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Abstract: In this study, we develop a system that estimates the degree of confidence and subjective diffi-
culty of four-choice questions of English vocabulary on e-learning platforms. Heart rate and eye movement
differ depending on the learner’s mental status and perception. We estimate them using two wearable de-
vices: JINS MEME eyeglass-type device and MyBeat chest-mounted electrocardiogram monitoring device.
To evaluate the effectiveness of the proposed method, we conducted an experiment assuming an e-learning
environment for eight healthy males. Extracting total 694 features, our method estimates the degree of con-
fidence and subjective difficulty using support vector machine with feature selection by greedy method. The
result showed that our method could estimate the learner’s confidence and subjective difficulty in answering
with 93.5% and 90.8% accuracies, respectively when each learner’s own annotated data is used in the training
phase. In addition, it is confirmed that our method can greatly improve overall learning efficiency and the
ratio of missed reviews.

Keywords: machine learning, learning support system, subjective difficulty estimation, degree of confidence
estimation
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Table 1 Related studies on estimation of confidence and subjective difficulty.
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word spelling
Subjective .
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difficulty
Subjective and . Significance
[16] o . Nothing Word Search Web platform 725
objective difficulty Test
High difficulty English Long .
[17] . DNN Eye-tracker Nothing 5
English words Sentence
Subjective . . .
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Fig. 1 Outline of our proposed method to detect the degree of confidence and subjective

difficulty of learning contents.
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*1 JINS MEME, https://jins-meme.com/ja/
*2 MyBeat, https://www.uniontool-mybeat.com/

© 2020 Information Processing Society of Japan

TR HED XD S8 L2 BRI (1) 25 (5) T

EFRLZ, MEERUTOL ) IZEFKLT.

(1) SEEEZH > TW TR L7,

(2) 4 IROBRFE A SHEM L 729 A THEVH 5.

(3) 4 MOFBRP P SHEP L7299 2 THRADH > TV EHFE
FEICREDYD 5.

(4) 4 IROBPRIEL A SHEM L 7253H ) HEH 2.

(5) 52475 R e,

3.2 ¥t

A 5 3 SNIREN £ v I RIREET 7N 1 2
JINS MEME (%, 3 siaHREN & & 6 DO+
PEEBLTBY, AoH BX U EOG Z %l +52 &
DHRETH S, EENIGZITH) 7—F X5 L LT, |KE
i (EOGRr, EOGL, EOGy, EOGy ), Ni#EE (ACCx,
ACCy, ACCy), fal#lE (GY ROx, GY ROy, GY ROy)
EhoTwah, JUSOR, %> 7)) » 7Rk 100 H,
B EE & > OFHMEE P S £2g, 4 H055E o 5 & P 1
+250dps & L7z, FhifdEEie L CEEDTHIE 1T - 728
JE&FE 16,384 [LSB/g] THI#EE + > H OffId [-16618, 7867],
IRFEA 2 > DI [~ 1855, 1877) uV OB TEHA S 17z,

MyBeat 1&, Bkt H 2R L TB Y BECG % 5T
W52 EDTRETH L. EBRIGEZIT) T XKoL L
TlE, RRI (R-R interval), LF/HF (High Frequency/Low
Frequency), HR #5134 2 L SU[RETH 4. TUSORE,
ECG O > 7)) v 7P H%, 1,000Hz & L7z, FhiEER
& LTEEDEHNZIT - 724558, RRI Ol [554,815] ms,
LF/HF Ofiil [-2.083,0.993], HR Ofid [74, 108] bpm O
#HiPACEHEI S L7z,

FHINL 7282507 — 2 1%, B2 O X ) Ik e s

1310



BERIEF=EmEE Vol.61 No.8 1306-1318 (Aug. 2020)

&2 BN MVERET 27200l A b

Table 2 Function list for calculating feature vector.

Fredh it B A #t T (T: Time, F: Freq.)
nor(s) Min-max normalization 5y = —s—min(s) T
max(s)—min(s)
stn(s) Standardization s = % T
mean(s) Arithmetic mean 5=+ SN s T, nor(T), F
std(s) Standard deviation = SN (si —3)2 T, nor(T), F
max(s) Maximum values in array max;(s;) T, stn(T), F
min(s) Minimum values in array min;(si) T, stn(T), F
rms(s) Root mean square + SN (s)2 T, nor(T), F
15N ) (v, —T
cor(s, v) Correlation coefficient r= Ve Zhizl(jl(j?)ﬁS)gﬁlq(jfufi) T, nor(T), stn(T), F
qrange(Q) quantile range Q% - Q% T, nor(T), stn(T), F
maxfreqInd(s) Frequency component argmaz;(s;) F

N: signal vector length, Q: Quartile, T: Time domain features, F: Frequency domain features.

