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SHFTHE J7 58 & 2 58 R L i

Wt5e

FRARH  PRARIR  RRAES S PR A2 450

F#7 (updating) f&—THEZRIBITIIRE - W RAE LIFRCIET RTS8 - DUBEEIER
L - AWFFE SR R — B LAYREAE TR - DU 5 HERE M B S HrRe S0 — 0 PRET T RE
TIRIFE RS - AR E S mE T AR RTRE IR T - R TS ST R B A T I
REW 7T ERYIRIRYE « Ky TR HRIE —RIRE - AWIFEEE running memory task %5t T — (R SFARKRATHE
HTHIER - RZER T R S A v AR A ST D OB R IR R B 2 TEHTRE ST © Ry T BRI TR
BRI - AWFFEER A T 2 RESSAR BRI SRS T - s SR B S Y B ) 5 B B P BT ~ BB
ISR ~ ARG e B U B R BRI - LA - BEETIENERAE /N (8 H BV RN e et
FIHH RAFAVREDE - AWTEHE— D HET 1T EHRe DR RIS - BIRMEHRETIE 7 R ERET
2 BRI R Rt Wi & AR AR R IBINRRIE - AWTFERURE ST (SRR T EARE I E N F 4
e R RN R R ARAE T R RS T S ST RE TR A 1 1 R Sy T BN 3 s

BB SVt~ BERTREST ~ BTTIHEE SRR

| B TR AT A SR R B

CARVA=2c T TWNE =S Qe IINEIE L L S

CAAE-2 1T TP Sl sl )
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A ARGl B VSRR R R E S (R AR I 3 BE5RAS Mm% T 3184 0 B -
Y BERISOE - [ERZZ 3165 » 4 FEFRAERVIE DT » PR ER% BER il ¢ AR WA (2 87 84 BUAR
Ry 65 AL 3165 1F Fof 14 75 BRI MR < SRR ALEEFERZR 5T (updating) © BEHTRE
S n NP EEAEHE (FIFH 84 ) HIAMAVECIRETT R4 %22 (De Beni & Palladino, 2004;
Oberauer, 2001 ) °

#3 (updating) EIfH| (inhibition) - A (shifting) [F] 5 E BT INAEM R AR5 - T
BT L FREIEAE TR ZH (Miyake et al,, 2000) © HAFEH{RTE « FEZE /N AT# AL -
REH R R HAYEE ST (Morris & Jones, 1990, p. 112) - 551 E 3 i 25 79 ([ 8 BAYFERE -
R FEEIAR TECRERNE R RE - BREE TFENHMERNERE - EMEREEHREE 4
TEOR S (E AR R BRI - RMER S B R RE R R E T (5 R E
b WEREAHEEENE - [ - BEETaE It EF 2 m ERE ARE IR E BORRIFERR - fl -
i B8 %7 77 (Santarnecchi et al., 2021; Yntema & Mueser, 1962 ) ~ £ g it ( Gathercole et al., 2004;
Gijselaers et al., 2017 ) ~ #£3 (Barrouillet, 1996; Barrouillet & Lecas, 1999 ) - RiE fi# ( Daneman
& Merikle, 1996; Just & Carpenter, 1992; Palladino et al., 2001; Swanson & Berninger, 1995; Zaccoletti et
al., 2020) ~HE2EET] (Lee et al,, 2012; Toll et al., 2011; Zheng et al., 2011 ) #:8fF Chen B Li (2007 ) ~
Friedman 55 A (2006) FURFFEHER 2 B 5E 7 /2 ME—REFH IR AR & TSI T IIRERK 53 « IRILEF 200 5E
ZR PR BEHTRE SR IGE R AR - B4 Zhang A (2018 ) ZEF/IHR B8 HTRE SR FEF R EE AR AT 8K
ERE 5 Gao FA (2023) HIRKYEEEHRE SIRYFN BRI BERE R -

(—) REHEGEAL SEHTHE ) 0 BT

B #5 TR ST RE ST BET 26 B BLRE ST B B RE S - IR ST (R B B SE T RE I O — (B 2RV
B o W2 DAL AFEC EAERA F 3 AR E T rRE /T » fla0 « B TAFECRIF% (n-back task) -
TAERCIRESE/EZE (forward or backward digit span task ) ( Wechsler, 1955) ~ BB EOHES (reading
span test) (Daneman & Carpenter, 1980 ) ° & EERjF 5% o [] RF 5 A bk 26 F 2 0 s 58T e ST W PR 1

(Schmiedek et al., 2009 ) ° X[ » ELEFEFNMETFEEFRES) - MEAEHIFRE6E 2] T HALEL T (F
SCIRAHBARYRES ) (G40 - MEFY - R ) - Al —2K - St DB TR EC B By H th FERZ & 43 BrZK -
PRI S B {60 FH BB B R A R RIS B 25 TE RS AT RE - RIS B S DAVE 4 S (I s o B
REJT » 1 B HTRE ST R R BT DIREFR YBT3 » ERIL BERTRE U/ B et i R it B0 B W AT
& B BAZR YA EE M (Ecker et al., 2014 ) ©

Ecker % A (2010) HIRFFEHEZET T/ \TEAN ] 15 55 2 S e 5 PR AR FR 0 R A Y = 1 B8 Tk
43 ¢ $BEU (retrieval ) ~ §81 (transformation) ~ fif#2 (substitution) - FAMTATDLUEE T EHIH] T2
FRAE =R AR Sy » E IR DB AR B SN A G I E R - (RERIEE 5 10 E5T - Bt
BEARIR 1 0 32 FYREREEA - (REDEIRTFENS 320 7T o SEEEFEH - REFEFEE 10 » Wi Hi
Wl 10 X 32 » WAE A FR AS RIS RF P il B AE 3T 320 TC2 ™ © Ecker 55 A\ A5 1 T R2 =00 A
VESERFIEMER » A5 SR 28 TR PR N B B TR SO R AR - (B AR - S FonthifEmE—gE
S LR FREIRE I IR -

FE B SR - FeAM A DUE S ERERHE SR RE IR A B, - X1 - E W72 6 FIRY SERTRE
FHETESEANE - B ATREYs R H MR TAEECEAHBRREAR - 8 (IS EE DS e R U SE 9T RE TRy
LI - AL AT EE RS ET—EEE(LAYEES T H - ARIESEHEE ST » DA R LRt
7~ MER REG R TIEE R FERIRHAG /71 -

