[REmX

Original Paper /

Deep Knowledge Tracing DHEIRIZ & 5

HEURIER X 27 D HE ik

Generating Pseudo-Skill Tags by Extension of Deep Knowledge Tracing

FOR KPR TR FOR
The University of Tokyo
nakagawa@weblab.t.u-tokyo.ac. jp

HI K

Hiromi Nakagawa

ARZEEY (7 k)
Kaoru Nasuno nasuno@weblab.t.u-tokyo.ac. jp
=% At (7 k)

Yusuke Iwasawa iwasawal@weblab.t.u-tokyo.ac. jp

L Bt (A B)

Katsuya Uenoyama uenoyama@weblab.t.u-tokyo.ac. jp

WE & (A k)

Yutaka Matsuo matsuo@weblab.t.u-tokyo.ac.jp

keywords: Deep Knowledge Tracing, automatic tagging, data mining, learning sciences, education

Summary

Recent progress of EdTech raise attention on the research of the Knowledge Tracing(KT), which tries to esti-
mate the knowledge-level of students by learning log data. On this context, the method so called Deep Knowledge
Tracing (DKT), which leverage deep neural network to estimate students’ knowledge-level, shows remarkable perfor-
mances; however, most of existing KT methods, including DKT, requires skill tags that shows what skill is required
to solve a question, and it harms the applicability of KT to real world data, which often not organized by skill tags. In
this paper, we extend the DKT model to generate pseudo-skill tags inside the model by enforcing the weight matrix of
first layer could be regarded as translation matrix from questions to skills. This paper empirically validate the efficacy
of the proposed extension using public two datasets, ASSISTments 2009-2010 and Bridge to Algebra 2006-2007.
The results shows our extension gives almost similar or slightly higher performance compared with original DKT
model without requiring any pre-defined skill tags. We also analyze the property of generated pseudo-skill tags with
statistics and network analysis, and found that they have more hierarchical and information-efficient structure than

the pre-defined skill tags.
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fHH X 717z [Bridge to Algebra 2006-2007 | [Stamper 10]
WD, INERIP SR ROV QR - BUAIZET S A
VIA VHEY A LOAEDOMERE R D575
2ODF =Rty hEHAVE., WINEEMFRKIZE > TE
RS NTHERE T (AN, MFEX 7)) OEHMFEEL, 7
EFRIZE > TERLUZR T L OLERMGEEA T RER T —
Ry hTHDB. {HT—Rtv MBI % BRI
27 DHI% T2 ITR LT,

BT —ZEy MIOWTFDZEMICEIVWT T -4
i 2175 72,

*]l https://sites.google.com/

site/assistmentsdata/home/

assistment-2009-2010-data/
skill-builder-data-2009-2010

AL 2mEE 33 %35 C (2018 )

K2 KTF—KXtv MBI BEHER Z DB

TRy M4 BEAZE 2 7 D B

Addition and Subtraction Integers
ASSISTments 2009-2010 Greatest Common Factor

Equation Solving Two or Fewer Steps

Calculate area of overlap
Bridge to Algebra 2006-2007 | Identify GCF
Convert fraction to decimal with division

£33 KT KLy hOfEE

Tty b4 EAER MR MFEX U8 noi
ASSISTments 2009-2010 3,410 2,635 55 129,317
Bridge to Algebra 2006-2007 1,136 3,439 192 606,819

[ ASSISTments 2009-2010 |

(1) FREZ2EKT2EED 2 1D d5.

(2) HRINEID L TESNTWDHEE 7 %2R OMED
BT 7 DAEMETS.

(3) 2055, &K 30 B EFEEINTHEMED
fREa 7 OAEET 5.

(4) 3IZEENLMEEL, BK2 B EFEL TS
I 02T 5.

[Bridge to Algebra 2006-2007 |
(1) R (problem) & A7 v 7 (step) DAL LE %
1 [B] D REfRE & A7RT.
(2) ZHMPEDLLTHENTEY, HDOXI—TRVA
a7 R OMEOME D F DA RIS 5.
3) 2055, &K 100 B EEE ST TWAEED
fRER T DOAEMET 5.

(4) 3IzEENsMEEZ, BK2 B EMEL TS
EfICET e 2T 5.

