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(57) Abstract: Disclosed in the present invention is a personalized online test question recommendation method based on student
emotion perception. The method comprises the following steps: S1, collecting answering behaviors of students for online learning and
corresponding emotion records, and carrying out data cleaning to extract effective information; S2, on the basis of the emotion data
of the students, using PCA to classify the complex emotions of the students, adjusting the impacts of the emotions on the students by
means of the weight of a self-attention module, and performing modeling on the external cognition of the students; S3, integrating the
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external cognition of the students and the inherent cognition of the students, introducing an NCB-IRM framework, and comprehensively
predicting the personalized response of the students; S4, using PMF to decompose the answering generality of the students, and jointly
predicting the response of the students to test questions on the basis of the predicted personalized response of the students; and S5, on
the basis of the predicted response of the students, providing test questions with appropriate difficulty for the students, and forming
a final recommendation list. In the present invention, on the basis of PMF and NCB-IRM in combination with the personality and
answering generality of students, the accuracy and reasonability of test question recommendation are realized in accordance with the
test question mastering condition of the students.
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zjjz R-R 2+’1iz]: U |l; +ﬁi VI
/ U( p) 2 || [||F'r0 2 j:1|| j||F'ru

7
=1 j=1 i=1

E=

N | —

2 2
o, R ONTMIZEE MR, ROV, Ay =20, 2 = 20 RRIFNILBAL,
Oy

Oy

U, Fv, 533 30R D 4242 5B BRRF L R, || -5, RoasHEFEEE, 1, g
WREL A FERE N, 1o=1, BRI 0
S432 1L F T Metropolis-Hastings ] 5 /KR RBE SRS RIK 5 M1, 181

BRI A A B T IR U, L v, St IR R
SR v A RISE R, P S4 T DU P b et T RS A58, R
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A ETH 1A L

S5 ARIETIIN AR MR N, A SR EE R, B R 2SR SR

S51 MR TN A 2L R 7 R Bt BUBMEREL 4, 5]

WU FEE ph 2 A e N I RV 5

=1-—=1

Horr, O AR Bz, A EERER IE S

Ss2 fRgmREREE L kit tmmse R sl d 4] pmgs
s AR AR I AT T LU R B 2 7 2R A 5

R S 9 S M S

RS, FHBYER (Xavier) REELSE. Hb)Hhix, XEESEH]

Mo HFRREFRBENLEEARE, Hh = [ —  RRHER%H

+1

FINAERE, RO 4R BAh, WE A=5, ()=

0.001. AT BLAIESE ] Python 155 7 PyTorch HSEELAY, SLIRMREARLE N 2.3
GHz Dual-Core Intel Core 15, 1&1T A7 A 8G, #HAF R4:4 macOS Big Surl1.3.1.

ARSI, TR AR B H O HESR T SRR It BRAR AR 4 I RS
Tebr 5 JERE T L AR bR : R R AR AR S HE 2R (ACC) . ROC ik R4 (AUC).
BIJiiEZE (RMSE) 5-P4extiz 2 (MAE), H BT & 15 BB A A
RBEMEFAENESLEERBE; B8R OEIEE U S, B
A T R AR R R SR, BB AERARIEN . X IR RS
LI

H T oA R A AR B F A R LSl 2 A B B EN2 B B R T
MELUHAT B AL . T RARYE O TARRIEENE, ASL 1] F 2% 25 a5 SR i B AR
RIPERE . BARRY, RIS G R AE A RIERAEHEER (0838 1D, ASifz ] A
5] USR5S A A N I BB R FI2 W P PR BEEAT 1 TR] B 1Ak o f% i) R b 21
NEAFESE, KRBT RIEZ (Root Mean Square Error, RMSE) FI-F- 154 5%
w7z (Mean Absolute Error, MAE) K& TN 4> BN im0 IR PR .

