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2 B3 )3 RN 5E B = ST R B 53 4 -
SRHENEFERNRRSRA

5 A F

R P

(AL TS 2 v [ FE Rl 2807 o i o P ) BB ey, dEsT 100875)

i B fEgER SRR, FEIERE A R — KRB, SRR R TR R BT B (E 8 o X AR
MRS T A EERE, A B n) BE AR T B2, 3857 B H ) S B T AR EE R (B2 SR o T
XoF IRAE R 7 B R B, FE ST I SR (1P-ASM) YA |51 ACY RTIRASTEMEZ 591 i 0o B ik — A5 £,
X WA (] R Rl o v 12 2] BN A T AR, 42 125 SR ST N 1Y) 1P-ASM # R AY(1P-ASM-R*), I3 i SEHiF
W AT T PPl BRI 1IP-ASM-R* (IR, 455 /R (D)AHEL T 1P-ASM, 1P-ASM-R*FEH I b 4Bl S UFSL
P, ()AL FR B | 2 U ANFE MR AR B ] B DA T 55 OARAE o B2, 76 0] A B RE ) o A A A g | A
2 2 BN REAS ARAT T I AERA 1) (] R A DR R DA T, D ad BREE i A B B i . A (R vk

REER I REOE, MR, TTH SN NS
2%S B84l

1 55

BEE OIS EE U BAWIIRA, B A i
TR A8 A% 295 2058 TN 390 0 L 0 5 14 55 DA R0 g 7 38 Wi
RN Z 563, X eI 4 Ty ik A 48 Y T v
Ko AT AR, ALK 3¢ B2 ) 8 e
W0 55388 2o AL BB O R, RN
b P RS S IC SR MARAT R R BT A TE H AR
SCAEH G I SR A L G H AR s RN 24 SR 4B 2
UOBL A R H 2 TR B8 LA S AT 3 I 40 55 4 A 1) B
s [] SRR 2 T P 25, S B i e PR S ok AR 4R
P& (process data; Hao et al., 2015; 3= @k 55,
2023). WA M B AR A B T T fE Bt
(S AE R R | i AR s R 22 XA 55

H wi X 2 FE o A ik et A TR ER
Mz, mARMSEITZ ] IR ks . RS

W fi HH: 2024-11-06
* ERHRBAIEETH (32071092)% Bl .
BEVEH: MRV, E-mail: pchen@bnu.edu.cn

T AT R, 7 R A 1 R s S B T vk
KPS s B S A gt AR R R AE
2022; FHFRIE 4F, 2022) . K2 22 BE SR S Y
AR ERRRIETTE, BRI h A AR
(algorithm modeling culture)f*) B i M it B E P8 24
KIEHABXWER, HIRGHE N-grams, FifEiE
B AE A SR1E H AL B ¥ (Hao et al., 2015; He et al.,
2021; Qiao & Jiao, 2018; Tang et al., 2020; Ulitzsch
etal., 2022)FIZRIS AT . P ML E S T4 > Jr ik
(Chen et al., 2022; He et al., 2023; Wang et al., 2023;
Xu et al., 2024), Gt A% e e el A 5K 5
A A B R EIETETT %, BRI G T AR
1! (data modeling culture)® B, MKIEHHRXIMEZ
I FRAROC I ISR BOR M GE B R, (i B A Y
it ny RE T 28k, My SE S & 19 H Y . XA
T3 FEALSG 224 IRT KR | 2 Wi /SR 450 B

"B A0 B I TP R, AR A A 2 I O AR R H AR g, oA AR B A R B, BN R G Rk
B BRI o SRR A% O B R R TR B BN R AL RE Ty, FR R ARSI A4 T AR 1k PR RE, TS & T T R A

ZIMEFR . SFF F M U Breiman (2001),
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A (Zhan & Qiao, 2022; ZEELH 45, 2020)F
B Eh JR AT SRAHY | Bl 285 DL 34 o0 2% 52 Fif Bt P AR 1Y
(Levy, 2019; Xiao et al., 2021)V) N 25-& BEMLILFE R
AH I AR (Chen, 2020; Han et al., 2022; LaMar,
2018; Shu et al., 2017; Wang & Liu, 2024; Xiao &
Liu, 2024; {7306 55, 2023), AHAS TEARAZ IR,
geitdk B 5L 580 B 208 00 2 oA ) 1Y
WE5E B8, BRI 7R SO S A7 o 22 ] 8 AR
K FA AT AR AR, 3 B DL G R B AR A
ATHAE, JFE A A TR S BOR AT X AR TS TE 4 o
JKF- B B (Borsboom et al., 2003), Ztit @ik
T TR EAE IR AT R, BB B AF M AT
T J5 0 B 2E AL

TG ERE T, R AASRMER A G LT
P A RO EEATRY X RBIRIZE 5 1 BEAL IS R Y
AL G BRI FE AR A DL 3R, R TR X 58 3 1 i A
Bl 5 BAFRE A THE (BRI 4%, 2022). £FX)
BAA R SRS B9 32 B A g 16 55, X S miALE
I vh B B ARSI — B H, BT T
PATIIAT AN I, JF i L e H W A RS
T AT R IERR T, WK REAEKE LSS B R
A e i 8 A A R0 <8 H B #E . o)
Hb, TELRERTERE I SRME T, X AR 4 44 9
Y S 3 B AR A Ry — A B S — B By R AT R
P B T T g Bt AL ok A (R N7 RS Ry A S k), I
H AR I 465 4o R v 1 ) U 25 PP B A 2 Sy A2
FF510>, A O BRI B AR AT 40 7. 7 Shu
ENQOL7)E WAEHFFE 5| A By /R ] Rt R,
J& SEBIFIT P LA R B R A AR A (B AEAZ B
[P i ) 303t A vhy TR B O ok — IR e B
B, BOlT LTI RN MEE R R AE D X7
Y BRS AT e, A2 2 R R e g
FIRYSZM, 3 52 B H ) U S Y 1 R )52
AR I WG HFR 24 2 R0 (learning effect), i 2 HY
WY 20 73X — ko

P B B B8 71748 351 H (Programme  for the
International Assessment of Adult Competencies,

PIAAC) H £ A 38 9 2R 353 T 14 1] 288 Ak e BE 77 0

PR BR, OB B E S TR T N R R
P, PRI AR A S A SR B AR T Y e SR, A S
XFRAF e IR TP W BEEX LS . 2MHT, LAIHLE 2 IR
VLAY AE 25 WETT R B PR G, X PR U B A O B
WFFT A0k ) Lo B A W FE 35, 3E 0L Levy (2020). Yarkoni Al
Westfall (2017)LA & Zheng %5 A (2024),

