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(" AE AT A0 AR s 2 b0 T 9 R 2O B A A O S O B s 7T TS 9290 %, B sT 100875)

BETAHEAE R G UM RS DEHER AR, SR AN AT LA T AT 22 Bl 19 CAT JeisRms . L T4

R A (DEBR)FIBHE AL T2 B HEAZ (IEBR) o 8 PIANBAUWTSE, 7EA RV RIS RS B B g, T 1 Py
A LRI 5 PRI L S R (FMI 1 BAS)TEI oA A0 H B A5 BRI, DL S MR A kst
SRS R R 2R o 45 R B - Al A 1 R SR o et 1 B A R DL T P AL SE B SRS, I RS BE R T T BAS

Jri%, Horf DEBR U EEAUREIE, TEBR 4 H OGRSl CA 2 Bl i SR B i 5

W47 1 AU

R FHH R
REEIR PLHURNG CASIE R, HWEERS, PR IEIETE AT

23S B84l

315

113 AL [ 3E 7 M % (Computerized Adaptive
Testing, CAT)HET— & ML NS, R ARIGE I /Y
BRI R E, H—E w5 e Hm
) 350 T 7 e 200, T S 1S g 44 B AR Y LS
(Weiss, 1982), FifiE #2525 > AR 2000 46 i #E) A0
AT, CAT B9 Y& Z (Zhang & Chang,
2016), Bz = A T K2 U 58 I B S BT
I RREEE . IWBHRIZI R AR E, X8
HETFENEL, BIEEESR . SRRk
THEM T —1E8 B Z A B U O R, 8538 4
ARTF-BEN A AT UAZ 4 A P R, F000 A 0 i 25
B (Tan, Steinbach, & Kumar, 2006), BIfhiZ fisd 7
—EH BRI, BE AT DA 5 A s B R
W AH 3T R RIS B, 34 P AR 4l A 3 R B v
2 L P T 0 (i DL g R PR A IR 1 2)), g 25 s i)
BXERN, TRAMNEA RIS, BEEB MR

5 F 4: 2018-06-10

(2011)Fi5 i CAT LB IS A Je 24, — > EHEA L
HEJ7 1] 2 WVRT 5853 R 280 B e (s B o X T4
— AN IETESE B 56 24 B T S, O A B
TEJE— 2 B E AN (A B K I 2 e 1
ORI, T CAT Ry Al A Je = 25 T3 H
R i (Item Response Theory, IRT; Chang, 2015),
TEPUAT Y IRT AE SR T 45 10 A e RIS i K 2RI T
METE I EZ R R, LUK O 28 s ah
A CAT MR S, tsxfE LRI Fl L%
i M At N BB v 2 2 o R 1 T el e AR
] Ay e TR A el B2 ) RN B R G, —
S A IE N B bR, A eE R ), 7
DR HEY . GTE RIS S 2T Ll
R NE AR F- B Bl4 (Chen, Li, Liu, & Ying, 2018;
Zhang & Chang, 2016). EARF|qnfof fifi B O A 2
TR CAT MBS, ST FiR gk
WY Jr BRAE, [RlRE ] LASSIRAE IRT 93hig a2z 5l
AP AR TR, RS S — DA iEss,

* K HRFFEE A TH (31571152) AL AT 5 p S 78 5T A L dE 0 H (019-105812) A1 [ R BUE A BT LR 2017 4F iR
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HETF R 45 (Recommender Systems)J& — % 51 £
JHC A B F P -7 00 H e i Bk mEoR, a]
DIAR 4 FH P B SR 2 RS viE R VT BE, 2 i 42 1 4
WA THF ST 348 (Ricei, Rokach, & Shapira, 2015),
H 2 AR ERCAERDE . SO L 438 55 B 4
57 B K B2 (Covington, Adams, & Sargin, 2016;
Quijano-Sanchez, Diaz-Agudo, &
Jiménez-Diaz, 2011; Smith & Linden, 2017), i T
HE S, ARG AT ORI R R B 2%
B, PO AEAERTRE H R R, MER AL
FH&4 52 (Thai-Nghe, Drumond, Krohn-Grimberghe,
& Schmidt-Thieme, 2010). 4 A HH K & (1 7E LR
2% 2] (e-Learning) 1E /& {5 BIE#E R 58 W8 LA 7 119
= E W A A8 2E T R A,
2018; Klasnja-Mili¢evi¢, Ivanovi¢, & Nanopoulos,
2015), LA, RG] Lo anfrfl e A%
R B R P AT AT B T 5

