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e to real-time learner concentration status using deep
learning facial emotion recognition technology
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ABSTRACT

With the development of artificial intelligence technology, various educational

support Al technologies are being introduced into the educational field. However,

+H3|2 St mIChetn et AZE nSstat it is still difficult to utilize an Al-based real—time learner concentration analysis
B system in schools. This is because although many studies and programs have

TrEUeE  Smachet AT ZRE nS been developed to simply replace facial emotions with concentration, additional
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resources and theoretical preparation are required for practical application in the
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T 2024110219 field. Therefore, this study designs and implements an ITS system that identifies
HArets 20243128 26 I=ti . based ol . .. d 1 .
p— 2025 018 022 real-time concentration based on facial emotion recognition, and evaluates its
Spsyolx} 20254 012 082 usability to verify that artificial intelligence technology can serve as a real-time
% 2 =00 20041 SIRHTE 1R515| SHTHE/0IA learning assistant for educators and learners. Therefore, this study designs and
AU 2 QIAl T[S T8O R SAXIO| EIE AN implements an ITS system that identifies real-time concentration based on facial
S EREHTS ABY BIH AR el Msez gx emotion recognition, and evaluates its usability to verify that artificial intelligence
o AL . . .
el st technology can serve as a real-time learning assistant for educators and learners.
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Figure 1. Basic structure of ITS[5]
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Table 1. Details of papers on concentration classification using CNN
Tllt_ Year Details

e

- Collect information on eye and head movements
and facial emotions in e—learning to classify
[10]| 2019 concentration levels,
- Divide into three levels: “very engaged,” “nominally
engaged,” and “not engaged at all.”
Classify learners’ concentration levels using
(11| 2019 FER2013 facial emotion classification
Classify students’ concentration levels into three
levels based on emotion
- Presents a deep learning—based algorithm that
monitors learning ability based on students’ facial
emotions
(121} 2021 | Calculates real-time emotions such as anger,
disgust, fear, happiness, sadness, and surprise, and
calculates concentration weights
- Detects emotions and student engagement during
the lecture
(13]) 2021 | Suggests student concentration by combining the
degree of eye opening and the weight of emotions
- Limitations in real-time Al video processing and
scalability for large—scale offline classes
[14]| 2021 | - Set student facial expressions such as ‘boredom’,
‘confusion’, ‘concentration’, ‘disappointment’,
‘yawning’, and ‘sleepy’
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Table 2. Operational definition of learner focus in computer vision
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Figure 2. Real—time learner focused state system hardware architecture
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Table 3. Comparison of facial emotion recognition accuracy by

Al model
FER KFE | JAFFE
No |Mo-del DataSet 2013
Acc Acc Acc
1-1 FER2013 0.371 0.175 0.225
1-2 . FER2013,CK+ 0.354 0.137 0.235
Mobi-
1-3 le FER2013,CK+,KFE 0.352 0.190 0.258
1-4 | et CK+ 0.135 | 0.146 | 0.169
1-5 KFE 0.157 0.144 0.160
2-1 FER2013 0.604 0.264 0.272
2-2 Koo FER2013,CK+ 0.600 0.270 0.263
2-3 | ption FER2013,CK+,KFE 0.619 0.328 0.315
2-4 CK+ 0.298 0.177 0.235
2-5 KFE 0.326 0.240 0.192
3-1 FER2013 0.627 0.235 0.291
3-2 FER2013,CK+ 0.621 0.236 0.277
VGG16
3-3 FER2013,CK+,KFE 0.626 0.314 0.324
3-4 CK+ 0.285 0.158 0.254
3-5 KFE 0.371 0.305 0.286
4-1 FER2013 0.497 0.252 0.300
4-2 FER2013,CK+ 0.509 0.257 0.300
Den-se
4-3 | Net121| FER2013,CK+,KFE 0.529 0.253 0.376
4-4 CK+ 0.169 0.153 0.174
4-5 KFE 0.178 0.150 0.174
5-1 FER2013 0.492 0.194 0.225
5-2 FER2013,CK+ 0.491 0.194 0.224
ResNet
5-3 50 FER2013,CK+,KFE 0.507 0.194 0.192
5-4 V2 CK+ 0.156 0.166 0.155
5-5 KFE 0.145 0.132 0.131
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Figure 5. Improved Xception convolutional architecture for learning
facial emotion image classification
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Figure 11. Operation server real—time monitoring log
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Table 4. Usability Evaluation Elements of a Learner Focus State System

Context Evaluation details
- Is it easy for users to use?
Interface | — Does it work in accordance with users’ common
sense?
Learning | - Is it possible to understand the learner’s status?
Support | — Is learning motivation improved?
System - Does the system operate stably?
Stability | — Do the functions work properly?
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Table 5. Participants’ characteristics

Context Details
Sex male : 9 / female : 11
Education University students

o} 72 0.8342 A w7} 9

Table 6. Evaluation scores of the learner focus state system

Context Average Standard Deviation

Interface 3.58 874

Learning Support 3.82 1.17

System Stability 2.61 1.13
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