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> A

BEER R IE N BRGNS AT ERMAMAES - HE
R EF AN RE (EME T 2 R E 2 R ERE IR E E AR (Cowan
et al., 2011; Fuchs et al., 2014; Rittle-Johnson, Schneider, & Star, 2015;
Sisco-Taylor, Fung, & Swanson, 2015 ) - #{EESEEFE TR RE 5 EAE
o Pl R EEEAEEHRE (basic math facts) ~ EfTgES]
(arithmetic ability ) ~ SEE G (computational fluency ) - DL AR
##e{E (algebraic operation) % (Dowker, 2019; Geary, Saults, Liu, &
Hoard, 2000; Wong, 2021 ) - LinEidPowell (2021 ) #5250 28T
FHRA Z W FEam SGETT IR a7 - WFFER S - MG 2 A fC BY G = Bl 57 ]
HIHERS - Plin B EE B RE T E N R B A7 S rE I R BLA 13 2 B TH
77 - SRR AN AW K S - B RE TR R T 2 AR
REZ B RE N BERE MR - R - BUERRE I AN F EH N — B HRE
2t I 7R 2 B R AR B SR AIER L RE T - BN R A BB e EE
g2 (Geary, Hoard, Nugent, & Bailey, 2013; Lin & Powell, 2021; Watts,
Duncan, Siegler, & Davis-Kean, 2014; Watts et al., 2015 ) - B[[RZ0E Bt
PG e (IEA) FrHEfT Y BRI PR B8R B R R 20T Bk #3538 & (Trends
in International Mathematics and Science Study - fHfETIMSS ) » HATREE
TERY B2 Bt B R B Y BB 2R B - FHTIMS S Pt i S 1 1 B 4 45 2K &1
AR EE R M TIMSSHY B FF E 288 43 s N A A E (content
domains ) EEFEHIFIEE (cognitive domains) -~ FEREAERA: T/ NE DU
B[] i J\ Al - T el SR SR B RV R B2 ek - B R — (] R v Y B 22 et
FH - MIRE—AVBEEREST - It - B ER R T HE R EEERE I » &
HGEERE T - SEDIBEEERGE KRR BB ERE ST - th
SOV — B E R RE ) R BB R -

TR 2R TR 52 - 22 DA — M 2R BRET R RE T - T #%
et < B RE ST E Ty Bzt e st ENAEHRY (RIERH ~ ZHYEE
EEA 2013 AR ~ MRZEE ~ BRER 0 2017 5 S - SREIR -
FHIRNE - 2019) - {(EADHERHZ M R REJJEBEERTTHIMEZE » B0« &
N FIKREEAGTEE (2016) FEEHERGE 19 HVUERE - 584



ZEAFRPEABEERRANFIANER S QESH

M RE TR AR R 3 XA - dhEmeE S0 (2019) B EEGER
EJ15r Ry T RREHERAE  RETT ~ T BB EERRNLL RBJT ~ T EEEETE
EJ7 - TMAEE EERE T 2 T 1T 1 b 52 B B FEDRT AR 92 o PR T A B B2
Heg iy ReRE+ » JEMREERFENEEERNEEANSh FEES
RO B e 1 s o A ASHIF TR B R SE B E AR S I B2 B AN (]
s THINE  BERERERETT ~ T HRE L BESEERE I T RS, B
EREGE I EAE - S RERENERE - BRRAZ A EREEARESZEE
V%L = (multidimensional random coefficients multinomial logit model,
MRCMLM ) ( Adams, Wilson, & Wang, 1997 ) - S#E{T /Ml RS %
2 L < BB E R RE S - MRCMLM fyRaschi& ZCHYAE {1+ {4 1 Bz i
B2 E - Raschil B FIERIE R » E ] DURH H A A 2 A gE T {E Bl
A BRI ERAET LR - W EFEAAE - 2R EHE Kal A
AL - 2R - ARG HE N2 EEE(EHERE - A
A EHE A Z AR S IEEHERZE (E3CH - 2004) -

& AP TT RIS 2 (2 P B I B - TR TN EE N R RE A R B Y
AR B R - Al - S R AR A R R R P 2 B se e P R TR A
’E o TEDLRRMIT - AEE: 5 AR - WIER P A IR Ry " WIRE L BER
EEEA S TR BESEREARN TR | BEEEREA - Ry TR
DRAN[E R B i o3 BhEAE A Pl - AEE N SRRl E RGBT HIER S - &
[El AN FEER 2 5 (L (equating )~ AN[EI4F AR AN BT ER i 2 S5 A1
IR AN A B R 2 b SRR R R R 2 1k - 7 RE
A [FEREAS (booklet) HyHIEz ;B REA I AER—EER E (FMEE ~ £
S > 2008) o ASCEEERM EA i - DUT B AR RE AN [F] 1m] 2 B
ESHBIREEY - FEEERRE S TE LIRS

e & M 5E Al DUR BB e 22 AR 9 B2 %22 (. » Jordan ~ Kaplan »
RaminenfdLocuniak (2009) #1745 EZE/NE—F AR B EHERETIHY
M T - [ERFEHM T  FTEE S ESERRE ) - AR/ N =4F
B - RIS EERGE R =R SRR TR
o8 o Geary (2011) METT/NE—F il R TAFER S E R GE IR E i

C BRIREE - SR E L E A RE TR R AL - i 7R SR B AR B
PEERE ISR HE MM ER  (ERERE R RS - Geary

=~

N

1B

113



114

Nicholas + LifdSun (2017) {7/ NEE AR B2\ E R B B S AE
NRIMEEE - BEFEREY - EEHEERRE DR RIEE - b5t
FH AN ER R g BREESER R VI E > BREHE
TEM R © KorpipadSE A\ (2017 ) 1T/ NEE— S5 21 vh B2 0 A2 i B R B 8
ELE R AT Z MR FEEE RIS - GilbertBFuchs (2017) SETT/NE R E
=R = R B B A B B ERSE B R ) Z IR SR R B (R B e 58 - T DASE3R
et ELE R RE DRI E B e m LB, - (H Bt Z e E 5T - 15
{5 FH [ 7 B e T T RE T (LB T - (PR LRI BRRR 2= - AWHSTREE
/N =R B TR LR SRR R B RBCE R RE S - PRRTEE S 2
WS E R T SR L BT - AT B DA (R B RR 72 (Kim & Cohen,
1998) » DLROI AT ERAEERRE ISR SR - # LRIl - AR FEAERRT
B HC [F] SR T B B E R RE TR AL TE T - SR ERGETTHI
b (B 016 > RERD - B ZUE RS T fps /N2 =SB oL
o B TE S EE

— ~ B EE T RE S 10 e g B A

EREEZHEF KR EEE (National Assessment of Educational
Progress » fifENAEP) f2 B2 S LN A K ST (content
strands ) ~ =fEE{E2EE )7 (mathematical abilities ) Fl =ZHEE T
( mathematical power ) ( National Assessment Governing Board, 2003 ) -
H M5 (procedural knowldege ) ZEFIHE & Hfi# (conceptual
understanding )  RREfFER (problem solving ) 43 Fiis ) =FfHEERE
L o BRI P I AR ER AT R R R B IR TR ~ IEREHIET
BUBTRF5RE - DURGRA R Fe I P B R B A R RE e vk | - SENAEPHYZERE - 71
BN ER S PR AR R R - PR irae BB EE
e R PIRE R EAIER (Dowker, 2019; Nelson, Parker, & Zaslofsky,
2016; Siegler et al., 2012 ) - fafSieglerE A (2012 ) DI FIZE B HY
BRI - NS AR IR S BRI A R E S - S R
AR RS e B ER B Y TEIRN ) - BEE SN INEER ~ eRER - sRiRE
B BRSO - JREE SRR - LIFRIE - KEEERE - DUERFEERA



