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T RN BV AR Y ARy 1, A0 BT T AR I R R T 40 %o ) R sk R A S O R A A T
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FAT DAEAT ARG 2, mE AR RDR A IR A R 2y

3o T H iy AU 3 B2 R R R ATAE 4 38 (9 22 52

T i AL JRE %) B 3 AR B A5 W g T X0 RE 0 A e B A S
e RTS8 iy arilE B BEHLACE LLTM

B&41

1 55

HZ N A RR IS

B N FH A 1) B A R it RS R BN R R R 4
INHLWE B, W B £ A4 o B (Mayer, 1985;
Schoenfeld, 1983). % F {5 B im T B & ML A,
Schoenfeld $& i} T —~45 = [R] R D 0 fin T A AL

LR HE B T ad FR . 32 (reading) . 43 T
(analysis) . & (exploration) . i1%I/4447 (planning/
implementation) A1 1IE (verification), #&Z2[R]#E 1Y B
TSR, Mayer $&H4 T ffDRAR A R DY S — i
PRI AR, B854 3% (problem translation) ., [i1)
U1 #£ 4 (problem integration) . fi# 5 i1 X (solution
planning) LA A fi# 814K 47 (solution execution). [A] @54
PEIE T HE 100 5 o AR e 48 J B 2 i A, 9] A S R
U /N W I Pk S S R U I P R DR
ANRSY, AR . ) DL A4S R ah i sl
Bet 1) B ] 2% A 4 5, & 5 JORT [) AL 45 4 1 B ) %
TIE o B0 1) it i) % i) 2 2 S AE X ) S A
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SERERAEFEAN EAY . IR T IZ R, B
I FH AR LA R o >4 [a) 2 DL 35 o MR IR TP X 5
FETE BT [ 51 7y 45 b A DG {5 8 1 38 A R AIE Z 11,
WAZTURG A G 75 18 BRI T 5 Al OB i A 7 () A
FEVERT B, T U MRIR A0 52 AR B X A5 Ny R i
PRt R E AR .
1.2 HEHRABPIES KIS

5T 2B, X550 R b 35 1 BRI Y B A o 7
55 SCAR B A — % U] & — 2% (Kintsch & Greeno,
1985) . 7 © A SCA HL A /9 I\ 0 oF 5% L Rl 1,
Embretson Fl1 Wetzel (1987).545 T —~ [ S B 1Y)
INFIS FEREARY ) 6 SCA PR A o RS S A 2L
B i 2, BPiE IR 2 i (lexical encoding) F13% 51 i
& (coherence processes). i 1l i i B A5 HE AR FF5)
AR 0 70 1l — A SRR AR e /R, e
TRl AR AR R A T SCAFI/EUSE AR Y 25 Fh %
R A B 51 26 8 . 18 1) S i Y
MEFE 32 B2 I BRm) Bl i | B IR AR B A AR R T
SE AL RZ MR, T BT Ak AR ) 327 SCAS o i R R



4 1 Wl 2R A5 B N T b s S R A —— ZITREALALN T H B  BEE ALY s 463

(proposition density) ¥ . 52 1 .

O A AR Z 5 A T B 5 3 5 5 1 BR
AR 1) 2R TR 235 1 % B30 ) R A e ok A 1 52 1) (A bedi &
Lord, 2001; Hanson, Hayes, Schriver, leMahieu, &
Brown, 1998; Kopriva, 1999; Johnson & Monroe,
2004). WFFE RN, B H s 5 Bk iy 5t s e
FTRHIE A AR BT 1k, AT SCBOMI Y Fdn] | R
i) DL RSB EA R A, B R 2 XTI H XE R R A —
52 (Shaftel, Belton-Kocher, Glasnapp, & Poggio,
2006) X PR HRFAE 9 28 A X 5 AKCE B A
A A B, SR, HRE e g B A A =R/
AJ(Abedi & Lord, 2001; Johnson & Monroe, 2004),

