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Abstract

Memory plays an important role in our daily life and other mental activities. Long-term memory
and working memory are the important parts of memory systems, but there always have been
disputes on the relation between them. In the early years, people thought them as independent
memory systems, and many studies from neuropsychology and behavior support this view. But
some researchers said that the working memory is the activated part of long-term memory, be-
cause they have the same functional area in cortex, and they all activated the prefrontal cortex.
But there is also different functional area in prefrontal cortex. Whether can the overlap and sepa-
ration of working memory and long-term memory in brain areas show that these two memory
processes interact? How do they interact and so on? We know very little about these issues. This
paper mainly uses mobile phone keyboard as a special experimental material; delay matching pa-
radigm and serial recall paradigm were used; the subjects were college students; to investigate the
effect of long-term memory on working memory capacity. In the experiment, 3 x 3 was used in the
experiment (three kinds of stimulation presentation: mobile phone template number fixed, mo-
bile phone template number random, no template) x the number of present (4, 6, 8). The effect of
long-term memory on working memory capacity was investigated by inpatient design. The results
showed that the current working memory task exceeded the working memory capacity of the
subjects. Long-term memory can be a boost. Moreover, it takes 100 ms - 200 ms to extract
long-term memory information.
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m =

WZERME B EEENAO0EEF EFREEBREN/EA . KHEZA T/EEZRIEZHRIwAE
By, HRFAZERT ERXRR—EFRAE, BHHAFINAREERLEN2ER, HERFESH
% R SEH DB RS R FERAMIRIAKEEAZF TAECZAE ST LSRR, AE AR
TAERIZRKFEIZ—8 2. AREA TS SKEHCIZ RSB RATHX FEE, Atar
PBXGEEAFPIIERES X, TECZABRICZAEFHICINPIT IR, TAELZAKREZER X
MEARDERERE: XHMACZEEMEER? WMAEEERSSE, S TFXERERITMZED,

AR EER A FHRE X SE R, RAER LA ESM R EMZHEN, PREEAR R,

BT KRAHEAZ TAREIZ BB N H. LR RAS x 3 (FIERSIZEE . FHERBFRENL. TR
EMHFEEEN TR x 2MHE (4, 6,8). RN RIFER T KEHZIZN T/EEIZEERN M. SR K
L LIRS BB RN TELZEREREEN, KEHSZEF=ERHER, THKMEZEBHR
EEE 100 ms~200 msHIE A .

KA
KRz, TFe, Tezas
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1. 518

it 4Z(memory) & AR BRI MAZ B 1 R 1EA—Fiin Tt i, 1012 R ad iRt 4
36— Fh 5h 2L (Olson, Moore, Stark et al., 2006).

KB i iZ(Long-term memory, LTM) @& A% F 5t i AZ AV 212 110 5 1, FEAA A6 I TR e — 23 Bh LA,
K AT DR FF A A 17 . B E BA TS R AR AHR, AT OETE S R AL E R AR . K
ICIZ 1015 BRI I EL A K, ARV FR RN . KEHCZRBUR 1 4 FEN, KISk a X0
EKBF Sz, 3 TRz DMMEH, G EZ A AP BOE . X R SR EUE BB
TEIZH— RS, KE—ENERIERE—E TN,

X EHEAZAE BEHTHREG, TR RIE R R O IS %S, BRI AR BT 5 75 B0 X $H )
5 B AT . Bunting %5 A\ (2004) Y ONAR TAFIC 12 B 30 BUK (Bunting et al., 2004).
Anderson #1 Spellman (1995)I\ icAZ $EBGSE FEM J DA 2% 2] i (19 5 2410 B ARAEOGIIME B, b Je % >0
HE Y ETHEH AR R RIS R, JEFEX A #H BAAE TIAER, miiud f2 4 2 s flox FpF4, FT ik
XA TE G PET T H AL A — R LS, n$REN] (Anderson & Spellman, 1995).

