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The Prediction of Working Memory on Academic
Performance: A Meta-Analysis of Taiwanese Samples

Chong-Shiann Hsu"

Abstract

This study examined the relationship of working memory and academic
performance by means of meta-analysis. The researches published in Taiwan
journals and the dissertations finished by the Taiwanese graduates were
collected. Two hundred and fifty effect sizes were identified from 12 journal
papers, 41 master theses, and 5 doctoral dissertations. Fixed-effect model
and random-effect model were conducted. We performed z tests to examine
the statistical significance of the difference between two average effect sizes.
It was found working memory and short-term memory were significantly
predictive of academic performance. However there was publication bias,
that is, the mean of the effect sizes from journal papers was significantly
higher than those from Masters’ theses. Those from doctoral dissertations
were not significant. The difference between short-term memory and working
memory was recognized. Information is stored in these two memory systems,
but is processed only in working memory. It was found that in elementary
schooling, the prediction of short-term memory was lower than the one
of working memory, especially in the first and the second grades. In high
schooling, short-term memory was more predictive than working memory.
Working memory has four elements: the central executive, phonological

loop, the visuospatial sketchpad, and the episodic buffer. We found that the
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visuospatial sketchpad was predictive of math performance, not Chinese;
the central executive and the phonological loop were predictive of Chinese
and math performance. It was implied that the prediction of the visuospatial
sketchpad was domain specific and the one of the central executive and
the phonological loop was domain general. Finally the implication and

suggestions were discussed.

Keywords: working memory, meta-analysis, short-term memory, domain-

specificity, academic performance
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T/EzCE (working memory, WM ) & —FEETHS 417 KR FEEH E
DI TERE IR SRR EE) (Baddeley, Allen, & Hitch, 2011)
BaddeleyfiHitch (1974) HEILWMEHRLTCE 2 1% » & HNE H AR
BT » RER A E B0 B 2 R 14 0B 22 (Christophel, Klink, Spitzer,
Roelfsema, & Haynes, 2017) - %@Eiﬂﬁ% CGREEH ~ FEMAE -
2010) ~ ARTHE (ZEEEE > 2000) - E%E (Ginns, 2005; Kalyuga &
Singh, 2016) ~ E&ER/CMHE (ﬂif&e;% 1 2008) -~ BEEEIEHEE (MRIE
7n o~ BROARE ~ =m/NES ~ A GE -~ SUEEE 0 2015) R HAMN S PEERAIAE

(Unsworth & Engle, 2007 ) -

ZIEE R &R T EEWMEEZEREAIRH % - Daneman
EiMerikle (1996) SEETTRIATE » 45T 155 R BEEHTWMAE BE FEUH]
SBIFNEE S E AR - R IR FEI P 5GRE R B TRy A B T
BELES R EFWIE TR  BEABRSHTRD - 280 - R
TAREFEWMIYFTA TR » W RECEE T8 e 22 B5h = B AR B TR
7 » Friso-van den Bos ~ van der Ven ~ Kroesbergenfivan Luit (2013 )
TER WM T 2R B/ N2 B B R SRR 2 R RR (% » ST S on R BB
T 2 M B BEREM: - (HWCRA A F R E 4 - Peng
Namkung ~ BarnesEiSun (2016 ) FEE110ENISE » SEEHH 2L
BEWELEA: - DR R & G MR AIGA SRR - SR R —
FRERE » WMERSRERRIREA BIE RN I - DA E =R 1&se o i E0 Keah
AR ERR R » RUP R A BRI - hAh > PSRRI
PR PSS LR A5 i WME th S S2 8 LI A B e

AKut7E L Baddeley (Y WMIE T Ry BB - TEE(E 2B RAYIATIR
R GRS > PRt WMERERSERIRIREA (% - I — P e WM oy
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FTEH DB SEAERIERE  SEmWMTEH JAYSEE—f% M (Kane et al.,
2004) < HIFARBIFEA BN E HAEWMELERRL LI BRI SRRE 5 ] -
B AEA T  H 17 -