(Problem Solving in Technology-Rich Environments,
PSTRE)f#) Job Search W& A G T . 4nf&l 1
FioR, 2 E A A S FERER, s
TS AR S 2T IFAS R B TTIRT, X6 R A (7] B (7] et
RAS o TR BRI 56 TT 46 i o 1) R B i 1 A
SN GERER), A/t A TE AR AT A A AR AR 52 3 N
()R S5 1 T A AR E B2, DR AR X — s A
RREAY 2 [ AT B 2 i A5 0 Bl 3K 1] LA o B 00 ) ik 3
HR B 22

BEXT I — IR, H T E AT 228 AR f B X H
PEATHFSE . Eein, Wang %5 A (2023)25 4 H AR B F Ab
R M MK ARG S O R AR AT 5 0
(subtask analysis), K17 K ¥ 51 43-F1 Sk X5F AN 7] 5
55T 81, Hoh o3 B s T TRD R B A0 4R
RidFE . Tang (2024)7E B B /R Al AR AL B R ml 5]
AW, Sl RS WA AT 8 9814 5,
FEAEH P R0 B0 T ) R B R R B B (H
&, DA BIFTE SR NEE & BERLIS A5 S AR Y ) e A 27
X T A BE X R AT b o B8 T, AR
P BUAT B0 A R AT H R, SIS BIPIRSAEAE
BN A B IX — A, R A L A
TR Y 2 2T SON R AT AR, DASBIARAS S oo 174 1)
O D RE A THE

PR N AR IR LN 5 AT 8, 15k,
Xof A5 AR Xof o7 ) ] LA 45 kA7 B TR PR A A 4 4
B A R B, BB SR 07k Ok, @
1t SEUEWT ST OB AR R 5 R R B U5 R B, T
56 UE Hh AR Y A 73 Bt LS KA e A Rk R,
TP R ARSI 7845 2R 90 A5 2 1) 2 50l ik P e
HEEWN R, Ja, WOF5Eas R T S 45
it F e S IS R BR LA B AR T BE RIS 5 18]

2 GIASE TR A AR AR T

2.1 (B IFE A

X T HA A RGBT 032 B 5, iy o8 5
YRR i AT L APIRS P9 R RAE . R n £ 85K
SE K A H M IAE 55, TEALS5 k HILA R Fb
ATREI T ELIR A, 180 S, = {51,855, 5z} o FFBEIR
TEAE 55 bk E R EF I LN Yy =¥ =,
Yiy = 85,7, Xy :Sla”'aYikl,k =sg}, OB 7E5E
AT S5 kW B rhTERE 2] 1 AL TR s, TERFZ) 2
TR sy, TERTZ j AL T s, TERFZ 1, 20 TIRES
Spo Fe 1, FoR i FEAL S b RS T K
BE L BEAh, AT by = R ARPIRA Y, = s FEBER § 52
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Once you have bookmarked the sites, b- JobSea)

R Eind Your Job - JobSocrch com
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vawjobsearch.zam

ob Links
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vaww joblirks.com

Lookirafer ajob?
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Bl 1 PIAAC " PSTRE [ Job Search il 4 (#7553 5 1
7. B RIEH https://piaac-logdata.tba-hosting.de/public/problemsolving/JobSearchPart1/pages/jsp1-home.html

TS5 ke WREASRE PR A2 S . Hedn, RS
J¥%] ABCDEFG 1, R& C xfhir=3.

PR i e 2] AL TR s, FERFZD j+1 40
TRE s BB Yy, =5 H Y0y =5"), WHFBEL 72
% j ARSI N Yy = s, B AT 3E— 25 %3 R
REFHB P Y;c = {YiZl’ Yiltzf"»)/i/;n""}]ilt(lik—l)} o Af
BAREFEL E L— D IEF AR, BRR EAIRES
MR i 1, SRR R it oy 0, T2 al DLk
Yoo Gt A RS R IE B IF 9 Ay = {4y
Aiysts Ay A, 1y b o
22 HEEHE

e R A BRI E R P38 (Explanatory
Item Response Theory Model, EIRTM; De Boeck &
Wilson, 2004; BRIET, BRF, 2019) B9 P A X LA
)l PR AR N A5 A S AL R A T T 2 B3R, DS T 7
AT b, 350 I AR BT 5 588 L0 S TR0 g g L B . A A AR

 EIRTM At i) - DA i g 1) 1 S e B AR, K ASE AR - ff Ay i
ML (random component) . % 4% PR % (link function)Fl 28 4t .47
(systematic component), VR S8 W 438 41 5 R H RRAE F B
TR ST A PR AR 225 5 N AT 37 58] 330 6 705 g f1) 5

X 1 Bl AL BR 43 A 22 A8 A %% F1] 53 A (multivariate
Bernoulli distribution), % 4% PRECH FEL G logit
(baseline-categories logit), i £ 5t i 43 W) 244 Ttk
BSBOMGE 1 8 (RS TR ) T
F R TE A RS T U IE A RS e R i 32

M7EAS B A5 B v, Wk 4R VR 22 i 3R
A5 1 0] RS 4505 LR AN S8 2 1Y, At/ b JTAS 48 1)
BT e 2 E R, WERAESNR RS H
(14 ok 7 2 T AR T i DR A DG 15 I8, o Bl ant
X L) AR R B 2 R e LA 0 6 5 R v
IERRIRAS A MER . T Joik i 515 2 gk
X Il R AT B IR FREE, DR A A o S FE A
AP ACY BPR S EAEE e 9 b A X — 8 i
R XoF 0] R 454 B S AR R B A A4 3R AE . Y HIDIR
AL N T S e T kR [ R R AT 55 1
BRRWARRE . A EWET, $olfEdfREh s
TR B T R 5 S A DGR R -

T FiRa M, FRATX B B R A ) e A
RUEAT IR o X IR AT BRA B0 5 N (2023) 48 i
B PR 2 B AT 8 ¥ %) 45 A (One-Parameter Action
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Sequence Model, 1P-ASM)IHATH#i %, #iE K
A TR B H AR, 1P-ASM 2&7E Han 5 A
(2022) #& H 14 )7 %1 J2 1 455 AU (Sequential Response
Model, SRM)IP¥JEERl 2R3, & Em/ g
ZREER IR, A REHR AL 5 B R HE I A e 0 A TR
AR (DZ YR 1P-ASM ik (M B 45,
2023), ANQ)EHAZE 1P-ASM 7E EIRTM HEZE T
M AEM 82
exp(Bis +6;)

AuzlY.Azsjﬁi’ )= 1
Py =y P g vy
Ay; ~ Bernoulli(y,),
Ty = P(Ayy = WYy =5, 6;, By ), (2

. Tty
logit(my;) = log =B +6;,
1- Tk

H, B FAES kPRES s WA ES L, FoRTE
155 k RS s TR IEFUIR S H R 00 5 5 R
0. Bk i BIRE I BHL

TE 1P-ASM By 2Rl b, A ERRESAEIEE T
SI B ¢, X —A8, HHEHRBR y 2 CHE
% k W20 S8, A5 B R AT

Py =Yy =50, 71, Brs) =
eXp(Bys +6; + 7k lis) 3)
1+exp(Sy +6; + 7k - tis)