ZEAFRPEABEERRANFILMNER S QESH

HOTERITT - 1 BN B AR AEE DL -

B E R RE B A AR e R R - K2 Anderson Y ACT-RHH &y
( Adaptive Control of Thought-Rational ) ( Anderson et al., 2004 ) - H.&%
e TR AR R R EE (FUAINY - cognitive) ~ FEAEEAI (HAERY -
associative ) - fxfRZEF(FGHIETT (EHEL - autonomous) - FIA -
EEHNEEEZ DK 2 H—HE N FRERNLHENS » Z@EZ
AR HI R BESE AT 5 27 X 4 = 28 B AR G EE - BITR Pl St 12k %1 5%
RS —REEE  HE NURE R M R E - BIEZEA]
DR H Bt PR B 2R« (I - B pE THIHI B B2 AE T ( Wong,
2017) - MEEERRE SIANAIERR T DUEESR R K IES EEFER]Z
Ah - A DR AR A FE & TG 1 (Geary et al., 2000; Russell, 2000 ) -

T OFBREAHFREMER B EREHETER - &P
EEAEFHERZGEE - & - BRMHEARR - BART MR LHERER
b > A RElEF R EEERETT » MEBM ZHE L - /NE— » “HERFE
EIE B DI B2 ~ SRR BRI~ 37 2% e 7 55 1 U FH PRk i A B e R )
0~k SR SEE L NE= S DU R R B R A AR I AE R
HIE R - TR A BR AR RE DUNIRCEE i ~ 583 ~ SEER ~ SRRy £ Ry BB E
B BEGHET R - A FeRE S B B E e T R WIRE R E R
RETT - (S EEERE T B C WIPE B EEREA - /N2 T NFEHRER
=B U AT RN o AR =2 B LL ERER G - AR &EE S
SrECEREAE S HRVER] - SR LGRS - WLUE BV ERAGR - MR
ATERTE - ARUFFERE RS B B B E e T R TR IS B S E R RE ST (L
ELERERE SRR RS ESE R - It AT A - A NEE A BRI B A E
BRe TR AR EREIAYERE » MBI INEE R - BT - BRIt
BY e - IR - ERETE - MIE2EMEARE - 5= 7
R I L IECER S S EEE RS - AR RS B
ESEERE RS S E R RE S - (B E R RE I B 2 AR B 22
EREEAR - YECER R I EN A ZEREE - B 1R - S BRREE
HEERENTHYERIE B2 PR BCEEEDUER (B HEL - 2008 - 2018) -
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B : faly ~ HGXBLREYEETT -
RB : pR -~ AT R EeplE

% AT -
o o B
sl
HH A BB EMVUHIBE S IS - S

HBEE SRR ~ fAHIELBIRR G

FEACREBVURIEE ST SO - DUPIRCELER ~

A1 S S T R P 2

[

FETIMSSHYFF&EZERE T - "8, (number) - 7305 " 28,
(whole numbers) ~ T E = - fHE HFEERB{L , (expressions,
simple equations, and relationships ) Kk " 53 #EHi/ N8 , (fractions
and decimals) ; M7ENAEPHYFEEZEMEH - " By E EEE |
(number properties and operations ) Z NZ - HIERE "T8#E , ~ T {4
2t , (estimation) -~ " #{AY3EE | (number operations) ~ ' [LAILL
I HEEE | (ratios and proportional reasoning ) K " B{EEE A 4E
( properties of number and operations ) - fffFEEEH - E%@aaféﬁbﬁlﬁ’\]
FRFEETR - Fo 0 BB RIS R REE TR
Bl G5 BEGETT (A A BN » P B2 ) A G L R A
fii o A BRI AL Ry T o REEEE A, SREE (decomposition and
regrouping strategy )  F:ZE A DAEAMSH B IE A " BB EE
FRHUERNS ; (math fact retrieval strategy ) ZRMERTHIRE » M 58 e fy 18
HestERe ) (dbERy - SESCZT 0 2019 ; Baroody, 2006; Beishuizen, 1993;
Beishuizen, van Putten, & van Mulken ,1997; Jordan, Kaplan, Ramineni,
& Locuniak, 2008; Lucangeli, Tressoldi, Bendotti, Bonanomi, & Siegel,
2003 ) - [M{EImboki Vandierendonck (2007 ) FYWFFEFEH - PUEKE] /S
R E R RIS S - 4o R B B A TR R 58 2 i B S IR RIS Py
AU - TEEH R AR i 8 FH & SR I B A E 22y » AWFZERTE HZ
BRESEERE MBS - (SR - Buf - FIREEARN A e - iy B
/N ERNE - MR ARSI TEE G 0 PR - LR R EE B IR



ZERFREAHBLELERNZILNEA LG ENH

LGS - Al - WF9E H BEE SRR S ERBEERGET) - R HE RS
RUSEIRERTRE S FRIA -

= el

FEHEmEENEMH S (unidimensional item response theory,
UIRT) > EHVEN A E2 B G EZ AR g 285 E
AR E PR - AT A H B S &[5 — ) B B L% (local
independency ) - JZEERJEAREL - HRMERBEIIESE - F—EH
AEHPIERRA G2 HMMEEH B R ESMAMTE - K - fEEEEAR
ax - 2 A FERAEREER 24 - HEPTEIE R E H 22 R —8E 1A
£ Frfdi R AYRETT(E R FT LA AH L - SR - BFE b - A LL il et R
FREHE H—gE JEBTERTE - (B E N UIRTHYHE G (Rea - ik FE#
25 [7) FEE RE T B AH B TR 2R B T 3 2% [m) R RE Ui BT ARG W1 - T EE R nEd
RAEE - A REFLEIAE(E EEAKYE - AL - 752 m) B SR S B e =X

( multidimensional item response theory, MIRT ) FJ DAfi# & —iE el =
REMIE —TEREJTRYIRA] - MIAHMIRTIE R (LETRETST » bR 7 #EITRESIMEET
L[] HRF A A 25 1] FEE TR AR BR - RIBL - 38T T & el FE RE JJAd 5T BU RS W T4

(FEAE » 2006 ; Kelderman, 1996 ) -

Adams= A (1997 ) £ HHMRCMLM - 2 RaschfE = 4E (Y MIRT
= H N EREAAT -

f(Xin =1 ;A,B,a ’ ej) = eXp(bi"OJ +ain§) , (1)

K;

Z exp(bl‘kej + a;'ké)
=

l’kfviEE %kk‘n Jﬁg*\l
EEF'X,f{O R W g

£, pEGAEZE 0/=(0,, 0, 0,) %) HPEEIE D FHEE
NEE e, G=1 - Il k=1, K) 5 i P k (EEFBIFTE
REAE - BEAERER p o FTE a,J oA R 5 b, @ 55 i R
(R FEFERR 53 5 by 2 55§ S k (R IEBERITEEE J ERETAEET 5
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JERE by= (bussbior*>bup) * FHEES i BERVET 53T B= (b,,b10, b))
B 1% R By BIBS IR 43 /5B = (B ,B,,--+, B)' °

FHIAMRCMLM & — 1R &2 8k %] ( mixed coefficients model )
alEH R E2 T ER A I E R Z M HELERRE ) - AR
ARG EFRZPINE ~ & B R B SR E ERE ) = (E [l BERYRE ST (T -
H HiA 225 TS BH 28 58 B 5T i iS mT (L6 /- O 52 8 FHACER
ConQuest 2.00{&ETERAS - BRAIMRCMLMEE S - 1T EUE 22 BB 2% A &
BEIEfEE ( Adams, Wu, & Wilson, 2012) -

