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RS ERIA

Bk THRE FEE ITIE

(HRTTIMIE R BT 24 Be, 418 321004)

W OE PRS0 R EIRE A R BAT AR RS AR BE R RE S o S IEIAR
LW PR IRIOIE, AT PISA 2015 Bz SR PPHESR B YR I B2 23R & 9 =B e, (i
B B Z BN W R0 PISA 2015 Bl PRE A T 20Hr, I P PSR TR AL . O BRI H 2 PR R

SERERW] - (DB BEE B o (0 3% — B2 M IRl 3R 3R, QRF AR B IR MR RR, Bl e 5t
K2, BRERESI RN (3)4: DT MCMC Sk AENE ARk R LR v i 285

XA Bl2EEIFE VAN PISA; DINA R
2HES B84l

1 515

“FlpR RS T IR . S5 o
st s p e, et T AT A 2. AiE 2
GAIDSE e i e O VR o5 NS VST a9 KR VA
NRBIFEZRFRRE G TR (e AN RILR
EHEHE, 2017), Lk b, 56T anfr i m AR ek 2
RIBFERFRE D CERE, & — EH LR
BRFEHRE | BE DR ) B2 G E RIS Y
AN FOCE M EAE S . BRI R DAWR
JERIRERS, B RN E 7 SRR AUR SR i &
H 2 (see Miller, 1983; OECD, 2006), 2017 4,
(S BR /NFRFRBRRE ) B PRI L
R T BB ERR AR R 2 5 A8
SEMm, HUE AR BB 3, AR EA B, AT
Blep A, SR, O R —E mis e
PSRRI 2 5 A LSS e 1, WA i,
O SRR UL B R IR E N — & A IR EIR
1928 BT B 0 fif e B 2 0] 0 FN iz R 2 B8 Y

W5 F 4: 2018-09-21

fit 1 (OECD, 2016).,

LB R AR R IR BT, [ B 2E A PEAG
It H (Programme for International Student Assessment,
PISA)TE 2015 4F4ERF 22 K IR 1Y N R 73 A B2 e
(Competencies). BH#HIiH(Knowledge). 2215 5t
(Contexts) IR} 27 25 FE (Attitudes) PN M 1 S 1 1Y 4
JE, R4 TR R I PE ST AGHESE, LI 103kl
BRSPS, R A SRR
JE, iz IR RO e B2 (), DA JE B A
C AR ERE IR 3E 3T, 25)11, 2015), PISA 2015 Il
TFHESL 2 TE PISA 2006 FLAlIITAE4L(OECD, 2006)
AL B TT R Y, HE & Je 32 SR AR X R 0
PR LR PR o3 o Bl MPFHE SR 0938 A0 58 3%,
JEAE SRR W B AR R IR RS R ]
PLUE, PISA 2015 B3R INPEHE AL H AT b it
B AT R R R IR IITHESE

B EAT n] AR R I HEZR Ah, — A3 FC
Ty AL [ R B 3 R DU O i v BE 8 VT C I
HEZR, JEREME SRl R IR 0L EHLAERA P o

* R 5 AR T AR S G 300 H (31600908) WL AR AR B 3k 42 T H (LY 16C090001) A1 VL 44 20 77 Bk 27 HL 40) T e DR

(2019SB112)¥% ).
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Bl 1 PISA2015 BI#ERFMITHEZCRIE : OECD (2016)5 23 T 2.2).

SR, H AT NI A WL R 28U R XA B
/N A Bl R IR A R 5 )R A (e.g., Roos, 2014;
DR, 20115 ZBIEIE, I, 2008), XA
SR IR BUR KRBT Mo i ELX S8 A 2ok A
H IR A, PR, fA7E—a it S8
P o ACH DVFRIFSE SGE B T X R R IR (e.g.,
WK, BERLL, AET, 2012), BREFSE T IRA Rk
b5 O = R NS 25 R T e o s R R 5 & TR vy
J7 MBS I e, 75 DL 2 ) 3 e S
(e.g., Roos, 2014; 1L%, K, gk, 2013), 1fH
AW 52 A 2] T8 H AE 2 38 (item response
theory, IRT)#i % (e.g., BHWKIFSE, 2012), HAb, TFE
SRR PISA AR R IFREN T 2 4E451,
{H A 43 A EAT S T B 4E IRT 488 A4 (OECD,
2017) BV PISA BUA (I PF 7 32 A D e i FHE 2,
HEF R R 22— RN PISA W56 VE & [ 5 /45
B EAR BRI AE NMA S 53, B ISR ] —
A58 G0 1) PR T AE R TT LA TR Ak S AR 5 I A2 4
LI (V= i %/l U1 R S =X NG N o S = 1
¥ 77 (e.g., Zhan, Jiao, & Liao, 2018). % L Frik,
HTE PISA 2015 BH# R FRMIPFHESE T S BN b2 R
IR W HLERS B, 7 E 22 PO A A,
ol SO 2% T B A DU

SR B AN ALOE2E I R R, FR E A1
i 2 A AE 52 B HE AT 55 B 8 T 2 R RE T 1Y
MERC A, Pt, S B A AR rp g B A Al
B I A LF A 52 FR (Reckase, 2009; Wang & Chen,
2004; FRAFAE, “F¥#F, 2010; fEilisk, 30+, E57
H, 2013). Hi4h, B 1RSI, AMTEAE
e MBI S PRAE G B AR T E & E B, LA
fEE T B AR D T 2 WA PR R R . R T, A
W3- (cognitive diagnostic assessment, CDA)7E
E— RN AZ R T E AR £ O (Rupp,