BARRUL, REBIATE g 10, By JERl |, 78
IRV RGBS I AR 1 o 1, 5 IA S5
(BRI B Fi1 0, ) ] e Bk U HE £ RS fige o TE A IR
SR, ENS SR, A S5THEILA
Wi ., w2 % W B 2R T n) U B8 10 A SR A
o Bk, HEPRESTEMES P b a7 B ixX — 28
BB 1% ol i 2 1 i 70 DU 560 ol R v B A R R 8 =
HpER y, MACRAEAE S kP X FiE BB B0k
JE o TR EULIH R, 2 RN 7R BEE I T RE Az 21 A
15 45 15 B 1 52 ) (R 3 A R 55 vh 2 2T 1 5
TAXE RN [A]), AT 5852 B9 > B 1 520
PR35 0 3 6 K 2 08 AEAT: 55 7KF 5 9K
EARWITRE B SRy, E AR SR b, T
S 7 S8 B BB ] 08 7E i $2 2 2T 2800 1 R B il B A
B AR R AT, % R B SRR o (il A A
55 18 B 8 iy (Wi 1] 1 1% 45 27 20 BB 1 K AN AR AR
KZEFY. bR L,y W] LU R A i e R TE
1555 k BT Re )1, ABah i, A0k A3)
X I 4 A ALE Sk 1P-ASM-R,

AN, (EHAERENE . #Hig b, #ikrEsc 5t

DU 55 v XoF ) R S5 A 5 T Y BRS80S
AR, M TEAE 55— TR I RE M R T £
FE, AT —EMRE, HRee NIEEE 50
IR Bl 25 T T, B (] U BE IR 2
=] PR A7 341 B I 25 326 U8 (diminishing marginal
returns). XTEG I AP RE RS 5
BIRBOC R P RECH MR BRI Z B 250N T 0).
Ptt, 76 1P-ASM-R (YAl [, ASWFoEiE— 20 gty
1P- ASM-R*H5 U R 2% [~ 5 RN Y 21 o WAC 4 38 it -
p(Ay = 1Yy =5,6,,7, Brs) =
exXp(By +0, + 74 L) (4)
1+ exp(By +06,+ 74 t,)

Horb gy = Sty WU 4, PEATF O B 4 U P40
B RS IE T LU S I (D) F R R
BoE— DA R TR RS, A5G Bl 25 3o Ul 1 B
ik, B e s Rz —; Q) F i
PRIELI S5 AT 2R, B TE B AT U B2 i 25 A8k i 3k
AR R R, IO 0E T J5 22 0 43 A5 .
23 Bt

SR DU 3 7 B WA S BGE A Al TE, BACR
FH W %8 IR i 5% 4% K ¥ (Hamiltonian Monte Carlo,
HMOC) 5o M EE TR 58 0 56 T Hh 7R AT SRk 1) SR A
e, HMC I FH G % R0 7 27 a2, s A4
YRR G R R IR R SRS ), R R A R
PR AR LT AR, DTS B v 42 ] b A = ROR A
RIS H0 5 56 50 A o

pO.7,B1Y,R)c p(Y|6,B,R)p(0,7.5) =
n K -1

T Tpiet i = 5:6:72 B P8 p (i) p(B) (5)

i=1 k=1 j=1
Hrhp6) . p(B)Fl p(yy) 351k 6, . B Hly, B9
5346 . %0 AFSE(Fu et al., 2024; Xiao & Liu,
2024) X SEER A IR E, X p(6,) W
HEIEZS 70 A N(0,1) 5 K5 p(B) BOARIMEZ JCIE S 7
1 MVYN(0, E), Hrh E BB, ¥ p(r) R
FRUETEZS 534 N(0,1) .
3 SCuREE B
31 HERER
WFFE BRI T PISA 2012 B3 ALk 1) 15 it

P 5 TICKETS A3t (CP038), 1EiZAT 5 He vl
T B4 IREOR AR — & M 000 2k I 65 S P 3K

TE(OECD, 2013), MM R SR A FRIRE A
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ZhHl(finite state automata) Y HEZL 4 4, How) s Fm

WKl 2 s
IEIHIHEI

CITY SUBWAY ‘

4

ZEDTRAINS

#l 2 PISA 2012 TICKETS %4 %1H

X G PV AL, gl B e T Bk R 3K
AR S X 25 28 . 3R TT HB AR (CITY SUBWAY)ak £
R (COUNTRY TRAINS); HY PRI 22 i 2
AL 2 ZL(FULL FARE) 54 2 ZZ(CONCESSION);
T 5 PR PR S SR 1 42552840 . H S5 (DAILY)E
KEE(INDIVIDUAL); f )i fE S8 Ao b2 R 52
B, AR I T B — AL R S Y G 5
TREL ., B AE R B AR AT LA i BUH (CANCEL)

CANCEL === ========== WIHEIRAA

COUN TRYTRAINS CITY SUBWAY

] 2] 32 G2 B W0 Uiy B T, A ) S AT A5 T T SE (BUY)
D58 LI 30 AT: 55

XA [ B AT 55 BEHE 3 AT 55, AHE
FEXF H o () — A 74 55 (CP038QO2) #4743 #r, #F
I LI R B 2T A i g 78
ZAT 55 b, sl T 0 I T i 3k T K ) £ R
o G B R A R B T RBIRES, AR
K Han 55 A (2022)13% &, BAE55IE5 748 11
F] BE A [A] BDR A, AR R IS B34 27 FhvT fg
FPRS A . I 3 BR, 78 11 AN BURES T, %)
WIREIC N A, S5HCIREIC N K, A Ry ) i
ek R RS o RS A 7 Sk R RS R n]
REf 7 ), Hh SR R IEMIR S KR, BLER
FEOIR SR, ML BB SO MIBR TR S R B
PR HHERAE o Hoan, MBTERIRAS A 6% 3 10 o i 2k
FEMZRAS B, X5 R BB AIRASE R, il
TERI IR S A £ “COUNTRY TRAINS 2L HLi%
REFF . WA, WEIHATLIE %08 AT
%W EALEAEIF S R . (WIIRIREE A)—> COUNTRY
TRAINS — (iE i 1% 2k i I 4 Ik &% B)— FULL
FARE —(IERf )14 S50 BRZS C)INDIVIDUAL —
(IEAf B 42 222 BDRES DYy— 2 trips —(IE#f HY 3 42
BHCIRA E)—> BUY —(Z5HORA K).

ANCEL—

~
~

~

N

R B IREB |

IR AREG

‘\ F
' FULL FARE CONCESSION cONCESSION

ULL FARE

.............................