HIEsZe g n RIS AT ERIRE DB E SR + (1) BN A H
( within-item multidimensional test) : JH[Es P58 S BE N HOHI & —f#HARE
77 - w27 P EERGEEN =SB ERER WS T IR
HEEEGUEE A B EEER - (2) A2 m S (between-item
multidimensional test) : JAlE& R EEE HHIE —ERE ST - ANE 245 5
(Adams et al., 1997 )

IR
D temAl f ltemAl

) T

B _—
Item A2 ltemA2 [

" ltemBl |

pes — Oy
Item B2 Item B2

" Item C1 Item C1

7

P&
Item C2 Item C2

5 B B2 T B B B B2 S TR E S W Ry R TR Y - it 2 RE
58 AL i o PR Y S 2 B e S [ ey L e s B U RE T - SEAEE A
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ZEAFRPEABIERRANFILMNER S QESH

MIRTETTRE Il EHIF » Al R A P 22 (A FE Y ISR 28RS - 78 Sk T P B
FIBERE S RE T B AT P B B B RE ST th 23 - & —(EREE:
FEELE R RE IR AR ERE N [F] - e —EEEAREE T - wEk
L HELERRE IR - A BRI 2 BEERRE ) » BlAlSieglerss
A (2012) WtETE R FEFRH - 0~ 980 3 ~ PROVEE R B EERE
71 G RAERNREBEERLET) - ARV ERE I E R /N2

= NFEREAERER N HBELERRES) - PREEBEERRE I E R R/
HRETT - EREBEEREIERR

B NEREAERERRGZBEER
[ B2 A P B < S ER BB pE )T - AL - fE AR R ELER
REIHIEIL T > B E YR B ELE R RE WY ELRE 5 RIBRRY - (£ B (R RS
HEER RGN T WEa Y EHEERRE ) R E R R
FyEEEE - SEEE FMIRTEITRET (L ETHRF - mJ i Ry i 1A 26 [ R 1 8l e 20
& ek > EEG RS — 2 =) - HERERETIR
BAEIEE - E LRS- g - fEPREEEEREAZHE
P rpFEHELERRE IR - HIEANBTINME TS EBEERRES - #EH
S ERERe I RN B IS B ELE R RE D) 5 FEE R B S E R AN Z B
RE - H R R R S E R RE T - IR A BN E T YIRS ER R )
FRREEELERRES] - AS SR E TR RE T RN R RS B R E R RE
TR - SR I BB E B RE IR N RIRREFIREST » B
- B RECER T REE - DRI S R E B 2 PR
AT~ ANERET= - VIR EEER - AL > 70 RERIRE T3 R
T ER > WIESE B PR B RECE AR L ERIRE ST 5 B ATER
BRRBRENEAEEFNRUELERRES) - MeEdERREE S
RERET » EAEEFMIRTHETTRESI(HETIRF - A iy R ] 28 e 8 B4y 11 B
2 - g - ESVEENE —HEET) - 1MREE =8 R B iy 3 &
FRESI 5 WA Fs N RIRIRRAIRE ST o (B F b = (RS BRI BB E R RE iR
Ry N EIETRRAIRES] - BV RETT A e D MRV LEi B A i - At - AWEoe
5 DLE BrE B B FIMRCMLME N 2 (6] R FEL T AT 9E -
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=~ WEFEt

A0 fr] f i £2 A 72 A5 B & AR AR AN [RD T RE T B P A [FLE — (EM{E 1S B
R A - ZaiE 5 HFLRE M A RFE R4 o Bl 82 = 7F & Hge
L R Ee RS R B AR — & RAET R - AT DUR B2 AWM E
EEERETEE R R EER M ER - B EEEE T - 4
BIENFEARR A —HA R E - FILEE - R E LI [E-E
RECEA R B E 2 8 - MBa A L7 A (1) [FIRF{5ET%E (concurrent
estimation ) ; (2) 3 BE{LEET1E (separate estimate ) : W45 R FHgE SF
280 (mean/mean ) ~ SPEJEBEAESZ L (mean/sigma) 5 (3) FrfEh
#R7E (characteristic curve methods ) %5 (Kolen & Brennan, 2004; Meyers,
Miller, & Way, 2008 ) - HansonEdBéguin (2002 ) DU H » 18
REEA (B140 n > 20) AYTED N RIS EHE S EL B (G E A A B/ AR
7= A (B o= 20) WYEDLRTE 53 Bl S EL R G S AR - 1
R B AT E R N N ER B » LeifidZhao (2012) fEHEE F1L
HEITRRIERRASET - HABFZEFEH - 7F n < 10009RRE T - 50 RIS
sHEFTS R R A= B B E AR -

B L - FFEprT i F RIS S A R (R Bk 2= - Bl - BRIGSZ
(20171 ) i DY A o B S A e B B2 R B A1 P [T A 5 1% (AT WA (AN
A A A e 2 LA 2 R — 8 RGBT A R 2 i - RIEA -
MRS~ HIPSTE C PR B EES (2018) =AM AR R A e
sAl g RE ST B M FIE (G 510 - Tl kP EL IR H 5L - B ZRIR S
- H SRS A BN [EIRE ST - RITA] DA VBT R ER R - RN [FlRE
TIRERE TR R N FIRE ST A 2 BAGETT R fHE 1% » ©2EsE (2020) f£=
2/ \FERER B T gE R RE T A EE - R R G EHEAGETTE A 2 8
o aT B By 2 B DA R KSR - Emt B R E T e =2
JUEARE R AT gEERE TR AL - PR A [RGB A TR B T &=
IR PR~ FPRAEEPRBIEE (2015 ) 225 TASA2007 8 2 R1AE
eV ~ 1o~ ANEREAEEFR - MABIBE LG - SREING (G EHEET
Mk L - BHELIPVIEEEEERDEIE N T - FEERERNRESIEET
MAEREEER 25 I 2 EE ST R E (F FEAPTERRAT - RIIL » AHFFEER I [E FE



ZEAFRPABPEERRNFILANER S QESH

iR ETT AP EEFL - FATE R4 E RERA—(E B A
[EIRF(d AT #8 DA 1 B Al ey iy AR O I B s 2 B E Tl -

AT HEELER e D HER IS N2 = BB LR R AR
HELERRENRIE > F—EHaUE i E— 2 = EBEERRES) - A
AN R B B B2 B RE A R [ s B B S E R AN R R S [A) R - S
L= FRIREERREDBIEAR - NG — R S E R AT =
ESFATHEAS - BRI EAT L S prk B E E RE I rv8 (L - JRa] A
ANF R RREA - SEHEER AR [F AR M R B S E R R T R LAY R
ft

frer PLE - ARSCHIRZE H IR -

L SETTES 2 B E R Re Il e 2 F LA AT -

2. i/ R =R BB FS S A B ERRED -

3. DAfs i ok Bl B e R AT N ) 1R o B R B RE T Y 5
@ °

— WEETH

AW ZE 60 FH B RS E S RE 0 g - B A RS/ NEE = ARl B B LR
BE - Rl B =TEEA > YIRESEEREAE G/ NE = DR ER
A - HOIBREF BB R AR EIANER R B - DU by ~ #
o~ EER - SRER G ERIHAP BGER - ATl B HARRE I R VI B ER
RE)) s TIEBEEREAE &/ NET - NEREAEH - HHlEEFEN
R =2 EHNANRE & ER G - SRCERES S EEN - 5
FIEEBIRAGR - ATl & 2R BV RE ) o h S B E S RE ) 5 R B ER
AEASHEE T O SUERERAEER - KR ENEEE G E - &
SR IRAEFHAER > EREGE - BEERERE - ~EF
FeEs( s FEBI B 2 IE AR E S - BTl & 2RI AE ) Ry R B E R RE
73 E VR BERERGE T B AR Z FF RN E AR E - HoariE Z s
ARl BEEAT =BV ITEA  EE R =8 - HEE - [
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DB R B2 A4 72 5 B i I ffe Y B S SR SRR B E B - B
FraREERGEST - AR SHIRBEERRET) - WERIFATR2077 88 - 5
R 307 o A HIBREA Z NER—EUMEEE (Cronbach’s afR#) /1L
732 .89 MCTTHEHZRITE 612 .83 » UWIER2F7R - A ARB RS
REA P B Rl g2 RS S -