Templin, & Henson, 2010; 4%, 25, THE,
2012), CDA ZHA87E 0B 5 20 M it 24 oA Al
SRR 0 T R RS A (G AR R JE ) RS W
PRI PE o AE R — BRI i PR RN 225 PR PEAN AR 25
HHLGEGTEMIE (&L, BV, hEJ5, 2016),
CDA 4] 28 Sz 38 2o W PP X Ja M Y S R 2
FO BT T SRS W R B, 2 THS Bl S
it D R A X M T T (Zhan et al., 2018),
CDA B T DMEPEM 7 ik AR | 5 R i ey,
FFE YA — S FEOR T m . Hoan. (Rl
ARSNGB BRAR VAN 3 3 5
SR DI RE, RAETEM ARk kR . U
P& 1 RN B S B T RE I LR H bR Lk,
falfE CDA i SEELXTRE R 5 T2 — A e 2
TR SORI S R L

T, FRATE KT PISA 2015 Bl2E 2 37
VEHESMBGH — 20 A 132, BHAMIZHE G T A 5 1 — ik
FESEH; FLR, XA 1 5 B D T2 Wi 28 (higher-
order cognitive diagnosis model; HO-CDM)iEf T4
T BRI RIBR M, SRS, HR ) Z B A
2 Wi B & (multi-order CDM; MO-CDM), LA 7E
CDA i 2 % = i sk B 3 A 5 6 AR I3 114 20 BT i oK,
JEUERC PISA 2015 Bl R FFMPEHELR, STHIXTRL
RFEMUERITE . #8)E, FKATLL PISA 2015 #l2%
NP5 4 43 A Ay £97] Sk 156 B BT A 784 4 300 51 ] g FH 4,
IR s 25 RAT I . BJm, B — R
TR 52 AR FE AR () S B0 TR FLE
2 BFERFOUEN =B AELY

PISA 2015 I\ NBHAR IR IEBHFARET,
1T Rk27 B8 7 1 J B B AE a2 I B 22 15 5 Tl DA
SRS RN, 2 BB AS BERRm . 3X 4
YRR A B, LRI T Bl R R, MR S7
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FEUIAAF: —Fh LT 22 M A RIS WA B I IRl 2 28 5% 14 5 12 3

SERFERE T . BRI BRI SURBA S R S
B/ Ak, NMARER IR SR T e X 4
AN DT TR O . i —25, #R4E (PISA 2015
P57 HTHESE ) (OECD, 2016):

(1) Blaeds Xakdnsrhy 3 My, 530l
Blop e B GE . PEAE BRI AR ST ARl 27
A FNIESE  BIRLARE 1 3 X FRE S R B4,
MABLFERE T AR T 3 IR 1 i =K

(2) BRHEHR AR 3 i, o5l
PIZS PRI . R R A B AR 2E
PUZIX 3 A AR R B E &, AT R R Y
IR e E T HXF 3 R AR B R AR

(3) B S ka3 Mhris s, il
ASHY L Y M/ E R AR . BB SR X 3
AT F = LS, MERXTRRE T S AR
S A N 3 A S AR R

(4) Bl a5y Ry 3 A8 RE, 43l
MR B 24088 | PP BRI T IR W M E I A 5
P BIRRE AR B R IX 3 Fh A B = I, A
(RS B L 3 RS

25 PR, T PISA 2015 Bl 24 F2 M TTHE S,
B RFAE =S, ME 2 iR o, 5
S ERERR OB E R TR, S PISA 2015 BleE R IR
DUTTAHE S b 1) fe e AR 58 B v 7R e 0 0 4
Blegae )y . BlAiR, Bl SRR S, 2%
DPEHEZL (Y 4 A B, M5 — P IBAERR o
Blef b i B PEAS TR AR5 12 0, 2
IZIMPEHESE p A IR o A s o

HAE CDA hSZBIT R A R IR MITE, 75—
FRRERE S T Bl R I — IS 7E 45191 CDM. %°T
HATHMAA CDM fEMEALH = i e 4h b, Xt

ST HO BT IR, LI A AR
3 ZBrARIZ WA

3.1 SMIARIS TR B R H SR

TEO P BE #h, WIER R T ] REAA1E
ZYEPESL, B FTREE— AR I C AR, XA
BT 2P TER BT, i, B 2 FispyRke R IR
AL B = i A S A BN, 5 IR Ty i
bl g 7 = ERE . - E T 13
A>T GG T 73 i i T — RSB, FEE B
X 13 TR BT S 4 FhANE ST RS TR L (H
AT . RISEHERL . TAEICAZ ARG O ), i
TESF B ik 4 PP O B e — R 2z
(Ryan & Schnakenberg-Ott, 2003),

e I TR T AR B ) R o A T 2 A o A A I
W&z B, TR 2 A WAE AR B 8] AT AT
ZEH R . BT I, RS & T PIEATE 1Y
e O BN AR (R RS, S, ESLE, BRE
¢, 25, 2015): 5T 24k IRT FBIA 4G (19 725 By IRT
i (de la Torre & Song, 2009; Huang, Wang, Chen,
& Su, 2013; Rijmen, Jeon, von Davier, & Rabe-
Hesketh, 2014)F15: T CDM HEH 1Y 55 B IA A2 WAk
H(HO-CDM) (de la Torre & Douglas, 2004; Templin,
Henson, Templin, & Roussos, 2008; Zhan, Wang, &
Li, in press), AXCRETFH

TE CDA v, ST & v i 48 v] fE 52 3|
—AN(ERZEAN) T R B A T R B S LA b 2
AL TTAO%E, de la Torre A1 Douglas(2004)#EH T
R BT TS TR 2 A A A

logit(P(oy, = 1]0,)) = Ay ~ oy - (1)