(=) BEHTRESIRRERG 5

B B B 2 1 5 P DAGTAS SE T RE T 09 /53 E 25 ¢ running memory task (Morris & Jones,
1990 ) - keeping track task ( Yntema, 1963 )  n-back task (Kirchner, 1958) %% ° running memory task
PSR 2 B AE P ARSI S R R 28R n (B - IR ETTEE - H A R RREE ]
RERET TR Wi ALEERFERAR LR RG] 8 & TR S R /A IR R 3 R
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M F9 % "G>E—>K—>N—>Q—>T— B, * HIZHEHEE : QT B - keeping track task
ke R e 2N FEFERIRRRE - BIA0 : R B S B 2EEFECREEE R
R R AR PN ERREF YRy« THLE—>E R H—fki— B, - RS EEFRE S HIE
TEEAE ~ B S E R A B AR — (BRI« 4%~ 2252 ~ B © n-back task /2B A M HE S/
T - 2 AH Y R AR R — 8T SOE - BT EERFT n (82 5HHE] © G120
BT T3> 7> 4> 84— 92 WiHEST 2-back (EFFHEREIF » 22 B0 5 78 I A8 HA BRIk
BLRT 2 8 H ER ARG T ER - A AR (R OR S AH R < PRIELE S8 = (E 0 4 HBy - HEdE—
{EHER AR 3 ANIE] » RIHZELEE TR S 5 I 5 T 4 BRI - FLEEEE = {EfNg 4 AR
RItZAEIZE THHE] S o BREEEE LB 77 A B B TR IR RE 4R S FTRE 1178 AR a0 R B Fh Tt
SrEEHIAR - FEREYEHIET AL (H RS L PR & S B ST R BIRE ST » I AE S A A (e (51 52 RE
ERYZER o BRESRAFEIREFAG Rt ISR = » — 7 7 RS AR E RIS - 55— Eth
ZLEt S S B AR DOE T HE R - RIOH BRI R - Rt It RS SRR fT IR B (R
AREFESEF BERIVIEITE o RIAERR PR 5 B 5 e S i SR 2 -

TEE BB ERee DRl E R R 2 - R sR R - (H3E BAERRE R
FiAS - (5140 : selective updating of sentences task (Fellman et al., 2017) ° fEEEP T A E G EH—
{Ef]+ - FREATREE S AY) « HiBh - R - WA RRSRETUE. - BIAD T/ NBRRERIE M A e
BEHFEES A FHRIRSENE - PIIFERER THE - NRIBMEERER T L &R
SEERRN ARG - G120 T EESEME 2 ) WRZERIZ TR R o i O H BB
HRNA B B B 2R Ry BT RE SR AU 2255 » B4 © Wisconsin card sorting test ( Grant & Berg,
1948 ) - fEIGHIEg R 22 B JE R IR AR A A N R RS-~ o fT o038 - B30 - ARIRBEE 3 JE » I
TE T — 1l B g o JEA AR AL - BIANERIRTEAR 5328« LR RS S i F A 8 A U = P S B 7 7
PEFEFR B (Nagahama et al., 2005) -+ RIELIGDAFE EHER S 2 S RERC DI HI AR SO ST RE T - B
5 1S ( trail making test) (Reitan, 1955 ) Rl 752222 Bl 5 A1~ [ 1) B R A HH GG SE BGEAE (R 3
HERIF & R A BE R B F 2R M FREXFR: (3-D K72 A) » 2HFEHRE
HF—>F R T FRMIERF R S P R/ NERREIR - 7E Bl 7 - 2 BE A IEREK
H: "2—>A—>3—>D—7—K, WIEFIEZE - digit span backward ( Wechsler, 1955) RIJZE & B 51
BT B PR A ES S - FlaneEs "3.5-1-8-56~2, - HIZH[EE "2 6 581"
53, o RI{EEFRRTEHERIRE 12 R BRI TIIRERURE AR - BI70 ¢ e - TFCIEEES
I EC SRR BERE 0 25 FERTRE ST IR Hrh - AR RS YERHE BETRE S I AR B BUIRRE - Al [ A PR A
R HRE I IR L

FRE Bt F DR SE A B [ BEEE 1A - FEEREmmI A E - AR4R Ecker H A (2010) HYBISE -
WAMER W KRR R %  SEEHE L JMEREE &2 S Es 5 UE 5 BE I 34 58
FREST RS R » 2% T running memory task {E & BEHTIBE R G TAIELRE - DILRRASET TR I63%
ST EERYE SEt sl - DABERESE B B i o B MERE AT R EFIEH I B AR -

(Z) SR < Bk B P G S i

A TEE R R - BpME I ERZRB « 5340 B 2 B B B2 Rl S Ry A DA B A bt 5 Pl
ETZ TR ARE o DUN R a0 B & 0SS R B B G LR« B o - ARIS R B B
a@ (Salthouse, 1996 ) T f iz BH o P AR BB A B R 3R AR - TR E B 7R TS 21 TIERC
TR H & SR E R B IR R 500 ~ 600 Z#) (Jolicoeur & Dell’Acqua, 1998; Vogel et al., 2006)
2 BRI TR S R IVISERT (Oberauer, 2001) 38 27w iE HLH B 50 BT RE T AR MR I BRI

( Albinet et al., 2012; Chen & Li, 2007; Schubert et al., 2018 ) o [A] LA F2 L FH ok P F R 5AEE =

B WU B o R PR 2l | H ARG EHARYRE ) - fEllEarh Bk 2 s
JEAE WA (EFR B s 2R & T A RIRTREOE AR - HOERR RIS SOl TAE R R ro B S Al
HORFTENE. < iR Ecker H A (2010) HIWFFE » HHHUEME—RES LR EFRESIHIRERR - ALA
W R SR BUE Ry AR — o FRAMTHIASEHrRE ) B E AR W S B b B8 5 2 gy 8k
&~ SERCHFRTEGE -
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26 = > Wisconsin card sorting test {5 DL A #8 7E B Al [E] 2 - AYR8 #1598 - 5 R RS RIS L

FEL B o 22 EE RN IR R B R A AT R R DARF R SE R 2 - IR EERZ FERR W0 S SE S RE
(Ecker et al., 2010) ° KELAHZEHRER A R ER (F R B0R - M TEIASE HrRe T8RS - TELIF3E
AYFRBLBAF -