:1( - )2

l n
MAE=—=3> '~y

i=1

Forb FORE KMBERANE, R RMERSERME,  RRBUER

#. RMSE H MAE BN, R BB B T3 AR kA
W AR AL SR ST, TR (1, 0) WERIRIE. Sl TR
Fra KA ROC 2k R (Area Under Curve, AUC) FITIIMHERZE (Accuracy,

11
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ACC).,
- X
B +
o+ o+ 4+
Hp RoRIENAS,  FOREEARY, RN REAXS g Ik

FAHEFF R A ; (IR R BB T T A IR 9] B AR S (R’
Ty 2RI AT LR TR Dy 9] B AR Hie (RIER]) o R 4 1 T
LG IR A H (RSB s BB A e TN S IR A FE . AUC
HACC HMEAE 0 2] 1 22 [8], BAEEL 1, R iR R 55 Ry .

ARSIt ) ARk AT 7 AN A =5 RE 17 2 2R 3 doe K/ e T PR T Bl i A2 iR
FFEMATARRE LRI . BRI, PR N g w AR R IE R R 2, Bl
I ARk A o R AR e £

RACC =

Hrb, O F RO P S XA, 2 REROR I A 4
RACC #&K, HEF AR BT 2 A FA R K

AL, ¥ CDM H =42 IRT. MIRT. DINA fI-Fxttl, Hih
E-CDM F M HE R 7128 CDM, flifi 145 ASSIST2009 H il = R ansk 2 fir
No

IRT: RKH—" Logistic BAECKIA =AM AIIREE, & nl DRt nl iR
ZH (BB RAE . R X 2 BERIRERE ) SRAMMT A RIRIL, kst
[ H.4E CDM.

MIRT: EF Logistic T H RN, P4 IRT ¥ &Ik, £ —MESH
£ 4 CDM.

DINA: Sl A TR ANHSAE R 3 RuE 22 AL RE B AR DIAT D9k
KRB RS 2 A R E R, R — DB 2 48 CDM.

h

CDM 1, IRT i X B i 8 =4, =0; MIRTH =
0, _o; DINA iEzsh. BHWM. S KEBEN = 0.4, =
0.4, = 1000. CDM i NG/ 7394 : TIRT (H KA id+1, &K

A id+1), MIRT GcR¥4E id+1, KR id+1, latent number), DINA (F:K
24 id+l, K id+l ., knowledge number ) . AN SZ i 7] B, 4
latent number=knowledge number, H, 7& ASSIST2009 ##ifEh, IRT A%
5K (4164, 17747), MIRT HISI NS48 (4164, 17747, 102), DINA %
NG A (4164, 17747, 102); [FEEE ASSIST2017 F#E4ED, IRT HIHI N4
¥ (7784, 3164), MIRT FIE NE5H 0y (7784, 3164, 123), DINA f%i\4;
¥Ih (7784, 3164, 123).

TS EMEEREPTLIRGER.

H1-T- ASSIST2009 HE A i 1B BAH X HE, B AR IrEH

12
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EBRARACR . KA EEBRH SN A, Elg RN EERE T

