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167 %) SEARWITE - REH D FRVIBE ~ TIB% ~ SERAIERRIUM - R ERE - R
FIRIIFRIREIT - 2o sepkii S el 2RO FZE (B0 BRE(EE (BEs) @ ik
BREFFEIERIEEE © FEOTERILFEE AR NERE BT E R - R - IBE
FEIATEUR LR SR B T IR B R (S ~ BT R (2 ~ B S e LA RC By 5
FIFEIEIREE S T MRS TEAHRE 5 SLREIAT LUK, Rasch UM IR - BUIESEAVEERERE B
BENTTHE I - G RE B 5E - BB Rasch 130H RAFHYHEICE - hoh - BLA T2 SR 28 3
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TAEECIE (working memory) 2 —HAEEHRHIFRFI A » KRR (storage) Eil g3
(processing ) FITF:& IEAEMEITHHEIE BIRUEIE (Baddeley, 2000) ° T{ERCIEAEE R EBHINE
HENFERZ T HIFR A E ZR A8 7 - e Ay H A G SEAHRE - BIA0 - o s i iERZ 2
fHEEsE (HilEMEECIE prospective memory )+ (HFFEE LIEECIEAYSHE (Cheieetal., 2017) -
BB E N BB E N EEHRT - S MEEM R - WEFEEETT AL HIRE
B T /E IR AEE A B B - T 285 > 2021 5 Cowan, 2014; Slattery et al., 2021) - 5l
TR EAENE R ZE - A] DVE S H MR 22 2 R IR (248 > 2020 ; Jaroslawska et al.,
2016) - FHER SR EGTR SN LIERLIE A= (Kornmann et al., 2015; Swanson, 2006) ° i<
b PRSP S R IR - e B R (Jeffries & Everatt, 2004) ~ FiEFES EHE (Montgomery
et al., 2010) FIVEE SIBkiEEENEEE (Alloway, 2011; Holmes et al., 2014) K5 #E A T EHRE
(deficiency ) ° BEE—IH AR EZ I - £9F 10% 2 15% HIERE; H B I TIFCRIE
(Alloway et al., 2009) - TERISBANLL - MEGe{EE 0 FERE R BRI EHE 2RI K - BT A 3G
REMNTFLESE -

St
(—) LfEiehasemsin

W S EALEERF R I S — R AR ZE N - v LR HIRCIEIE B 1R 4 2 16 B.Z Mg 0 »
WHIFEHHEEE N ENEEHE (Gathercole, 1999) - TR LA EREE RIUGEL - #H
KISERZERIRAE R (Cowan, 1997) - #5260/ BB H MR BRI HE TELEIERE
TR E IR L R R . TAERCIR A ERIIGIN - DURGE TRESH AN [E] A i b B AU RE 0 28 g B AV s e e
IR - Al =AU ER I CIEEC B E (R - DURNAPE A fe TR R -

E—TEHEERHA - PR LOE LRI A IRAVRRAIE R AR (R B S B B EHUE. - Baddeley (2000 )
#2538 (multi-component model) » H&—{HHRAZHIH LTI (central executive )
K =8B - FEH U (phonological loop) ~ TREZZRIER (visual-spatial sketchpad ) fZE{F
#%E % (episodic buffer) o HRENTERERE(ERIAAYETE ZH - BEWHM 260 MR REiT s
71 ELRIFERE IR E R SRR ADEE (40 - B - 3  FHEMREAER) - FEEERE
B 22 PR AR A 2 - AR T R 7 aE 5 B B 22 [ 2 e B VRHE. - TR s A&
BEGKERTEFRHME - DUk 2B IR EFAIEHE (Baddeley, 2000) - 55 {163 Fmi =
ELEIZ E A S ETZE (Gathercole, 1998; Henry & Millar, 1993 ) B SR » FE AT 4 5%
FEAG O R BB SR iR A 22 T {5 72 48388 ( domain-specific ) HYT-325% » Fl—{E— %483, (domain-
general ) HJHHSREITERHE (Alloway et al., 2006 ) °

55 R ERE A o R R TR RE TG R R EANE (LA - HA - Cowan (1988) #EMH
EE SRR (embedded-processes model ) 784y » T/ERCIER—TERRAIEM - ARG ERE TR
HE SRR » DISERUT AR 2 O ESEER T(E - REECIE - BRisiE b REECEME - DA
B L RIARCRAGR P RV ER, » B =S R — (MR - T T EECiEnyE
{E > BbEAP R T e BB TR AVIEH] (Cowan, 1999) - IREFE JysR i - TIERCIRAYERE
AEERNEENIEINFEE ZEHER I (Cowan et al., 2010) - Tfil Engle % A (1999) $EH
A Z(E B2 25 (individual differences model ) H5E Eik - LIEsCR 2 EHAREFRE N L E %
THEREHER T EERIRE S - TIERAER SFEIARYOEER - SRR R E R LR RE
R - ERNAEREZEARENRE - 2 EAHFAEICENEE (Engleetal., 1992) -

B = MR - eI E IR TIE B E IR MR 43 Bl B i A G REE - Wl i E
TAFRCIE R R Z IR AR BRI RRE R « Hrp » &JHST M (resource sharing model )  ( Case et
al., 1982) R EREERAAE - TiREHGHEFESHRTE  MEEEEEEN (memory decay
model ) (Towse & Hitch, 1995) F5REHFAVGCIENE FFEE AR RFAMEDR < ISk
Z R BB RS (time-based resource sharing model * % TBRS 1=\, ) (Barrouillet
et al,, 2007) - #REHERAEIRER AR R - HECIEHEMHEKE (refreshing) HYFZE » WiEE
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Ry TAFRCISS Ay - B H AR R AR 218 - FIRIE ORI R - DU DT
FHERE I -