% BRI EE R SRR R BB IRARR 4 ( Gijselaers et al., 2017; Lechuga et al., 2016 ) * 5
Hrae T BIBIRETAE (Iglesias-Sarmiento et al., 2015; St Clair-Thompson & Gathercole, 2006; Zaccoletti et
al., 2020) ~ 5={FGE)J (Gao et al., 2023) ~ EEEFRI (Lechuga et al., 2016; Lee & Bull, 2016) #H
IEA g% - FEEH R E R 5 AR R 92 Hh R 38 BR SE e D BRI R B R PR H B 5B (Zhang
etal, 2018) o (KIFLANHTES > BIER FH 38 ST B AH B RRORh SR ERAE Ry R AR S8 I B i 5 S

(1Y) SESTRE T 938 e i B 3 A 1L

FEHTRE IFE RS S R R W - TES SIS (4 27 5%) - FEEFEEIIN - BEHTRE ok
T (Cheng & Kibbe, 2022) ; BHELGAFEEAIIISE - BHEFE BRI SE 28 T SEHTRE 18 7 BRBALAE
15 B2 W2t (Lechuga et al., 2006 ) - AGTERFEFREEFITEE (Carriedo et al., 2016; Linares et al.,
2016) - FCEIFTEREE 2B Y2l (& Y 2 R ¥ER AT (Huttenlocher, 1990) - FHIA A LAFEAS BE#THE
HITEZEFRE 27T - RIS R i ng e M R E T KN E + B R TIEGE - #R
FERZRF E FRAEE] 16 BRIGLE 18 2 20 BR/AAATRE MK B HREREIITHESIR  #RE 112 12
RN ERRE (Conklin et al., 2007; Luciana et al., 2005) - [4Z07E Carriedo £ A (2016) A5
R TR E S S HTRE T » FE R B & CR B ERTI (20 2 35 5% ) TNEEH:
PEERRIZ A  FEIR IR T HTRE I BEAE B IS N N B8 T - SRV R B NI REVR B IR B ATRE I 5E
TAEECIERVE RS R - R TIERUEAVEL O (WIRTEREER S ) T Ea TR AL ES
HERFIORE - FEE RN R - B OIS TE SR HEFYL - sEAEEROEREMER - iR
= TAERCIR AR HEME AR - M R I ERYSEHTRE ST (Pelegrina et al., 2020 ) ©

EHTHEIEIRAERTEI R W 2 R E % - B ED &R WEGR 2 A S E 1~ —2
HIRETE - BRI 7ERl R E Al e B 1R - BERTRE & FE.Z R (Basak & O’Connell, 2016; Basak &
Zelinski, 2013; Braver et al., 2005; De Beni & Palladino, 2004 ) - 7 ¥ fTHEHIGE T E L AR E

(Podell et al., 2012) - A& 4= T HYFE IR/ BUR S B (E R0 T SE T I BRI » /2 precentral gyrus B2745
cerebellum HYJE(LIEZ (Qin & Basak, 2020) - H EEIFE BRI 2R I0 T FEAERE o /A S 9T 8
TNEHTRE A A PR ES R RTE{L (Lange & Verhaeghen, 2009 ) ° BEA-#E5 T HIRE LB 0] A
B34 - Van der Linden S8 A (1994) HIZEHAERLIEEME(ERAVIFE » =8 & FER T8 5
FRYRTRE - (HRCEEFRIR SR i ER A Z -

IR E I SRR A R I T S HTRE I PEE G 2 S R TR RIS - AR B R AMIEIRR
EEFERA R SCERES - AlFE IR A AL T B RN E A B2 5 - T DESe i iR S 0 JREEU S
PR E R B g i Bt - RILER T THAVEERIN - FRAM[EIR ST T 2 s R P A 1
(L B EST IS IS B BB R RIS M BB BE R B LA EE n] U AT S E
L B RLET H IR - S A eSS IS I SR ([ B (oA S FE R RS P ORI DU (E R R B -

Jidh
(—) 2HE

ARWFTeAR I g s e - A EEAL - b B RIU(EME 2 R A BT 5 - Rt A
CIEEB 4 ¢ 3 03 0 1 stEfTHhEE - HEERE S 2% D-KEFS (Delis et al., 2001) - FZ2HEZHEH
T2 Ry« BN » Bl/ANEERR - Bl & RE (5 UL < fR48 Oosterhuis A (2016)
C S TSR BRI EL I A R RS FEREEE S 100 ~ 200 A+ RIFLASHF A S 2 12 R P By 7
FTHHEZE 200 (T2 ELE » RIMERSFHZEE A - BI/NE & RS DA R B (TR - R E
S N B TEGHEE NS E R o AWFFCiB AT Er IR 2 AR L - 2B PERREE IE &R
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BlEg (565 tyy) ~ EHER - b B s R - e EE - —ESEmR R
A=A B2 R, - L R S Dl b SIRESE T - SRRk EC I R
o UHERS BRI o LA 1,222 (7 HEEE 2 EIHSE - BERERHES N R R L IE ST
B - AR ARILES 1,164 A 0 FEESERDR 1 11 ~ 33 SRS by 17.93 3% - 1@ 3,04 5 H
g 51% o Z2EESIEUTR 1 -

#1
SHIE . NI (il ~ MR ~ BEEd) o mlEe
H 1t i i H qust
1R 5 S 5 Z 5 L 5 L
Bl 58 55 55 53 42 38 22 19 342
Bkl 62 61 25 26 60 63 20 21 338
= 55 70 40 25 32 39 17 16 294
K& (&) PLE 42 31 20 20 17 37 9 14 190
HEET 217 217 140 124 151 177 68 70 1164

B~ BEFLZ 2HBELERAT ¢ 50 (12 EEE —RZHERA7SE H BERETEHTHE » B
PAFHE R o FrR 22 M LU Ry 44% - SEITEEG Ry 16.10 5% » BEUERE Ry 2.94 - RUERARSE RS
FAEA DT TR ERERIAE B « RIS EERI - MpMER BRI - SRR - 2
BN - AWFFREGE 641 (2 HE FIRF 2 HE R ESR (2GR 49% » SEEIEE R 19.04 5%
TEHEE T 4.18) o AR BE S R ) R B 8 A e R I s i B FE B - iR SRR g B
TS o 729 (72 HE [ R 22 B B (ZCMEERBRy 50% - SEIAERG By 18.87 5% 0 1EEE
Ry 4.47) - AGETERBERTEE TR EERIBE - 767 (12 HE R 28558005 (ZoEELp)
By 50% » SEHIERG Ry 18.74 5% 0 EHERE R 4.41) o WG ERIIERERIEREE - EEE RIS
AWRFEHRET 118 (i1 7 2 12 fFFp A 2 BRI R 3R - Hh M EL TRy 43% - SEFEE Ry 14.25 5%
TEAETE L 1.49 ©