query fll key, F 1ENBEEFEZITHFE value, TEEEUES S48 B3R IR0 AL E

< 2ASSIST2009 H 2= A= AR 45 R
ACC | MAE
IRT |0.644|0.396
E-IRT | 0.659 | 0.375
MIRT | 0.576 | 0.429
E-MIRT | 0.575 | 0.430
DINA | 0.537 | 0.472
E-DINA | 0.644 | 0.404
(1) ASSIST2009 ¥FEAETE CDM FIFERE 8GR 9 = i s, R
5 A E-CDM HJ ACC # CDM H i8N, E-CDM HJ MAE # CDM F it FF#,
LR B H v R ] DU AT R4t B A 5 R A A AR S
(2) MBS R%E, B-IRT (ACC=0.659, MAE=0.375) fEix iRy i
MR, R IRT % ASSIST2009 Fdht £ i 3dE N i
NERFBERBIANRT S -— DI om R TR, AN S 5 L5 15 I 1
ASSIST2017 ¥ #E £ 3F 1T 5286 . £ ASSIST2009 fI 3L F I in T A-CDM H1
AE-CDM. H A-CDM F/1E CDM FIFEAal L, 3t A i 1 B AE 1 i Bl 46y
N, £ NCB-IRM HEZ2 BE4T 5288 AE-CDM g Sitiff] e B i 15 RO AN A &
WA, 7 NCB-IRM HIERE B4 PCA A4y 2R EE R @ A RN
AMEINET. ASSIST2017 Hr 22 A= i 45 Rk 3 .
< 3 ASSIST2017 H =\ Fn T 45
AUC | ACC | RMSE | MAE
IRT 0.535(0.470 | 0.575 | 0.515
E-IRT |[0.510|0.464 | 0.587 | 0.521
A-IRT |0.701 | 0.653 | 0.465 | 0.431
AE-IRT |[0.741 | 0.682 | 0.451 | 0.412
MIRT | 0.551 [ 0.535| 0.633 | 0.466
E-MIRT |0.551 | 0.538 | 0.634 | 0.466
A-MIRT | 0.608 | 0.598 | 0.533 | 0.435
AE-MIRT | 0.642 | 0.613 | 0.553 | 0.401
DINA | 0.508 | 0.524 | 0.572 | 0.480
E-DINA [0.512]0.431| 0.631 |0.552
A-DINA |0.543|0.534 | 0.564 | 0.467
AE-DINA | 0.566 | 0.561 | 0.551 | 0.450
(D G448 HEMHEE (CDM, E-CDM) L, Big 71 R
fiLf) CDM (A-CDM. AE-CDM) fEPERE L THKHIRF . A DUE I IRk
ENIANTIE M T, IRT (AUC=0.535, RMSE=0.575). MIRT (AUC=0.551,
RMSE=0.633). DINA (AUC=0.508, RMSE=0.572), i A-IRT (AUC=0.701,
RMSE=0.465). A-MIRT (AUC=0.608, RMSE=0.533). A-DINA (AUC=0.543,

13
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RMSE=0.554), X3 B 0 N AF B AF X155 2 O T 56 078 35 2 35 A0 52 )

(2)AE-CDM KJ#; A-CDM . — £ L3RI RN 565, 5 A-IRT
KL, AE-IRT 9 AUC 38517 0.040, MAE fHii/> 0.019; 5 A-MIRT i t,
AE-MIRT KJ AUC {53611 T 0.034, MAE {ii4# /) 0.034; 5 A-DINA f Lk, AE-DINA
) AUC fE3 17 0.023, MAE {HU/b 7 0.017. thtbnl i, HEE R iE Rk
FRAEX 22 AN R R R

(3)fE=- CDM H, IRT 1l &5 R 5 4 H EA-IRT FI# AR & N
EA-IRT #] AUC Lt IRT #27} 38.64%, EA-IRT K] ACC b4k IRT #2771 45.12%,

Wik 3 Fios, ASCHiBIER T T AR R SR

ASSIST2017 Fi#Efarb, BlE M A XE RS A9 38 I, S A8 432 A0 R
RACC AW FBE, 3B IX Eb Y GE 08 AR I 2 A8 10 75 SRAEE IS 23 B /K R
AR SCIR G5 5, AR AE-PMEDINA CE A% B BT DINA HEZE) 19
RACC figf il PMF-DINA . AR BHTE 5] N 2R 1B RBRE 5, RS TR G /1 Hh i 3t
FAERTAEL, FEAET LT A AR 4, A SR AR P e i YO
A

ARSI BTN T T A A PR L. B 4 RO T
7F ASSISIT2017 b2%4 AL 2224E BT 6 MR SR EERRE . TRLE N, 24
A TE square-root. pattern-finding S&F1IH 5 FE IR EAF, FIIH AT area. probability
FEREEZ, 4 B AR A area. pattern-finding F E BB, LEIR S
square-root. probability. equation-solving I FE#2E %,

