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Abstract: Working memory is the theoretical basis of cognitive load theory and multimedia learning theory. It provides a
basis for us to understand the nature and process of learning, design and develop learning resource environment, and develop
and construct new learning theories. In this paper, CiteSpace software is used to analyze the knowledge map and content of
internationally important working memory research literature data, to reveal the current research status and future development
trends of international working memory. The study found that the research of working memory originated from the discussion
of human memory structure, and think it is not comprehensive to use short-term memory to describe the temporary storage of
information by people, for it also involves the manipulation and processing of information, and the concept of working
memory is proposed. In the past 20 years, working memory research has focused on seven aspects: disease damage, cognitive
control, ability performance, individual differences, memory models, experimental methods and brain activation. Finally, the
paper discusses the current limitations of working memory research, and discusses some issues that need to be focused on in
the future of working memory research, and its implications for the design and development of instructional design principles,
learning theory construction and learning environment.
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TS AT B A R RE IR TR B AR R, AR 4 A
XS 56 15 5 (PGS A8 Ak R BBUBE B TE R LA R
HIHLTE v] 73 B8 X S8 FR I 2 AR 22 (Re A2 Shag . 248 H
W, AR - Thaeka S ik, RO e f
FERF ZE TR HVE Bl I o1 ) 3 L5 e I, LA AR
TR i A2 1938 B R A 0 A 2 1) SE 3R B3 30 i i
[25]

TG B 3 BLE 6 EA 1 AR D 12 S 7L STk gk
1T ZIRGETH b, SRA BRSO EH AR &, 58
AT AR e 1 Al AT B R o Hr, AR AT Hb R 7R T
FEICTZASTFIRE RS AL Thie 5 I X g 2 M8 &, 5L
F R IWIX E A 3 B SC R DR RIASE 55 B — 0 A 1) PR a1 e 22
f)—28 e @, Wager TD. (2003) XF60Fh TAEICIZHIHHL:
AR FHAT T oem b, IR T =M AR CE,
EEANS) « ZFHATIhRE CTABCIZMFRE 3. i
8] 7 FIEAZ UL S TAERAZ A5 BAERAE D LM BLAI AT )
R [BIAH EAE o« AR R 3 A o, TIOHA 25 (A A1 E
T (AT -8 BAE G 2, A RTAU B2
FEr. 1EIE S W LRSI A R I A AT A 1 — e SR,
ELGEH THAT T RAEME S« XTF 220 TR, T
RGN 7 AT R 2 R A . 7 AT A ER AT 25
i OAN AT A7 i AT 55 7= A2 B8 22 00 e (B
A PAT AR B R I AP 2 2 7 AN B8 T AR 212
FLERFI 57 028, & B2 = (superior frontal
cortex) ffJBrodmann[X i (BAs) 6, SFIOMiN k% . AEJH
AR )2 (ventral frontal cortex) 7', A IBA10FI475
A b N R TR CEREOUT S E RO FEAE) . )5
TiiH 2 )2 (posterior parietal cortex) HHIBA7Z 5 2K

BPPAT IIRE AFE BIGHIE T — MR AN PAT I
e, R G AR TAR L2 A BRI R, X T
FAEAEAT S5 P B WM AT AT 7 /2 (medial prefrontal
cortex) (BA 32) HInJHEMEIE . [26] Melby-lervag M,
(2013) XV TAEICAZ I ZR AR B BE AL I 2H 52 56 51 i
SEUGHIE ST AI23 A 7304 LL AR 3E AT T oo b, I e R
YITHRIFE TAE R IZF Re 7 =28 7 v S i I, *F 1
FE TARICAZ, IR ST B A% S5OSLAE Bl U5 I % A 15 BI4E R,
A 8 IR PR 2 B X R 087 Be 0% DR 3, T AR A 4
NAE HR AR YR 2R B AR CAZ 0N Gt Hoph B e i 0l 1k (G
T AEEE S R R SRR L B D SRR .
FE ik, 1EE NN TAEIEZ NG RICE =4 T A B A il
P ) J AR e U R AR, s LA R LB R B R A RIS g
T TERISH NS, [27]

Owen AM (2005) X1 Fn-back{T-45 1) TAEICIZ [ Th
RE MM AL 2 5T 7 e hr, Ak 1 24000 3= B
FC, Mn-backPEAEEIFE OO E A S0 WD A1 TR
TN (FIBREES ) WA THAT 24, KIETE )
K2 s AN ETZE 3 5 2 8 AMUAIE S M G A
72 B PR SIMI i T 7 J2 S5 B X S A
JIHEGE o 20 4 DL AR IS R o i,
BT S RIBON T By B DA K JE U RO T A R
S I BT AR R A 20 I — SRR R B, X
TARMALS LR, G AFRPBIEER R (& @
KRBT R S A 22 2 HAF R DhRe Rt AT T
Wik, IR H e R Io oMl DUE N4 A Talairach 2 4Rk
R ZIYP ARG RA TR, 14t T ARMBRAR
n-back TAEICAZYEA) 72 — BSOS AU FO T B 2 [X 3,
BIUEHE s DAL TAEILAZ XS T IR AN P9 2545 e A0 1 E
¥, WIS EMIEE S S0 A 7T 2 R e, K
TZE AN RE A MU A AT Bz 2 P9 AU T E 3 52 J2 XU
P J T 7 2 R e G 7 55 T AT A5 B ARG S G 5 . JE S
TH ) A BN B B B 98 1 EU R B, A 1AM i %
A AT IS 30 52 )2 A P T 7 J2 AR A B 0 DA T 55 st
PG AR s, T R N ETIE 3 B EAE Sy el
T BN O A 5 . W SR E B T 1AM A
B2 BRAMURTA: B2 2 SEHE S5 R AU JZ BT AL . W
A 0T A iz B Rz J2 RSN 5 S T R R A R X
WAL TAR Sz A 2 i BAREA . [28]