IERREEIERESC

I
INDIVIDUAL

INDIVIDUAL

DAILY DAILY

g 07 A RAD |

-
-

ﬁ FEIRM ZEEERADRART
VO OBUY  1.234.5 trips
\ 4

BUY .

FRIRITRTEBCRAT ||

~..
~-.

~<
~ao

& 3

.......

5] B it e A 55 CP0O38QO2 [ 7] JtR 745 [
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HE M PISA B U7 Wbt b3R5 o AR 4 X
CP038Q02 AYIMIRBLR AR A E L, Xof i e Kl A5
Bgmtth, 32 A B0R 5 N (2023) 18 A5 X £ 5 i
i B (DMBRIZ AT AR R FP 1, ok s 1
SREES AL S BB ()M BR AL & AT BEAETE IR
SHEREWFH) ., e, 183 27,711 Z908017
SiFE, Hrbi/ NRBEE Ny 5, RSy 110, “FH
KEEH 6.97; A5 1330 FATENF 51, Hr 542 Fptr
Bl 5 S8 R RS DA 55 (R 14925 44 B85 B
1155, Hrh 10348 #9045 AT 3h ) 51 58 A T:
)0 FIEBNH S BIR SO FERCR M R, ARAFTER
JH a7 B BE AL AE 9 53 N 27,711 44 00K b il
4,000 44 W A RO T T 400, FEA AT SR
SR/ M EE R 5, e RIKEER 80, PRI EE Ny
6.98; fuF 339 FATENFSI, Hrh 144 Fhi73h 751
ST A R R AT 45 ORI 2115 Bk, Hodp 1472 4
i B AT 3l e 9 56 U 55 ) o
32 HAE

535K 1P-ASM, 1P-ASM-R fil 1P-ASM-R*
PLEHAR, X =F R IWHAT BT, I PEAGTE
R v fin A 2% 2 8800 LA BT 0 R A5 7 v 25 12 o
AR 2 o 356 D ) 5 B

BRSBTS R gl i Stan(Carpenter
et al, 2017) & ¥ By R i 5 2% 44 rstan(Stan
Development Team, 2024)5 loo(Vehtari et al., 2017)
F ARG S8, EHEF T SR TH, R 4 S0RFE
B, BARAER 3000 ¥k, Hip i (warm-up)2000 X,
KA SEATE] 4000 SRR . FTAFETHITE
il & & Intel® Xeon® Ice Lake @ 3.2GHz / 3.5GHz
132G NAFBIIR 55 4% ListT . .

b G O T B < £ o e 7 2 S B R
(Potential Scale Reduction Factor, PSRF; Gelman &
Rubin, 1992)#EAT PN . RIEHEE I, 25 R<1.1,
MBS S H TS TERIBRI S A T S
LAl b, P S 6 100 £ 55 (Posterior  Predictive
Check, PPC; Gelman et al., 1996) 1Al f 54U () 46 %f 421
GlE0L. PPC M 56 FIN o0 A vl BUREAR i ik 2
FEAS L LI 3 i B s R AT XS L, SR A S
p {H(Posterior Predictive p-values, PPP), L)t 3KiT
FlASE Y 38 FH B R B AL o AR AR AB R B 45 B
I, R4 PPP {ENS T 0.5 (Gelman et al., 2014),

* https://www.oecd.org/pisa/pisaproducts/database-cbapisa2012.html
PR KB IEE AR https://osf.io/nb9ug/?view_only=
0b444c6148ed4942ae984386a7c21b26

AT T WL K54 5 b e B v A B AR S B
TR T AL, TG B ) PPP{E (R BDR 4,
2023), X TR ARG A5, SR B —1k 38 X
I (Leave-One-Out cross-validation, LOO; Gelfand
et al., 1992)F Watanabe-Akaike {7 5 #E ) (Watanabe-
Akaike Information Criterion, WAIC; Watanabe,
2010) P FE bR IEAT 40T . LOO 1 WAIC /)N, %
HFASE 1R X 5 i e 4005 R R A
33 #R

AR T S50 PSRE (/N F 1.1, 5
HH =AY ) DS IS, mT AR DL
ZHAG TGS R AT i — 20 1 40T

F 1 BT AR BRI LA TS 4
WoR . ZABIRLE PPP EIHEEE 0.5, BB =M
RIMA 28008 . LOO Fl WAIC M4 RE. 5
1P-ASM AL, 1P-ASM-R Fl 1P-ASM-R* 34 HE B i1
ML E 4 E, BORE TEBIR TP 98 A Y RIS TEAES
¥ 90 v i A7 AR T I Y 2 ) &L g T AT
b WA A O, BRI R AE 22 o R R AR AE X ]
g B2 > ik — % 1P-ASM-R F1 1P-ASM-R*
a5 AT IE, FTLUE H 1P-ASM-R* 4L 3%
BALF 1P-ASM-R., £ 2 23T 1P-ASM-R #l
1P-ASM-R* 52 U rp 2 3] 20 N Z 80y B Al i1 45
ATLLEBL: 1P-ASM-R H 2% 2] 800 S 404238 T 0,
AARI Bl ) (] B 4 2= ) o R s R U,
TEAS AR v 22 JE0F (0] U1 58 27 27 1Y 320 BR R 1Y) 5 i
WA ARG, P, B2 F R L 1P-ASM Al
1P-ASM-R* 4%

F1 ZHRANEENBSERL

R LOO WAIC PPP
1P-ASM 21647.9 21626.5 0.520
1P-ASM-R 21637.7 21616.4 0.496
1P-ASM-R* 21595.2 21573.5 0.507

e IP-ASM A SHAT IR FIBIRL, 1P-ASM-R A5 A5
I R BRSBTS 9 0 AR, 1 P-ASM-R* 2% 125 > sh BRasdun;
B A SHAT B TP B, LOO = B — 1L XIIE, WAIC =
Watanabe-Akaike 15 8 EN], PPP = J5 I TIAER

%2 1P-ASM-R #1 1P-ASM-R*#& &I h
FIYMSHNERMGITER

LAY Y SD 95%HPDL 95%HPDU
1P-ASM-R 0.010 0.004 0.002 0.018
1P-ASM-R*  0.158 0.029 0.101 0.214

o IP-ASM-R 51 A2 2 B W B S 5007 307 51 40 S AR 2
IP-ASM-R* 2y %5 JE 2% 2] 31 BRASUNE (1) 0. 28007 30 )7 91 9 SR AR A
SD AFRUE, 95%HPDL N 95%¥% i )5 U % i (highest posterior
density) X [E] (5~ 5, 95%HPDU K 95% 5 Jiz 3025 B X ] 7o
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*® 3 1P-ASM 1 1IP-ASM-R*HIBZESHNERMEITER

