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A Study on the Deep Learning-Based Textbook Questionnaires
Detection Experiment
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ABSTRACT

Recently, research on edutech, which combines education and technology in the e-learning field called learning, education and training,
has been actively conducted, but it is still insufficient to collect and utilize data tailored to individual learners based on learning activity
data that can be automatically collected from digital devices. Therefore, this study attempts to detect questions in textbooks or problem
papers using artificial intelligence computer vision technology that plays the same role as human eyes. The textbook or questionnaire
item detection model proposed in this study can help collect, store, and analyze offline learning activity data in connection with intelligent
education services without digital conversion of textbooks or questionnaires to help learners provide personalized learning services even
in offline learning.
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+ Build a data learning
server

: 1F !': e | R
TensorFlow 3 : ==
PYTHRCH

. [ Keras
Deep : ==
<GPU Server> | earning SW = SE=—mneeT

» Data collection

+ Build a test environment

<Jupyter Notebook >
+ Cascade R-CNN ResNeSt

Model Training + Test evaluation

pea

<Drawing and cropping the glestion area>
Fig. 1. 3 Steps of Deep Learning Based Textbook Item Detection

Table 1. Learning Data Tagging Status

Division Page Questionnaires Page number Concept Text
Textbookl 220 994 210 50 11
Textbook2 184 527 160 81 5

100 297 100 80 5
Textbook3 152 553 130 63 10
Sum 656 2,371 600 274 31

<H=> <Gray Scale> <Threshold binarization>

Fig. 2. Image Pre—processing Example Screen

4. N3 U Za 2N EFI9eE HAEEHE A5 Ot B ofs HEH
of SHARt HESHA| Z5t AAE SJu|gitt. o EH I

4.1 MY Zut =0l urd 2 A5foF st HESHA E3E AS oulgitt

G oluA] AH A

& H7h= SQHHALRE Table 29+ 2

o] &% 2F(false positive)?} £ Q2 F(false negative)= 4.2 YOLOv4 A& A

ti3t S B7F AEE ARSIt 378 F= A5t YOLOv4 29| & HolEE o|get A9 23 Fig. 3
2] Hopop & AA7E HEH Ae=, d& €W /MdF Yol 9] #= Azt £H dole] &9 A (best gray scale)
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Table 2. False Positive and False Negative

Division

False Positive

False Negative

8000 - Threshold_Binarization

Best - Gray Scale 8000 — Gray Scale

‘question: 64% concept: 98% concept: 33%
question: 100% page_number: 97% page_number: 97%
page_number: 95% question: 100% question: 100%
question: [00% question: [00% question: [00%
question: [00% question: [00% question: [00%
question: [00% question: [00% question: 99%
question: 99% question: 100% question: 100%

Fig. 3. Experimental Results of YOLOv4
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8,0003] =& dloJE|oflA AA o]xIs} A 2(8000-threshold
binary coded)3t o]u]A|&= Q14 AR 67 & 67 BF A4
staou HEFIY QI4EC] 33%=E RA JAAEH A
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oFoxet.
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Table 3. Performance Results of YOLOv4

page Original| Gray Threshold Gaussian Mean
G0 80 100 15 20 25 15 20 25
[i] 3 0 2 2 1 1 1 1 1 1 3
10 10 0 2 3 2 2 2 2 2 3 3
11 10 2 3 3 3 4 4 1 3 3 4
12 10 4 4 1 1 2 1 2 2 2 1
21 7 0 0 0 0 0 0 1 0 0 1
answer _ 38 5 0 0 0 2 2 2 1 2 3 3
39 1 0 0 1 1 1 1 0 0 1 2
4 6 0 0 3 3 7 6 6 6 7 7
79 6 1 4 1 1 3 3 2 3 2 3
81 11 3 4 4 1 4 4 4 1 3 3
90 7 0 1 2 1 1 2 3 1 1 3
8 5 0 2 0 0 1 1 2 2 1 2
10 9 0 5 5 3 4 3 1 4 4 3
11 1 2 3 3 3 3 4 4 i) 4 i)
12 2 3 1 3 3 3 5 5 3 4 5
21 4 0 0 0 2 0 1 3 0 0 5
grading 38 1 0 0 0 2 2 2 2 1 1 0
39 7 0 1 1 0 0 1 0 0 0 1
41 7 0 4 6 6 6 8 8 6 7 I
79 5 0 3 2 1 3 1 3 2 1 4
81 9 1 2 4 2 2 3 3 6 4 3
89 3 0 2 3 4 4 5 4 4 4 6
90 4 0 2 4 0 2 2 3 1 1 2
sum 133 16 45 51 42 57 62 61 55 57 78