= > > >
4 a1 Q2 Q3
= NN AN AN
& VAR A B IRV A A T
[ N V= (R NV =T
v, \H_/
o AT A T N
AN j,J \.\ﬁr_-"_\,f'/ N /] > ,Ay,_:_/

Framel Frame2 Frame3

2 FRIIT—5 D7 L — 241l

Fig. 2 Sensor data division by each question.
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LTwh\w, L7225 7T, k¥ % LOSO-CV OFHIilL,
Fr) T —va VRERBOREFMTH Y, HhT5
LOO-CV OFHiilE, ¥V 7L —3 a v Efiz kg L7z
DM Z 17> T\ 5. JINS MEME CTHUS L7257 —%
WCRLTIE, MAEICKEZEEL/NSTH720, FEHIL
REEL LT — 2 2B L, £T7—%, BRIz
Liz7—%, @bz L7727 — % O 32125 L TR
FREImL 21T o 72, AR EE (7Y, R, &
K, w, UGAED [N <, S oMBEfREse, FFT
(Fast Fourier Transform) % fiti L7z & & OIS (K
JE Sy, RS, EEE R Y-, %
M IE§ 5 B W B E il & LTl L7z, MyBeat T
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Algorithm 1 Greedy Feature Selection
Require: F

Fadapted « none
for j=1...10do

F,, = argmax {Accuracy(Fodqaptea U Fi)}
1<i<N-—1

Fadapted-append[Fm]
Remove F,, from F'
end for
return Fugapted

P L7 —2 12 LT, R 2ENE CFY, o,
LIRS, TR, /) OAREFEE LTl Lz, 22
DX ARSI LA BEIE AR T 694 KL L o 72
Al L 22 R R 2 1R

3.3 HEFEBE7ILIUIL

B E 7L T XA, BAe TN RESRT
W57, 4, Python @ scikit-learn /¥ v 77— % F\\C
PERBCEMEE TV T XL 0EE & EHORIR, T
A= Fa—2r T kAio7. ZORRE, FEER+ SVM
(Support Vector Machine [21]) DT 7 # v s /XF X — & 78
ROBVWHEEBEL R L, DG ERoOT7T VT X4 %
MW7 AER TR AT . HEeEIICIE, ShesE 28
LT, HEERBEOEGZIT, ZDLDPTROUMENR
bOEBEML T EREE AW THR 2R BE Z R L
7o A MNIFEELEIRP OB EOICRE &)1 6, FiEnE
WTHERSN L HEORKE T 10HE L7,

AFRIZOWTEAEICHIT 5. §XTORHE F O
I L, HEERESRES L RS 1 DO =

F,, = argmax Accuracy(F;)
1<i<N

RO, FH5 Fp, 2 RAERFEIE Foaaprea \2BEIT 5.
F, Bz FA LT,
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F,, = argmax { Accuracy(Fadaptea U Fi)}
1<i<N-1
%3RO, RO TFHEE 24 VR L, |Fadaptea) = 10 THTF
b, INETORFRE LY REmOHEEHEIE Z 1 L 7B
D Fadapted %f;ﬁ?}i'(%&%%ﬁ% k L“Cﬁéﬁﬁ?' % (AlgOI‘lthHl 1
T ZH).

4. RBRHE

4.1 EBBE

REFLEORMMEZIRIET 5720, e-learning & fHE L
ToBRESCT — Y EHER % 4T o 72, EBRIIWIFEICFE 2 1%
72 22~29 MO KT, HANORFE TS Br NRITAT-
7o, #iBEE O TOEIC A 2 7 OFI41d 487.1 pi (IEHE(R
160) Th o7z, AEEHE L7z01E, AEOWHFE 4 RERE
200 M CTH 5. HUEHBEEIL, —fLEEFE ALY S
728 TOEIC B % i At { 720 O WIHHEEN H R E L 72,
Hifk [22] ¥ TOEIC HHGEZ L VIR D 731 Tz
72, Z07%Ho [TOEIC #% 1] X1 70 M, [TOEIC
SExg ol L 70, X512, FER MO EEHI WX
9 12 [Learning through Official TOEIC Test items| [23]
2O 70 M AZED L, A5 210 MZ 4o P EREE L7,
HRES % HEEO B % BV 728 P IC D nW T, o HEED
5% T v MIFER LIS A, IELWEZG 2L W
BOMEDRS SITHEE RTINS H. £ TH
M3 F - 72 CEBROHIETII R, BEECHREENS
LW OREEVELL TWE b0 ERET 5 2 L TER
b REEZ PRI LTW S,