3.1.7. KBiEE (G) EFEMOHT

R B A 2 R T AR D 2T 45 3 R bt K
X Ik RS, R4 TR A T TAEICIZTh AR B R K B2 J2 X
. Braver TS. (1997) {FHIjREMIILIRSE (IMRD 48
W51 7 BHE 55 18] () R & B2 JZ= (prefrontal cortex, PFC)
WS, Hodicdz e LS iy S04 b, e T PFCHI
AMIATZE T 355 X 3k R B0 0 B0 5 TAREAZ fuds 2 1A
LRMER R, (AN A A AR B AR, #f e T A R X 45k
iz 2 MR R, #—1NS5PFCHn .
[29]Cohen JD (1997) & H TAEICAZ A7 5 47 il S I A7-fids A0
ELBERPONMIIBET R EME R, WES . I
Pl R, TAEICAZ— RO B FE AT R FE AN 3 B 4k K5 9 b
RAFEFE, EATRREIEE AN R JZ SRR, T
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R )7 J2 AT IR, 10 5 22 1 5 30 X 4 4 B 2 B 4E
P ARFE G X o (HMXTIE AR R KRB It 5 R 0,
HIA 2 B8 /M XS T BE S 5 Eah 4ERF . fEE A Th
RE MG LR G AS B AT TAE L IZAT 55 I NS85 30 1
R, 30 Ik B ] 23 ok As 2 X S B A, 25 51
R TR B 2 AT R R AL TR B 4E R R AE .
[30]

Courtney SM (1998) fi ! TARILIZ 2 4ERFE B3
FAERS RS, DME(E B AT DAV o 5% 28 8] TAE IR 12 E
BRI B JZ X AT T 2 B VA R R [, ETE NR,
TR TARLIZ X g, B2 R EAEMATESRI. @
SCIE A DhRe VERASE IR A5 U AL VA X 3 T 47
T LAEIRAZ, XA XA T K, B 5 B RS T,
IRl 2 BT R B o 1 52 TR R A S8 sh W R ik AL it 72
o, NS A A2 X IR AN AT - B O 28 4 AMI i A B
2 BB SRR B A 5k BT AR, I R A N i X 380k AR
TALFE NIRRT X 38, & 171H 25 (R A58 1 75040
B DXIRAE N BT 7 J2 A B B m A B,
(DRER R T R o8 57 = RS S R R SO = S
M XA Re 5 RGOk G LR R 2 X a0
BA39FIBA40SE AT 1E T MHBLA &, A 2 doh
A DX 315 2 AL A T RE TRV 5 o Ad R e i R B 58,
TXELN I RE SITE N AR MR Chndh SR 2 % )
AR AR SRR ), Bl A2 f AT A 572 A T Th g X
WAS1. [31]

Smith EE (1999) X§ NI ETAN 57 2 i 476 FldAT
SEREREAT TR . mUA B JZAE TAEICAZ R i b
FIEERER . A R SRR 2 TAE L2 B
AT AT 7SS, RIAASFIZRBAE B2 WS A R B R
B XA, FIEMEEERGE TAP RKIX . A2 FERA
FXMATZE X ; MG BRI ERE T 4 L ERariEsh
s XSS BRI EOE T BT Z I A X 8, 31X 15 B
HIA 57 2w 145 B AP R B 1, 2 A5 B AR AE b XS
FERRMFEY G, 1 H e At A2, BAMIX
W, (BA 45FIBA 47) RfRYERAAT i BT s B I0EAE, Sk
fll (BA 46F1 BA 9) XM M Bty 2ah#E, 5
TEAT AT 55 5 B0 A2 2 BRE 3 X3, 25 A0 A7 30 A i
BHR)Z, W RAFERGEPFCI T 2 B X 4, 1V 7 EAF
it A5 5 AT 55 B0 X 3k — A 2 2 2IDLPFC, 1M 75 2
PATIRFEFAE A 1 1134155 2 T EUDLPFCAE N I3 - P9
ANFEA [ PAT I FE i B eV E AT S 3, A T30S
7RG R AMU AR B ) . 1 H RS SN RN
RUA B 2T HAT IS RE, 2 50 TARL I N R EREL
FEMAS . $UT RO TR &INE] . SR, R,
WS FIgm bt & FOFP ORI, W Tah SR BN, BT Rl Re s
INFIP IR AL OC, ST BE 1 IETH X 3k, AL3E 15 4
ROAIT 2 )2 mrdnas . [32]

