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BN TRETHEAL, LRETHE . Xt
LU B R B AR S LA v 2o &, X H AL
I T AT ) — A 4[] 2 (Kramer, Bono, Zorzi,
& Rustichini, 2011), —SLBFFTHEH, K@ HIWHT 5
(4 T ik 2 ) Y 2SR REAE 4> BT (Allik &
Tuulmets, 1991)3% % & %1% (Durgin, 1995, 2008),
B AT (fil 1) 2 b IR v R E 0 o 1) )
o HJE, VPSRt B T RO B WL i,
Kramer ¢ A (2011)MRFFE R, Bt Lhie T DA 42
HESTAERCRAE B SERE L, A TR . AR AR
IV BE R S ARG IR A BN 3, A RS2 X A4
BHE KO AR (Kramer et al., 2011), 22z, Qi
B SRR B (O B IR B B, B4 T
o ey @ w) | ISR YA G I o s A § R I SO E |2
B 2 R A A FI Wt B b i) IR OC R (Allik &
Tuulmets, 1991; Durgin, 1995, 2008; de Hevia, 2011),
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B R HIHERR T, BT | % B SR PRI B R
s 50 i I T 55 1) 5 SR 2 75 23 32 B 5% ] (Kramer et
al., 2011). XIHFFALAL 2T R Am94 ], X
AR AT iR RERT, 8 ook DL HERR LA P 2R 1 v
(B2, FRATIN Y, 8880l v iR, W] LA
BT A B (5 B R i T AL R T RA AR, A BT
BIE LiRge,

B I A A VLSS A M b 3 N R ORR
At AR, 3 — 2 AR AT DA i 2 480 I i LA
(Dehaene, 1992)R7ZZ LN LAFE /R CR)JE, SKEHE, &
W4, 2012) 0 4N, S — R0 HF X B0 4 22 i A5 (Ol
PR BOHEAT I8 W5 25 T B0 DX a0 i i i
(numerical magnitude) T F&; 35 0 58 20 A 55 ) 25
BB B R T a3 S RN AR AL nT ASE A
S S5 1 B0 J W s it H O (Burr & Ross, 2008a), i
Jf B4 Ay B 5 R AR AE i TR AL T — B R 0
Y PRAT N FE bR (Sweeny, Grabowecky, & Suzuki,
2011) MBS RIHERERTE, Uil I & A e A i 1 4L
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i LT 55 GBI BO) Z AT, & — AR YRR A
T BAREGE e Pl AT REXT 4 BE . X EUEE
FAEBE A RMTLA S, H ERERAASH
B G| % KR W (Burr & Ross, 2008a), I, %%
I O FIOT LR A PR 2R A ek AR AT X A 1Y o
BRI AR I S G AT R, A BT DO TR
(49 7K b B B W AL 2R AT B A . AR O,
T SR B 0 Y S %5 A 3R TR AR Y 38 N S R
FEAEATRIPE BT, 530 AT LA 0 DA A 3R T
fEAEN TR EstAr e 22 5, iR AEXT 53
IR LSRG 5SS, AR, EATE %
T RIS N JE R B B W R AE, 2P X R
BB TALE 217538 o

