributed to attendance, and roughly one-third of students in a given class 
session were absent. Further studies have found statistically significant positive correlation in first-year courses 
between lecture attendance and exam grades (Gatherer & Manning, 1998) as well as lecture attendance and final 
grades (Gunn, 1993) (Silvestri, 2003). Absence has been shown to have a strong negative correlation with program 
retention (Smith, 2003). The same study found that student outreach programs, such as an attendance management 
system that reminded students at regular intervals to attend classes that they had missed several sessions of, increased 
overall retention. A 2007 study (Pianta, Hamre, & Allen, 2012) suggests that increasing classroom productivity, 
especially in areas of basic management such as taking attendance, increases engagement. 

In this paper, we present a smartphone-based attendance management system which can efficiently and accurately 
track class attendance in a cost-effective way. The system consists of two components: a client mobile application and 
a server web application. The mobile application allows students to authenticate using secret information displayed 
on the board by the instructor, such as a PIN, password, Quick-Recognition (QR) code, and a pattern similar to Android 
unlock patterns. Other identifying information such as time and unique device information, are also used in 
authentication. The application is developed in such a way that the addition of future authentication methods such as 
facial recognition and determination of location using Wi-Fi access point information will be seamless. By utilizing 
multiple methods of collecting identifying information for authentication, the application is designed to effectively 
prevent attendance fraud and minimize time spent taking roll. The mobile application is also designed to remind 
students of their lecture times, inform students of their absence rate, compare their absence rate to their peers, and 
allow the instructor to request a meeting with frequently absent students in an effort to reduce absenteeism. A primary 
goal of this system is to be highly usable for both students and instructors. Thus, our team will conduct a user study 
in the near future to evaluate the usability and efficiency of the system. 



2 Related Work 
The traditional way of taking attendance is the roll-call method, where each present student must respond to an 
instructor calling their name from a list. A study examining the time spent taking roll for a 54-student class found that 
over 70% of roll calls took more than 4 minutes (R. Mahato, 2013). For classes of this size and larger, taking attendance 
through roll call cuts into valuable class time. Alternative methods of taking attendance for large classes include 
seating charts, sign-in sheets, and unannounced in-class assignments (Ives, 2000). However, these present their own 
problems: marking a seating chart requires the instructor or a TA to spend time walking through the classroom and 
restricts student freedom, signatures on sign-in sheets may be easily forged by friends of absent students, and 
unannounced assignments require attendance for a grade, which students have described as ”cheap” and ”mean” 
(Clay & Breslow, 2006). Additionally, tardy students require a completed seating chart or sign-in sheet to be revised, 
using additional time. Mahato’s research encouraged a roll-token system, where each student collected a token with 
their name at the beginning of class, allowing the instructor to collect attendance without spending class time, but this 
requires the instructor to spend time after class tabulating this information. New techniques requiring specific 
hardware have been proposed for automatically taking class attendance. Scanlan (Scanlan, 2009) proposed an 
attendance tracking system based on RFID which can take attendance, manage attendance records, and mail attendance 
records and messages to students. In (Tucker, Darcy, & Stantic, 2014), Tucker et al. compared three attendance 
tracking approaches including manual recording, barcode scanning and RFID in terms of the price, efficiency and user 
acceptance and found that using an RFID reader and tags is favored for user acceptance in addition to the drastically 
reduced recording time compared with manual recording. Although RFID technology has been adopted by several 
universities in North America for attendance tracking, the cost is an issue because of the additional hardware required 
for tracking. For example, the RFID-based tracking system used by Northern Arizona University cost about $85,000 
(Townsend, 2010). Zhi, Ibrahim, and Aris (2014) used Near-Field Communications (NFC) to cryptographically sign 
an attendance record, providing assurance that the attendance record was not falsified. 