Bl > SCRRPEET
— ~ BaddeleyBYWMHE

Baddeley (Baddeley, 2000; Baddeley & Hitch, 1974) #EZIWMEFH

VUFERR 47 » 47 Bl By Hh 77 £.4% (the central executive ) -~ B35 [

( phonological loop ) ~ f/ZEZERTfEMN (the visuospatial sketchpad ) K55
4% 1E 28 (the episodic buffer) -

Baddeley (2012) 585 H R ITHIETER 20 - sl ERE
TERE R RS ~ 58 22 R AR R S5 0 4 e P i 2R ERUE. > SR &
IR PR HUE AHRBRERE, - —OF i iR B AR R SR - AT RE AT E)
[ZFE -t rlgE 2Rl S ik [E R B -

e AE AT FEFHOFENGETARIENE - 88 M EEF %
4t (modular system) > —{#ZHIANESFEFE > S—(EE#EHE
HHEE B AR T B AR TRV EC IR EFE (Baddeley, Gathercole,
& Papagno, 1998 ) - Baddeley (2012) f5HEZHLIAE (the
phonological similarity effect > —&&EZ MY F e E FRILLE = A [H
B E - (ERESEE SO BEBEILEER ) - FRAE (the
word length effect » B AY BR[N] Ry 7 TR e HY 38 o o BRG] - P
PUSRGECIRENEI R Z R )~ 285 BRHIIUE (the effect of articulatory
suppression » £ | EEHECBGER OB RO IR BNV EF BB TR - AlfHZ
HIEC IR R G R = - NEILBEAISUIRESE R RAUE) & &
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FaB e BN -

T FRFAFE - F > FE o BT BRI T R EEE N
R - BORDE ~ S TR EE (2015) SRS BIF TR P EF
g o B REEIFERERE > ZBREHRREEE > WESBENRREEIEE L
HECTEEE - R IR R FR R R AT R A nT sE s BRI - A m]
RERE RN HRE - SR BH - FHEMHMIEFEEEAYN S BB R
TESE BRI - SEIRE S Rt & s B R -

B ZEMER AT F#EEE - EE RS REESEREENEE - &
T B B B SR R 22 AR A AE » BIA > S B A A AR 1T 9 {1
BARREE R ETRE 2= REE - (FRRRE &2 HE > B5F
R HETT —(E 7 S IF 56 e —THZE IR R - ANESEREBAZ T8 (HE
W~ SER[R > 2013) o

B EE UK B 1 22 IR R RS AV S - F
AFRFITEFREZRE - (& RTINS FEOR R R EA
PUTERF L (Baddeley, 2000, 2012) - S5—{EZ LA FERFEILITHI = -
RGBS - B IR (chunk) EIrEFHFEHRIET
B - 5= GE#FENSERFRE RN TES - B EE AR
ZERIEAR YRR, - EAEWM ~ JIE R RIIECIR @ B4R et nl 4
T Ry e SR 4 S S USRS 2 [ - 56 = BEAR - B
VY > E R T Es Az o

R TR A TINAE (executive functions) @ MiyakeBi YR
Fe A (Friedman et al., 2007; Miyake et al., 2000) #E07 TIhEE P47 Fy
=IH JEEIERS (shifting) ~ SUEANA TR (updating) S SZEHIH]

(inhibiting ) - EFEZSETE IR A FEFEFEEE S 5202 M -

ST R AR B PR S BB E N S B R A W RS A R B A B RHUE B
EARARNE > AIGIRSE s H Bl E T E8) B MR Y B S ROE - th=
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HRTHRE Rt Z AR (B X EAREHR (Miyake et al., 2000) -
Miyake&iFriedman (2012) 5FREIBIETIIREABHRYERENTIEIR > 58 Rl
o RE T2 R F BB T RE 0 BT WA RE D ATl > BHTRE e F 3t
AT RE T RS E T W RE TI FITAH R - SINTRIRE TI Ry 8 S B A th I M BT RE
TIpfERE > SRR EAVHIRIRE ST » JRBRISATTIORE &K RE D Z [H A Ham D
oy (B R S TR R ERTRE IR