S HEAZ AT I 7T £ B IR 53 [BHZAE S A EAESS . BZAE S5 (R4S A H B2, ARz
KR MIZ)T, BYPREI —RFK TBR (to-be-remembered) i H, %58 iR 5 Ry R AT fe Mz i 2
ATEIIH . HIMES RSP EI— K50 TBR IH, ARG AEMRM B2 — NI H, ZRER
FIWr1Z I B 2 5 A 7 /T I (Unsworth, 2010).

TAEi4Z(working memory) & 48 MATERATINFIME S R, 0HE B 57N T A BRI R IR R 5
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(Baddeley & Hitch, 1974). TAEICIZHIEA NAFKRINFI P, fEmBONFTES) P BRAEEH: — 7k
FMKEHCAZ PSS B, 55— IR A ARG R . AMEEM LI RE, Smith 1 Jonides
FEH (Smith & Jonides, 1998), TAEILIZ KRG HME BN LRI A=A T1: gwid(encoding)id F2, 2] I3k
5, (HREEREDHEIE; 5 EMFFSE R (retention or rehearsal), JEIE AW & R R 85
IEEHIRIEE: ST il A (execute), 35 SN Lk REp#ml. Wi 505 S HAT FIEEEL.

K L2 5 TARCIZ 2 B R R A e ? A 22 H YO KIS IZ A LA L2 2 58 2 ar iy, WA
YWORNKBHLIZS TARICIZ 2B — 1Az R 8, EHNANNZERIREXR.

2. KEFHEIZS5SIBTIEIBIZHXE
2.1. ¥EHElZ5 T{Eigizse ez

FHST TARCIZ MK EHCIZ MBS R B, PIRHCIZ M IRAEE B RN, =M e R 5.
TAEACZAE— A A B[] P 47 B3 AR R R E D B R, K EHEAZ ST R AT — A NTEAE VS BT
SBIFTAFRCIZE R . XA RANRE TILIZHAFTIRE, PiE BA ARV, 1 HAah 2 b A
S RAE 1), PRI, XA AR BT N AL AR FE RIS R . AL
HS 7T T A K& W 7S R KR 5 TAEICIZ 438, S5 KB R S 45 5 7 9 11
PR 22 48 32 4 160 A K12 5 4% (Cave & Squire, 1992), {HAFH 12 52 4F (Scoville & Milner, 1957);
TR (O A X 3k TE DX -5 60 5 ARG B e A2 A R DR B o M X 52 453 PR3 N R B e 12 10 5 (S
BINREZ I, (HKIHOIZ 584 (Shallice & Warrington, 1970); 51 K 5 J2 Al BEAEA# & KIS CAZ AR 5 30 4
% (Gross, 1972); HiM: Bz JZ= A e 5 i 1c 12 A2 % X (Funahashi, Bruce, & Goldman-Rakic, 1989).

2.2. KEHEIZE T{EIRIZ R E—NIBIZ RS

BB KICZ S TARICIZ 2 B — L2 R G, fEIXA RS0 BE AT LR I i 12 T DA
EAERBTENZ, TAEIRAZAT S A B AZAT 55 R AR AE FIRE RN, BT 18 FAR AL RN, 1 HL s —
M7 RGN, BERT DOCAZ R RHEAZ B R P8 B 0] LdIZ KR 2 7R T, IR b B B
[X 43 FF 3 (Crowder, 1982).

Nairne’s [JHFFAE R (1990) & —AN B — FICAZ AR, X AMBERY AT DL IO AR R VR 245 G i T AR C 22808 5
Brown, Preece, fil Hulme (2000)f#) OSCAR #5574 i] DLk Th i ff B LAAE: FH R 33 AE 12 5 R BT RN 5
Brown, Neath, F Chater’s SIMPLE 151 (2007) th i LAf#R K & (12508, 048 ) i [B1Z 0 1) R B A B 208,

T IX AR RN K AP R 5 B TAEICAZ RIS HCAZ TR HE o (R, Sl BA Aff () S — A2 B A ] DL FAs
MEZE AR AR 22 TARICAZ A B L AZ RN

23. REXAR

20 2 Bk, 45 #F 70 B (Fleteher & Fleteher, 2001; D’Esposito, 1999) TAE A2 F1HK I 1042 19 v (X 3%
BAESM, FERENHLZ . FrUbFoU S 788 A RS2 CEARIRAZ) T B e 42 2 AH [ s
BN, T HE AR R A N o A R, PR RS A B X E & .