iy AL S H S — B SR v I B 1 A R AR
i 5 () B e {H (Bovair & Kieras, 1985;
Embretson & Wetzel, 1987), B A WFIT £ M, aPiE
B A ACAZ SCA 19 B (Kintsch, 1974; Perfetti &
Britt, 1995; Turner & Greene, 1977). iy il %% & 2] I
14 2 SCAS v BT 63K 1 WL A& (idea) 11 5 AR FR BEE, S )
R TN SCAS I BT A H 0% b ol J5T S5 R 4 DBy R
RO & $5 bR (Brown, Snodgrass, Kemper, Herman &
Covington, 2008), Kintsch #l van Dijk (1978)i\M,
— A RS (concept) M i, AU HE— N 1E TR
(predicate), —~EX £ M JG(argument), B IC AT LA
JE— M, W UE— AN A S, 7R
RE AT LIPE i, Wnl IMERE . 1SS hahiE . &
B EE LRI ZH R N, A)F<John F1 Mary #5234k
AT E A 2 0 1] L3 Al — A (L2 1)

x1 flEhryaes

A HE

i AT 5 g
Pl s, &)
P2 (1, John, Mary)
P3 (B, P2, )

Embretson I Wetzel X 43 T = Fp 25 ) fiy
AL B E AT | T T AURT B R A i,
1 FRRAT A 1, 2 F3(3 1 HFdszn i P1. P2 fll P3)
Oy RAB T v A . B R RN T T, o,
A 2 VR — M A, BUR A 3 1 —N 8
TCo — M, A B 5 SCAS AR XE B AH G

FABURY, Mayer (1985)X 43 T H iy i i ip =
Fhan B2 . TR {H (assignment) , 5K & (relation) A7)
i (question) . T {H i A 25 B3> AR LKA, 91 an—
AR 65 H£IT7 . KRABRIK T W AE 5
ZIa R &, BN “John HISESR L Mary £ 5

A ] A A U] 2 1 — > O AR S [ &5, 43 4
“RIEZ /D7 "Mayer N, a5
A RN A2 2 PR AT i R TR B K

2 M R
o

LR A SCHR, AEAE LA 0 8 i 5 Ly
Xof fife A ME FE Y 52 e ) BF SR BE X (Aiken, 1972;
Embretson, 2004; Enright & Sheehan, 2002; Kintsch
& Greeno, 1985; Shaftel et al., 2006; Wu & Adams,
2006) . FLHABF ST IR IX AN R, R 2% 500l ] 152
AE 7 55 H ik e B0 i D A 3R B 22 ) 1 O &R (B L
Aiken 1972 4 (R Z5R SR  7E ) 32 58 J1 5200 20 0]
RS, RO A AN - (1)
AT TEREAR W h 22 A i — MR B2 RE 1, (2) D At
B R R BE ST, (3)SRPIE AR CAEE .
IR 5 — i 5 1E M 5E.(0.40 < r < 0.86), {H J2 i 3
filt PN BRI A R AR D 4, SR — S, Horp—F
FERWAINR, BB A8 ) 586 ) Z BT LA
FETEARDE, Sl T P AR S Wl ry — B A .
AW UK — I 1 5. 1 ek R Rk R 2R T
BEAniEC . HUE . iER YRS % (Johnson, 1949).
H2, X5 IR A il AR A ) L, AN [] 4
e 152 8 ) 1 i T HL B, S BB B e )
il T L SR 24 BE AN — B, b, SRR AR R
RE )5 B RE ) Z IR C AR T, Bl P & 2
[6] () — By #H 5% (first-order correlation) X f #H ¢
(partial correlation), JGik 42— BRA 47 18 5 I
732 QAR 53 W A a8 2 ) A e 1) 5 1 Ve Al

Ty — 7 i 2 3 PR 3R A3 A T 5 A D 6 R
YN TESE R, TS 2 5 T w1k el 52 B8 ) AR 2= e )
Z 8] F A 5645 28 (DeGuire, 1985; Gorsuch, 1983; Wu
& Adams, 2006). MERIE FORUE, ARMNKHEATE
B TR F R AR SO B 0l 25 5, TEAL
SO PR R A P I R B MR F R L
Z, QSRR o A A 0 1) Y i
IY LI HEAT TR, DIAE P 3R 45 vh o 25t BLiX
MEFHR. P, Joi R IREER R ik 25
UEPE R R A, 8 WF 58 B0 b i 5 o3 5 2K
NS Sl T — bk o SR, AN SEBR
9 PR 2R 43 B e A L A PR M LU RS o BN R R A
FLIE S 1B P 5 B B S, 8 R A
TEA Y o XTIl — AR AT I R e hr, ANERY
PR 2R Al IOy 12 B R R e O i, #B AT BE S EUR [R]
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I 43 %