FH_EAHIRR A AT > WMAVE R R HH3RAE AR 2 0 12
F—TARTEL - 55 IHRPRE WMV A B AR HEFERE - Gathercole
FEBETREE (2011) f5H - LN =MEER TRIBIES UL © 2
TR - EHA BT LMERCEANE  FELEHIAELS > H
ATREREEAIR ¢ mEEEA R > OE = BHERE - 5=
RS (8 AWM E R HEIM S ERER > BRI 2 ErIfE 2= %
Ko etk o (EAE A LN SR EI SRS (chunking) - REAEERERHEREGE
EREENR > FERERCE - AR E LA &Y
ol (FEEE 0 2000) -

— ~ WMERERRRIR 7RI

AR E PSR B E A WM A4 - 2242 — D7 U0
AT EEME > 55— HE MR E MR R B 2 [ A - 8
RHIECE P &EAETESS - FHib - $IMEWMAENEATE »
PR B 2 E RIS RGEEAIPRE - FTREAE BRI R 2 s B g 14 5
B0 AJRERAE ST RN 55 - AT AGRERE AT RE iR
AR IR T IEA R BUE RAAA K - S BESIEAFREL - Al A B
PRI H#ETTEE S (GathercoleZs » 2011) © Schneider ~ Beege ~ NebelEiRey
(2018) HYMFFEEEIEET I TR S5 TR » ZHATTR T IRIE N S AH RS - AE
HZH R AN AR, - (EWMEDENEEHNA o AENEERY
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F B - ZIRAEBGTEE (2015) LR/ NS FA— M B BUE RS
e A EE 5 B AV H 5% (number sense ) #FREESTS S MEERIT—
JEAIHY FE  WMEL &Sm0 AT s B8 7 s 38 e -

FAtERE B R WM ER SRR IR A B 4 - (H & 2RI BE S 2 WM&
TE R o7 BLER 2RI NRA (f2 —EUINS ? DUT e = J7 HIs s WMEAEE R
HRHIRR (% -

(—) SNIEVFRFERIE

Baddeley/yWME K & #5505 HiZC[E (short-term memory, STM )
& > STMH B EHHbfEFRE > WMEERRDZ I AR BRI T
R oHIEBREEEEFE REBNERELZFEE CGEXT
2011) - Higm EAT@RRHE RItERCHE - EES IR R IR SR I B YA
[G ( Ackerman, Beier, & Boyle, 2005; Conway, Cowan, Bunting, Therriault,
& Minkoff, 2002 ) -

BAEEE RN R E R o RS R F A
Z [V ERRA % - IR EHENE - ] SEER WM BRI TH
HIF7E = HASTM - Carretti ~ Borella » CornoldiffiDe Beni (2009 ) &KHi1%
S ATEEER o BRIEAE TR R A IR LAY - NR
TEAEFEE S E R BT IIRE (R LAY - JREE R B S E AL B
[EFE(ESEERETHMIEASE SRR - Swanson ~ JermanEiZheng (2008 ) 53]
NS B/ NE— ~ T~ ZFERIFHIESTM R WM » DUVEIE R RS IHE
TIAT WM B AR R AT TEOA ) - 283HSTM ~ $ITIRE R AR A8 22 fEI 5
A6 7K R B RE S # R IEE - =B HIHIAG/K AR EB 1 [ TH O # 22
i RERER > STM R AT DIREAY BT M 5 Al & [ FEDRI B R e - ANt
UnsworthE3Engle (2007 ) #$HRAEFZERIE JgNE 2% » WMKSTMEE
ot R SRR IR TR 8 A R R R - B im i sm M E SRS
bFefEel © WMEEZERIA A 1SS TM -
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(D) BRER

REIFEEFS BN WMSIEESE LA R ERE > S Eg 2= B uTaE
TR PRI S K B IRFHEEE ) - ELREEEE NS > McAuleyEil
White (2011) FAZE147{i16~245%IZE2 813 > LR B -
JZ FESRI WM ERYAE# 5 - SEREE3 > L =TERE (e A [E A 2
BREEER > FEEFIRGIZERA 2 RBERESE - AR
B > R - F/VEHH R A RTI Z 22 RE
R R WMl 2208 - 2 R AT R/ BIERIRERE 2 1%
{EWMITE A F#e LAY7EE -