FRfRE T 7 ICBE T 2B I T 5 X s k-
T DKT OFERARYIZEmL 85 Z L 272D
THY, 2 7IZHT 2MLIFRETFEIZ L > TERK
UL7=R 7 DL ENTFIZ, 2TV T L T57-H0D
WPETH 5. MEOME FBUZET 2 B AEED
fREATEND S R 7R AR T 5 L WO IRETIEZERES &
3 L CEEZU B EHRTSEHNTH Y, 2 —FOfE
BB B9 2 BB IX KT 2475 ECRAKESLER
O EKET ZHNTH S, UEORMELSHIH S h
7, REBIZHAWSET—Xty FOkEHEER 3 ITRT.
§2 YUTFEBETIVICEBER{RTNOEE

#T— Xty NOEEOHERE D 7L, RETF
EThBrR7FHETNVEBEAL, MEEME KRGz
MICZEHT 2 E4475 P 2 #H L.
{RRGEEMDOUGTBIIMERIZRETE B0, hiRD 7
DEEFE R 7 DR L #— L, TASSISTments 2009-2010] T
1 55, Bridge to Algebra 2006-2007] Ti% 192 & L 7=.
EBRDOETMIZBEWTIE, AJOREIZNT 2 EERS
RILEBRE R MLZENF U U TR 2 2G50 Th
N30, 2f5oa=y MITREINTWVWS.

RNN DER4MZIE GRNN 2 Wz, NA8—=85 XA —&
IZDOWTI, ZHEROWMME%E 200, E—A Y M% 0.98,
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1 TRy Z T IZEER 095 & UTHEERE2RNFEY
K10 TTHES SR, £/, ARO/VLAORKES
0.00001 & U T [Pascanu 13] (ZfE\N A BRI HlH 2 3% 13 7=,
dropout i% u; 75 hy; ®H[IZ dropout % 0.2, hy 725
v DAAIZ dropout 0.5 THEHA L7z, BhfEO1=v
MU 400 & LT, HKEATHIOHIAILI [Glorot 10] 12
o7z, RERHF 1A DFRZEMERIZRE T 200 £ TEW
T5 &5l R 7.

BT EE, X Q)0 L 2EHMERE L TR/MET
5EDTHD. a& BIF0FEHAIT1L LA FERZ
[Piech 15] & [FIERIZ I = Ny F T & AT HERI BB T 1%
THRBEEZ 5/MEL, FHliTEERIX AUC 284 L 7=,

2ODF =Ry hWTFHIZBWTH, i : WGt : 7
Abh=8:1:1&R3&E512a—F201, Jila—V
DT —RTETIVEMEL, MEEL—FDT—XTNA
RN RTRA—REPFHEL, ML —V DT — X TRHEN
BEFEDP S ZET VDS EHITHI R MH L 72
§3 BRITHOBERILE 9 T DER

RITFHETNOFEHBIBOSNZEHITH P IX, M
WOt DOREZEE %2 N Gt OMEIRGCERIZ 54T 5 M x N
DREIDFHITHS. ZDIFFHIX0H5 1 DIEEELS
HEERIITH 2720, BB D E»ERT XS
KL TH72DIZ, RFETIE, UTFOFIEHEIWT
P #HEEAL L, BIME O 1IN A =5 A—=& & U THE
U7,

(1) PORFIZBVWTHREMAREVWRITE 1 2T 5.

2) PEEKIZBOWTEIPBEILELOX 7% 1 T 5.

3) PEEIZBWT 1 THRWEER 0127 5.
ZOLTEREINZR %, LT, EFIEXT LT 5.
§4 BIFY U LIREFESY T OLBSHT

WEFIEX T O KT 2B 5 A5 2 OWE % 5
I5728, BFER T OB Z2{T>7-.

£, £ X7 % DKT (ZH#H U 72BEO T O g
EIFo7z. MHAFEX JW AT A RERSIC DKT 28/ L /-
BOMEERN—A51 v UTED, REFEXIIZHE
T HRERINZ DKT Z#H U 7ZBEOBEEZX—A T A
Vel L. 72, KT Ok e EEfRIZ, A—bx
3 — X CRIRTTIZ MG - BB LU CTIER L 72 & 7 (B,
WITHIJR X 2 # A& L72356%, R (6) X (7) 0E
KEBAEBALLRWES L ERBEORIKET 7. Th
1, BEFEL, KT 0RO XRT, »o@EYlRE
TG R EKEMOIEE 1T 722D TH B L\ &K
BT 2N 2 HMEICT 2720 TH 5.