F#1
U S TR R ) ) 5 iy e 2 s 1B R
A AR T T IRE
IR =35 e (VA4 23 X 6=2
- PIFE S ER o T —
e AOEFIIERI AR 23 X (6+14)=7?
HIREESER FLEAER(E 3:2=():4
. ety gL KITRIAIMEE a+32=58 > Ka=?
R EEHEER e o) —ar 8 KD =7
%2
S B R 2 R AN 1) B 1S P BLC CT 3 2
isE=wiil) N8 B CTTEA-EEE
AR (n) (Cronbach’sa)  SEH# (20E)
. wIps1 258 73 71 (.34~92)
o wIpE2 258 .86 71 (.31~93)
R HIE3 263 .87 72 (.35~.96)
s 1 269 .86 .83 (.54~98)
FaNIVAN
) e 272 .81 .82 (.52~97)
il 3 267 .89 77 (.55~95)
AR 276 .86 61 (.22~81)
Eilesl HEFE2 275 .86 62 (.17~.85)
HE[E3 272 .87 61 (.18~.79)
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I B FAE SV 45 ST AR GRS IR MDA (7
Bk P SE GRS R E 3R ] 5 HU B e B U S B 0
& CERES GRS - R T ATVELA RS T RIS - P
WS AE IR B T SRR M SR DR 41+ 3 4
P AR 7 5 L BTESE R OB A A D (T W SRR EE %
{6« SHERESIRERLELRE IREA 5 VAT LA GBS AR » i LE T
Bk P » S A4 B E S A AR R S AR - FEDAE T
WIBRTE ET (L » (B3 25 B 2 LR L <

IS REA PR R A ‘ At R O R R A

= =

[ [

& |

2458
m| 8 2458
& 5]
£
245
1858 .
b il
~ 288 !
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&
1E 2
2

. 4EE
t
t 6
£ 245 &
h
'3
&

245

o EHRRIE

ANHIT SR AT (6 FH o B R SR e ) T B B 22 R B B B R B I B R 2K
PR R THR » IEUHIER BB BE MBS - fR20174E3 H FHAL - FI4E9 H IE=0H
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B - SEWRER G O RATHFERIEETE R 5 201985 H Al 2l &l
BHEH - TP RHEE B - BERERRE T IR THG B 18 (EREA - 322
Ha e o A A R E B B AE SR A o ERS RElE R - fREOE 1E=C
REAS » 23938 E e Ry (U B Sl RE - BB i 6 FH o SURE R R I U0
B A > fRET SRR AT AR B RAF R (EE SR -

THAA 2 1042/~ BFERGIER (FEHHaTE - 2016a -
2016b) FEEAL— W 4EFRT ~ JE W3 MEFR T - P EAERRT - 4
{ERR T~ PR R e B 3B SRAS [F AR Y 2 22 B - B/ NDL I = N
o BT ER T JUERS IR AE TR R - KR E&F 19FTE/N 197
B2 o RS - FR2E SRR - R DU AT ER 1T Y
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= ZWHEEN

BT SR EUR - FEHKPE (LSRR - YIS E R RE T A
¥ Rasch#f [ {E BT 52 i B2 25 A R B2 AR W RS B S E R E 7 40 A [ A
5 » 0 B B S R A RE R asch B FE SIS (B R - 1.72 - PSR EE
REJTHI ARG R » = AR VIR B E e P (E-0.91 » T4
W E2 A ) P B B B RE T S (E R 0.55 » HRHE 2 93 115 0.86821.08
A] DAgE IR B2 AR PR B EE S RE I BB & FEASE R M - S ERZPINE
HELERRE I BRI R AR - S EELERRE )T A P Rasch
R (HE A G R R E R A TR M ELE R RE T AR B A0 E 6 - T
b B E R RE AR B R Rasch#E 2P E (H Ry-1.35 - R B S E HRE T
IMTAG R - AR ER A IR B E R RE T (E -0.34 - R



ZERFERFABPEARNFRER S QESH

A B E R RE S I (E0.14 » FEHEZE 735 5 1.07821.10 - AT DL3%
AN EEESER R & FERER Mg - FERZ P REEEE
FREN AR Hh R RZ AT 5 S B S E S RE T A Rasch#E & (H
EAT T ARG B SR R A R RS E R RE S AT B AN (87 - AR
E B AR S Rasch#E B 19 (6 5-0.23 - HEREBERE R RE TIHY 70 BT A
R CEFAVEAEERHSELERRE S P ER-0.26 - JUFH A AR
HEER G PIIER0.21 - SUERN A EE S E RGP ER
0.44 - fEHEZ T3 HI150.67 ~ 0.938i20.96 - w] DLEE 3 82 A HyHE B S AE T bE
EEMIRRIMEN - SR ERBEERRE N A NE A -

lil S 7] e B 2 R RE AN PE Raasch 3 8 B2 A B2 A ) P B S B TR RE T 7 70
A ]

@6 vl 8 52 SR RE A S P Ras ch # [8 B 25 A B2 A [l B 2 S R RE
S AT ]

131



132

W7 e B 5B SR RE AN P P Rasch i JiE Bl 25 A0 i B2 A S R B SR R RE )
J3AF ]

=~ WEEL

Ty T R AR REARRAG R EM R 2= R BT R - AR sE B G
A I fE B G 1T R UE 2 B BT B B S5 AL - A 2L (R RE RS P A RE AR R A
RE & ST [R]— {18 M P o T (e 51 - AU A T B S A Py iy 5 2 Y
7= REIRHGEE - B AR FEER LA DR N EARES N 52—
By ] HIl (Holland & Dorans, 2006; Livingston, 2004 ) - A2 AT £ FHHY
ERSEREGE TR T - ) B B T R R A B R B B R A AR Y ST
A EH6EILEE - hf 5 AR EEB0RERY T3 — » AP FEE
EUEEREA » WA ] DUE T ST E AR ER L -

5 S B B S E R gE 2 BB AL - R WIS B S E R R AN B [
B E B AR BT - = A S E R AR {E DL E YR
EEEARGEETE BES S E R AR [ T E A
AR B A - = A P S R RE AN (5 DA 2 2 R oy S B e B B Y
EEAEANREETREES L - Ah®EES(LAIREEEED - KR
BREEFIIFEEILY] - B EEFRRATHE  ARENEES
LRV SE[EIRERE S - PRA Al —PE LR /KSR F A LaR e AR TE - RS PEEE
AR AZEA6EIL[FRE - 4 R L E A B R [ BLE AT BRI F(L
SR

