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F—RR PR, BREZEEH T . XS5BURTE
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W, 0 N(x,y) RARBIER 2. FE Ry WIES
43R
2.1 Hk
2.1.1 #WKMBE HEVE MR HEIES S A
HrdEX 1000 Z A HBE I BB (0 ~N(0,1)), &
JEREALAE B 1000 N5 B IR B8R , 101 B X 43 B o Fl
MERE b B 5345 o3 ) R 5 BObR HE IE S 43 A (Ina ~ N
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RS BE AT B Z 68 1 Bsi . 53 4b, R A AL
2 fliT sk e e IS R H R EAS 3 1 A PEM 48
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BB B . TEBRIMMERY B, th F X9 RE S — 6
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MLE J7 iR 71 . 72550 EAP 73kt , i
fE 1 R MR IS A MR KA AT
20 A, BLAMGE R A 135 WK B K T 20 Y, L
S AR 16, SRR E TR N T IS,
FESEIL MLE J7 Bkt , BURUR R0 00 A 2 AR 85
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7 1 ORI Beta {ELHTX R ABS il RMSD 453
P 1 BT, FRATTHERERD 2 78 045 5 a5 A
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Beta

B 1 SRJHEAP Jrgkif, S8 1 th R IR ) Beta {E XL B ABS
F1 RMSD

BiR. WLV, BE% B — K IEE WIS
B CE B ZIREEMIEE(E R, T B H &R
JRLL 0. 50 IAUEINAN LR & , BERE X Bk A T B A B
HiFFEAH . 24 0 <Beta <0. 50 B}, ABS 1 RMSD {5 #
B Beta {B P34 KM/ o HE 54D, X4 Beta =0 B,
ABS J RMSD {HER X B & K, WRIINRTELAE
EHRE —RAEE RSB, T R % RS —
WAYEZAG B TE, X B8 1 il 1T s o e e 2%
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E A3 R3S K FRAIHL, 24 Beta = 1 B, ABS K&
RMSD {E#REBIR AKAE . 6 R % el 58 — IRk
BEWEERER MRS B —RIEEE R
B, TR BE AT AR B . R A 2
51/ ABS F1 RMSD A LA/, {38 B A WA A 1
F Beta =0. 50 I AO45 SRAHH

0SB B PR &5 Bt #E T 4e it , JAT ik
AR B —245 R (1)66. 80% MR 1T
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25% (B H F IEBR U AR IR

F5h, B RR R MLE J7 84wk e
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XEBA——ER,
2.3 4

AL A 1 13 SR Beta B 25 XF
RN . AT R B s —
WAEZEWTEZ{E B (Beta = 1) 3 H % B — K
YEZWIFEZE (S B (Beta =0) , 2555 B IR B
HIVEZ4E B (Beta =0. 10,0. 20,0. 30,0. 382,0. 40,
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T ARG T —WARE MR B IR ZIC %
PRAY, T X2 — AR & B9 5 B AES 18 (4B Beta
=0 WTEBL) o ASEEINT 3L G 07 I I AT
REA TR M i 22 , XTI G 7 K
f—Fp Pk, TE, BA 2 15 SRS R IE A [
REL 1 BSEIR AR . 7350, WL R T A RS (R
BTG R pak gt e s RA A0
BERPEUG TEPBE R E R, KR E R R
R IR, TR A SR IEF SO R . X SHTA
OB T 4 Rt AR — By 2

SR — il BT 5T R B, BE % S8 s 18 T
BB IR (R B8 1B O TE R A B By BEAAR
5B, T EBEELL 0. 50 MAUE ML A, BB XS
PORHTROVE B O . T REZR P, K
7 BB X 3 40 O 3 B AR U X ) Wainer
AW

3 LI

ARz T Wainer SREBE ) CAT 0% Wainer
Fmg CAT,

ARSLIGH H W REFTHIES F R T, @i
Bt B R 5 Pt Wainer SEBE I ik, AL F
B Wainer SR CAT 75 3 /) 88 1 1 +1HE, i i
RS A R 3 26 B8 7 1B AR D 22 A AR MR A T 1
o TEBHLl Wainer g HE CAT it BB o, AT TH —
AEAMRR A W RATE B 38 N B B R A IR
BRAETHE , MEBRBRENEE. I TRIE
Wainer SR (8 FA X B8 7 £ 1+ 0952 i, ALK Bk
7£ Wainer 5% CAT TR 35 i/ ith £/ 52 CAT
FHRIHAITT IR, BN SH T Vispoel 7£
SCHR[ 8 ] Hrfift F B T
3.1 H%