Wi RG] LIS IRT M4 G, M aEsR RIF:E
EIEMN MRS R, KRRFHEANQOLITIE
DINA HEAY 55 B o3 it B AR R 5 — 5 3 [A] 2 B Y
REHERE 1k, 15 LA RTS8 B0 T 2 4 78 B 1) 4
THAE B W HERE, RSO T SR — A A2
WA AR ol A HE A2 4 5% o Chen %5 A (2018 K5 HfE#E R
4t Z4E IRT AR ] = #4855, #=IBmA
6 PR S RGE R A, RS R 2T MR
LU B AL 1 45 LA T ol 455 -8 s 7 2 0 A T 5 ) 200,
FF48 35 D2 2T A U A B Y R — R R
gt, WHE ] GTHEN Ve Y MR RARAS, %
EA ARSI R, TR B, 3 538 W
5 RO AR T A AL, BRI AR 24 48 R e B &
TR LK RIS H o #1T  Z, CAT ik
BRI A T E A ] oy — M ERE R GE . SR, e
HRGYS CAT EMgi& ks, HERBNGE
PR ROR, (AT AR — 25 H .

e 77 R 5 P [\ 3T UE HE #F (Collaborative
Filtering Recommender)IE & F| HH K=y & A H
B, R SR A A S A, SR
O A 2 3 508 Ry >4 i 280 R 1 A ) B B AS TR T
G o PrIal it DR A B AN A AN P S A XA ] 1Y
T HRSER, AT AT REAE ASRAT A AL R 47, M
1 8 e 3 P 5 4 i 300 H B4 T HE7E (Pirasteh,
Jung, & Hwang, 2014), PRl IEHEFE R A ST, A
T LAY, HR R RTE Ky 5h &Rk
FER R, e HERE R G e AT B — 2 HERE

Recio-Garcia,

J7 1% (Koren & Bell, 2015), i JH #p[a] 1k 38 #7756 i
CAT S, ] LUk A A% 45 106 RS s & 2% ) 1 H 48 8 5
MR GRE, N E A 8 B b s i i Hh3s A
MHTA R FEAEE S H . 1A, TEPRR T S Y
sz b n] IARIEAF 5% 4 T 2o AL e M, 53t
AT R IE YRR wE, E nT DL a5 AORG B B
8 H BRI, A nT AR CRIE — e R B S T
MU AN B0 22 4. i, e A A
TECAEZ R B _E AR, 15 BB Rh e 3 el 8
A TEE A YA A A& TE A H, 15 Lk
UK B LK, TR Bl R i vk, A i
R St v e A BRI H SR T
JE BB 508

HET RS, AR BT ERE R G
[ s R T CAT e, v IR E A
T R 1) 4 R AR W (LT R PR HE A Ik AR
W&o SR 5 SRR RIS I G, TEARFSM T %
FEAE A7 1 0 R WS B AURE B2 OGRS g ' S 4 1l
Jr IR

2 PEBUREE

2.1 AERE—HBIEN R R

K it A 5E 09 T Dy 2 0 A v A T 1 i 4
FRRE, 78 CAT H s Xf R 2 O A7 2 5 il o W) 38
ATRN, GRS AT 24 A2 A H RS A5 LS
REJT, BdE e rh R R T R Il et A 1) i R A,
DU AR X 0 S 7 1 At G gt m LA D o 4 1) 1 A 1Y) 3
R, g B AE r A H o BR T RS,
CAT 355 5 W 38 1o 3 8 0 R H B S i 4 il o an 2
T AT A 3 AR W AT T A AU, A A 1Y
B RUECE B BRI A, IR HE T TR 1 AR e
Al RE S Z BN, i O A AR e liEFEE E .