(=) BUHERE IR

BEARANE LA IE GRS TR R R R R - (RS mR, - LR RaEREEN
PRI AR AE(E ( Baddeley, 2000; Engle & Kane, 2004; Gavens & Barrouillet, 2004 ) -~ &t - Hl&
TAERCIRAYRE 3B H Sk 2 WL (R RMEE - R ER S —HREERE (B EE
BB TEEP AR ) - EHFEE N RS R EE B R — B 2R R IR i 5
[&FEEESE (simple span tasks) N[F] » 55 5l FE Ry AEEE L (F S (complex span tasks ) (Redick et al.,
2012) - EEEEREE(ESE - A0 > JEFREEE/EZE (children’s test of non-word repetition) ( Gathercole et
al., 1994) - BRI TR R B TR ERM AR EE TR BRI IR 7 U SR - e (RS - fldn
SEPEREEEEZE (operation span) (Turner & Engle, 1989 ) » [KI¥5 Kz FE77FI1 R B 22 BT T AU B REFEFE -
Fmery 2 TR R N R R S T eR I A =R - B0 R B E RIS LIS & - Aefd
ERITEEIEF 2 S MERRAIEE ST - A« Vi % )7 (Unsworth et al., 2014 ) -~ BiZEFfREEBAFEEE (Konen
& Karbach, 2020) ~ #£FHFES] (Demetriou et al., 2022 ) - HEESTHHI S FEER IV EZE R FE (Peng &
Kievit, 2020) ©

(=) S TFRC B 1

DITE R P E 23 AE B TARRCIE - R 5 - A5 HMAiEaE  HEENE  F
RN - WA~ 2ERPAEKES A - ERFE HERGEST - BIAGE CREIFERE 1M ARBEAEIS N
SEME @ B E G ARSI 2 750 - TIEEERREMSE - B EMEEE
HEFRGEEIEE - AR BB E RS » SR E DI S TR R 7 2k E
T - Bl HiSCHE S5 = FHHH AR A FR Y TBRS fE(E25% » Barrouillet % A (2009) LK Camos il
Barrouillet (2011) DABIY)4HEECIE (REFIESE) TIEREAIE (RIS ) XE 2NAVEEREEIESE -
PRET 6 %Al 7 Bk i E A TAERCIEE R 5 BROHE (2012) DABCEIEEES 35 5 51 6 psdh 5 e T
FiolE (FEFIEZE) MEGHE (EHEEE) RBEFRNEHRREEEE  FERRERRE TIELE
REBRNTE -

AR H B2/ TR e B B HECEEE AR (Cowan et al., 2005) -+ FREL{EZE
IR 22 TEl A BT EE MRV R 3 2 — - TBRS £ 2% Barrouillet % A (2004 )
HIHNE R A RS E) 0 NECHRERS] - e R R AR TELEEEIRY
R ANRIECIEERE T2 3 Ah - HMpgrse s - A 2HRMAR (EEFHZ > computer-
paced) HYBRERIEZEMLL - (EA AR 2HIFRT (5 O FH#E - self-paced : B 5# & F#7 » experimenter-
paced) FYREBR(EZE - FTETAL S 2R TIERCE A =M S PERLAIRE JIRUFERAITE B (X (Bailey, 2012; St
Clair-Thompson, 2007 ) © [fi H. » {58 F & BE(E G I FEIPR Hi A B2 BEVE 2 - SRR (R E 2 FE PR Ptk
HERIZERE - DURZ2EE RIS R R E R - ¥ TELES SR 2 (Lépine et al.,
2005) -

FAN - R o — AEEFE TELEAEIFE /NI HE - SRR I8REN R ELE
HEERRREE R ] B— T AthEFE TFEAESNAE - TR BN E Rk
FH - EMEENT  BE GRS ERE (ERLEEE RS ) o WA R E AR E A
{8 P IR 4= 1 I E AN ESFE . (Gonthier et al., 2018; Pickering, 2006) - HET » KES AR HEIE R
I TAEFCIEAEIERER 6F FE AR T - Bla0 - BINAIBRIC R 2 1l (BB IR SChin) iySis
[ & 53 H1%5 (digit span subtests ) * DURS% ([ Bl /MY TAERCIEFE &R » B140 : AWMA (Alloway,
2007) F1 WMTB-C ( Gathercole & Pickering, 2001 ) - S&#HFF M5 BRI TIECIEESE (Fa0 -
Barrouillet et al., 2009; Bayliss et al., 2005 ) ©

PRI > Lot DA E AR AE 1L HIEURAR P RVEC (B s - R H 2 2855 (all-
or-nothing scoring) * B4 » FTEHIECIETE BH FHE IR IEENEFEIEA H % (Conway et al.,, 2005) ©
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it —K - AEREE—HEEEEE AR R EE s (AR B D) - BEEEm S
e R AT REA I EBOHEE AR L - BN E TELEAS ERFHEFER - MBS —EHsER
2 T b B B S O R R A B e - TER A AR R A B R A o FE ALy - SR 2
P [F R R A TR R PEE 237 (Conway et al., 2005; Unsworth et al., 2009 ) - {HiE A 5 B F
BN R TR B A &R HE - (B85 HE S n SRS E A T - MRHESERE R (Gonthier
etal.,2018) -

BEERL - A5EEE R » SR E TELEAEAE MBS - A g —EEE
HAR @R E R A LR AE T - alsd 0 () Mg —EEENERXE : (2) ~HHU
RAEERFRERLESE DUk (3) BEREAR—EEE T ATERSERNERR 7 - 2D
R efF et T ReE AR R E TFCEAENEE - HI4 - TBRS #&{Z% » Barrouillet % A
—RYEUFSE (Barrouillet et al., 2004; Barrouillet et al., 2009; Camos & Barrouillet, 2011; Lépine et al.,
2005) - EA BRI LIFCREEFE  SEEEE NEMEE (8=3) » R IEEREE 157
F—EEETHEERER 1 44 (81,3 sEREMAEEZEXENHENTE) @ KHE
SRERYES 53 B (partial span) o 3438 P B — = 0 B b P BR B B KBS FE AN » e KB 2
DR — &R T A — & EE SR E R - 2 B B AP IR ERE H 8 - R R ER
RARBEERZEAE 2 £ 3 ZH » AR AEEE & B8N ENBURE (Oberauer & SiiB, 2000) -
BEah - EDIES | FEERES 1 5/ THE5 o ZREH (BIA0 « EEEEE A - 2014) -+ BESRRERERTS
SriE TR LIERCIERE JTRAT - (B A S 6l 3 TR RO RN « (AIRL » Bt T &5 R, /Y
P RERERCIEEERIGT S - [FIRE » ERAERURCHY FL Sl 2 TARRC R A =AY 2 52