Ik 1P-ASM IP-ASM-R*

W SD 95%HPDL 95%HPDU W SD 95%HPDL 95%HPDU
A 0.872 0.033 0.809 0.935 0.667 0.049 0.568 0.764
B 1.606 0.048 1.511 1.699 1.331 0.068 1.198 1.459
C 1.415 0.052 1.316 1.515 1.093 0.076 0.947 1.244
D 1.452 0.059 1.339 1.567 1.089 0.088 0.916 1.266
E 1.940 0.074 1.800 2.088 1.536 0.101 1.336 1.733
F 0.329 0.118 0.099 0.553 -0.086 0.138 -0.353 0.180
G -1.721 0.078 -1.875 -1.571 -1.952 0.091 -2.130 -1.773
H -2.086 0.083 -2.252 -1.927 -2.375 0.100 -2.571 -2.182
I -0.860 0.053 -0.964 -0.757 -1.201 0.082 -1.364 -1.047
J -0.398 0.111 -0.617 -0.178 -0.798 0.130 -1.056 —0.544

E: 1P-ASM Jy B AT BT FIARLAY, 1P-ASM-R* % 18 2 > 11 BRAg N i) B 24007 3l P 1 3k A Y, SD JabRifE 22, 95%HPDL i 95%
J5 19 J 68 B DX TR R 5, 95%HPDU Sy 95 %5 151 S 360 %45 B IX [ (1 1 5

3 P EIAYE IP-ASM Fl 1P-ASM-R*fi %5
HESH B, WIRATTE R, 4R ExR, MET
1P-ASM A5 FE S8, 1P-ASM-R*[ & 5 [ S50
P — e TR I RRAR, X2 TAERC AL th g A
AR ASTEEZ PSP o AR R e, B m A
fif B T — B 43 B AR 423 B 45 o B 5 0K i R 1) A
5o (HS RIS, IP-ASM-R*HYZ 5 FE S B9
PREA R 1P-ASM RIS HOC R, L ANTE IE# 7]
WYL F(A. B, C. D M E)W B 5 &
BARK T 0o X3 B 8 4 F 1E 6 B 45 L1 )
MR A B, FUTE 25 5 b 2k 12 BOE B IR S % % (Han
et al., 2022; &G ZF, 2023), M98 A7 B A&
Je, HEARIAK R BB A5 47l $E 2] 3X — 0] L A P AT 55155 Bk
FER

E 4 2T 1P-ASM F1 1P-ASM-R* )11 51
PAE 1 S E( 0 )it I S A {E % s 1B &
Bl B B S5 SR . PR 7R A5 380 (4 [ Lo ke
RE S AT HE Z I LA AR s A e, A E R B ik
0.998., M EJ7 I 32 5% FE i & vl LA, P
WA 2 G R o (TR TR (W (K R =N i b
FEAR W)U p BE 7 X 6], 1P-ASM-R* AL 1145
FIRE I S EE NIRRT 1P-ASM, Uil . (DEH
JEAE S ON i, RN T i ] R e fig O pliala, IR
I*) AL At R B 7 4 2L 1) ) L DR BE H A BT £
AL IE; ()M X T HA = ) gk e e 1 i ik, 1K
[) LAk R i T 5 1) B 0 2 A T 32 2 2D RN
AN

1500~
1000+
5001

r=0.998

1.5

1P-ASM-R
o -
o n o
T T T

|
g
n
T

-1.0

-1.5 b
-15 -1

|
0 -05 0 05 1.0
1P-ASM

#l 4 1P-ASM FI 1P-ASM-R*HY fE 11 S84 15 36 341
X} HE S B B BT B

H: IP-ASM R LS HUAT BT, 1P-ASM-R* R 5] A% 5%

If [ BB T 3N P 5 AR A Pearson #H36 R AR,

4 B

41 MRIGITEHBFEBER

o B LA ST i — P I AL 1P-ASM HiI
1P-ASM-R* [0 Fj S U 7E 45 F 45 420 T 118 .0 B o =
FH, IBAREAE (200 A1 1000), J75) 4 BE (e A
FO)FIE SRR RN, 0.1 Fl 0.3) = AR5 %}
SR TR FCMERRZ 0 . R MBS SR e 5 52
WERFFEAHIA] . b, S84 Bk 4 A (2023) 915548
g Tt, 38 A AT 55 v i gl iR 1) 46

|
1.5 0 500 10001500
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(BP 5 i “CANCEL”) I 2R BT HIH B . ek
A R AT R R R AT R 51 P 24K B 43 )
1 7.65 F114.80,

FR =AY A 2 (FEA R 200/
1000) x 2 (FFHKE: M) x 3 (ZFETRN KN
0/0.1/0.3) = 12 FRRIALL 55 A4 o Sl /D ML 1 2 () 5% 0
BRI T EE A AL 50 s, e KE
g, RSB SN BEAAE, 9l6E 070 S E
MARHEIEZS 3 A7 TR BEAILAE B AR FE 1P-ASM-R*38 i3
R 18 5 AL il B 751, e 22 2] 5500k
0 IF, A4 TR 1P-ASM £E WS b 5 . HAGE
BERSE, #Eid 1P-ASM Al 1P-ASM-R*Joik B %4
PR AT 55 BT AT P 5, LRE AR B IE
SR EREXT R AY 0-1 [y dt . R, FERFSEH A AR
Ko B BRI B IR B 1 7 571
42 SWFE

A3 9% ] 1P-ASM Fl1 1P-ASM-R*4M-& 5icd,
A, AT RS SRR S R — 3.
PSRF XAl RE P IS A TP, 7ERR P IS
FERb b — A W TR PEAE AR R ) B . (1R
LOO F1 WAIC TR ~F8 b X 458 7Y fr B A48 5 1 Bl itk
AT BT HOH; (2)f8 F vt 22 (bias) #1341 J7 AR 15 2% (Root
Mean Squared Error, RMSE ) fb 1] B fif £ e 71 544
AR IR B

R n
bias == 3" (0, -6,) ©)

r=l1 i=l

11 R n .
RMSE = J;;ZZ% -0, (7)

r=1 i=l

Hop R A EE A EKEL, 0, A6, 535w
W7 ZEER r R Y BE ) Al T AL S
43 #£R

FEFTA 0T, AR TG 240 PSRF
H¥/NT 11, BT A BB S 5000 Ak 40k 8k,
Al DR S i S Hh 45 R AT IR 2240

F 4 BT ORFIBAAE T A 0L 5 25
R, U BRI EMET 50 IREKE P 1P-ASM-R*
PUEET 1P-ASM W EH St B S il E 7 B2 8
() S A BT L R S R AL ) LA 3 b 25 M
(1P-ASM-R*Jif & 1P-ASM)AY /AT 0 . /Y
SEHORE 15, TEAETES RN, 1P-ASM 11
A LR TA e T 1P-ASM-R*, ASidt 9 % 16
SEFRAEAR 22 AR/ . AT LA, FEASTEFE

