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LFKT: Deep Knowledge Tracing Model with Learning and Forgetting Behavior Merging
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Abstract: The knowledge tracing task is designed to track changes of students’ knowledge in real time based on their historical learning
behaviors and to predict their future performance in learning. In the learning process, learning behaviors are intertwined with forgetting
behaviors, and students’ forgetting behaviors have a great impact on knowledge tracing. In order to accurately model the learning and
forgetting behaviors in knowledge tracing, a deep knowledge tracing model LFKT (learning and forgetting behavior modeling for
knowledge tracing) that combines learning and forgetting behaviors is proposed in this study. To model such two behaviors, the LFKT
model takes into account four factors that affect knowledge forgetting, including the interval between students’ repeated learning of
knowledge points, the number of repeated learning of knowledge points, the interval between sequential learning, and the understanding
degree of knowledge points. The model uses a deep neural network to predict knowledge status with indirect feedbacks on students’
understanding of knowledge according to students’ answers. With the experiments on the real datasets of online education, LFKT shows

better performance of knowledge tracing and prediction in comparison with the traditional approaches.
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Tk B85 B B L 87 952 ANAE AL 1 458 MAIA RIS S TE 10 087 305 4527 2] i s B 2, user
FBR ST place_answered B R I8 AR B R4 I response_time B R IR AR 22 2] N
i) ,place_asked 7 Bt R n ) B 4 5 2o b, B T 20 4R P R AS IR A A S R — AN AR e BRI
place_asked tHJZ 1R fi4i 5.
4.2 1FMIEFR
Al H P35 AUC(area under the curve)s “F-3J ACC(accurary)fI°F-¥J RMSE(root mean squared error){f:
PPAl IO P BE (R 4R AR AUC 45 S ROC 2 5 T AR ARl LI TR, 50% 1 AUC {8 3 7 B B DU SR 751K T3



UK FLFKT: % 3 53 S ek 69 5 B sn iRk SR AR 825

TP RE, =7 AUC R U6 WA 2R HL A7 888 oo 7R TOODU 2 8. AC.C g M 6, BIY I Aff Tl &8 SR o A 45 SR 1 40 L, 1 ACC
E U5 IR 2R H A A PR T M i RMISE. 48 SOk OO 5 B0 5B IR 39 7 i i 22 ,RMSE (1 (i I, 1 B S L 11
THO Pk B e o T A — AR AR SCHBREAT 30 YR, B AUC . P ACC {HF1°F) RMSE fH.
43 MtAEESHKRE
N T VP LFKT R B, A S 86 D30 400 U 0L 9% 188 s i VR ) 2 - (e e AZ P 25 i 3
AN KT BLEAE g0 b5 v 5 e ik i S 8o g an .
o BKTPLSIGWE 4 A FEBHCL, R AR TR 1R B I X H 2 82 A 0 SR R RE, T 22 A1k
B R AT AR R A S B R, O 2% AR W AR Z AR AR B H I ME,S RIR %%
AR AR SRR AR R H 2R BKT R DL E S 50 i — AN By /R W] AR IR H EM S0k
SR
o DKTPLSZE %I Piech 25 NI 5% B S AR A4 4 GRU K2 (19K /N A 200, 3tk kb 3K
ANBEE N 30,48 ] Adam 1AL, 5% 2 %0 0.001;

o DKVMNPLA Al ] Zhang 5 NV J5 3 8 BB 2 80 5T ASSISTments2012 ¥4 45,10 425 4 31 5
49 20,1858 ] 5 KK /N A 30560 T slepemapy.cz £HE 48,12 12 H B F1 4k 320, K58 1) 15K /N ok 128,464k
BN A 30,48 ) Adam 15 5 JE4L 25,77 = %24 0.001.