BB BeFATT e 75 A A 5 o LR A
WAL e e BRI, A= R AR R 58—t 2 A 2%
IR EAE, DL SR e R S () S R . B —
Fifr i FH A9 SR M2 Lord (1980)48 i1 i 5 T K Fisher
& B B (Maximum Fisher Information, MFI)3E /&y
e, TR R B R AR 5517 2 i A e i A
Y, Bl NIRATIY CAT &SRS, (B H %
AW 5 W AFAEGREE (Chang, 2015) 5 R s 2
Chang, Qian 1 Ying (2001)42 H (194% b /381 a-43
JZ K % (a-Stratified Strategy with b Blocking, BAS),
127 VR AE DN 56 ) T4 e TR DX 43 B A A R LR,
[l B s/ 7 BE RO B H 4 ek, S E kA
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I A B S B S AR SR B Ay 2 R A, Bl
A7 TR TR WS ()45 3 B T AR/ INEERRE 2 2, T
P v 1 R
2.2 ETh[EIE G HERE RO F L R SR B

PrRl L DEHERA A P Fh R BT
J 1) B 5] i € (User-Based Collaborative Filtering,
{401 Jia, Yang, Gao, & Chen, 2015)2x 3-8 5 4 /i ]
FUE A s I R P, SRS HE AR BT P iR 2 1 A
o SR H HERES Y EH P T E A PR g
(Item-Based Collaborative Filtering, 4l Pirasteh
et al., 2014) W3 I 7ET H 4 b 3485 5\ - =
L3 H B AR I LR YT P . F R
O BB E R h A R a2 T
PErb g B R, SRR EUE s, miH
s O A BEBE BRI KA R Z NS HER,
WA T BN S A G S H, KT A8y PRE
b IR A AR B T R N, K TR AR A
VER SEIHERF R B 5 — 20 o B 225 s e il — 18
A, LT O A EUE h SRR AR R 8 H BAEA 4S
KRBT B, Bk e A B AL
BEE, DAL RSB RS T T — B8 H e .
S R g AR AR AN, BT A
ALK 0-1 THor a9t 2, AL 1 2 A
P el S P AP 2SS, gt DA B — 43 7 i e i
L R U AL EE, THRE 4L, S
TR BRI HS AR Z A AL BT X S Fi s E T
AL R E AT A AT e AE T — 3B B H 2 58 Ja w A
FE AR, XA LYK —IR 583 CAT
XA B R RG0S ], R e R R T
FIH G BT 2, T ks o

BNV 5, AT R PR e IS
R HIE T CAT 5. —Fele B RS
MHT A AU AT DRSS 5 AL A R AR W] ) —
BH, XT3 —Fh L R HETE R R S, A
B B Z8058 Gk . ) — P . AU
YR EE A RE A, AR E =
BUTE N A, A A A5 B — ol (] 22 %) o 0 O
W o T X PR ER PT e 4R B 22l AT R
7 B A B RE B T BE A AR AR H BRI A
TR A, e 2y B B DL BEMLIE B 00 1 =0 2, Bl
LA AR & — 255 F A AT DA il H RO R A9 T
#:(Georgiadou, Triantafillou, & Economides, 2007).
2 T U R HE T DR AR . A ) R T R
77 (Direct Examinee-Based Recommender, DEBR)¥

JIT AT FEARL 225 125 i) — B 8 H 5 Y i
TR B H B BN H, b B L
—AUE R YA BT — 1B H o AR T
W4 H#EZF (Indirect Examinee-Based Recommender,
IEBR)¥ Gt i1 i A A B2 R 3 24 58 A U 1) S if fig
FIAGTHELRTE L, K 21117 25 R A A 220 H rhovfe Ji2
ZH b AL TG BAE A &R H, e
LA — Ry MR E S 1) T —1E8 H . K ae
fEHES b SEUCEE SRR S T 2200k,
i FVCHEL b S50 J7 A0 T FMIUAMHZ 558 B
I, PTBR e R B, I HLAE AN A TR BE A
HL Rk H B A i B 4 (Chang & Ying, 1999).