Tags & Labels e

Total Tags: 4

Total Tagged Regions: 1800
Average tags per asset: 8.33
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Fig. 4. Label Work Status and Learning Graph
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4.3 ResNeSt &8 Zu}
ResNeSt 2@ &d HoJg A2 YOLOV@} e A¥
delgz dds d I 914 o]xst A
A & 80, 10002

At} S 42 5, 10, 15, 20, 25, 3022 2751
A ATt ResNeSt 2P EHL ResNeSt At 2ol
ResNeSt-500.2 3191 on, k% Sl4== 95,000%F 27,000
3|714] 5,00081 4 571 AEsto] Sk S IAE o]
£ |5t ResNeSt-50 23 dloje] AF Axk= o]n]A|
AAEE otA] §F2 U olm[x]9] AL 4, =9 A2 22,
}A o]XIs} AA 44, 31, X—*.%; A AA 7F-AQE A

& 55, 58, 62, 54, 60, 61, ¥J% &8 59, 57, 51, 50,
49, 512 F7IEh 7P 22 52 Table 4014 E50|
oju|#] M2l gli= Y& oA Z 1407 14 A 5 471
Q14 AT @145kt ResNeSt-50 L g 2] & Ho]E
AEA] YOLOv4 8,0003] sk o] &8 flolg AR ot

Table 4. Performance Results of ResNeSt
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80 5 5 15
8 0 0 5 1 0 1 1 1 1 1 0 1 1 2 2 1
10 0 1 3 2 3 2 2 3 4 3 3 2 1 3 3 2
11 0 2 3 2 3 2 3 3 3 3 3 3 2 2 3 3
12 1 2 2 3 3 3 3 3 3 3 3 3 2 3 3 3
21 0 0 1 0 0 0 0 0 1 3 0 0 0 0 1 3
answer __38 0 0 0 1 4 2 0 0 0 0 4 3 1 0 0 0
38 0 1 0 0 2 2 1 0 4 0 2 2 2 0 0 0
41 1 0 2 1 4 3 2 1 2 2 3 5 2 1 2 2
79 0 2 4 1 2 4 4 3 4 2 3 3 4 4 4 2
81 0 1 3 1 2 2 3 2 5 4 2 2 2 3 2 3
90 0 1 1 1 1 1 1 1 1 7 3 2 2 1 1 2
8 0 0 0 1 0 1 1 1 1 1 0 0 1 1 0 1
10 0 1 3 2 3 3 2 2 2 1 3 3 2 2 2 1
11 0 3 3 3 1 3 5 5 3 1 3 4 3 3 3 3
12 0 3 3 2 3 3 7 4 4 4 3 3 3 3 3 4
21 0 0 0 0 0 2 4 4 2 3 0 1 0 0 2 4
grading 38 0 0 0 2 3 3 3 0 2 3 3 3 4 4 0 2
38 0 0 0 0 2 2 1 2 2 2 2 2 2 2 2 1
41 0 0 2 1 5 4 3 3 2 1 4 4 3 4 2 2
79 0 2 2 1 4 4 6 6 3 4 3 2 4 3 5 1
81 0 1 2 3 3 2 3 3 5 4 3 2 2 2 2 4
89 1 0 2 3 3 4 2 2 3 4 4 3 3 2 2 4
90 1 2 3 0 4 5 5 5 3 5 5 4 5 5 5 3
4 22 44 62 54 51
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Table 5. Evaluation of Detection Performance According to ResNeSt-50 Learning Cycle Change

