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(School of Computer Science & Technology, China University of Mining and Technology, Xuzhou, Jiangsu 221116, China)

Abstract: Knowledge tracing aims to assess learners’ learning status and predict their future performance based on
previous answers. However, most of the existing knowledge tracing models only focus on the relationship between problems

or skills, and ignore the structural relationship between students and problems. Therefore, we propose a student-problem as-
sociation based heterogeneous graph knowledge tracing model (SPKT) . The model integrates the learning ability of stu-
dents and the importance of problems in knowledge tracing, and uses graph attention network to learn the interaction be-
tween students’ problems, so as to obtain the embedded representation of students and problems, meanwhile predicting the
learners’ status. It is proved that SPKT is superior to the existing knowledge tracking model in terms of prediction perfor-
mance through a large number of experiments and data visualization.
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3,=sigmoid (1 (zr®z}) (10)
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AR SCTB IR N Windows11 #:4E R 45, CPU TS
4 Tntel Core i7-12700H, %0 H0N 14 8%, INA7- 4 24 GB.
TR RS RTX™3060, 4725 %0 GDDR6. A8 3¢
TE pytorch HEZE T S SPKT A5 75 K HLAR (AAEE Y
4.1 HIEE

h T XA SO H Y SPRT R A A SR R T 5603E
FE VU FRGE ER 7 10 )2 A8 B A S0 A TR 4 ik
77 525 . ASSIST2009 ASSIST2012 ,ASSIST2017 14 /2
FH ASSISTments 7E £ B F & W4 . Hr ASSIST2012
e BRI R K — B RE (B — 304 4TS SR % 1
F LA . EdNet B T2 506 42 KK, AR SR ML
PET 500044 405 189 Wi4% AE .12 161 /> [A] {5 Fil
676 9744 AIEE S . DU B AR P ST an ke 1.

®1 HEEST
piEE S F g (E ook
ASSIST2009 4151 110 16 891 325637
ASSIST2012 27 485 265 53065 | 2541201
ASSIST2017 1709 102 3162 942 816
EdNet 5000 189 12 161 676 974
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ARSCIE FAAESE 71 BKT RIS RIS 2 S BRI 5
27 AT XE 3, BKT . DKT \GKT \GIKT Hl SGKT J5
BEAERTGR TR/ C &4, R TSl S HE AT P 45 1 1R
B BE AR AR DKVMN ( Dynamic Key-Value Memory Networks
for Knowledge Tracing ) T A A I 2% A3 S A AN TR AR
AHYFIPRRAS A A B EROIRAS . BT 1 S0k
TN 7 AR BE AR AKT (Context-Aware Attentive
Knowledge Tracing)""* it FH T — {251 (14 20 71 AL
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P R4 R S 4738 SLEGIE , SR F AUC AT ACC 1R ik
BETEM A bR, ACC 2 X LK (12).
TP+TN
TP+FP+FN+TN

PEMFEFR ROC T2 T ML AUC(Area Under Curve)
FIROC(Receiver Operating characteristic Curve ) F7¢, Hrp
ROC 4k i1 AL H5 A FPR (False Positive Rate ) B i 25
Al e R IE 2 LL ], DAL B A TPR (True Positive
Rate) Bl IEZRAEA rh gl A 5 R IE SR RYAEA .

2 Gon T A AN AR AR A= 2T LAY AUC

ACC = (12)

FIACCHEHE . 45 53] SPKT 7E = MR FHRIA3 T
et . {H7E ASSIST2009 ¥ 45 46 -, AKT 19 = BLIE AL+
SPKT, iX TR - [ O B = A B 46 I, SPKT
F BB G, PE— 2 RS T RIS TR R AL A9 HR
T8 AR R T ST E T I ML AR ] DL Sk rp
) EEER B H T SPKT &3 T2 4k - n] J e Bt F
ATAIRGE R, PRI TR 2 A - [ B G ICRA i 1) Bl 4 - (an
ASSIST2009) A3 FFFE et 2s [a] . HEAh5 GIKT, GKT#H L,
SPKT 7EPUAEEAE T35 A3 s eI il A 2 -]