(=) WHRETH

1. S 57 005

(1) fESEaG - 2 HFARBEE R RERHRBENEY - WESMEEHOR K0 AL

FEo EHE R 2HZBACZEBAHRBTFITNER —EET 0140 #BFFIE:
52227364 HIZEEHRA 4 RIEMEESE ; [EHE 2 I - 2HEEAZIEMHREFE
FPAIrP B R W (E s - RIAE kB Frdirh - 278 A 6 ~ 4 Ry IERES S  fEHE 3 I
IEHEEZEAE 3~ 6~ 4 (RILIEHE - LSRRI | - FTRRRCIBAVER T P2 RIE N 1 - S HTHIE
FER ] s P B B P B P R - AR B 6 SR - T 4 (HEREE R 1 k2 HEHEE 2 -
MEFERPRERESHAEBET T HEH ) HENgEREERZER - HFEH KL - 6 {F
R E S 2 MO E LRI IR - IEREERIEERER | filh - &2 8 Rk EEEEET
DI E R —H - M E S5 S A +1 5 fE SRS — (SRR e — 8 - T
—#l (REEF)  EEFIIEHEAEEE -1 - EEHIYIGE AR e SRR AL - flaniez
ELFHAEEPUENy « HE 1 IERE - IR0 (WS - #E +1) — $#% 2 56 - B (R
(EEFIT M - B +1) — HRE 3 [ - IEhE (REEFIIILME > B2 +1) — #4056
BERR (—(EERIEHE - SR T8 - U 4 - IERE © ERE (RS R - 8 +1) — HES -
iR~ IohE (—(EEHIEE - SR8 — B 5 - 3R SRR (R(EEHeER > B -1) —
B 40 10HE - $ERR (—(EEULNE - HEAER ) — Tkl (SEINIGE A e Hs A
Bg) -

(2) hRmaeat - FEprilbe s 2E ERAE 1 18 _EERRER - fRECRE G - SR
FHLRGER - i PIREE &R 65 N0 KGHE - SET SRV 0.87 X 0.87 EEf
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RERZHFRNG 1.7 X 1.7 - FEHrHEEFEER 2IRAE 1 RER —([HEEREE - &H L
MEEm AR  BRECRHE; &R THTMZRER > SREOREIKE - HREORH
1 S BB DU B 2R 5 2l A\ R BRAY T S B B B AU NG B Bl B SR S AR
{FEBIER 2370 « BFHE#AVN 0 3° X 2.5 L 0.5 -

(3) ERMBEIEERIRM - (P —PtamE L Rg HH TR o JHT ) OFHE 0 g
RS AC IRV ERRMIE - BIA0 - 28 2 iyIEIirh - G TRdiemk 2 (H#y ) - HEER
rhORE R IR T - BEET 23R 1,000 28 - WHEE 500 Z2M®%HE T—E - HRBERDE
HEE 10 ~ 25 Z[EHhE - HAERRATRLEEE - EFrF BT LB s % - S a3
Atk n (¥, - HESTREHIRmERR - &F N &R 0 ~ 9 iV - 2HEA
DB 8 4% S 0 05 2R i A oK (8T - i ARG S & R 2R R b oL - 25 ASER
T SEEREERR A WASTRRE Tl ERHERE - Il EER  BmREEE
By HEL N — S -

1
BT g s S A 451

FHarfe ik 2 (M

FafemikiET || FELmk T

5

500=F) 10002 F) S00ZF)

>

a2y (| SAalfRidf T || #HleaikEusE

2 7
1000= ) S00ZZFD 1000 .
I ARIRMET || S ARG E || EMARREEE
- 2 2 7
12345 <[z 3(als5 <123 ]a(5]€
6|7/8/9]0 6 9|0 6 FIERK
B 23} ptan]

>

(4) fatEdGtsy - BEOFTHER — A MEER - REEEREE - B0 - fEEEETE2EE

RESEE L HESE R E B AR S R > B0 0 S\ 8 « bR T EA R IR = B 541
WMTEINTREH T BIEE - oA IR — &= EE MERREE » &ESR 0 &

R R 36 0 ERIB R AERERIEN T ZBEREZ R HERRE AR e AR - HEtE Az
T
e O TR Y EREE A .
BN = ) S ot

Hrp#E(E i &n

1

FEAFCRNEAERE  n RREEE - §IA01 > X2 EFEETRETR -
HERE(E 1 IEEE - IERE (REEUIIENE - B +1) — $EE 2 - T - T (WEEHSERE
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B 1) — HEE(E 3 IEME - B (RESEUTIEE - 8 +1) — HEE 4 16 555 (—E
ERUIERE - BRI E) — SEE 4 B B (RESHSERE %2 +1) - B#EHES
gk~ IChE (—(EEHILTE - SRR — HE(E 5 - s8R iR (WEEHER - 3 -D)
— HEE(E 40 IR $5R (—(EEBUERE - BEAERAE) — TPkl (BIYIGE A% e #EE AT
1EHEE ) o AR Ry 4 - BRI EUR -

st () 2 o) (o (o)

2. EHETH

(1) pEBELHEEE TGS « AT ZTER P fif B S R P ' 52 B 538 58 o e PR I B 2l Ry 2 R Y R P
It BB T Luce (1991) Fasaf » AGHIIESAE A (2004 F ) 2ok By SCRR o 1 B R
g - Z2EEEEFEREA SR E L - OF BSO8R 5 iEYAE  HRER
JERS R Bk - 2B EA G I E R AN B L » SI07E DY B A o L o — (] 53 2 i o o B e 4
BEEYIAE - B 2 REEEE I N EE - RS2 AT IREE YA
HHERRE - ERF L AR BEEY R 1% - SRl HIEHEhEL & By HAZY) - o FIEMERE
eGSR F) B Yy (g R PRI RS FR 1,000 ~ 1,250 ~ 1,500 ~ 1,750 ~ 2,000 ~ 2,250 ~ 2,500 ~ 2,750
3,000 [EIFEREIHE o 2 a4 N FEIE o3 B Ry 1 B S JE ey P SR SR R RS R - BFE A =0k 8RR
FERYE S, ~ 25 5 ERF RFE 80 ZFPLAT ~ RIERFRIAE + 2.5 (EfE#E 2= DISMYE S, (Van Selst &
Jolicoeur, 1994) - FIEER T 2B SETH - BEEBY N R B -