Labar KS (1999) &I TF TAEICAZ AR 3 25 [H)33 =
105 A ERHRGE TR A RS TS, N T B
XA EI TR AT R B R X35k, kR — 21 32 e it
1T I RE MR SL IR AR I IE L S 5 T AR L2 R = (AR = T
{155, I INFNIC G 20 M, 3 P TAT 45 2L ] PRt 4H L g6
TR VA RERT A YL8 . FBE s IX . AR e /N

e AN B 2 AT AN & o RUJE 73 BT 7= A R A4 M
AILVHR T RNE3I L Z . 2 FATEit K= A A
U FAS 7N ) 35 15 TAERAZ RS SR BCIRAR A K J2
(R AIN S AT A R T Bl 2 ()3 B 7T o 7[R — 52 a2 A
FA PN AS [ (AT 55 4 FRAT T B 0% S AL PR i X IR 3  B o 2 X
ZEAE LA A B OR B S A E R A TAEIR 2. R, 1l
ATTEA 30 S R = B )N SN Ak R 5 4 B S R R R w42
W 28 AL, X b EL 28 R A7 AE 3R B 2 (R) VA 0 A AR ez 3%
EE5ERITEIR AR AR SL A RRHE . [33]

Rowe JB (2000) fi5 & SMUFTA 22 15 2 5 4
R AR CAZ A ) 5% H BOR B N2 A ), MR 3
A FH 5% 1) T e Tl FL IR S 90 N S0t 2% |) TAR R 12455
PRI, AR 23 (A1 10 H B 4ERF S5 DAz e £ 500 B 34T
TX45r, CAglma R, B LR IEREA S 4R, 55 b
TR B 2 B A X 46 BeE A <. M, 4ERFS T
AU XIS AT PN Bz J2 BB A O . I TR 45 R SRS T
B Je JZERAEE BT IPE R, X fRE T 92 E T
CIZAE S I H 2 (A AT 1 4%, DL AT T8 = 8 AT 3 Y
{E45 2 6] H HERERT, Z X I oS s, [34]

Todd JJ (2004) fi& tHFATHIPLUE 28 Gt nT LLBE I /8 kN 2]
FE AR A, HIRATR BE il A s —
oy, BOFRATD R0 37 5 B N AE O BEERAE R SR E M B,
BRI A 3 i R AEAF i T — AN A BRI A 3 A5 I e 2 v

(Visual Short-term Memory, VSTM). 1F# i FH Zhg i It
PRAZHE AR, 7 25 5 PR o) £ DRl DX 438 oK) 245 (1) — A4 m
PR S T Rz JE R B 5 AT DA EVSTM
A R E RIS E B R B, XKW G =R
AL DLt 38 = O BEERAE ) B 0 . 1R sl —
RYNE, WEMETE S M AT S L RAIANEERS 5y, Bl
#F 2 (AR A ALK, VSTMAT 45 RR A1 7 = I TR
i, MAR S5 BResgmEmr RE], gt E S
71 T TGP AR A VA R ER SRS XU X AR X3 (TPS/IOS ) (14
e A P 7 A0 s i 4D %o R B0 T) B A OO M, AT A
.37 55 BRI AR G ANBBURRE, 6 AR IR 12 B g b RO 4ERE B B
BUK, (EXHE RN BABUR, e RE2FER 55
AL ED IVSTMAFiE. BLok, 1EF AR T R0 [

(Anterior Cingulate, AC) FIEFLIX (Ventral-Occipital,
VO) FEVSTMAE 55 YGRS A2 s, e, I
HRVOR)Z, I T IR5R A AR N, 158 8 3 B
AT A & VSTMBE S AE A S B2 e 1. fEE i
— R A LI AR S T B 2 ] e R A 1 s RAE I 2 =
PR il 17 it 7% FR) G B AP 22 S A, O T/ 1T 00 2 )2 7T g 2 AN
AYET AL R IT L T, Rl AR K PR AE .
TVSTM™ & (1 fE 0k 2 B PR, 5 TOU Bz J2 0] 40 ot 5 )
FAEV Re R AEE MBI . [35]

Curtis CE (2004) 4§ t TAFICIZHF SR E] T A UL,
BRI TT TG BN, E T IX 2835 5 S PR ic A2 B i 1
WA FFATEHE o I SCAEGERF 2 (Al Az B 1) N R 47
TG, FEAERBALIR AT J5iIE#E 7Tidie 5%
AL . IRBNIEIR ULHC BIFE AT S H T B 4E 128 =
B, BRI A RS 2B 3R 1A [a] 1 RIDE 2R 7 ) B9
R T HEILECRE AR AT S5, oA aT fl ey, LA
AR TR . EICHCRER ], HRZh#4 X a5
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IEER, TAEARVLECRER IR, 5 T B AN T A 52 J=
FEIEER . BEAh, I A IR A SE R A Bk IE 12
MIPRICRE, SR IE R/ g2 5] SRR HER T
K I SCIs P SN e, AT LAAE DI RE b2y B AU AN
TR X 35 0 2% (A 45 o SR8 48 I 3 AR AR L AZ BT T
SERE o PRI AT CAHEIRT Y, W28 v AN R 25 R RS AS RV
RALARS BB AN 28], WP LE AR o KRR 82 AP 22 35 B 3RALTE
FENEFN AT B I L £ N . [36]