3.1.1 #RKAEE BRI ESLRR S 0 Vi
B[ -3.20,3.20], 4K & 0.40, B2 L4 17 16
F1IKF o TEBANREIIATET , RATERL T 100 4 %
IRAE 30 NI E R PEZE B (BP LA HL 1700 4 %%
X 30 N HEZ ) o R A Monte Carlo J7 A5
2580 1000 (988, H Ina ~N(0,1) b ~N(0,1),
FRATH MBI c HEHRO0.15, b AT -4 F 4
ZB (AR TFEE—), a - F0.20 £ 2.50 ZJA],
3.1.2 JUBKEMLIEMMN ARELBHZEEKEN
30 HIE KAESE CAT F1E K Wainer 5FB% CAT,
3.1.3 SRR AT B, WK, B e
PUth/ M 7E 15 G5 CAT L WIFEZ, SR )5 1 Hl /b 7€

Wainer 5H% CAT FHFEZE . ACEH—FNHT
RFRAIFBEUE R CAT BHLS#E (48 B &E L
BRI 2 B BB B ) , o i I SE N B B B AR S
BT RHIME S CAT, Fr LA LI Hh AE 58 CAT 54U
UL BB B B L — iR,
Ab, BT Wainer FEBE 198 2 = L 1E R AT B
WERERZ |, BT A Wainer $E B CAT BYPFEHLIT
BELbr EAEME - ATREIIFBRERDY
CAT Bilid 2, T &, A LLH Wainer 5K Hg CAT
HWED SRS LE P ARATREIFBERERN
CAT AL AR R, A [F] 2 Ab 78 F 5% i i AR U4
%, Wainer %Elg CAT 7 H & B B BB plolit =
BREEMANE (AR smEAFEE), ME
KU BB R 2 RS, kR LR —
38 B B B R S T ¥

% BB WA AE Wainer SEHE CAT [ 538 B B B
W RIEE AT E , Bt LI7E Wainer 5% CAT
) B3 N BB A BBk A MLE 5 Ak 11k K 9 B )
Ho BT G— A3, 551 CAT F1 Wainer 3 B
CAT (1) B 38 r B B AR AR 4 EAP BB 1 fliTHE R L RE
ML G, & SE CAT T & , #k i EAP 88 11l
THMEE &K% , AR IRl 5 Bz ) & F MLE 53
N AT AR b/ fh ) MLE 88 1 k1118 ; T X} Wainer
FWg CAT T 5 , IV LR G B 1 & V, 5351
Sk Fi EAP F1 MLE 77 7] DL 45 3 fih/ 1tk 4 EAP F1
MLE B/l iHE . #5520 51+ AH B i Al 14 e
R (X EAP J7 EER U, A IR 25 B0 3 A0 AR 22 5
X MLE J5 32 5% 36, A2 T 515 8 2 31 50
EHMR) o T, ML G B3l E A 8 AME,
Hrr 4 ok 458 CAT RBEIIEER, 44 MR E
Wainer 5 B CAT MBI 45 R, 4 MEH 12
EAP g i fliiHE, — 12 MLE Re 1 fhiHE, — 12
EAP fliittriiiR , 8 — 1~ MLE fhiitiriEiR. 78
B, Wainer i CAT iy 72 b, Bl A B IRPES,
R AA7EE W P4 A [R)8, A7 1 o Beta =0
RABGEHIF 7 2, MR L H— K I Beta =0. 50
BTRE IR B R R . RIARSE G 43 Beta =0 1
Beta =0. 50 FiFhEHITIE
3.1.4 geAhfhitAE  RA EAP F1 MLE J7 B4
THHKEE S . ZESCBL EAP J7 ikt , iR RE 71 S 0 4
T RRHEIES /M o SR A KT 20 BF, 4
S5 FBERN 17 s K BE R T 20 B, BRAM4S s8R
R2l, XHBRREERNT HHEEBEHE. ELHR
MLE J73k B, 155 302 P R 24 68 1 kAR E il 78
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[ -4,4]Z 8], I H A& B K RE 1 Al 1B ARG 3
WHCR T 20 K, BB AT E ARG EEE S 0. 01,
3.1.5 ETIRRE MR (SREAEE) Pk
FEE S8R SRR i HMERZER A .
3.2 Beta=0 BFMIXEERR S

BHERNIKE Beta =0 MIFN, BEPIFES B R
Z R ER A B B ISR B, A% Bl
1E 5 N BB VR B (Beta BUfa {3 22 241X
Wainer 5% CAT s , 5% CAT %),
3.2.1 EAPZREEH#F Beta=0 H R EAP ¥
TREST, BB 1A T B i 22 B A R A b v 1R L 2
Fim o

(1) w2

2 AR — N ER A AN BB 1 7KSE T 100
LR E, i, B 2 (a) FIEE S IR 2= 1E
BB IIKET 100 Z30R 58 it E S B
RESERZ R FIME ;& 2(b) BRI Al T hr R
WRFENEESI KT 100 2 X0 Al iR iF