TERDREOUT, 3R R A 1 16 AR et 1T ek
AFNATHER B E , ATFR M IEBR I . BT ]
DEHERA A st B i, CAT R e i A7) iR
WY, AAE S BT AR BINZ A B AR
B — BRSNS AT R A THE . YRS B AT HERE
UE I, R S TS R A AL b =
BOEBET —EBH . B THISCITRICES b Z50048
KL, AR AR B A 2 U AR R AN T A T
Yo ], FEAEER oA B MR TE IS AR £ 8 Hh b i,
TR VTR A2 H, B IR H
T 2 bl UL, ASSCHR M ) e e 2 R W AT
T TR (4R A, FECRUE TR AURS BE A IS 0 T
JS] g v A B

30 05T 1. FETRDIBUEMLA [ 2
1k 25 B e RIS AL

3.1 fAREIt

5T 1 B ARFE A5 WA 520 CAT 16 8UFIHfE
HREWMHN R, B, HEEEA R 155108 R g,
A AN TR B A B B, 2 A 2 5 i) T e
A 8 R R Mt 1 I 7 ABEADL 2R A7 Ay T o 32 0 s
) 200 RS BE Y FMIL 2 R i 42 il |t g iy
BAS J7iki. HOR, RS E EE IS, A A [
B I O B I, 75 2 5 e P A e 1 A
MG IR 7 BSR4 20 18 8 H 1 40 15 8
H PR LR 2610 o AF9E — 3k 2x2=4 FPEHL 55 1 i 21
&, BRFEE R EE 100 1K,

WEE 1l F RO RS Dy 400 18 0-1 1173 Yt
H, &#3T =28 Logistic BAI(3PLM), HIHZ
B5 UL WS L 1Y 1% & — 2 (Barrada, Olea, &
Abad, 2010; Cheng, Patton, & Shao, 2015), X43JE
ZH a N IEZ 504 N (1.2, 0.25), MEEESHb IR
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FRUEIEZ 530 N (0, 1), 55 S5 c IR IER 531 N
(0.25, 0.02), a 2305 b SHUAF 1 T & FE BE 09 1E AH ¢
(r=0.45), ZBE EIHE S SH 0 lMATHEIER 5
i N (0, 1)o BFFE 1 BRLRRE R . e S
T A SFE s ) 55 — L F 1000 45 25580 HEAT CAT K4,
A U — I A BRI, SRS (T T e R OR
W 25 G o — it O A 22 R B, XA AERY 1000
ARSI 5 AT AR R 25 S 1T CAT #Bifbl, Be i flk
TR R DUt B S 5 R L . i BAS SRS,
FRE Y g 4 )2, BEEE 100 GE8, A4 24 R 1 b
R 5 8 10 AR AT — 2. 7EFFNIN R
JEE B 2 F T I A BE DL B R E A 0 RS R R
T LKL
3.2 iFEMIERR

AWFFORAS LA CAT VRS S s e A b L
HIPEM 45457 (He, Diao, & Hauser, 2014), X% 8%
TS HE 7 B I A R AT R ' SR g Sl ) 1
HEATPEMY o [RIET R H — BT HR b, T e 4 i
TR W Xk LA 25 A B T (S O o B AL 2
P B2 53R 100 BRI o ASFPEAN T
B SLANF

(1) ¥J71% 2 (Mean Square Error, MSE):

Ih s 2
MSE:ﬁ;(Hi—H[) (1)

