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FEE T 58 ek 00 it SR 2 WJE 5

sEA0 A

AR S DA M 1 S SR P T R B SR, - NG DABRER SR SRR T » e 0 P A B M A A B A A 2
TR e IS (Fundamental Number Sense Test for G1 & G2 » &% FNST G1 & G2) - Al g LI #{E
WS EEET RO PR ERZERS - RSB ERaE S5 IR, » 75 8 £% 16 BEHS 376 LB RURAS » HIBSAS SRASEE
SR RIS 53 BT SR L S 2 R B B RORHS RS AR 15T » S5 ARSI AR i = A T B BB IR R 22 40T

ﬁ%ﬁrﬂﬁ%%ﬁ@ s B R ECEEC 1 - BRI RN B A BRI =E R 1 -

T RE B A I B P B M AR 2R A - ANER S 8 TE IR - S HIBRaE 6 fE - 2 IERILGET 48 ’E
TSR Ry 40 4388 - WFFURESREEH 1$@%mrﬁﬁm€J@rJ%J$%Aﬁﬁ l?f%
TEE HEUEACE RAF - 2. T8UEMS ) BEBETE - EFEE - DIEGE M EERE R Y
B s TEME L BEEFOE  BTEME - BEREREE - 3 AU ES RIFIETE - 4. £
TR o BRI - 5. 2RERESHBERS MR EREARRE - BFIME R BTG
FERS - 6. AHIER DU 0 S8 25 R fise i ie o (RAAEMEEMES » n G IRE E L E 1 -

BB - BLRRRORK ~ BHE - BOERMRS MR - BEME

R B R =
R ET R RfPARAE R

HARES « SR - ST LA BB RS E - explore2sped@gmail.com ©
Zliﬁﬂﬁjd%fﬁi MR - FREAER B L - (FERERE R ERME S
» BEASCRENEA (A - FRELEER -
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EEk (number sense ) JE{E 21 AEEZK » HEEBE T I HBEZHES] (Dehaene et al., 1993;
Dehaene, 2011) - BIFEHFZR B4 72 /NSO G (R B A - BIn A Er A5
BERNRESNIEENE - BN RA - ZHE%ERR (de Hevia et al., 2014) - #E2REHRE
RFEENEN AR Rt Fe i EOREGHE. - FEMERAT S8 th B A pE R BRI
FE R IETF 3R 328 (nonsymbolic representation ) » & AJERYEUE R IR B IET IR REE G &
J&% (numerosity ) 2 BULHIPIEAFRIA - XA H R g2 Bl A4 (B2 Y R AR BE ST - IR R A Uk (innate
number sense ) ( Siemann & Petermann, 2018 ) °

ZIEM e VR TSN G R e 52 - B @S MAH L RN R T S A B R R 5 - i S IR
aRIE A EER S - IS R B SRR RIS BLIERERVIE RS (EMEE 2 - (HA LR i R AL
fie BE BB R RE - (EREDINIR BE R ET LB - B —EHBENEEERZREST » H
A B s G EARERAYEE 12— » RIE L BOETE (B S s RS e (S B LR EL ~ IR B g
#J5 (approximate number sense * f&if ANS) (Halberda & Odic, 2015; Jang & Cho, 2018; Kim et al.,
2018; Lukowski et al., 2017 ) BXIEFFHRMEEURK (nonsymbolic number sense ) » #UCR AR E =B EE
EHEME - JERFIR I AN MR SR -

TR BRI SC ERE B IR BRI TR I A 2 Bt N S R R T B B B L 1 R
% o JEAIN (2021) BRAREURITFCEEI - BUREIEEERE T B R ph R BB - KRBT R
Bilam ~ FERHGR ~ TR TR R SRR w0 ot B R BB B B R R ) F R MR (Sziics et al., 2014;
Mazzocco et al., 2012) » SHEWIEEH ANS BEEERE T H & 2 5 & 4HE (Bonny & Lourenco,
2013; Chen & Li, 2014; Chu et al., 2015; Jordan et al., 2007; Libertus et al., 2013) » &3 HFFEEEE ANS
B EE TR BN RS R W= (Fazio et al., 2014; Norris et al., 2019) » /T ERHIFIRE ANS B
BEERE TR A S ARk T B4R (LeFevre et al., 2010; Libertus et al., 2013; Powell &
Fuchs, 2012; Schneider et al., 2017; Triff et al., 2017 ) » FIRAFFCHSRAVER - 2REFH; - BEMEEE
e JRbE B Ko H B T HLSE 5228 - (AN Ga s EY ~ Sh5AREEE » BRERPREY - A EREEL DL RS -
SRR R R A SR A T B E M S B B IR A — R AR - SR R R SR e
HIZE ~ BRTAE WE RFERENRS  SREEMSERT B » SUEBEELEEERE T8
RO B FEAE R —BUE R AR E - AL EI IR 2R I B R R i SR B 2R RE 1 sl B 3
ZRABE - R RGNS R R U B R R I E s R R T R KRR s R - =
SRR IEER T P B B R R MBS E 58 - DU BB AEAC I R e 2 d )
e B AR o SR R RS R o (BT RS I R EAYEURGEE T s
BB RE SRR A TR TR iRt — (RS A G AR, - R BB E XM HF R
{E B8 BT EVE M S RS - BURGERIR BB ER R B R BB M B RS - B R M S,
R MECER R RSN E « Al B4 H » SESEEE SR AR R - BURE IS
DA A 22 B2 B A TR TR ] - SR S I AR RS S U T T B AR S TR - B R sE D
R B R Y B R -

FFafMEZE (symbolic representation ) HII 2 AT DAREEE =0 H140 7 (@ LA 7
For o MIEFFHRREE AR AR ESR - a0 mmmE D B 5 2o 0 JERFRREE R s
TN & A B B R B R R BAIRAR - WA ARBEE S M AF s o S RAEBEEA =
TR AR TE T PR B G 1 - T Ry LR BURK, - T30 5 WF 9T 48 HH B B [ i 2 A5 FH 157 0 B S = g PR

( Butterworth & Laurillard, 2010; Furman & Rubinsten, 2012; Mussolin et al., 2010 ) °

DARS B ST S a2 e Ry {0 - (188 15 DUIE RT3 SR 8 O I3 B S5 SR 1 SR i 2 e T B G T
B FEEIERR R R R AR M R W 0 - EIER RS BT EAR I R AT - AR B A
HRREEEBEER L AT IR R BRI TERETE - fla05 + 7807 — 50 S EFFRERE LS
8 7 (S @RFRITHAA ST 5 580 7 > H—RESITEZFIRIN B EHAfE L ST 2R 8 Sk
FGERE S B IREIER R M R R IRGE SRS e BT B HAR 55 PSR 2 2
FAFIV R EG » DOERGET B ERE TS - ANIFICRE I —HAR RS R 2 R Rk - 7EE ) BA R (E AR
LR DI TR AR - EREEIRTE - EREEIEFFIREREER - R E AR
JEHY 28 e L BE R R R B IR R M SR Ty i PR A 2 S T FH 85515 (Chang et al., 2022; Siemann
& Petermann, 2018 ) - & {EREFERIER BT 5o BEETE  EEHERE - W ER - (@RI EUL
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RS R8I (numeracy ) ©

A FER R B 2 R s — R M R S B B AR - B IS R A URK ~ Er Bk R B R =
B2 o (MBS AR A BUR R BB - 13 BB T —RE BRI BURCRE T - HRIL n] R AT B RE I B R
AT IR o (AR R AERERE I A ERE - B/MEEHREEBRZ EAMEHRFR - HEEEMR
PRI BE AR - SRR A BURK B B SRR S MR RIS & T B R B, - R & RAE B 5
R A I R R e A MR S H5% (Halberda & Odic, 2015; Jang & Cho, 2018; Kim et al.,
2018; Lukowski et al., 2017 ) [fF5Cfa I IEH 52 RE2E (typical development » &% TD ) FHFIAER
BEPEREE (mathematics learning disabilities * f&f MLD ) HY224: » MLD 224 77 BUsk B 22 pE TRy
FRMEWIE (Changetal,2022) - HHEHIERBIREAZHE EMAEE -

AT LA B 2 B & B R E BT - FRAG(E RS BRI - EEEE T S8R
MR R - (EAEARRE AR B SR AT IR - R HE # R AL R R SRR (B -

SCRKER

(—) WBREk 8 Je LB B2 5 ) Tl (9 B A%

W5FEERE S AR IR - BRERMBFRE - (5F - #HESE—-RVIWEES] - FHE
£ (subitizing ) BJ#F BB EEAE AR S R RTL - BERRE IRV R » I R ERANTESER (perceptual
subitizing ) EEME S MEEIEE (conceptual subitizing) FRIMEEE o ELH) 28 R R A 14 85 - BIME RS nl 7
TG R HIER 1 2 3 BSE - PIIE S 5 (EFERIF - gEFRH 2 ~ 3 (EfEEYERERR M 5 » BSLRE(E
A FFEM S (M AT BEEE (numerical labeling ) AYHEE » & fEFEE E 2 B =& 5% - (Hign]
DIFIA 1 2 3 [E8ERER—EEA (uit) EEERR 3L ENEE - EEREEESHREKE
BHEM TR - PR GBERET - RS EEEESES] (Clements etal., 2019) -«