ﬁ$&wmm=m4fi}Pmm4%%%%%
—X

Bl
RBIL

&l 2 PISA 2015 B2 ZE IR T & ) =M s 7454



4 i i}

L

951 %

TR TERERT 00 5 n EARE M K BERE A
HEME K HEEE SR, M RIRPE K I IX AT EE S
) IR T TE A5 40 WL IR 30 (D)2 eSS A
AL, CRe ]S AR A 25 A B T £ 31 HO-CDM,
Hetn, e A15 DINA %! (Junker & Sijtsma, 2001;
Macready & Dayton, 1977)4H %5 & Bl nl 75 2 &5 By
DINA (HO-DINAEAY , BR T 5 B v 70 45 R A A5 £
SRR, HO-DINA #5771 HUGEAN A1 & — B i e
SER B, OB RF R SR I i
FELE R BT, AN A 5T 5 2R o

K13 CDA B e i -5 4 8] B ¢ 2R 7 191 ]
T 0 AR BB TERE I o NG — BRI K R R |
o A H Rk

32 ZHIARISETIREI A E W
3.2.1 ZMBESHEEMO-LSM)

Bt H B2 AT A 3 B sl T R v AR 45
) CDM X —[alil, AWFFEAE A R IRT BERY
BRRELH , JEERAPETRAE S AR 5 | A B 21 iy ) — B vk
TELEHR R (K () Z b, 32 2 0 e 45 i A Rl
(multi-order latent structural model; MO-LSM), &
Jo, BRI TERE TP AE Z N ai kg, o Rt n
TE45 h (h=2)fr P Y45 m AN Eds i, ) o) S5
5 B VR R I 00D 2 [ A SR W A S H 5 R ]
ARy«

P
h 1(h)n(h+1 h h) o (h+1 h
oy =10 el = 3 s el @)
p=1

b,y N R EA R R el A h B g
5 mANIBTERR BTN ER 25 9%?,”) AR N TEH h+ 1
Breb ruse p MISTER BT, SR Ui, R Tk
KFRH, KQWAT MBS AL IE X R (e.g., 2T
), (HET0 IR 58 i (R B A8 1 22 6] R
LMK R (e.g., BT, H RRATEIR &
P, AR NG E R (de la Torre & Song,
2009; Huang et al., 2013; Rijmen et al., 2014), K3
()5 AK () BRI A 1533 MO-LSM :

. M
logit(P(oy =1]8") = D" " A0 — Ay, =
" T YO + 20— A 3)

BT ph S PR, MO-LSM fR% 24 44 & T
fe— BT AV TE AR BT, A AR B VS T AR IO 22 R A L
3o e B, RAEG)ERIE EREMS AL 2
B 4 P A R I, (EL 2 5 ) 00 S 0 6155 355 b+ R D
WTERF B Al REE 2%y, HOWPLHE PISA 2015
BRER RIS = IV AELE ), AR R AL
B 1A = TERR Y — I I 7RSS MY,
K 4, AR ] Bl R A

I%MPmm=u09»=§nmw%—%k:

m=1

M
Z Mk (Y(n%)egs) + 8%)1) = Aok C)
m-1

AR AT R B, B 0 ~N(0, 1) H e ~N(0,
1=y @) L HEA 02N, 1) . B, AR RIS
T TR AE R IR 2 A e R Ty <y Y
M= (4B 16 R =(1)

V2 1B, 520,

Kl 4 CDA Hh&s =B i e -5 i e 8] B O s A1) ).
TE: 05 =BT 00 8 B ER T o AR —F)
Jai ks K o SR RO | D S H R

3.2.2 MO-DINA 1%

W, CDM FH P 2R - 00 e B 70 s A 2
FE A (Rupp et al., 2010), FiI#E ST Plff 24
HOIE#IMER, EEMR TIRMEZ NS XER.
e 3.2.1 H, FRATE L% LT MO-LSM, RNiEmS
G T ARE BE AR, FRATTIE A SIS B AR
#5iPE R D1 3T DINA #5#Y(Zhan, Jiao, Liao, & Bian,
201 8)VE AN E A A AR A DL B 53

A 5% 2R FH 4= DUk 3 5 Ok AT O BE S R R I
(MCMC)F4 v 5 SEF A MO-DINA #5852 80 fiki 11,
I T JAGS #f(Version 4.3.0)523 . 4 FHlH2351
() S 56 43 A0 1 LB 5%, AR Y JAGS ARHS . mT ) 4
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FEUIAAF: —Fh LT 22 M A RIS WA B I IRl 2 28 5% 14 5 12 5

#HRE KT Unfal il ] JAGS SEBLX DL CDM 1)
28T, AT2 05 Zhan Jiao Man £l Wang (in press).

4  PISA 2015 Bl2# M PEEHE /0Bt

4.1 WMREESBEH

WX PISA 2015 BF2= I PPE S 1 43 #r, S0
tH MO-DINA A5 AU i) IS 7 SR A A) g P . T |
SR SR AL B S AR S R R 4y, AEE
YRR R IR AT, FRATTAI TR e BT A A —
By L 55 BRI ER = B i R T () ) R B L
PRI, A AR PR AN A& : (1) MO-DINA 57
SR IE TIPS =B E S R = R R W
WATLL, B2 Q)24 2 37 10 T4 5 b WA X & 1)
K7 BITE PISA 2015 1, Rl FR k%0 4k
B SRR 2
4.2 KRR
421 SMBEHFRIEE

FRAE A SCER 2 T N 2E, PISA 2015 Bl# K 5740
TT TR, SRR AR L EZ
[ 25 O R VLKL 2, ZEEHR S Ar e, AT S
MO-DINA # AL IR S H 5 22 B v 74 T iE 47 DT
Bic, 25 =Bhifed . 00 —RlA IR, B ey
i 0,P—FRERES, 0,0 RN, 0.0 —R 21T
5 B —INBTEIRIE: Al-RF R BEIN S, A2—
AR BT R AR ST, A3— Bk i ff BRI FIE s,
A4 NEPEFIR, AS— R BRI, A6— A PERN
P, AT N5, AS— X /EF 5, Ad—>4 Bk
. T U, TR IR TER I, Y
b2 BRI o 22 A R AR B, JE AN B FEIA
B AE T, TR AN M.
422 W5/ E