ERCHHA LT T r—a ommplzE 3 12K
9. BENCHEE % 5 EHFESHEI N, TOTICH S 4
DO ARG S I E 2 2HH 28R4 5. X3 »
LA X ICHEICE T A M IIRREIN V2D,
B AT SIS 2 ) WTREME A BRAL L T b, AR
B4 tB5 28R, SOEEHRERLIEMRT—5 %
R 5. FERFIEMBERTRICTRTOMEELE
ZTCWAZ LIRS TRV, SHEREERZTHIL,

Question transform
%ﬁ’ét"% ¢ transpose
Choice SREN9 3 transfer
BT3P < transform
*=NEF3 ¢ ransmit

3 L HL AR AR ] T

Fig. 3 Example of four-choice vocabulary tasks.
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CNEIEMICHCHM T2 L3R THLEEZ L. #H
BRE B OS2 —T 5720, FHETICHENZE O
Thhirol, 2EOY 275 TIVTFINA A %BE L7
WREET, PC RICFRRENDEE, ~ 7 A7) v 7 #ED
ATHELTLLWT =y ONUELR T 72, BREEZATO W
12, JINS MEME 3 X Of MyBeat OFHIMEATIER & % 5 F
THEELZ) A TERZ2IT-o . BELAET—21E, IRE
fir & BEEREIE B £ O RRI, LF/HF, HR TH 5. Z D14,
BHN2T7— 8 IR O 247, B A
W, MRERE L EBINESEOHEEE1T) .

4.2 FEIF—%

AREBRTIIHERE 8 44 x 210 1 1,680 7— % ZEHAIL
7o, COhHpTHERE ICERT2H ) v 7 LTLE
W, MEZF o RAZERCEZTLEo 2%
EFIGGHITE oz T — 7 L LTHRIN L7z, TR
1,678 77— % M L7z, REBRTH S NI-MEERE L 38
HIRE FE DL 7 XV O3z dk 3 18T . KBD A-H
1, ARl 2 M L Th 5 - kS 8 & ok
FTHDH., ZORPOEEEIIBVTD, EENESEIC
BOTIYEEHICL T, HFICEH2E 055 Z L5
TENn5.

REFEICL B L LT HA01, RUFFEHEE TG
ETHMERE & EBINEES AR L b O Tidk
WL WA SR EL S, 22 TINSDORFAITHIEE 4
R, MRS EBIEES B, SRR AR L TV,
ReWTnnrsblBl), MEEL TBNWESEO—BES
Wi 68%THY, LT LT ErbIITEEnwIEr

ALz, BBOLRMEE 1 SEBMESE L 2> Tw
L0, EHLohE Vv IXEBINESE % 5027 B HEA

[@ zesnsmonn - o x
How difficult do you feel ?

K
FBFEDHZERESITLEN?

5 1 £V |\ @ Difficult

1 2 3 4 5

4 TR0 D) A ]

Fig. 4 Screen for assessing degree of subjective difficulty.

(1) (2) (3)

AROBRFRMDHERILIEET AROBREEA DHERI LI E TS
B{EN'53 hHOTLBSEEICEENHS

FEICH-TOTRELL

HROBIREE SHERI LI
HFNBENEL

(4) (5)
5 Tifeds LR

Fig. 5 Screen for assessing degree of confidence.

TELIChBBELY
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® 3 BONZEBINEESIE L HEE O

Table 3 Distribution of data for subjective difficulty and answer confidence.

Subjective difficulty A B C D E F G H Sum
(1) 40 0 150 0 99 124 114 41 568

(2) 78 26 15 18 47 32 44 36 296

(3) 29 36 3 137 18 34 30 48 335

(4) 24 100 24 40 3 12 17 28 248

(5) 39 48 18 15 43 8 4 56 231
Confidence A B C D E F G H Sum
(1) 54 35 144 0 84 121 110 36 584

(2) 58 45 28 106 26 31 36 45 375

(3) 40 35 15 45 37 37 39 31 279

(4) 35 53 16 53 28 18 21 34 258

(5) 23 42 7 6 35 3 3 63 182

£ 4 WEERE & EBINIESEORFITE)

Table 4 Confusion matrix of confidence and subjective diffi-

culty.
Degree of confidence

H @ G @ )| Sum

(1) 520 36 10 2 568

Degree of (2) 48 173 60 13 296
subjective (3) 13 134 141 42 335
difficulty (4) 3 30 65 139 11 248
(5) 0 2 3 62 164 | 231