TEFRFFR R BB R R B ECERE T - GEHFHG - R - BEH F S ERN
HIBAGR ~ BEE Y - BRI E T RE - (55T MEFTERE - BEHFHEE (Andrews &
Sayers, 2015; Sayers & Andrews, 2014) - HH - BEEHENRIERFIREEEY LR ; TAMMEETE
BRYFHEEMRER - HEENERESERE - (55T - EHERERUFHASE - AEIERFE
FERF R R AT - (R AERRE R - HP O IERER R R EEIR /R R Em
R HEFRYRE ST - BIREREFEE (numeracy ) ©

TR ETH - 889 & DUIERT R R /o M R R DOE R BRI EH Y
BIaGtE s + 45 D OO00® + @@@ @I = i35 B #15 9 » sl DIEC 8T S # 2L
Q00O i 9 EHF 5 MHF 4 rEmMEEIRIERF iR @ 5 (H @1 L 4 {H @R
9% WDl HE R EREEIERT R I R B ER A E ] - - R CR RN E RS
71 AEEEIER R IR E T BT L DB TR E R - AR B R B - B AR
P BT EFRIA (Starretal, 2017) ©

RSB AN B A R /5 TH » von Aster 2 Shalev (2007 ) f2EI8 T VUM = > SH—FEE R
Fla K/ INR#RE (core system of magnitude ) P ER Ry 8RR 2% R B LRE - DUJERFORFEUR T » Bl
BEAUNLE 5 5 T REE DU S R EE L E R (verbal number system ) » FIANCIGE#EL (verbal
counting)  BEEERME (counting strategies ) ~ SEEHEAL (fact retrieve ) % ; 55 =[EEY By @ BRI R {H
B F A (Arabic number system) - FIZIEMEFTE (written calculation) ~ & {H% (odd  even)
% I DUIEFT AR B R oR M R o A R - 5 SEVURE R B i B B - B0 B e S 22 R
HYSEREYIEIZRIN - (ERS VAN AR B M EE S SIS - AT DMEEREEER DR e 8T
HIREAERT E R R EEE TR s BN H N FE & SPGB+ B B o (o7 B B 0 B B e
sghn - R R AR I > FIRTRE ST » Bl 1 HFELETE E BURAY IERERLE - W DASLAEHE - RATER
7N AR Y A R R A RE R AR AR R T B T B B 2 T B A RR A (RREA
2016 5 7L - dhEH 0 2018) -

LRI, - AJHERAE(HAR BIRKAE S - EEREEE S RERE W RN - M0 3 R B R B
gef) - E{EREREE G ST I R B Y R RRE - R AR EE RN AT R A - ST L
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FRZE » ORI 25 P B e 3 e 7 DABSURK Ry 25068 = LA » Jang B Cho (2018) $2 BRI 4B A E AL
M3 (ANS mapping theory )  Siemann Eil Petermann (2018) fEHIFIHEZE R =HEHER - HEIET
HRRBIET HIEFFIRRE - BB TF RN EREERE  (AEE R AR 28T DAEAE
{EZRIY ANS GESTR TR - B —FEERDUIERPR R BRI LR = RS R B d s n e
AET » E BT B B R B B RS SRR NG - R R N R IAEEERE ) - BRI AR R
JREI ~ FRREREEDR BT ERS - fERREEFERZAT ST E SR aE 1T R AR
i BRI ER RS A BTG - SR RS M AR NIRRT R R EERE T
FHERE

Bl/ N2 EREEBERE R - ERE RN S AFRZRE T  RAEBURGERS Ry 6]
ek (Andrews & Sayers, 2015)  ‘E{E#SEEE M H S50V EHE T EER » AR BRI IL Mg
R 3Tk (Butterworth, 2011; Jordan et al., 2010)  MiAWFZERE SRR —EEEIME - DIR4A
ORI FEE S E R N R B2 BBt - AT SRR B M BT R FFE U R ATk
FRoR MR BEAA T RS RIS (Carey et al., 2017) - JREE ASHELERAE )38l BLAE EH A Al
PR GEAATT -

r_LEmAS - AR NEEE RAMERE ST - sEER B B IERF R LB E - ERER
EERE B R SR L B A B B TR B SRS B RE ) - TE R SRR AT &
WEIEFFR M R BEE R M R B R A BRI R - E— TR RINERETERET) - H—REEL
BURGHE & FE AR BB R S0 - SRR R R E(E R E R IR W PVELE - BB R &
o B R T PR Ry B IR -

H BT BRI 5T » KRBT 53 R A SRRk B B TR BB R R 8] 53 52 - TR R AR BB 7T
Z st VRIS LS - ERBURIERRREBNIR S E G - G2 EHEBES BRI - I
et A tE H BUR SRR B R AR B R e ) B R Bk E BB B (LeFevre et al., 2010; Libertus et al.,
2013; Powell & Fuchs, 2012; Schneider et al., 2017; Tréff et al., 2017) + [t4h » H—IREEZ BRI (HRE 4
REEERE 38R - ToR(ERSE A G B B S S AR - 0SB R ERE S E Hak  E f H
BRAIRR BB A ERARRE ST » D R SR B B Rk B B R R A B (B R e/ 2 (O
fEg ~ A5 TETE » 2008 5 sREAREEA » 2016 5 TRIR1C ~ 518 » 2004 5 PSRN 2010 5 B51EE
2002 ; B51EE ~ B 0 2007 5 B{EE ~ FFER 0 2002) o TIAHFSTHE R Gm G TR K A SRk Ry B
EEKRHEGMEEER  EEEEAREM SRS (M BERN T 2B EHEWES - M
i e R AR BURR I 22 52+ PN B2 B FE FH B S M A A 2 B AR R - O R SRR B B
# LA number sense 1.2 T EL BILE R BURIR Fo 2 ] 28 BUsk Bl 1% K 22 AR R VB ER R - AR
EBURGGTEAS R - (EBEE A E g FER AR » AR5 DR A BURCIE e B AN B S 1 Ak R %%
TEEERER AR IS - AR R - DAEAT R AR R R B R R S e e By 24 - WHEFIIR K
AP o ARWFFEEA DAL G S A B B - SRR 0 R M E A S B T B R R N - EAh B E
B2 (numerical concept) EIEHEMESHE TS (Kaufmann & Nuerk, 2005; Rips et al., 2008 )
N ey =B B A

(=) BEARE M BB B2 RE /) IR 1%

BERRE TR R R R BT Bl A B BT ke » IR e B R B A R BT mT e A - [/ M4
RELAE RS RV E AL S %, - RS - P8 B HIE - B NG BRI
BLEOF ~ MIRGERIES (BRIEERZE A - 2010) - BOFSRAE BURRE AL R B OB BURK - E 22 B I HLUR
W BT T - NERIBIERF RR AR o IR UG R BT IRAIE R - MR U
B R A BRI RE ST o H—ER BB R A BURCR TRLE BRI BB IR - 2 DUIERFRSR
BULECR T MER B AT IERF SRR E AR R BB M EIREE ) - B T 2B BRI
FER - I LREBTR  BEEEE L DB E B Bl N A SR R B RITEIE - HER T
ek (18] S B B B R B K R (T ~ A5 10 » 2008 5 SREAZREE A - 2016 R - #5H1ETE -
2004 ; 57 » 2002 5 B RAEHE 0 2007 5 S 1EE - FFERS 0 2002 5 Geary, 2013; Siemann &
Petermann, 2018 ) DAGHAL BI/NERAE SR ERGE ) K R FRIA. ©
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ANS By NEEEL A HARIYRE ST » DUERFRMERBIBERL R T - BH D EE R A BED
%% (Clements et al., 2019; Dehaene, 2011; Halberda & Odic, 2015; Jang & Cho, 2018; Kim et al., 2018;
Lukowski et al., 2017; Siemann & Petermann, 2018) - ¥F ANS FHEAWFFE HFE 3| DL FH{E HIET % -
THH AR 8 (Weber’s fraction) 7w » FIA1ELEL 5 70 8 fRYA/NEE » DAE(ATES /8 o >
L 12 #1130 AT A/INEE » DL12 730 20 » B0 B ERGS HIAIBT B S » 2 0 B (R EE
FEARHE AUE - B T 2 R B A 5 AT - S22 BE U NE A =) (Bugden & Ansari,
2016; Lukowski et al., 2017; Olsson et al., 2016; Piazza et al., 2004; Tosto et al., 2013 ) - [ ¥ &
AN E ANS By—B2 - WELfE BT R RE /AR (Butterworth, 2011) + de Smedt ¥ A (2013 ) #F5¢
S IEFFR R BEL TR M R G B W - BB EE s a R - AT SRR Lol im Bh R0k ANS
TR B E R TR R SR LR DU B B B A A KR - B R R R R
e AT B RE TR - AT DUAR T B 22 HE DL ERE T kAn AR B as it

SEIEE B MERE IRV ER AN6E T EEAHRE (Halberda & Odic, 2015; Jang & Cho, 2018; Kim et al.,
2018; Lukowski et al., 2017; vanMarle et al., 2018 ) - H A B# B E (logarithmic compression ) $RIEHK
TR FEERNES MR ORI ZEREZ BN BUAN » TR B /N B 2 SO
FIET B HHEE R (Kadosh et al., 2008; Verguts & de Moor, 2005; Verguts & van Opstal, 2005) - &
FoEEERE (distance effect ) » BUARTZEAN ATERESUE » 103 KB HIMER A S - BN
FE DM PEEE R R g e BRI AR o B R AR IR s HERR R e N 4 (E 8T 0 RIREIEHEREE
FRETR RIS T - BUANTIF T S SRR B (o3 R e S iy A B R T w3 FE R A Ik i s
1E S EEFTHNE T » 2ol E HE AT AR 4 (HE WA H A/ N RETHEY -