Recently, smartphones have been used for attendance tracking due to their increasing popularity. Without the need of 
additional hardware, such a system can track the class attendance in a cost-effective way. Class120 is a smartphone 
application that is specifically designed to allow parents and instructors to monitor college attendance. However, it 
has been shown that the app has technical flaws due to the use of smartphone location information for tracking 
purposes (Seitz, 2015). Students can fake GPS locations using spoofing in a trivial fashion. Quick Recognition (QR) 
code based approaches have also been proposed (Deugo, 2015; Masalha & Hirzallah, 2014) which allow multiple 
students to sign in simultaneously. Biometrics based approaches were also used for attendance tracking (Agulla, 
Rua, & Castro, 2009; Mccune, 2015). A smartphone application utilizing facial recognition was proposed by a group 
of researchers in Missouri S&T University to track attendance using the smartphone camera (Mccune, 2015). 
Biometrics-based approaches may not be able to correctly identify every student in a class. 

Besides tracking attendance, many efforts have been made to reduce absenteeism and assist frequently absent students 
in addressing their attendance patterns. Understanding Truancy (Malcolm, Thorpe, & Lowden, 1996) proposes that 
absenteeism works in a cycle wherein students miss class, perform poorly as a result, and feel less compelled to go to 
class in the future. In a study conducted on employees, individualized feedback on the number of days each employee 
missed and a comparison to their peers was correlated with higher attendance rates (Gaudine & Saks, 2001). In another 
study, a phone call informing students of their professor’s concern with general attendance was correlated with reduced 
absenteeism (McCutcheon, 1988). 

3 System Design 
The proposed smartphone-based attendance management system is designed as a client-server architecture, which 
consists of two components: the client application that runs on students’ smartphones, and the server where clients 
send and receive information. 

3.1 Client Features 
The client mobile application supports several features intended to help the student attend class on time, and help both 
the student and the instructor keep track of attendance records. The application is designed to be run on various mobile 
platforms such as Android and iOS to accommodate different smartphone models students may have. Figure 1 shows 
a workflow diagram demonstrating usage and features of the client application. 

The student may connect to the server by starting the client application and logging in with his/her username and 
password. In the beginning of the class, the instructor will post a session-specific, secret code in a visible location. 
Once a student is logged in to the client application, students enter the secret code and send the information to the 
server in order to verify their presence. In our system, we consider four different kinds of secrets in the application: 



QR code, digit-based PIN, password, and a pattern mechanism similar to Android unlock patterns. Digit-based PIN 
and pattern are popular options for unlocking mobile devices. The usability of these secrets for attendance tracking 
will be investigated in our user study. 

To effectively prevent attendance fraud, the application automatically records and sends time stamps, unique device 
identifier and Wi-Fi access point information to the server. GPS can provide accurate location information in outdoor 
scenarios but its performance degrades significantly indoors and is susceptible to location spoofing. Wi-Fi access point 
information has been widely used for the purpose of indoor location determination (Chintalapudi, Padmanabha Iyer, & 
Padmanabhan, 2010). In our system, the server will run a Wi-Fi location determination algorithm based on Wi-Fi 
access point information collected by administrators to infer the classroom a student is currently in. The application 
will, in the near future, ask a student to take a face picture when the student uses the application for the first time. The 
face image is used to prove that the device belongs to the student and bind the unique device identifier to the student. 
The automatically collected device info can serve as the student identifier which can significantly reduce the 
attendance recording time.  

 
Figure 1: Workflow diagram demonstrating usage and features of the client application 

The application is designed to use a mobile platform’s notification system to give students reminders of an upcoming 
class. Students may adjust the time at which they receive these notices. A student may view their attendance record 
for a particular class at any moment. The attendance log is displayed before the student submits their attendance 
verification. 

3.2 Server Functionality 
The administrator (an instructor or a sysadmin) can connect to a web application in order to create, modify, or delete 
information on the server. The web application and the student application connect to a central server which has 
several functionalities: 

1. Store classes, students, and attendance logs. 
2. Begin and end attendance sessions 
3. Generate and display the secret used for authentication 
4. Send a class list and relevant attendance logs to students. 
5. Receive and verify student’s attendance verification. 

4 System Implementation 
We implemented a prototype of the client using the C++ based cross-platform application development framework 
Qt. Students may use the application on any device, although a camera is required for QR code scanning. We 
implemented the server using a Java servlet on a self-hosted Apache Tomcat server with a MySQL database for data 
storage. Domain objects — which include classes, students, and attendance logs — are encoded as Java objects. We 
use the gson library to encode and decode domain objects into JSON, and the Sormula library in order to store and 
retrieve domain objects in a SQL database. 