WIZ, {R2TOHERH O X JEOMEREBKRRED
MEEZIK L., £, BMEX T CREFHEZ DTN
FNOREIZBWT, 121 20X Z7WMEED 2z K
THEBDOOMIZEEH Uiz, BFER L IREFHEX T
RIS A & AR 57280, MEE X 71248 H
U561, BER T LREFERX T, 121204
TOMRER T BIMBRE, ThbbETIVICAN

INBEBOHAVRLZAEERE . ET VO AN
DDA DFNE TR E IS EERIC R EZ 5 2 2 A fetk
NEL, ZO0MELHIKT S Z e TYHKEIYERL L
ATWARITREEENN U, 7, BEXR T LEEF
BRI ZNFIIZDONWT, 2-1 8 §2 TRAR A O
Brrked, £x7%/—Fel, £/ THE
EOEWEA 3 DDRITPOETY VEFINWTRY MU —
TERBHEL, EXY NI —2IZBF5EYaIUT 1L
Ju—[EEE T 52 8T, 2y b — RGO
BES U, X512, BEFERTEREFEZ 70wt
IR N B BEGRIME %2 D9 5728, BEE X 7 ORIGRRR
By NI = ICREFIER 72T 72, 2HEO X
THRRMET B3y b= 2ER L. BARIIZIE, &
BEFER D7 — R, ZDBETE R 7 5T < Bz
HUTE T VT WBREFELITD ) — Kby
1 ARV

4.2 £ B # R
§1 %447 ®DDKT ~DEMA

4.1 fi §4 THRARZZEFIEIZ & > THEBE S N BET5
PhotEgahizx7y, BiEXT % DKTIZHEM L /-
B FHIMERE Dl & £ 4 1TRT. BZER 7 PANDE X
TOH/MD FOEE L, G5 2FH T 5BITEAL
KB ERLTEY, Ly, L., L ldThzhX (1)
DB FFR TN BT 2 A, X (6) DFEMEGEE,
R (7) DAN—=ZAEAMLIEIZIGE L TWS. &E, Kot
HIEZ 71220 TlE, KT 2720DDETILVOBEIXA
JiE, BnE, BAEO3EFEETH Y, REFEXS
DEBIZHVWS SEORERET NV LEIZES DO,
BEBBONE L, ZHVRWEG L AREL720, (#
B EEEBEBOEH 2 M A— v a—-Xix L1,
BB A=A FEAMbIEZEH L2 A — by a—4&
W TL,+ L] ERELUE. BEFTEXTIZOVWTIER
@ IZBVWTCal BEROXLIFLELEZAEDIZONT
FERU,(L,) TL,+ L) [L,+Lsl TL,+L,+Ls] &
R L7z, KR 7 OREOROIEIMAOMEIZESRFTH P
ZEEBL U 7ZBROBME 0 iz R LT3, BFEXID
Imarginal | 134 & 7 O Bffi 72 EfRIESR 2 FHIFER 32
HDTHY, [Piech 15] IZHFEHMINT WD AFRT
HEHABRIIR—ZATA v DBEFEL UTRHKLEZ. £z, &
Tty MIBWTHEOKEIXKFETHRKL 7.
WENDTF— &Ly MZBWTH, BEEHROEHIZRE
B5HDD, BETFER IHEAFR Z L % ED AUC
ZEUERU7Z. — A, WITHIR R 7 CIXEROKEE IXE 5
Nhhotz, UF, BEFEXRIIOVWTL, &7 —X
Yy MZBEVWTHRLBWHEEZREL 2 D2 ARITE
YA,
§2 BIFEYVEREFERY TOMBEDOLE

19, REXIOMET 2B B BRI O ER S
BN DOIEHENR 0 2K 3ITRLZ. MED, BFEX
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R4 KXZDDKT I8 5 FHlMERE

Fenty S AUC I

Wt 5 7 (manginal TR R 7 RETERD
I, L. +L. L, L, L L,+L. L,+L +L.
ASSISTments 2009-2010 0.75 (0.61) 0.71(0 = 0.8) 0.72(0 = 0.8) 0.70(0 =0.6) 0.75(0 =0.6) 0.71(6=0.7) 0.72(60 =0.7)
Bridge to Algebra 2006-2007 0.79 (0.72) 0780 =1.0) 0790=1.0)  0780=1.0) 0790 =07 081(0=0.9) 0.78(0=1.0)

RS &Fv T -2 DR

F—2kv h KO | EVaIVT 1+ 7u—REE
ASSISTments 2009-2010 Wtr 2o S 041 036
REFIER Y 0.19 0.92
Bridge to Algebra 2006-2007 Witr 2o - 049 052
REFIER Y 0.34 0.58

MO BREL, BEFEX TR BNIS N e
brb.