HE R/ (numerical size effect ) RIFE Sy N S BOR B 2 FETRY Pl » HLS TR
R HEEHEE (Krajesi et al., 2016; Lyons et al., 2014; Verguts & de Moor, 2005; Verguts & van Opstal,
2005) - HOHIEREIEEERE 2R EH AN - RESEEEEEERARBEEE S - BSELHE
ey 2 RN EE S8 T RN R 2 o 22 BUE R FENR IS B E & ( Spatial-Numerical
Association of Response Codes effect » & SNARC ) & K #( Bl 72 i B H /= 345 B /N R 3R
JEZ2fH (Dehaene et al., 1993; Fischer et al., 2003 ) - HA] B8 RIAFEE T B2 SBIE ; AN - 720
ST (mental number line * & MNL) -+ ZIEF SR8 H OB B R ERV 24 - HRTE
TE R B B S PR EIE S - IR S R I R R R IUNME - T O R RE TR R B
/NPHAERRGE A R (RN 0 2016 3 TS ~ PL{EF 0 2018; Geary et al., 2008; Nuerk et al.,
2011; Rouder & Geary, 2014 )  FIZ07E 0 B 10 FYEGE - G52l S TR B0ie L 8 U TEN & - BEiF
A ETEELE 8 BBAR 10 » ARG E EBUIR 22 M S Bl 10 Fay - I7E 8 WML E LERD - A
TS T HE Sy (38 0 B 6 [ P FH B B /NS ~ SNARC K2 MNL BT = BB SRR (objective
tracking system > f§#§ OTS) (vanMarle et al., 2018 ) Hil 285 BE B - Bl 850 f 4 B it B2 08 it ke
F—HIHEERE AR - AN BER T EEN T 5 (exact number system * f#7F ENS)

(Negen & Sarnecka, 2014 ) K IEMEFRBCRM (exact representation system » fiffE ERS) #:& (Olkun
etal, 2015) -+ W IVHSERBEICEEIEFEE G (@) WHE - WP FRIEk T2k » #UR
RTERR AT R AT A R R B - Z = A OTS Ge ) » MFIRIER SUBE R 5 - - 799 A B - i
TS MERENE - BT ERFEG 25 & 7Y ERS B OTS §E

fr b SRERRY AN B S B B R T R RS - Wb R IERFIR R R LL L  FERFIR I R R R e 2R
AT FE AR R A T sE - ERSRYSRIIAE S B 2o R - S S B R R
i - MRt S EL R MRS EEREEE N - RGeS R EEETE A
i > I EEEBE S MR B BEEaE DRI = HAY A e (FFZEE > 2018) - Bl BIFEUCETE
B S G RIS R IR EE (Butterworth, 2011; Jordan et al., 2010 ) - REMCREAE SRS TS R
DA HIF et iR 2 522 R ( Bay-Williams & SanGiovanni, 2021) » #EE A B BESE M 18
RSB 22 E %R 7> (Jordan & Levine, 2009 ) FIANBHAERTE A (2010) FREIEFHY > fRELA &
RESTEBURKRE JTAUFERE » Clarke A (2012) DASRF-Z2A& B T~ LI S R iy 5 2 7 BRSO 2 Bk
REJIHYFEIE 5 van Hoof A (2017 ) DAL ETHEL B T4 ST AL BURKFIHEE - Ghazali A (2021)
R DA R REAETT A SUBRERET » Bl B NEURRRE NI TB IR B R A & ~ B30~ TR
N BEESEE LG ET AT o Butterworth (2011) $2E] 6 552 7 R LEAVEERE ST - JEE IR IR H
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MBS ~ MR ARGER R A T M e FC IR I R i < 6

AW G AR AR BER B & M AN R 20 - DUBERREINRE ST Ry B ek - 22 PRI/ M SRR B A R
BETT - SR P B SRR U A B - T BE HAS R M R AR IR R - HREA R E S F e
FARRITT 1 -

(=) MREFARIELRE T 0155 98 I B i

RN BRRZF LB BB B FERVIRYEE - 2 BERaE I - @ ElER
TR B R N AR - DIEHS SRR A T - BUMEF RIS 2R B EFER - 5
HELRRE R 2 BRI R E (BB 8K 0 2020) o DAEREREAREER AR R o BRI A R
TRFRFI - B A P A B S SR e D AR » TR ST B SR My - DURS B S i B e - ik
TR R R IR A RE R BB R T AS IR - B e e I B E YR RE T T RE A2 B3 - e B R A
o7

FRERaE BB LAY - B P8 A A B IMEAE AR R s A T Bl IMEAE A B R AR s L (B
R 1996) ~ T EIRV/NEARAREEZ BT ) (REIC - R 0 1996) T ERBEEMEETE
(FIfERL > 1999) ~ "BIEV/NE—EEREEREZE I, (EBUNEA - 2015) ~ 12019 ZEAEE
BEtERIE (BEE - @0 2019) ~ TEREEERENEE , (Bl 2014)  TERFTHE
e s 0 (ARAAL - 2021) ~ TEBIR/NBRECEREEEREE , (FEHE - 2021) % THEAREE
BoLRES TGS, (B ~ #S0  2015) FHoo o

F g IMEEE A B R R B |, FRI R L 1996 AR S - DUB/ MR SR B b By e s
BN 7 S R B TS SEEAER  HhET 44 B 0 FEHIIGRETE 40 438 o 0l BRIERE B L (E B
W T =GETT o T B/ NREAE BB HEREEEE R AR R 1996 AR S - IR N2
G E - BEEN - BIP 2R - HMETER - BERR AR FE S E G 36 & 0 DA
AR 7 = - B G AR TR IR = AR - IR AT 40 4388+ mTERAIE] 1 ke 1 i L
f o " EEEREEEE SR E ) HATEEE L 1999 FAREL - BB N A E AN IERE - BUEEHE
Juhaks: - ZAPER - ZRERRIEMMES - A uEEEAE - EARHE -« STEA 2
HEENE - DARENE =TT - Bl MEF A IR 20 5388 - AT 52 B A 0 B w418 1) B
FECHEE] ;T ER TR RIS FREA0L 2014 FEAREY - 20H TEMA ( Test of Early Mathematics
Ability ) BB 65 REMHR By 120 78 » M 3 2 9 Bk E T IRERFFER N EEAR - KRS
VIR - WERANRWEEEHME - SEEA] - BAIREE - IEMEE ~ BB B IMEGE - K
EMEE - TEME  BRIEUSEL OB RS - IR AT 20—30 488 - BRER(E AR T EST - DA
{E N B 5 = o T AR ORE ST R B BEE SR R 2015 AR B - FEB/IMEF R
T HifmEE AR - AR (SRR 29 E -~ G 32 MR EAEETE 22 - iR
T R BIEAC BRARAC SR (B 2 E BT f - TR REAY 20 7388 - BREDHENES ¢ " BIR/NE—F TR
HERZET S S BENE ARA 2015 FARE - S2IREMABRIE MR BEREME » DIERER
(L BiRE - [FIRFFEEC DSM-5 B R BRI R B sk dn fE » HIBs N A AT B GER - %407 - BE g
% - JER A 35 38 - DIAEERAEe 7 =0T - fREE L 20 W > TAEUEER - i
IR AT 20 4388 - PTEREI RS E B el (E s A =0EST - 72019 EMEEEE R E | H#EEHE
BT 2019 FAREL - SEARE/ N ERESNFEH - HR BN AR E R EE NS - ARG
B GRAORGE KU TR - DIAREE IR 7 2T - BRI AT 5—10 4388 - mTER{E B1E R ek B S
WIS HETT - T ERRT S BERRE T g, PR A LGS 2021 AR EL - BRI EBELETE « EHE N
[P B 22 [ 5 - SR 3 B 6 BT S A MBI AR AT E B N— AR - BRI A 20—30 438 -
DU A0 B 5 =] - PRE AR E 7 G TRkl - T B R/ NEE B RO g, A S AR 2021 &
i d - DIERIZA S S BB E N A R 5 - B2 B S ~ SbR ~ TUAME & ~ #EEE » &88
W~ R WEETE R R B HEEE S - Fa I T4 40 4388 » DS Re i B B (1) 0 B 55 =t AT -

o b it 0 B T RE 28 T K 26 BRI B DABRA TR AR AR S e E R R M i m) - DB B B B
BEEEMS MR RS Ry 10—40 723N E - HIBRREEURZAE 30—50 - [ - W EE =
FER PRI - i 0 T A B ] P53 PRI 1 B e B R B 5 - ANAF ST H BUAR Ry fim 2 L@ FH 1R
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B/ AR AR T R RO ) SRR S AR - AR PR FHE HIE
B~ BB EOF - IEGEETEREE (BRHBRF A - 2010) HHlERREAIZHHL— -

At re2 IREUEHBA s A AT B E e - EfE T BERE S ) B TR MR DIREER R
BB R NEGET 8 TH IR - OB (UL Mriemd B am AU B Bt R IR GE Y ~ TRETE
BB - BAN - R WERE AN BRE P PR B IMESERR, - SOERFHBE SRRt i RE i 5 o - Roliisg
IBBREER AR - SRR MR SN DA AT - IR R T I BB 1 R AR T3 -