2
ot P P B e i [
(A) fili B R PR 17 2

— %% &

(B) EEREREFH

o0 0o

o] e o &)

] ]
O—— >

1000-300055 7

(2) WU RS - AT EFES A (2004) FriRSls TSl S, (FR LA
A Z S EE R (r= .40 ~ 55) - HESEEERICHEAEE - SRS - S5 HEy © [OE
i TS ~ HPOCRRETTIIREEN A RAFRORAERABE (r = 16 ~ 38) - ZEIZHLE IR B
HETTEAR - B (S ERH H R R A FERAIR R T - B0 2 B 1 7581 1 B 2 -8
EI 2 — B 3 >8I 3 CRRBEFE2EE 3 o AT R B TR R R S R R R
FReFERE -
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FK] B
BB B e ]

(3) 5% - ARF7EERE TSI B (FAARARS Delis et al., 2001) SEFTHEH - fEIL
HEh 2B BENRRR - BRFR EEEAFEG R - FRapr LR RE LR - 28
TR R e - BEEHTRL R BCET 04 - BT - BN « SeiREACUET 058
e BB R P Rt 5 B IR DU A EamEfT 8 - iR e B AR ap YRy
T R AHE 5 DACREHERF RS TR A R Ed 3 2H - ERE Y387 SR AN rT R BE A © ABFSE B
IR ERER R fEAR - HETE AR ¢

HAIERE T
RE SHI| B > W=
SRR = s 100%

Hep G ER RS2 HEETAETERE > WIEEEH RS2 HEE EHEETOEAR
BRI

(4) BERAY - TEERE By - ARFFERET 118 (L 7 2 12 T 2HF X 2RIBE R - i
RIESC ~ BB - B eI R EARE L B - IR E Ly B E R B OO AR

(=) BRPEBLEL S Bt

FslolfE Lo B - AWTe . BRI T RIS EIERR A0 T - S RRETRIRIE - S RIEE
e B P R R B B ST - BB AT 2 S B AT 72 DU B R R A 2 R - %%%%LE%@%%E
WMEM@% WA IR - TEEE ST - BREETFAGE RIS - HEREEE— e B s —

RIEHTEAFIFERE_ L2 AERE - R E Ry AWk =35 ”~\W4m%@ A
%M%L@W%ﬁ%ﬁ%m%%%:%:~W%%Mﬂﬁ A A B o SR PR B R T~ LA
ISR o FEE TR B BB T RE ST 2 AHRE - TR M5 A JASP Version 0.19 (JASP
Team, 2023 ) SETTHT -

iR

(—) BB SRR R

1. It 173 JEE TR L T o M A

RSN E AW 2 e B TR S (E R 4.70 - BEHEER 1.43 - IRBEESURER - |
EEHTHIER I E R R (F R At EE S MR EEEES (Mathy et al., 2018) -
10 Fi 1 2 T R R o R SR B 2 I B & BT I B 2 A e SRS E By 4 (Jahanshahi et al.,
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2009) - EEFFAFERIG SRR HEEETERER - o NREP BRI TR - (HE R
BTN AR PR R 4 (Broadway & Engle, 2010)  ASH5E 2B 7 BLB LM IR AT
SE 2 FHT SRR = Ry 4 726285 - AREHTE  FRFEF T AFTE(L - BRIItESR 2 TF
Ry I AR SR P B 2GR AE T B v B PTs SE I I 0 SR B AR, - M — RS Rm L R R
RS o BT BURIRZ PIE Ry 9.92 » 1RUEZE Ry 6.36 - HELf =& EIEIEE — 2Ry - Kt
DUNE— 3+ F —ferm B R N2 5870 BOlE T AR Tam -

#2
PSER IS B SRS SR
1 2% 6 FA EXE: 10 2 12 55 KREPLE BHESIE
e B PRI 3.79 (1.08) 4.67(1.27) 5.12 (1.30) 5.75 (1.41) 4.70 (1.43)
Gikiivan Stizlin 6.02 (3.96) 9.68 (5.74) 11.67 (6.05) 14.64 (7.12) 9.92 (6.36)

2 R R e -

2. YHTHE S 10 B R WL

RIEBHEERESEE SR 1 E6ER TEIER 10 E 12 ER L RED FUEERE
G 43 B S e e B R L B 4 B BT 1T B R P BT - TSR - s B e R 2
55 F(3,1,160) = 115.40 » p <.001 » n} = 0.23 » Tukey & FLEK 5 I £ W B2 I S P PRS2
B ops<.001 » EERBUKFER « KEDEREE > 10 2 12 F5F >7 2 9 Ff > 1 F 6 Fff - Ik
TN e R FE A T B e S I B A SE e

FHT T BB R E G 2R 0 F(3, 1,160) = 108.90 » p < .001 » no = 0.22 * Tukey & HLERFEIH %
P EY 2 ST BB IR R ps <.001 » HEFUKF R « KEDFPEE >10E R2ER>7F9
R > 12 6 Ttk o B B E DU AR AR i = R P NI SEFTRE IR B - Rtk R 3 R 2
BIEAN AR T A F R =B N HIE R 8 - R B R AR EeR D - G R K
DAEFEE B mmEE R 1~ 1 2 6 MR RmEEEE — An = 7 808 » RIS & &
FEaRE s s EEHEFERET O BEEHAREEE 1 £3 PEEHAEEE 42
5 EEEHBREEE 6 £ 8 o MRRITIREEMY - B Sl EiRER e A AR
F(3,260)=1.31 > p=.270 > n, = 0.02 * {EFFEEFEERAH - EH D EE TR 2R - F(3,568)=12.98  p <
001 * mp = 0.06 * FHRIIEUR : | 2 6 T2 HH HEURMRHMAH - ps <.001 3 7 F 9 FHZHE
F R 10 2 12 FEfF R REDLEH » ps < .05 5 10-12 FEfF e KREDL FFHANZEZER > p= 994 ©
fEREEM T - A BEERER 0 F3,324) =266 p=.048 ' n, = 0.02 » BHIKER 12
6 T Z T T BRI R EAH » p = .049 3 HAMRAHFRNZE LR » ps > 234 - AT FRE—D R
BT BMELE i = BE AR R IE UL T » A Re s — 252 0m 5 4o BB 2 2 S B RE AR O 7 22
B AR E B I N E TR AR DR R A R IS B R U AR -