(Conway et al., 2005 ) -

7 FRm - B TR E B 5 T EREVIM R SR (BROE ~ BREEEE » 2013) - NEEE
W 2 B2 7 s NAER TAERCIE S - (HHRRIIERES NIRRT - a2 s roiR s
THBGEE S RS FEBE - HRE TR TELERRERORENS I ZH5TH
SR E TIFECIEAY IR - MAEEFEA (2014) REAIL 5 TIERNE - 25— (H#E &7 5 5%
Z 7 RAVINRERE S TAERC BRI LES - (AR R PR S AR PRHI S EREE - MTRE B TIELE
RERERE - HIAYE - FlmIEA B DU A A S R AR 3G L TR EC B R 22 2 - kiRt
SEFRM MG FENEIEERE T " IEEE ) REHAE -

AR EENE—IEGHE 4 2 7 A E TELRSENERLEREEEE - WiRE2E
et EEE GRS IR ERETT I E R GBS 2T &k - FBHDALEE THREE 427
# i E LFL R RIS -

Ji
(—) WHE¥%

SHIARRFER SRR BB~ FrrTERFIE AL T » 7F 2018 2 2023 FREH T 4 RE
75k B RIEE B BIEE R E R S R SR B 4 333 44 (167 2B s S HES R 70.67 @ H > SD =10.06 @ H ) -
RO EESEY « 4 BRAH (SOEAHDLT s Vg HE R 55.06 [ H » SD =383 {fH ) ~ 5 A (60 {H
HZE71H ; SFHHE R 66378 » SD=347H) e6pitl (2B ZE 83 HA ; FREE
75.82FH » SD=3.03{fH ) K 7% (84 E 99 (HH ; SFHIHEE ks 89.85(fH » SD=3.95{H ) -
FAANB B Ry - 4 5% 49 (7 (22 (2581 ) ~SBRAH 123 A7 (67 L5 ) ~ 6 %R 128 37 (60 (25 ) ~
7 5EAE 33 L (18 fi 5B M) -

AR EER RIEE A MEEENABREER - EUREZE N2 T EEREET
RS - SR REF R TR ES UM - S0 M EETRE R R S EE 0 100 TTHYEER

i) o
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(=) T H
1. By EE% (animal-color span task )

ACHIF SR AT PR OB IR £ B (3 » 500 4 RSO R B SRS LA o - TBRS RS0
% Camos Bl Barrouillet (2011) + 7E¥ERT 5.5 175018 58 Fe Ml 2 SR VURF4E o 768 P M SRR 1
S o PR SEROREHIT S AR SO 58 TR S NS R (R IR + L DT e
PRI F S0 IR » SOATIFIE DB PR 1P R T B (R R (S » ASBFAE DL T
B RS c-prime 3.0 EFTHIBRES o FHRFSE AL 15 N A0 T IGHE (7 (AU - 36 LATE S srs
SR LR -

(1) HEEMEL - IREEEME G - SENECNER @ #EFEEMEBEENEYEF - 2
H Baby’s 100 5R 2 E £ : B ER (ShigE 2 bHRR > 2011) B - AR EFRIEEE0E
FUEER  HEE 1B B EEE 48 a2FEE S 31208 - SEEEFREESHRETF
BREEENR - S B AR R & I 40 X - FEECRIEEE AT FRBEIYE o 26EH 60 [H1
EENEYE R ERIEEE - DUEREASVEMAMTHE (between-lists interferences) (Barrouillet
etal.,, 2011) -~ KXEEIVHIEEE AEENEFNAXEN -

(2) HEEREFY - BUBERTHRE © AWHFeELzCRIBERT - Sl R RSB I BE CE E (ESE P A
HIM BRI G 2B - Hok > DRI T B tim AEE - SEHEERM (2,667 21) A
st EERRVERE (iRt SOEES) - HAVER R EPGEEAGBEE - AR C AR
HERSLE - B B "B ERIE R, (60 HE REM)) - G EMETRIKE Rard o BB KEE
SREREEA RS RER EEBYRAHE - BTG RER CRHEE-F L8R - RS
SUERERR HAEIMERR HFr BB i 1% - SRERS R -

(3) WBsrLy - EHIEE - SREAERSRRTRE FE B R % - RS 5 i BT IRV ER -
HEAEWTE A BAMITEEGE % - S TRERE R - WEE T ERETH 2R - PR -
EPHRF R EE HE T + o BPEA B TR 500 Z2ME R EHRBYEF (25
2000ms) - REFILAFHEMIAILRE (F1A0: M) - WHACE - FHE 500 2Rtk - EREHEE
i RERKTIREEECEEE (B B ) - FEEmER 2,667 R ' 220
1,333 257 » 38,000 ) - EHEAHE T 2 ) HERILAKFEIRHEY) 28 - R 15
fg— B B | R AIRTHEREETT T — R HEs - B[R — B 4 B8 - QfE 15 -
EERIZFPA0NE 1 - BRI 15 7282 20 735 -

(4) 3t/ - Bt ISR nEa o HE EiE Y A alEIE R EHEA §EET o - B H P —(EEEE
I s8R sm B Y A TE B IE P IEME B SR 7 DART > © AWF9ERR Tt E R ERRAREEE - 5L
HEEE NEEH 1EE 1 /45 FHERENTOEE - R KEEMSEEEZER/N0 5
A SH -

& 1
BhYIEECCREE (R (DUBRE 2 )



266 #E L H B W

2. WA B RE/ESE (digit span tasks )

B P 3 2 AR E R S AR R B BB S TR RO R R B - Se DU B i S X 28—
RYNE T % - HiE BRSSPSR R - FRIRIE R s UAE SR e 1T BRI - AR
FFIEE (digit forward - i DF ) BEREE(ESE - 228 BT 015 (digit backward » fiifE DB ) EEE{EZE -
DF {EZMEW KENEE T - WERE T REIECE DB EEER TIEE R - BHEEHNEETER

(BB FEHHEY) - WIERIRE TR TR -

A TERVEFEE RS - e BB RIS (2005) AYMHEREERE(EZE - DU E B
e-prime 3.0 #8559 - 2R BT 1 ~ 9 FEHEHSHIECESEE - BIFFE ANBDLL 15 N2 E R E T8 5]
fie - DUEE IS B ANET Al sk i B SR - (EFBEEE M AR E 2 1% » FAfA E=0HNES - HHEEREDL
1 EBFREERRGEE ST - &SR D HIRRTERE - SLETE I7 20 b 5 2 1 8 4R
lEFy (ECDAERAINER ) B&Hsk - 78 2 [MEFRts - mEntEfTH 7 (H8Y - B—EEXE 3 &
—[EEE B 1 - BRI (T T — (B A B - EE[E]—FERERY 3 R - A B -
& B R B H DAE E R TN 23R - PG B JeHE 1T DF F3 1T DB (F2 - [EERF - ¥
FANEFF S IEREA T LA - ATt E R R R - f/N0 53 R 7453 -

