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Verification of Student Modeling using Convex Factorization Machines
in Programming Education
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1. IEL®IC

Educational Data Mining (EDM) ¥ XN 2 HE
BFEMAY LT —&~<A =07 9H05H 5. EDM 13,
HEVAT AL o TR SN REDE T T — & H»
LERAREREHER TS ZHNE LTV,

TR, HEBGICBWTEEFou 72 R L, R
FEWZ X B0 TZITIMADEZ TS, Intel-
ligent Tutoring Systems (ITS) (&M & D2EEH 1T L
JRRMEHE T2 ZHEE LTWED, HEMR
DEWITS 2T 2 72D121E, EHED A FIIRE
OHBPRETH 5. TOHIEL LTHEETV V7L
PRI D FEDDH D, Convex Factorization Machines
(CFM) FEHRFETH 2 ZehRENTVS [1).

KRR TIX, 7077 IV THERBVTSH CFM
PERTHZ Z 2MiET 5. BERIICIE, Turo
IVZYV—Ra—FERWT, #EEFY VI EITS.

2. Fi&
2.1.Factorization Machines
FM %, Support Vector Machines (SVM) DEFT
¥ Matrix Factorization (MF) ® X 9 72 factorization
models ZH#AGDLELET VT FATH 5 [2]. FM
1%, SVM & [FRRICEE T H H #H 2175 THlET L TH
D, MF ORICKRHDMEZHER S 2 Z L HA[RETH 5.
2-way FM OETFLRUIULTTEREN3S.
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wo EEREDAL 72, w; 10 BHOERDMEE,
W= (v, v;) 13 HHE j HHOLKEOME, v
BV ©ifTHD k XTER7 M RERT. EkeNf
13, DIRDOITEE BT BANAIR—IRTRA—RTH 5.
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2-way FM T, “XROMEEHZ w;; &5 AT
L7285 X =2 T3 L, (v,v;) EVWIRT FLDORH
IO L TRBELTWS., Zhickb, SVM Tidnt
JETERVWIFFICAR=ZA BT =21 LTD, HO
FBETTHZITS ZePAJgE o TWb. iz, 8
REMIDSHRIE ¥ 72 5 728, Stochastic Gradient Descent
L R LA FEATRIREL 72 5.
2.2.Convex Factorization Machines

CFM Tl, FM O (1) ZUTO &S IcE XL 3.
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ZZC, z={l,z}", Z=VVT eSS L/ %
FM &, FEMEGECEE &7z, JRPTrIMm/IME
PRAELTLES. ZHEBOBMEICKEFELTWS. £
2, FUTANANR—RT X — Rk DFERBAETHD,
FTHREE T kL ICX > TRELELLTLES LWVWIXR
R23®H%. CFM X, rank(Z) <n &% 25 KI5 RIKZ
VIO Z BT 2HNE LTED, U
nuclear norm ZHWT Z ZIEHHLT 3 2 2k hiE
RTABIENTES.

2% Db, CFM IZFM ZERL LD THD, |k
FLAEREEZRRLIZET L ER2TWS,

3. TR

SEATHISE (3] TUE, FEE, &M, R E VIR
W, ZORMER AN TR E RS i
RHAL, ZOXREDBBIE=NE S h2HEMT—&2E L
ZFM Ik 2 FHlEToTWS. £ 112, BITHIET
OO N L e HifiT — 2 ofl % RS
FATHIZE [4) TI&, FM & CFM I X 2 FHllEE DL
HEBREIToTWS, E5—&XIZI1E Movielens D7 —
Xty PHMEHEN, FHEEE UTHHEHE & RS
HEfT — & 2 UCHHAZEDZ oM fE (1~5) %
fHF7=0BHWsRTWS., FBEOFHMEIEZEIZ RMSE
DATHDIH, EF—&Z2D 1 O%kE, CFM 055
BOWHEZLZRLTVWS.

4. BREFE

ARG TIE, ATHZEIC X DIBRENTWE FM %
W E8E ORERRETINCN L, FM %t
L7 CFM W2 Z r CTHERLEEZHEST. 2ok
%, FHEICX2HEEOREERITY, GHRRHEY
BRI 5.
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7% 1: Example of feature vector and target.

Feature Vector « Target y

—~
2D 17070 1]07]0 14 JofoJo 1
@ [1]0]0 0[1]0 15 [1]0]0 1
z® [ol1]0 o110 18 [olo0]o0 0
@ [of0]1 0[1]0 10 [o[of[0O] --- 1
z® [oflof1]---]Jolo]1 17 [ol1]o] - 0

Student Item Hour Last Item

% 2: Details of Synthetic and Algebra dataset.

Records Students Items  Skills
Synthetic 10,000,000 5,000 10,000 1,000
Algebra 8,918,054 3,310 781,620 1,070

£/, FurS5IvrY —2a— FERHERY L
WHIHLZEBEIT5 28T, 7ussIv /U8B
7% CFM TORAEETY Y 7OERMERIET 5.

5. &R

5.1.FM ¥ CFM D4RELLE

AREFRTIE, AT7F—& & Algebra I 2008-2009[5] D
2 BEOTF— &%ty FEHWTFEM & CFM O T HlkE
EDLERFERRZITS. KT —XOWEER 2 I1TRT. Z
DrE, BT —Rty P TREEOHAGOEEZZEZ,
FEE DB EITS.

51.1. AT7—%

ANLTF =& OABICIIEE RICHR T W5, #E
BT 1 EfEL &, ZORMER L J2DICRE R
AF VTN T 2 EEDRENENP LR T 5. £/, &
HMEMZ 27012, FEHEND M RRITHEE L
722 & OFBER R 2 BH U, @RI RWIZY
Z D2 ff < Te DITRHETR A F NI T 24 HED
BENMED BT 2. X510, FEREEMHEL-DI2F1
DL DA X VBB D KD ICRET 5.
5.1.2.Algebra I 2008-2009

ERRD e-Learning ¥ AT A0 LEBEINzT—& b
LT, KDD Cup 2010 Educational Datamining Chal-
lenge TRt XN /=7 — Xt v FTH S Algebra I 2008-
2009 ZfHEH T 5.

5.2. 7O S LY —XOA— R TOEEETV VT

AREFRTIZ, 2018 8 AREFTHEEGFHMEAL HE
WITER 8 2 FEOZBRETH L T0 7 I v JiE
EHI oA cHEIN-MECEL, FEIREH
Lieo/mar o6y —2a—FRzHWT CFM TO¥AE
EFY)ITRLITS.

TF—XEy b OMEEE 3RS, FEE, K1
DK L/NEDS 3 DREE TR I AT\ h, K%
Items & LT S.

V—2a— RERFEEICERL, Zh%E CFM DA
e LTHWS. B3 25 ERE, Y—RAa—F#F
BERET2ER 6] CEMIEo7b 02T 5.
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% 3: Details of Programing dataset.

Records Students Items
RiTHEAHR 134 42 4
HTEAHAAR 112 42 4
R R 76 41 3
HHAHAR 143 41 4

HET— 21N3, KRBT D OBOUHIE R 5.

6. F®

AWFZETIX, Tur53I Y —Ra— FERBEAR
7 MVCHALEESREITS 28T, JTursIvs
HEBITS CEM 12X 32EET Y Y 7OERHMLEZB
T 3.
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