4G (PISA 2015 £ R4 ) (OECD, 2017)f
“Bif 5% A UMY 4325 (Item Pool Classification)”, %%
P E AT . (DI <2015 field trial and main
survey cluster”1 SO1 Frfd & %) 18 B 8l H, 1L 47548
N5 @M EQCHFEA, 31079 N5 Q)R &R
F“not reached” fl1“no response” ¢ % & A B2 (H NA;
(HMBRTE 18 B 2 EREE R 3 Aok, FR
1076 N ; ()31 4% FIr A3 e A AR R 58 2 BEAIL Bk 2K
S DU MCMC 533k ] DU HoAth S 500 Al HE
TR B AR Y 5 B0 50 A, X —Fhe 3 SR Y
I, MO E . 5546, DS519Q01 JFh =2
PP H (e, Y €10, 1, 2}), FRT MO-DINA #&
AR LR P B, A TRz H 4350 —

Hfk: 0—0, 1—0,2—1. &, HHEREIE S
N=1076 AfE | =18 8 F iy b ndds. @tk s
BUH Z [ 5E &R (e, Q FEFF) UL 1,

R 1 PISA2015 & FMIEE 5 B HY Q %EFE
o
E_ij H 61(2) 92(2) 63(2)
Al A2 A3 A4 A5 A6 A7 A8 A9
1
1
1

DS269Q01 1 1

DS269Q03 1 1

CS269Q04 1 1

CS408Q01 1 1

DS408Q03 1 1

CS408Q04 1 1

CS408Q05 1 1

CS521Q02 1 1 1

CS521Q06 1 1 1

DS519Q01 1 11
1
1

CS519Q02 1 1

DS519Q03 1 1

CS527Q01 1 1 1
CS527Q03 1 1 1
CS527Q04 1 1 1
CS466Q01 1 1 1
CS466Q07 1 1 1
CS466Q05 1 1 1

e ABAHK07; #H“2015 field trial and main survey cluster” =
SO1 Ay H o

4.3 oh

AW MO-DINA . HO-DINA Fl1 DINA #
TG IRHZ G AT 43 0 0 F A . eV AR S5 R s 7Rl
Jrifi: XF MO-DINA T 75, H 2 Wil 76 45 F i 4 1
2 SRR E (N5 TERH A ), XFF HO-DINA £
BRI, RS — @ M 2 Bl IR R,
ZOME S R, BIZ95R ¢ =1; % T DINA
BERVIT 5, ZWEPTA Z I TEghity, B IS
FA VR 25 R AR AR

BT I 4% T R AT SR (B LR ),
BRI 10, 000 RIEAR, AL 5, 000 ikA,
FRERAE 1. A 10, 000 YECH TS50
i e = N 4508 X T (PSRF) (Brooks & Gelman,
1998) 47 HAk TSR 5, A 52 v T S 4K
) PSRF ¥/ F 1.2, RRSEALTHE YRS,

ARMFFEAHF AIC, BIC 1 DIC 1E A RI—H 5
AR FE bR, T8 b (E R /) (19155 750 3 BH iR 8 5 5
P ALA AT 53 4b, ABIGE A A 5 50 T 45
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L

951 %

K 56 (posterior predictive model checking, PPMC)
e PPAG AT —E5 5 4 X EL G e bR, S 56 T A
F(ppp), L 0.5 WFRWABA S HHREUA, /N
0.05 B KT 0.95 W RN IZB AU G258
4.4 R

T2 BT 3 AR A5 AR BE LA R
ol 5%, MR ppp (E, 3 MRG58 .
WK, 4 DXL TE PR ARFI BT DINA ASHY (1) A X
PG ez, ULBTE XTI N 2% 18 e v AR 45 14 .
SRIG, TE 4 DHXHUAFE bR, —2LL Al AIC ¥3) W
MO-DINA BRI A X $UA B 4F, 1fif BIC A1 DIC W
FBr HO-DINA HI8 fAHXT LA B4, iXJ& i BIC
1 DIC XA 78 5 2% A A 51 RE X B 8 2 B0 . o A,
i1 T HO-DINA #5512 MO-DINA #5# ft 4% 45l (i.e..,
Ay = 1), IR eREL AR B (A-2LL = 13, df = 3,
p < 0.05)U\NWFiAI2E 5 3, W BEFE MO-DINA
Wi, e, WSS ARV TS B BRI, 3R
f1£5%4 1A MO-DINA A IE B FACHE5E . T 3
B HETF MO-DINA BRI R 43 Hr 45 R HEA T i

&2 PISA 2015 BRI MIE AR5 2 B £03E AR B - 203E L

EiEHRE.