Hoh 0,45 @ S5 H R REIGTTHE, 0, 05 i
ZE R B HSLRE S IME, N — A s A .
(2) FI4a X} iR 7= (Mean Absolute Error, MAE):

1 < 4
MAE:W;‘(@ —ai)‘ @)
3) Eiﬁzﬁﬁjjﬂiiiﬁiégﬁﬁjjﬁﬁifﬂﬁﬁﬁ$ﬁﬁé'bﬁ:

N — A ~

E 0.-0)6 -6
oo = lo-0(0-3) 3)
’ SgSé

Horh 0 RS, S BT 25 B LS 1 A A9 449 8RO b
Wz, O RS, H T R B B ) I 1
(BRI IE 22 .

(4) 5 SCPRIE R S A B R OT (o)

N

2 (ri_L/K)z
x—;—jﬁj— 4

by W5 1A B H BEER, LK, KN
J5i %2 75 (Chang & Ying, 1999).

(5) M4 B (Overlap Rate, OR), & X NAE:
TP UE AR H AR R L

Ea iz %518
0R=£><Sf+£ 5)

L K
Hopos? S BT A A B R s (9 )5 22 (Chen,

Ankenmann, & Spray, 2003),

(6) B YA (Underexposed), & X A i
st ry 8t H %5

(7) B3 B (Overexposed), & A BEGHE K
T 20%9 8 H 4L

(8) & 1# % (Utilization Rate of Examinees),
FE U TR TR W A YR 0 AL S R T A R AL 2 A
i e A B ),

BAKMT, /R s o I 54 B B PR FE bn A
=B R2E SRR 25 R DA THAR DG
PEE R PER FE bR A WA . R 5 (ERIBREAS 2 B
SRy SRR s o R A = v = W PR L G =
WO ad B R E R R R R U TR
AR T DA 20 C A B EENIEEERE N
MHPAE FREENHE .

3.3 MIR4ER

TEER 20 SBEHK) CAT W, PIFIM LGB
I A A AT 225U B R R S UM — 2. FMID
R0 R B A e, (H R IR 412); BAS By &
K BERAAR, 7RI 622 4 VB ( ] 7 T S 4 (L% 1),
i FMI 2R U © A7 20 05 i i), DEBR (900 4
KEREHGE, 5 FMI AR /IME TR, LT BAS
A IEBR, HORWRMGE 180 H AN 5 1 ] 4
IEBR Xl [ B 5 8 ) 4 1l e A2, 7 R 82 ) R
B A AR bR AR T B R, TR R IE—
SEAG FE R RTHR T (5 T BEMLZE$R 8T H D kS B ) e
by FRAC b I8 5 (i AR AN o ol 128 0 U T RO
SR BT BU R, IR 58 I — I 56 B A A TR Y
FHE, R DEBR Y280 I 4405 5 T IEBR.
i BAS A=l O A B3 B i, P Rh e e
NS S BAS MU ERE AL, HEFLITEE
A A DRI 2 A A ], A
e A AR ]

FEE K 40 TEEH K CAT H, 145008 155K W il
HEAF PRI R L 0 S 20 TE S H i AR —
B, M FMI Az B ECdE F, DEBR 51k B0/ K
JE, KWW T BECAS R A H %, TIEBR 4 128 UK
FE 5 BAS $5F, 7RI 5 2 4 R FH () D Fh 48 5
FRUGR B TSR T B PKF . i BAS A
BB G I, PR 7 R W LT A P R
RIS TR B ) FEEEATS A 42 T+, TEBR (4 T R 2
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i T DEBR. 7E 5 K (19155, DEBR 1 IEBR %5
FE VR T g, S AR R R A