(1Y) ERIBE A B B e ) T 8 J Bt

TE PR EERE ST IER T TH > Garcla Vidal 8 A (2013) DAET R AT ERE iR BEEEERE T I B0 T
#& (Evaluation of Mathematical Competency Test * f&if EVAMAT-1) - F§DARRAG B/ — G 555 AT
HOBERFRER » B N 25 A0 K 8 B RO B S WA (0 B - Jordan %5 A (2010) DARSRH E5UEkEE S 73R
& (number sense brief * fif NSB) #F{dBl/N—F B2 A= A BURRAE /7 - TIEa N 25 A5 S B a8 B I
A~ B dkn] ~ B b -~ FREESGT R - IERERE T S HFE - Clarke A (2012) FHABEGT
= (assessing student proficiency in early number sense * f&## ASPENS ) FF{ A A 605 87 LLE s
FEE BB - 22 A TG P S R (I ) B - RS EAS Bl N— A SR A B R e D B B R B - b4 - AR
SR 7 AR~ ) SRR Bt PG D 15 B TR S P 2 S BRI B (Piazza et al., 2004; Tosto et al.,
2013; van Hoof et al., 2017) 5 S B0EUE ~ f LLi AR/ NS T BGEIES  ( Sasanguie et al., 2013) ~ /()
HEHRHIER (van Hoof et al., 2017 ) 55 o [3 B 158 FH 1A B/ IMEAE AR B RE ST RS AN ES - 268 DI%k
BN S MR R AR B P 1 R e 200 - 22 IERIR MR F Rl w1l - DR B2 4= BER e T R
BEERRL - AW ERHRELETE - FREESUSPEETET M BRI B R 2R8I - IR Bl S MH R B R
BIREs - TR BB B TR

Jidh

LR EUE R B RS G E A  ER MR S BB BB R IR - DA MR Pt 7E TR, ~ ihgesise
EAWTRAR RS - BBHA0T

(—) WIEILH
1. JUSEBL R HE

A FEAS SRR PR 2 3R K AR BUBOR B AR (HARHURE ST » TER R B E R R RS S B S M I
HOERE R - IR FIERR BT RAIFTRES) - MAEBE (2018) Az "+ FBEREAREF
ARAE M B R/ N B A m A R SR ¢ BRI, B EE, KDL TE-EERE (R
/N2 AR REVIREEE - & PRS- HEREEAMKINER - REHRGEEIPH
Wk WORHTZERE T BE ) B T B RS AUME B AR T BEME S L ER B T B
Bl UHEE MR T ETE ) SRR REME R/ IMEFERAE R EEERE IR SRR T BERES
Bl TR Wi{E 2R

AT B R P BB 1 R B B D AR A B 0 Ve M R N DAR AR BBk B B IR T Y
FLREBUECOR R - B R BRGNS (BREESE A » 2010 ; Clements et al., 2019; Dehaene, 2011)
DLBF {6 B/ SR AR5 2 B RE 1 - $7AT 6 %5 7 SRR (E B2 T (Butterworth, 2011) + &
HFE R (Siemann & Petermann, 2018 ) J2 87 5% [ VU P& B =0 (von Aster & Shalev, 2007 ) %
Ry BEwE - BB AR SRR (FRtR % A 0 2010) KA IEFIA0H 6E /7 B A B BURC B
F5 ENS » MNL * SNARC ~ OTS EE8{ 5 A/ NSRS 8 2T A6 (Bugden & Ansari, 2016; Dehaene
et al., 1993; Fischer et al., 2003; Geary et al., 2008; Kadosh et al., 2008; Krajcsi et al., 2016; Lukowski et
al., 2017; Lyons et al., 2014; Negen & Sarnecka, 2014; Nuerk et al., 2011; Olkun et.al., 2015; Olsson et al.
2016; Piazza et al., 2004; Rouder & Geary, 2014; Tosto et al., 2013; vanMarle et al., 2018; Verguts & de
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Moor, 2005; Verguts & van Opstal, 2005 ) - FF5& » 2275 B FE [ B SR U RE ) R Uk T B (431
41 EVAMAT-1 * NSB ~ ASPENS ) %5 - KAl Bgiit S o0 R R i SR (e A -

2. JEEN A

A B s A RE R R B N AR 4y o R BRI B 2 A R - AR R A (&
—3h > 2021) o TEIEFURE T L RN R T R S R R R - DU 7 S s B A B T =Y
B o SRR B S S B B SR AT - iRE EHIES - S IR 6 RE - B
FE— 0 R BET A EmE SR HP T SRR EE S ERESE - S
HEERT 1 o BE AP EEERT 2 5 Bk =IES MR E SR 12 5 HAnBER T S5 E
R - BT BT o aERESHEEE 1 ESE > BHET 10 &eEake - %
SR E 1 2 3 [HEEM SRR | 2 4 (BB ARE IR B BHER A - a0 E
FREAANT - RIER SRS B P RAE SR 1 s o

#1
SRR T B R B A I

DRk anill BE o

HEEHE
HEM & DI
HEHEF
iEE ST
BT
B! BTN E NN
HEEE 6 NN N
AE o BUEEEREAEEDL CL RFEE - 2 REFH - O3 RFETE c4 REBT -~ 5 REBHMF G0 cokFE
PRI RE 5 SUE AL N AN M B 7240 (ANS) ~ N2 REIEREH T A (ENS) ~ N3 (7222 (7 fE
s S FE R RIS (SNARC) ~ N4 (RFR0LEHEHRE (MNL) ~ NS REVELERRM (OTS) ~ N6 RFEHUEA/ NI -

T Tl T
C2 C3 C4 C5 C6 NI N2 N3 N4 N5 N6
VA v

v v
\/
\/

222 2 2|0

\/
\/
\/
\/
\/
A v
\/

(oMo FoNe) e Mo NN
2 2 2|2 2 2 2 2

[ee Ne | fo)Ne) Jie e NN
2 2 2|2

(1) BEit - EEFHEZHE DT BEL RIS G T M E R R ARG TE - 0B s B RS 8
(C1) ~ 58 (C3) BT (C4) % EEEREHIGE I E R BRI B2 48 (N1) ~ IEHE
BBt (N2) RYIEGBERZAM (NS) % - BiEFTEURFHE EIPE B r S FERIAR - BINE
RS - VIR BRI K BT BRI B R G M i 1 5 (E RS e BESBCE R - & ISR
# (dot pattern ) BREIEEEEE (perceptual grouping ) HYFRE2 (Sarami et al., 2022) » B4 2 {E—%H
4 {E—#E ~ 5 {E—FHER G AR RE 23 - BURE e B AR A - S B8 pm G 3t G Bk B
K EEE - B EHE HE S EEMUSEERIN - 5RO A R - S R
HEGEER DT HEENRE

(2) RIFHHE - EERHEZHE B R A BUR B T REP T EIR ARG 1 - 05 R R R
HiEES - ZHEFER/D &2 RE - REEER (CD) @& WEHR/NIR - B E% - B
B2 R HEERAOVIEFFHRYR P8 (C2) B8] (C4) REST @ R ¥ EH B iR R B P 8
BEMS  EBERARE AU E R ERAES T REST (ND) - JRE A R TR (N2)
REFERF AR SRR B B AT SHS o R BRI T T B A R - RS AR HE R EN R
WRES] > WREMRAVIN » R - SERZHFHAEHIEFPIEF -

(3) LB - EEEHEZHE W R BTFEZEM EH B BRI ERGTE - 205 AR &
BEEHRES) » ZEPETREEE (C1) HEEY| (C4) RIBRM S IERE - RN BT HIGE T Al
HIERZEHE B EETEES (N1~ IEREETRM (N2) ~ HAEZVGRIE/NEIRAY 22 H 8
THIERERIEAH (N3) R OHEER (N4) o BUMEEREEERZIEABEHER - BE
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B B 1 S LR B S S 0 FE D ANS © ENS » SNARC » MNL 8T A16E

Hfifg 5L o
YRR IR - B R B ER SRR DL - SRR E REEER | - BEEEDY

FIEAEH A BRI -

(4) BAWFERY - EEFHE B ST AN EDRIGTE - 70 BRI B DAZ B R 2
B (CL) HBIEF RN RE B PEFPEEST (C4) - T RUEk B B B2 FR R RE 7 A0 15 B 1R B 5%
M (N1 FIEHEET R (N2) - HETFREERENZHE - fER TGS D E RN TI P
RES - IMEBTHHREOZHE L BB NEAERER IR - BB IR RS - MIFEE
BURER - REDCEINHIE NS - HHH B ER R ST - MFERFEEREE RS R AR R ERIE -
F/NEIAGETT RS -

(5) FHENEEEE - EEFHEZH B HE T 2 /o HEE TR/ NRE R ERE D HTETE - 25N
WEEEE (C1) - ZRl LSRG THYRE B B S e B O T L 4 - HRER R 52
TR - AR MBS - I ESUE R BERRR A RE D A AR M B R (N1 JBIE
FroRRE R EE AR - EEEEBE EHTTICRME ERE TR/ (N2) - KR E oL
HEMTRURE - S8 R LRk - FIBTRIE RN - LBV NERAEE - TR
REBAELE - A RGBT - HERZI#MFIERYCR (N6) - B iEEERAH RER
TRFIE - 18T BE R N H AR 8 - B — iR H B E R BT B - TR BRI T TE
BN BT REER - FPA 2 E B T U KR T B B HIRETT