Sum | 584 375 279 258 182 | 1678

AR S, FEIWEES S, FEEOREISHT LHY
2R TSTHY), B TVRE)DERLTNS,
Z L TR, ME LI-MESEMRTHLHNE ) OB
BEAVERT. ZO7120, MOHEI) LT VEHEE, OF
D FEESEIE O EE LTV L HEEL, #REICL -
THELRTVWHIETH L7720, HEELATLEEL 5.
F20HMb VR B0, RO L) REERSE ST
RetEDTE . DB S, WER & TBINESE I TH
D, TNENEZHET HMEEDH L LEZ 5.
AINIFEEEE & EBINESEOZNFNIT LT, 1, 2,
PHEEE=", #5E=5L 1T, 3, 4, 5 *EEE=1K,
G =4k r L C 2 M ECHEERE & 5§ 5.

4.3 FHMEAE

FHiilE LOSO-CV & #5x#5 LOO-CV &9 2 DDF
HCERMT 5. LOSO-CV (Leave-One-Subject-Out Cross-
Validation) &, 1 NGO 7 — % ZHGEEM I, 520 2 FEH I
L TN 21T\, £B53CERGET 2 3HiTFETh 5.
BB LOO-CV (Leave-One-Out Cross-Validation) 13,
WRE 1 BOT = ORT, 14 VA8 v AEKGEERIC
D 2B L TRERHEZ AT, &4 Y A8 v A
WEET ZRETFETH 5.
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5. EEREREER

5.1 FERIEEHT

8 NOFHIT — % % & fefisdhik # 17, LOSO-CV &
B B LOO-CV CTHEAS FEHEE O R FERFA 2 4T - 72, 4%
ONTAERER 5 IRT. K5 DETICOWTHIATS.
[BASELINE| &3, FE7— % D% Tl b BERD%
Dol b DIZTFHHIER LGEOHEERETR L TWA.
[CONVENTIONAL]| &%, RO 44R7 7V D X9 IZIE
BRERICESESHE LG EGOEETH L. [TIME] &
1E, TERD e-learning T b S 1] B 72 fRZ BRI O A % Ui
mE L THWEGGOHERETH S, [EOG+A0H] &
&, JINS MEME X W& oh/-7—% (IRELL, N,
AIERE) & 207 =7 \IEmE 7 — ) TR e wEE L TR
N7 — & O U724 esE & V7236 O e R
R LTW5h. [ECG] &%, MyBeat # i\ 5 Z & TES
N727 =5 ot L7z isE %2 V7286 O E g %
RLTWA, EOIE, IS DFHMEOHAERE T L ICHE
ATo 7R TH Y, [ALL] 1 [TIME], [EOG+AoH],
[ECG] O3 RTCoOFHEr Hn/HadxEK L TW5E, |l
mL7zEBY, EOHHE S SIFEEND S AL TR
BIREAT S BB OWEREETH 5.

BT TOREEEZ R T L, SRV 2 FEEO
YT T TNTFNL AL o THEONETFT—Y 2HWE T
EIEoT, KRIBSNDHERBEPHFON TS, Ih
& [BASELINE] X1V 30.5%, fE&EEHEIOAE V76
IV 15 A%HEERENNLEL TS, LTy 2T I
TN TINA ATHESFHI L 72 EOG, AoH, ECG # w5
L CHEGEHEDKBENM LT 2 L 2H 62T L7,
[EOG+AoH] & TECG] oW THE# LT AL, K
RTHWZEETH o L0 L7254 TH EOG
& AoH X )15 5 N7 E 2 725705, EWRED S 5
N7z, LOSO-CV & #ER#H LOO-CV OFERICEH T 5.
A TFE TR b mWHEERESH S N7 ALL ISERT
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R 5 FEERE & EBINEED E OHEERERE
Table 5 Estimation results of confidence and subjective difficulty (%).

Foaturos Degree of confidence Degree of subjective difficulty
LOSO-CV  LOO-CV | LOSO-CV LOO-CV

BASELINE 63.0 63.0 74.3 74.3
CONVENTIONAL 69.6 69.6 66.0 66.0
TIME 77.3 78.1 69.2 82.4

ECG 70.7 73.2 68.0 80.2
EOG+AoH 75.9 93.0 72.8 88.3
TIME4+EOG+AoH 79.3 92.6 74.7 89.8
TIME4+ECG 78.2 80.8 74.0 84.3
EOG+AoH+ECG 75.9 92.9 72.9 88.1
ALL 80.8 93.5 74.6 90.8