Ranganath & Blumenfeld (2005)45 th %6 I IZ A I AZ S TR FE B 1R 300 R 1o 12 J2 17 ik 2% AT S5 5
FAR LRI 50 B o A ICAZ AN LI 12 A2 A1 5 R IR 2 2 AR AZ S B AT JE R R B J2 10 12 9 2% 1Y) =
BB, KR R ATA X ) SN AN A2 RUAEAZ AN R AR R Ta), T A5 B AR AE I .

Botvinick (2001)%H 2-back TAEiCAZiENAK I 2 9m i A it (E . yes-no $2HUFIMES, 18 F 24
B AP TSP FI A FER B AL, BTSSR SRR AN F E M, 25 /AR, AT T
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WAZHHC IS ACAZTE AT 55 5, A4 I A A0S, R A MR T B E TAR I %5 i i 4%
AT BT . X U6AE AR A CIZ AR 55 s 5 R LR BOE X, T84 X F K X ) =4 7] RE
e T KB IEAZAE S T TARCAZIEA, AT RE TARICAZAE 5 R K i il i E A

T H A 78 R 0 AR 1 AZ S SB B B i DX 0 5 % K i e A2 3R A v B — 3 T AL A
ZIER I BOBOE 130T B JZ X, R BT e J2 DX 47 53 0] L G £/ 47 (Druzgal & D’Esposito, 2003;
Ranganath, DeGutis, & D’Esposito, 2004). Lewis-peacock & Postle ¥ FMRI £ AR T TAEIC1Z /2 K i
WCAZHIES . ARSI T KIS AZ 2R FERT 3 BARE A SRR, TAEIC LS5 W& ik 40t 2 A
(B Fr B AT ZE IR ULAC RN, SER 0 7 IHAAZ AR 5 tho A AR L AZ SE SR B B IR R B0E I [X, - &85 R R I
AR AZSE IR B B 1R 06 D05 5 K I AZ AR 55 O X B0E A S8, UEW] 1 KB CAZ B0 R AR A R T
TAEIAZAE S 1) TE -

2.4, [ElEEHRY

2K ALAZA TAE G2 & B R AAAEA AFERIRE NG 2 Saito (2000) & IR 1012 S B 4 T 3F
i, EPHEC AR, AL FE AR IR C 12 G T AR R B AR AL S, SIS ARk A RN
X PP RIS AAE — e A8 b Ut B IR 22 o BRIV AR S 0T 1 (] B8 1) T e A Y2 3 [ R (Saito, 2000). T
SRR FELCHE T R FMRI BRI DT T KB dz o A FIANR G5 TAEICIZRI520, Jiang 55 1B ik
By, XFHEEf S HEA KN CIZ P AR 2 A, 58BN F R TAECZAES I, A5 GE ik
BRI LSS 1 9 PR e 22 B %79, T AR S 93 FR) A 48 s 2 o R T 400 1z J2 AE SR T AT P00 H 11X 43 77 THI
EEEEMEN, T2 gk eIt @25, 15 TR % A R e .

AR SCAAE AR SR A b, 3R LR R KEHEIZX TAR IR B E G AR m 2 FRA 10
RS 1. SR 3 x 3 (FHUERE M & . FHRECFRNL. ot =M 2007 X) x LIHH
(4, 6, 8) LI N LTI KA LRI IR R, TOARMR B A FEZ S5 A o FRATI T T2 WL ] s AR K [ e 1) e B2z v T
B, FEAE T FHERECTRENL, TG ICAZE B X R 2 R 2K 1 HF MU R 207 Bl
XA AR P2 AT AR
3. IW—KINBIZHEEITER LSBT N