2 S RUN I, RSN 5 R AR R RN e HU A
TEBUAIT; MPEAFAE - 2T 8O0 I, 1P-ASM-R* (1) 41
G REATREG T 1P-ASM, i HLBf % 2 > %08
WK, AR, Kk, FEAR R ETT )
FEBN MK, RN KA 1P-ASM-R* A 41 34
(RS

F 4 1P-ASM 1 1P-ASM-R*HIERI S &L R

HAR  PHIRKEE RN RD LOO WAIC
200 5] 0 38% 38%
0.1 70% 72%

0.3 98% 98%

K 0 26% 26%

0.1 100% 100%

0.3 100% 100%

1000 5l 0 28% 28%
0.1 94% 94%

0.3 100% 100%

K 0 26% 26%

0.1 100% 100%

0.3 100% 100%

H: 1P-ASM RS HUIT P HIEAL, 1P-ASM-R* 5| A1 2
> BN BRSBTS T AN H R AR Y, LOO = B3 —k 8 SUERIE,
WAIC = Watanabe-Akaike {58 #EN],

% 5 RIAZRE I S EUL TR BRI, A
Tl LUR I : (DB A 0 g 1 S EU A
FERZIA o FEAS 1 10 S /INAS 52 i A8 1 S 00 1
REAE; (2)MAFAEF RN, 1P-ASM-R* [ S 44
fli iR EMEL T 1P-ASM, X — {3 = E A M 7E
8 ISR 27N NI =2 S AR 3 S SO o0 O L 377 )
SRY T RS BE SRR TR IR BRSO, A
P EF, YT IRV AT, 1P-ASM-R* [ 4 5 [
SHAETHR BB EAL T 1P-ASM,

2 6 PR T 2E S RN S EAG T IR B2
MR TE, 1P-ASM-R*REME 15 51 B Al ] 5E 2% >
RN B EG A . X = AR S R R K Y
S5, LUK IR (DB REA 6 2 2] 30N S50
THFEAE—E B, FEASRDER, S8Ub TR Fotk
s QMBS LA, FAKEBK, %25
NS B TE Y IR FLPE R, X — 5 32 A I A
RMSE #8451 (3)% 2 840 S804 1A IR B2 2%
RN SHECEAE B AN K
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FeA =200, Fro BE=AE, 2 B=0

FEAE=200, FPoIK BE=A, %I =0.1

FEAE=200, FFFIK =4, 2 B=0.3

S50F T =b? 40F [ Lo
& 201 B%&’;e 40 - Ciwae| 300 1 Waie
ﬁ 30+ 20+
S 10 20+ 10
10+ -
== : ——— 0k = — : OLs . 3 P
-2 0 2 4 -20 -10 0 -40 30 20 -10 0
FEAREE=200, FHIHK =K, %I %Mi=0 FEARE=200, JFFIHKE=K, 2= %N=0.1 FEARE=200, FHIHKEE=K, 2 3N=0.3
60F [ Loo 40F 1 Loo 30+ ——— =1 Loo
&40l Ciwaic| 30} 1 Waic [ Waic
8 20 20 =0
i e — | 10} 10F
0L+ . . ; ] oL : ; == oL 2 : ;
-15 -10 -5 0 5 -20 -10 0 —60 —40 20
FEA=1000, FFFIKEEAT, 2 IRN=0 BEAR=1000, FEFUIK BT, 2 5I%00=01  FEAR=1000, J¥FIK B, % %0003
40F Lo | 40F Loo | anl £ Loo
301 CIwaic| 30 1 Waic 36 i ] Waic
K20} 20 | 20L
10+ 10 10k
oL = ; . = e : — oL = : : S
-10 -5 0 5 -30 20 -10 0 10 -100 -80 60 —40 20
FEZAE=1000, FP3IK BE=1K, 2 I 3N=0 BEAE=1000, BEFI K=, 2239 %0=0.1  HEAE=1000, FFKE=K, FJHN=0.3
40F
[ Loo [ Loo 1 Loo
30+ [ Waic 30 1 Waic 30+ [ Waic
K20 20+ 20+
100 10f __{ 101 = ]
Okt ——— T — 1]8 E T T 1]8 T 1 1 T
-10 0 10 -60 -40 -20 -220 -200 -180 -160 ~—140
EE EE EEH
B 5 mEREBERLH 1P-ASM-R*H 1P-ASM L5545 22 (H /A1
R5 BASHMEITHEEMEEBR *®6 EFIHYESHMHITHREERBR
N N N Bias RMSE | = 2N _
BA Fal pag 0 EIRUE Bias  RMSE
B ORE o 1P 1P- IP- 1P- K K/
ASM  ASM-R* ASM ASM-R* 200 i 0 0.013  0.013  0.006
200 4 0 0.018 0.017  0.580  0.581 01 0128 0028  0.009
0.1 0.025 0.015  0.584  0.583 03 0334 0034  0.009
0.3 0.040 0.017  0.601  0.596 ¥ 0 0003 0.003  0.001
K 0 0.027 0.027  0.449  0.449 o1 0120 0.020  0.001
0.1 0.040 0.026  0.472  0.464 03 0335 0.035  0.002
0.3 0.058 0.025  0.524  0.501 1000 . 0 0.002 0002  0.001
1000 %5 0 -0.023  -0.023 0.586  0.586 01 0104 0004  0.002
0.1 -0.021  -0.022  0.590  0.589 03 0312 0012 000
0.3 -0.023  -0.017 0.609  0.605 ¥ 0 20005 —0.005  0.000
K 0 -0.020  -0.020 0.447  0.447 o1 0103 0.003  0.000
0.1 0.012  —0.009 0.471  0.466 03 0305 0.003  0.000
0.3 -0.012  0.005  0.525  0.502 — - —
W7 ABIEESE D 50 IKE E A EIAY 1P-ASM-R* )24 2 RN

1 1P-ASM ST P SR, 1P-ASM-R* 5| A1 R
> BN A A BB T ST B R AR

BEEHHE

B TEGERVEE B, i REBa a5 1 F
W BIGE I, A TSEE HERTTE TR AL Sl 25000 56 v )
1 11X 52 2% B 0 B SR P- SR AL T S 440 B0 I
RS, A B TS gaRE ) 2 TG . EE A
WHFE b, WHRE S A LS R R AT R — R 1 i

AW

5

SRAHTHE M

FERE AR, (HEA 12T — B SR ] AR
B, AR B E G AE BT IR DRI 5 220 R 58
B L LAY LU BT AT IR RN 2 ) U L. BT
WA A7 52 B )L AT 55 I 22 38 25 R R )
UG EE, ASCAE 1P-ASM BERIRYEERT I, 1A 5
RETEARE T I b B B X — A8 1, AR 2T 8%
BLZH y, . 153 BIRE IR A [RE 55 15 D0 T w14