% 6 LOSO-CV TR S /-

1.0
Table 6 Selected features in LOSO-CV.
8 0.8 Index Contents
g 06 (1) Response Time
2 (2) Minimum value of GY ROy applied standardization
g 0.4 e -IIE—::?(IBE (3) Max value of high frequency component in EOGy
';. —o— EOG+AoH () Correlation coefficient of the absolute values of
= 02 : Ech;i:'\lillHE*—TlME between EOG, and EOGy
—+— EOG-+AOH+ECG 5) Correlation coefficient of frequency
0.0 —— ALL between ACCx and ACCy
0.0 0.2 0.4 0.6 0.8 1.0 (6) Max value of high frequency component in EOG g
FPR: False positive rate Correlation coefficient of frequency
6 LOSO-CV i L 7-f#(EEHE €T VD ROC M (™) between EOG gy and EOGy
Fig. 6 Receiver operatorating characteristic curve of confi- ®) Correlation coefficient of the absolute

dence estimation model with LOSO-CV.

Li, BT THEELZETIV (LOSO-CV) Tl
80.8% 75 o 72%%, MANICHHL s E72E 7V (LOO-CV) T
(2 93.5% & 12.7%DREER LR TE S, L7zA o T,
REFFEIENEL S 2 12X o TRIEICHEE S E
A LT E RN H 5.

LOSO-CV IZ TR L 72 4EE £ 7 VI LT, ROC Hf
# (Receiver operatorating characteristic curve) OHfiH %
4T-7z. threshold I&, 02°5 1 FTO1HAE LIz, D
WERABE 6 IR T. CORMPLGNLEEBY, BEEL 7

TRTCOEFEEFTNVOHFT [ALL] ZHWTERLZEF

VR BWEFLTH LI ENTERTESL. L
[ALL] OFFNICxF LTl S v bRA V h xR 72
& 2% (TPR=0.761, FPR=0.167) &% o7, F7/=Atio
ETNNIDOWTH, RERMZT 2 HVHEEET VLY,
LU DL NTEE T GO HEEET VO REN
HEEzR L Tn5

5.2 HHEICRET 354

PEFHTIE, KA [16] RIHE S [17] D & 912, #ill
Lzt rH 7= 00 ANMD ER T HRCE 2R (&
Bl$7 &) ~OE@ETHLYT, L TF—s oA LR

© 2020 Information Processing Society of Japan

values between ACCx and ACCyz
(9) Max value of high frequency component in EOGRr
(10)  Median of EOGR applied standardization

bIDIFEE L LB L, BRI L) Tkt
FHLZ. 22T, COBEEPETICE 2w H
WCOWTHERZIT) & &b I, I L TREED
IHHENDBPIZONTDNNEITS .

PP TV (LOSO-CV) TH MBIV 72 i
ZOWTEZ L. AR dDEHWIEEIE S NI R

WCGRINSNHHMEEZR 6 1IRT. ZOREFATOLEM
&%ﬁituf%%hﬁ#rm’“ﬁéﬂfwa IR
WL 72%54E, 325 @ [TIME4+EOG+AoH ], [ TIME4+ECG
TH, —HFOIOIRERMOFHEIBIRSIND Z & 2
L7z, Kelley 5 [24] 1, #ASEEIIAVEICE L -RH O
ENSHEHEMICHN SN EHLETVE, BHIHEESR
TR L C, MEEEITE Y, MRS S F CIThEM
B LTRE R U IR MR 25720, RERRH
DHEEBEME IS L TEMIZIZbwieEzbND,. 2
CHhORERHOR S IMEER TBRNESE IEEE S
ADLEEZOND, ERIHERMEZEMEICEDHIE)
BED VA LB L TRED EHRATE 5. o
EHEIZOWTASLE, EOG & AoH DFEM IS 7 HHh
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W72 E S 2 Db LW RERAES N, T2
Mo, FEEERSCIE, SEERE T LTl B AT
GEINTVBTREYNDH L Z EHRBEINS. 72 EOG
PO L2l EIOERE N T 5729, EOG O
AL ZEET A5 2 LK o T, WEEIHT 24105 0%
fLEBEONTWD ZEATRBEENS. RIFFETIE, EOG
FRE TN EORBICEE LiAE d o7z, LA L, B
L7 EOG &0 DM ATIC X o THEOB) X % 5Ly
UGS A 2 L IZWRETH A, BB IR E T 2
LT/ AR BB E TP OO0 2 G % UG T X
DT RO EEZ OND, FEERERINET ) B
DBEEE, BANICEEEZET 28ECHBROIES X6
% EOG @ W H 5 OAHEFRELR AoH 12 & - TEEM
MICHEE 52 LT, SRIOHEZEICHMICEN-EEZS
N5, 2FEDE6 O (2) OANEEY OR/MEIE, EEH)
VER DA DT A & 70 5 H 2 HT 2 EEIC X B 1ERE L
BTETEBY, (4) % (7) TlE, HHO LT 2 EORKEHRE R
BTETWDLEERD.