3

ilﬂ i v [ PSS BRLAF G Wt ] B 2 SR B 40 8
1 % 6 Fih IETES 10 & 12 FFf REDLE
——_—— 1.09 (2.1:22) 1.67 (;):1 1.92 (;):1 7n:0
R = 2 2.74 r(10:.5 21; 2.57 (3.17; 2.92 (g.io; —n B
R = 3 3.11(:1.1127]) 3‘44151:.2541) 3.10151:.124; 3.47IE02.918;
AT 3.04:1 (=1 .11 51 1) 3.28 I(11=.261 1) 3.04 I(11=.0345) 3.47 r(10=.9187)
— 5.821;1 (:112023) 6.02 151:.5 912) 6.01 iljjg 5.98 151:.3;2

(ET~E)
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#*3

NI e e B LA G W P o I R B0 D

— 9.96 (1.67) 10.46 (1.68) 10.73 (1.84) 10.86 (1.92)
S rEg e = n=68 n=106 n=102 n=36

” 7.50 (2.45) 839 (2.74) 9.26 (2.77) 9.18 (2.91)

H R P A S22 n=171 n=198 n=148 n=>55
— 14.66 (2.92) 15.25 (1.70) 15.21 (2.06) 15.21(2.21)
i e fo S5 n=18 n=50 n=73 n=65
e 22.67 () 21.27 (2.62) 2037 (2.50) 19.90 (3.31)
iR =T n=1 n=24 n=29 n=29
R 31.67 () 27.63 (2.02) 28.06 (3.10) 27.17(2.33)
y:.[éfﬁ 8 n=1 n=>5 n=9 n=24

g 15.91 (4.96) 17.86 (4.26) 17.60 (4.45) 1879 (5.31)
=R R S n=20 n=79 n=111 n=118

i RERPT R e

Ry Tt B e B T RE ) Z AR FRAR MR RAGR - AR TS E— R T EERMMERE Y (generalized
additive model, GAM ) (Wood, 2017) - {#H T &E#14370 ( Gaussian distribution ) {ERiR7AEREWE » IF
SEESEVE RO TR - DU IE FTRE R e IR MR 2 - ARG IR - il R =EEr
B EABEEIHRERR (p<.001) - BEEBREET 24% HEEER - HASRBRTERECERSE
FERYE AR - HEPZEREFRIE b L - o - AR RSIETHE HE Ry 2.85 > 1 #E—F
TR T B S R RIS ERR ERA 4R - 20fE 4

TEAE IR B S T RE TR R IRAR MR B GRETRTERE T Ry TR ARG HFRE IR RGN - AW TEER A
T Bl 34T (segmented regression analysis) ( Al-Azzeh et al., 2022 ) DUkg B [5] 5F#5 B R B T
FESIAUAERE Rl o o BOl BRI AL A H AR (B T (R = 0.24) - S BIRIRAEEEEAY 13.99 3%
12272 BEfE - HAGME » 1F 13.99 BT - EHTRESIREFHCEE M - =B E R LLEAE 0.30
ARG I0 AR » 78 13.99 3Rl 22.72 B2 - FEHTRE SIBEF B Pe A AR FE alA% - RIS T

T 0.10 BT o £ 22.72 B2k 0 REREEE T 7 0.22 BT - BURHEHEE N E RS EE -
4
BEHTHE I S iR
13.995% 22.725%
8
L 6
=
5
i3
il
" o4
3&,,‘;.?%}&%’00 oé‘&g’o . . .
2 teeltd s o
. p . )
10 15 ” — =
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(=) mEE
50 (i 22 Bd 5 [P A 7S M8 H 12 FF JGETT SO0 B - A SR S8R 28 — i = R FE AR A B B i =
BRI ARRA Ry .50 » p < .001 3 28— KB # > MR AR B B — K B 0 MR AR I Ry .54 0 p <
001 » RIFEIHE B RAFRIFRRIEE -

(Z) BUEHSR

1. BB T
DA v JBE P 5 A0 i 5 5T 43 B FE AR Iy R BUE AT AHES AT o S SR S W B A R A M EAH B
(r(1,164) = .94, p <.001) - PLEESREVREHTAER BAA BIFRyANEFERIE -

2. SRR

(1) BEELHEEES o DL 641 (722838 2 P PR B o SRR A B+ i G e 1 o FEE R AR 0 7 70 BB
) L2 B IS I R ] B AR S Y T R B AR FLARRREAE -.22 22 - 29 2] - BORTRETIIER » J&
B PLBR - MRS AR 4 -

(2) WUEEDREIES - DL 729 (72818 2 SR B R IR AR - e E R - B
T B B ASE 7 Y B o 8 3% R S B 5 R P [ 2 B AR+ v R P B AR B B S 0 B B AT B L A
T B SRR B AR B B s 1(727) = -25 » p<.001 ; 1(727)=-24 * p<.001 ; fx /o G R e feE
FEHT o B AT B T B e B R [ AR B (R B B Ry 1(727) = -31 » p<.001 5 #(727)=-31 " p<
001 « BEFTRESBNET - EHEME RIS FRYIERERBS - H i Rk -

(3) IRIR » DL 767 (122808 2 53 R ISR HEHE S R AR TR © v T i PR T ) B R
BUVEHIER EHESCE RSN - R R - HH O B A B I RER 2 AR 8 B R
H725)= 22+ p<.001 ; H(725)= 22+ p< 001 * FHTHEN RS + (A HEMER 1A IERERHE -
(4) ERER - ARSI 118 (172 818 2 SR RO 2 S A0 e 0 L P e
S SR LA i 05 5 B R o 7 ) B R B PR B B TS TR+ ELARRIVAE 20 8 26
2 RS RAT - BERAMAT - T b o B B FLAT -

# 4
BT S BRI
A S (FMEE) I e [ FEHE AR PPy tel

i B2 R ] 1.06 (0.37) 23wk - 25wk
SEIR R EN R 1.13 (0.29) - 29k - 28k
B REERR L 2,12 (5.22) 25wk 24wk
PSR SE AR IR 65.64 (30.89) S 3k S 3k
SRR 0.54 (0.27) 20wk 0%
SRR R - 24%% 20%
BRI E AL - 26%* 25%*