(6) Byl - EEFHEZHBHRF BTSN ERENHERGMT - B REENZHE - &
DR AR A I DA 7 & R A (pattern) - o3 HIBR AV ELFE BT S B8 (C5) R INek
fIRE (C6) 5 - IMAE BB B SR AR AIRE T I AL FE MRS M B2 (N1 AR B RS 2 IR S
FORAE (N2) - e A A DA = LR 0 B (B (2 Bk 33 1Y 9 A% JERE » DAEF AU/ IVIR (N6)
IME - HEEERA 1 2 9 FR/NET - AR E T FERERS ) - BT H2ZHEEREK
BB B DA 2 E B S R BRI RCZ - AR T TH B R B R BUE M - 71
{2 3 AR T U B B o I B O BE

(7) B5oG - TERMEZABEHR E BT REERENE - B R ENZHE - rEfE
TERTHEITH G - BB T SRR T S8 (C5) REFINEHE (C6) -
IMAESERREAIRE ST I B A BRI B TR (N - J—BETIBRAEBUKAEST - IRIBIEFTHRAYEI 5 EL
BA/NEE - RREBREER R EHEHTAM (N2) - 2l B BT s S Rl S RN
RAFEIEMEB SRR ST - DI AUV (N6) 115 1SR P i {18 {8l 2 B B/ S pk 18 DA
WHYE RS BORF 18 LA A B o008 Joo i 1181 {8l (2 B By » IR IR AR BE BB - B (B
HZHAENERBRASURERS - D2 S BT H e ERIERCZ - FER5E A8
RECFREVER] - TSRS SR U R B B FH B Y BE

(8) BERHE - TEFHEZHE B WA BT H I EA RGN - R — 8w EE e

B AR RI ST AT SR - DR 52 58 S8 R M (E FIRYARE ST » AR50 B P ek B9 B 5 o0 AR B 5
(C5) ~ fniEGEME (Co) F - M BUR B EEEREIRE DA H - AT R B TR (N1 &
TEAHEEE B B IR TR (N2) - Zal HE T ET IR & - TEA RIFIETER
FRAREST « DM AVINIER (N6) TE -+ I Ba R A we (8 (1 (2 By B/l S Rk 10 DANAY B AR
RS A IR - SR S 2 A G M E R BN SR B - DINRH i 2l S
GRERIMEERS - FERERA T BN BT REIEM - G250 SR T USROG M B By
BEST o DU BB RS H By ~ (RS A R #iBIE0E » FERE 2 For -
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#2
s AL EE G UL RE
B T R Bl

MEE JREHREY HEE 0000 eeeeses L
DA A IR e R L

== y: e ISR 27504 7a
HERHE REER I PR 2 - HERDHTICHE N

ey - :
I - ) 11 TR N T —
s wmg o o TR e s mxl.
Wi 2RI E R - L
BRI - :
D2 B E R e fein e B e o LD - ———

DHERE R

DABERORACHATZRIL - B -

e RN S R ELILE S
Bk gl o PRI e gk AR

INELABEFAE ) e Mo

DA B L Pl e Er 4 B EREE | e o
FRBIENE SBUIR B R ARTEE AERIDU - R o]

5 R BT - C w o s

DR BN B R RE e ——
B RBER DRRABE BE D | o — i e ;iw

fi - RS R R - ane

e HHLAOBTESRTE e
W fﬁfgﬁi“ﬁ?ﬁ@% PR S A T A

e PO S EE e - O ©

5 = = 17 NE
pmzs a0 AT
WEEE RMER B SEomeEasme L
np FAEHE - SR A H

BB -

EEBERAE -

(=) WHeH%

AR B R M B MEER A - FRE 2RISR D R IIRAER B L2
AEHEE (MREEL > 2022) - Rl Bl RSB HIRE R - o SGEUERT - DI (R 5 A2
BRSNS E - RESAERZHIEETERE - B - ZPF— (AR - AR
o~ FHE R BRI - 55— (7 BhE A\ B SR SR TR IR KA EE TR -

1. HERE B

(1) WIEENERE - VP iR EEET R - DL 6 (IBI N —F B E (FBE44 2 8) BER
HEF R RIE R R R 22 B8 B RE G ] - W72 ROk s2 3t B B e AR A B AR B S - 2570 B
HIPEEIRFTH ~ REERIEEIET « BRI IR (EE S lE B A FE IR EID S - SR BR T R &
BETE EALE - BUMUR S —REER IENZ2 - RRAERAE  HISEE - HEREE - fE
RefH] ~ BT AE S -

(2) /NURRR » T RPAG B RE AR AT R Rr ] 25l & AR S Rt A B M 15 11 R o Bl U Rp O Re R
B0 - LABEAIEUER 520 SRR IR Bl MR SE AR ER AR Ty 2 s 5 S IR IS 15 R4/ —
FEARAIIERAG R - KRR A - (R Lt AR P B SRR -
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2. THAKRE B

FEIEFHI B AT ETT DAL R B A EIRE TEE - DABE AR IUS Bl N— SRR R — s — (PR
HELTTER - HETIUS 20 HAERAVEDN—ERGRERAS R & 23 S4H S RO BRAS R o MARIR G
Fesk AL RR P R FRERE

3. IEA TG B

R IEUHB R VA RS (AR - RSB B2 E - e ReE 3 ek » |
W R = R 2 FrER i - RIS L 1 FrE v B A B & 2 FrE R E R IE U B A IR
B r il Ry e R A B/ ~ REREE B B)N  fRAEE C B/ - =RE DBV » =RE E B/ »
B F BN~ B G BV~ S H BN 8 FrBd/ - BB — R B RS 8 (BN Ry
IS - HIBRRSERESZHE - BWCH BTy — - 189 # > Z4FiR 187 % -

(2) Wy
1. 0 i 0 38 i L1

(1) HERIRiE - IEUERIRT - bt eE Bl SR TBUR E B i AR e - Rt B4 b
ARRERR IR AR B 7 R AT B2 AR T R 2 -

(2) MRG0 o B0 TR P U T B~ BRATRERE ~ AU NS - e E =
HELTHEH - 2LET 40 735 -

(3) MERIANBZLHE » Rl BUMEERZ A - REETI AR - U - (FE T EER R
B+ - RN 2 PE LR A B — R RIp R B —% - AR SR B2 AL AR A W R I B L R
B - AR UH BRI RE R B LR 7 2 -

2. PR A I

W fRECA SR RN BB RAERT - ST TER G - TR #5 2 3l & B 2 B 5 R R B R
JERIET » BIE 2 B RS RIARIERRE W DURIES S AT IR A8 5 T 00T - DASEEIEL (mean » 5
fEM) - fE%E (standard deviation * f7H SD)  {R&}E (skewness @ fifE S) &R (kurtosis °
fiTE K) F2INE MR8 o THHE R R BT ¢

(1) BiPEFERE © M GETT - S — TRy etk - DL 6 MBI/ N—EREBEER/EE - Dl—fi
T e — (et B R B 2 Bk - SIS I R RG] (RIS HE IR 3k b SO ERHE IR RIS K55
A > B RIS 15 ALBI/ N — R S AT IR TR WA P — (S B (L i R M
Al AN RS SR 2 A R T AR = KRB I -

(2) FEAAREEE - DAmi BT Bl L BB N B 2245 - M AE — AR S AR O8N — B - AR
FEAFERER » 2HEEZHEIE - JEEHIUE 20 f—EH R 23 7 FERESCHEEEA - Kl
FEEE — D TR AT T R B — AR A TR R A RE BORy 64 REIF - FE5SF1 R 37.85 43 1EHEE
SD = -8.06 * A ERIE R S = -0.11 » & K = 2.46 » 2IEF SIS  (aEEE 48 & -
YR 342 4% fEUEFE SD = 5.98 RANE S = -0.98 (IEE R K =2.75 » [FkE R ERESAEN -
TERAE A B HARE B 64 RENF 0 FA IR 45.44 43 0 fEUESE SD = 8.64 0 {RAIE S =-0.66 * &
R K = -0.38 5 #EBEEURE 48 REN » #85SEE 8y 36.17 47 BEEHEFE SD = 4.48 » {RFHVE S =-0.81
FE K Ry 0.10 » 2B SRS o fERTE G HIEL N ERIZE IR - B/ IMEA R4 SR 2
SERGE AT ERESNIERRE - DAEGE 5 MBS R - SoE/ NUTER - JAREE TS
FEG I A E Ry 6 RE » TEARRITHARRAUE RIEFE AT - SOECHIERE 8 Ry 6 78 -

(3) IEMNERRERL - DITERLHIBR MR AT /G SR - FE BRI SR R Fiaoeah - AR =Tl 8 PR
FETTIEUSE ] AR LR R R R S 0 -
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(—) ®E
1. NAEE

SERCHIEERTE TR - BEETIAREE M E DRI H 5 3 4 DURBUINFFIRBE AN 1 F )k
EEHE RN 2 (AR ARIAREEHETER) TN FHEE - Ik RS B e
il s BiPE R FEfc skl 728 ic sk it £ 2% - FEEMEEHENTEL O HEFRAE
st A EEEYNE - WrEEanEy)t - SRR RN A AES -