MR B, 22 A FI54 B IEMEE RN 50%, kB
0.3~0.5 Z (B AR gt AT HETENT, AR BH I A4 A HEFE B0 8 N HER: 55 4558
2115 @A 1624 8, W54 B HEF T RUBUNER 26 894 L. 2401 AN 1597 i,

Hr, 4 (a) R4 A XHIE A area, probability FTE RS, K 4
(b) R T4 - AR S R N R AR . IR 4558 1% & /2 area Al
AT, 2115 %5 3 12 probability FTIR . 5248 B X ATH & square-root. probability
PIEERSS, W54 B HEZER R UAETE S 894 #E B B2 square-root ATTH A
2401 % A1) 52 probability IR &, HHT 5242 A XY square-root ¥ 22 EE R =,
A VA AR A O R U

MAZ 3P vl B Y, AR BHER B A VA e 3 vE AR X B R
PIECERES, Al DAERRHE A 22 A A A 2 SDIRAS ) ELHERE A B Bl B 7
SR B IR v] AR

SR 2

A B R ENL AT S E A, B LA SRR, SRR
PATHE SEELSEHER] 1 02722 T OB AN M AL E 2R WU 5 i TP D TR

A ST 8 BT E BT AT A i o TR AT DR £ B NS A7 i B e, U 28 R A
FEERANAE: ASSH ) B L AT A 0 ot ] DURS TR 2 R A3 A7 i 145
fltn 2o ERCAS BT A, BEEEAE R, o E, WEFE, 3B,
TS AT A7 i A J5 3 v DA B B0 5 25 1Y) A 35877 i B e 0 B 368 A1 3017 il it 2%

A v BN LTS B T AR T BN e DA 2% 283 B 75 A HoA
T2 A EE , TS A A Sk v] DU T 25 B M7 i 8 3 B30 1 B
IR .

SR 3
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ARSI, BRIy WERER AP e s b I v 72 b2
a5 FIBAT R EVURR R, PR SC BRSSP AT PR A2 i I S S 4] 1 7 5% AE 1B TR K
A A LR U O T P B

ARSI, GBS o] R S B T, nl DR H B A b A . BT
F A AS . TR . DS e R T BB H v MR AR 45T
V1B AR AR B A L RECF AR EE, B R B ES PT DR S B AR B i A
TS 0] DT AR HE R AR B 2545 s A7 0 #s 1] DUELHE RS A e A A BE AT LA 7 A6
o, PRSP TE S RHA, AR — 50k v LUEFEIE 5 S BE N LA HX
FhEes, B, gl DIEE W &S RIE .

A A FIHE RN LB, S AT NS TR N R, Bat
SRR =8 Bk, A7 E R AR S ] . SRSl sl & S g
PR SERE B R TR, A7 B RHE DS A H ST T E L]
MR AREBRE EYL T AT CEFE AR T R A A RO e 4555
SR T LR e

AT BRI AT BB R 775 . MvE EHURE = 5 R A R /R
JTHEECRF IR AT, BIERfE 0] 1T SRR P48 2 eI s B A/l o7 B i g —
WARR/EOTHE . DL RAR B A/ 07 B R AR R BT ER 4 A nTR ks
THENEFE S RIEA T EYL. TAVEEL SR SEER YL AR T A2 2 i
TR 25 FOAC R 2% LU= 2k — NPl s, 8 A @ v SR ML A v 4 AR Ed (b2 15 25 10
AR ARPRAT HIHE L= A2 F T S UiAs B — U AR Bl 22 A TR R/ E T HE P — A
I HERR AT HEh 4R SE I ThRE R & .

