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#exercises 835 100
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attempts per question 16.42 5.49
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ENN GRU4Rec DON SAC  Actor-Critic CB RLTutor CSEAL GEHRL-5T GEHRL-EB

Step = 5 0.1607 0.1792 0.2627 0.2714 02385 0.1355  0.2947 0.3313 0.3062 0.3784
KS5 Step w 10 004227 0.4133 0.2701 03692 04811 0.3610 05108 0.5175 0.6089 0.6241
Stepw= 20 0.3851 01905 0.3855  0.2665 0.5051 0.3891  0.6227 0.6833 0.8333 0.8808
Step = 5 0.0102 00974 -0.1069 -0.4647 02852 0.1147  -0.0797  0.2401 -0.0342 0.2868
KES-junyi Step = 10 -0.1205  -0.1227  -0.1386 -0.2873 0.1259 L1691 -0.1037 03071 0.0269 0.3463
Step = 20 0.1405 0.0011 0.2105 0.2140 03183 03128 -0.1306 03942 0.5626 0.6622
Step = 5 0.3544 0.3592 04214 05459 0.4327 04986  0.5623 0.5621 0.5751 0.5858
KES-ASSIST15 Steps= 10 0.2586 0.2433 0.5230 04817 0.5913 0.5394 07069 0.6954 0.6707 0.7508
Step = 20 0.1644 0.1025 0.3675 0.1543 0.7282 06413 08713 0.8015 0.8352 0.8826
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KSS 34%10° 59x10?
KES-junyi 53x 101 5.9x 10
KES-ASSIST15 55% 1010 1x 1010
N GEHRL with graph-based candidate selector
GEHRL without graph-based candidate selector
1.0 1
E
[
E‘, 1.8 4
E 06798 0.6622 0.6941
S 0.6
S 0.4977
0.4 4
0.2 - ]
KSS KES-junyi KES-ASSISTments2015
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Actor-Critic

LeamingPath: 2 @ @ @ @ © ® 2 D@ ® @ @ @ @ ® @ @ @ @ |Unfinished Goals
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CSEAL i i i i )
Learning Path: OQ@@@@@@@@@@@@@@@@@@ [UnﬁnishedGoals]
S usueseegRy PEIEEEEEEE =
Ours
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F3mB (LE

Learning behavior Operator count Count Percentage
Enter 7 68,121 52.7%
Watch 7 12,918 10.0%
Tag 6 45,499 35.2%
Submit 5 2663 2.1%

e E I

vironment Model

2. h{E)
(35N )

K& )

Policy Network

User model ol ; ; 2
(Pestoabuig Lagse & Mult- bobsyioe Trasaformée Layss ) " Learning Resource List Action Set A
[ Interaction Sequence Embedding Vector J— 3
( Learner's Context Vector = Concatenate —— State Vector
[ User Feature Rep ion Vector }— 1

Reward Function

T

{ Reward on Knowledge Point Level ]—

{ Reward on Path Level

]_

tate s, and action a;

State s;
Loss Function

update l Q(s,a;0)

ction Set A,
I I max Q(s’,a’;6")
Current Value DON PR92I8( o ot Value DQN 4
— = T(s a) Ts ‘
Actiona; | Experience Replay Buffer

(Next Recommend Learning Resource)

}—' Weighted SUM

Reward Function r(s¢, a;)
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Gate A

0; = g (HW [T E (HPi])

gr(x) = softmax(W;x)
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2B EFEENEE A DR
— FINER: BEFSENTE EEFZZ B EPRE
Features and Average number of Average number of
constraints interactions with learning interactions with learning
resources < 2 resources > 2
Time to exam initial learning daily review
> 7 days
Time to exam pre-exam learning pre-exam review
= 7 days

- BEEENE. TEFIEADSNAPBIEROE

— COTLCClt(Ugcene; vSBCIJ vuser)

o )ﬂ{rﬂ
— Eﬁﬁsoftmax~"‘ilhlkll FEREE, FLALLEREop kKBIFE SRR

p;(v) = Softmax(o; - ET)
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r(sp,ar) = (1 —a) - rynic(Se,a) + a Tseq (St a)