2SR, ST A AN TR AR o BV ] LAGK il — 3%
R RE, S 0E e & R AR AL T ZEAEAS B
Az Serh, A 2 KB AT e il S R S350 .
2T BN R TR L 00 R B Ty T 3 AT X e G
Ze 5, AT W] 5 R ) A R A D R AR A IR
Z M (Snow & Lohman, 1989), K& /= F K
HEERETLERER,

TF 5 B0 o7 R T 55 1870 32 il 114 55 = T 8
AT\, AR5 oA B R E i
Wik i BARFRIE; SRS, BFST I SERRAE X8 H Xk RE
DL K 27 A2 36 BB 52 Wi 28007 (Abedi & Lord, 2001;
Embretson, 2004; Enright & Sheehan, 2002; Kintsch
& Greeno, 1985; Shaftel et al., 2006). £ iX Fififf 55 15
A PRI [R] A A5 B m] . — b ) 38 48 T4y
) R v T R OA B TR R BT AR R AE (Abedi &
Lord, 2001; Shaftel et al., 2006). 38 i3 278 8 H H (1
AR RS S S5, Blaniaia . shinliEiaas
G, WA A ERETE AT A T 7 L e 22 19 [m] B, R
A E P RS B A . FERXCMIRIE T, F IR
MR R (Y 2 722 5 e ) R e ) A R 3k R ) IR R
JEARERE ., Fit, 5 B fenys H R 25t aEE
WA TR H Y. BRI, 65 LRk
R H s by, B0, fEHLELL T, B
AR H EL 2 PR FL i S E A 1 L (UL Shaftel 55
N 2006 47X AH SRR B AR o

M Z T, 5 AR T B4 55 20 78 7 MK E
B TR) A e 04 DA 0 3k A2 5 AR (Embretson, 2004
Enright & Sheehan, 2002; Kintsch & Greeno, 1985),
BN, T Mayer (1985) A4 %027 ] B3 g kg DA 0 B
&, Embretson (2004)73Hr T GRE 578 (1.0 PR
AR, BRSSO HLAR X 2 H vk KA
SBAOK 5K . 1z IR T kI, GRE oy [n) i
) fifk DR 2ok R A R AR Ry TS AN R A B B, B G A
(encoding) . #£& (integration) . iTX](planning).
1T (solution execution)FIHR3K (decision), TEMILARE |,
S ) B8 ) R R 7 T A B B A A e AR Y
HAFHESE, I GRE By %k [n e 8 H R
R ERY AT IE OO 8 B T gAY . SRS, GE FHZME
(] 0 A58 A5 i e 1 322 8 0 A I 46 45 Y (linear  logistic
test model, LLTM; Fischer, 1973), X455 & FHIE
TE PN BYAS [R]85 R Ak A2 R X B2 b %) 52 i 28007 1
TR T FIARAE o 3K DB TR R I AT: 55 43 B 7 vk
[ — A~ E B A T B R & T [\ Y (construct-
oriented), i 3 B H RFAE -5 ) AR Pl R A

Z IR AR, AR SEUEMTFE ) Bl b6 3% SR Ak 1
SR RN FEA AR, XA AR A T RS R 5
W 5 B EE A F4E (construct  representation) it — A
#0845 (Embretson, 1983),

FE TR AT 55 43 B 5 1A RS TR AR E RRAE
Xof T AL e R M JBE 1 5 i) 7 4 A A R —
T F 2z, R E RRE AR5 e 500 B R Ay [ R R
(fixed effect), MR i Flvge i Xof Bt A7 9k 1A AR J2 AH
AR o XA R B AE B 2L 1 00 T AT RE 2 A P SE Y -
Sebrechts M HAVEE (1996)% %5 T GRE U4 H
L R REAE X B OXEBE Y S2 ), R REY T B
(] R0 118 o it T X 5 A e S s A 1% R ) A G
o BRI, ARFIZKE R ) T8 A [F] Y
[") L figp DR SR o T HL, FE DR s ) ), e
3 1 4 S it b ELAR SR W, LT 4 Y R T
B 1) R B A R, T R R ) 3 B RN
T A A . RSB R S I A SR e A G
BRI, AN [R] AT B9 8™ AR 1Y A DR 2R B L AN [A] | X
WL, U E FRE R A 5 e I N — 3%, T2 Bl
8 H IR 5 R o A D RTRRE 22 8] 9 22 B AR
FHTARAE o LA, iR e R — g vk, DA T
53 B R R AR X R E R A 3 e PRI S 1) 52 i)
R o