Fig. 5. Image of the Result of the Iltem Detection Experiment

E7 92 ZFol Gttt 2Hget ojn| A9 ©etdt e =9
3} olu]z|9te] AL xfo|7F A9 goS E 4 Qi)
ResNeSt-50 X3 2] 95,000 85 3148 5,000%] 7+ 2
& 37} 853 A Table 591 Zo] gk 31427} 140,000
sloflA 1407 Q14 AAE BF FAEoIAL, S ATt

Page | 270,000 | 95000 | 100,000 | 105,000 | 110,000 | 115,000 | 120,000 | 125,000 | 130,000 | 135,000 | 140,000 | 145,000 | 150,000 | 155,000 | 160,000 | 210,000 | 260,000
8 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0
10 0 0 2 0 0 0 1 0 0 1 Q 0 1 Q 0 0 0
11 0 2 1 1 0 0 1 0 1 0 Q 0 0 0 0 0 0
12 0 0 0 1 0 0 0 0 0 1 Q 0 1 Q 1 0 1
21 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0
answer 38 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0
39 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1
41 0 0 0 0 0 1 1 0 1 0 Q 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
81 0 0 0 0 4] 0 1 1 0 0 0 1 0 0 0 0 0
90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 0 1] 0 0 Q 0 0 4] 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 1 1 Q 0 0 0 1 0 0
12 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
21 0 0 0 0 0 0 0 0 0 0 Q 0 0 Q 0 0 0
Grading 38 0 0 0 0 Q 0 0 4] 0 0 0 0 0 0 0 0 0
39 0 1 0 0 0 0 0 1 0 0 Q 0 0 1 0 0 0
41 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0
79 0 0 0 0 0 0 0 0 0 0 Q 0 0 Q 0 0 0
81 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
89 0 0 2 0 0 0 0 0 0 0 Q 0 0 Q 0 0 0
90 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Sum 1 4 5 2 1 1 4 3 3 3 0 1 2 2 2 1 2
140,0003]Htt =92 wi= 28]2 214 A A7t
378kt

Fig. 5% (DSt 715 £999 914, @443 Fet 7t
o] Q4 @RSHAE] BRde A4, kA2
249 A4 Y 2 ojuHoleh,
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1Yo AL 7MY A3 ResNetSt-50 E% o2 553
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Table 6. Comparison of YOLOv4 Model and ResNeSt
Model Performance

T Page ResNeSt-Original | YOLOv4-Gray

8 0 0

10

11

12

21

answer 38

39

41

79

81

90

8

10

11

12

21

grading 38

39

41

79

81

OO |P|O|ICO|C|O|WIN|OC|O|W|[—|O|O|O|O || O

90

Nl—= = lOoOlO|0O|O|O|O|O|O|0O|O|OC ||~ |O|O|O |~ |O|OC

—
[}

Sum
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sk= 7&%3 Bl 71&2 Hdold g2d shE2 9 w2
}\(_)]L_ o

= 8 JRFH A 7|&2 AR/VR, Al, 2R
g4, EEAQl So2 Tt AY 7|Rke] A7y us
< 7FssHAl 3= AR/VR 7]1€9] A9 202549 20184
of Hlg] 78 =2 S B Zo = Ao, Q1545 7
& A T3 20184 8% 2ol 20259 619 € 1L
o] Ao g st Qlct. opARE WS KR txE A%
o] thE FEo| H|g] AHHoE HA HFP= o] AFA 5
71€9 JEE HUA FEEHIL JoH5] olof] B AFolAe
gded 719k A 29 HES B9 A8 wSsAlY
i w5 FEiQl A 9 EAA] 7|6te] wsS FHl=9] o
A9 A% glo] Asd w& A|AFI J52rgo] 7hsgt
EYE viRohs Aol £ Aol Aljtd wAf 23 <1
4 A& 2P0 2= YOLOv4E ResNeRt T 7HE A Estod
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YOLOv4] Hlol %2 F5S Bt sHAT 2 49 o
ol 258 434 =5} 3% wA Hlo|HE 7|NeEgt

% ool 1§

QA7 Aol TR BY WAL NesH sk el
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Aol 18 AvA AQAE 05 BRYAIA e
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