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Subjective Difficulty Estimation of VR-based Educational Comics Using Gaze Features
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Table 1 List of extracted features for the subjective difficulty estimation
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Fixation Ok FHROFGRMORK, FEH, &N
Fixation O [A1% Fixation 234 U 7z A1
S DS 1Bk & DRy e Bk & DR O oK AE, SEaME, KME
; 5 & D[] % i & DI3FEA L 7= [
R R OB B IR I < N T DR DR B
T R I EZFA T
R _ EBRDOE T 2V EXET 2 — DA — 3 VEEHEE
o it — b~ v 7 (Heatmap; HM) CHEENEL— b vy TOMOEAME, FEH, BME

TR A & AR D 22 s oD B

(Variance in Gaze Convergence; VGC)

FERE EADOBRRO R [OMBORAME, FiaE, H/IME

2
Fig.2 Diagram of variance in gaze conver-
gence
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Table 2 Results of the questionnaire about
each section

1% 23 3
o 2.63 (0.70)  3.50 (0.50) 3.50 (0.50)
Pf 3.00 (0.50) 2.25 (0.43) 2.63 (0.48)
PEIT 3.00 (0.71)  3.50 (0.50)  3.50 (0.50)
NASA-TLX 5.40 (0.48) 5.73 (0.84) 5.92 (0.66)

() NoBAEIE SD

BN Easy
mm Difficult

= — N N
o %3 o %3
S} =} S =)

The number of data

(%)
o

o

1 2 3 4 5 6 7 8
Participants id

M3 T—XD7VE
Fig.3 The number of label data
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ERHWZGE (UF, 2—YIKEFEETIV) O 2D
Fli 24T o7, I—PIRKFEET IV TIEF—IL KT Y b
x GT—2% 74, TAMNTF—X%3%]), 21—
P IEMAFEE T )L TlE Leave-One-Out-Cross Validation
(LOOCYV) % F\~ T3 L 7=

BIEAMECINEL-T—X%, EALIFSS
JELUTARLLZHDTH S, RTWVWBHIATIZTON
TR74VRY VT 2EL, BEDOHY /A4 ATav
D% RTWB EHEINGEIE, RBICARTWE
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Table 3 Results of subjective difficulty estimation in a user-dependent setting

FEER ek DY REREE
SVM RF XENEH PRI R HM VGC Acc. Pre. Rec. F1

v v 0.772 0.689 0.773 0.697
v v 0.787 0.690 0.703 0.687
v v v 0.807 0.685 0.699 0.686
v v v 0.799 0.698 0.693 0.690
v v v v 0.819 0.727 0.694 0.685
v v 0.814 0.687 0.694 0.688

v v v 0.831 0.709 0.699 0.701

v v v 0.827 0.706 0.706 0.703

v v v v 0.839 0.720 0.701 0.705

F 4 FBWHSEO - FIRKEE T VBT 2 HERR
Table 4 Results of subjective difficulty estimation in a user-independent setting
P PERORF R AR
SVM  RF  SCGEME#H  #kfE®R  HM  VGC Acc. Pre. Rec. F1

v v 0.782 0.695 0.775 0.704
v v 0.790 0.711 0.761 0.709
v v v 0.796 0.713 0.766 0.715
v v v 0.793 0.712 0.761 0.711
v v v v 0.791 0.710 0.761 0.711
v v 0.813 0.735 0.632 0.641

v v v 0.811 0.740 0.613 0.615

v v v 0.819 0.739 0.626 0.640

v v v v 0.818 0.741 0.616 0.630

WRZ2HEDZ LIT#H LW, 2 TSMOTE (Synthetic
Minority Over-Sampling TEchnique) [22] % F\\ T4
IR RV DFI ==Y T v 7 %f757-. SMOTE
BT — 2 OAIZEHAUT A N T =R IETDF £l
U7, 2—HIKEE T TIRIT — X OREH
FRITE VD SMOTE 12X B A —N—H 2T v
13472 TV, FHIEFEEICIE, EfER (Accuracy) ,
W& (Precision), HE#E (Recall), F 1%z AW,
4.3 HHEREER
I-PIRFETVOHEREZERBITRT. ¥H
T—&, TANTF—=RIIZFA—-DOERBGHIEDEL D%
AWTHD, ZORIRELTWSDIRIEERGHED
EYETH B, FHBITLIZ, KEPEBEL, T
N2HZBHIZEWMEZRLTWS, HELKEELZE
LR T OHEREE % Iz RF OEMER, FIEI
tEmEl, TNEN0.839, 0.705 72 o7z,
I—YIEKGFETNVORER R 2R BITRT. FH
T—=RETANT—RIZERDERGIEFEDE D% A
WTED, ZORIZRLTWEDIELOOCV DFEIZ
Ko THRE L ZBEOEME, WA, HH%R, FIE
DIFYMETH 5. RFE 125\ TREET O Lk
& NEBM EGHRO R M OBERE] % W 7256 1 Efi#
KO DEP o 72D, FAEIX0.640 TH o7z, FEM

BEED 2 72D SVM 128 W THRER T A
®e MR-t~y 7] 2HWEHEATHY, 0.715
ThHoTl-.

A—PIRGFEEFIL, T—FIEERETTLDONTIO
LAY, XEBRERMEYL UGE L HRT, kR
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AN ENI L HHEEE LThIFoh, HiRERE
AWa Z & TRAEOEWEEFEN Rt TcE L S
Z5.
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DO VR 2/ TD < v AE 5 E RO 28l
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T LR, FEROBHRERIC TR e —b< Y
T OAEEBIMUZGEPRSEENE L, [Hike —
F2w T OFRL—TFRFEIMEL, £ < DAL
&N hE T ARBETHILERALNS.
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A
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