NI N =R R B LR BB AR B E R R A - RS

M

.
X
=)
35

& fm 4B

"/



ZERFRFAMPEARNFRER S QE M

P s ) A S T T A S S (R REH AT - R AR WP B R S R (2
SE PR BRRRE - JCLDAIRERFR ~ SR ~ SEER © SRbRR EAYEREER -
TEMETT R R EER T - HAEEDAEERYEAL - DR InEE R EEE
{EEPREEEE R SUERE NI E R G E B EE L) - AR
=P RN EREREGF  PHANR &8 R & o Bo BB ss S EHAYE AT - IR
PRI SR LEBIRAGR o IRIL - A o ol B e SR R A B 4 oy B B2 R R
ARFEEEHEILPE R Z — » HERERZ IR0 - HIERR R 2 PR
20078 - HEUNZ PEEUE S 15 B EE N F AR/ DNE T RF
s BELE R IRAE N o [EIRAIR DL IR 3 AR TH RS B R S E R
RER - S (E DA ERET S ATy - BB S R Ry (i 7 B A B
DRMA S RNESCETH= - WEEGER - 35 W R BEGER A
HES - AR ER SR P E R R L E D
PP SRR E - IRAETSHAGER - ERE0TH - QS M EATREL
AFEAN - RN P IEGER FE SRS EREM S
I~ A e B 5 T R A B o [ S 2 R R A [R R A B L 522 1.0
L WEERZ R0/ - BRI ) Z [RAL2057 5 - BN Z HF
Ak el i o 5 o ol L P 2 SR T e 2 B TR o2 P S SR B LR B AR E R E
A o FRAENRIHIRE B PR A R U RE R BB T ] - sRERS DO 3k [RIRE Ry
#

il

5 BB » ABFSE T 2 BB FLE ST B - PR ERS RS A e
17 LRI 57 S S AR » BRI - E5E BB 0 S B
EFAESTR LI BUA ¢ (0 RS B R A G AR R B
AR R S BB AR ST L -

VY~ B SR R

AW T IRELT B B - 7 ERE B I E SR AETT RT RO B AR E
BHEER - TRRSEKGRSEHE 2% > BELERREIIVE(LIBIE - ohlE
=M ERERATES - PUEFEE R ERR  NEREEH - R
R - BRAR ST BIAEE W (R R B E AT BT R HIER - Hh e T Lk
EEFRETAESA - RABEEIMHEEEAR o P Egal s VY il N E

133



134

B e T B 22 AR B ER S SRRE ) 0 AR B AN 8 - VYR B AR W B R
FSEIRETIEF0.50 » AN ERA 2 WIS B E E S RE J1{E %044
PRHEZZ 73 B s 1. 10821.08 » SR FEFAK 5 7838 B2 Nl /(5
e e B B2 A B S E R RE T o AR B A 89 - AN R A TR R B
FPEIRESI(E0.09 » SR R4 PRGBS E H P RE 1 {H R50.08
TRUER IRy 1 1480111 > RIRFERAK - JERIEFER AR A RIEAR
AETTIEHERIER - 35l R ) B B B RE A B P B B A > DU R
o S B R R A B S [ B EREE BRECAS - HLRE I TR T - ([HAT DLsE
o EREIERERZSHERENE - EEEAHEGE TS R RS EAR
(B ) e B L B T B = RE DA T A2 8+ 1 FH DU 2 L P B 2 e B
FALIFEREED - (EDAUE I [E AR R A R B S - SR B 5SS
{ERCRANE - G40 - iyl & 3B e VY 5 52 AR B S Sl SR AR A R B R
REJIAG A » /S B2 A T 6 FH o v I S 2 R R A (2 o P LR AT P B
EE AT EE L - At - I EREREE SER R & 7
BERESIMERIEET - 1B E R E B RE T AE VY AR B R A B L 2 R
% o

8 VU B L 7 s R B B2 A 49 s B B SR R E ) 7 AT



ZERFERFABPEARNFRER S QESH

[ER

9 7S\ afGE e et A rh S B S E R RE T /0 A

W 7E B AG B T B L R B R 22 A B E SR RE T 7 A B 40
[&10 - CERERAE ZERERSPEIREIE-0.26 - JUEER A ZHERE
FSEITREIE R0.16 - fFHEAE ST HIR0.73880.95 » FLEFER A 27 B M HIER DA
PR B AS  RERELLO R 2 — > A DA AR IR A
bk B RE A B RE TI 2R3, EUEB?%EI’J%%% BRI AR EA AR » A
H ARSI - SRR MEER e SIEE FER g R m g -

W10 5 B LA B B i 22 A S R B S S B RE ) 0 A [

135



136

R PRETSPATE A AT RE S B AR fmik - £ TP FLER B HE
g - A 55 PR E BIAEIEREAS - iFZE @ S 2B HE W B 2 W ERE )
SrAREANE 11 - EER e A 2 HEEE R I RE T (H R-0.49 » LR
ZAEFEERSIRESI(E50.00 - BRHEZZ 3B 50.80820.71 - BT AL
B BT B AR - IR E RS RO RmEE I EME - mae I oAm IR
RERARE o N ERNEs - R AR ERREIEE Tk
PRI » FR A — T Y B E B AR = P T
It B AFREER B (A — FE B e Y REAS - LA R TR B E R RE )
HIEAL - SEHES AR AN AR R B S E R RE S R R B LTSI -

B 11 - B R I g o ] R A 2 A S [ B SRS SR RE T 7 AT
ho > BRI RE IR A R R B

Rt it S ZREE - At se DI R Rl b N 2 R e - &
TR B 38 FH L /INEE: = A8 28 B N SR Y B2 AR 0 L2 B R R el
B (LRHEZE - G - BRAHEE - 2020) - B f3 H0 B s (R Ry 32 e 2
B o U BRAS T [F] o B e S 2 SR e 0 T B L B B ) 2 I B O B2 A SR
Mo 2SRy BB E B RE T I e Bl B 52 B s T B A A B (R B - T DASE IR B
E2 i B RE I B B B R A e W B O R e VB PR AR AR AT - /N = 1Y
AR ER AR 2 ) I B B E T e ) B L B R A e D U AHRR (R ERs 35 0 /N
B AN RS ER A ) B H B R S Re JTHIAH R SRR



ZEAFRPEABEERRANFILMNER S QESH

A2 T B TR B A 7 R B RS TR RE T B L B R AR B e T AR BR (R B
62 > FIRFEEFEHAVE R - BEE R R B B SR RERE T IR AR FR L
R 5R o

=5
B 2 el 0 R ) s 0 B 2 FH R AR B

FERRE  PIEEELERRE)) PREHELERRES) EREELERRET)

BB A 0.35%* 0.42+* 0627

(n = 426) (n = 169) (n=1351)

gk ** p<.01
Bt~ 5 g BEL A ok
— ~ WESE R EL 38 BLE HI

AW FE I/ NE = F R E B R R RS ERRE TR - FEH
MRCMLMIE R » BR[EIRF(EET % - A 3t Rl E = B kP b = (E e
b B 2 = (B SPAT AR B E R RE B REAS » (TR 2 BB RE T 6
At FE DA BB S (R P A RS RE 2 B R RS - TSI ERT TR
FEHERE - HEVEEEE R BUR L B A a2 00WE - e —
1l St P s B B B B B E T I B 5 3 = (BT AR WIRE B E R A
B S [ 0 S SR RE AN L [l Pl 2 2 R BCE R E A B L 2 — - K
SPELRRELF - AR AT RS T AR BEE R e 1L -
Ih = {10 e P s B B S B e D I B T DARE R E AL - T B
A HEEF (LS FEEE D - 35 00 BB 82 AR AN (R B
B ELERRE ) Z KB L - PR ELE R GE ) E PR H S ERRE
HsEfL - TS R -

FER[FIPE B 2 B2 ERE T - DAMRCMLMEE A % ) 18 20 HE 1 T RE
N2t ElC Yy - Bk B H B SR E R Re TR AN B T U R
ANE] - BELE R RE I E S TR R - A AT R B E R RE ST 0 1
B EEELERAE ST - BRI R ERE T2 - (HE T