ARG F BRI L K ICZAE B T LME TARICIZ A B R ? fEMERE I ERATTIESE T H
A R P I U . IR [ 5 1) i 2 BN G2 S )40 R IR, AR B 7 & 2 ) I gk
B LARCIZAES: FHUBARE RN 85852 3725 (640 R R, AR 516 LARCIZAES, RN 2523
HRIAAZM R, BlEE B LR %St TR SRR S22 A0 /e, SRk
fho an RF USRS [ 7 Gt T USRS REAL, WS K g 2 #t 1 515 TAEICIZ RS,
3.1. SEIHT

ST H 8 BB TAEICAZ St
3.1.1. #ik

BEHLIEEL 38 AR A RIBE A (AL 12 N, L&k 26 N), FHATE 20~25 B 2 ], “FH4EES 235 %,
BB IEAL D IEH, BRSNS, BESINASLR, SLi 5% 1A R AR .

3.1.2. SEEgIt
2 x ARG, WRAFHEREHE, 545, 6, 7, 8 UMK, ABAANZE: HER =N
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SR, AU 0-9 MIHF A 10 AME B (S2BbPRIHIEA), AR R, (A RAE R W 10 T 1

3.1.3. (U FEEHH

SEES AR TR E-Prime2.0 34T 4l o SIS TR 0 R [R] Bg 25 5250 % HLgEAT, MR BLAE 1BM Pentium
IV B ENL 17 PR RS b, BERE S SORRIKE(T ).

SEEOMOEMELEE 0~9 1 FAMEE, o (B), + (), — k), x (), = (FR), < (%K), 1 (L), — (hH), |
(F), O (BE)y /M55, ¥ Arial22 574k, ALK N 39 BE, Bt NSREMIET RIS,

3.1.4. SKHIEFF

AL PR A RO SR RT ik A S APO E R IR e, Bl Y TR 5 T
GRIEAT SRS .

BB RO RPUEM A “+7 1000 ms, SRJE b RS R BUCIZ B bR, RS A AR I
6129 500 ms, &I HARIEI=AT 500 ms B BEf, A MARFRICZ BisA 2 EE, 2IERE 2T
Bide BB ISR EMZ 7, BRI AN A R B AR, CF el i IR (R AT A
Wi EFF5). RMISE 1000 ms 2 JE H AN — ARG .

KA 4 AR IECH BEALI L, BEM AR 24 ke, BRI SE Rk 96 ke, IESE
WA 2 12 k%2, BECEERELRMERE,

3.2. SR8 1—IFHBIZ X TR IZ iSRRIy S
S2IG H A BRI 1025 TAE 02 G ) 50 o

3.2.1. #t

5arp Bex A F —HEa
3.2.2. LIt

AR 3 x 4 A RBEA R HE N ENR TR, A3 MK PHERECEEE. THL
BB FENL. FHUEARFT SHENL, AliaseE, R O NFIRESE S KN, F 4 FKF: FHlLE
WS AHR, FAEH 6 ANHER, FAHEBLT NHB, FHIEM 8 MHAR, AN E. HNEENF
HIEZ ) IER R
3.2.3. LW

SEES AR 1 R, SRS FEHUSEARE 7 E . PR ECTBENL. FHUER AT S B =R AR

7 - 3 81|6|l5 —|| | ||+
41516 2

ABRE 114

0 [7] [
Figure 1. Three different cell phone template materials

B 1. =M EFHREM R
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1) FHUSHR [ e

AL 1000 ms Ji5, BRe dea HIL— TR (K 557 53R, % 113 153%), 0~9 (Arial22 5 74k)
X 10 AN AR T IR /A (R AL o 500 ms 5 FHUSAR b 2B I — AN S, R ILRTE Y 500
ms, IR EIFRXNCE, HE R 500 ms HEil, SRS FEENLA — /NS 500 ms, 4% X T
—HEESAMNE6, 7, 8 MEFE, FJa B VERINT ML, BRI EZNIA AR Sk 1
HHN, e IR

2) FHUBRE T BENL

AL 1000 ms J5, BEder dea HI— TR (K 557 5=, %8 113 15%), 0~9 (Arial22 5 74%k)
X 10 MR RS EREHLAES . 500 ms 5 FHUBAR EBENLH I — AN EeE AR sk, SRR 500 ms,
PO BT X AT, B B 500 ms HEdk, AR5 FEBENLA — N8 4k 500 ms, #EIRIXF T B2
PLTE 5 AN(EL 6, 7, 8 MET, FeJa B ERIT R, BERBARIZINT B2 RIA A S RN
P IR .