HIOE BIFHERE ] - BUMEEFE ST (2011) 6~ 1157E]/)N
B2 (T el S B T R P M B T B R R RIRE T > SRR AR Y
[ L .y B B S FE R TR RE DR R (R AR B S8R 1% - IR
FEME HAE ) R BEE TR T A P S R a2 - Bl R I B
HELE R JTEMAE AR - B/NEER BB ATEE - DirkEil
Schmiedek (2016 ) A3 1R/ VR = ~ DUSEARE A= i AT T LRE A
R ESE  GERFH > BANMITERE A ERE - FH 2/ -
[E—H N EIREREERE - BRI EE 2 MAEEE SR > [Eh=ERA66%
F79%EHILE N AE B AR - B H 2 A ACH B AR RS
TE—H 2[R [ B il B et A AR Bl - Dirk B2 Schmiedek 25 5 =4
AR ER A T ST IR B R P K U AR AR > HOF BRI R A4
FHR OB R BelsE R -

FHIRWMA FHZ 5 > FTLAWM & B 53 22 2 R AT TR ) o] /S
AFEERER > HAlLEEE UM IR RIS - Raghubar - Barnes
EAHecht (2010) F¥RISCRRZ 1% > 32 R WME B S ELEUE R BTN R (%
FEARMEERE - W EL/NVER > 582 RN R A R
ER e HEFLRASEE » GBS EER AP E)) - Gathercole
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Pickering ~ KnightEiStegmann (2004 ) #E{Tf=ETELEST - S5R T ERY
BRI EHITIIRE AR - 140 2 EIVEE R A B ITINRE ~ 565
BEERE 5 TREEE AR 2RI WM R B (5 > (5 14755 52 52 Fll
BITDIRE LR S AR - 28I - HAWSE A A FRYEEER > Meyer
Salimpoor ~ Wu ~ GearyEiMenon (2010 ) AYBFZEEEER » B/ 4R
EE A B ZE MU AP > thoighfTes (Lleounting recall £
HETH) KEEFEE (Lldigit recall & TH ) BABETHHT
HREUN=FREA > SRz (Llblock recallfF i E T H )
A B T B - R S BB B R Bt WM~ BT - 28

counting recall i FIACHI EFEF AR - [HMeyersE A LLIEACHIE A
{THhRERM -

A ACHT e e & WM B B S RIR B TR D A IRAR e A 8 - S SXHT
(2011) FRAFREAMIHIEA 55— SHFFEIIFE M FERTWM K3
BRFNETH  HRO BEFERWYI > BEREEEEBARAE >
ERRIRAYE BRI NN - 45 R AR IR X 1 78 FH P R LA R SR 3R
AWM 2 IR RE (& » AHHSEa8 Rid A 5 =THIR N - QAT R B PR Ak -
WM o S e RS A A/ N2 5 > BT AWMERERSE R0 7 Ff 38 (4
AR A TR E Y S i -

AL AR WMBLEE SRR (A3 M2 2 - Y0Gathercole
Pickering ~ KnightZ A\ (2004) HE{THEERELEL - 3830 TR 75052 HY 5
REAE 17T BT IORE ~ B RS B IEAERE - [ER 14582 BB
ERSEFHEERA (% - DirkBiSchmiedek (2016) IR TR M LIAER B
R NEEFBGERIRIER -

B BHERSE - Y WMERERSERIA Y B EEE AR > HTTEfREx
2+ WMERERSERIR 7 BRI A [F ARl JE Z[H > A A ESRE -
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(=) |E— R RBITRFEMSE

Pk —f M (domain-generality ) JEHEFIEFRAE R EIZ 2 8%
MEECEFT AT Rt (&4 » 2011 5 Kane et al,, 2004) - {31401 » E4#E
TR ECE B R ADRERE - B E B NHEE CRYERT] » 2 Bcst
HERNESEEEZ E o RIL » WMA RS TR TIIAE FIREHE & I
—FEMEAVIDRE o HIEFFENE (domain-specificity ) S5 IR EEN E
OB MATAT RRE » B0 SEE R AR B CEERIARE -