4.1 Mobile application implementation 
4.1.1 Logging In 
Students can enter their user credentials on the login screen of the mobile application as shown in Figure 2. They can 
also manually enter which server they wish to submit their attendance evidence to. 



4.1.2 Evidence Submission  
Figure 3 shows the attendance evidence submission screen of the mobile application. Students can choose the right 
type of secret for the method displayed by the instructor on the board. For QR code, students need to press the “TAKE 
A PICTURE” button to scan the code displayed by the instructor. 

4.1.3 Getting Reminders 
The mobile application can send notifications to students to remind them of an upcoming class. Figure 4 shows 
examples of notifications sent to the student. The interval and timing of these notifications is modifiable through the 
application. 

  

Figure 2: The login screen. Figure 3: The prototype’s evidence submission form. 

  

(a) A notification on the device lock screen (b) A notification on the device home screen  

Figure 4: Examples of notifications sent to students to remind them of an upcoming class 
4.1.4 Attendance log 
Students can use the mobile application to view their attendance log, along with other class-related information. Figure 
5 shows the screenshots of the class information screen. Students can choose to hide the attendance log on the screen. 

 
 

(a) Screenshot with attendance log (b) Screenshot with attendance log hidden 

Figure 5: Screenshots of class information screen 

4.2 Server implementation 

4.2.1 Server database 
One primary functionality of server is to store data in order for the client and web applications to function. Student 
information, including username, password, a photograph of the student’s face, and the student’s device information 
must be retained. To preserve anonymity and comply with the Federal Educational Rights and Privacy Act (FERPA), 
students’ names are not stored and only instructors and administrators may view this information. A table also exists 
to relate each student with the classes they are enrolled in. Each course stored has classroom network information 
associated with it to allow for Wi-Fi localization. Each course is also related to a table of attendance sessions, and 
each session is related to multiple log entries each representing one student’s attendance record for one class session. 



Organizing the data in this fashion allows for easy searching and grouping using SQL queries, as well as readability 
in plain format for administrators. The data stored is represented in Figure 6 as an entity-relationship diagram. 

 

Figure 6: Entity-relationship diagram representing all information stored in the server’s MySQL database, and its 
relation to all other information stored. 

4.2.2 Web application 
When the instructor would like to begin a class session, they must use the web application to select the course that 
they are collecting attendance for. The instructor is presented with options for when they would like to begin the class 
session, the time after which students checking in will be considered tardy, and the time after which students who 
have not yet checked in will be considered absent. The instructor is also presented with radio buttons indicating which 
authentication method they would like to use for this class session. When the instructor submits this information, the 
server displays a randomly-generated secret which the instructor must copy and display to the class. This interface is 
detailed below in Figure 7. 

When the instructor needs to record the collected data in their gradebook, the instructor navigates to the pertinent class 
session, and may download a CSV file of the attendance data. From here, the instructor may edit the data in an 
application such as Microsoft Excel to include students who may have forgotten their phone, arranged an excused 
absence, did not have a data connection at the time of attendance, or had some other compelling reason to miss the 
attendance session. This interface is detailed below in Figure 8. 

 
Figure 7: Screenshot of the instructor’s web interface while creating a session 

 
4.2.3 Student Information Security 
The server uses JSON and HTTP requests to transmit student information to the client and to the administrative web 
application. We have made an effort to keep this information secure from unintended access and modification. We 
use SSL to encrypt communications and a password and username is required to view and modify information. The 



server sanitizes incoming information in order to prevent buffer overflows, SQL injections, and some other types of 
malicious input. We use reliable, industry standard software to secure user data against modern threats. 

  
Figure 8: Screenshot of the attendance record download page 

5 Evaluation Plan 
Our evaluation plan will examine the relationship between factors we believe will influence the perceived usability of 
the application using the following hypotheses: 

• Hypothesis 1: The application will be considered useful by students. 
• Hypothesis 2: Students with greater self-reported difficulties with attendance will find the application more helpful. 
• Hypothesis 3: Students with a greater self-reported comfort level with mobile technology will be more likely to feel 
that the application is usable. 
• Hypothesis 4: Students that feel that attendance is more important will be more likely to feel that the application is 
helpful. 
• Hypothesis 5: Students who feel that class attendance is more important will be less likely to have self-reported 
difficulties with attending class. 
• Hypothesis 6: Students that feel that traditional attendance takes too long will be more likely to feel that the 
application is helpful.  