137



138

— s B B SR T A TR TS B O B BTAE T - BRI
FEEFE8+62= 7 SEEBAERY « /NS UG A AR (S 4 B 2
WSS - ISR AR 5 - R PR G AR 25 BT R -
(BEIT/NSTL AR - BT S AR - RS i
FEAE » WP IY B R F 100 DAY HOBUSE Y - BLIF - BRAEE(E 75 /7 20 AT
REEL BRI BRI MBI E R A R - SR R I B R
SEAEGEE o LA - B TR R A TR o AW SRR
ST 7 98 I P W B A D R — T RE S 5 )
R » S8 T A T8 T P S R B s
SSTRE ST IR A — T RE

ARHIFSE 0 Fi 2 W S SR A PR /R = DOEAY + P
% ¢ HEORPIRE A EA - DUTRELER T  HE TR BRI
BESETEER ; (RS BEERE A R NE T AR - AR 1 T
B3R 4 0 ) B PR B 1 = 25 B DA LSBT BB S 53 A
IR 5 36 B BB SR A A B B LSRR - OB+
B B ERRE  TE IR HBIStEE S IR S
RN G S BB NS -

A P U 5 AL/ T 2000 4347 B BT B ) 1 8
IR+ T A T A 7 A 1 R ) B ST R ) T 45 A IR T
B+ SR BESE RN SR IR AT« BB 1
REFTHRFR 2 AL o T A0 B e S O B S S R A BB B o
AT LA S B B SE STAE SO SEE - SRER R TR E A - ERRAE R
BRI R - TORE M TIE AR « A Bt 8 A 3% -
TR R B S AR T 011 - W T e R P e
Hefls  DRBIBRTE 2 25 (ORI - R Hk -

BEAb B FIMRCMLMEL 2 5 ) 5 161 US55 4 A ) L 0 5
R AT B CEAR B AR T B+ b — e BRI A (2018) HTF
FeRE AR, - HE LRI R A AR O T SR ASOT R - (L
IR VS DULEARRY - BT AL T BB R A RE T A
BITTE] 40 - BRAEAE/NESTL  SOEARIT - USRS B AR ) B R e i
FERIA 40 ~ 602 [ + TR R BIFRRY » B MET AL ) BB e )



ZEAFRELABLELAENFILRNER S @ E SN

FHBAS Y .60 - SEBRRBRAEEIRE] /N = VYGRS 22 SR A AR B s R E
TR FA S RE T — B RIRRIRIE - 1 EL I — BRI e B R SR Ak e
FRERIEFERE IR N - BB SRR s e 1R B B UIWIRBR (R - B sehe
REE HELEREJEE - ZINA] DA - BEE R RE TR E £ IR
e Re I RIRE T -

T RERWEFEAE R

IR NS E SRR A A NE = TR
AT N B R R IZ - 11 ] o e By S 2 SR Bl BR A P9 75 2 R ] D3
T RERIFRIENE 5 R0 $# Y AIERIR A MR RE RS 0RE R EAE
HaH - R DL B R 5e BRI ERGE ST - ARRAE AR TR 1B
RELJEE - M0 (] P o Y S 2 S B R I A B e P B B o

AR L B EE S RE SR ER - TE R HE R B AR R
FALHFREEER D - (8F —ASE AT T B RS R A B R B R
FREAR DL2RE S [RIREE T OE S - HERE AR S e By RE T BURE AR A B 1
RE A [FIREMGE RS - 352 v DR T B S LAY L [FRERE S - QU] DA S
(RH SR A R U SUE 2 BUEEHRR 2 - (EREIERTAUAGHE L RRTT - 22
Ak DR A ) I B B B SR R A B [ B S E R AR /)P F LR TR - {E
FHE S B A TR A ZE D oRE S [FIRE - A RERERZ A AN B i (2 [ P RE AR
BABERFLRCR -

TEBHER BRI A AT T HE - AR ESHE =R A - 3 BITEY A
BN~ SRR R DA R E AR B S UG T B M B - AR
RAA] ARG IR AR Z AR, - 1S DASERSHERY T B B S E HAE I AN R
LB

AW 7 PRAT B B S SR E U7 B B SR e B pe I I RUAHBRAZ E - {EAE
B B LR AR R A R T B2 {E RE TR - AL - AR RE
By 2 SIS E R RE ) BB SR A s e U BUAERA - NEIEREE - JUERE
4 RAFEE L~ NERBERRFET H2(ERE ST B - 15 LAE 2%
AR T B R AR B S SR RE T I B B B SR R B e U Z R BU ALER AR S -

139



140

k3
[T
AR R E R B 25 EMOST 105-2511-S-027-002-£4
MOST 106-2511-S-027-002-5& &< 1 » 55 I FEE -

25300

E32H (2004) - Raschifl| £ B HAR A FH L LHE 2 ERH - BF D
HRSE > 27(4) > 637-694 -

[ Wang, W.-C. (2004). Rasch measurement theory and application in
education and psychology. Journal of education and psychology, 27(4),
637-694. ]

EHE - FHEE ~ 2R (2013) o RENAIEE SRR A2 2 PE5T
PA2007 5 2 8 82 4 B2 pl i 5 F B R I o AR R R R R 1) -
5EELH] » 60(3) - 489-518 -

[ Wang, H.-P., Kuo, B.-C., & Lu, Y.-J. (2013). Exploring the population
invariance of equating in the large-scale assessments: Using the Taiwan
assessment of student achievement as an example. Psychological
Testing, 60(3), 489-518.]

SRR~ BIKRE ~ BIEE (2016) o BI/NUFEHREEHE R =FEEZE
B T B R 28 R B E ] 2 iE 92 - RHEREIE S » 24(1) » 89-114 -
doi:10.6173/CJSE.2016.2401.04

[ Yu, M.-C., Li, M.-N., & Yang, D.-C. (2016). The development and
application of number sense three-tier test for fourth graders.
Chinese Journal of Science Education, 24(1), 89-114. doi:10.6173/
CJSE.2016.2401.04 ]

RAAZ ~ LSS ~ BRANE (2020) o BIR /N ERE B s Gl g - =
derfy =B -

[ Wu, C.-J., Cheng, C.-M., & Chen, P.-H. (2020). Mathematical vocabulary
ability test for elementary and junior high school education. Taipei,

Taiwan: Psychological Publishing. ]



ZEANFRELAEBPLELRNFRLANERL L GE

RIAZA ~ Gy~ g5 » RiHE - REF (2018) - IR & & %Al
e - =2/ ER AR B RaE ) - BUE W B BRI -
14(4) > 1-40 - doi:10.3966/181665042018121404001

[ Wu, C.-]., Cheng, C.-M., Cheng, C.-H., Chen, P.-H., & Wu, Y.-L. (2018).
The measurement of domain-specific vocabulary knowledge: The
mathematical vocabulary ability of third to eighth grade students.
Journal of Educational Research and Development, 14(4), 1-40. doi:10.
3966/181665042018121404001 ]

IR ~ BMEE - FFRHE - BRIEE (2015) - DURRE(EIJTE R B 2%
MR IEEE FLHEIE - MBS » 62(2) - 95-126 -

[ Wu, H.-M., Kuo, B.-C., Sheu, T.-W., & Chen, W.-N. (2015). The research
in estimating multidimensional traits under vertical equating based on
plausible value method. Psychological Testing, 62(2), 95-126. )

AUEE ~ S - (2019) - B/NEEETEREZHIE - RGP TH
HIERAR - JEEELH] > 66(1) > 51-82 -

[ Hung, L.-Y., & Lien, W.-H. (2019). The measurement and developmental
trajectories of arithmetic competences and prediction routes of
arithmetic competences in elementary students. Psychological Testing,
66(1), 51-82.)