Z5 LR, KEANRIAP 2 B2 3R 256 R R A5 AN T
VERIZAES i, AR TARCIZES, s s,
ARG BRI A BRAT S AN R 55 B R A LA X
7 ARSI T8 5 [0 % 4002 8] T ARORT Hh i AT 5T
SERE ORI N X TR, AR B4R . Xt MR o ik
fii EUER] 1 Baddeley TAFICIZ 2 il AL A & B, fH G
THEEZ X, P TARCIZ 5 KIS 2 18] BRI
A R HMARAA AR, TEARE PR,

BAS, 44,407
(] | BAG, BA9MS EEN

o# | DLPFCBASM4G

PFC: B9.44,46,10,11,12

P4 AR AR B G X 3
3.2. EEEFEST

X TAEICAZ T 78 25 EEAE 2 ) St 51 45 i BEAT AT AL
RAE, SSRWMESsHR, b g UG 1000 7E &
fBaddeley A. (Freq=4467) . Cowan N. (Freq=1794) .
Engle RW. (Freq=1418) . Wechsler D. (Freq=1353) .
Daneman M. (Freq=1177)  Kane MJ. (Freq=1160) . Owen
AM. (Freq=1112) . Desposito M. (Freq=1078) . Smith EE.
(Freq=1054) . Miyake A. (Freq=1039) FlConway ARA.
(Freq=1027) . Freq/2¥81EH ¥ 51 FHMREL, 51 AR
v I AR 3 2 B ARATTAE AR S AZ B 70 08 B A K 1)
AR50 77 . HdBaddeley A 7RI 2 o1t 25 8L 1 A
b AR T RSS2 B R AL, SRR 2 EC TR
AW AT R FE, IRAHLIE ST T AL A2, 1B S T
YEICAZ « A JIAT B TC RN B G i [X S5 AN [ g BICH Ty E Ay
Mo Cowan NTE TAEICIZ M A S K R T7 k4T 1 K& M)
WFFC, ST INRIIE K AIA T TAEICAZ R R (0 o5 B S Al
DA A 52 700 AR IS AZ A ke o A i 4 B 4507 Tl i 4E
H T EE TR, Engle RW ARG T TAEICIZ 5T R
ZIAIRFR, FEXT TAEICIZ B AN 0l 22 e AT 1 OK B ) Sk
WF9E. Wechsler DZE I &« AR I & AR 50 855 75
T 7 BRI BTk, Heanfb it A IF R 1A N sl 5
MR EER, ATAELIZEE ) &8 &AM A fE
I AR T R 4 T B S HRF . Daneman MUY TAE 142 7E
B E o SN E BT 7O AT, BT T 3 A
ERE TS TE B, BEAR. i AR UM AR

FZFRAR ARV ] 15 B A I 145 R A RMESE 7 1T Kane M.
X CAEICAZ B8 Sy ABAT I 5 ) 5 B R ) 2 TA) 1) 5% FR gk
17 THIEFE, FEor M 1 IR LLIA KN RE A K A A Bz J= 22 1)
FISRERTE . Owen AML (R 78 45U 3 4R v 72 48 F I %
PR, s a0 AN TARCIZ =2 0k 5, 72 ARSI
KT I PR R X 48 5 TR 1 K 2 195256 . Desposito MAi H
TMRIFEARBT S 7 TARICIZ 2 18] TARCIZ AR 22 ] TAE D
1CHME RYERF S ERAE, DAL P SR AT BT A5 M B o 22
fill. Smith EBf# FI# 28 28 2 Tk %0 7 23 A1 53 R TAE
W2, X E RS B TARLAZHAT 708, ot T 5181
PEICIZHIRI B, FE7R 1 BTAUH K2 T A7 il BT I A2 .
Miyake AL T AT IIREMAZ R A TANALL, 734 1
TAEIAZAE AR v () T B AERF AT S LA, DLAGX 2T
RESHTA 2 Z K &R . Conway ARADT I T TAEIC
2R FEIFICIZRE ) A5 B AN — MR AR 1 2 TR )
KFR, DLRNEE B R G iciZAHE TR
R R, HRH T —MEEFCIZZ R BN . R
R ME B w7 A2 A & 4> Al /2 Goldman-rakic  PS.
(Burst=100.72) . Petrides M. (Burst=82.02) . Shipstead
Z. (Burst=77.31) . Shallice T. (Burst=74.44) . Mccarthy
G. (Burst=70.69) . Redick TS. (Burst=70.18) F1Paulesu E.
(Burst=70.12) , LHhATIGI 4 1 1T 83 TAR LT 78 3
) E Z 4. Baddeley A. (Centrality=0.44) . Luck SJ.
(Centrality=0.26) . Smith EE. (Centrality=0.24) . Cowan
N. (Centrality=0.19) FlAwh E. (Centrality=0.18) %5/ 1F
H A O R, R AR TE AR ICAZ T T AL B
W2 b T DAL E

GATHERCOLE SE
MIYAKE A
DANEMAN M /
ENGLERWWECRSLER / i~
7 DEI‘.:EY KD’\‘?’-“DES 3 '
KANE M) ____nespo'swé M
CONWAY AR WENZM
OBERAUER £°°W 1 %7/
RITHEE] —