TENN AL SE R, W) B J2 1A 22 40 i
RS TE K2 P IO B— > 5 4058 AR TR 4 1)
“WeSpt (mapping). AIRALGE 5 RO AR B GZ A
"D A ) ) — 400 IO B DX, D Ay R D) - Bz )= ke
#}(retinotopy, Burr & Morrone, 2011), T 4N A5
S L A3 ) AR S B e S 3 B 2R, WU Sy 45 T -
B 2 Wit (spatiotopy) o FRE N T H AT BE A7 7E AR )
- J J2 S 38 2 [ - B 2 e S i e it B . B AR
Ui, WA X RN A T8 B 22 5, A SR s AR
Y N & A el (AR Bk ), B2 4058 2R 48 1 L Y
FLUCRRIE S IR BRSBTS, JFE e, ik
NS5 PR RELE B RO H BLRT A9 2 [a] (B ) o & L,
PIARIE AR Bk 17 15 N B9 605 15 % M (Burr & Morrone,
2011) o ML 10 5 A1 A 2 46 58] 2 8] A A 19 0 T m] BEAY
FEAE T BRI B 2K B, fMRI BF5E B,
N LY AN TS N 74 (lateral intraparietal area, LIP,
Duhamel, Bremmer, BenHamed, & Graf, 1997) . IE {1
5 N 74 (ventral intraparietal area, VIP, Sereno &
Huang, 2006) . /MU AL [X (lateral occipital area, LO,
McKyton & Zohary, 2006)#3& 8 H — & 1475 0] -F7
JEWCSF R, RIS E R VXN ER I 58
4 [P X BB - Bz )2 B S R4 (Burr & Morron, 2011),
ZEA AW FT A I A, AR Bk & AR, A (K
i A 175 B (descriptions) J - A 7E IR Bk i B Hh A T34 &,
LA N S 80 B 56 A AR I R - B I S AR AR
X L (Burr & Morrone, 2011; Melcher, 2005)#1
2% FF (Durgin & Proffitt, 1996), 14 &K FAUHE
RAE B IR L2 5 IR R A s B, S R
B — PR B 1Y 25 8] - B2 2 B REPE (Burr & Morrone,
2011), Wgits . AL B L AR RS RS )
%% (Melcher, 2005; Wittenberg, Bremmer, & Wachtler,

2008; Johnston, Arnold, & Nishida, 2006; Zimmer &
Kovacs, 2011),

FH T AU T80 P 34 (LIP) 2 hn T &5 i Rk Y o 28
X i (Roitman, Brannon, & Platt, 2007), TM4CE N T
HERRIEA BV LRXIMS, 2012; He, Zhang,
Zhou, & Chen, 2009), [a]Hs$ &M T3 i 74 LA K 55 % 14
i T AH 2 B AMI R I X (LOY BB R B i T 2% 1] - 7 )2
WS REAE, DRI, FRATTHE I H5 3 S5 A B 2
] -5z R vE . AR, FERRBR R Amt, 5% L
JE V8 B AR IR R IR AR B R I L0 1 5 4 R ) B - g
=W R AR, B 18 N AT R AT —E R Y A
(] - H¢ J2 BRBFRRAIE o AN 2R3 — B i 45 2 S ik, A B
Ttk —2 T B RRAE B T AL, X e H i a8
AN I B AE ) A DT R AR TR 7 R 0 R
(Kramer et al., 2011; de Hevia, 201 )R fit—E AL
FriEd .

N5 AR Bk AT, NSRBI e SR T2
[A] - J7 )22 BB RRAE, P A X — G 28 fF e 5IR
Bh (5 B2 5 145 R (Burr & Morrone, 2011), 2
5 (OUEE FIOLEEXT G 1) A Xz S5 88 A T
gE B T X — M, AT — A K
PR A5 T3S N BRI SRS R T, Bl S R
S AT AT S A= 55 A0 ) A7 TG O 1) R AR
Melcher (2008)4e i1, WLEEEH X HPLAAATIE N Z 5,
LN S8 N R AR TE I N RS sh BT A &, U5 N
WAl RE PR R R KR 2, TER A0S EIRFF S 2L,
XKk T R KRB B S (object-based
remapping). BIEEAH RBk, &N 5505498 vl DAt
755 A0 BSEAT B TG O 1) b R e S5, AR T TG R Bk A
N 38 3y % MR B JE AR P4 (Meleher, 2008).  H T,
TR ARBE BN TAL S B . e, o
X — WL B T LG R G B R RHAE AL IZ )
H R TN T, SR T a8 b -5 2w
SR AR ZERL, B A B ZARRBRE 5 T, 2K
SIS N R RO S S BRI TR R B, T L
Xob AR )RR A T (A1 250, %o AR Bk AT AR Bk 1 1 Kl
T N JE R TALS AT —