LRSS B FEPURR (Wechsler preschool and primary scale of intelligence * f§ i WPPSI-
Iv)

WPPSI-IV HHBR O G ELPRZEEE (2013) BETHRE - BZ 2k 6 (HHZE 3 5L 1L A ~ 4 582 7 5%
11 i A RAEASF BRI Es - B RAFRTHEE - EHEE - EESUE - FRPRE PR SRR
R - BB A I EREETIR (WPPSI-R) MIZUR A ER JTEFRFEVIR (WISC-IV) HHEE
FHEA -

WPPSI-IV 5 Tl s « FESHAE (veD -~ mifZzef (vsD) ~ iigE 7 (FRI) ~ TF&C
& (WMD) REEHHEE (PSI) o ARWFFEERH TIOR3 Es - 605 i 5 A0 e B s ) [l R e 0 B
AFELME R 5= RFEEF M TR G55 - S ARSI B R 6 3 BIRE 43+ (F R LIFEC
ESanti L i Sa

4. FEJEJERE SR BB VIR T SCH ( test of nonverbal intelligence-fourth edition » f&#% TONI-4)

TONI-4 FHAFEEEH A (2016) ERTHRE - R Kl (360 &E - # & 7 5% 6 fHH 2 15 5% 11
{6 H ) Bdahbahi Ryl S fiET 48 B - EE 4 527 5% 11 EH) - WERZREEL - BARIFE
JEBREIE © AHTTE 4 2 6 BRELE LIS - 7 BRDA_E SRR A R i - i O A2 RAEHCHE - A
g LMEBHEH 720 - BAEE T IRET B LR 7 - SELARAA D B E R IERE S BT HIBRAS S -

(=) &R

AT LANE — B (E BT 5 e B VB S (E I (E 1 -

BESTE SEE - (1) BERE : DURERER S kB Y ea B (F 28 DF (F2£ -
DB {EZ + WPPSI-IV-WM & TONI-4 73 BHIHEEIEE ¢+ (2) @HRUE « DIBER 72 ZE T
TEFR A ENEYEOEREERE - g ISR TR M EREREZR ; (3) &
RESPHT M — AR i =R B R FE 8 W DAGUE S FEFE R (item response theory * fiff IRT )
Rasch =547 » ST EEEVEEE « IR EERELEN TR - DU e B i S R R -

iR

(—) PBEIEA 7 Hr

ARSI 2 R ARG AT BB A0SR 1 813 2 A - Fr A SIE - e H R il (R
<2 IEE <4) (Kline, 1998) -

Coee
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#F1
HIEPEER R T b
. . fmiE I B8
L OBEE e meR waE | BER
A 70.66 10.06 0.15 0.13 0.06 0.27
mAEE 2.49 1.00 0.29 0.13 -0.44 0.27
YR B EE 1.56 0.75 0.57 0.13 0.26 0.27
RS EHE ) 0.79 0.25 -1.14 0.13 0.12 0.27
oSS BHE 0.83 0.25 -1.28 0.13 0.34 0.27
DE REE 5.27 1.27 -0.22 0.15 -0.28 0.29
HEE 3.76 1.53 -0.15 0.15 -0.83 0.29
DB KR 3.00 1.29 0.32 0.15 1.60 0.29
oy 1.89 1.14 0.64 0.15 0.40 0.29
WPPSI-IV-WM 34.06 6.26 0.34 0.23 -0.12 0.46
TONI-4 24.58 7.29 0.05 0.16 -0.26 031

3L - DF = MFIETS GRS © DB = BTH0 S BT (FE - WPPSI-WM = BURY) S ET R RN - TORECRE A5
TONI-4 = fEfe ks 5 & 7 HI R Uk -

#2
FAF e B S B 2 S TR B (1R )
4% 5% 6 % 7 %
wAREE 1.82(0.81) 2.35(0.90) 2.59 (0.90) 3.64 (0.93)
HoEE 1.04 (0.57) 1.38 (0.58) 1.70 (0.72) 2.50 (0.68)
B %EE%EE Wi 0.92 (0.02) 0.77 (0.24) 0.75 (0.28) 0.93 (0.13)
(== TFReEH R S
M [ragii
e 0.96 (0.02) 0.82 (0.24) 0.79 (0.28) 0.95 (0.12)
DF RANEE 4.11 (1.26) 5.11 (1.15) 5.64 (1.12) 6.67 (0.65)
o ER 1.91 (1.14) 3.61(1.32) 425 (1.29) 5.89 (0.50)
DB R 1.43 (1.04) 2.86 (0.86) 3.47(1.21) 442 (1.31)
o 0.51 (0.54) 1.70 (0.75) 2.25 (1.06) 3.72 (1.25)
WPPSI-IV-WM Epa 28.20 (3.27) 32.15 (5.59) 35.74 (6.21) 38.75 (4.71)
TONI-4 JF G533 18.37 (5.42) 23.19 (7.38) 25.17 (7.38) 30.42 (5.85)

i : DF = HFIHE A (FE DB = BF LR EE « WPPSI-WM = BS54 R R B IUR— LIESC IR HIES
TONI-4 = fEfe e 5 & T HEREE IURR -

(=) 25

YRR EEEENERE - N 245172 Cronbach’s o fREUR .76 » 1578 HFEHEHT
LZHEE R 77 o VUERAH Cronbach’s o {28 .71 ~ ¥T2EEE .83 ; T AH Cronbach’s o {28 .63 »
HBERE 66 ; NHH Cronbach’s a {28 .75 ~ ¥TH(EFE .80 ; %t Cronbach’s o {251 .64 ~ (2
& .81 -