3) FHUEBRAT 5 BEAL

FERF R FHUBAR B B AL, PR F IR “ o) +, —, %, 5 «—, 1, =, |, O” 10 M
5, BENLHESIERA .

3.24. LEIERF

LA 4 PR IRIEER G RN, M AIEE 24 RS, BANPRILTE SR 96 ke, RS
B2 HE R 12 k%], HESEERSLENEE.
325 GR5H5

AR SR 3@ SPSS 16.0 it Sk AT A B o AR SEIG 32 BUR FH IE A SR A N R AR B AT b7
SEHG La 1 IERR PR BRI AEZE IR 1 Fs .

Table 1. Accuracy rate of different number of targets presented by sequence under three presentation modes (M + SD)
= 1. FIZHMARHENEMRE=ZMEN SN THIEHZEM £ SD)

fi 5 BEAL =)
5 0.95+0.08 0.96 +£0.08 0.84£0.19
6 0.90+0.12 0.94+0.08 0.61+0.17
7 0.84+0.17 0.72+0.16 0.31+0.22
8 0.70+0.16 0.62+0.16 0.17+0.15

4 x 3IRA W T ESWRY, AR 2T RERNEE, FQ2,35)=40.34, p<0.01, H/5kiRmH,
ACC [fl5E > ACC 75 (p < 0.01), ACC BEHL > ACC 75 (p < 0.01). H1LA_EZeit4s Bl LLR IS 51E5%
MEERTHFATS, (ENELIEAEE, FrUTELL NG g R 5. 247 4 x 2 IRE 7 Z 00T,
L], AN EEIEH R RN B, F(3, 105) = 41.31, p<0.01, ACC5>ACC6 > ACC7 > ACCS8, [d
WP H S S RS HAEH S, F(6, 105) = 3.16, p <0.05. N7 #RAZHAER SR, BATHE—
AT T T BN AT o 4 SRR IRAE R B SR 7 ANIRE I, FALRE e S CE R LR ML T R s R
F(1,27)=3.98, p=0.056. j@id [ 2 FATAT LB WA H 7 20 H 5 20007 X p X Fhag BAER
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0.9 f
ACC 0.8
0.7 i€
0.6 ==+ ]
0.5
0. /1 1 1 1 ]
5 6 7 g [ EIHH

Figure 2. The accuracy rate of fixed number and random number in different rendering numbers

B 2. BEE#HFRENHFETREINME THIERR

W FIRGE RN, SRR 2EECE Y 7 AU B [ e e TRz AR ER, AT
FIE RN T RFHUESUR X TAEICIZ =2 7 560, FRA K[ e ABE ML A BB AE SE 58 1 (A EAR)
P ) IE A 2R 25 BTN CEAERR) R BRI R, BEAT 2 x 4 SRE T ZENT, S5R%E 2. FAREEH 5 205
XL EAER S, F(6,102) = 2.84, p<0.05,

Table 2. Accuracy difference of three groups of subjects with or without template (M + SD)

=2 ZHHEIRARERFH THEREZEM £ SD)

fi 5 BEAL
M5-N5 0.00+0.11 0.01+0.08
M6-N6 —0.05+0.13 0.00+0.08
M7-N7 0.11+0.18 0.01+0.10
M8-N8 0.07 £0.181 —0.04 +0.18

TEFF AR H A EAKCE R, AT A 285 AT T BN T, SRR, AN R
7TATHE, [E5E & RBENLEE 2 Rin 2 E3E, F(1, 27) =4.06, p=0.054. & 3 Af LAiLEFRATE B HIE