BiE., B2 95" BB RIEG CAT BRI,
R EBERENSBIEN; W “E7E” EHIRR
H) & Wainer FElg CAT FUBIILE R, MBI 2(a) ]
LIER,EAP FIEFERE I i P A E B 22, X
A& H BB 1A THE & T SR 50 2 A0 S48 Y 181 5 2800 i i
B . HTFREIERNE N, EAP FEAE — 4K
Fm 2B, BIMERA 5 B8 1 AR, B Ak K RE 1K
ki, Hpkikae ) BAE 5 R B R AR T AL
B, RS AR  XFER 2(a) 1Y Wainer 5 B% CAT
B R P RABIEFHE, 55,7 -1.60,
0.40 ] ¥y ELSZ BB J7 Y Bl P, “ B B ik 3l o 4
Wainer 5% B8 1615 2| 1F f 22 (FEXT T 1548 CAT),
T 3% 22 95 BB HE % /N, A 0.07 3 0.26, Hu5E
UL, XF T R EE 1K # itk Ui, BV b/ fth 2
i F Wainer 5% W&, B8 7 &5 £ 22 BE R Ko T 7€
[0.80,3.20 ] Y ELSCRE S5 BRI, “ BRBA” /4 3K
13 F Wainer SEREZI1F 2] T ™5 M RAG , B E R
Al HBLAE 6 =3.20 &b fRAGMEARI T -2.26,

b.Estimated Standard Error for EAP

Estimated Standard Brror

True Ability

B2 Beta=0 3R EAP Jrgknf, BEJIAG T 22 BAH B B9 £ R iR

a.Bias for EAP
2.50¢
2.00f —— Regular CAT
1.50] —®— Wainer Strategy CAT
1.00{
2 0.00]
-0.50{
-1.00{
-1.50)
-2.00
2500
FEEEREEEEEEEREEEEER
ARICSLART " FRALCST RN
wigigidid—SS SS——daiae
True Ability
(2) PrifEiR

B 2(b) Ern, HHaR E LRSI, B Wai-
ner SEMELE PR 1T H LR B 518 , T is E R
MR . MEESIZKF - 1. 60 JF4f , Wainer 5§
W% CAT 7 A= il S b E SR L 8 T2 4t CAT Hdm
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Research on Computerized Adaptive Testing that Allows Reviewing and Changing Answers

CHEN Ping'”, DING Shu-Liang’
(" Developmental Psychology Institute , Beijing Normal University , Beijing 100875 , China)
(* Computer Information Engineering College , Jiangxi Normal University ,Nanchang 330027 , China))

Abstract

In the past decade, some paper - and - pencil (P&P) tests have been replaced by computerized adaptive testing
(CAT) within many large - scale standardized testing programs. However, many researches and applications on CAT had
limitations because most of the CAT did not allow examinees to review and change their answers. Among the operative
CAT applications, there was only one that incorporated item review. Not allowing examinees to review and change their
answers would result in test pressure and affect their performances. M oreover, a majority of examinees manifested a clear
preference for item review because they believed that the inclusion of item review made the test fairer and considered it to
be a disadvantage if review was disallowed. The CAT test organizers did not allow examinees to review and change
answers mainly because they were apprehensive that examinees would use the deceptive Wainer strategy in the review
stage to obtain positively biased ability estimates, consequently affecting the fairness and precision of the test. If we

could provide a solution that not only allowed examinees to review and change answers but that was also able to deal
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with the Wainer strategy, the meaning would be great for the development of CAT. Until now, there have been few
relevant studies on this topic worldwide. Moreover, the previous studies had a nonnegligible disadvantage, in that the
researchers only recorded the answers of the review stage and used them as a basis for scoring, without considering the
answers of the adaptive stage. We assumed that comprehensively considering the answers before and after review could
produce a more accurate ability estimation. Therefore, this paper employed a new scoring method and attempted to deal
with the Wainer strategy:

V, = Beta x U, + (1 — Beta) x U, .,

This study involved two experiments. Experiment 1 used the Monte Carlo method to simulate the entire
process of CAT that allows the reviewing and changing of answers, with the aim of investigating the influence of
different beta values on ability estimation. Experiment 2 used simulation data generated by the Monte Carlo
method to evaluate the effectiveness of the Wainer strategy and attempted to deal with the strategy by using a
new scoring method.

The simulation results of Experiment 1 indicated the following First, comprehensively considering the
answers before and after review did produce a more accurate ability estimation, and the most accurate estimates
occurred when beta = 0.50. Second, the share of examinees who changed their answers was 66.80% ; further, 6.
40% of the answers were changed, and 75% of the modified answers represented changes from incorrect to correct
answers. Experiment 2 indicated the following: When using the new scoring method, the ability estimates generated
by the CAT involving the use of the Wainer strategy obviously diverged from the true ability values. Moreover,
the bias increased as the true ability value increased.

The new scoring method employed in this study was not able to effectively deal with the Wainer strategy
because of the abnormal ability estimates and abnormal estimated standard error. However, through a simulation
experiment, we found the following: When beta = 0, comprehensively considering the expected a posteriori (EAP)
and maximum likelihood estimation (MLE) ability estimates of CAT involving the use of the Wainer strategy
succeeded in roughly dealing with the Wainer strategy. Our future task involves developing a more accurate method
to deal with the Wainer Strategy.

Key words computerized adaptive testing, item review, Wainer strategy, Monte Carlo simulation.
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