3 ARWFIE R TIE

AWFFE R, B H s T AR B
TUAUT BB BRAEFEAS v i A i i 2 98 5 (1)
U Be, B )8 i 5 o 52 i 2 B S
B AN R AN ] 405 22, 3K 52 e 76 4 R A4
F kA M BE ALV (random effect), 11T 28 35E T 451 AU
MIAE 55 43 BT J7 1, 7S 7 1k i T ) A 50 2 ] i o
AN AL, A H 3% 505 5 o A G I A A
MrBeaad f2 . SR e, MR AHOCRIBESE, JE45A Xt
R 1Y 43 B, R ) A R A i AR AR,
PASRAE 5 18 5 B4 A G R I RN B B o Ie Ak, AH G
W9 SCHR & 78 8 [R) BURE IR 6 £ 2 R e L nl,
UL DA 0] RE R 3R 1) 5 2 AR A B 460 ok 2 4 1L SR
A

TEUL AR LA b, 2 ouREAILASN I H B AR
#I(IRT models with multiple random effects)n] P4 F
T MriE & B FE AR B MERE R BENLEON . H
Hi, 22 JCRENLUN I S0 AR F e Lk
PR A B A
GLMM) iR MR A% (nonlinear mixed model,

(generalized linear mixed model,
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NLMM)FIAEZE R i 2L P f# (Boeck & Wilson, 2004;
McCulloch & Searle, 2001; Rijmen, Tuerlinckx,
Boeck, & Kuppens, 2003), 7EiX—HEZLN, ZkPE#
IR AIA, B LLTM, " LA R

K
logit[P(Xij :1|6’i,qjyn):|:0i_z77kqjk ()
k=0

b, P(Xy =116.q;.m) FRBIRXT (1=12,..1) %
XA ATH (=12, 0) R X =185
B, WX, =00 6 Ak i WEESH
q;j ((Ij :{Qjanj'l»qj'z»~--,qu }) P S E I H
HIETESLH j e e i . FEARRSE Y, B farTa]
AR AT H hay SO B BT 5T B A
N (0= {70077 }) T R AL AR (1 2 AR SRR
BOARAG T R I HARRAEXT I B B 52 2%
N7, 38 H R Z R A S8 (basic parameters) . 3 H X
Qjo A 1, AT 70 B R B B3 52 £ (scaling
constant), A3 1 H1, logit(O)%P<Xij =1|9i,qj,1|)
51-P(X;; =11 6,q;.m) Z I LRI XL

TEIH s 38 B8 0 2 80 H B0 A Bl L
BN, B e NS o SR 1 et B s Ass 4 i) A
& Mk W) 5 (identification issue), i # &% & 6 ~
NEABNEIEE = ek ig Sbolrs /dva
TEAKX 1, n B EFIESE, EWE AF L HE
FEAE XTI S B A 52 ) 25 A A R A R AN AR
o A4S, X — BB AR T AL
EF XX FhAE I, Rijmen 1 Boeck (2002)4: H T BaHL
A 2 PR 2 4R B % DU 5 5 AU (random-weights
linear logistic test model, RW-LLTM), %% 2
LLTM —ETE, & R ir 2o s i f JE AR 280
RBEALRON, MWL SE T LLTM ARk, iRl
Al LARIAR R

logit[P(Xij =116,q;,n.M )]:

K, K
Hi—{;’?kqj'ﬁ Z ﬂikqj'k] (2)
=0

k=K, +1

Horr, Ky 2 w0 [ E R Y SR H R AE B,
Ky (=K—K) S22k B AL 1 35 5 R AE %L,
i (3= A Ao | )2 DL 5T
FRE B FEAR SR i o 6 PR AR 198 A UM A
M. EIt, RW-LLTM J&—Z J0RaHLR N 0
H R e A (gilee )1 6 R 2z —), il H
B Y e A BEAIL KN, 8 B A5 B 2 JCIE S S0 AT -