[ —2LL AIC BIC DIC ppp
MO-DINA 19332 19389 19673 24775  0.738
HO-DINA 19345 19399 19668 24644  0.716

DINA 19415 19962 22687 24856  0.692

Fz 3 PISA2015 BRFNWEHHE NS HEITE

B H Oi S 95% CI(g) 95%CI(s) IDI;
DS269Q01 0.325 0.119 (0.263, 0.386) (0.082, 0.158) 0.556
DS269Q03 0.459 0.070 (0.397,0.521) (0.042,0.102) 0.471
CS269Q04 0.237 0.351 (0.190, 0.289) (0.304, 0.398) 0.412
CS408Q01 0.434 0.181 (0.373,0.489) (0.142, 0.222) 0.385
DS408Q03 0.033 0.810 (0.015, 0.058) (0.776, 0.843) 0.157
CS408Q04 0.429 0.261 (0.374,0.487) (0.219, 0.300) 0.310
CS408Q05 0.295 0.213 (0.220, 0.357) (0.160, 0.266) 0.492
CS521Q02 0.548 0.133 (0.494, 0.602) (0.097,0.170) 0.319
CS521Q06 0.849 0.008 (0.809, 0.883) (0.002, 0.017) 0.143
DS519Q01 0.106 0.524 (0.047,0.163) (0.457,0.582) 0.370
CS519Q02 0.281 0.304 (0.231,0.332) (0.256, 0.353) 0.415
DS519Q03 0.323 0.228 (0.212, 0.404) (0.174, 0.282) 0.449
CS527Q01 0.033 0.788 (0.012, 0.055) (0.742, 0.831) 0.179
CS527Q03 0.393 0.330 (0.343, 0.442) (0.289, 0.371) 0.277
CS527Q04 0.281 0.373 (0.203, 0.343) (0.316, 0.423) 0.346
CS466Q01 0.448 0.182 (0.378,0.514) (0.140, 0.226) 0.370
CS466Q07 0.649 0.050 (0.543,0.726) (0.026, 0.080) 0.301
CS466Q05 0.342 0.243  (0.284,0.398) (0.184, 0.300) 0.415
H: 95% CIL=95% DAl {F X [H]; g = BHMBE, s = KRiRS
#; 1Dl = BH X .

*F 4 PISA 2015 RIENER,FEMBBHERE

HEhAEREMEMGITE.
S8 Je B 95% CI FHIC R B
L o 1.773 (0.873, 3.571) 1.000
PpsOEOs -1.833 (-3.719, -0.856) —0.890
65 2.394 (1.145, 4.778) 1.000
TR —0.783 (—1.408, -0.154)
s -1.212 (—1.924, -0.493)

3 EUTHESHEMMAIME, BEEX 18
TH L T — A, A E BRI SRR S
BORF T 0.8 iy o XSRS H XDl =1 -
S — i) (de la Torre, 2008) L AEMS & FX, /5 H )
XAEC AT 0.2, XHAAEREEZEONE Q
FEME AN 5 %5 (Kohn & Chiu, 2017); Q)@ HM &L T Q
FERE AN HAB R . S Ah, 4 BBLT logit
Je BT E S B00 YA 1) R0y 25 07 25 B, W] LA
BIWREH S MR EEEAMEE, X6
Zhan %5 A\ (2018) M 14 o

ShE BB TE R LA THE T S, B, 1 1
VR RN 3 AN T T R T A A e A
SIAEASFEA B, BOREA BN Z M A R
G A R E 5N 0.847 (SE=0.094)., 0.973
(SE = 0.025)F1 0.927 (SE = 0.057), KIit, &A1=z
HXREL N 0.8). FTFEULAIE, FRZHES
T A EAERIFA — @ RERENE R — M.
i, JRAE B e AR 2 R S ARG, R R 4l (R
— PR . PRI, YR R A TR A OC T, BB
FH—A 8 50 10 155 B 5 J0 R 28 45 T A2 T 2 ik —
IS HIE R . FET PISA 2015 Bl2f K FRMITEHE LR,
FATARIX 3 A5 Z I W AE R B A 2 SR i 0
EA—FER), ARG BTN R—FRe . 54k, &
A F] HO-DINA BEAUFI AL S50 Logistic £
A (Birnbaum, 1968) 43 #7 T iz it £ 45, & B
MO-DINA 5 &I i {4 55 = B B e 45 Al T 5
HO-DINA A5 A 1% 155 B i 78 4 B A THE 1 AH ¢ R %K
7 0.996, H 5 YR SEL Logistic 58 ) 78 7 45 i
fEIHE A X R B 0.936, K =Fxf<Rlpx
FER A THE A S A DG, [FIRF 26 B MO-DINA
R DI S G Y TEA T S =) S W

B 5 BT MRS S B ITHE,
T I o - U DT e G NS 1
WV TERE TS B 2 R JE M X Ay B S 8., B G, 3
AEE R BT T 1, Ui PISA 2015 Rl %
DTFAE SR B 2268 T . B2 AR AR 21 BN
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FEUIAAF: —Fh LT 22 M A RIS WA B I IRl 2 28 5% 14 5 12

7

B 2R IR0 F B B ik 2 & A . AR,
FREIX 3 A~ 105 ZRE 0 A /IN AT B2 R SR N
BREFIR P RR, BH2E MRz, Bl
RS RE i/, SRS, AR M X 43 B i K/ iT
KB, ()T b i B0 52 X Bl 2% B8 7 1452 Wil B K
()3t A R B 2 R B R i e R (3) M IX /[
K SO B SN R K .

%5 BTN WSS R B,
MO-DINA HBERVHAT /AR, BR T REUE15 3] 9 4> )E
PERIZWT 3 R85 41, iR Re 1S 2ol 7E 2 g e
BB AR THE . UL 2 50 23 S o, RS
BB L e, (AAATFE 2 Wi e e
R A T 22 S, UL e E M A
MERAAIEZE R

<«—— 3436
(1.604, 5.760)

X/ 3713 ova
/(1138 6320) ﬂ?ﬁ%\
0.927
3334
2Rl |e— (0.533, 6.008) (0.786, 0.995)
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AR,
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MRS, ARIEXT PISA 2015 BRI 56 504 1Y
A3 HraE R, AT LIYE MO-DINA AR5 36 2 7 SC 43 Hr
oK, TEVCHEC PISA 2015 b= 3 35 I THE S8 i L it
by SEEE TR ER IR AU