WMHY i Tes S B EEBN R AR ZZE T E2H
ETEmE (FEEA - 40K 5 2013) o BlanksonEidBlair (2016) 2
FURENE T - AR I BUTINAE » R =R O F 2 1%
HIPITIIRE AV A E S B - B A TR I R - CarrettiE A

(2009) 4XFHZ IR - EWMERENEFHEE I E - BIslERE
I R B AE JJA B E# - Blair ~ McKinnonEiFamily Life
Project Investigators (2016 ) 1,292 4f) Sd #EATHEE TEMSE - S83H 45
48[ H KBSV TIhRE B THHI60ME B KBSV EERRE ST » BRI B
48 H RHF B2 RE RS EME — (AR 204 5 BT DhRERY TR
SN EA 45 - Bindman ~ PomerantzEiRoisman (2015 ) 2530 £:B13%54
{18 5 RHFHIA T DI RE RE A TR N ke B2 Y B2 IR -

R ELE T Ry WM B2 S R B A RO B S8R 2 14 - Baddeley
FA (1998) P8 Fynt i HEBs m] P4l 7y o el f A (R  JEE S BB AR B
FERER 7y - SEE R RS s E 2 E S N R AL - R
R BREEAESRIVEE AR TRk 2 B A e 2Kk - FE I Z R AJE(E S BHLG
BEEE o MIMRIBEZ S > 3~ B3R PR i E ety
EEEAES) (nonword repetition) HYMHRHRTE MM IR L S N B aC B
J& (auditory digit span) ° ZA7fT » {EAHSZAEM S @ shE LR EE
AR - BEA R EEEE BE SR ENEEENE - 2R &1
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LR T HYF AR A A S R N HTEE G

HRSRe I LR E WM AT - KaneZ A (2004) S5 37
PRTIER 1 pIBE TR 2 B 7Y O 55 R 22 AR HEER (R SRR3R > (B
BIELEA B OISR EFRE ] R ZE R RE 7 70 il L B B R 2 e e
AITEAST « SFasaEt RRATEN > Z=ZMECiRRE T EEE - sEXWMAIE
(PRESS - 2011) - CarrettiZE A (2009) &L TS8R - BRERE
NEEEEOE R ZEEAEMEEEE L > B ERREEER
AR - BAECRE R R AR BV BB RS 22/ F2E - Friso-van
den BosFE A (2013) HYIREIIHTEHE > LIREID = Hae J] BB 2R
Z [EHIMHBATENE - BE S N ZE SRR R ZE B A T RE D - 1R W
FIEE S EET R ~ R R g eE

bR T _EaliA FIERE AR ST S - ER R S R WM B ERSE R
FY R (A R s B <R e TR R B — A - o0 (2011) SRR EARE
SR B ERE B 2R AT RERO R R R R T eE R S I AR T
(BB ER Y 23 A RE R e 48 P 258 A B ~ 158 22 IR R rp S AT 5
EfT—E 5y - BN - RS BOER R - fEsE S B G T P R
FHAVE R EGER - BRAREETRS - AIEE = DI R 22 AR
FallE 5 EHRRKEPRYT > RIE DASE ¥ 41 B G 751UE. » Fuhs ~ Farranfd
Nesbitt (2015) DU GATERIIE P2 54(8 A R 2 EZHTWM S [l oy il
STM - DALIRE K B G A Eah s R BB RE T - 45343 > STMAUE
745 T B R TSRS S BUERAE T © SwansonZE A (2008) 353K
an e A~ R ZE IR S T I RE IR R TR N A B ER SR~ B
R RO R AR NSRRI - (HIERIRSERE 1 2 1% - AR
IR S ST DRE BB TR ) - EOReE & i B B R R IR A TH
124 tHBERERE TP AT -

FRAZLL_ERE - 28T 7e O PR R WM RS R IR A B T B
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AR ERE R S — M SR ETE - BT st HBEE U R R %
B0 BT LARHISAR E VR e R R LA — & Fy £