(=) B

1 IRARE

FERARE MR T#IR - BB EEEZ£E DF /% - DB {EZ  WPPSI-IV-WM A1 TONI-
4 > SEE AR - MEBENR 33 2] 45 BRTEMER (10%k3) - WiEREREYECEE
EEEA RIFVIRGHE - RECHYEGEREENFRA eIt {EmEHECE (DF (E%)
FITIEZE (DB fEZE » WPPSI-WM) > DAKIEEESCEJ) (TONI-4) HYfEBIZER -
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#3
WY Ca R A S 0 B LAt B 40 B AR 0 b
DF DB
K T Rk W TN
FrESR (N) 272 272 114 241
Eﬂ%%ﬁ% %kﬁ%ﬁé{ 3Qkkk 33wk A5k 3GHxE A5k 35wk
E%E{’F% E,‘EQE%E 44k 37wk 5Dk 4]k 53k PRELE
4—5 BRI (V) 141 141 46 101
gt R 24k 2% VLl 7R 25 15
EEEE H o e 25%* 15% 25k 20%* 30%x 17
6—7 B (N) 131 131 65 141
BYEE R A3EEE 33wkk A5HE* 3gkk AgHE* kil
E%gﬂf% %Kh\[%ré{ 50%** AL 5] kk 30Kk 50Kk 4k

*p<.05.** p<.0l.*** p<.001.

2. R
A AERS R ESE AT - SR B O R R (F S -

(1) FFEERS W - AU LAE R T2 R0 - ik A BB G B F 2R i K B
HoBEERSRAFFREEEEZR  HERTFERIREE (KEE © F(3,329) =29.29,p <
001 5 FRATRERE © F(3, 329) = 37.69, p < .001) - #E—3 DL Scheffe ZEfTEHR LI (215K 4) - 5
4 K2 T R BB B O E (R TATEE F R M NI - BURE B B R E S RE S St
TR RIS - BE RIFRERENUE - HLIN - 5 5kl 6 s BN R RBEE I B EE £
BE S EEAEEAR - BRI BEERIGH7 7 BBUR R TR R R -

#4
FBL B BR G REE FE (E S i R R P B 4 JEE P A2 Bk e (1 {H)
ROREERE HoEE
5 5% 6 % 7 5% 5 5% 6 % 7 %
4 5% -0.53%* -0.78* -1.82%kx -0.34%* -0.66%** -1 44
5% - -0.24 1,295 - -0.32%%x -1.10%%*
6 % - -1.04%%% - -0.78%%%*
S

KRB © 7 BAH > 6 BRAH = 5 Bt > 4 5l
RS EERE 1 7 BRAH > 6 BRAH > 5 Bt > 4 R

*p<.05. **p<.0l. ***p<.001.

3. skl o bt

ARFFEARSE O s BB R - ST BB (U (3 R R B R PR - E AR IR E
EH NBAELBIETE - SRR ANER BT E 592 25 Z R EREEREER H 5752 25 FHEAHE
R - REEZOITERNER S s - Hi o BEE 2 B2EE 3 i9EITEEIERS - B R ERE
FEE RO RE B #E  IAR AT+ AR LR R 8 1 IR » (E AT R 2 e ] P s RO BTN o FH LA
FRIDUSH - ARFFERE > SRR S EBEEE 1 REINREE 2 BEE 3 Z2M -

FE IRT W53 M7 » AHFFEE F jamovi 2.3 #UEE 97 1Y snowIRT ( Martinkova & Drabinova, 2018;
Robitzsch et al., 2020; Seol, 2023; The jamovi project, 2023 ) FE=GEREAYE HHEEF - H SAEHER
SE P P FEAE - R DAGUEERY Infit B2 Outfit #57/53% (mean-squares error, MnSq) {E£y Rasch 1 =5 it
FERTFEIE » $5EA1FE 5 Fis » SRS | ERERE 3 /9 MnSq fE3#/2 Infit 2 Outfit » B/ FAEAE(E 0.5 ~ 1.5
(Linacre, 2002 ) ZfH » BUREAG RAFHHEECE - TR 4  BEFE 5 BY Outfit AEUMEIRIE (BR T EE
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SHERER—RE) o BUREERAEIPERIE - nIRERBERE 4 - BEE SHEHEREN S $#EEs
REBHI R E AT S - BHREEHNEREEH - (HREBHE LA HY Infit #{E ] B2 VEE+ - £
i e BTG Rasch 1BEY o

AW FEE— A R B Y RE T 5T Bl RE H EE R 7 B AR BRI (item-person map + Z0[E 2) -
TR A E R LS o B 2 RS RNERE » BA0E logit 5 & 2 /58500 B M ENREILE S
sl - Bk B FRR TR ; E 2 830 R H VS AT B - Bk B R B R - 18
2 A DAEH  RERNARBFFEHEBIE » g JMENT -5 ~ 2 EEEETRAEN 4.5 ~5 ME
&4 BEEE S B EE S - B HEREE -

Wf% o IRT EEEONTRERFER - FEEE I E By (kR s) @ ErEHYEOEE
E% BA RIFRERUE -

FEAR » DUEEG SR T HTHIRE RS o 4 R EEEE —  EE - EE = - EEN - EEARY
EEEER R 72.96% ~ 23.47% ~ 15.03% > 7.14% ~ 0% ; 5 BB E — BB - BEE= - A
85 1 LA SRR 79.05% ~ 40.23% ~ 15.03% ~ 0% ~ 0% 5 6 R EEBEE—  BE . EE=
BEREDY B A S8R Ry 85.55% ~ 50.59% ~27.93.% ~5.66% 0% 7 5% il AR — AT
BEE= s BEEN - BEE A EEEEER R 92.43% ~ 75.00% ~ 50.00% ~ 25.00% » 5.30% * =45
6 7T RAENRANEES K RBEE—  EE-  BEE . EE= FoaRRES  HrEYEa
[BEEEE 3 B RAT RS -

#5
BhYIBA O R RS < 2 s A i

R st g@i f.azgi L S RTEEE e

1 .86 22 1.66 1.12 -2.40 0.18

2 81 .36 1.10 1.02 -1.93 0.16

— 3 .84 29 1.38 1.04 -2.14 0.16

4 .76 43 1.40 1.05 -1.55 0.15

VY RESE .82 33 - - -2.01 -

1 .56 .62 1.02 1.05 -0.34 0.13

2 37 50 1.19 1.12 0.68 0.13

- 3 .30 .56 1.03 1.05 1.11 0.14

4 57 .63 1.10 1.02 -0.37 0.13

VYRESEYY 45 .58 - - 0.27 -

1 20 44 0.90 1.00 1.81 0.16

2 26 .59 0.80 091 1.37 0.14

= 3 22 48 0.82 0.94 1.69 0.15

4 20 46 0.82 0.95 1.81 0.16

VURESEES) 22 49 - - 1.67 -

1 11 32 0.50 0.82 2.76 0.20

2 .03 .05 0.52 0.94 4.48 0.36

g 3 .04 1 0.40 0.92 4.15 0.31

4 .06 15 0.60 0.88 3.53 0.25

VYRESEYy .06 .16 - - 3.73 -

1 <.01 01 0.32 1.01 6.81 1.01

2 .01 01 0.41 0.99 6.10 0.72

Fat 3 .01 .04 0.17 0.89 5.37 0.52

4 .01 .04 0.28 0.97 5.37 0.52

VYRESEY .02 .03 — - 5.91 -
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& 2
BB (0 R 2 o S L B B (1 il (R