5 BB SHCTHE R

MREITS S

TET5E MO-DINA A58 i BLSE o] [ A )
FAT A 3o — A7 5 B AT SRR T 1 S A
THREAE  BAAFE Hh E8E 2% SO SR
IR HTE R, K 7 PR SRS, BN
SEETERR R 1A, BRI TERRR 3, BIEK =
94N BB B E | =30, QHEFFBEE WLIK 6; 3
HZSBAR T kA m: (logit(gy), logit(s))’” = (B,

=

5.1

Blef i
BAR

3278 —>
(0.382, 6.810)

2338 _
(0.153,5.018)

0.847

(0.819, 0.954) 2.932

(0.263, 6.050)—— 5. P

3.478 —>
(0.637, 6.283)

0.973
(0.913, 0.999)

3749 _,
(1.823, 6.454)

2.081
(0.144, 4.672)——>

5 PISA 2015 Bl2#i 56 s 7E 2540 S B0 THE (GE T MO-DINA A,
T FES N 95% D1 AT X ).

F 5 PISA 2015 BRI NIEER 4 5 B RIS B 45 R 61(EF MO-DINA f&3),

91(2)

92(2)

93(2) 0

0.582 (~0.863, 2.194)
~0.873 (-2.317, 0.537)
~0.919 (-2.429, 0.541)

2 111111111
5 010001000
7 010000000

0.661 (~0.586, 2.174)
~0.940 (-2.290, 0.276)
~1.022 (-2.432, 0.198)

0.664 (~0.581, 2.194)
~0.939 (-2.302, 0.263)
~1.027 (-2.453, 0.183)

0.294 (~1.035, 1.968)

0.656 (-0.572, 2.175)
—0.910 (-2.307, 0.357)
—1.028 (-2.445, 0.211)

0.338 (-0.999, 1.959)

23 111111111 0.202 (-1.182, 1.950) 0.283 (-1.057, 1.961)
54 010101000 —0.831 (-2.414, 0.620) —0.880 (-2.319, 0.461) —0.870 (-2.368, 0.525) —0.886 (—2.341, 0.426)
86 111101110 —0.404 (-2.082, 1.368) —0.462 (-2.054, 1.314) —0.468 (-2.034, 1.293) —0.467 (-2.062, 1.300)

T 185 95% DU 4] 5 DX [H].
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B 7 BEUWFR B H S8R B
7: bias = 1 25; RMSE = ¥R,

8) ~ N (p, X), HH pg=ps =-2.197, £ = [1, -0.6;
0.6, 1]; J@E#EIEmM&E A = (-1, 0,1, -1, 0, 1, -1,
0,1), i@t X E N hm = 1.5, BB
JEMEZ 8] Ry h AR EE AN O, B EBOE N N = 1,
000, 55 = B v 76 o ARl IE S 43 A v AR i, 5
S S B R 2 8] Y 3 A B Y RE N Y
@ = 0.8, RPB B4 B W e R I 22 B AH 6 R B0CH
0.64. BIIBFFE, SRS, HRESE 5 Sk
W PR — 2, AR A 24000 PSRF 1
INF 1.2, BARSEATCUE HHk, M mWE
(Bias) ., #77 #i% 2% (RMSE)Hl i /K i#b A1 56 2 5k (Cor)
KARITELL AL /i (e.g., MIHSBEL, WAEFR)AYIR A
P o At P 1 4 M SR (ACCR) g M5 = 1
FIEF(PCCR) ARG I 1 1 IR ELE

52 #£R§

K7 2T 8 HSH0R B Bt Bias MiF, 44
KZH0H H S5 Bias /N T 0.01, 55 ERAIK 3R
S0 Bias W4 XHE 52 0.002 F1 0.004, ik
RMSE 15, Urf i HS50% RMSE #/hF 0.05,
RIS H0OR 2 1R S50 RMSE 93418 23 3112 0.018
F10.026, A &I, 5S40 RMSE Fifi i H
W A 1 Ja P 50 9 BGRB8
RMSE i #5 18 E WA 7 Jag P 50k (0 14 I ini 3 i, 3
HUAE— 54518 2 —3 1 (e.g., de la Torre,
2009; Zhan, Jiao, Liao, et al., 2018), L7k, 50 Z%k

AR ZE Cor 43 HH& 0.981 F1 0.964, B H 2
B E S Bl 2z m 2 S, BRmE,
MO-DINA #5550 H i 2 50R B
& 8 3 T @ HES%k ACCR .9 M@ 11 ACCR
WEF 0900, £ RS EAG TR EER
. FAN, PCCR M 0.512, ZER| @R N9, 1
A 512 Fha] GERY JE PEAR RS B R Ak 1T, ARIEE A I
RN, ZHIMERT AT,
AR E

A9 0.9
A8
A7 0.924
A6
A5 0.921
A4
A3 0.92
A2
Al . . 0.927 ‘ .

0.80 0.85 0.90 0.95 1

8 A FT H E S 400 R 4 IE i R (ACCR).

0.937

6 I T = T TERE S AR LM L O,
4 > S TERE B AR EAEZEAL, 1, 000 A9
bias (P14 XHE 24 0.1, RMSE B I{EZ) 4 0.69,
Cor ¥ F 0.7, 2% LI KT HO-DINA B[ fiff
X4k K (e.g., de la Torre & Douglas, 2004; de la Torre,
2009; Zhan et al., 2018), BRI, 1w B e o
SRR B RAF, R SEBR R K S



FEUIAAF: —Fh LT 22 M A RIS WA B I IRl 2 28 5% 14 5 12 9

x6 BUMRPENEEFRSHMBEAEL.