HIX A HAEH .
ACCZ
0.15
0.1 r
0.05 |
——— B[]
—u— HUFEENL
0 -
-0.05 r
0.1 ' ' ' 8

5 6 7 8
Figure 3. Accuracy difference of three groups of subjects with or without template

B 3. ZHEWHARERNEREZE

3.2.6. #th5ite
I FiRG S R R I S F R 2B 7 AT E B, PSR B E IR R R T FHUSEAR B BEAL,
M HZRINZEE, VPEUESE T LR . IR RIS 4R N %2 AR 2I0EH L, KrHEZm
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e AE RTERIY R, BRI KB F RN A JE 5 AT RE 2 R O SRR A Rk A, AU AT R4
K22, NBLEAESR: 2 shikAT 1okt 10 XA 22 53 AT RE 2 KIS 120 TARCAZ et A 0, th
FTRERAMEIVE A0, BE R S FEIER, X E R T ORA e it — PR, i sels 1 &
SEGEFEAE Z, KT HNCICAES ey e, AR SEES 2 R BT R e 1 AR

3.3. %I >—KRHgIZN FIETECIZRIE R

SIS H T PRI SEEE 1 P B E S RENLA ZE 5 A i T RICAZ R 7 A R E S e T e AR
B T Rl R TR 2

3.3.1. #id
BEHLILH 18 B ARVERMBIFE(B A 6 N, LB 12 N), FRAE 19~24 B2 (0], “PIFER 223 &,
B IEM D IES, YIRS IS KL, HIESIMASLR, S0 54 T H RN R .

3.3.2. LRI
3x 3N BT, BIR—NFEN EIEH, 284, 6, 8 =AUKF: BIRINRFENTT, ©OF
FHUBAR S 7 [« FHUEBEC T BRI = A K o PRIAR B e Sl i IR 3 A0 B2

3.3.3. {UEEMEHH
ARSI S AR AR A 5 9288 1 MR . S A I FHUBEAR /N A 237 x 494 5% . 0~9 [1+14
BN Arial22 574Kk, B RN 59 x 37 14 %

3.3.4. SLBTEFF

ARS8 R EIRIT TS AR SR 90T 55 R 43 3 A Block 4T

1) FHUEBECEE 2

AT BRSO B S “+7 500 ms, SRS BRSO ERBLFHUBINR, A S BENLH I 4 (31 6
A, 81 0~9 AER I, XL HIERAMIEMALE F, 500 ms 52 900 ms K B HER,
ZJESAEPR SRR RO AU, R A — A, BHRIE RO E B, B S5 2
R T REAEEZA NI, WREE P B, BN “)7 .

2) FHUSHR AL

HRAERR RO BRI “+7 500 ms, A5 BERE R O ROLFHUSIAR, A FSsBEALHIL 4 A3 6
A, 84 0~9 MIARERH T, KB F/ERER R EZRENLK, 500 ms 543 900 ms IR FEHEL,
ZJESAER R RO AU, BT A — A e, BALE RN, SRS 2 i T
N AEZH I, MR “F” 8, Bz <07 #.

3) TR

EAE R RO RIUENLA “+7 500 ms, AR5 R L SBENLHEL 4 AN(E6 4, 8 4Y) 0~9 INAES
Hep (B B 5B S AF R UL, X247 (M HEFIINT 2 BEALT, 500 ms J5 43745 900 ms [ /K 5 4
Wi, Z S a e PR S I — AR, BRI S5 2 I R A R AT B, W Rt “F 7
TNz “07 .