FFSE 1 RS TT 0L, Fh AN [RlAG 40 3R A A 1
AN TR A5 B © A 28 R B 2 B 5 T 4 o o A
SR R B QR A FMI AR SR — it e A
BT R, R AR I 1Y) 2 LA SRR S R
JEREEH, WO E BRI, HLE A LAY
ik —E XS FE, DEBR B ) 8 2 /N T TEBR; 40
Al BAS A MEE—HE A B EH R, CAH
i v PR PR Ry 34050, R A 1 AR s AT
FERG BT — 20 et i H R i, A4
JHFH A N IR A T8 A5 T 230 o D6 B AN 52 e 7
WG TERE B BE TR S, (B AR mAE# 1S
B 1 R 2 R /IN, A48 T 1 4 A R 2 R R o,
HD R R A

4 JCECE 1 1L B 3R s A ) T D 56 4 B A T
B, ) 1 AR s 1) R BT AT R 22 5, X
FAS— SRR 3095 B2 A WA E T AR, BT fg
T Ao 5 M A% G0 R W 119 28 3 AR A 8 A B 1Y
JE (AT bR B4 XF RN, o nT R 3d i AR
B 0 B S 5 ) B R UK i ) R, T2
T BRI K BE, H 55 — BB g s & 1 07 =
B R, BN, TEREST | R ER AEUE BE 4
S P A5 8 e AR s A A, T R B R A A
VEBE LSRG, HEFEL SR N (5 m] U 3 B 2R iy
B, I B A 45 B A AR

SEMARRTE . WEIE 1 AR T RSB, i 24
HBUR T ot — P B A AR G I R B . Bk

[ R AEE ST 2 rhitE— 2B R

4 BT 2. FETEHIEEM G I
i 4 8 R R S L3

4.1 MR

HIF5T 2 W 78 B FE B A I B T 28 SR M ok A
RIG IR, H oG, B EIGEE, SR A
EEADL R P AL, HEFE R RIS ) R B2 B 32 3
s LR, RS TR R R i O SRR B I 5 2
Ak, T DL [R]— 0 A 1) PR AN [] ) 25 0 4
WG WA G I G s, HErELaRmg &
A ATSAT B4 0 0 S R B RO 75 0 A L R g
il 7 W B AR A e A P H Az L, A
PR RGP P30 H Yo A R R R & AR
W EHBUE, MIAFSE 1 3G 50 3 0 g 24 22
[l 25 5, AR Y A AE T P — H PE 4R
M B R AR B, AR SR TR . S T
il —Ap i, FERFSE 2 R AT 20 IE AR Z BRI

IF5E 2 8 FH TIMSS 2015 /\AFEZRL24 56 1) 276
HEH, Hrp 125 85T 2PLM, H4x 151 1885
T 3PLM, ZEES o ZHEM oM REZET T 1
T, XAy BE A E T BN, b SR AR
JLE/NFRUE R, JEH b ZHUNT 0 RGBS
HANZ, 3PLM T H B ¢ S HCEARER, v 0L iz