UNSWORTH NGOLDMANRARIE PS N/

/ AWHE
/4 Lugk sJ \

Bl5 TAECIZRT g s 2R i

R B RAP G A
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3.3. EEHMS

XF TAECACHE FENUA EAT IL T4 #r &5 SR &l 6 i
N, HPE K% (Yale University) « W43 K2% (Harvard
University) « 1% FL. K% (University of Padua) . Il
MK % % 3% X 4 (University of California, San
Diego) « K% (University of Oxford) f1Z4E%
K% (University of Toronto) ZEHLIHAE KHIZAK
SR A7 o ORI g v ) T AN B FEAILAE) 43 0l O o By -l
A v N S A B 2= i 98 B (Max Planck Institute
for Human Cognitive and Brain Sciences) . HB& K2
( Yale University ) % @R K 2% ( University of
Michigan) . ##%25% 87 K% (University of Texas) £/l
N K 2243 % 71 40 B ( University of California,
Berkeley) , it W] 3X Le At 50 bl A4 £E T AE S 12 77 1 # 0 5E
FEIT 2R 32 B T V2 () O3 o A rh ot 8 o e B S AN
FHLM 7 5l & % Jé 22 K%~ (University of Munich)  HE
£ K% (Yale University) . % & K% (University of
Michigan) . &#f K% (University of Cambridge) Fl
i B FE K2 (University of Bristol) , i B4 17E T
(ETRVRTI WU IRRE S UN EEe LAY 8N

3.4. EEMBYOH

TAR AW T e 3Lk 51 0 M 45 R 7 s
R G W B K A W R 43 il - ( Science )
(Freq=3991) « {Proceedings of the National Academy of
Sciences of the United States of America) (Freq=3972) .
{ The Journal of neuroscience » ( Freq=3897 ) .
¢ Neuropsychologia » ( Freq=3471 ) . { Nature )
( Freq=3452) { Trends in Cognitive Sciences )
(Freq=3447) . {Neurolmage) (Freq=3415) . {Journal
OF Cognitive Neuroscience) (Freq=3069) . {Cerebral
Cortex ) ( Freq=3058 ) #I {Journal of Experimental
Psychology) (Freq=3047) . i #H & #4411 H hit ¥ 9  Plos
One) (Burst=228.93) . (Frontiers in Psychology)
(Burst=227.84) . (Frontiers in Human Neuroscience)
(Burst=186.54) . {Working Memory) (Burst=179.1)
F1 (Behavioral Neuroscience) (Burst=140.37) . 14>
ol M B B A R 4 ) 8 Behavioral
Neuroscience) (Centrality=0.49) . {Trends in Cognitive
Sciences »  ( Centrality=0.43 ) .  { Neurolmage »
(Centrality=0.36) . {Psychonomic Bulletin & Review )
( Centrality=0.27 ) .  { Psychological Science »
( Centrality=0.25 > . { Biological Psychiatr )
( Centrality=0.23 ) #1 { Journal of Experimental
Psychology) (Centrality=0.21) -

| [ —
| CEREB CORTE¥
J COGNITIVE NEUROSCI

’a‘o NEURORSYCHOLOGIA: NAT NEUROSC
COGNITIVE[PSYCHOL

L EUROIMAGE J NEUROSCI

MM COEAREN A e

£5YCHOL REY. TQTL “cnq‘sz-g%&_l-.
YEHOL GEN
Mant U

2 o N SCIENCE

YEXPP

i URE /
Vs " PSYCHONB'REV TRENDS COGN SCI 4 -<
g PEYCHOL SCI™ =t o AN
" J EXPPSYCHOL LEARN wn o
" PSYCHOL BULL " J
J ~

B7 AT AR T AR i
3.5. BENh

FE TARICAZ W 78 SCHR I 51 1 i i) B il b A7 5k
o, SRWESHR. A, KT TARIRIZIB R
BFEAMAZ S (#0 individual differences) « DhAEREFLR Ak
1% (#1 functional magnetic resonance imaging) « 1 ZMI &
T 7 )2 (#2 dorsolateral frontal cortex) « I 2 (#3
prefrontal cortex) . 4 T/EIC1Z (#4 visual working
memory) - WEIIZR (#5 cognitive training)  WIHT (#6
refreshing) . EH G (#7 phonological loop)  f& 4%
ZRE (#8 schizophrenia) « #1443 7% (#9 neural oscillations)
22 2 HE (#10 learning difficulties) « ¥5 I Eh M A7) (#13
psychomotor stimulant) A R4 FEFE S (#14 limited
processing capactiy) FI[#BLfERG (#15 dyslexia) 551445
Ko WL, DiRetEREILIR AR . T AMURTEIH R J= L )
PRIAE K I8 20 % i 75 A PR AL 3 8 ) 45 SR 1 SR AE
20004F AR LE L4 51 77 T EL B R, AMAZE 7 BT B
B I ORE o RN ) 1 A A R SR AE 20004 2
201048 IR 4 51 IR HUEGH IR, 20104FLUE, Lo TAE
TCAZ~ BRI 7 A 22 R 35 55 SR Lt 5| I SH K
Rlt, TAEICIZ TR RE 7 2 SRR T A & A IR &
HEZ W2 B BR R, HIFHER ARG 220 5 T
AEACAZ T LR R DX 38, s 3 309 & TAR L2 s 5 R
PARE I ARG Z [ G R, AEX —Fe 4 erf, SOk
Cohen JD. (1997) . Courtney SM. (1998) . Labar KS.