MR R 2P ROAE, SE36 4 = Block #EH4T, SRAIBRIE T 5 W5 347 V4. &4 Block
AT ], BRI TS A B SL 0 B R I HAERR A B 80% A it N IE L. &4 Block 4 1Y
FORUBCECE 0, AR 30 IR, XEARIG A — R RBCA &7, —HIIRBN “B7
FEEFA Block Z [MKE 1 438
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3.35. ER5Hh

1) IE# 2 4t

[ B S IA [R5 B e = BT SR IE R G & 3 fos. DUIECE I B A 2307 08
HASE 3 x 3R 7 Z iR i, RN 2 H ERN R, F(2,34) =96.1, p<0.0l. FHEHEKE
B, HIE#ZRHE5IT 9: ACC4 > ACC6 > ACC8. AR I 7 NI MR, F(2, 34) =14.11, p< 0.01
HER R, HIEFMRHSIRF N: ACC [HlE > ACC BNl > ACC M . [ £HEH 5AHE
WXL HAEH R, F(4,68)=6.36, p<0.01l. J 7T HEIFMHERXFAC ARSI, BT T H AN
K56 o

Table 3. Accuracy rate of presenting different number of stimuli simultaneously under different presentation modes (M + SD)
% 3. FREIZMAH = TR SIAELR B R ERHZEM + SD)

I#l B TEAEAR
4 0.97 +0.03 0.98 +0.02 0.96 +0.04
6 0.93 +0.04 0.93+0.05 0.86 + 0.06
8 0.88 +0.06 0.78 +0.09 0.78+0.11

S5 TE RIBH =AKF BRI RN ISR, FRF 206 M =M B A EREE, FQ,
34)=19.6, p<0.01, [HEHFAFMBENEC AN IERR ST OERA; FN 20 8 MUF, F2,34)
=7.66, p<0.01, EEHKIEFHRE TN FAMIELA, FEVEMITERAEFAEE . HERAN
ATLURBLEET I 6 ANA 8 ANEUFRT, BENLA A TC RN AL IR 2 25 AR /), BEALAL IR IE R 2 B 5
PRo FTRLEE & 4 B AR AR ok

ACCy .
N
0.9 F o0N

v\ —— [#]5E

e —w— [H
0.8 | : ’\~\. - -a- - TBARAR
0.7 L ! : [E £ A H

4 5 8

Figure 4. The accuracy of different rendering methods under different numerical conditions at the same time
E 4. FRZMARAERNSMRERFE M FOERSE

2) SIS A T

[Fi) B S22 A [R50 H AR E =k 77 30 R RN A0 55 4 FroR. DAl R I E A1 R 5 0 B AR
I3 x 3WIRN T E IR, [N RO H N E F(2, 34) = 27.49, p <0.01. FEMIKH,
RT4 <RT6 <RT8 (p <0.05). LI 7\ TR &%, F(2,34) =22.06, p<0.01, HFk¥kEW, RT @€ >
RT Ffibl > RT H:2k(p < 0.01). Al 2K E S 2T UL EEHES, F4, 68) =278, p<0.05. AT
SR U (R X Fh A TR FH IR SE, 75 BEEAT B AN 7 1) 14 167 SR R R A 5
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Table 4. Accuracy rate of presenting different number of stimuli simultaneously under different presentation modes (M + SD)
= 4. FEIZIMA R TEFZIAE B RIS & B H ER#ZE(M + SD)

I#l 2 BEHL TeAERR
4 878 + 184 772111 701 +80
6 901 + 143 860 + 175 810 + 140
8 1018 + 194 947 230 841+ 153

S5 AAE RIEH =AM BRI ER Y], X =M R E S, =M 2377 R
RN RE, FRED 4R, ZSFEIFREREE, F(2,34)=21.4, p<0.01, [FESHEILER D%
F(1,17)=12.82, p<0.01. [EE 5FLzEREE F(1, 17) =29.07, p<0.01, FEHL 5HLEREZE F(, 17)
=184, p<0.01; [FIKZ2I 6 NE, =FEMTAEREE, F@2 34)=801, p<0.01, [x5HLER
3 F(1, 17) = 24.05, p<0.01 fEfl 5L 2% 5 B3 F(1, 17) =4.94, p<0.01, RN 2 8 N, =ME
MAREREE, F2,34)=12.69, p<0.01. [HE5HELEREHE FQ, 17)=31.74, p<0.01. PEHLEE
LFEFEFFA,17)=8.93, p<0.01. &5 0] LIALRATENE WK T X Fh s BAEH .