WIZ, BFR T REFIER T ZTNZTNIZONVT, X
%) —ReT DA ERY N7 — 7 2L, X4
WZRUZ, ZOERXY MT—=2IZDVWTEYVaTI YT 1L
7o —HEEEOREE L2 DERSITRL, T—
Ry NTEIZKEEOENEDERFTRUE. K&
D, MEFERITDXIY VT =2 DIFSDBAFER T DA
7 =2 E0BEY 2 —VEPNMKL, BEMENE 3o
TWBZeWbhrb.

T oI, BMFER T LREFEEZ VM T on 2y
FT =5, BFER T ERETFEL T ONAENBEIGRME
PR TEBHAD—Hl 2K 51T L7z, FEEBRS N
TWBHLD ) — FPREFER T %, TD/ —F9b
Ty IDBRSNTVWBHEFED T NV E D/ — R DEEAT
RITERLTNVS, &£ 9, TASSISTments 2009-2010]
DOHITIE Probability of Two Distinct Events(2 2 D #72
234 OfER)] [Venn Diagram(X >[X)] Percent Of(&
43#)], [Bridge to Algebra 2006-2007] ®#<Tl l1den-
tify GCF(ix K A#%0) 1 TNdentify number as common fac-
tor(2A#9%%)] TTdentify number as common multiple(Z2f%
Bl 2w koL, WEMIZ —EDIEMEN B 288D
BEER N E 72035 & D RIBRFIER 7 OFHENHERT
5.

5. & =®

ERREREBE R, REFHRL o TERINALLS
REFIEX ) IZD2WT, BEOHE 7 (MER D) &
DI 2EL TEREZITD.

51 REFEIVTOMBREE L TOZHMHE

9, BEFEXIOKT IZB T 2HHERE LTO
FUNEEERT D, REFIEZTOHMERE LTOZ
Likix, DKT (M U 2Bk FE R 7 %@ H U 72854
CHBLUTCTHRR PHKEEE2RET 20 WD S 57T
fliTrHDE L, TDORIDDIZ 4.2 fi §1 DFEER%E
1T-7-.

F4 X0, BEFEX T % DKTIZHEALZGEC, B

FER T HRAWIZIGE L RS EO THKEE 2 FM L7 2
NS, BEFEIZE > T KT IZHE W TR 72 3% E
B LU THRET 2 X ITDERTET WS Z EAEEE 1
7-. £7z, KT OXR%E KBLU W IRGEHIE X 2 ClkHE
HROBEIZESNRhozZ 25, MERIIDIEHRZ
ZERTES KT OREIDOBRETR IRE2FHIES
REFEOEMELIHERTE 2.

5.2 BEFRICETZEEBEHOILE

WIZ, £4 &0, |MEFFRIZE Y 2 BELBEROILE
IZOWTEZET 3. £7, TASSISTments 2009-2010] &
[Bridge to Algebra 2006-2007] O F—X ¥ v M\ 31U
BWTH, BRI OIEREZTT 725 O IRBE DR E % 7
HUZZ eh o, BEBEBOILED BRI 2 R 7R
DOFHIZBVWTERNRLDTH B I hbhrotz. —J
BT =Ry N TEREOKEZRBIEL 2032 TOHELH
BEMAEDE (L, + L, + Lyl TE%<, 1L, + L,
F7E 1L, + L) THote. THIZ, 3 DDELEEZE
ETRIUCHETEATLZ XIZLD, REIERTHNIZE
THEKEBMOHRINS 2D, KT OHRE 3
% WO IRETEOMEN X 7 RE OB EYN A
INDozZ RN EEZXSND. KWK TIE, &%
BEEBDOLETHS a R DT RA—RZ2HED
DOFZFLIZUNBRELRD o720, ZDNRTA—X
EHOICERTEIICLD 3 o0BEEBERENTNE
WYUK U722 2T 25 E36N05. £1-8T7—
2y N THRENRAL 25 BEBBOMAGHE PR
o TWHEIEIZDWTIE, ZORT A —RFRE T4
275 TWR W2 DI @ D EdE e a2 BB DM A D
AR DIF oo REE L, T T REARER
BEOMAEOLEIE—BIZEE ST, T—XOHMEPM
BOMBEREIZE->TEDLY S 2 WBENEZ 6N, &
DIBIRWEED T — Xty FTHNT A= RFERET VR
RO T D2 HELRDH 5.