TEARMRBKAYIE S T, Z SRR PF B A I
JE AT TR ARG R 2R S kAN E, AT
X — WA T . BRI, An AL
S VL R G B AR RRE iz S5 BT T 985,
5 HR Bk B R a8 [a]- B JZ WL i TR, IR A
AT BEASA o KT A0 AR A REAS BN L, oK
FEAE ) J5 2800 45 B8 A8 SR A IS i |, AN TR 7K
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AF BT N5 e AN [R) A R S AL
EHEEJH*FTE@JJHIKEJ, n, ERHET ARSI
Y & AR SC A B8 B (Kahneman, Treisman, & Gibbs,
1992; AKA-fE, #xK, AT, 2004), HRAXFAIH
TRV A5 SR FT LA T S, 5 BhRAAE I 5 2L
ke S5 AL 7 12— B

Zr LTIk, PR S R0 2 ] - B 2 LG
FEOE (IR B 1% 58 AT 0hoe 0y il B, 8RR BERY
TEEE T, B I8 S RO 1 23 kAR B T AR
S, JF R RN AR A B (IR L R JE sk
B B SRR, A Bl 0 R Sk 1 B 50 i 3 7 5 3K
R R JZ S R HLE, X R Bk AR IR Bk 1 45 N B
T IV S S B B R SRR A T 4 — o FRATTR R,
FEAEIRBRIE ST, W AR B 18 N J5 85T AR A T
FARDT B BRGS0 XT E B IE R RO S R A A
F S, AR A RS AL 5E 2R G X & AR GE 3 R IE (S S
4R E 5 IRBE AT T A SR AL . f it eT A
DN, 3 I A8 A5 [A] - R )2 e S R A AR S
SRR 12 30 E B G I LRSS R, AL
R AIE AE R Bk RN AR B )1 BT R AR T SR & AR
AEXF B 5 ARG, o A 5 AT S A
B E R 2N, Jeief JoiR Bk,
WLEE X G W FRRAE AT S S AR X 12 3l A7 8 R AT DA%
MRS — B HLE AT, HaIX — I TALER X R K
TR RRIEAE BT

Zr bR, ZMB?%%FH%&%L MR, AP
JrE (A . JCHRBE) IR F G0 B 3 N A A
AT B WS (R A, I 556 L BE IS 5 S T LA,
PATIRE B ) 0 T AL 2 — 25 0 o AWT5E 4L
FEPI S o S0 — BRI XA T 3 N S
PO R S T A T I, IR BT S A
(] R o A5 5 R [ 22 () A7 )3 o7 F Ao ST
— L EE TN LU B W AN, LA AR PR A R
SRR . SR TR [ AL AR, 7 e
R, R B IS R R RS B B L, B
SRR AT B FIB, L B AR S S A [ R
FEEASE B VR [R) 2 A7 B b ) B0 Al W S 8 [T,
S A DX B B I R RS REAE S XS b,
Z, AR5 R 5% 5 ERIR FLEE X A7 AT i
Bl RS 3 N AR A T S B A, DA — 2P
STATERCEREIE B BN AR AE o e Ah, s P R A
EE M4 IZ SIS [FRRAE (B . % B BE )3 1 5
AR R R, A B T — 20 TR O IR Bk
I A0 3 GE X0 B SRR AT N TR PLEI, 53

AT Bk T 1R B 1 52 Y SR R A B i g B
(Burr & Morrone, 2011),

2 SEe— W Y AR Bl AR A
Xof L JBE 35 W 238 ) 5 Wil

S — 25 S MR Bk T B0 I S A i
FUEE, JT I RIRE AV x5 58 10 LU B 305 1 4550y ke
SARFIE
21 A&

211 #Hik

30 AHXS N T I, AT SR IE R
IEH, SEE A oS n RS —E . Hoh, 16 4
Pk 6 N, & 10 NS e vy se i, il
SRR N 22.56 % (19~27 %); HiAxy 14 2968(H
4N, 2210 NSt b EEE I S8, A AT P-4 4F
>4 20.95 % (18~26 %),