T S R S IR X IR B B AR RS 2 A 1 ] 52 ] 7
FR2 BTN AUCEX L LB R

o ASSIST2009 ASSIST2012 ASSIST2017 EdNet
AUC ACC AUC ACC AUC ACC AUC ACC
BKT 0.6513 0.647 1 0.6232 0.654 4 0.6114 0.632 8 0.627 1 0.6152
DKT®! 0.766 2 0.743 3 0.730 6 0.726 9 0.7277 0.703 5 0.764 9 0.718 9
DKVMN! 0.796 7 0.745 9 0.787 3 0.742 3 0.726 8 0.698 8 0.784 0 0.727 6
AKT 0.826 3 0.755 7 0.813 4 0.745 8 0.7829 0.7127 0.803 1 0.748 8
GKTH 0.724 4 0.705 6 0.7352 07125 0.7152 0.7112 0.701 8 0.689 6
GIKT? 0.789 0 0.738 9 0.775 7 0.739 1 0.761 3 0.7357 0.753 5 0.726 4
SGKT!™ 07975 0.7312 08135 0.7512 0.792 4 0.7356 0.7550 0.699 5
SPKT 0.825 1 0.784 4 0.8158 0.761 6 0.8027 0.750 1 0.8113 0.7747
4.3 gphscif R3 FEEHNEIE
9 T BAIE SPKT R 3 A 40 55 S AL W% | ASSIST2009 | ASSIST2012 | ASSIST2017 EdNet
JEE BRI AT SR TRl SR A SR N AR JAHU| AUC | ACC | AUC | ACC | AUC | ACC | AUC | ACC
ﬁ”/f:fT ﬂéj E[Egzgﬁﬁ—}*ﬁ» s [/y‘ E/ﬁiﬂz SPKT &i«[— E‘Jﬁ?ﬁl‘@ i 0 [0.8129/0.7612]0.7932|0.748 3|0.798 5 [ 0.727 7 | 0.797 9 | 0.758 6
4.3.1 1%;%)?_:; ?ﬂll'ﬂ] 1 0.8133]0.7814|0.808 1|0.7577|0.8003|0.7382|0.8107 | 0.762 8
ﬁi#%f??%)%i&?ﬁ E]&EYSE 0~4 Z.IEJ , [/‘J\Eﬁﬁ?%ﬁz- 2 10.8251|0.7844|0.8158|0.761 6 | 0.801 9 [ 0.7503 | 0.8112 | 0.7720
I"ﬂ@lﬂ?éﬂ?ﬁﬁg@@ﬁl% BQ%Z U[ﬂ , éﬁ%ﬂﬂ%‘:{ 3 F)?ZT_\‘ ) Lj\ %EE 3 0.824210.7847|0.8154|0.7600|0.8027 | 0.750 1 | 0.811 3 | 0.774 7
%lﬁﬂy%lﬁ ) %‘L’d:'l‘ﬂﬂﬂﬁ‘:a\éﬁéé mﬁ%'fﬁﬁ: méﬁ_@ﬁ ) %/IE 4 10.8039(0.7598|0.8077|0.7499|0.798 8 | 0.730 3 | 0.792 6 | 0.749 0
R T e vy Tt
BCA O B A AR AN a2 A - [ RO I AR 36 75 5L LAY S T

2 A7 0 B B T2 A IR S R A A
MEECK IS R T — B i - I K, BE R
e B BOAEA AR FriUE B A5 B . HAB R ECE UK
.t 3T, ML EHCR 2 3 i BRI A
FNEAE . JEBGIRET, Jok 7050 R 2 45 I DL 354
P ARl G SRR . . SR, AR S5 R v BN
B SREU A B2 BUMGE S U R Y2508
i 30, BT AL B B ST A AR SR
ERN TR
4.3.2 FEFEHBNERHOI MW

R T SRUE SPKT HEXF 244 45 d i AT A Rk, A%
SO AL PUAS AR TEA T T I RS2 58, DO A iy 2L A
NZE A : SPKT-n FRB IR 5 A2 58 ) R A AR AT
2R IR OCHK  SPKT-a R B B A <R BE 1 R 5L
SPKT-s Z&/R SRV H] 122 5 RIR A OCH AR s ARy
JHATRIR ; SPKT-u e /m M5 | A4 e 25 H

F AL LW SPKT L5575 124 14 ST RE I Fn2e
A SRR SRS BRI R IR B R AE . X U X2k
TR AR A B . AME =R L BIA
SRR R BORAR T B AR S AR ST
R L BT 2 AR 2 2T B T LA T 2 A R R
ML 2 5%
4.3.3 [T RBANERE M