HEES (2008) - BRM/NRIUE—EIR A RS EE - 20
R -

[ Ministry of Education. (2008). Mathematics learning areas of General
Guidelines of Grades 1-9 Curriculum for Elementary and Junior High
School Education. Taipei, Taiwan: Author. ]

HEES (2018) - 4 AR R AL A B0E PR R A 22 1 R )y B2 R il
R B8R - B BLZH I - HY 5 https://cirn.moe.edu.tw/Upload/
file/27405/61868.pdf

[ Ministry of Education. (2018). Curriculum Guidelines of 12-Year Basic
Education for Elementary, Junior and Senior High School Education:
Mathematics areas. Retrieved form https://cirn.moe.edu.tw/Upload/
file/27405/61868.pdf]

i

141



142

HEEMETE (2016a) - 104555 ] B/ R &R - HUE https://
quality.data.gov.tw/dq_download xlsx.php?nid=6240&md5 url=8b23f
290682c20dc56¢ce69c¢7f0239df8

[ Department of Statistics, MOE. (2016a). 2015 elementary school
information data. Retrieved form https://quality.data.gov.tw/dq
download xlsx.php?nid=6240&md5 url=8b231290682c20dc56ce69c7f
0239df8 ]

HEEM AT (2016b) - 104524E [ R P 20 EoBE » MU E https://
quality.data.gov.tw/dq_download xIsx.php?nid=6239&md5 url=8fc3a8
0422ac4a707d86faa6764d2112

[ Department of Statistics, MOE. (2016b). 2015 junior high school
information data. Retrieved form https://quality.data.gov.tw/dq_
download_xIsx.php?nid=6239&md5_ url=8fc3a80422ac4a707d86faa67
64d2112 ]

FRAR ~ EHEH (2008 ) o KRIHIER o [E] Ry 17 3 H B/ SPFERERZ
PRET - BEWISC LRSI - 4(4) - 89-90 -

[ Kuo, B.-C., & Wang, H.-P. (2008). A simultaneous vertical and horizontal
equating of large-scale assessments. Journal of Educational Research
and Development, 4(4), 89-90. ]

PRAHE (2006) - REJIALET 7R3 2 r) B B s 15 M R B I RS R FEE Y
B - BELBEH - 38(2) 0 195211 -

[ Chen, P.-H. (2006). The influences of the ability estimation methods on
the measurement accuracy in multidimensional computerized adaptive
testing. Bulletin of Educational Psychology, 38(2), 195-211.]

PRI (2011) - e B FALES R R W © NREAS kRt - Jll
s ELH] » 58(4) » 559-583 -

[ Chen, H.-W. (2011). A comparison of the differences in linked score
properties for vertical scaling obtained using six linking methods.
Journal of Educational Research and Development, 58(4), 559-583. ]

S m ~ MRZEZE S BEER o (2017) o BEFEEVIERERAYYes/No Angoff
TRHER TE IR U - DBt B g = HER RO - s -



ZERFBPAMPEARNFAERS QK

64(4) - 403-432 -

[ Tseng, F.-L., Lin, Y.-H., & Chiou, J.-M. (2017). Validation of the rater-
effects-monitored Yes/No Angoff standard-setting method: Using the
Taiwan Comprehensive Assessment Program for Junior High School
Students math exam as an example. Psychological Testing, 64(4), 403-
432.]

EEEsE (2020) o =~ \FERE LT RE M RE T B B 58 8 S (5 5 7y
T o JEEERF] - 67(4) - 301-331 -

[ Cheng, C.-M. (2020). The development and evaluation of data and chance
ability test for third to eighth grade students. Psychological Testing,
67(4),301-331.]

EEE ~ R B (2019) - EEBAMBEENERHT ZHE
il 1 ZRE TASARMITIMSSHYES &R R Lhie - JWBEEF] - 66(1) - 27-
50 o

[ Cheng, C.-M., Wu, H.-M., & Chao, P.-C. (2019). Taiwan students’
mathematics performance: A comparative analysis of TASA and TIMSS
database. Psychological Testing, 66(1), 27-50. )

Bt ORI - BEHERRE Sl -

[ Yang, H.-1. (Unpublished). Mathematical arithmetic ability test. )

Adams, R. J., Wilson, M., & Wang, W. C. (1997). The multidimensional
random coefficients multinomial logit model. Applied Psychological
Measurement, 21(1), 1-23. doi:10.1177/0146621697211001

Adams, R. J., Wu, M. L., & Wilson, M. R. (2012). ACER ConQuest:
Generalised item response modelling software [Computer software].
Victoria, Australian: Australian Council for Educational Research.

Anderson, J. R., Bothell, D., Byrne, M. D., Douglass, S., Lebiere, C., & Qin,
Y. (2004). An integrated theory of the mind. Psychological Review,
111(4), 1036-1060. doi:10.1037/0033-295X.111.4.1036

Baroody, A. (2006). Why children have difficulties mastering the basic
number combinations and how to help them. Teaching Children

Mathematics, 13, 22-31. do1:10.5951/TCM.13.1.0022

143



144

Beishuizen, M. (1993). Mental strategies and materials or models for
addition and subtraction up to 100 in Dutch second graders. Journal for
Research in Mathematics Education, 24, 295-323. do0i:10.2307/749464

Beishuizen, M., van Putten, C. M., & van Mulken, F. (1997). Mental
arithmetic and strategy use with indirect number problems up to one
hundred. Learning and Instruction, 7, 87-106. doi:10.1016/S0959-
4752(96)00012-6

Bock, R. D., & Mislevy, R. J. (1982). Adaptive EAP estimation of ability in a
microcomputer environment. Applied Psychological Measurement, 6(4),
431-444. doi:10.1177/014662168200600405

Bond, T. G., Yan, Z., & Heene, M. (2021). Applying the Rasch model:
Fundamental measurement in the human sciences (4th ed.). New York,
NY: Routledge. doi:10.4324/9780429030499

Cowan, R., Donlan, C., Shepherd, D. L., Cole-Fletcher, R., Saxton, M.,
& Hurry, J. (2011). Basic calculation proficiency and mathematics
achievement in lementary school children. Journal of Educational
Psychology, 103(4), 786-803. doi:10.1037/a0024556

Dowker, A. (2019). Individual differences in arithmetic: Implications for
psychology, neuroscience and education (2nd ed.). New York, NY:
Routledge.

Fuchs, L. S., Powell, S. R., Cirino, P. T., Schumacher, R. F., Marrin,
S., Hamlett, C. L., ...Changas, P. C. (2014). Does calculation or
word-problem instruction provide a stronger route to pre-algebraic
knowledge? Journal of Educational Psychology, 106, 990-1006.
doi:10.1037/a0036793

Geary, D. C. (2011). Cognitive predictors of individual differences in
achievement growth in mathematics: A five year longitudinal study.
Developmental Psychology, 47, 1539-1552. doi:10.1037/a0025510

Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2013). Adolescents’
functional numeracy is predicted by their school entry number system

knowledge. PLoS One, 8(1), €54651. doi:10.1371/journal.pone.0054651



ZENFREAEBPLELRNFRLANERL L GE

Geary, D. C., Nicholas, A., Li, Y., & Sun, J. (2017). Developmental change
in the influence of domain-general abilities and domain-specific
knowledge on mathematics achievement: An eight-year longitudinal
study. Journal of Educational Psychology, 109, 680-693. doi:10.1037/
edu0000159

Geary, D. C., Saults, S. J., Liu, F., & Hoard, M. K. (2000). Sex differences
in spatial cognition, computational fluency, and arithmetical reasoning.
Journal of Experimental Child Psychology, 77(4), 337-353.