212 LIGEEFMR

SCETERE E AT, B EN—6 Pentium VHL
W, 17 YT 28 Wos g, 3P 1024x768, kil B %
&y 85 Hz, i¥% RGB Jy 120, 120, 120, #iizt iR i #E
P02 75 eme NORIETERLEOR, SLHCSRTT
LT Wl 23, IR ASL Re HRZh{XF
PR VAT R 3h g o

TR Y 4 5 R S B 2R A E-Prime 1.0 31 1F,
B3k KL WalkISurvery Personal # {44 il & 1
SR R B, 6 AN KR X3 (RGB {H - 128,
128, 128)¥ 51 43 A 7E btk N (M ZE B AT 18 M 3 — X
55 XA =XF R, BB 10 em (7.59°9064),
AHAR A R R 7K S RE RS M 3.5 em (2.67°4Lf), - H
FEEIH 6.9 cm (5.26°00 A1) o 71 5 4B B0 Y R
B4 11 em (8.34°00 ) 3 I i Be T A s 400 T
R A MRS — . X [ A ) R B
T A, DA A AR SR B AL IR B A A N s A )
(RIS 0 = Il g v ke ) o i o7 e R S A
55 TXTEN N, DRI AE =X B 2 — g — e R
Bl HIL 2 o

R, BN A T RN 44 18 FR
(0.11°x0. 11°F A1) B & | 7 B a5/ A i g, |
FENA S A BRERE 24, HEA3DN), THRERNEA
400 (L A 200 ) o 0 SR O ) B
(14 A50) VO 15 S B S 2 B AE B PR (8] P B L
LS

FEXTELEE AL, SN AR N RIR/NE 4x4 4
F(0.11°x0. 118 AR P A7 FBAE /Y (8 7 B, PRAE 98
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P 52— T o A e

1 B3 (0.03°8L ), HETHN 2x2 23 (0.05° x
0.05°% A1), PIRINIIAH 400 4~ & . = H Durgin
(2001) AR 5T, 56 rp X b B 8 45 il 38 5 1 4%
— A HE T B JR AR EL B SR, (R DX
X AR AN . BRI S S L, /b
LR RE R C, W RFRXT HBE R 100x(C-L)/3, 24
HGSEEES AL GHAESERES O I, X B IR B R R
fH 100; P& OB TR OHES R -, X
BENRE, BRI FIHESE BRI LB, X IR
B/ ME 0. #% 18 Fide X, FATH Xnview v1.97.8
i1 Photoshop CS4 “F 4K A= B T — R FNAS [RIMEL ) XF
LU RE AR e, AR Ay 3 I SR R A ) 95 2 AR A
Jf (4B DX 3PN o %o 3 AL, B T [P R B
BER 10, F A 1006 XTI 0] 3 S TR X6 E 1)
T, [FIRE S B A 4 19 N A AE R A [
W FEAL A BE
213 TWwItFERF

TERCRE 2 v, R AR S Ay 3 7 I 4 ) 4 Jk
ST 728 A 50 Gt I A% ), 3 I i A 5 1
A9 3 WAH 55 55 (point of subjective equation, PSE)f
%f %% (Dehaene, Izard, Spelke, & Pica, 2008)2% {8 17
fij i (Durgin, 2001)o FHH 22 300 # PSE: 78
IR BE, TRl K R 20 H B AR AT Y A X 3
A B — 3 8 2, R T RN D R — 3
AT 55 o 1H 2 H# (probe) hy 30 4~ 5, FLEEHII (test)
) S ES DUAR i T2 56 A 45 SR S 10 SR EAE IR 7
i B9%UE (Dehaene et al., 2008, EL&43514 20, 27,
33, 40, 55, 67, 81,99, 122, 148), TFEUHAKZE, &
& Burr F1 Ross (2008a) 1 S50 FIAHIF 52 TS B 4524,
% JEE3E N HT S PSE M8 £k, SEE ) 45 LA
PO AS DI 2 AR A R SRR 0 A (B R R /)N
T probe FIHIFEAS 5 ), MiERE S EULT probe