ST PEAL SPKT Hf [a] 17 s ik A B9 RET T, X SPKT
TR (g DA AR PRI T T 9 ol S 56, AR ] () LA DX 1)
T : SPKT-f FE R BRG] B & A 1 g 14 s SPKT-q 2w
BTN T [ 850 ) X3 BE A Ay ) A i 4 5 SPKT-k 2
RIS At FH 1) R = AR Ry (] R 4 5 SPKT-b 267 [+
i et FH ) = 8 R DX 88 1 L EL A S ] A

2 5 VI ) R A = 5 BE RN X 23 BE A4 % SPKT FPEfE
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TR B R ] () X 3 BE AN A FE [T RE RS R RE A —
SEHETE . (HFE ASSIST2012 5E 5 T, [A] R X 43 B XA
AESETHIE = T )= B, X B T ASSIST2012 4

PARRERRAE BN R e NMRRE . 2R A RE KR
R T JBE AN JEE 14 EAFLA T DA ) R T b f e XA
FOPERESE TRk 12 3 X SPRT Bt ERA =AY

R4 FEFIENRNZN

. ASSIST2009 ASSIST2012 ASSIST2017 EdNet
AUC ACC AUC ACC AUC ACC AUC ACC
SPKT-n 0.8029 0.758 9 0.8102 0.7314 0.801 7 0.7310 0.797 9 0.746 4
SPKT-a 0.8157 0.759 3 0.8131 0.740 6 0.802 1 0.7377 0.809 7 0.753 2
SPKT-s 0.8130 0.761 9 0.8126 0.748 4 0.799 8 0.7427 0.810 4 0.758 2
SPKT-u 0.8251 0.784 4 0.8158 0.761 6 0.802 7 0.750 1 0.8113 0.774 7
RS EEEBEEHRNEE
o ASSIST2009 ASSIST2012 ASSIST2017 EdNet
AUC ACC AUC ACC AUC ACC AUC ACC
SPKT-f 0.804 2 0.767 0 0.8107 0.749 2 0.785 8 0.7355 0.803 8 0.7477
SPKT-q 0.8142 0.769 1 0.8132 0.748 5 0.794 9 0.741 5 0.795 3 0.759 2
SPKT-k 0.8230 0.774 2 0.8126 0.749 4 0.795 8 0.743 8 0.8103 0.758 5
SPKT-b 0.825 1 0.784 4 0.8158 0.761 6 0.802 7 0.750 1 0.8113 0.774 7
4.4 LWHERTAANLDH AR IZ A RE B SR AR B S, o 2 [ A R — 3

T R SPKT AR Xof 2 A5 45 s At ) A Rk, AR
SCAN ASSIST2009 X 75 H2 Rl , BEHL TP 44 22 42 1
T A BN RS HEA T ROR , IR 2 s . Ak
B N H BB G , 1 A A 2 2 A RS B 2 225 R 0
W Bx" R A 24 T — B M g B AHSCHY H LA
IR AT TR € BB Y R A e 2 A R
AR AR B, (b b B B0 3R 28 2 A 0 IR
AL NE T LIE H Y 2R 8 — A 8 H B, 2

H

AIH R O 1 RE Y S R A A TR . A (R 2
A (] 25 [ — 3 [ ALY 7 REIR A i A T D31, G
PR RN R BE TR WA e A
YA AR AT RE ST . SR W 3 I IR =4
AE A LAY DR, H 2 A H RS RE SR IR RIS K T 0,61,
FHCHIERK T 035, A L1% T PHE S5 HAE EAHOC
(0 H LA R Ao IE# , AR BE B LA B4R 1 oL
KT 0.49, T2y Az HAL P12 1E B = 5 0 RE E A A AR
HOBLARAS T 0.5 RS RESE SRR LR T . phy st nl UL, 39

10
A0.22 024 0.24 026 025 0.28 03 028 047 047 048
oy ] 0.8
B 025 027 0.28 0.3 049 BB 0.7 072 0.74 092 O
€0.39 041 0.41 [UEEROEF RN 0,66 064 062 0.7 0.6
D .16 0.1% 0.18 017 0.21 0. i
£:0.35 (PN 0,69 068
0.2
F 047 0.48 042 043 042 0.41 043 0.41 0.42 04 0.44 048 0.47
tl1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13 t14 t15 t-16 t17 t-18 t19 t-20 0.0
Bx E Fx © BY B DY DY A B E/ B AV DY A DY R Cx
(a) ZFLEH ARSI
10
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