LFKT %5 F ASSISTments2012 Hrdi 48, 40 1Rk N KEBE M BB 2665 F slepemapy.cz Fidiidk, 40
PURAHE M F1ECR 1 458 HEAREE /Ny 30,8 I Adam A6 2%, 2% 31 % 0.00 1.6 T A1 AR 17 52 1 4
FEE dli FH 27 AR AR AR A B RN T S (1 448, PR 2 500 8, A S o L R B AR I s 4R B RSP AUC {H
HEATEHRA T ks 5 BB A SR d=dy=d,, IR 45 SR 3K 1.ASSISTments2012 %4 5, >4 d=dy=d,=32 It} -
¥) AUC 1824 0.7513, 5 T HAb #2508 & 1500 .4 slepemapy.cz B4 24 d=d,=d,=128 It},~F14 AUC {2k
0.8032, 1 1 HAth #8 2 B0 B w4 LG T - d=d=d, B B AR I 828 1) 2% 3] Rk D A 2 d=di=d, BB e
fige AR R 22, 7% B 18 i A IR e, % T ASSISTments2012 a4, % di=d,=32;%} T slepemapy.cz ZHi4E,
% di=d,=128.

Table 1 AUC results of different hyperparameters
Fz1 AFABSEET AUC XTSI g5 3

Model ASSIST2012 slepemapy.cz
d AUC d AUC
8 0.713 2 32 0.785 6
LFKT 16 0.742 3 64 0.789 7
32 0.751 3 128 0.803 2
64 0.747 7 256 0.793 3

44 ZHERIYTMNE RS

SR B R 1) B AR AT 25 22—, TR0 27 A 2 B % — T 0 32 >0 R0 119 28 R0 3R 0 3okl B RS 7R () 5 1 55
S P B S B LU A TR ) T 2 e AR ST B ML K B R 70% B A R R4, 5 A 20% F H s 1
S0 IR AR, 10% R0 B5 8 b B0E 4, FH TR 2 H i 1 4 5 L0045 0k

K24 H T LFKT 5 3 X ETE RN S 48 L1135 AUC 1. T35 ACC {HA1°F-#4 RMSE {H %} kb
45 R LFKT 78 AN B 45 EI~FY) AUC 1. ¥ ACC {HFI~EE) RMSE {448 T HoAth 3 Pt bb ik ik — &5
B LFKT A% 28 75 T 2% A 2R SRR I 5 T B2 A0 T~ I B2 (. AL S 3% B 25 SR v] LA BT 75 9 A48
P4 I (0 0 A e X U B BT 46527 2B 560 35— A0 Ui (0 ¥ 8 S /KT AR O g A i A e IR
(. DKT )G ER 025 009 285 1) 15 £ i) B AR 2 2 J AR 1) SR YR K T, GV AR 2% 2 S 25 A S A F) S 4R R S
[X 1 DKT 78 BN B 4 b B 7 1 65 4IC T DKVMN #1 LEKT.DKVMN 5 LFKT #B 7] LA 8 22 42 6 T %A 40
WA R B (2 DKVMN Z0& T 2 A4 4525 2 W10 1 38047 0, BN S A RS2 S i R R — B
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ANAR X ATFAE — € 1) SR B, R e LEKTT #8 335000 7 g 5% T DKVMN.

Table 2 Prediction results of models
F 2 BRI BT b s gt 2 SR

Model AUC ACC RMSE
ASSIST 2012 slepemapy.cz | ASSIST 2012 slepemapy.cz | ASSIST 2012 slepemapy.cz
BKT 0.673 2 0.701 7 0.631 0.673 0.440 0.429
DKT 0.723 5 0.787 1 0.679 0.731 0.413 0.407
DKVMN 0.7323 0.792 1 0.686 0.743 0.404 0.401
LFKT 0.7513 0.803 2 0.723 0.762 0.387 0.381
LFKT(without forget layer) 0.732 1 0.790 2 0.693 0.747 0.398 0.392

BRIe Z AN ARSI T LSR5 LFKT BRI PN R B LFKT B 2 4535 52 UR g T 22 AR 1)
AT 0 RO AEAE 2 ST TV AL AR A AN 2 R AEAE AT AR AL, BT MY = MY 5280 45 SR o 23 Bt 5 2 )5 LFKT
LT (1 TNV R 5008 25 i 00 S22 I AT BT e 3K 0 1) 2 2 Bt A AT by 0 LR AT T 5 0, A SCRT R 8 1
Wi SR VRS 110 DR 36 0 .