K PR 45 & ] TR 66 7E RE 91 T 1T FATLECH fth T 4w 72 Hdi b 21 % &%
PUREsE 7 DA RV H VL S s o, S AE e LT S A a8 h 18
&7 AR SR E RIHIE A, IR R E IR AR E — AR R AR
(57 HE B — A7 HE B 2 AN T7 e e A B D fg

LT HAHURE 45 &t T 34 B LB fil v] g i Hds b H i & |, 1S
L EALBCHE A ] GRS & BT — RVVERAE S TR O™ BT USSR b 2], A
TAETHEALECH AR o] g2 15086 E AT TR & 1R 40 T SE AR AR B — AN TR ARl
Z AN AR T/ BT R — AN T R AN T R R SE D BE R AP IR

AATIE 8 AR N 1 n] DA ARSI 3R S 451 5 v Hh i A B i As, 2
Al DU B P kA 2 A SRR 15K 52 e, TR AR PP nl A7 i T — 1 AL AT
BEHAE N T, AR AERATES, R IR & R RSE G As . Hod,
FIR BIAAAE A B O RERR . edf . Hdqeiid {2 (Read-OnlyMemory, ROM)
B FEPLAAfE1C 0218 (RandomAccessMemory, RAM) %5,

A BH i I S A A A A o A i BH R e i it 7 SRHA TR IR, ST IR A B
AEE BEATIR 2, AN A A R EARRIRTEE N, ARSI TR H AR N 206
AREHRIE AR DT ZAF ISP e Rt , 3R AN AR BRI ARIF T
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T e
Lo R R A R U A, SRR T, i R

LB HER
&gm:

S1.REEF A FATAE 285 S BB AT N LA AR R 1B s, 34T 5085 vk
ARG R

S2. ETEABREYE, FH PCAUFLEMELBERSE, HEILHER
IR R O AR BRI, R AR AN A

S3. ZEEFASMEINRR A B AL 51\ NCB-IRM HEZL, 4 [ Myl
RN IR R

S4. FIH PMF s} fifaf B 2 ittt 45622 2B AN AL T ma 2, 3 [/ 0 2
A SRR i 5

S5, MRHETM AT F AR B, s AR PR GG X U, T s A HERE S
.
2. WRIEBCRIE SR 1 BTk 7%, HAEFEAE T, B3R S1 REAFE FAB RN
LR WIS BAT e, IRIAERGEE: BN

ST, REQFEFA id. W8 id. JHRA id. AT RE LB REAEE %
AR ER IR R

AL ENAMBIRYESE bored . concentrating . confused . frustrated . offtask . gaming;;

AMEEMERCER  BT0,1], BEOR 1, FoR2 AR RR I R L i) 2R IER

R AW N oy B = 1 RoRE BN = =0,

FTonFA A
S12. XEIER, MBS 4E SIS EIT dsx, RREEEER
wr:

M2 AEAT IR ECRAE AEFIR A B ERIRER, Ml Fox, €[0,1];
WA O MBS TIEREMAIRARKR, tR Rl HE

RGN & =1, Fonsl@ REEMRA ;5 & =0, Rl K

FERAEA

3. MRIEBRIE SR 1 BTk i, HAFIEAE T, SDIR S2 FL-T2#2E Bk, %4
ZRAT AR AR, i PCA SR HN 3 2 10 BT = i Hede i 2k A A
NED, BRI

S21. A PCA 5%, KA M E M ERITEISAPA, 2T m Rk
FERAE ISR, RN

Al =EV, AT=E"V, ()

Heh, ERGEANNMEREENLERE, RamEfafezs, | =28

BREARTERTAD E R 5 7 ERIBGRE, 1 2 BRI &,

S22 HEARBZMAINA BiEE ISR ISE 2GR, WL A, 5
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FAEMARBAEERERN  ULAEERMIRAE T,
BMAPRIER N, BES BRI SRR GRS FERE L

PR, KRR SRR A EERE TS 2l iR L)
ARk ST iER
B, BRI A R AR SRRERAE ZERM

HREMMNE )5, AFEFEZTEME, Bl SAdmil i e EE

ol ke, JEZ TR AR EEE , REFON:

!
o, =Softmax(sim(4),p)), 0, = s, (2)
i=1

q

’;E\:EP D, = (qjlaq/l).“qjk) v 8 :(OKil,Oliz,"‘Olik) ;
Flt, MAHRIER N, LRSS AEE SRR A
AR SIFAWRIAZ LR R, 5205 Jn B ARG Rk A &