F1 EIEET &M KR
T A1 5 Yirii2e PHAERGEE RRAMGTHEDC RUE WRESE BEUAR BOLHEE  FEE AR

EK 20 EB

Fifi B1. 35 0.323 0.449 0.829 2.595 5.56% 0 0

FMI 0.090 0.234 0.954 127.852 40.80% 315 41

DEBR (FMI) 0.141 0.291 0.930 66.341 21.83% 22 29 14.12%

IEBR (EMI) 0.242 0.383 0.872 8.712 7.09% 1 2 2.53%

BAS 0.224 0.370 0.882 14.164 9.00% 46 6

DEBR (BAS) 0.217 0.365 0.884 11.246 8.25% 44 4 4.25%

IEBR (BAS) 0.222 0.369 0.882 11.187 8.15% 42 4 4.66%
K 40 15 H

Rl BT 0.198 0.354 0.890 4.572 11.05% 0 0

FMI 0.052 0.178 0.974 118.335 45.72% 240 80

DEBR (FMI) 0.089 0.228 0.956 95.045 34.38% 37 78 19.77%

IEBR (FMI) 0.126 0.277 0.937 7.571 11.80% 0 15 5.19%

BAS 0.126 0.278 0.932 18.962 15.03% 14 36

DEBR (BAS) 0.125 0.276 0.933 15.930 14.27% 13 27 6.98%

IEBR (BAS) 0.128 0.280 0.931 12.012 13.25% 14 17 7.22%

T 165 N9 A A 25 R i R, T I
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JEFRAR TS 1 A BRLEE . BF5T 2 1R
TREN « B PC AL ek R s X 2 — Y 1000
DEE AT CAT B, A pliss —# O A A E 5
Wit KGR S BRI 25 5 50 — I A B
BdE, X LAY 1000 44 6E 7743 A M R A0 25 U
PEAT CAT BL(ZE S0 1 ARHI); fm K
fit3t 2000 44 %80 PEAE G IR R O A 28 E AL
i, PO T 18 SR W X 55 —4IE Y 1000 44 g
F150 A AR ) R 22 A8 164 T CAT BE48L, {1 BAS 3R
WEES, BSR4 )2, B2 69 1M, RAEHHTE
R s EERIEAT —2 . WF5% 2 A lss—
OB AL G e IR I, 288U i FLICRE 1 20 A, g
Tk, EE YA PR AR SASE 1 AHIA
42 MARER

5WF5E 1 2088 H T LSRR L, SR
J& FMI 1 BAS Az iR A0 4 i A 28 B B8 o %
23 2). [ FMI A A5 — L E A 24 8 5L
Py, TP e R s R B S5 1 AH IR 4
R, TERIR s B H g 1 W], DEBR HE{F
FEAARRRE B, IEBR (18U 00 5], WFpHER R
M ) T ) 225 R 3 5 b ol PSS 4 A I i S 4 T
VT —1i5, DEBR /53 5 T TEBR . #5 FMI 5477 06 51
SR B AL B AU BE 5 O, XA A
R LRI, VR T 7 SR s AT e 3R il 1) i
AN, DEBR MRS IR 25 T IEBR Hl BAS,
IEBR X 8l H B S 5 0% 455 1] 3k 21 5 38 1) 7K OF,
DEBR #il IEBR & 2| it AH DU 5 Bl 40 5 6 01
FEARAAR, T A IR 1 A 2 A B
EUE PR R IR, S8R5 1 T 208 H T
g B

i/ BAS A= i 56 — ik O A7 28 0 A3

PR RR IR SR () e R 25 SR AH T, DEBR 7EKS BEHE A
EREA T, IEBR #F— BRI T R J7 (B AR 55
TR, WHMEBE R REA 3, 8T FML T 1Y
K. Pt BEA IE G, DEBR Wik T 564 4>
FE PR, TEBR (0SS0 hn B ad, 000 45495 B Py 5
RALFHEER., EEEENE, 5
DEBR & 21| i AL 25 835 B0 BB A, (A5 0 3R 3
AR, TEBR 54 I i 8 Fi 5 225 R0 8 B AR IR, 9
FH AR A R 46 /N4

B 5% B SR T T A R Y R SR AE P ik
RPN AYAE Tk, AT DASE B 38 M 2 Bk — AR {5 25 A
FHIH RN AR EA — 8 . FMI A e HcHE s
(WL 1, 21 2 6K 58 4 359 50 i) AR R O R

Fo = % =0.072), DEBR %/ Kt 1 BB S5 1 1

FER/INE 1b), 55 —F 1k 2 F 0 3230 FMI (& 1a),
RGO A VBB TR B A RIE B, Hmi
BRI R BE T = 1 IEBR £33k H T Z A%
A, PR R Y IR EE R R (B 1d), A i A5k
AL H 2 5 R 2, 25 A R P SR A {55
o AIFBIRIATE 40 BRI, PO 5w AR 7E I
A LA B HCGE RSB 1o Fil Le), WHZELIR 4
R BERRAIG, B 0 R/ 5 DA S 3 1 B 8 235 R AR
HUURES, (AR LU RE BAS Az i B A I G
BLCULIEL 2), 5 —f 18 R0V ol 4 5 SR W 118 A A s 3
RS R+ 4088 (K 2b R0 2d), BT
BAS A — & 45 il € 71 (1€l 2a), DEBR 1 IEBR
(TR TR ERAL T FMIL 25 WA R 12 R ik 1) v 1)
IKF- . 55 R e DEBR RS ik 3] T HAL AL IR G Y
BRI 2¢), FFFA AL, IEBR 578 0 o0
IS FR 3 S FE B (] 2e), VAR FEREAG. H