4 Jrik
41 MBI EMEE

DN T EL R 56 B o P R LA N Y AR Ry
Mg, Zigett 70 W H, W AN PR 4
A EEGU: BT OB U A B .
s B AT 3883 A AR R H RN o R T RTI
FEA R B BO TR R M 56 3 By o 5B RECh
0.914,
4.2 MBHFERIES S EIIRA

B 0] R U G TR T T A
) TR AL 55 e A . A WESE LA Mayer
(1985) 1t 230 [ L figp 2R 18 I RIASE B A S 4 55 53 A
BiNToE S i B R RESY & X I P RN I R R 3
(Barnett & Ceci, 2002; Embretson, 1995; Hall, Kibler,
& Wenger, 1989; Jonassen, 2003; Lucangeli, Tressoldi,
& Cendron, 2002). GNHTATIR, ZBLISHEEas i R
DI AR 4 AN B R | PR
i R DA K SRR A T

% W8 E A W5 B A (Embretson, 1995, 2004;
Embretson and Wetzel, 1987; Sebrechts et al., 1997;
Shaftel et al., 2006), ABFFEIERE T 6 I H REAEXT
B ) ) A A R R AT RAE, AL AT ()
B, ArEm I BRSBTS
TR A T BRI H RRAE R S i HER P, S
53 RS X AN [0 635 H AT S, g R
PEAT IR, PrRiF & EEA T 0.88~1.00 XA,
245 T A H FRAE I A B S B0 1) i
1) 4 A RO R . ARG, 1B F R B
TE [P RB AFE B B X6 B30 ) 1) figp ke 7 A S i) o PRI,
R 18 = (] ) B8R i il 4 B2 94 P DA SRAE R R v
I T
43 BEiRRER

DRUIE TN =S I RTNERA =SB 2 i e N & 6 g el
500 HAY logit {HAE A4k S 5 (outcome variable),
DL T 5 B 300 H 4 AE b 70 AR & (predictor), #4174k
P R AR Y [ 400 26 53 A o ) [ U3 2 A T A () L
A5 a1 1A R BAE N L&A RW-LLTM S84
IHMEREREAZSR, XH, S EEENAZUL
PR 73 B B9 45 2R g PP A B bR, T i T e
AN AR A T B 105 R Ry T e, O 5 i R
RW-LLTM HFERIA B RAR SCAL 1Ok B9 B2 20k, A
[0 I 28 5 Sy R il 2 S AR S I H AR A 52 16 R4 114 A
X R/NFITT 1]
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I 43 %

F2 ETHFIANITEOTBFEMRBIR. FREMCEIKE

NI B/ A2 B AN A SCHRAR R
[ 15
TR R ) BALE) B Embretson & Wetzel (1987)
Shaftel et al. (2006)
TR L B R Embretson & Wetzel (1987)
Embretson (1995)
Kintsch & Greeno (1985)
Sebrechts et al. (1996)
N R 2
LES L PRI R (1=, 0 =75) Embretson (2004)
a2t BN S H R AL (1=2.0-75) Embretson (2004)
Daniel & Embretson (2010)
i )
ERER I AUH B AR B AR A E0E Embretson (2004)
Sebrechts et al. (1996)
Daniel & Embretson (2010)
f R AT
i T M M3 U Embretson (2004)

TE 1 53 A (R B Al b, Tt 00 45 4l AT — 2
T RW-LLTM (% BEMLSN P H S 7 #5578 ) A5
Mo REFTA LA BB, AR BH A BEAILRG N 22
FFGZICIES . WA, T EBEHE AR ErYEE,
B di = A= s AT 5~ N (0,02, ), Hooh gy S04
X2 PIBENLN B8, A RRERLTF A AR R K
Y X4 [ 52 %40 (fixed mean effect), XEE, &Kl
BLRON 4 350 H FRRAE 2 506 R A~ 280, — A B ALK
IE SR — AR L4 - 287 [ 2 RO% S8 ek, X
FAAR RW-LLTM B8, % 6~N(0,07), H
thoog S0 RIS S50