45 FIREBIRLG R

IARIBER K 55— AN HE AT 55 /2 S I it 2 A0S T 48 AN R R R 10 2 8 P AR SCEAT DA S 0 IE LFKT A
AR PUB BRAT 55 B 1A 2Pk

ASCARI T Hedhi 4 ASSISTments2012 1 — {7 2% A A — BN (8] N 2% 213 5% JF 70 00 A6 LFKT A5 A4L A1
DKVMN AR ER2z A0 T 5 AN RIR A 2R 102240, 4 ME 5 o, B b sl 2 om 22 AR 10 2% 20 D 2o

Knowledge Concepts
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Exercise Sequence

Fig.4 Knowledge level output result of LFKT in ASSISTments2012
K4 ASSISTments2012 ¥i#lidl LEKT H1HZK-4ai i 45 53
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g
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Fig.5 Knowledge level output result of DKVMN in ASSISTments 2012
KI5 ASSISTments 2012 i £ DKVMN FI UK -4 i 45 R

SEIG 25 B R AE SR 2 W2 AR AR A 0 B E A 5 ,DKVMN R LEKT #5858 565 24 2R 4l 0 SR RE
) i 5 R A7 T4 v i S B 186 ) s 70 45 4 I 220, 2 74 56 AT AR A 3 50 I ) S 2%l 5, DKVMIN A% B Fll LFK'T
FER 2 AR AR S 3 (IR R T IR I & R R B DL B 45 B W] DKVMN AR LFKT BER (e 3k A5 24
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A AR 4 R DL S A 2 MR A 255 A TR VR 2 6 TR ST I A6 U () A 3, DA A 2 A (2 o) I AL T 4 R S
AR 2 I 2 A AR A ST AR 0 IS 10 B ZIUEE 2 dkE: ST AR AL 0 1), DKVMN 488 8 3 3% A7 58 3 = AR 6 T
HHAT 0 B FE IR FERE M LFKT B8 B oR 2 A0 T AR 0 B EEFR R — BH7E T B 1t v DUE H:DKVMN
OB 2% 1625 ) 2 Ar 5 2 I (W35t s 47 i LEKT A8 25 18 T 2% S 3570 2% S I (W 18t s 47 0k DA b &5 LR
LFKT #2714 5 DKVMN $5 8H 0] DUEAR 2% A2 (1) 52 3147 24, DKVMN #5738 TG 72 A5 4% A2 (19 382 47 4, T LFKCT #5271
] DL AR A (R 35 RS AT A, I SN B B 2R A S T AN SR A A R R

R SLAE slepemapy.cz MR AR 48 H BEMLANIN 3 44 2% A 48 — BE TA) 9 1) 2% 30 10 3%, 2 B LFKT B 5
DKVMN A5 88 tH I00F 5 AN KR S B4R A5 RT3 44 54 2R 03 0 80 7 H1 2

o Ha=[(1,1),(2,1),(3,1),(4,0),(5,0),(6,0),(1,0),(2,1),(3,1),(4,0),(5,1),(6,1)];

o Hy=[(6,1),(5,1),(4,1),(3,1),(2,1),(1,1),(2,1),(3,1),(4,1),(5,1),(6,1),(1,1)];

o He=[(1,1),(2,1),(3,1),(4,0),(5,1),(6,1),(1,1),(2,1),(3,0),(4,1),(5,0),(6,0)].

S8 H R AR — T (g, ) 28 78 22 HE AR 20 1 5 5 30 v ke 387 255 AR 2 A 2 20 P08 5 1 R L e R S AR T
FEBA R RN 0 RARBA A RN | RREX.