*2 BEBESERTSEMRMKARI

T4 A1 O YiriRes PRW4XNRE RIMNIHEX RAE WRESE BAR B BB IMAER

Fifi #1325 0.320 0.440 0.830 2.551 8.02% 0 0

FMI 0.152 0.307 0.922 150.511 58.48% 214 33

DEBR (FMI) 0.190 0.341 0.901 101.793  40.81% 53 38 25.04%
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Make adaptive testing know examinees better:
The item selection strategies based on recommender systems

WANG Pujue'; LIU Hongyun'~
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Beijing Normal University, Beijing, 100875, China)

Abstract

Better CAT item selection strategies may be designed by making better use of information from previous
examinees’ responses. The past examinees’ data serve as a valuable reference for selecting items more accurately
and evenly for new examinees. However, most of the existing strategies proposed under the theoretical
framework of IRT only use information from the current examinee and fail to take full advantage of past
examinees’ data. A collaborative filtering recommender approach from the recommender system literature is able
to find items that best match one’s preference by utilizing information from others, which shares the similar goal
as the item selection strategy of CAT. Therefore, the present study adapted the underlying assumptions of
collaborative filtering recommender and proposed new item selection strategies which take advantage of past
examinees’ data, and then investigated the potential factors that might affect the performance of new strategies.

In light of user-based collaborative filtering, we defined similar examinees as a group of examinees who
uniformly answered the same items, and proposed two strategies, Direct Examinee-Based Recommender (DEBR)
and Indirect Examinee-Based Recommender (IEBR). Two simulation studies were conducted to examine the
measurement accuracy and item exposure control of new strategies under different conditions. In study 1, a
simulated item bank was considered. The recommender-based strategies used two different types of past
examinees’ data generated by FMI and BAS, respectively, to select items under two fixed-length CATs. In study
2, a real item bank was used to test new strategies under a more realistic setting. The effect of combining two
batches of past examinees’ data from different recommender-based strategies was also investigated.

In both studies, when using past examinees’ data with high accuracy but poor item exposure control
(generated by FMI), the recommender-based strategies greatly remedied unbalanced item utilization with an
acceptable loss of accuracy. When using past examinees’ data with better tradeoff of measurement precision and
test security (generated by BAS), the recommender-based strategies kept the accuracy at the same level and
further improved item exposure control. More specifically, DEBR focused on maintaining the accuracy and had
lower measurement error than IEBR; IEBR was good at improving the control of item exposure and made better
use of the whole item bank than all the other strategies. These features of two recommender-based strategies
were stable and consistent under different item banks and different length of CATs. The extent to which DEBR
and IEBR demonstrated their features was influenced by the quality of item bank, test length, number of past
examinees and strategy used to generate data.
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In general, this research successfully combined the recommender systems with CAT item selection methods
to establish a new flexible framework, which is an unprecedented innovation upon the traditional item selection
strategies. This research also provided empirical evidence for the value of past examinees’ data and the
recommender system approach as a feasible alternative option for selecting items in CAT. Finally, suggestions
for future studies were provided regarding investigating the proposed new strategies in various situations and
upgrading recommender-based strategies for more CAT conditions, including finding diverse measures of
similarities between examinees or items and employing more complex algorithms of recommender system to
meet the demands of large-scale tests.

Key words seclection strategy; past examinees’ data; recommender system; collaborative filtering recommender;
simulation study