BRI 2 4, £ T probe BYHITEL 8 1,

TEXTECRE A rp, PRAR BRy 3 1WA
JE RN AR AR O, A T B B B o Al 3k i 11X
S B BB — 3 AL, S N AT IS PSE Y 25 {E X
H A5, 208 Durgin (2001)9 5256 J7 1, probe
AT LLEEME R 30, test AU(E N 10 24K %] 100, i HH
LRSI A E 10 ME. SRS o 412k
U SR FH, LAHERR BN 51 AN —B00] g 1 i)
T B RE B 21 A A £ R 0 3 AR AR D,
TR AR A B LI AR .

TEHCEAL, SOt 16 k%], JXF AT
gL R, Z R T TR IR SRS . 7RI
AR, P 58 TGS N A1, PO A I AR
PRISERS . TEIE AT, e BRI e Al i %
HEEMLEZES, AT00 4 FhZm st (DEMRLA
FE AN A TE], 00 A B (R PN G R AT
LR ) O IO B e 7 A A [ ); (2) T R A 7 A
SRICTI BRIk e b o i L N g mags LB B i)
TR D) A, A TRD, B AN TR ), (3T s FE A
A Ty, 0 R S e (8 P G A I 3
()P DR S, AN ), Bt e (S AR (] ) (4) 3 R A5 7E
e Ay e a] 5t o 3 £ — o [ P (i A o)
WAL R | PR B IANTR]) . HARTT LA 2, 3%
4 P A5 REAL L B .

FEIE N ACPE T, 4 3 N B B A B .
Se MY By, TEREA trial TFAAT, S BUVEWLE
200 ms (ZEM) g, FEAESS 6F [ e 2 B I
3000 ms. #RJF, #EAMH B, FEMAH B, S
2 I A A (G RS A SRR B AL A e 0 A e
J1)400 ms, & HEMLGNLR 200 ms DL 341
R, F4kLE R 400 ms. ARG, F—E MRk
SOOI — X (R R < 55— IR, 1/4; 55 XA,
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2/4; BN, 1/4), fEGEE R BT, Sete R 5
PN 2 30 B8 (test) 200 ms,  HASS T 25 )5 7R
L ER A5 P 5 B E R (probe) 200 ms, PIEZ
)47 A 7S i 400 ms o B2 Rl JA I 2 0 R EL g
HE R 20, EHPGRTE 1000 ms IR, H 3k
17 F — trial, Wi trial Z [A]25 5§ 400 ms. 256 e
e 3.

TESLW T, B—> probe A 8 sKAERIE A,
— test A 4 5KERE A, probe SHE— test [
Horp— R S B R BEALEC X, A 5 8 5K Aot A
10 /> test FeA4: 5 80 kI A o 7E 4 FHLHKKFE T, X
80 KK F1#%% probe Al test MY PN E, HLEE 4
W, L, X E s R AR T 320 Yk, EREST 80
UCHIBT A 4 RS

FETCIE NS, B ALY B:, H PSE

HERERES

a A

I A

VENFLLL  HE 4 IS F, BT probe il test
JIT B B A3 BSR4 FhaE R SRR A T
HEBR I LA FR T Rl B R, KRk aE o
A B WL, A EE R AR AL, B 43S N
RS ETE LA, WX T T AR AR
22 #H#R5iE

TE RS N AR, B R Bk R R
96.28% (FF & 2R iR/ BialR); 7EXT b I8
S, IRBEAZCE A 93.50%. A BER R 5
HT 2471, 218 Burr F1 Ross (20082)IHF5%, H 2
TN IE 25 5347 0RE 43 i U0 B30 FURT L R 0 D i £k
B g v, 4 BSR4 PL A 25 R E 4 PR L BE
BER AR 85 PSE T A A1 491, 45
Wk 1 R,