FEAA LA~ RW-LLTM 4S5 (-4 I 5 4 -
(¥ REJ1 2806 ARy ME— B LR 1Y 2 P 2 4
MR BES ) LLTM; Q)¥FRE 1 A+
(AU R BERLAUR (¥ RW-LLTM; (3K fiE 1 fi
FU FE A BREALRN B RW-LLTM; (4)KfE s .
T 5 (3R ) BOR A A ORE AR Sl BE AL 0 Y
RW-LLTM. FrAy#Rlfa]mf i 5% 2 s e pymid
FHE o BT A AR 28553 A7 1 1] SAS NLMIXED
I, RAHBGM KA SRA T (marginal maximum
likelihood estimation, MMLE) #f 17 1 i1 (SAS
Institute Inc., 2004), 7£i2 Jil MMLE B, s/ 1155
Bf1R], ¥ A8 % #5380 2 B 49 45 (adaptive  quadrature
point) B, XA — AP FEHLRON B9BLRL, ]
3 RRGER 10, X T = AN EUEE 2 AL
B, BrRBE N 5.

AR LE B — BRI 2 B AT S BT R iR
B (nested model) A E X, RI—ZH A5 7 b ] FRASE
AUA] DL i BR e 52 2 A Y rp B 2 B (T A )

(Loehlin, 1998). itk A A5 2 FE (goodness-of-fit)
(4) Eb 55 38 R FHALLSK EUAS 38 (Likelihood-ratio Test)
AT (Agresti, 2007). {HIE, IR LRSI A& T
L EA R [FIAS B BE A LA N B, B 32 2 455 780
P ER R L (Rijmen & Boeck, 2002), X2 H K
i L2050 07 A TR ) i 2, o A () B AL 80
SRR E AR 12 S 5055 R 0 30 B (B BE LN J7 25
RS iR i M e N 5 - T N S R R i
H 15 B #E W] (information criterion) & # £ 7
(Schwartz, 1988). & WL{F EEN{LEE Akaike {52
#EN (Akaike information criterion; AIC)EY, Il i
B EN] (Bayesian information criterion; BIC). &4 W
FEW, B2 AIC, BIC FERAIESE [T —3,
T AW ) F 2 4 18] LA Y (Lin & Dayton, 1997). K,
AWFFER] BIC MEATREAIERE . —dEAIT BIC
/N AR R Ry 1 356455 28 (model of choice).

B T BIC Z b, ABFFEIE R T AN A AL 5
$54% A? (relative model fit index; Embretson, 1997)
XPRERVHEA TR 30 o A b 5 45 0 A A v A
1k L4 48 5 NFI (normed fit index; Bentler &
Bonnett, 1980)[F] P, FT/n T 24 Fii 152 AU £ J i 45 AU
(null model) FN1f A4 7 (saturated model)Z ] )
JE ERIAIRE . ¥ —2InL,,2InL  f1 —2InL, 5
o A R AERL AL | M R AR AL Y AL AL AU -2 log
likelihood, M|

A* =[(-2InL,)-(-2InL,)]/[(-2InLy)-(-2InL,)]
=(InL,-InLy)/(InL, -InL)
AP TEJEH BRI TR AR P R R, 4T
FEHUAR XS 5 P2 B B B FE e o
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5 44

51 MEBTESHERREERITSHER
A g, IE TP AR 20
AN M=19.8, SD=11.01), 70%HJ5i H F (id) %
DT 224, 2 65% I H AL 2~4 i, T
B o 018, 78 70 AT H 2800 H 7
B I Y P R AT R, B AR I H 3
A B A H T AR 3 AR 2.3 4,

12

10

8 __|

CE
/

o L]

0.50 0.60 0.70 0.80 0.90
T H 160 T 45

Hirh 90%m 3 H A5G 2~3 A7 HbR. 4k £ %500
H(84.3%) % ZMitE /0T 3 %, BiRME, K
B 5 15 5 ARXT 2 5 CERINER A 0% 8 0.83,
JIME FI R AR 43 510K 0.49 10 0.96), & 1 2451 T LA
1E & 43 ok 38 bR 0 30 H XE Y o AR DA S it
logit #440 J5 () 43 A T 0 o 7 LB ), logit 405 1Y
5 H MEBE Ay A R ) T IS A, A5 ALk e
I3 BT I AR R 1

124
10 1 f—]
T
& 4
g
6 4
4 4
2 ]
e |
o AL
0.00 1.00 2.00 3.00
logit(P)