2. TE A0S R ALUE 57 B

T 200 B S — SR A00F RUOBEA 189 44 R A Al R AR 187 44 > 5L LL SPSS 24 (statistical
package of social science * i SPSS) ME/TERERMERIFR 3T » AU A2 =G TERRE M K32 5
#7 o

(1) BRBEMENZED BT o DAHEREHERGETE - PR SR A M B B BB A EE A R e -
e — I ZHESEEARZ I ETESEE M (Kaiser-Meyer-Olkin » f&ifE KMO ) 3£ (.832,.766) -
REERHEEEE LA MEAIRE (Kaiser, 1974) @ BRERBEGHETRIZ ST - BLUAEYIRERIE R E

( Bartlett’s Test of Sphericity ) £/518 (374.40, p < .01; 310.98, p < .01 ) ZEFAEZAEM - ((ERERHE
BARHERE - HOEEHET 1T - FERE 3 PR - BIEREARNE —FRRAZ TENRRE R - &
ICRFEME RS 1| BRI ZREE - BHDLE iR BESL B2 —IHR R R E 4 - BCEI 2 (AR - Bl
R 4.27 R R SRR 53.40% - AR ZIGERL 2 AR - RETRAEUERE 4.04 F R iR
FLEE 50.27% o RSHEFEHE I B A PE B R A% - B/ N — R AR R AR RN 3
i o PRERPEIRIZR 43 Pridigh s SR B B E 3 B B R I B B BRI - (B H RO B B Em e R (R B R
HEMLS B R EUEREE: - S5 DUAS I D A2 f e 1T Bl 1R IR 3R o0 M AT H N B i 2 e R B
V- BERMNS » Bl/N— AR AR B 2 R 32 o B A U - B a3l EmAens - 08
—HHR R A REEMS - o ERRm R RETE -

#3
B Y 53 b
Sy AR B3 g —IEREAR TAEREAR
I E )14 e R KMO {8 83 78
s ZE LA df (& 374.40%* 310.98%*
AR SR Bartlett S 2 2
R REHE FHE EE % FREREE %
e 1 3.25 40.68 40.68
FSER 7 v 2 1.02 12.72 53.40
e 1 3.04 37.94 37.94
— iR 2 1.00 12.33 50.27

*p<.05.**p<.0l.

(2) ZERERNEE o Ryl A B 2 RS 0 - BRI AS R /T R2 120 (structural equation model » f
SEM ) WYZFEHe 5 M PR T B G e i B RS R 0 B0 1 - DL SEME R EDZ A5 1 73 HT ke ( Analysis
of Moment Stucture * fiif§ AMOS ) &5 28 [GE/THIGT /717 » FERLZE 4 - TEESRFIEAY LR AT - &
FOENCEFEIE (root mean square error of approximation » &% RMSEA ) (&R IZE ; BAZEEE
% (expected cross-validation index * f&§if{§ ECVI) REHIETERA K/ NE-RTEAZE » i RER
B Em AR USSR R - ORISR R A B s e % Hd Y] (BRBARE - 2009) - (EHG{E#E FO R AT
T A A B i e B R R AR SO R B R P (SRBARE - 2009) -+ TEESEERS TR



LR BRI R 2 T e 589

TEFMERE N TR 8L (normal fit index > 57 NFI1) EIAH%HRE AL TEEL (relative fit index * f&7H RFI)
FEM AR EIEEE RS (incremental fit index » f#§ IF1) M IEFRUEREACFEEL ( Tacker-Lewis
index * i TLI) ~ MLECHEAIIEEL (comparative fit index » i CFI) %% RAFFERE - RFEATEH
fEFGERCE - R EELEERE T - D2 EM A GH SR ZCEEC M (BRAARE - 2009 ) KR UE
SE U HE ¥ PNFI ( parsimony-adjusted NFI » fff PNFI) £ - 5 HE 9 A TEEA S # iR 5 = -
57 B E BB FhEESE 15 i = AR R A A - B2 RS R B0y (RBARE - 2009 ) 4SS
HERIE A PNFI (B 5y .61 » RIARARSHEFTETEE 50 - (ARANEHmEATZRMHEE » 54
F 4R o 7 BT ERBREEURCIER TR B N— A B AR A E R AR ECE Y M R - B S
[ R AERS - BN 2L RIFRIRUE R -

#4

2Pl M R 2 0 AT B AR A o0 BT T B USRS SR (V=2376)
EHH e e EE FlEn
RMSEA <.05 048 [
e T 5 37 BiF
BHRCHE ECVI BEF 39 a7
T 1.84 Hir
NFI > .90 .86 S
RFI > 90 .84 g T
(R IFI > 90 93 BT
TLI > 90 92 BT
CFI > 90 93 BT
PR, PNFI > 50 73 BiF
FiROERCHE PGFI > 50 .62 BIF

(3) BRI - AWPFELAE G HE (2021) © #rim B R/ N2 B2 e T B ) A5 SRR U -
A BT BRI B SR B B SR AR A M - DAMBCR USRI - RCER AR MR AT R T A SR
HREEAERE (—EARAERA Ry 47~ TAERAERA RS 59) -

(4) o3 WNERAAHRR 7T o Foid 2573 11 i Pl R o 0 B B o PRI A AL BRI T 70 B T A R
Mot - BRI AHBR M= RS A BB AT AT RE -+ 1T 90 Bt SR B R B M = R R 25 20 1 B
BB AE > AR M B[R] —8%& (Osburn, 2000) - R+ 7S 5 28 ER 73 10 By T e A 140 B I (R 1)
rREEARRRAYEEE - AR SR B B B AR - FERR S -

#5
BRI/ IN— ~ AR R A A SRR Sk I 25 o T e LA o A R
R i WEiR RFEE LR AR SOl B Wi e s

T 16* 36%* 20 A

—Fh R 07 27 31k 30% 4%

(N= HESE 03 26%* 20%* 26%* 37%x A9

189)  HEEgE .02 20%* 28%x 36%* A0%* A3 55
a5y 23 55 S 2w 8% 625 60%* 0%
HEET
ETEE .06
SEEEL 4G 16* 19

— g FHE EE 7% 20k 28

ifm& o BEHEE  19% 16* 33 56+

=187) BT 23%% .02 25% 30%* 34
T E 11 .06 24 28%* 15% 39
HEEE 28%* .06 .18* 39%* 31 A7 36%*

HE 55 39%* 26%* 52k 74k T STEE 43 69%*
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1
FEREEEK NS < B R ARSI R

.50
(e1)
56 p—— T
©) B v
55 wl
40
(co) —

(=) 2%

AN ERAE— AR 2R I B AR (LAY N B — MR (S 2 .84 » Guttman JT-FE Ry .80 5 4
FEREHEALR NS — B R .83 » Guttman FT-FERE Sy .80 » Gt &R EUR A BRAE Bl MBS
Bt R A RAFAUE R -

(=) TGS REEHE (LR

L. /IR B A B SR A

AHERFE R DOEME ~ U  (RRHE Mg S Rt e TR o Bl N— R RS SR Y
SEHE 2R A RBEREENE SR TS SEMS S - FHIEEH A REREIEN S5 RF
SERIRE - FERTE A H - 2R ARERMEENE S RS MR o BN ERE S EH AR S PR
ARG BUEMES A - ERARERIEN S ERS MR ; SR E - O ER
Bl g S SRR TRE - FEREG6 -

BN AR AR T AERR (35.11, 48.44) » —{EFESFHE B EIREE (S=-0.16)
{KFEE (D=-029) » ZERMESFEHERERE (S=-0.81) EklE (K=1.59) - W FERAHR
—ERREARR SR 2 S BB S BUEM SN EARE (K =-0.13,-0.55) ¥4I
Fl&fE (D=-0.64,0.54) IeAHSE ; STEITIEERE (K=-0.15,-0.85) KI&E (D=-0.38,0.62)
ISy R

%6
SR Bz SR A RS SR 0 b

HE AR (N=189) — Rk (N=187)

B SEHE e fRRE W SEME e fRRLE W
ey 35.11 11.39 -0.16 -0.29 48.44 9.85 -0.81 1.59
GACIER o 22.40 7.73 -0.13 -0.64 29.51 6.88 -0.55 0.54

FHE 12.71 5.12 -0.15 -0.38 18.93 4.40 -0.85 0.62
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2. ki I R B 0 I S

IRAB B IMEF AR R A TR A BRI (F B R B - B BT 27% Formn s fH K% 27% FylE54H
ST EHEY (percentage passing * i P) KA (discrimination index » f1H D) “ERJIEEE -

TEEE IS AT S SR » —EREB AT EERT Y B HTE  tAEIESE - BYHET ~ BersaE
T oe MEREESCHMNEENEZEEEE - OHEEIRRE - BEME - —FHRETER
BATHEE  EFHEAEFSEE=I0NE - e oS ERERE ] - BRI SE

(ceiling effect) - {HIF—f2RVEEE BB —F I E=E R - TTERS B FHREAMm
5 BUER EE TR RIFEE -

TSR TG S » — AR A E R T WA S AR - Har bIa W S
TSR HRER Y EFEE - BB RS G FYEMAEERSEE - 15O
FEETPERE - BOHET R R E EIYE WS A E PSR - SERR T R - RS - —FHk
BN RR — R -

#£7
1B 7 IR e 8 A TR SRR Bt i s 882 ) 2
Sl AR (N=189) —FR (N=187)