— T, WERERIZ LOO-CV TFHli %47 - 72B121%, B
B L ATHEMNICIR 7 S W E OM A TR L DR
ol LEDoT, T 2 BS54 L THK
BANHE LS 2 e TcaE R, L) BVBETOHE
DU THA. T2, ARHICRES EMILFBER Y
V=TT B 2 D TENL, FHITHEOMENGHT %
EDOMFEN AL O REE DD 5 .

RAA TR L 72 F MmO B B DWW Ciliam L T <L
SR 0 L THEB D R VWi E L RWI54E T Welch O
t MEEZITVWABAEOFEL R L. & HE 694 o
M, A EUKEE 0.01 DUT CHEZEN RO b - F R 579
BaBNT, T2 T I TIVTFNAL ZZE > THONTF—
ot LR, EEE ST 20ICEALE
FREATVDZ LD TE .

5.3 FENHSEHT

B L FRRIS, B N7— % 2 S M E O %47
v, 8 ADF—% T LOSO-CV, B X UHEH LOO-CV
2 &) EBIEES B OREERHEi 2 4T o 72, 13 b 7ciG
ReR5IRT., $ITOFERIESIMTHMHE LB T
H5.

LOSO-CV IZEHT % &, KT T4.6%DIEEI T LN
Twb7%, [BASELINE| #®74.3%CTHhAZ e 5E 25
&, MEOT =2 ZMNTEE L-ET VT, EENE
DEOHEIITE RV EVIHRE o7, —F, g%
A LOO-CV DfFE R TITHEEBED M L LT b 7280, fil
NEDHBEZRLZITTVALDEEZ NS,

WeBEE R LOO-CV 12D W T A D &, K 90.8%DIERE
PSS TWwWA, [BASELINE| X 03 16.5% 5, W%
R OA T ACZIGAE LD b 8A%DEE O LR T
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&L, LW oT, YT I 7NVTNA ATHEGEHIIL 72
EOG, AoH, ECG # 5 Z & THELN7— & DS THERI
HEREOWTICEN TH A Z ENMERTE L. [ECG] 12
B L ClE, MR &0 LT W24, [BASELINE
EHELT10% ES, MERMOoORERVHELD D
LI%DKEEDIN EHHERTE L. 2ITh 5, ECG » 515
ENET— 7 BEBNESEOHEICHER TH S Z L D5
ATED.
FEMHESETIE, MADT—F 2N EETFILT
WEZITH) 2 ednhebhhrorz. LML, BAOT—%
AHWTEEZT) L TRWIEEREZRON TS T
B, vy TOFRAMIEIHRETE TS, Lo T
BNEIE R EOFEM 2 InHT 5 2 LT, EDT— ¥ T
ELFHETVCOERBEICEBNSAEITHTE S
IVUEREERT LLEDNH 5.

5.4 FEEELFEBNHSEDEL

REAFZEClE, BXCHIER ) A=y FiE R & [REIC
R 2 B9 a8 | 13 L, MEEREHNEESEx [ 2
NENHAR| THET 205E0rhb L Twiz. —F, Kif
FECITPEHEE 4 JRAJE & ) [FRE R AT HL Y J5 v i |
AR, [HEERE & FEWEES BT | O IZHLY FLA
Twh, FHMlIEBRORR, (ko7 7)) THLIEFTE 25
BIBHRICMAT, Y27 I TVFNRL ALy v
ZILHT 2 2 L1285 T, MEREM2SIENE X O 2/
I LThH, MERESCEBRNWEESE e T2 2N
R L7z,

TS L TS Em T O E L2 T-7-2 & T,
W OPEBRREWE R A MRE L7, 1 D1E, £ 4 TRLE
912, MEELFENESE IV THE2500L4T LY
—HFTEbIFTIELNEVIZETHDL. bH 1oL, i
EDOF =5 EMWTETNEFBLIGE, WEEZEH 5
TREEHEETE 2%, FBNESETE o7 TE Lol
EWVI)RTHL. TG & EBINEES 13D HFERE
DOEEEZFESTWAED, BTHELLBDTH S L) EAf
FICb b e#EZTWD, LdoT, EBOFETEY
AT LIS AR, MEERIIEE MEO WA Lo
=912, TEMSSEIITFR—Y 3 VOBET2ERT 2
7o O WMEES B O BEIFREIL, A IBHT A2 5T
LMD 5.