BT i HMERE A A DR IR UIERR B 7 R SR b I B XERE; I8 20 logit #4893 H X))

PIZad logit Fedfa 5l H B B 7 R 45 5
Ardr, R34 T HREN S THE . & 3
R 1 RO BT 5 IR logit A E Y
I H IEW A 7 R 0FRE . T 25 5 095 B ) IEf A
S3# 0, M logit Fedf I f AN A gy, PRt FA4
WE AR R [DE R BN 1, WS TR %A 5 b AT
Y H BMERE R . AR 3 ATLLE L, BR T IalH
J7 R AR NI H RRAE TR AN, A H RRAE Y
UEARBHIR TR, X S5HE AR A—2 . M
A T HAA L 0 R, R R, 2
T Hbx, I BT g2k gl B/ 3R 15 B 317 g
FVRGE, B3 T AR ) R AR AR i A SR
M, B T #EEZ AN, BrAr I H R fE X I E Y
SN A A IR RN G i L BB . 6 A~
HRRAF S 3L LU RE 2 14% B9 300 B ME B 1Y 48 5
(R=0.37). mTMI$ER], LAIH X b 45 R AR it 1T
e T, BE MBS RW-LLTM 24
fHEMER ARSI, KL, B 8800 & T 450
HRFAE A 52 M0 3500 19 S /INFT 7 [, AN 2 5 W %50 )
gt M L IE A0S T 9 RW-LLTM 437 fir 6 B 11,
it o A 4 AR AR BRSSO [R], S e RN, ) e T i 2
btz ARk

F3  LMEEEPASFTEE B ERNS T

- ARZARUELL Y BT H B FRUEAL
Tt 5 RRAE — \,
fli bR EEER

T 2.432 0.327 7.436
F ()& -0.103 0.085 -0.158 -1.212
R -0.990 0.733 -0.167  -1.351
PR ~0.222 0.183 ~0.156  -1217
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Abstract

Language components in mathematical word problems may have profound impacts on the problem-solving
processes engaged by examinees. When a math problem is presented by means of language statements,
translation of these language statements into mathematical propositions must be carried out properly before
relevant information can be integrated into a coherent representation of the problem. As many studies have
shown, the impacts of such language components are unlikely to occur uniformly across examinees. Yet existing
approaches that address this issue focus only on (1) examining the first-order correlation between the reading
and mathematical abilities of examinees, (2) identifying a general language factor through factor analysis, and (3)
examining the average impacts of specific language features on math item properties through linear regression or
linear logistic test model (LLTM). While the first two approaches fall short of providing targeted information
about the specific aspects of language components that impact examinees’ mathematical problem solving, the
third approach is based on an unrealistic assumption of constant impacts of such language components.
Therefore, an alternative approach needs to be formulated in order to model individual-specific impacts of
particular language features on math item proficiency.

The current study applies item response theory (IRT) models with multiple random effects to investigate the
effects of language components in mathematical items on examinees’ performances. This approach starts by
studying relevant literature and searching for a cognitive processing model for mathematical problem solving,
and then identifies specific item stimulus features in the problem statements to represent the language
components according to the model. By encoding items in a third-grade mathematical test according to the set of
identified stimulus features, a set of models that operationalize different cognitive principles are then applied to
the data obtained from the test. This approach provides a rigorous method for examining not only the average
impacts of specific language features on item properties over the sample, but also variations of such impacts
among examinees. Consequently, it allows researchers to investigate the interactions between the characteristics
of a mathematical problem and the cognitive abilities of a particular examinee.

Results from this study show that, among the six item stimulus features that were identified based on
Mayer’s cognitive theory of mathematical problem solving and its associated literature, all but one significantly
affect the difficulty of mathematical items. Difficult items tend to have more words, feature a higher proposition
density, and require the examinee to either translate information from a graph or table or to generate
mathematical equations from the problem statements. In addition to the variation of mathematical ability across
examinees, proposition density of the mathematical items shows differentiated impacts for different examinees
in the testing sample. While the random effects of proposition density inversely relate to the mathematical
abilities of examinees in general, proposition density exerts more impacts on the math problem solving for

examinees with low abilities, and such impact is diminished as the examinee's ability increases.

Key words math word problem; language component; proposition density; RW-LLTM



