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Concentration Estimation Method Using Skeletal Detection Technology to Support
Learning for Learners with Intellectual Disabilities
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Abstract

In individual learning (self-study) using e-learning in special-needs schools, learners tend to lose concentration when the
instructor is not nearby. Thus, we are developing an e-learning system that alerts learners when the students lose
concentration. In this study, we propose a method to support learning by detecting postural changes based on skeletal
detection using real-time video images during e-learning and estimating and judging the learner’s learning (focused state)
and non-learning states (unfocused states). Using MediaPipe, a machine learning library that can detect the skeleton in real-
time in a CPU environment, we could detect postures unsuitable for learning such as “standing up,” “lying face down,” and
“turning to the side” as unfocused states based only on two-dimensional coordinate information at three points: the nose and
both shoulders. Additionally, we confirmed that the unfocused states can be detected using MediaPipe, without using a

special device or a high-performance computer.
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Fig.1 Example of Skeletal detection with MediaPipe Fig.2 Example of facial landmark detection with MediaPipe
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(a) From the front (b) From the side (c) From above (with a tablet device)

Fig.3 Skeletal detection with student images during educational support in special needs schools
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Fig.4 State of concentrating on studies Fig.5 State of not concentrating on studies
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Fig.7 Estimated appearance in a standing position
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Fig.11 Estimated view with right facing
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Fig.14 Coordinate variation in prone lying position

Table.1 Each y-coordinate of frame No.138

Frame_Number 138
Nose_y 65.0873
Lsholder_y 71.8081
Rsholder_y 129.6702

Fig.15 Frame No.138 image
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Fig.16 Coordinate variation in the state of throwing images Fig.17 Comparison of frame No.1 and No.120
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Table.2 Coordinate of frame No.1 and coordinate of the frame (frame No.120) at the moment of throwing

Frame_Number 1 120
Nose_x 287.7635 259.8120
Nose_y 309.6770 324.4851

Lsholder_x 144.691 67.3369
Lsholder_y 168.7424 168.8917
Rsholder_x 395.1721 331.1885
Rsholder_y 178.3609 217.0275
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Fig.18 Coordinate variation with facing left Fig.19 Coordinate variation with facing right
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(a) Frame No.l image

(b) Frame No.50 image (c) Frame No.150 image

Fig.20 Comparison of frame No.1, No.50 and No.120 images(When the face is turned to the right)
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Table.3 Coordinates of each frame with facing left

Frame_Number 1 50 150
Nose_x 281.2117 144.8510 146.8163
Lsholder_x 146.3724 144.8516 283.0860
Rsholder_x 420.6845 410.4799 338.0814
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Table.4 Location of 2D coordinates for each skeletal state
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