FESRIS— A TR T -

BFElREs © STIhRE ER I ERE SRR R AR ] -

W fd © SRR R SRR A A AT -

BFElRES © SRz MR SRR SRR BA TRATT -

FERBSgRT E TR T -

WFFEiEe « sEE A HRE S B RIRAITHMNT] » SR R =
e

WIFEIERT « sEE B HRE S E RIRATENT] - BE S B
FIRAITHMTT -

BHoe s © R ZE EIRECE BER S E RTINS > B S

I -
WIZE RO | VRS IO MR S BTN B
SR -
2~ WE5E 5 ik
— B

ARISE LATE B P 8 F 0 B M S i 9 BB R 1L 8 25
P-EER fr s S LUR BT S - AR 1 B A8 R B T35
2 BT RESEM AR 24 0 RS
R R | TIE SRR DR - BT - R - 22
AR - AR A ERR T ETEE > 22016
1231 0 BB Feat R R A F1 101 - FASEBRGH 1B B 88 R M il
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2 E W TR SRR RTINS ¢ R R

G Z > sPRAE2T82EM TS (HRMPRER)  HEEEE
LRIFIME 28 > RELSOSRE LML - 5941 » Y FFR i tam
Wk ZEBUA R ERIERE R UG - BT AR IR 2 R
SHEME T > RS RAERE LR S -

PP B AE R AR LUT ORI B AR TP fR R Ry
A » B— > DHAEERENE - EPRAEAIHRE - H—2ZalE K
SHIATE ~ WM ISR S B AIERAS TMEIISR - 55— » WIEHRHEREIEHA K3k
RENGETEE > WEHEEMBGE - P8R EAEZE A8 fE -
FiE (HHEER 1one-way ANOVA) ~ *fH « 5= BHFEEIHLHA
BFREEERI > IR T/ NERERERISLN - INEEATERIE &S
FEST > RBEMERERMBERERARKEGRER - S0 - LHAE
FE20165E12 H 31 H Z ATHUS BT EBERA - & T e e fal H 3
& BABE - B ISERE - RIS RS - SR WS
R IR R BRI I A MR A OB BRI ERE N
HpERE o DU RS2 LGRS - BEIERE - (54EIRE - BEE
AR~ BUEAR KRS e IR Ry BT REUBTIE > NI AR R E 1T
[EREELELEIE R HRIFTIRA A - EILEER - 2128
HIFERSC ~ 34t L im S R TR tE AR I B e SR i 3m o (2
PRI - S ABAR SRR R RHE AT g ) -

ET TR Z REERIF S > B RAF RS (FHRE
2001) - A EEWTFERE E — BRIy R I EIE H A FIFE > 206 6

(2007) HIRHSE - e RRH 2B b L e m B B H Y~ PRIRBE A
K =EamUHERE  MOEHR (2006) HIBEAEAE =fEaestFZE LAYR
I AR =G - IR = IR EE o BT 2 WM
s RIARIRARME: - AW S IHEESRE - DIER—EWMHIE TS
AB R R Z AR —ERRE - B4 FENFR S EEE

W 06-4-FF#_p113-156.indd 127

127

201912/9 T4 02:2954 (




BERL AR =

Jeurnal of Bdueational
128 amd Multieultural Ressareh * 20

T P REERRE (WMRERRE) - W8S - Bt
el (2014) L HSEEE S Fyrm ~ o~ (REESEEELH - 7R 25
B S B E - R R - AR PO’ Mara ~ Marsh
CravenEiDebus (2006) HYJ77% » a5 =B ARAH K R ERARAH 77 A IR
HRAH Y NTHVUR & - 2R EEFENRESCRE @ B EERE PRHE
HfRAR NEERDL . e (R AY N B T« & Rl &
aff 21 HSFRSEIRE -

— B

FEREARERE T SR IR E R R - SSCEA ~ Bt
HRAAE S - FEWMATHIEE Y - B8k S HIFERTaR R4 ~ 5
AR~ BB A - BIRERSENER - SRt H A - R - R
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