6. EEAHEZDOHR

6.1 BE2TF—20ONEELEER
RETFHETIE, BEKEL EBMWEESER HIZBWT,
LOO-CV 12 X Z3Hili TR IEERE 2 i L T\ b, —ii
WA EOIHT 7Y r—2a v Tk, BHDOIEMS
NIFETF =Y ZRUGT A EDPRETH L 05, #
ERE B LOO-CV TORHilifE - Tl % <, LOSO-CV 12 &
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® 7 GERTETORETY

Table 7 Confusion matrix of conventional method.

Answer \Actual | Know Unknown | Precision
Correct 748 299 41.4%
Failed 211 420 66.6%
Recall 78.0% 58.4% 69.6%

® 8 RETEORMTY

Table 8 Confusion matrix of our proposed methods.

Predicted \ .
Actual Know  Unknown | Precision
Know 752 116 86.6%
LOSO-CV Unkown 207 603 74.4%
Recall 78.4% 83.9% 80.8.%
Know 885 42 95.5%
LOO-CV Unknown 74 677 90.1%
Recall 92.3% 94.2% 93.5%

BEHERE R CHm T I NETH D, —J, FHRIICARIE
FFREAFENT L2 ER DL, R TLIZFEEIC
M LTIER T NV EZRbREELEET LI LT, EEH
BEICBWCOHBOEMR T UG ETF—5 25T 52
EREELS RV, b, 22— YTs DML —F
7 RERB LGNS, MARKICFEETVEFEBEASIC
WL S TWL ZENTRETH A, L7zAS> T, LOO-CV
DAEFRIIFLEHREORIGER TR E L BER L TB Y, 4
B ERE B LOO-CV THWIEE X R TS /-2 L, K
MDA AR ) 2 CRERMERE 5. FEEARE
WKWBWTHEOIERT— % 23 b 2 L, FEHEOAE
275 2 EDIBEINLYS, REINFEFER EZICHT
5ZLT, PHwAHTHEELY LIF2Z LA WHETHD L
EZTW5h,

6.2 BEFEICLZFEBHEOEIL

KIRFFLEOMBEREEICLY, EHFEFE P EORE
FALINDDIZONWTELRET 5. HEREDREE A L H
EL-REE, 20 3.1 HiClk 7 AEE ORI T (1),
(2) LBREN/-HELEERAERE L ERT S, FKIC
WEAS FE ORI T (3)~(5) &N & N7z i % B4 8
CEFRT L. A, FEMRIIOVWTER LD L
LT, ko7 7)) THRASN TV ABREDIER % W
EEREL IO D6 0RATH R 7T IR, /2, #
FFRETRBWESHESH O NN L L-ET
v (LOO-CV + ALL &) LA 7= THEL:
E7) (LOSO-CV + ALL f§fi®) C, Hir@r EEmE 0
B e g L7 RORFEATII 2R 8 IR . Ihzedk
2, PERTHDS, EORERESGFENEZ LEL T
T2ONERLPIZTH EE BT, FNUTT ARRETE
DEMRMEEiEwRT A, FNETNEEL L BER L,

D)

>
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RO ERTHEERFETEOLE

Table 9 Compared conventional and proposed methods.

Conventional LOSO-CV LOO-CV

Overall efficiency 69.6% 80.8% 93.5%
Missing the reviews 41.6% 16.1% 5.8%
Excessive reviews 22.0% 21.6% 7.7%

B 2Bz DER 9 IIRT. £ 9 OFITIIOW
THH$ 5. [Overall efficiency] &%, REZHENG D
DOHEEREE % /R . [ Missing the reviews | & &, F=HED
HALDNTWEWHFED ) HIEL (B TE TR VWHEE
DEEG TR L TWA. [Excessive reviews] &1, FEHEHIC
BRI AEBHFEDOH L, FHENTTIZRAON TS H
FEOEIGERL TS, UToHmoPTid, £EHEZZ
nehema, HELELZE BREYEELIPHRT 5.
FEAEZDTIORY. Ao TP, TN, FP, FN I, #IA
THOEFEH R LT\ 5.