   Figure 9: A diagram of the relationships between factors and hypotheses 

The Perceived Attendance Importance factor investigates the degree to which students believe taking attendance is 
important to their academic achievement, using a Likert rating of the statements “Taking attendance regularly 
encourages students to attend class.” and “I feel that taking attendance is useful for both students and instructors.” In 
the Difficulty with Attendance factor, students answer questions about how previous difficulty with attending class, 
such as “In previous courses, I have not had persistent problems with attending class,” and “I attend a sufficient amount 
of my lecture courses, generally.” 

The Mobile Technology Experience factor collects students’ experience of using mobile technology, including how 
long they have spent on the cellphone and how comfortable they are using mobile devices. The last factor, Technology 
Acceptance Model (TAM), is based on Davis’ research (Davis, 1989) which investigates students perceived usefulness 
and the perceived ease-of-use of the system. 

To verify the hypotheses, an experiment will be conducted in Spring 2017. Two courses’ students will participate in 
the experiment: one is a sophomore-level Computer Science course with 29 participants, and the other is a junior-level 
Computer Science courses with 25 participants. The evaluation plan is listed in Figure 10. 

 In the beginning, the research team will explain the purpose of the experiment and ask students to sign the consent 
form if they agree to join the experiment. In the next step, the participants will fill in the questionnaire which covers 
the Perceived Attendance Importance, the Difficulty with Attendance, and the Mobile Technology Experience factors 
relating to the hypotheses. After that, the research team will demonstrate the application to explain how to use the 
Smartphone-based Class Attendance Management System. 

 Following this survey, both classes will meet two times per week. Two weeks of these classes will measure the amount 
of time taken for traditional attendance, for a total of 4 sessions of each class. A demonstration of using our application 



will be given to each class, so that each student is familiar with the software when they are expected to use it. Then, 
three weeks of these classes will be spent alternating between using the PIN code, QR code, and pattern methods of 
authentication, for a total of 2 sessions of each class spent on each method. In each session, the amount of time taken 
to record attendance will be measured. In the first session spent using each method, we will provide additional 
guidance for any students that need help signing in, to allow students to familiarize themselves with the application. 
During the second session spent using each method, no additional guidance will be given, to gain information about 
the application’s usability in a real-world environment. After all methods of authentication have been tested twice, an 
exit survey will be administered. This survey will ask questions based on the Technology Acceptance Model (TAM) 
questionnaire. 

Week Steps Time taken 
1 
 

 

• Explain experiment 
• Collect participants’ consent forms 
• Administer introductory questionnaire 
• Demonstrate application usage 

• 5 minutes 
• 10 minutes 
• 15 minutes 
• 20 minutes 

2-3 • Take traditional attendance • 2 sections per week; 4 sessions total 
4-6 • Take smartphone-based attendance • 2 sections per week; 6 sections total 
7 • Administer exit questionnaire • 15 minutes 

Figure 10. The evaluation plan 

6 Conclusion 
In this paper, we have detailed a smartphone-based attendance management system based on client-server architecture 
that will save valuable classroom time by optimizing the attendance-taking process. The system consists of a client 
application meant to be installed on students' smartphones, and an Apache Tomcat server which runs a webapp 
allowing instructors to begin and end attendance sessions easily. Random secrets are generated by the server any time 
that an instructor begins a class session, allowing the instructor to display this information on the board. Students use 
this shared secret to simultaneously record their attendance in the class. The application is developed with cross-
platform app development techniques so that we can build the application for different mobile platforms at the same 
time. 

An evaluation plan for a user study of the usability and efficiency of the system has been drafted. The user study will 
start after the plan is approved by the institutional review board. The user study will help us to examine demographics 
within our participants that have difficulties with attendance and examine whether these students consider the system 
to be usable and helpful. The user study will also establish several other metrics for usability, so that we may determine 
whether the system is suitable for more widespread use. As our system was designed to be usable and efficient, we 
are confident that the results of our study will be highly informative and look forward to receiving feedback from our 
participants on whether the system has the potential to optimize attendance-taking and to help students struggling with 
regular attendance at our institution. 
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