S

e PR PR LA B B S (R B R R CRRCIRA R - HRRN TSR E 8
AR (F2E - 8 LR RS TIFCERM BB REE RS 7H T8 (Conway et al., 2005;
Hutton & Towse, 2001)  ABFEHE TIEECIEHEEmBEEA BRIV AR - RS AR LAHERS FE (E G
GLEERY TAFRCHE - WA ERLGR B Camos B2 Barrouillet (2011 ) FYBIYIBA G B (EZEA(E ~ JU% » ik
DAL B RS R R (R SR 20 4 ~ 7 sk B LARRCIE R - DUN St A 7Eny 3 3R - ok —
AR o

(—) BB EEE SRR R TR R TH

AR EHNHYEOEEFEE  HRRBTFEEEEFEZE B TIECEER TS
(Baddeley, 2003; Barrouillet et al., 2007; Cowan, 1999; Engle et al., 1999) - &2 [FIFHET T
MR BREFERE T RBTSRNAEE - I BB EEEFEDE BRI EHREE(F
¥ DUEE IS R T AN Gl 7 (R 26 2 BRI T MINE R - £ %) » Barrouillet % A (2009 ) #1 Camos B
Barrouillet (2011) EEFFCHEF ANV B OEEFE (—EEMEEFEE) @ BEZFELE
HRIEEESE - BRI 5 R 2 7 A EEANFNEEERLA AR THRLERAZER -« A
ek R — MR E G 5 o BIRS{EEA Gy B AR 2R (2 colors long) HUBRHEZE
1545 T A FH H A R R P E 2 &5 (1 color short; 2 colors short) HYFKA @ FEEEERHGE
HIRRHIRES] - BETEZEYS 4 BRELENEOREE ¥ 7 A E LRSS (B At S H 8 A sk
HERE - Bl 1,333 EM EHREGEOER  HIE 667 ZF) o AW IRT HEE 507555 A DA
BH - AWMEIURIIE A E T - S2HAIFREALEI R ER DIERERE | ZREE 3 WER
RE o TFHEERE 4 FIREE 5 % 4 ~ 7 R LEE T B #E R RSB - IFEdE &= L EF
[ IERLBE & » ARZRISERI A 8 ~ 12 BR G EE B 5e » ST KRS A B LR S TRV TR R -

HE— LI ERERIM LR E - A iin < Bi Y BR R (E 2R IR EZE (2,667 ZFD N IETE
MHEEREE) » B4~ TRAEMSHER - GHEAEFMEE - fFEFEE GRELEEEEYE
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Fritgdati) MMzl 4 ~ 7 R EERTAR E e E0E E - B LL/EERFE - PR T RENG R/ N
HHEER AREIEZ I8 » ASUBRERET SR EIRY » A DR E 52 00 1 DR SRS (50 B ¥ TR RO (ERY
{5HI%22E (Lépine et al., 2005)  /REEZEEEEHEMEEEARMGFETEEST - DIHHEEHE HESTE
TEHIRE IS (Barrouill et al., 2004 ) ©

B [mHEBIE T A - RS2 8 E TSR S E - BB EE RS A A 4l
&2 E TIFECEAEE I - RS ERG= R ER S EEE —EENEER
REMFZ 1F B (Alloway, 2007; Gonthier et al., 2018; Pickering, 2006 ) ° At—7 » TEEFH T i##
FRERYREREST - WA DAETA RIS (A —EEERE 2SR - THEETRAE SEENE
) o HEEAE - rel R RRER 2R EIER - TREBEF ARy N bl B RLEAE S AR 2 A 14 i s
{ESERRENERIIRS (Gonthier et al., 2018) -+ HEMFEFHEEAIE -

&k 0 R IEFH ST - AR 2E 2 EAAE = rERVGELEIE B T R IEHENE ]
@A E# (Conway et al., 2005) - FEFHB/NHE - (LB G AT 5EHIERE B IEF IEHEE R A LS
YEH (omission) WIELBIERIE (Camos & Barrouillet, 2011) - ENWEE O EEFAYE—(FE
ERE AN INEIYE (RAREREEFEEE —EEENEREERE) - Bt kT
SRR AERE (EaaE—EE TEHAMEERE M REE 15 F—lEETZ2 0582 145)
ZHN - BEERENESEE (F—EE N —EEREEHE H 1 4 5 IS EGEET
AEESS  B—HEEEES 1 45324533 /45384 /7 457) - AHAER]
ARG 2 MRS R E TR AENATRENE - EREMIN(EER /N E TIERCEE R =
FHEAIEURE (Oberauer & SiB, 2000) © [b4h » BR3ERERIET 5 /7 =0A BIA T 8 Sl AR AN Rl
&N IEREEITR AL -

fre Faltat e - AR BB CE R ENT - NS - 2P ES K - 77
E4~7FAENERGET  DIERLAERE - A EEEEE R MR EEIESE - gelhE
EENWHEFEEELETE & LIELIEHEE (Baddeley, 2003; Barrouillet et al., 2007; Cowan,
1999; Engle et al., 1999) ; HIEF2F IG5 5N EF 2/ NABEIE P TR EEER - TTaE2ZH
RIEERF AR IMEEANTE A E s Z - BRI EENERE - SRl - BB EER
TE% - PR —HBEM AR E R - HEHRNE 4 ~ 7 KA EN TIFLERE -