2 BRI DIRY B BT -
*p< 05, %% p< 01 %% p< 001.

i

FHTREIE R EEAVTIIRE S — - HEFF 2 S FERE AN eeE = R Rt - Rl Rban fry (1) HLue
TS F 0t BB RE T B — (8 B BRI SR - St 25 DARFAE B HTRE TTHUMF S £ 20 I RE LAY RH(5
T HEIAEARMATRHE TR - Fra2NER=ENET - ARERAFESER GREEBEFRER - ¥
BRI B KA BRI B - R RRITTE SN LB M IR R - AREERRAYREAE T B 2 AR IR
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B DMERISR G B2 RHIThRE R - W EH R#ERR2E » R E RIS » TR
flil e FIREERGUE R I TEHTRE I Z MR ZEEE o PRI AI 92T 22 H BTE R B R — 2 M A el BEdE T3 1Y
FHTRESIRRAG(ESE - Hul RSP BN LT - fEhERI R R o] 28 A S HE A B A e Rt o B - LB
JERETIR IR IB 2 BRI RE DT L5 - DAMERSUEMHI = B HRE D Ao pI 2= 2 - FEHEET »
AWseFra et < BT HEEEE RN LA BF 2 HHGEE -

TERNEEFRIA R IR0 5% B 50 i YA M Bl s PR R P (R 2 R~ WS B 2R 3 - o AN 3=
T B ER 2 sl S M B AR B B I - B0 BMTR B T S RE ST B N R Y S FE S Y
#E 5 ( Albinet et al., 2012; Chen & Li, 2007; Schubert et al., 2018 ) It 5% Fil [F] RF I FE i FEH okt 2H2 iy

(Salthouse, 1996 ) HHYTEHA o #EME AR K o B B # 2 ER PR G BE b i s R B - i i
TAERCEHERERIRMER: « BHRERIS] - BT HTRE IR AERARAE (Fellows et al., 2017) 5 REFH
HIRR ARy Wisconsin card sorting test * FEAFTEREECHRERLAAHR - ERRAIFERE W6 K BEHTREST ( Doiseau
& Isingrini, 2005 ) ° ARFFEATER 12 FEHT AR B It —(F 2RI H B - REBESEE BRI
B0y AW T E AT RE I PR A AT SR R R R B (M BE R T ERE
EHFESCHE ~ BOHEE I RIFAE IEFHRIRIZEIE (Lee et al., 2012; Palladino et al., 2001; Toll et al., 2011;
Zaccoletti et al., 2020; Zheng et al., 2011) - #FHM T » AWFFEHATERET < RS B BT I S0ERE
WA -

AFEEE (@ se B 0y B E EHTRE I AR LA A 2R S RS o MRS TR
8L FETRE M BTt - SRS ELTEETRE ) MBI R IR - TR FIRY R R (B RE A
b BFRAET A EPRH (14 5%) FIEEFER (59 23 B%) S M{ERASEIE B, - BEHrRE IR0 3 Rl
PAEETIERIEES - 78 14 BRLART - AR I RAEE R » 14 ~ 23 B2 MM SFAg - 23 ik
RIFEAITRIE - 5E HFE L Carriedo A (2016) AT ERE(LBZAMHT - Luciana % A (2005) -
Luna % A (2004) ~ Conklin Z A (2007 ) BYWFE-R#0 8230 T ERCIRMARIREANIREE T D F M B %
GRHEREEE DT R#EE - BEAREEFEEREA (limited resources models) - FHHARLIE
R AE FREREM - WAFREE T RIMAMNE - G EENARRET O FEREER
TS ER M EEREE A S (Lechuga et al., 2006) - {HFUE R YRR A0S e 2 E i 1
B &R £ (Bjorklund & Harnishfeger, 1990; Harnishfeger, 1995 ) -+ JiF & (M9 58 2 il B R [ 1
MRS R &R TR - S5 (BRI BES U EEL (Kessler & Meiran, 2008;
Kessler & Oberauer, 2014 ) - [AHF[E]FE Cowan (2017) HISZE R E G HIE B R TIEC BRI &
HIE#E R BB N FEIGRENE & - MR ERESI SRR AT X8R5 - KAl
FHAEHIRLIE A EREFS S LS RE - (HEET TERFNIEE ) (F1a0 : e ) FEFEs g hnm
RS - EM R ER TIERCIRIEERI - HEmt B AT S L B B 6E 138 [t B 2 i F R B
A = I HHE L S B HL I TE -

A2 BB A 5% 5 HE — (W (S A e T B 245 B SR BT RE T3 26 » (B P b 2 Bl =R IR
FEEREMR P oe Bk B IE ORI BaPE B - TESeRIESERR - RS & B B Lt T &R i B G A A i
0 JEG P FE AL B T 4y B R AT AR S e 22 B 7 BESTRE ST » DA » B0 & PTG A &R FE R AR 42 P
BB TR EEPETIR - EBESITRAM G R 2SI PR H - R EEA E E R
o KL EES R Al H E R E 'S -

AHFFeERH DU N SCE BRI SR )« 5 ANRRSERTa a2 5 e A SEAR BRI 1
IR BERT#EH APP BBt eRFE R BS B RO AL B S AT - (B R O SR R S e Lt
TR By B - 25— ARSI B et T o B AR 2 Bl R R RE A IR HE I R E 2 0K - 77
TETESE BRI R % T REBR AR TE =N » A LB B s i R P B 2 B IR » Eat i mI i
SRR B ER DR 2 B GBS IEREBNITIESE - 5= AW LMBEREA R T - HFEREERR
SRR LRI - RIE I B 2 A e 2 H R B DAL TE - AEEISE R ARG
GifEEy  TIERCIE R A E M (EM - F2E0 0 2021)  (HERTAE BIH SELZ 9 5 R S e
B W RL - IER o AF B ST E T IR - DU E RS Rk - 550U - HETAmEE ALY
TR » WARNEETREAERE 2 &R - BRPRECE TS T/F & vl 2 2 & B B i DU T
B - (HNARE R HVRIRR ARG B DLEE AT LEER /3 TN SR AR ST RE 2 B AN T 2 P 328 e 5
B — P IERNEHRERE ST -
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Development of the Updating Ability Task: A Trajectory
from 7-Year-Olds to Young Adults
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Updating, a key executive function, involves continuously adjusting and refreshing information within working memory
to adapt to changing environments. This cognitive function is crucial for ensuring that relevant information is maintained
while outdated or irrelevant information is discarded. The present study aimed to develop a standardized assessment tool for
accurately measuring updating ability and to explore the developmental trajectory of this cognitive function across different age
groups.