RT1100 [
1000
=

900 ’,z’ —— [

//" _____ —A —C= %’H—L
800 - -t —& - TR

.
700 | ra
600 : !
4 6 8 AR 2IEA

Figure 5. RT under different numerical conditions is presented in three ways at the same time

E 5 =2 ARNERFNERNEHFFHTHRT

3.3.6. Fir5itie

W IR R M E R BA TR, RN 23 4 DEerR, =MEIT AN EmEERARE, 4 4
Her N NRNEIZE RN, AN R CZA T ER RN . 2R CIZ8H K88,
26 ANETI, [ E AR BB TR, KIS CATHRAEIE N, [ E B
B IR R R 25 TR, AT DALMY IR 6 5 (4 v 2 RS IZ 2 BEAE F 22 1 T RIS 2300 6 A
Ko, BEHUEC T B 0 LA 2t T2 KT, AT REE DR D AR AT AT R D R (5 A A
VERIEAS & THH B R AL TARICHZ) s (HR2 R B30 8 N7 i, Bt BEHL A A2 T Pl 2 2 R
T IR AL AR B 52 4, XA IR AR LA 5 AR AL LU IR A R Q2 RFF, IR BRI ) T B
FEWT g o TR IS A I T 2 A 6

T DR S IERA AR A 45 R S 3R TR AR DR 8540 2 A i S 30 ) 058 i AR IR 2 A &2
Bl , T HURRAR i Koy oxd By TARCAZAAE R E I, AU B L 7 By TARCAZ A e R

I S I FR) 70 M AT TAT LUK B 5 0 R S LI i 24 KT SR SR ANBE L B 7 2 AR, B A NAT A=
DU FERIIEBLIE 2 JA 155 AT e 2 A I IZ 5 IR B — e OIS 1] . A IZ R B s T Hens, A
SAFAEXT H AR E B REaE ML, tAF X TP 2 0 Eshamdi gL . If AR RS2 R 554, 32K
R PRIV .
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4. ¥1ig

ARSEHG R 3 x 3 B BT % T K d Iz TAELIZ A =R MR 23 6 MU, e
RRASOR it HLASE AR 1) TE A 2 28 v T O AR SR A, B B - AR ) IR e 3 v TR 4 A 230 8 A
BT, AR AL TR A T A k2 PR T O AR A RIS AR ] e 4 o [ AR ) B 32 B IR 22
2[4 SR I REA, AR P 2 [ Rk 5 08 TARCAZAT S s BEMLASTAR 1) 8 52 1) 28 [ A R i e, ik
i TAEICZAT S, RN AT R 252 B 5 KL 2 Hp S B S s2m,  HlIE 15 TAEICIZ st Mok
BRI 52 273 (B AT SR B2, WO FRER A o AR e S 4 DL J SR 25 RARAT TR DA s Y A S I
i A TARICIZ S N, [ e O & 08 TAR AR R E A, BERBENLN 518 TR
TZAFAERNHNE « 1X 5 Jiang 56 NI 70 25 53200, M ATTRI A FMRI BEARER ST 7K EHAZH S A RS
ot ARGz e, g5 R I F e &nt 2 5] B O KRS IZR AR AR, AT A ) TR
AT S50, TR S5 AR B AR R M DL ISGES 1 06k P e 28 7 A1, T DA IR S 9 ) A 48 S S o T L g Tt ) J B2 s
(0 43 M SIS AR ) RT KT BEATUBARAN TC B 264 S ) RT, X H&om FATK I e 12 4 BT 2 — € 11
I a), s b AR, T RRAR S 2 1) S MR 22 5 100 ms~200 ms 2 JH], IX 5 ERER E SN T
FEAMLZ AL, AT T FF A (18~28 &) A G AL LI R B, IWAEEKIHAIZ H AR RS
BRARAHEL, VI EIN YRR BRI g Ot BRI s ML 22 5, B & AR ioin T e sd 1z
HhBGREAR BN T3 RT 50 ms (Guo et al., 2010).

5. &g
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