— XNMRA RNl Y
- HES—IXXEMEFENFSITIRIERE
- TTEFNAI R XF S Z IR A RO EZ BIBIRZABIE

embpredict ) embactual

Tunit(Se, ) = € (0,1]

— E%f%g&%ﬁn@ﬂﬂﬂ | embpredict Il embgcryar |
« HERMIZEPEFIFESIRRR R T
- FABLEUEEITER T IR 727608 1E

m i .. ..
Dk Z; “ equal(seCIactual[/:] + k], seqQpreaicej:J + k])
Tseq (St at) = exp Z log
=1

Z;c Z;.'_k num(seqqcruarlj:j + kl)
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Tl

a;” = argmaX{Q”f (s, a1) := maxQ’ (S,al:m)}

aj a2:m

o

a," = argmax{Qz (s, aT,aQ) = maxQ*(s,alzm)}

an as:m

a," = argmax{Q; (5,4}, ,an) = Q" (s,arn) }

\ am

- RERAB—FRINF I RIRAMBFT

", a,", ..., a4, ]
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— MOOPer (i#BII45F3F3)ic
R)

« B1&c&c++. Computer
Science. Big Data Science
=i lRiE, BEGEEN
RAZADIR B

- XJTU (BiH12AE#3idR )

« BI8JAVA. NET. OS=(
Riz, PIHAGEBENIRE
X0iRES

XJTU online learning dataset

MOOPer dataset

Count
JAVA NET 0S5 C&C++ Cs BD
Learning 91 87 166 50 145 108
resources
KG entities 363 338 496 114 306 263
Learners 586 708 751 5789 9450 10,667
Learning 19,651 54,248 55,298 99.364 201,830 157,673
logs
Average 13.63 14.62 15.41 34.26 20.57 14.90
length of
learning
paths
Maximum 132 122 199 175 114 87
length of
learning
paths
Medium 6 7 7 30 15 10
length of
learning
paths
Sparsity 85.11% 83.27% 89.69%  64.92% 84.91% 85.96%
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« FENEIR
— Precision, Recall¥0F1 score
— HEFPOMDPHELEFITE M Precision, Recal |3k & 8 HETF RS 1R HIBUR
— F&1EPrecision

|LCS(Pathpred; Pathactual)l

Precision =

— iB{ERecall
|LCS(Pathpred; Pathactual)l
|Pathactual|

Recall =
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« SEIELER
— cDQN-PathRecBiEE=T16Ir E13iXE T &= 15485
- PFhaiERBES A TR, MEBFEIBEFITFMMERIITESIE T EZIRIRER
2

Algorithms — JAVA — NET — 08
Precision Recall Fi Precision Recall Fr Precision Recall Fi
LG 00368 0.0072 00120 00338 00051 (e 00123 00048 00060
ALPR 00374 00022 00l 004010 00026 R o01zT 00044 00065
KGALPR 0.0452 00076 00120 00426 0.00G3 IRERLL] 00163 0.0053 0000
LPFR 00476 0.0057 0.0102 00454 00087 00146 0.O1ER 0.0052 0.00%]
LSTMPR 00556 00081 00117 00462 0 O] 00123 00194 00038 0.0052
cDON-PathRec D066S 00128 00215 N.0828 00162 D.0z71 00460 00095 00157
TABLE V. EXPERIMENTAL RESULTS Ox MOOPER DATASET
C&C++ CS BD
Algorithms Precision Recall Fi Precision Recall Fi Precision Recall Fi
LG 0. 1599 0.0239 00416 00947 (0209 0.0342 01365 00218 0.03T6
ALPR 0. 1682 0.0235 0.0412 00955 o211 (0.0346 01376 0.0224 00385
KGALPR 0. 1846 0.0255 0.0448 01026 00233 0.0380 01437 0.0257 0.0436
LPR 02179 00261 00466 0.1198 00243 IR R 0. 1666 0.02TH 0.04Ta
LSTMPR 02223 0.0279 0.0417 01254 00258 00350 0.1 7006 00254 00410
cDON-PathRec 03406 00540 00932 .1558 00312 00520 0,250k 00449 00762
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