Gilbert, J. K., & Fuchs, L. S. (2017). Bivariate developmental relations
between calculations and wordproblems: A latent change approach.
Contemporary Educational Psychology, 51, 83-98. doi:10.1016/
j.cedpsych.2017.06.008

Hanson, B. A., & Béguin, A.A. (2002). Obtaining a common scale for item
response theory item parameters using separate versus concurrent
estimation in the common-item equating design. Applied Psychological
Measurement, 26(1), 3-24. doi:10.1177/0146621602026001001

Holland, P. W., & Dorans, N. J. (2006). Linking and equating. In R. L.
Brennan (Ed.), Educational measurement (4th ed., pp. 187-220).
Westport, CT: Praeger. doi:10.1006/jecp.2000.2594

Imbo, I., & Vandierendonck, A. (2007). The development of strategy
use in elementary school children: Working memory and individual
differences. Journal of Experimental Child Psychology, 96, 284-3009.
doi:10.1016/j.jecp.2006.09.001

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2008).
Development of number combination skill in the early school
years: When do fingers help? Developmental Science, 11, 662-668.
doi:10.1111/5.1467-7687.2008.00715.x

Jordan, N. C., Kaplan, D., Ramineni, C., & Locuniak, M. N. (2009). Early
math matters: Kindergarten number competence and later mathematics
outcomes. Developmental Psychology, 45, 850-867. doi:10.1037/
a0014939

i

145



146

Kelderman, H. (1996). Multidimensional Rasch models for partial-
credit scoring. Applied Psychological Measurement, 20, 155-168.
doi:10.1177/014662169602000205

Kim, S. H., & Cohen, A. S. (1998). A comparison of linking and concurrent
calibration under item response theory. Applied Psychological
Measurement, 22(2), 131-143. doi:10.1177/01466216980222003

Kolen, M. J., & Brennan, R. L. (2004). Test equating, scaling, and linking
(2nd ed.). New York, NY: Springer. doi:10.1007/978-1-4757-4310-4

Korpipdd, H., Koponen, T., Aro, M., Tolvanen, A., Aunola, K., Poikkeus, A.-
M., ...Nurm, J.-E. (2017). Covariation between reading and arithmetic
skills from grade 1 to grade 7. Contemporary Educational Psychology,
51, 131-140. doi:10.1016/j.cedpsych.2017.06.005

Lei, P. W., & Zhao, Y. (2012). Effects of vertical scaling methods on linear
growth estimation. Applied Psychological Measurement, 36(1), 21-39.
doi:10.1177/0146621611425171

Lin, X., & Powell, S. R. (2021). The roles of initial mathematics, reading,
and cognitive skills in subsequent mathematics performance: A meta-
analytic structural equation modeling approach. Review of Educational
Research, 92(2), 288-325. doi:10.3102/00346543211054576

Livingston, S. A. (2004). Equating test scores (without IRT). Princeton, NIJ:
Educational Testing Service.

Lucangeli, D., Tressoldi, P. E., Bendotti, M., Bonanomi, M., & Siegel, L.
(2003). Effective strategies for mental and written arithmetic calculation
from the third to the fifth grade. Educational Psychology, 23, 507-521.
doi:10.1080/0144341032000123769

Meyers, J. L., Miller, G. E., & Way, W. D., (2008). Item position and
item difficulty change in an IRT-based common item equating
design. Applied Measurement in Education, 22(1), 38-60.
doi:10.1080/08957340802558342

National Assessment Governing Board. (2003). The 1990-2003 mathematics

framework. National Assessment of Educational Progress.



ZERFBRPARFEARNFLRAERSS QK

Retrieved from https://nces.ed.gov/nationsreportcard/mathematics/
previousframework.aspx

Nelson, P. M., Parker, D. C., & Zaslofsky, A. F. (2016). The relative value
of growth in math fact skills across late elementary and middle
school. Assessment for Effective Intervention, 41(3), 184-192.
doi:10.1177/1534508416634613

Rittle-Johnson, B., Schneider, M., & Star, J. R. (2015). Not a one-way street:
Bidirectional relations between procedural and conceptual knowledge
of mathematics. Educational Psychology Review, 27(4), 587-597.
doi:10.1007/s10648-015-9302-x

Russell, S. J. (2000). Developing computational fluency with whole numbers
in the elementary grades. The New England Math Journal, 32(2), 40-54.
doi:10.5951/TCM.7.3.0154

Siegler, R. S., Duncan, G. J., Davis-Kean, P. E., Duckworth, K., Claessens,
A., Engel, M., ...Chen, M. (2012). Early predictors of high school
mathematics achievement. Psychological Science, 23(7), 691-697.
doi:10.1177/0956797612440101

Sisco-Taylor, D., Fung, W., & Swanson, H. L. (2015). Do curriculum-
based measures predict performance on word-problemsolving
measures? Assessment for Effective Intervention, 40, 131-142.
doi:10.1177/1534508414556504

Watts, T. W., Duncan, G. J., Chen, M., Claessens, A., Davis-Kean, P. E.,
Duckworth, ...Susperreguy, M. 1. (2015). The role of mediators in the
development of longitudinal mathematics achievement associations.
Child Development, 8§6(6), 1892-1907. doi:10.1111/cdev.12416

Watts, T. W., Duncan, G. J., Siegler, R. S., & Davis-Kean, P. E. (2014).
What’s past is prologue: Relations between early mathematics
knowledge and high school achievement. Educational Researcher,
43(7), 352-360. doi:10.3102/0013189X14553660

Wong, T. T. Y. (2017). The unique and shared contributions of arithmetic

2N
7

#r

147



operation understanding and numerical magnitude representation to
children’s mathematics achievement. Journal of Experimental Child
Psychology, 164, 68-86. doi:10.1016/j.jecp.2017.07.007

Wong, T. Y. T. (2021). Components of mathematical competence in middle
childhood. Child Development Perspectives, 15(1), 18-23. doi:10.1111/
cdep.12394

Wu, M., Adams, R. J., & Wilson, M. R. (1998). ACER ConQuest. Victoria,

Australian: Australian Council for Educational Research.

148



ZERFREABPELARNFILRELR S & S

Multidimensional Test Equating the
Arithmetical Abilities of Third to Ninth Grade
Students

Yi-Ling Wu* Hsin-I Yung** Chao-Jung Wu***
Po-Hsi Chen™****

Abstract

Arithmetical ability is a fundamental part of learning and a necessary
skill for life. Arithmetical abilities in elementary school are mainly about
the connection between numbers and operation symbols, while those in
middle school include mathematical computation content knowledge,
algebra, and functions with a wide range of content and scope. Therefore,
the development of arithmetical abilities is a subject worth exploring. In this
study, using a Mathematical Arithmetic Ability Test, 4,991 cross-sectional
and 511 longitudinal data were analyzed. These tests equated estimate item
parameters and student’s arithmetical abilities using multidimensional
analysis. The subjects ranged from third graders of elementary school
to the ninth graders of junior high school. Multidimensional Random-
Coefficients Multinomial Logit Model (MRCMLM) was used to compare the
development of arithmetical abilities at different stages. The results revealed
that the cross-sectional data grew year by year, while the longitudinal
data grew only in the repeated measurement using the same booklet. The
mathematical vocabulary test was also used as a reference test to show that
the relationship between arithmetical abilities and mathematical vocabulary

abilities increases as the grade level advances.

Keywords: multidimensional random coefficients multinomial logit model,

test equating, item response theory, arithmetical abilities
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