(1999) . Rowe JB. (2000) . CowanN. (2001) . Awh
E. (2001) FiTodd JJ. (2004) “5#2| 7 A HEAIEM . &
I JUAE, XS TARICAZ B Wt St — DR N, IR
N2 TAECAZ s AT B, I 5 s ot 2w #e ot 7t
BRI SEBN Bt TARCIZRE B I 2 S A B T
P AR IZRE JT A AN FIRE 77, DASKE #2 2LRE R YA
JTPEETTIH . X W AR BRI BT, Postle BR.

(2006) . Jacggi SM. (2008) FlEmrich SM. (2013)
SCHRAE B 1 A2 O 4 SRR



Science Innovation 2020; 8(6): 182-193 191

ey

001 2004 2007

MERRD I ML ERE (K9, KTz
S TR R R L AL TARCAZ . R, T A
SR FURIRIC AR 7 R B 91 SR R B SR A
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TEICIZ I EZW TR R AN AIRAERET) .
2838 B X A3 51 AR SN A AT B R S5 IR S K TR L 4
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B TARICAZ 0T TR IR B2 A i3 AT 7 0 3= 2 DA R
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82 FH 55 6 5 o
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#15 dyslexia

B9 R Hrint ML .

4. BRI

TARCIZEI R e A2 LML, BT T
PECIZ R BB L IR HINLE] . B T E 55 A
[7) T E Ji 7 eF N2 0 K0 [X 45 55 7 T AT 8 B0 A T BOR
BERE, WA AR SRR AFZHE TARICIZ B9 A AN A2 B0 AN b
M, SEOLHHE— 2D R e R AR 22 ST R RIBR IS I8 )T
S B I A2 H I 3¢ 5 2 DR 9 1)@ {2 FH CiteSapee
Xt B 1 B AR AZ B 78 SOk Bl 2E AT 3 51 AN 3B 23
AT 224 1] B AR AZ 0 T AR B, 457 FL FT AR I
KWK AN AR ARG H o

4.1. TAECIZHFREIR
TAECIZ B 75 T 201 42 6045 A TN Ji1 0 3 22

etk e Wik — o N . BEAE B TR, SO

TR YRR AR . 0 S K Atkinson - Shiffrin T
1968FAE (I MBHPLOLFZE: WFRMBLCHE) — 30
T ZEEIL R GERL, A RENLIZ RE LN
KL IZ A I AZ B R R AY o TOFEAR R ie 42 R Gifst
RS2 T HebE, OBl Eos, FEEHCIZ 2309
N F B IE 5 1K 012 o BE AR b (A S0 B S
Baddeley 1 Hitcht TIXFE—ANREE, T 1974482 H 1 d
ARG E 2 AR, DN AR LI A TE =
025 ) T AR AN AR Je AT 5055 =348, 1T EL4R A7 At A A
FAUAE TARCAZ IR 00— 564, B B F B IhEE 2 Phifid
LRGEE. b5, X— TSI Mg RAE S| [k
B S BE B R, TE R AR 2 S 45
W FE A T BN, T HBOR T AR SERNS S A8
—SBIRANFZIRAN R TAE LI BB AR RS, DA R AR AR ) i
B OINEERAE RO BRI B 2 X 8, KT TAEIEZ
A AR RE I & AR A G AR, PR B —
S (1) TAEIC 2 AR



192 EEE,

4.2. THERIZMR R RIS

LR, TARCIZCRBOARIGE S 23R
LR JRE AT 5T U B PR LA, 22 A ST A SN
B fif AR S5 R 2 LR TARICIZAT st 2 B iy TAR
AR L MBI S sk Bad R, AL — LS B BT 5
e B, AR HAd A R BE ) A 2 AU 551 58
IR A W, LR, N R R |
FEAI X BEIE  AAIRE AL 2 I AR B 4%, AfA1 AR D
LRV RAFAE € I SRR, R TARICZ O £ A R
M2 ARREIRIG T B A . R, R AR IZ 2R
R IERE b Pa2E T ARSI ARSI RE S AN B HEAT
PRUTANI B TR, TR T PRI R A SR,
— o T A L BRI B VA R ARSI R A A
TARCAZAT S5 23, Win-back(E: 5% IEIB VL RCAT 5555
A U v A P IMRIAE 48 5 R S BRI & T
VEACZAE 55 JA 18] I B J2 s 5 00 » T 45t AN /] A
ACAZAE S5 BRI X3, H AT TARICIZ ) 2 15
SRR BT FE A Th e LA EARF AR BN X o 26
=, TARCIZER TE B RICIZAF DR, IBAEAT HoA A
KA S5 B3 R rhle B B EE R PR A, SR T E AN Al A g
WE, HmEE. KNCZZ KRR, A TAECIZH
PRSI R MR R, KHX AR RS B A2
INTAFRAL T B WA TR HIR,