(=) BB B A RAFIROBEGH R

KIS E i R8s - BB EEEFE AR RO eI ER T - fEEE A AR
IFHIAE—BEEITEEE - ERFSUEAE - RECEYEEEEEENRA - S MEETRK
1% (DFEZ) fITIEECIE (DB EZE - WPPSI-WM ) > DAKIEZESCE T (TONI-4 ) B4 8E BEEAERE -
SHESITEREE > BYEHOEEFEER | £2EF 3 EEENES » 6EHE B RERES
MIGLEE - HEEREBOREERT B » 774 Rasch f5AL -

PrILZAN - 4 2 7 BRGGELEIESR LRBEFEHEBON - HEZEEBIEI - A ER L E
TEBLIEZE LRSS o BE R B BEE IS I » BEAR » DA RS ZRE » 5 Bl 6 BB R B 2=
oo iR IENEA S SO ERT TR A LR » AR S e B R E TERIENE
HIRBUER: ( Oberauer & SiiB, 2000) - #53EE LRG> RE R B FL 2 TR SR A EN(E B2 (Conway
etal., 2005) -

(Z) =i 455 7 sk S LR

FH 333 (2R HEZEALERNT 4 52 7 RHE - B2 A REI B CEEEENEERER - 7
TR REIETE 4 BRI 1.82 » 5 BIFE R 2.35 ~ 6 BIESEE R 2.59 » 7 REESEE R
3.64 0 4 ~ TRHPIIRAREE R 2.49 - HLAE 3 EERE @ 4 ~ 7 KA EN TIERLIE I B
Ry 1.56 < {EISTEERE - Hip 5 Bkl 7 sl pUEl o BERE 43 5By 1.38 1 2.50 » B Barrouillet 5§ A
(2009) EE=rh 5 BRAA 7 BRALAYEN B By 1.10 FI 2.40 HUAS SEIRH BT - AHILEE TR » BERIE)
VB E R E TSR R E TIEC RS R - BB Uery—3t: - 28 i E R =R TR
BEEZREAL -
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L TAFEC BB ER IR L - (AN [A] A P RAT S i 5 B A A 5 2 P R ) 278 e U i 1]
BIZERAAZE - Fla0 - BISCE IR R AV EE B ERHUA HH Cowan (1999) HYTEE JISEHIE + Engle
FAN (1999) WSR2 DUREE = fEHEREUARY Case A (1982) HYEJHILERH A -
Towse i Hitch (1995) HYBFRIEEREIS - DUK Barrouillet A (2009 ) HYJ TBRS = - 1523 iR
PR P (E R TR S RIS R SRR T - W AR AR Sl B M P (E S R AR B e 2 ]
PRI (R T8 - a0 e WHERIAME Y - HE LB EERE R ISEER B IR - 5
HEBNAEENN - REBHEIFIER M G F 2 MEA RS EmS 0 - TBRS &Y Camos i
Barrouillet (2011) #E—FH - Ly NEERBA A EN) TAERCRCEFRHIRE - 7 L LAY R EA
GAE LERCIEARE B (E S AR DU 2 Ay 7 X R Bt (B IR =B VRS IR » 171 S B 6
RIS 5 R Bt R B BRI E o BEAh - MM ER S B 6 BREVSIERY LIF LR A B
FH o B 5 A7 R R ER LIFCEEE A EE AR - RS 27T RAEN TELERRENE
P -

AR 0E B TBRS 1 UARRI R LF R ISR R (R 2 » WG [RRR DAES 73 B 2R o3 7 e B LA
LIRS - #4502 7 B B LR 0 E R R R BT A BN - BRTBURLE
SRR R BTR AR TR 4 REG R R (BLEE AR RN 248 W
BURGEN TIFIERRE 4 %2 7 REFENNGE - k& TBRS FIZEIRAFE - AIERE b=
FAYAFRATEL -

A i L2 R

AT iR < BB EEEEE - B THERLIEREEEE  HolE 452 7TRUARE
B RIFHEE AT - HRERMpFUER N TIELEREREERE - BRI R LGR A ER
{LERERIEEE TS EMEERE 0 (1) F8HL > e IECEEGEN (WEHEEENE
HEZ) - REVEdIE R E A A& (Camos & Barrouillet, 2011) -+ I & G BAF LAV REE
PEEY - PTG MR R B AUFEHIRES) (Jarrold et al., 2011)  (2) FEWFZE i b - WIEFTEE Y
FEAE R B F AR  2FRFRT « RIFERERT - DU RO IE - #REEE RS e - H B
AR AIRERE » W s FEERRZE . (3) EEBEM L R EME RS 2
REER A —E I hEHIFERF (Bailey, 2012) » AFIRE UL R EBFFCHIAIELE ¢ (4) fERKIFZE L ¢
BISEWEHREEFREREER st - n]DUE—S BRI FEE S5 B nviE L - 5
PRl

PRI - A E TAERC SR R ELHI E T - AR A S im Y B ISR E R VA
REFZETE (1) AUEERANNERER - SEAERLENTEREEBERE - AJREESE
REFLERHIA T (Gonthier et al., 2018) ; (2) AHFFE(E MR # FJ Barrouillet % A (2009) #
Camos # Barrouillet (2011) F%EFHyHAF—FEMANEIYEE O REEEE » S/ REREREIEEE
EREYBREEREFE R HES IR 4 ~ TR EN TIFLERRE AR ARETHH
(3) &L kW Se i pIast s R HE B R (5 » TR ZRRET 5 2 7 s IR S TIERCIE
R BEGEREE] - AWFITI i — B ARRE 2 2 A m P E 4 5% 0 (HILEE RS EE TR
FUNBCEERIIRE @ (I EREMFE— DB - TR EFTIERER - 4 RAEEERK
REFEER 1.82 » 4 RN T RSB EIT ILESE v RE S BRI SUE - T EE 7 s 5L RIS R EE Ry
37 BHK > MEHTREE MG TR 8 iUl LR EN TIELIEREE » (4) KWFFRAN#E 2 EISHE R
BEEER (BYEEEEESE) » DUOHEEE RS e-prime 3 5 - FIDAEHIREFEIEREME
BRI 2R - RACHELEETHE TR ERRNE 2 - SERILEEERE T
H o {EHERS e-prime 3 EEAEAIE R T - o] (LA MR ERE B - 802 E 0 H R
A R S PowerPoint 2K 2 B FATEETA] » 3% RIS 2R - W& FT K - KSR FER
B R4 -
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? I 2R ERD BE L 60Hz AR ISBUREERATRET (1,333 2% 80 (HEH) -
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Computerized Complex Span Measurement of
Children’s Working Memory
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Psychology researchers and educators have determined that many behavioral and cognitive abilities that we want to
understand, measure, and manipulate are related to the function of working memory. Working memory, a cognitive system with
limited capacity, temporarily stores and processes information relevant to ongoing activity (Baddeley, 2000). Unlike short-
term memory, working memory has a longer developmental period and is affected by the maturation of the brain’s frontal lobes
(Cowan, 1997). This cognitive ability is essential not only for children’s interactions with the external world and acquisition of
new knowledge but also for their daily functioning.