" P, P, R e Py Py fiavalllis Here
BEETER 1.00 .56 44 78 1.00 69 31 85
EFHE 1.00 37 63 68 1.00 72 28 86
RS .68 .09 58 38 .89 15 74 52
YIHET .84 .04 .80 44 99 27 72 63
EEa .76 .15 61 46 .90 39 51 64
E e8] .90 20 70 .55 1.00 54 46 77
LES ) 1.00 35 65 67 1.00 69 31 84
WMERE 71 12 .59 42 1.00 38 62 .69

AN 74 31 43 53 .90 55 35 73

(P9) SR A2 557 i

AW TR BT I - TR RO - ISR R R R MR E R I - FEHU
HARMHFEORHE T SRAMEEAENXEEMR (linear mix model » f&fE LMM) DUFRRT 7>
HERRITRE TR R - FERE 8 - DR EE LR (fix effect model ) PRATHEA MRS HA FHA

M MRS R R — R T AR R R R R ) IR B R R - D L R R R R
HPBFHIE  ByoaiB2 i EAHENRE  FREAEHEZEER  RRQHEE RGN
REBAEE R A - MEE T DIEER  FHBIEEAE « S0k e B o e 5 (1 0 B 2 B A
TRERIRGE » Tl AREEEER - R SRFIR % EEEES - MEFEE - 8T o aHEgE
EHEFRBEA R -
8
Bl IMEAE AR A E SR B e ) 22 S o 2R
EHH R FEUERR t B BT St df 5 df F
e 1.912 129 14.802% %% 1 1 1 376 139.23 7%
WEEt 7 6 376 638
BT HE 7 6 6 376 2.450%
R 7 6 6 376 1.486
HIHER? 13 12 12 376 991
FE T BERE 13 12 12 376 667
EE205] 7 6 6 376 2.010
Sy 7 6 6 376 2.312%
R 11 10 10 376 4831 %%

* p<.05.**%* p< .001.
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(h) JusEsapRAE Sl a4

HEAAAAAEFSEIER - S EAHERER B TEELRER - B SHESERF I ESE
#e7e Wt EAEESH 2 (RIFFRESEC (normal distribution ) HURE » PR RE/ ok RigR - 738
RERH B MEREECR T I - BEER T - 2 BEERRE T o SR plonk H B8 LA 70 S 25 5
EEINEEAEREIYE - SORHIERTRHE T 0L 25 iR YIEGE: - (RNUIBRE T AR - EEER
—REE 2 EEHER ] — R UEE A Ry 28 DAY~ BUEREE R 17 DA BHER 9
DU s R ) BeEE R By 43 73 LAT ~ BUEMEE Ry 25 DUT ~BHRR 16 AT « (KRR ERERELI T E -
Al — D Rl R S R R BB A B - FERR 9 - IR - AR 2 A I BRAURE - 2
PRBUEE IEENEE - NE B H SR T R ot -

#9
SRR K T B U A SR B 4 By
Ak &% PR <25 EHDLE PR > 26
g 5 —FEfR 28 7L 29 53 DA 1
R 43 5 DUF 44 5 DAE
N —HER 17 53 PAF 18 73 Dh L
B —iEi 25 HULF 26 HULE
- o — R 9 S3DUN 10 73 LA
—AERR 16 53 LA T 17 537 DA
o i

(— ) BRI B A £ L RRE U ek U i 2 81

BN AR BN R ER A - AE /A RIBR B TR A R RAIR S § AR B T
FEHERTE - BFEHE  BYPY - MR DG EF 0 EE - 1S R AR LAY 2 EE R
o REEE TEREEEREM S TR BRI NEES - HA S0 TR RE - #E
AR I R B E NS ERRE  S LER B - AN R B R S =T ) B R
FEFERERTE R AR A RE - AR OHEEBR A BRRERERERTRRE - RRICRHEA
e AL B R PR 22 R - AH SRR e 2 01 R - EAF AR I 23R pARe R &2 - BREIAH
B PR B B E W HIBR - HALFEIE R T T R K ARG TS - MO B B S R 2 B/ Y
FACERFURAE > St =TH 7y HIBRAIBETFE R R R B EERE I S8 R B RS, -

DAEERR SR B /I BRI S - By At B B 7 M S 0 B AR A AR A AT SR S By
AEFREFREORRER) - MUt = FERE i RN RRERE - R TR
TR ERYIERER » S RS E S A I R R R R - FORR A BERE &R
By o Wy e BB TR R 0 AR B & RO SRR - B U e B P B
BAFIVEAET S » RERBIFIIRI - K2 - HRAEEBEMSRRMEEY - REHETRIER
B IERF SR M R B R ME EHR RIS - WoRSEEmIE BRI B - ARTE B/ IMEERATFH R
WARRREHEL - SEERTADIEFFRIEREERE LR TR - SEEM S EEE M Rt
BERE > ERTERENEFREDTTeRE -

BEAh - ARSI BB TR - By o SHEESEEEE =EH W - £ FR N
o HERERCER AR —ERMOSENERRREE - MAZTIZEER - T EHR T2
o BW=TH R EERE - ERERENIRE - EEIIHHr AR EEEANS L E T - B
FHEF » BEbR T ELEIVR E BlF1IRE ST (de Visscher & Noel, 2013) 177 {5 R B A i 1 B2 1F
HEME - TR RIS RS ST BURE E R - #ol & R EHE B MEF R 2 A B EURRE ST -
FEHEFE > HIERE B (RER R E S R - A B A B iG MEE s I e e
L HEAREHPEERREE - HNEREENHE - AIATERDEE  HEHEER
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INEEZE (Haberstroh & Schute-kdrne, 2019 ) GEA ZEHAL B/ IMEFE BB B R IA 553 24 -
S8 A A HI B RS -

A B BAT RS (AR ER RN E RS - Kol EaE s 231
EFEE . H TERSRIEE SR —FR  HEEREREEEEEBENMEEER - (A
FRRRE ARG - BAABUEERERRE M ERTFRAIRRIERE - BoR B an 4 55w
HEHERIER A E -

(%) el UL R Bk 0 A R e

FTEREE AR T HEENS GBS DU EEELRRII RS - Bl s — 0 ET B B E i
- BEEEE R B B R R B S SRS 1 - B B A T R R e BN
(R R ER R ERAE (22817 > 2017 5 Geary, 2011; Geary et al., 2008; Haberstroh & Schute-korne, 2019;
Landerl et al., 2004 )  #UE B/ MEAERE G T BRI 00 BITHEE .2 — SO AASHIEREE S 2 -
FHE /N AR B AR S B SR TR R T AR R AT AR ER I 4 B — AR B AR
HWRZAMERE - HEAREE = E— KEo—FRE4ATHAMETTSh AR AN £
R VREREES] - MR HZA B G R - FEHRES R R REE T RERE
B/ N— AR EE » AR (E R R R N B R LR - T CAEREATT
PR IE 53 B RAEARRUE (ceiling effect) - AR A M ERE - (HIEEGEARE RN 5200
A B U S A AR B R AR RO M R M R BIF - 38 B DARE e TR - ETHEE S S
ZEUN o R HEE R E B BT -

AR EIAR R 111 3 £ 4 A - RUERERIRIBE ST TEO B E - FlE & P& -
FRIEEE 8 T RGHETT IE R AR - ARSI E R - R AT ERAHE R 2 B R E R
ST —HIS o BN SURBRETAG SR - — B IIERF IR R R R B PE B - MEBEEHE
FHEEE - HEEHERREH ENS 1 OTS F#EJJ (Castronovo & Gobel, 2012; vanMarle et al.,
2018) - {ERIFE T eSS IR A R Z E T SRS H AR E R - JRREERE B e
HIFS X A HRA 2 A8 ES © LLAN - AWl AR MR AT B - AR ER DB fE
B BimiE - BCHBUEMESHIERER(R  RE BRI R R A B M TR - A e R
HEH O WEBEEFEEHE - S NG EIHE A REE K - BfE(IHES £BAITh6E -
B A R RS TR -

(=) SEEU R0 1 B 08 532 ik 1) R R T

LU R Bt & E AN R S M AR R AL OB RE ST BRI ACGLE e I B - SRR B
AR AL L 1) B2 (B P 4/ B2 7 e e o e o 4 s T B S I e Y B B ol T By - R BRI B 25 7 T B
FHE— 2 R D TRRLER BT ) - RS B R R BT TR - 25 MO R ] PR T A
PR A

ARG LI/ IV AR 17 7 SRk ) B B B R ik B AR BR T AT - RS REUR BN — R SR e
T SRR T Bty SR B B B2 e U B A RR 1 Jy 473 EBL NSRRI ROMHBATE Ry (589 - ART » R B
HER PRI e RS REE N B PR AR R TIPSR - (EEAR LB L R P R A RE T -
HUSSZERGHE#RY  HEEEEERiEERe - A5 NREGEEMEETIIRS - Bk
SR B DA A B SR S M R L B R B B T R S R e B - N2 BRI MR S R Y
TR RREERVER 52 - T EE PR BRI B e R SRR A ol B HURRE 1% - IE QIR N R Rl B R T DIAHRE
BERIEE - B R T SRR R SR SRR EUR L S E B R RE R &2 -
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(—) WroEHs LR G