4.3. TARCIZHIARRE RE S

R TARICILHE FUAE i 2 AR BT T AN/ N Rt
{HR A — 6 ] AT R 75 AR B i — D IR AN ARV . 5,
Postle BR#E H TAFCAZBA 5] 5 1 BN 5 Ak s 77 1+,
PEBE TAZAIRA K, B S 7E 1S 3Ok R 22 SIIF B S RF
FIRI, SR FL B B B Th AT s T AR 2 A 2 5 1
HISRAN A 2y 2 6] 20 5 B 5 A5 50 2 W S B A
BRI S FR B LU ARSI R 201 2, 1R AT 554 R
IR R 2 A, IR LR R BN 5E L R A ik i
SR RGEAE R, R, TAEICAZ AR H i A KR
2], IR, ST AR ICAZ 75 5 B ) F6 JER DR RN R A1E Ak
MU, B arhEa AR, A AR S aE
BARIEETORER:, HB R SR RsdE. =,
BRI A% 2448 7~ Hi Baddeley&Hitch A% Y 44 i 1 K £
XA IX, H LA I B2 ph X R A IR Af e, T HAR 2
{155 72 F AR ) DX 35 22 TR) T B PR A2 2% P 4 28 ) 4% 8 58
I, PR i X 2 TR an el Hip [R) AR, 7R EE R R %1
PARDRIE RIS I . #2155 R e Bak, o LUEH
Bk B SRR AR RN R T E SR S AR Iz s 4T A
R A&, R BRI PAT IR AL . 56
WY, 7€ TAECIZER IR b, KB T NG f Al 22 44k
2 O] E A B, B BT R S R R A
TEBER, TER TR RS TRKENEE,
AR T Bk AE A W ARG 2 A b, B E R
SOVPRS . AR AL SRR, S H AN B 7E 22 33
B vet, N SR ARSI AN A2 4, DL 4
HSE R ) B2

HSFE B 2T A0 TR R ) [ bR AR L A2 58 KR 7

5. 45id

ASCAEHICiteSpace At xt [ b b TAFCAZ W 4Rk
FWFTECER, VR HUATIIEEAT SR 5 B b, JF
RIS AR IS, 87 H P A2 s, &
JEIKES AR KK E S . TARCAZIR RS IZiE4T 70 3, RN
THERACTZ 7 AKRISIZ AR L2, JER ORI T AL
WA O HERR, T H AT AP i NiE SRR P (E
THARA T RPAT HTT, T /&Baddeleyds A H 1 TAEILIZHY
Z IR, JFEBIEA E AT T AR . AR IO R
ok, SHE TARLL BRI U R 25T, 1 BAF
BB 2 SR A SCRE, Has I Lk e H
e MEH, JEARE T A ORI R SLIRT ST,
KrlE 7 AR AR RS EAAAEFFE] T EA DR RN X, 111
HRTENFRA KPR L] iZEi ] 1k, sk, TAE
L EARY N TR R SRR AAREATA R
BERFAERImAREYT b, T EATA KRR 22 I He g, T
UG AN AR S ST BB A, DA BTN S R AR
T ERSCRE . (H ARSI RIR, TAFD
TCREATIRE R AR, f55eert X AR DR B 1]
FISRERH LA Rt — L AR, (RIS 7 B ORIt Tt e
fkhit B, KEEZ EEHERHEIR, Ui eEsir.
SNSRI, IR S B ROR I H

Bt
ARSCHEE NS RFER B GET %A

FEAZ 285 1) A RS R 3 T S VAN B FE ) (19YTA80005)
I B R 2 —

PN

[1] Manoach DS, Gollub RL, Benson ES, et al. Schizophrenic
subjects show aberrant fMRI activation of dorsolateral
prefrontal cortex and basal ganglia during working memory
performance. [J]. Biological Psychiatry, 2000, 48 (2): 99-109.

[2] Lee H, Kim J. Load-sensitive impairment of working memory
for biological motion in schizophrenia [J]. PloS one, 2017, 12
(10): e0186498.

[3] Matsuzaka C T, Christofolini D, Ota V K, et al
Catechol-O-methyltransferase ~ (COMT)  polymorphisms
modulate working memory in individuals with schizophrenia
and healthy controls[J]. Revista Brasileira de Psiquiatria, 2017,
39 (4): 302-308.

[4] Nielsen J D, Madsen K H, Wang Z, et al. Working memory
modulation of frontoparietal network connectivity in first-episode
schizophrenia[J]. Cerebral Cortex, 2017, 27 (7): 3832-3841.

[S1 Zhang W, Luck S J. Discrete fixed-resolution representations
in visual working memory[J]. Nature, 2008, 453 (7192): 233.

[6] Emrich S M, Riggall A C, LaRocque J J, et al. Distributed
patterns of activity in sensory cortex reflect the precision of
multiple items maintained in visual short-term memory [J].
Journal of Neuroscience, 2013, 33 (15): 6516-6523.



[10]

[11]

[12]

[13]

[20]

[21]

Science Innovation 2020; 8(6): 182-193

Bays P M, Husain M. Dynamic shifts of limited working
memory resources in human vision[J]. Science, 2008, 321
(5890): 851-854.