P tbias RMSE Cor
RS OE(POK(:N bRt 22 f/ME STFNIE I bt 22 e/ME SEFNIE
(N 0.100 0.124 -0.380 0.368 0.686 0.090 0.408 0.983 0.721
0,® 0.100 0.125 -0.378 0.352 0.689 0.092 0.385 0.983 0.719
0,% 0.104 0.126 -0.372 0.351 0.683 0.089 0.416 0.947 0.726
0,? 0.104 0.130 -0.481 0.381 0.690 0.095 0.358 1.050 0.715
T : bias = fi2%; RMSE = ¥R 25, Cor = [ RihAHIC R AL
x7 BEHEMARPEEEHSEEES
¥ bias RMSE Cor
RS SEPOK(:N ik 2 /ME S PNIEN B {E bRk e/ ME RAE
Aok 0.042 0.048 ~0.066 0.072 0.189 0.062 0.129 0.305 0.982
Mikm 0.116 0.051 0.015 0.172 0.346 0.057 0.245 0.429 0.982
n? -0.031 0.053
y.? —-0.012 0.076
vs? -0.012 0.076

. bias = fi2%; RMSE = ¥y iR, Cor = FRBAURREG o = BYEMEESEL M = BYEXDMESEL v, v2, 13 = B =

B4 58 TR A BT 2 1) 1 [T 0 2R K

27T BT = EAES A S B IR B O,
X A S A R EAE R TR M X A SR
FIR B, 5 LAMESE T HO-DINA M AR 5T 4516
—E, HIKR, B EPBER S 3 A S ey
JoT 2z (6] 18] U4 2R B AR EL PR LF, RMSE ¥/h T
0.08, HEIRIN T, WELHSEN IR BEEE A

6 M5

SRy SB35 A 5 LR R B, AR S
AR E PISA 2015 Bl K IFRMIPFHESE, #2247 F
SR G I B TELS . SR, ST ST
KA CDM BERSALFE AL = B fe 4 b i 50 dis, TR
TR T Z VAN WU, IR 1L DINA #5541
Jfil, AT Z B DINA (MO-DINA)RE R, i
SR DL MCMC Sk se s S5t Bl
55 PISA 2015 Bl2EZE IR PEHELL AR DAL, 16 2 %R}
R FHE W E AR TR, ZE, AL
PISA 2015 Bl 5645 531 hy 51k Ut B B %S 784 1y
BRSE TSR R M . BRe, e — M IR
PRIT WA 1) S G TR B . SCUERFIT 4 SRR
2043000 56 F I 235 K A7 22 B0 0 A 45 4 1 e S
BT R AT 22 VB AR T T R B, ]
% B MO-DINA #55 , BLUIF 5T 45 5 4 B AR SC
P2 H 4 DL MCMC B7LRERS 0 MO-DINA 5
RUPE U I S HUh T TR A

A3, R4 MO-DINA #AU 2 41 % PISA
2015 Fl2f 2 5% T A0 3 1 = B v A0 45 F 1 42 M A
HHA MO-DINA #i#JE HO-DINA #EAIHR),
BT LAEE S bzt ] DLIE T A A o
DL_E B Vs AE 25 R B B8, b T [ PR AR 2 3
ST (TIMSS) AT (D E 58 55 20E B B B i i
W A5 ARSI 0 05 T Z I TESS . 24K,
AW GEFAS TR T UL 6 B 2 B W 7 25 40 1)
N 56 5% 7 AT ] B X6 B 2% 22 57 10 D 45 48 =5 2 48
MO-DINA BB AT 700, 112 Ry 2 2T 1
i (assessment for learning)” TN T H & &, Ia)
e SR — AT A PR AR R, DA 2P 3
BRSBTS, FESCER Y, AR T AT
AR HR 000 55 i ] P L R ST o 0 6 T SR A ke i B
BrsE RGN, 30 n] L2 (0 A B0 9K 8h 5 ik, AR B A
AR LA $5 45 (e.g., AIC . BIC 1 DIC %)k k%
A IE AR, FEIAS BB . A DL RO R
B Ci TP O

T TR, —MAETE 3 UL KR TE
TERF I A 23 2% I s e Al . BRI, % T
B LSM (JLx(1)), Y4 K =3 I, {ffH 451 TE
CERRR TR EAL T 2° — 1 = 7 AN SR mifli
Z B LSMAUHTZAG T 6 NS E(EE 3 A E X s
FERN 3 AN JEMEMERD); X T4 =B 558 g
FERTIN S, 458 S ERe i s M8 3 B, B



10 1N B

951 %

L

BTt 3 5 Z 1A A AH ¢ R BOMAL THE =B 555 —Bir
TETER? T 2 [H] Y 2 Ay S 75 2 3 288, 1450 i
TERE BUECEECT 3 I, DU T3 B 245 4 T LA A 5
TS0 . tean, SR 5 B =Brid7Esi i m =,
B DINA BRI ZA T 2° — 1 = 511 454
24, 8] MO-DINA BB Z AL 11 21 P25t 2
B 9@k X 43 BE 9 A PEXERE AN 3 4~ #fm),
A LR MR BEAR TR Al T S 8080 . (A S =4
HERE R B DINAAHY, ) [a] R 55 2443 21 D454
SR 9 NIBPEX AN EE L 9 AN @ XERE AN 3 N4
K FH), H I 5T 2k S B0 <R A K IR 4 B 1Y)
W, PR, SR 3 AT B8, AT LD B (0 46
HE S8 ) FIASE AU 1) 29 W5 4> £ BE AT 2% 0, B5E 38 i By
BIRLZR GG R, R RIH RS, Ko IR
A PR TE AR B & A m Y AL . e, RTLA
6 1R A 24 B8 A AN I P e I 7 A S << PR A 2 i
FE, PR ERIE b R RS A > 4 B2 0 12 ST 1Y)
OB 73 W 485 R SAFAEARAR )