AW fw SRR RS - RS RGERIAR R Y - INE AR RFIIERUE - M AT IEHs -
DRI 1578 1 DA 3 (2 AR SR AR U » SR 2 ] P i U A A R A [ - PR A B A ] Wt 0 5
RAZRMEEEBE - HR - AIFZELUAGEE (2021) T #HrimEd R/ NEEER R IS | s - #7
s R B A T i Bl /N 8 2 ok YT B P EL S TP AR I 108 ] i et B EL R (DU B
HRRARE - BRI - AR B2 R RINES— Bk Bk RAFRIHT-HE R - EHIE
SYETHE - — SRR RN N AR R M S AR TR O R PR R - AR
AR IR R RRE - IR R DR e B T TR B e LT R R A BRI YE 22 0 FTi
Fofidfl e F o ARRFERZIRN AT T ~ 8% - 155 ] R TE (B0 T e i I AR - AR 5 PRI
B - RAGHH R B N B B 2 B R EA - AHBR AR ST HE - WARAH R
ERME SR B - SHEZEH AR E AR - HRE AR -

(=) RARwEFEREH

AW LA e B ME SRR ERAE R TP e 52 - AR5 U B S pe SRk By - R LB
A Bt RSB AT H L MAER BB EC T MR (E R BT R  RACERLLT R RE s
ol BB ER s (] 5 - DASZ A B 1R (R RF BB (receiver operating characteristic curve > B
ROC) HMUER I B B2 R PR AR AR HH A (R VR » AW ZE R R R 2 AT DA B e 17 R A E M T
5t 0 HEEERIERENEEFES - AIZRBLUEE T AT ZE_E R A > WK —FHEk
TR B 4 A DIRETTE EHE LABRRY M I BR PRI pR M - TS E REA AL T AT R
BAMEREERNEE - EEHEEE R BEEBEREL - I - RART DRI R
e TR - DAMHFEAEE A « BERaE T iR B R R I R (2 B R Bk U B 2R3 - ST 2R
RIENHTZE - ARG BB U R 5 B A WS A R BT T RENE S -
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Fundamental Number Sense Test for First- and Second-

Grade Primary School Students

Ho-Tsun Chung'

Number sense is an innate understanding of quantities and numbers that is an essential component of cognition. This
ability does not exclusively occur in humans; some animals can also comprehend basic quantities. Dehaene (2011) asserted
that this ability is inherent but evolves with mathematical learning, developing with the understanding of primary nonsymbolic
representations. Chan et al. (2022) and Siemann and Petermann (2018) have indicated that this development comprises three
forms of intuition: innate intuition, basic numerical intuition, and full number sense. Environmental factors influence the
development of these three forms of intuition; however, variations in innate intuition may occur among students in the same
environment and can result in differences in mathematical performance. According to Butterworth (2011) and Jordan et al.
(2010), the development of number sense is catalyzed by primary mathematical education, which facilitates the shift from
innate intuition to full numeracy. Concepts such as approximate number systems are based on the human capacity for intuitive
magnitude comparisons, and understanding of these concepts are the basis for assessing mathematical performance . The
present study developed a fundamental number sense test (FNST) for lower elementary school students that combines core
mathematical concepts and research insights to evaluate number sense proficiency accurately and reliably.

The present study highlights the importance of inherent number sense and its role in achieving numerical fluency when
combined with acquired mathematical knowledge. The FNST covers the core mathematical competencies young students
are expected to acquire. It focuses on cardinality, ordinality, arithmetic, and representational fluency and was developed with
reference to Clements et al. (2019), Dehaene (2011), and other scholars. The FNST integrates global mathematical ability
evaluations centered on representational transformation, and it was developed with a focus on clearly presenting items, reducing
cognitive load, and ensuring understanding. The test comprises the following eight subtests, each of which contains six items:

1. Numerical counting: This subtest evaluates student fluency in finger counting, strategic counting, and numerical
representation. It encompasses foundational concepts such as cardinality and sequencing.

2. Magnitude-order matching: This subtest evaluates innate numerical intuition and students’ fluency in transforming this
intuition into symbolic representations, evaluating whether students understand basic concepts of cardinality by asking them to
arrange numbers in ascending order.

3. Mental number line: This subtest evaluates students’ abilities to spatially place numbers.

4. Sequential numbering: This subtest evaluates the sensitivity of students to number magnitude. Students with higher numerical
sensitivity sequence numbers more efficiently, and their performance is influenced by the numerical distance effect.

5. Relative distance: This subtest measures the intuitive ability of students to categorize numbers in relation to a reference point.
6. Numerical matrix: This subtest evaluates students’ intuitive comprehension of specific numerical combinations. Students

are presented with a 3 X 3 matrix constructed from single-digit numbers that is used to evaluate their understanding of the
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combination and decomposition of numbers and arithmetic problems.

7. Number composition and decomposition: This subtest evaluates students’ ability to composition and decomposition specific
numbers. Students with stronger numerical intuition can more swiftly construct or deconstruct numbers.

8. Mathematical facts: This subtest evaluates students’ single-digit flexibility and numeric sensitivity through decomposition,
arithmetic, and intuitive combination tasks.

The test content was reviewed by three scholars specializing in special education and educational psychology, a special
education teacher, and a regular primary school teacher after preliminary research was conducted. The review was used to
evaluate whether the test questions matched the intended assessment dimensions, determine the validity of the questions, assess
the appropriateness of the presentation of the items, and determine the correlations between the assessment dimensions and test
content.

A total of 189 first-grade and 187 second-grade students were asked to complete the formal test. Exploratory factor analysis
was used for both groups of students and revealed two factors—grasp of basic numerical concepts and calculation ability—
that explained more than 50% of the variance. The factor loading value for the two grades indicated similarity and alignment
with the theoretical framework of the test. Multigroup analysis with structural equation modeling also revealed excellent
model fit indices, indicating construct validity. Pearson’s correlation analysis and subsequent scores on the New Elementary
School Mathematics Achievement Test (Chou, 2021) revealed a moderate correlation, supporting the criterion-related validity
of the FNST. Correlation analysis between the subtests and total scores revealed low to moderate correlations, indicating that
each subtest measured distinct but related concepts. Overall, the FNST exhibited high reliability, with standardized internal
consistency reliability values of .84 and .83 for the first- and second-grade students, respectively, and a Guttman’s split-half
reliability value of .80.

For the first- and second-grade students, the distribution of scores indicated negative skewness and varying degrees of
kurtosis. The second-grade students had a more concentrated distribution of high scores than the first-grade students did.
Difficulty and discrimination indices were calculated on the basis of the scores of the students in the top and bottom 27%.
The discrimination was excellent for several subtests for the first-grade students, whereas a ceiling effect was observed for
some subtests for the second-grade students. In terms of difficulty, numerous second-grade students reported that the test was
generally easy.

In summary, the FNST exhibited high validity and reliability with respect to evaluating the fundamental mathematical skills
of first- and second-grade students. Its content validity was confirmed through expert review, and its construct validity was
confirmed through factor analysis. The FNST’s criterion-related validity was established through correlation analysis with an
established mathematical achievement test, and its reliability was consistently high for both the first- and second-grade students.
The test results indicated that the FNST is a robust and reliable tool for evaluating the basic number sense of lower elementary
school students.

With consideration of the limited attention span of younger students, the FNST was developed in several steps. First, it
was administered to six first-grade students to determine whether it required modifications. Second, it was administered to a
group of 15 students and further refined. Third, a pilot test was conducted with first- and second-grade students to calibrate the
FNST before official testing. Students were recruited from schools in several districts of Kaohsiung City to ensure the sample
was diverse. A cross-sectional research design was adopted to ensure that the sample adequately represented the characteristics
of the target population. A linear mixed model was used to examine the stagnation or growth in the skills of the FNST subtests
between grades. The intercept was treated as a fixed effect to ensure covariance between grades. The results indicated significant
differences in basic numerical ability between the first- and second-grade students. Further comparisons revealed substantial
growth in ordinal correspondence, number decomposition, and mathematical facts, as indicated by the scores on the subtests,
indicating that major progress could be achieved through learning and mastery. However, the scores on the numerical counting,
mental number line, relative distance, sequential numbering, and numerical matrix subtest scores remained relatively unchanged
across grades, indicating that the students exhibited no major improvements after training. Additionally, students demonstrated
better performance in the subtests for ordinal correspondence, number decomposition, and mathematical facts, indicating they
possess greater numerical flexibility.

In terms of performance on the FNST, the second-grade students consistently outperformed the first-grade students on the
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eight subtests, indicating they had progressed in their numerical comprehension. Generally, first-grade students who struggle
with numerical intuition require extra support. According to the literature, foundational difficulties with understanding numbers
often originate from difficulty in making quantity associations and number comparisons. The FNST combines assessments
of cognitive abilities with evaluations of the grasp of fundamental mathematical principles, rendering it an excellent tool for
evaluating the performance of young primary school students.

In conclusion, the present study developed a reliable FNST for young primary school students focusing on the numerical
concepts and calculation domains of grasp of numerical concepts and calculation ability. Although it has limitations, as well
as being during a period of mandated infectious disease control, purposive sampling was adopted for sample collection. In
the future, we plan to continue expanding the number of samples to establish a national sample and its replicas. This test has
established normative data for Kaohsiung City but has not yet collected large-scale normative data from other regions or
nationwide. Therefore, when applying this test in other counties and cities in Taiwan, the results should be interpreted with

caution.

Keywords: basic number sense, calculation, mathematical conceptual knowledge, numerical
concepts
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