1686 N H

L

57 %

TKAF-27 2] ROV I 4 e A 1P-ASM-R*

TUEWFFE A R A . (DB T 1P-ASM,
1P-ASM-R*7E SEIE B ffs b A AL 5 R B, 1t
W B a7 A 20 e R v A S A A8 X o) A 5 1Y) 2
(2)% > R0 H AT 30 B 3 0l R o, BB A s
R AR R R0 @G B, X ] U 58 i 2% >
XF TERAA T Bl L4 10 52 M 1 i 2 B s/ (3)m I A
> BN I AN M A5 U AR (] R e DA 55 P AR AIE o Y
B O 287 B D B A L, AT SR ) F PR 4R
FEX —IER A BILIE b 1 — B RS UR 0 A DS A2,
AT B Dy TE RS R 1 T In] E Ak IE; (4)7E7%5 18
S RN S, AR T ) A A e e ) 2, IR
AL TR e s 2 ) TR) AL T e 2348 B T 2 1)
KIE . Ji4h, BAUBFFEEE R . (1) SA7AE2= 5K
BLIF, 1P-ASM-R*FEfEFE iS5 1P-ASM LI Lh 5
RO, T L RERS IR MK 2 2] 0N S BT 0. T
YFELERE SIS, 1P-ASM-R*AEAS T 47 04 K5,
TN L3 L 3 2% 2 25007 B B e I 35 (2)) 7 914
JEJESZM 1P-ASM-R* S ¥R BV Y JRL K 2 — o J7 571
KB, B i &5 B2, I S50
AT A B

JRUAE AR SCHE H — AT LA %043 Bt [n) A8 feg ke
5 v 2 S5O0 B e IR A R e Ak TR BE A AR,
{HAFETE— SR R AEA A e i — PR K .

B, TEARMIFR T, 22 BN AT 557K
b, ST ARG RRRAE, PRI A 2T BN RN X
S WO R — B0 . XFEROH E RN T
LA AR B 6% 7E 4 21 2 ) 800 1Y [] B B AT B KRR
FER TR . (BB A WIS, (R AR B
F5 48 57 7] {5 R 1 (problem  representation) Al A hY fif
Y7 % (generating problem solution) %5 1A i F
(Goode & Beckmann, 2010; Novick & Bassok,
2005), 7 NIX— B A& T, ABFTEHH R
%) [ L i 2R e 7 S BT AR 1 S B b2 e Ay A=
JRAR TR T S RE 17, AT 55 7K1 1 2 20 %0 2 00
TR SR Z AT 55 g N BRI RE ST . A
I, ARk W5 ] 5 JE i — AR P e )
AN AT AR, AT ARAS B AR -2 2T i g o

Hk, AW EE Y EPRASTEEZ T 5 AL
EOX BN S % R 2 B Y A A AR, T
T R TR AL S W O[] A AT B, A
TC ST PP AT B B[] 8 (time stamp) ., J5 22T 5T
AT LA 3R] T AT S e T] 8005 8 10 5% A Bl 7E 4
PRAS A5 B A A, AT XS 3k ey [ R 7 B 2 > s

TP IR W o

FRR, AT AR I 12 BRAL 25 32 DCKs 27 21 Bl A
SE N MR, AT A e BARER R TF AR
PR ESCAE ARSI I FH TP B3R . RO SE B T i — 2D AR
5 1) R A AT 55 0 R A B P 1R T 2% 2 G
FiAb, A ST M R BOY A 2 S Bk ek b, A 0]
AR — 2D AR R A T o B30l % 50 e B0 7 0 JRE AR 1Y
H N o

wJE, BARAHEGE R PISA 2012 1Y
TICKET [f] @i AT 55 42 >4 Hif ik B AR A 90 S5 1Y)
MR, (HHAT 55 S5 AR R B, RO W] DL
SR FH S A2 2% 1) ) Rk R AT 55 23000 oF Yo 3 — ] f3t
BEAT IR A B 5T -
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Analysis of learning effect in interactive problem-solving test: Extension and application
of process data measurement model

LU Xiangyu, CHEN Ping

(Collaborative Innovation Center of Assessment for Basic Education Quality, Beijing Normal University, Beijing 100875, China)

Abstract

In the past decade, computer-based interactive problem-solving tests have become increasingly popular in
large-scale assessments. Such tests require examinees to interact with a computer, explore virtual scenarios, and
solve practical problems, thus making it possible to record the sequences of actions performed by examinees
(i.e., process data). Process data contain rich information about the problem-solving process and can help to gain
a deeper understanding of examinees’ problem-solving strategies. Methods for analyzing such process data are
still under development. For example, Han et al. (2021) proposed a sequential response model (SRM) that
combines comprehensive information from the response process to infer problem-solving ability. Fu et al. (2023)
replaced the multinomial logistic modeling in SRM with binary logistic modeling and proposed 1P-ASM with
relatively lower model complexity. However, existing studies have ignored the fact that students gradually
gather information while completing problem-solving tasks (i.e., learning effect). The probability that an
examinee performs the correct behavior is affected by their understanding of the problem situation. If the model
does not take this into account, it may result in biased estimate of examinee’s problem-solving ability. To
address this issue, this paper puts forward a new model (denoted as 1P-ASM-R*), which extends 1P-ASM to
incorporate this learning effect to obtain more accurate ability estimates.

An empirical study was performed to compare 1P-ASM and 1P-ASM-R* in a real-world interactive
assessment item (i.e., “Tickets”) in the PISA 2012. The results showed that: (1) the extended model introducing
learning effect fitted the empirical data better than the original model; (2) as the examinees delve deeper into the
problem, the impact of learning effect on the accuracy of behavioral choices in problem-solving tasks decreased,
reflecting a trend of diminishing marginal effect; and (3) introducing learning effect into the model does not
affect its ability to capture the characteristics of the problem-solving tasks.

A simulation study was further conducted to explore the psychometric performance of the proposed model
in different test scenarios. Three factors were manipulated, they are sample size (200 and 1000), average
problem state transition sequence length (short and long), and strength of learning effect (0, 0.1, and 0.3). The
problem-solving task structure in the empirical study was used here and 1P-ASM-R* was used to generate the
action sequences of the examinees. The results indicated that: (1) when there was no learning effect,
1P-ASM-R* could provide similar fitting performance to the original model and correctly estimate the learning
effect parameter as 0. However, when there was a learning effect, 1P-ASM-R* fits the data better, and this
advantage became more pronounced as the strength of the learning effect increased; (2) sequence length is one
of the factors affecting the parameter recovery of 1P-ASM-R*. The longer the sequence length, the more
information the data contains and the higher the parameter estimation accuracy.

In summary, our proposed 1P-ASM-R* model incorporates the learning effect and demonstrates a strong
ability to accurately analyze examinees’ problem-solving abilities. The combination of simulation and empirical
findings highlights the effectiveness of the model in a variety of contexts. Notably, when the task environment
lacks a learning effect, the 1P-ASM-R* model exhibits comparable performance to the original 1P-ASM model.
This finding underscores the excellent stability and adaptability of the model, indicating that it can function
reliably under different conditions.