Awh E, Jonides J. Overlapping mechanisms of attention and
spatial working memory.[J]. Trends in Cognitive Sciences,
2001, 5 (3): 119-126.

Gazzaley A, Nobre A C. Top-down modulation: bridging
selective attention and working memory[J]. Trends in
cognitive sciences, 2012, 16 (2): 129-135.

Cowan N. The magical number 4 in short-term memory: a
reconsideration of mental storage capacity[J]. Behavioral &
Brain Sciences, 2001, 24 (1): 87-114.

Engle R W, Tuholski S W, Laughlin J E, et al. Working
memory, short-term memory, and general fluid intelligence: a
latent-variable approach [J]. Journal of Experimental
Psychology General, 1999, 128 (3): 309-331.

Conway A R A, Kane M J, Bunting M F, et al. Working memory
span tasks: A methodological review and user’s guide[J].
Psychonomic bulletin & review, 2005, 12 (5): 769-786.

Kane M J, Hambrick D Z, Tuholski S W, et al. The generality of
working memory capacity: a latent-variable approach to verbal
and visuospatial memory span and reasoning [J]. Journal of
Experimental Psychology: General, 2004, 133 (2): 189.

Olesen P J, Westerberg H, Klingberg T. Increased prefrontal
and parietal activity after training of working memory.[J].
Nature Neuroscience, 2004, 7 (1): 75-79.

Klingberg T. Training and plasticity of working memory[J].
Trends in cognitive sciences, 2010, 14 (7): 317-324.

Jaeggi S M, Buschkuehl M, Jonides J, et al. Improving fluid
intelligence with training on working memory [J]. Proceedings of
the National Academy of Sciences, 2008, 105 (19): 6829-6833.

Unsworth N, Engle R W. The nature of individual differences
in working memory capacity: active maintenance in primary
memory and controlled search from secondary memory[J].
Psychological review, 2007, 114 (1): 104.

Wiemers E A, Redick T S. Working memory capacity and
intra-individual variability of proactive control [J]. Acta
Psychologica, 2018, 182: 21-31.

Robison M K, Unsworth N. Individual Differences in
Working Memory Capacity Predict Learned Control Over
Attentional Capture[J]. J Exp Psychol Hum Percept Perform,
2017,43 (11): 1912.

Baddeley A. Working memory: theories, models, and
controversies[J]. Annual review of psychology, 2012, 63: 1-29.

Baddeley AD, Logie RH (1999) Working memory: The
multiple-component model. In: Miyake A, Shah P, eds.
Models of working memory. Cambridge, UK: Cambridge
University Press. 28-61.

[22]

(28]

[33]

[36]

193

Baddeley A. The episodic buffer: a new component of
working memory?[J]. Trends in cognitive sciences, 2000, 4
(11): 417-423.

Baddeley A. Working memory: looking back and looking
forward[J]. Nature reviews neuroscience, 2003, 4(10): 829.

Postle BR. Working memory as an emergent property of the
mind and brain.[J]. Neuroscience, 2006, 139 (1): 23-38.

Postle BR, Zarahn E, D'Esposito M. Using event-related fMRI
to assess delay-period activity during performance of spatial

and nonspatial working memory tasks[J]. Brain Research
Protocols, 2000, 5 (1): 57-66.

Wager T D, Smith E E. Neuroimaging studies of working
memory[J]. Cognitive, Affective, & Behavioral Neuroscience,
2003, 3 (4): 255-274.

Melby-Lervag M, Hulme C. Is working memory training
effective? A meta-analytic review[J]. Developmental
psychology, 2013, 49 (2): 270.

Owen A M, McMillan K M, Laird A R, et al. N - back
working memory paradigm: A meta - analysis of normative

functional neuroimaging studies[J]. Human brain mapping,
2005, 25 (1): 46-59.

Braver, Todd S., et al. "A parametric study of prefrontal
cortex involvement in human working memory." Neuroimage
5.1(1997): 49-62.

Cohen J D, Perlstein W M, Braver T S, et al. Temporal
dynamics of brain activation during a working memory task[J].
Nature, 1997, 386 (6625): 604.

Courtney S M, Petit L, Maisog J M, et al. An area specialized
for spatial working memory in human frontal cortex.[J].
Science, 1998, 279 (5355): 1347-1351.

Smith E E, Jonides J. Storage and executive processes in the
frontal lobes[J]. Science, 1999, 283 (5408): 1657-1661.

LaBar, Kevin S., et al. "Neuroanatomic overlap of working
memory and spatial attention networks: a functional MRI
comparison within subjects." Neuroimage 10.6 (1999): 695-704.

Rowe, James B., et al. "The prefrontal cortex: response
selection or maintenance within working memory?." Science
288.5471 (2000): 1656-1660.

Todd, J. Jay, and René Marois. "Capacity limit of visual
short-term memory in human posterior parietal cortex."
Nature 428.6984 (2004): 751.

Curtis C E, Rao V Y, D'Esposito M. Maintenance of spatial
and motor codes during oculomotor delayed response tasks[J].
Journal of Neuroscience the Official Journal of the Society for
Neuroscience, 2004, 24 (16):3944.