Initially, a review of existing methods for measuring updating ability was conducted, revealing several limitations,
particularly in distinguishing updating from other executive functions such as inhibition and shifting. Most existing tests,
including the n-back task and complex working memory span tasks, tend to confound updating with other working memory
components, making it difficult to isolate the specific contribution of updating ability. To address these limitations, this study
developed a tablet-based updating test using the running memory task paradigm. This test calculates both maximum span and
updating scores to comprehensively reflect an individual’s updating capacity. The maximum span index represents the highest
level of difficulty at which participants can accurately remember the last items presented in a sequence, while the updating score
captures the consistency of performance at different levels of difficulty, reflecting stability in updating ability.

The validity of the newly developed updating test was assessed through various criterion-related validity analyses.
Significant correlations were observed between the updating test scores and a range of cognitive measures, including processing
speed, the Trail Making Test, classification tasks, and academic learning outcomes. These findings indicate that the updating
test is a valid tool for assessing updating ability, and that updating ability is closely related to general cognitive processes such
as speed, flexibility, and reasoning. Moreover, the test-retest reliability of the updating test was examined over a six-month
interval, with results showing strong stability in both the maximum span and updating scores. This suggests that the updating
test can reliably assess an individual’s updating ability over time.

The developmental trajectory of updating ability was further examined in this study, which involved participants ranging
from 7 years old to early adulthood. The results indicated that updating ability improves steadily from childhood through
adolescence and reaches a plateau during adulthood. Specifically, the ability develops rapidly during childhood, with significant
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gains observed from ages 7 to 15, and continues to improve, albeit at a slower rate, until early adulthood (ages 20-25), after
which it stabilizes. This developmental pattern is consistent with the synaptic pruning observed in the prefrontal cortex, which
plays a key role in supporting working memory processes. The findings align with previous research suggesting that the
maturation of the prefrontal cortex is associated with improvements in executive functions, including updating.

The updating test is based on the running memory task, which requires participants to remember and report the last few
items presented in a sequence, such as numbers or letters. The test starts with a practice phase to ensure participants understand
the task requirements and then consists of increasing levels of difficulty that adjust based on the participant’s performance. In
each trial, participants must remember the last n items presented, where n increases with each correct response. This adaptive
approach ensures that the test is challenging yet appropriate for each individual’s ability level. The two primary indices obtained
from the test are the maximum span, which indicates the highest level at which participants can consistently perform well, and
the updating score, which captures the stability and reliability of their performance across different difficulty levels.

The validity of the updating test was established through its correlations with various cognitive measures. Specifically,
the study employed multiple validity assessments, including processing speed measures (simple and choice reaction times),
the Trail Making Test, the Wisconsin Card Sorting Test, and academic performance in linguistic and mathematical subjects.
The results demonstrated significant associations between updating test performance and these criterion tasks, suggesting that
individuals with better updating ability tend to have faster processing speeds, greater cognitive flexibility, and higher academic
achievement. Processing speed, as assessed by reaction time tasks, was found to be significantly correlated with both maximum
span and updating scores, indicating that faster cognitive processing is linked to more efficient updating. Similarly, performance
on the Trail Making Test, which measures cognitive flexibility and the ability to shift between different sets of stimuli, was
significantly associated with updating scores, further supporting the role of updating in complex cognitive tasks.

The study utilized a stratified sampling approach across northern, central, southern, and eastern regions of Taiwan,
recruiting participants from elementary school to university levels. A total of 1,164 participants provided valid data for
establishing local norms for the updating test. The final sample was well-distributed across age groups, with participants ranging
from 11 to 33 years of age. The local norms were developed to facilitate comparisons between individuals and the general
population, allowing for a more nuanced interpretation of updating ability in different age groups. The study also developed an
automated scoring module to enhance usability, allowing users to obtain scores that are directly aligned with these norms. This
advancement makes the updating test suitable for both research purposes and practical applications in educational and clinical
settings.

To further investigate the developmental trajectory of updating ability, participants were divided into four age groups:
Elementary school (grades 1-6), middle school (grades 7-9), high school (grades 10-12), and college level and above. A one-
way analysis of variance (ANOVA) revealed significant differences in updating performance across these age groups, indicating
a steady improvement in updating ability throughout childhood and adolescence. The ANOVA results were further supported
by post-hoc analyses, which showed that each successive age group outperformed the previous one in both maximum span and
updating scores, highlighting the gradual maturation of updating ability during these critical developmental periods.

In addition to the ANOVA, the study employed segmented regression and generalized additive models (GAM) to explore
potential nonlinear relationships between age and updating ability. The segmented regression analysis identified two significant
breakpoints at approximately ages 14 and 23, indicating distinct phases in the developmental progression of updating ability.
Before age 14, updating ability increased rapidly, suggesting significant cognitive development during early adolescence.
Between ages 14 and 23, the rate of improvement slowed, reflecting the gradual maturation of the prefrontal cortex and the
stabilization of executive functions. After age 23, updating ability reached a plateau, consistent with the idea that the cognitive
systems supporting working memory and executive function become fully developed by early adulthood. The GAM analysis
further confirmed the nonlinear trajectory, showing a significant age effect that explained 24% of the variance in updating
performance.

The test-retest reliability of the updating test was supported by a follow-up assessment conducted six months after the initial
test. Fifty participants completed the updating test twice, and the results showed a significant correlation between the two testing
occasions for both the maximum span and updating scores. These findings indicate that the updating test provides consistent and

reliable measures of updating ability over time, making it a valuable tool for longitudinal studies of cognitive development.
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In summary, the present study contributes to the field by developing a reliable and valid tool for evaluating updating ability
and by providing a detailed understanding of the developmental trajectory of this critical executive function. The tablet-based
updating test addresses previous limitations by isolating updating from other working memory components, offering practical
advantages for use in both research and applied contexts. The establishment of local norms further enhances the applicability of
the test, allowing practitioners to benchmark individual performance against the general population. This tool holds promise for
use in educational and clinical settings, providing valuable insights into cognitive functioning and aiding in the identification of
individuals who may benefit from targeted interventions to enhance executive function skills.

The study’s findings also underscore the importance of accurately assessing updating ability, given its strong association
with various higher-order cognitive abilities, including fluid intelligence, reading comprehension, and mathematical problem-
solving. By providing a comprehensive assessment of updating ability and its developmental trajectory, this research offers a
foundation for future studies aimed at understanding the mechanisms underlying cognitive development and the factors that
contribute to individual differences in executive function performance. The updating test developed in this study can serve as
a useful tool for educators, clinicians, and researchers interested in exploring the role of updating in cognitive development,

academic achievement, and everyday functioning.
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