7
o, =Softmax(sim(4;,p,)), 0, => o,s, (3)
i=1

$23. RAEFUN A ISR, FHOTRLANE .« R

SRFRA TSR M 2SN BRI A, 2%

FIFR E R FUAF E R AP R RIE, BREAFRZEERE, &20RE R
MRy A SR, RIAFON:

7
o, = Softmax(sim(o,,0,)), 6, = > w5, (4)

i=1

4. HEBCRIESR | FRIRROJ73E, BT T, R S3 sx & sME AR 74
B IAET, 51\ NCB-IRM HELE, A-THHOTI 726 A AL R S T 51272 AE IR 7,

539915 FE S A 1 TR I R R S A MR B R s R s LA
S31. DU BTG EAFAERIREM, 2228 IEMlnl e Tl Roiihss S RN AL
HEAR
1
l+exp{—a;(6,-b,)}

def
£, =P(ry=1]4,=1)=
(5)
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Het, 0. o . b, AR ISMENEIKE . SRR 4 o R R P

S32. ARZZFNG BFHEMTENT, 24 RN Tk, B2 o) SO 4K
AN :
def 1

=P =14 =0)=
1y = Py =114, =0) I+exp{—a,(6,—d,)}

(6)

Forb, o FOREAE AERE BIERL, 4, FORSE BRI, 0.

a,~ d, REEER RN R X 0 B AT R A

S33. R ucERAN I R M B AR G ik EARSE T 2= RN, IR S5 A xy
FITAT 5 A PR N2 AT AR

1-4,
P(r;=110,a,.d,.0,,0,.b,,4,)=n, (7)

&'
Hrb A A alER YA R E I R 2k 2] T 1B R

S34. PR R PR RN SR . HAE R R SRS RNL SRERN

P I 1] 25 I R AR

FHENE . WERE . o, SFAEMIRIAIIHE SR e En R

L(B,a,.d,.0,,a,.b)= H (U;_AU é/;if )" (1= ’7;'_/1” QV;U )
" (8)

S35, s RALE M N I N KL, iEIE - MEET Metropolis-Hastings
PSRRI REZRR RS ERE . . B

S36+ AL AL 1 =7 o
5 MRIBBCRIZER | k75, FAFAEAET, WP S4 BT E SRy,
RIFI PMF Sl 2 B ARG, 5 B A AL T M R, LR 000 27 A 3
FImARE AR
S41. Mt PMF o2 S ST M S A R 2 i, 75 32 R AR RFAE
HEIE

S42. TG EFANMENWNR =UV, |

S43 THELEE AP AL TN g R AT 25 A A P e 2 R, A 3K

R, =+ pr,+(1=p)R' = p+ pr, + (1= p)U'V, (11

Horfr, R ORETNMAEARR, BT 2RI, r TR AE A A
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WA, R’y PMF T RS2 AR PR 57, 80 24 o1 S AR RO M AT 3L 1 22 [

frLe s

6. MRAEACHIE R 1 Frid i 2 A4 15 BRI AL A 2 bUBUER: v, HLkF
ALAET, DER SSARIETM A 2AWIN, N2 ARG EAE R, B Rl 2%
HIER SRR, AiN:

S51. MRAETHM B 2N R, ke 10 5]
R S RE Fh S A e S R S R T

=1--—= (12)

o, s xR MmO EE U TR S

S52. RARREMERE . FEHUEEREITIR R c[1-d,1-d,] -

7R AN A BT AR, HASEAE T SRR
AL G PAT I SCIL BN EL R 1~6 P — TR 1 52 28 15 R AN B A A A2
LS DT TR R R

8. At EIHLI A%, WHEAFMEAT . SCBRAS RAFMRAEA A L IOF AT fE b B s
BATHITH AN R, HARFAEAE T, ik S B0 AT Pl A8 5 I SE IR A AOR 5K
1~6 AR — TR IR A 2 A R IR RN A PR AL 2 R 7 v B2 R
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