LFKT #7455 DKVMN B 5 22 £ AN iR a5 3R RE R (038 B ol W B 6 o, 3 h s 4k 3 7R LFKT i
o T2 AR AN A B AR R R (38 B S 0, BB 2k 7 DKVMN A58 200 %) 2% 20 1 A 5 R P B 1938 B 0. A 6(c)
B2 a AEER 3 N ZE A 12w AR S 3 12 L LFKT 5 DKVMN 4 IR 200 R A S R RE P (38 42 26 3
IF 200 i T 46 39 0. 1% 45 UL W, LFKT 5 DKVMN 3 1] DR 5 27 Az 0 250 30 4 SR B 2% A 2 20 4T 0 I8 6(a) 22 4
a 7Es 8 WG —HEAE AN A LIRS 8 B ZILLG DKVMN Hii th ek W 40 R g F 48 2 B AR AR /b =
LFKT A 35k, B4 N MR 38 A% 45 U0 B LFKT AU AT DL b 2 A B 38t R AT O B B 32 2 i T ik
AR AR R TR AR A DKVMN ZUI 7 24 A8 [R5 s AT 0 JC V2B BR 27 A F st s 7 2E I AHEUK P AR L.
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Fig.6 Knowledge level output result in slepemapy.cz

[ 6 slepemapy.cz £#E £ K1 IR /K1 tH 45 S
ALY T ASSISTments2012 PR AE BT AT 25 A B0t — 18 > 5 (¥ % 8P 1), i s LFKCT 0 H 10 R a5 4
TR IFI0 AT — AW FAZ AR S SIS LEKT % B0 s SR R 8 SRR N — IR &8 LFKT
A AR T IR AR R B RSSO LFKCT 4 (0 5038 i A 4R R B 1 229 LE 91, B valuey, (i)/value(i).
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Bl 7 o T AP S R B R R T el b 1) 5 52 2 20 R e B I T TR 2 T () G 2R i o T A 2
23 SRR RES, B Dy <R R I R 2R BB 0 S RV R ) I I i) B2 g <73 B 5 40 £ FR TR R B 1) AL 0
53 B URANEE, N BEA SO I logy(RT) 17532 ¢ IR 10 1 B2 o 45 R AT 0, LFKT A58 8L 1 22 AR SR IR 3
AT 20 B0 A T 1] o I TR PR A7 00, B A2 20 OB 22 o T 38 A5 K R R e 40 T R 11 3 el L 91 A A
[7i) T 522 ST R L T o T e 4, oy 38 R85 1) R DR e B 18 R R 3 L 51 K ey o mT U B - LFKT
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Fig.7 Quantized distribution map of knowledge level decline ratio of LFKT
against repeated time interval and repeated learn times

7 LFKT FPR KP4 50 9 LU 451 - 11 1583 s i) A0 55 52 0 400 1 A A
5 SESREKRIE

AR SCHE 5 8T AR BSAT Dok FU A AR R (R e B T R 3] S T [ U B e T AT
LFKT.5Z 404 W, LFKT 75 T 2% A2 25 R B U7 TR 4% 48 A1 R0E B 7 BKT,DKT F1 DKVMN.LFKT 738 5 %%
AR BRI AP AR B AR ] DURR 315 2% A 25 RBUI D038 I3 27 2F 2% S0 3 R o ) KT AR 403 v DUl 52 % SR
BUS 2R T BUR S A B AT O, I SE I 8 R T T A 08 R 3 R 0 KT AR A o
TEARSR AR AR % LR 5 AT IR R,
(1) F0R 2 TR 0 R AE ST OB B I R R S 2 AP RS B S 0K, T E IR R
LT ) G 2R AR 300 T R 0 AP 00 2 A 5 T & AN SR A R R

(2)  ASCHTR S 4R b S 08 K ) AR RURERT A 2D LB T R 4 27 26 1) 25 7l 48 SRB R A AR e T 20
25 S8 NS ) SR R R AT R A U R R 0 S L I A 2, 2 B R R R
ANHEE FR SR B A R I AN PR B AR FRATT N 2P T T AE.
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