5.3 REFEIITOME

WIZ, BEFEXITOEBIZONWTEETS. M3 &
D, FETIIBIT5 X272 DHBEIEOS L, B
FRITTIIRMOPKRKEN—FT, BEFIEXTTIIMY
PNE L, EHOFMIFLFoTHMHLTVWEZ N
birotz. BHFEXZIE, NEOEMOEL NS RPER
OHEBUGDORPL s & ORI IR ZE B £ X TIERE
NnNa7=H, TOXRITHFbi D BEDFRERIEIZDOWT
T I RERFEZLSNTE ST, WIHNRAH
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4 FERTOHBMEERY b —2

BRI XTIIREEBDL 2D —H, &0 EERK
2RT R TIMBEEBDD2L D0, DR H
HP W, —HOREFEX L, X7FHETIVICE
WTEHINZMET, YOXTEERTEMD 1 DD
A=y FTHRKRIN, =a—F )2y b7 — 2 OB
WZHBWTHERORWETE X JIERA D S NS 728
REERE L ERE R TE L LI DMHDR Y AME L
olzeEz2oNb. ZOLDIZHEREIIFICH X
N7z R 7HEEIX, DKTO XS IZ=a—=F Vv xy T —2
EHOWEZFHET D ETIEEMBTRESNSEL, #EF
%D, DKT 2R L 72T R i 2 #8352 0D
MO HEYICERELZ2EZSND.

F/, £5&80, EXITOHHBMEEELRY VT -2
BWT, RETFEZIDOXY NI =27 DIES DEREFEXR
03w b T =2k 0L EY 2 —VHEIMEL, BEEMERN
Lo TWA I hbhotz, ZDIZ s, REF
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g m>TWb eEZX 6N, ZOWENMER T LH
L LOKEARE LI O—REEZSND. —F,
M5 &0, RO/ VT —EFREDONANILE
MR OBER 72 HRT WD &S RIBRETEZ 7 DE
EEMRTELZZ2h S, FEX 7P S HEONAE®

W%, W2 X 0FCAT 22T, Tl
B W TRIR 7 B RS & WA @t 2 IR e Tk
RIDEDELSIZFMUIZED LR > TWVWBEDHHIHTS
MR D ATREMED D D, SHBOMFRETH 5.
INSDOHMRER Y, DKTIZEMA L -BIZIRETEX
THBFER T EAEL EOBEE R L2206, A
Mz e > TEBHTOP DT VAKX JoMfE e, 4
FEDHIEIHER 2 BOEICRAT 5 & 5 RMEE 7O
WIIMHEDRLRLEDTH LHEEENRIES N, £EED
PR % U < 4R U#Y) 28 2 BT 5 2 w5 B
WZBWTI, RO X TIERP R VRETEHRED XS
Wi % G C X 2 REFHEOMAMMEIEH N EEZ SN
5. —HT, EBOFHEREICEVTIE, BEMEEOH
KLz, AEENED X S BRI EZBHETETWVWED
MWD BEDPHETORME HEC T 22 2T, FHEP
FBEDEFRN—Y a v aE LI D, BMHEREDSA
DIFEZAANDISHPTREIZ 2 D0, BETETIE, H
HENERTHRTHEOME 2 AL L 3 <
B EIRBEIEEEINT VARV, KT, %7
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HEMED SIREFER T OB NT 5 Z L 2ilArz
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(2)Bridge to Algebra 2006-2007

5 BHFRJERETRR 7 ONAEMB R

h, SROMIHETDH 5.

54 REFEDERDT—Yty MIHITZ2EMMLE

AFFETIE, BEC-BERICET A 10 VHEY -
A LOAEFEOMEMET I 1585 2DDF =Xty b
ZHWTERZITY, BEFEOAMMEZMIEL 2. X
TTIE, KETHWZEDLIZERET—XEY MZ
B REFEOAEIMIZOWTHERT 2.
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9 5. AW TIX [Piech 15] L RIERKIZT —X &y b D#E
Bl BH - BUPITR - THEBRZ T - 7208, DKT BRMBE
HEOMEIEMEZ RNN Z2WVWTFHIT 2 205 —fo
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72H R CHHESINTWS [Wang 17] 22025, Sk
RBBHIHN L THRTH 2 HetEd Em <, DKT 2R L
TR 7 RE2FE L TCWAIERETEY, FARRICE
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Xty FOBBENIER LGB VT, K45
REDXY T =T & O EMET R B AREMED D B DS,
HEOREN /) — NPTy VEEALZD, [Mal3] %
CoEMiREEACT I 7 ERBMALL CHR{ET A &
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RIKBRERETEESIZET NV EHRETEHZ L ATHE
Th5.

PE&b, KFETHW T =Xty b & E2 5504
DT =Ry MIBI2REFLEOEMEE, X%
HTHMPONRET DT -2y ORI LI
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REEL TN T WA WRBEREZIZE D & 5 1ok
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6. ¥& A
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