Keywords process data, problem-solving, item response theory
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F AL, A2 AP H T RERIFESEH 1P-ASM 1 1P-ASM-R*TE B 451 F &5 S B, ~ B, Y Bias, £ A3,
A4 5% T ARG 1P-ASM Al IP-ASM-R* S5 F RS ESEL B ~ B RMSE. 851 B AR5 07
BT

R
bias == (4, - ) (A1)
r=1
I s
RMSE = EZ(ﬂ,—ﬂ) (A2)
r=1
Horp R S S MUEL, B R B A BIRBER | 765 - W I R RE A A B
RAL RS IP-ASM ER &4 TH Bias
e e A A

200 sl 0 0.018 —0.078 —0.077 —0.086 —0.174  —0.083  0.130 0.203 0.066 0.059
0.1 0.060 0.013 0.054 0.079  0.071 0.078 0214  0.295 0.184 0.225

0.3 0.108 0.310 0.404 0.484  0.537 0.431  0.465 0.524 0.556 0.614

IS 0 -0.034  —0.045 —0.037 —0.092 —0.093 —0.129 —0.046 —0.036 0.000  —0.044

0.1 0.158 0.156 0.235 0264  0.225 0298  0.147 0.249 0.252 0.197

0.3 0.409 0.557 0.657 0.724  0.821 0.509  0.474  0.544 0.583 0.467

1000 sl 0 0.019 0.013 0.022 0.020 —0.014  —0.040  0.023 0.045 0.014 0.016
0.1 0.068 0.154 0.199 0238  0.236 0.187  0.143 0.199 0.202 0.215

0.3 0.192 0.423 0.529 0.607  0.631 0.631  0.398 0.489 0.588 0.613

IS 0 0.012 0.017 0.011 0.016  0.022 0.002  0.017 0.002  —0.001 0.021

0.1 0.197 0.235 0.268 0299  0.342 0.341  0.209 0.242 0.281 0.283

0.3 0.456 0.635 0.749 0.851  0.939 0.787  0.502 0.560 0.650 0.689

R A2 HWHRDB IP-ASM-R*EZ EETH Bias
e T

200 sl 0 0.012  —0.094 —0.099 -0.112 —0.201  —0.103 0.116 0.185 0.043 0.038
0.1 -0.009 —0.149 —0.154 —0.165 —0.199 —0.129 0.079 0.120  —0.038  —0.006

0.3 -0.055 —0.113 —0.141 —0.154 —0.160 —0.067 0.135 0.093 0.006 0.045

IS 0 -0.038  —0.051 —0.046 —0.101 —0.103 —0.135 —0.051 —0.041 —0.006 —0.049

0.1 -0.052 -0.107 —0.067 —0.076 —0.152 0.023 —0.085 —0.011 —0.043 —0.101

0.3 -0.055 -0.108 —0.132 —0.171 —0.159 —0.142 —0.020 —0.017 —0.076 —0.101

1000 sl 0 0.019 0.010 0.019 0.016 —0.019  —0.045 0.020 0.042 0.011 0.011
0.1 0.006 0.014 0.021 0.027 -0.003 —0.036 0.018 0.038 0.008  —0.001

0.3 0.018 —0.003 -0.017 -0.036 —0.091  —0.042 0.048 0.029 0.024 —0.011

IS 0 0.023 0.029 0.024 0.030 0.039 0.016 0.029 0.015 0.014 0.037

0.1 0.006 0.000 —0.001 —0.004 0.004 0.035 —0.003 0.004 0.007 —0.013

0.3 0.013 0.010 0.012 0.013 0.010  —0.043 0.021 0.011 -0.004  —0.003
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R A3 EHFAED 1IP-ASM E&EH TH RMSE

IS 7/I i Oivi

AR K Jerh B B Bs Bs Ps Bs B Bs Bo Bio

200 Jd 0 0.132 0.223 0.205 0.220 0.275 0.478 0.296 0.360 0.238 0.359
0.1 0.149 0.182 0.180 0.238 0.298 0.447 0.321 0.386 0.289 0.434

0.3 0.173 0.361 0.449 0.526 0.596 0.661 0.524 0.590 0.592 0.699

K 0 0.083 0.093 0.133 0.180 0.209 0.550 0.163 0.139 0.137 0.281

0.1 0.174 0.184 0.266 0.293 0.305 0.532 0.219 0.292 0.323 0.431

0.3 0.416 0.564 0.664 0.734 0.843 0.709 0.496 0.570 0.637 0.644

1000 Jd 0 0.069 0.092 0.096 0.110 0.134 0.261 0.139 0.159 0.112 0.150
0.1 0.090 0.183 0.222 0.265 0.273 0.302 0.206 0.244 0.243 0.273

0.3 0.200 0.432 0.536 0.617 0.642 0.706 0.413 0.513 0.601 0.644

K 0 0.038 0.052 0.052 0.066 0.092 0.242 0.069 0.072 0.088 0.153

0.1 0.201 0.239 0.274 0.305 0.350 0.416 0.218 0.254 0.295 0.320

0.3 0.458 0.637 0.751 0.853 0.945 0.855 0.508 0.567 0.662 0.720

£ A4 ERFAZRP IP-ASM-R*EZEZHTH RMSE

FPol SRk

FEA KR Rl B B Bs Bs PBs P B PBs Bo Bro

200 I 0 0.131 0.255 0.246 0.237 0.314 0.461 0.279 0.361 0.262 0.352
0.1 0.154 0.262 0.275 0.305 0.381 0.458 0.264 0.316 0.266 0.364

0.3 0.162 0.238 0.280 0.302 0.359 0.527 0.296 0.317 0.268 0.320

K 0 0.109 0.116 0.151 0.204 0.214 0.561 0.178 0.163 0.167 0.274

0.1 0.109 0.161 0.177 0.150 0.252 0.441 0.205 0.169 0.219 0.418

0.3 0.113 0.163 0.184 0.230 0.267 0.508 0.162 0.190 0.283 0.484

1000 Jd 0 0.065 0.119 0.113 0.135 0.155 0.292 0.150 0.171 0.129 0.170
0.1 0.072 0.132 0.132 0.151 0.166 0.272 0.162 0.181 0.145 0.207

0.3 0.064 0.106 0.120 0.152 0.183 0.355 0.129 0.176 0.158 0.235

K 0 0.050 0.065 0.071 0.084 0.108 0.251 0.082 0.081 0.097 0.154

0.1 0.054 0.049 0.071 0.078 0.075 0.240 0.070 0.090 0.093 0.158

0.3 0.071 0.070 0.083 0.092 0.119 0.329 0.082 0.096 0.152 0.235