Although different theories provide various explanations for the development of working memory, most theories hold that
working memory involves two cognitive operations: storage and processing (Baddeley, 2000; Engle & Kane, 2004; Gavens &
Barrouillet, 2004). Therefore, tasks that measure a person’s working memory span typically require the person to temporarily
remember a memory item while performing another processing task or to engage in some form of processing related to the
memory item. They are specifically called dual-task or complex span tasks (Redick et al., 2012). Such tasks differ from simple
span tasks, which require the testee to retain memory items for a period of time and then recall them sequentially.

Assessing children’s working memory by using complex span tasks requires clear, simple, and easy-to-understand
instructions. The tasks must be designed with stimuli, content, presentation formats, and response methods that are consistent
with children’s cognitive abilities. In addition, test procedures should account for children with varying levels of working
memory capacity. For those with low working memory capacity, the tasks should avoid inducing a sense of frustration or
helplessness. By contrast, for children with high working memory capacity, the test should provide opportunities for them to
fully demonstrate their abilities. A common approach involves gradually increasing the difficulty of the tasks, requiring the
testee to memorize more items, and terminating the task when a specific level of difficulty cannot be completed (Gonthier et al.,
2018; Pickering, 2006).

Memory span tests use the all-or-none scoring method (Conway et al., 2005). In this approach, if a child fails to recall
a memory item or recalls it in the incorrect order, that item is marked as a failure. Such failures can lead to task termination,
potentially affecting the accuracy of assessments of children’s working memory abilities. Alternatively, one procedure involves
presenting all test questions of various difficulty levels in random order to each child (Conway et al., 2005; Unsworth et
al., 2009). However, this method may frustrate younger children or those with lower working memory capacity when they
encounter difficult questions, reducing their motivation to complete the task (Gonthier et al., 2018).

This study introduced a computerized complex span task designed to measure the working memory abilities of children

aged 4 to 7 years and analyzed its reliability and validity by integrating data from multiple research projects and a master’s
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thesis. In addition, this study explored the development of working memory in Taiwanese children aged 4 to 7 years. A total of
323 typically developing children (164 boys) from North Taiwan participated in the study, and they were divided into age groups
of 4, 5, 6, and 7 years. The study employed the animal-color span task, adapted from Camos and Barrouillet (2011), in which
the children alternated between a storage task (animal memory) and a processing task (color naming) within a limited time.
At the end of the task, the children were required to recall the memory items in the correct sequence. Scoring for the task was
strict. Points were awarded only if both the color naming and animal recall sequences were correct. In addition to the animal-
color span task, all participants completed four additional memory and cognitive assessments, namely the Digit Forward Span
Task (DF), the Digit Backward Span Task (DB), the Working Memory Subtest of the WPPSI-IV, and the TONI-4 Nonverbal
Intelligence Test.

The distribution of the children’s performance on this task followed a normal curve, suggesting that the sampling was
effective. Reliability analysis demonstrated strong internal consistency for the task, with a Cronbach’s a of 0.76 and good split-
half reliability (» = .77). Age-based analyses revealed consistent reliability across the age groups. Convergent validity analysis
indicated significant positive correlations of this task with the DF task, the DB task, the working memory subtest of the WPPSI-
IV, and the TONI-4 Nonverbal Intelligence Test. These findings indicate that the task effectively measures individual differences
in short-term memory, working memory, and nonverbal intelligence.

Age discrimination and item response theory (IRT) were employed to evaluate the construct validity of the animal-color
span task. On the basis of IRT, the task’s difficulty increased progressively with the span levels, aligning with the Rosch
model and demonstrating strong construct validity. Moreover, the conversion of item pass probabilities into item difficulty
and a participant ability distribution yielded results that approximated a normal distribution. According to classical test
theory, discrimination indices for spans 2 and 3 were high, indicating strong item discrimination at these levels. Most children
successfully completed span 1 but faced limitations at spans 2 and 3. They considered span 4 to be challenging. Age-based
analysis further revealed that children aged 4, 5, 6, and 7 years achieved the approximate maximum spans 1, 2, 2, and 3,
respectively, which aligns with expected developmental trends. One-way ANOVA showed a significant increase in working
memory capacity from ages 4 to 7 years, indicating that the task effectively captures the maturation of working memory.

These results demonstrate that the animal-color span task developed in this study, a computerized complex span task, is
suitable for assessing working memory in children aged 4 to 7 years. The task demonstrates good reliability and validity and
reflects developmental differences in working memory. In addition, the computerized complex span task offers several other
advantages. (1) Theoretically, it aligns with the working memory model by incorporating both storage and processing tasks,
controlling the cognitive load of processing tasks (Camos & Barrouillet, 2011), and measuring children’s ability to resist
interference and maintain attentional control during the memory retention stage (Jarrold et al., 2011). (2) Methodologically,
the stimulus size, presentation time, interval time, and task termination for the storage and processing tasks are all computer-
controlled, which ensures standardized test procedures and reduces errors caused by human subjectivity. (3) In terms of practical
application, the standardized format enables researchers in different locations to implement consistent testing procedures (Bailey,
2012), facilitating cross-cultural and cross-study comparisons. (4) In future applications, the task’s standardized features can be
further developed into online or group testing formats that do not require experimenter assistance.

This study adapted only one version of the animal-color span task designed by Barrouillet et al. (2009) and Camos and
Barrouillet (2011). The other two versions of the task, which involve different processing conditions, were not included.
In addition, the complex span tasks developed in the aforementioned studies were originally intended to investigate the
mechanisms of working memory development in children aged 5 to 7 years. This study extended the applicability of one version
of the task downward to include 4-year-old children. However, additional research is needed to determine whether this task is

suitable for children younger than 4 years or those older than 7 years.

Keywords: working memory capacity measurement, children’s working memory, computerized
memory tests, complex-span tasks