JEARW TR B R IR0 T = e 45
), ABEE— B iy JE MR EETSIR R, i CDA W]
AE T3 700 P2k B2 8/ NY & P (see Leighton &
Gierl, 2007; k%%, 2016), J2br I, 3T PISA
2015 FFAITEAESL, ASHIFSE B9 55 — B JE PR A B
i it — 25 R 43 AR BE SN, N, A1CRR
Hb St % W 523 RE A8 — 20 Rl 43 Sy << [RlAZ 3 1o A 3
M AYFRR2AH1H (Recall and apply appropriate scientifc
knowledge)” Fl “H& fIt fif B P4 {15 (Offer explanatory
hypotheses) 45 /NVhr BEHEE, ¥ L OECD (2016)1) 4%
2.4a, RUEFHE EFRATAT LU AL DU B e S5 H
) MHO-DINA # RI it — 28 73 #r, {H5Z R T PISA
2015 B Y IFoR L B H /)RS 2 1)
R LA By G R (RIS AR Y Q AR RE), T LAAS 3C
B H OB R 22 R 57 Al & ) = B I AR S5 4 1
WPE. J34h, A TFE, J52ah ] DLl ] =/
IRT #i%!(e.g., Huang et al., 2013k Hriz%dE, 7+
EARSCR o e R AT XS LU 9T

MR, BT RESIFRG A R, AT A —Lk
Jay BRAEAS 5 St i o — 2B 4R, et (1D)REA L
FEOCTE R RIGTESS I RTAL, (HAUET] T DINA
BRI g D AR 5 232 T 22 R 5 i A )
BRSNS PERE; (2) K75 & P Z 18] ] REAFTE 1Y )2 4%
2L ¥4 (Leighton, Gierl, & Hunka, 2004), Q¢ )E P
RSB Z PR TES TP EAS A e i — 20 ¢
E(e.g., Zhan, Ma, Jiao & Ding, in press); (3){N# M

Ay IE A, RS ST G 40 2 07 8 1 (Karelitz,
2004), W MO-LSM #i) Bl 2oy @t & —1~ A
B WG Bi(e.g., Zhan, Wang et al., in press); (4)fR
WL W TS AE S5 A EE A8 A B, T S 56 v 22 I v A
SR FE T BE S AR 22, TEXFIEAL T MO-
DINA #5281 SR IUE S AE A3 G — 225 (5) MO-
DINA AU & T B — RS IR, JER % &
AN H AR B i T B A5 e R A
i, ane)fac FR R E e 5 B S Ay A B e R
{15 % E(e.g., Liu, Liu, & Li, 2018; Zhan et al.,
2018); (6) MO-DINA HE AU EF X A Wil 95 £ ds, 2
T b BROA 1) W0 55 K, S 2k T 20 ARG — 2P
" (e.g., Li, Cohen, Bottge, & Templin, 2016; Zhan,
Jiao, Liao & Li, in press); (7)ZEUEEIE 0 M1, A%
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Using a multi-order cognitive diagnosis model to assess scientific literacy
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Abstract

In PISA 2015, scientific literacy is defined as “the ability to engage with science-related issues, and with
the ideas of science, as a reflective citizen”. There are four interdependent dimensions are specified in the
scientific literacy assessment framework for PISA 2015: Competencies, Knowledge, Contexts, and Attitudes.
Given that knowledge of scientific literacy contributes significantly to individuals’ personal, social, and
professional lives, it is of vital importance to find an objectively and accurately assessment method for scientific
literacy. However, only unidimensional IRT models were used in the analysis in PISA 2015. Which means that
the analysis model does not match with such a multidimensional assessment framework. It is desired to develop
a new analysis model. This study attempts to measure scientific literacy in cognitive diagnostic assessment for
the first time.

According to the scientific literacy assessment framework for PISA 2015, a third-order latent structure for
scientific literacy is first pointed out. Specifically, the scientific literacy is treated as the third-order latent trait;
Competencies, Knowledge, Contexts, and Attitudes are all treated as second-order latent traits; And nine



555 ik — R T Z AN ANIS W B I R 2 R SR U 13

subdomains, e.g., explain phenomena scientifically and content knowledge, were treated as first-order traits (or
attributes). Unfortunately, however, there is still a lack of cognitive diagnosis models that can deal with such a
third-order latent structure. To this end, a multi-order DINA (MO-DINA) model was developed in this study.
The new model is an extension of the higher-order (HO-DINA) model, which is similar to the third-order IRT
models. To illustrate the application and advantages of the MO-DINA model, a sub-data of PISA 2015 science
assessment data were analyzed. Items were chosen from the SO1 cluster, and participants were chosen from
China. After data cleaning, 1076 participants with 18 items were retained. Three models were fitted to this
sub-data and compared, the MO-DINA model, in which the third-order latent structure of scientific literacy was
considered; the HO-DINA model, in which the scientific literacy was treated as a second-order latent trait and
contacted with attributes directly; and the DINA model.

All three models appear to provide a reasonably good fit to data according to the posterior predictive model
checking. According to the —2LL, AIC, BIC, and DIC, the DINA model fits the data worst, and the MO-DINA
model fits the data best, the results of MO-DINA model are used to make further interpretations. The results
indicated that (1) the quality of 18 items are not good enough; (2) The correlations among second-order latent
traits are high (0.8, approximately); (3) Knowledge has the greatest influence on scientific literacy, Contexts
second, and Competencies least; (4) Explain phenomena scientifically, procedural knowledge, and local/national
has the greatest influence on Competencies, Knowledge, and Contexts, respectively. In addition, a simulation
study was conducted to evaluate the psychometric properties of the proposed model. The results showed that the
proposed Bayesian MCMC estimation algorithm can provide accurate model parameter estimation.

Overall, the proposed MO-DINA model works well in real data analysis and simulation study and meets the
needs of assessment for PISA 2015 scientific literacy which included a third-order latent structure.
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