Overall cffici TP+ TN
T =
verall efficiency TPIFPYTNTEN
TN
Missing the reviews = 1 — FPITN
TP
FExcessive reviews = 1 — TP FN

WRkDOT T r—2 a v h BN LEBHRIIONT
EHT DL, &R 69.6%THLH. FEHENEZON
TR\ 719 HOEHFED 9 B 299 HASIE L (R TE T
BOT, HERKLRNP41.6%ERoT0D, 512, §
TIZHBEEATH HHHGE 959 D ) B 211 HAAIES &
HoTHY, BREEBERN2.0%TH 5. NIEFREIL,
K, Wz TWDLOL Do ENTLE - 72EGET
H LR 20, RIEHHE LI LEETR ET
NRETEH LD, TTTIEFRFEIIODWTHERL TN AH 720,
ZF ORI T B,

RETEICBITAFERRICOVTEHT 5 &, Sffa)=
A, O T — & THEE L -2 E 7V (LOSO-CV)
T 80.8%, AAIZHALL7-EF IV (BEEZ R LOO-CV) %
fER T 52 TI35RTHAH. FHENEZ LN TV
719 D FED 9 5, LOSO-CV T 603 fil, LOO-CV T
6T7TMZIE LSBT A ENTETHBY, HHEELE
75 LOSO-CV T 16.1%, LOO-CV T 58%& %> TWwh,
FRIPEEZY LOSO-CV T 21.%, LOO-CV TT7.7% & % -
Twb, WERFELRETFEORET BT 2 L, RET
FRERNFEELETNVEDIIMESEL I LD TETW
A EEAELEDS 41.6%5 5 LOSO-CV T 16.1%B L O
B E ) LOO-CV T 5.8% & KIFICHEH T 5 Z LA TET
BY, LOIEMHELERGHEREOBNDSIREIC R o 72w
2 5. BREEERICELTE, LOSO-CV TldAIE 7 8
A7) 2 b hho2hY, #BEER LOO-CV % H
WAL ZET220%05 7.7%E 14.3% 08T 5 2 LT &
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TWwa, DEd»s, REFEEZHVLZLETINREOR
W RS L 2 E A REIC R 572l W R D,

AR L72EBY, RREEALEZTVWLIZHIbLLT
RIEfRTH - 728618, HEFGE LTlo 7252588 T
HoHERDND., LoT, ERNEROYEIE, TXTH
BEATV, EOEEL, REFETHELZITVRELELE
HESNTGEIEE 2179 28T, LR RFE Y
BYATLRRMT L ENMETH D, B, /8T A —
Y EMET DI LICL o THIERBEEERONT YV ALK,
HEEL R AE 2TV 72 K B AR R HGE 2 MBI L
WA 72 Fa—= v 72T L b RETH 5.

7. b))

AU TIX, THGE 4 JGREICBI 2REEER X 01
N2 B DM T OREZEICHD LA 7S, e-learning FH
HOWERE S 2007 27 5 7734 A JINS MEME
& MyBeat x iV C T =4 2R L, 2ol L7:
FMEA AL CTRMEEZIT) 2 LICXY, EEL
FEMESEOWE 21T - 72, IRETHEZFEM L 2R,
A5 FE1Z LOSO-CV Tk 80.8%, LOO-CV TH¥A
93 5% DHEEREEZ 172, 727 T TIVFINA ATHSF
HWL72 EOG, AoH, ECG # W5 Z &L THRENM LT 2%
CEERRL. BICHERMIEEELHNET 2010
Voo TWE Z LA OMGEL? WS TH DA, fHEH
MEHWEP o BEICBVWTY, FREORKENES N
TWh., fifTFNNA AT ek EE* RAMY, EOG
R AoH D F 28 ECG & 1) & AIZx L CHH 7% i AvHL
BCTETCVLUEENDNH L Z LW GhroT.

TEEAEES L, EDT— 5 CHEEETIVEBET S
Yit, BB CIRERMGHERBEIEHITE 2oz,
HEDF =% 2B TE&5 28T, I THRK 90.8%DHE
EPRLNT 0, Yoy I TELNTF— 7 ICEHY
BT P2 2 FIWT§ A0 5 ORI E TN TV D 2 & &Rl
L7z, HEEEOHETIE, MADT—FEHWLILETH
ARREDHEENEE R ELZ ENTELDICHR LT, FEHY
BRETIE, ) FLMET AL LR TELR LT, 2 2h
5, FEMNWESEOHE 2 FERMICT S I20E, HAHEISZ
EDL LR L TLEOUEPLETHD LR D.

Alalld, JEHGE 4 ERE & v ) ISR 7 NE CHEE
Ao 7z, 4SS N7 AE RSN T 2 2 2 % f
BT 5720, Gk, BINEOBIRAGREEIC BV CRKOHR
EVEENL0RETILEND L. FLARRETZE
BOFELEY AT LTEA L72HE, EBRIZRIFEO R W
HefMT 2 DMRETHLEDEIPORAEL TV LD
EnH 5.

BE ORWIIE O — ISR A TR B T
(16K16175, 19K20420) OBKIC L 2D TH A, 22U
WEEET.
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