B IS NSRRI, B — LB X R 2 1Y

R

B2 S — I o R R (o )

jﬁl:&{ 3s
FiEPLAE, 1000 ms

(JAE—, 200ms ) &4l 200 ms

&l 3

(][ 400 ms
1H5E J013 200 ms

S — 1 AR S A
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EE ¢

[ A BB R
| A BB AR
| O BBUR R R
| BRI

HHgr R B E AL (%)
4

Prtjbe
Test ¥

P4 S — Bl 45 R R R GE )

B GRS 550 201 738 I 5 25 5 3502 DX iUk e 1 4
TR R A A D B DU 2 S U Y B
MR b T o 3 SRR AR Ak ] LASE 3 5 252 1 B0 ) W
SS9 S R b 58 ) 38 St B 3 <22 i X3k
) 38 S A 3 0L /b ) DX SR, ko e S A T 4
AWM PSE &HEK), TESLER R, XFWIANE R X
W BB 400 A5 RT 5 AN, IS A R Y
14 J 2 S B b 2 PR A DX 3l 50 R 17 10 8 A 1 25
G, NN Gi—FRIA PSE MR

TEECEIE N 254 T, 28 Durgin #1 Proffitt
U%Q%ﬁﬁ,h%ﬁuﬁrﬁJ*memzmﬁﬁ
22 20 S N o, SEAT 2O B, ) <2 (5% 4%
o7 B2 I 7 20 BT (ANOVA) . 455 F . 0
W AN B RO B, F(1, 15) = 343.67, p <
0.001, 1,>= 0.96, BfHe{ B A F540 3, F(1, 15)
= 16.00, p < 0.01, 7,7 = 0.52; PR ZLHAEHA R
F(p > 0.05, 7,°=0.00), FLEBCRRERRANTLLL
I, MR Bk & A s, S 433 g e 8O B FE IR Bk 5 7Y
L DR A7 (RO PO B - B2 2 ST, R B, o
DR 28 11003 7 et AT 3 A SRR, B A e Ak R
s O B AR BE AT ) 25 () 67 B b, RP LS SR —
R B 1 2 1] - Bz J2 LS I

B X L RE AR AFREAT RN A, AR )

W] AN, Y RN B, F(1, 13) = 10542, p <
0.001, 1, = 0.89, BEHENLE M ERN AW E@ >
0.05, ,°= 0.17); MR RLHAEAARLE(p > 0.05,
=0.04), ZLEHFRI, IRBE L AT, Xt Eb RS B
Eﬁ%mﬁT%émwmﬁﬁﬁﬁﬁﬁﬁ,*@
A R XT3 — BRSNS AR S R, 3 R B SY — 3L
(Burr & Morrone, 2011; Melcher, 2005),
2.3 QI:l e
FERRBE & A PP BE T, I8 5 2RI A
) - 7 J2 e B RS 438 ) - g J2 B R, T bR R
T I 5O U] 2 0 S 4 ) AR DA - J22 Bl B 4

30 SR WX RIE BRI
Xﬂ‘tKELT“ J B S Wi

X G Iz B, KL N S CAnmAR} )
A LS T2 3 i 2 AR R LS, BV IE 5 3R] LAAE
R &Rz shiy Hbsr B, HiZ PR Ae A IR Bkt
{I59RAETE (Melcher, 2008), %55k — 15 T W5 £
G R R BCR A o B B R, A BT A AR R Bk
15T RIBCRE 5 iz 3h 5 B s S oL, #E—22 W
Ty CRCaE )3 7 J5 R0 B 2 SR R A o PRI, S —
SR FH 158 B RS S & AR, 430 %5 588 i i
JoF AT HJEE T8 IV S 50 e 55 R o

TS50 T AT 55 LA T B, AR TS 5
56 Hp Gl 3 B Sl W) & A E S 56 — g 3 AR -
AT DL BRI TR, PR IE S e Hp S A T
ﬁﬁzjj ll/‘
3.1 ﬁ&
3.1.1  #it

36 ARFEASINIR, AT ) 808 IE )
IEH, SEE A oS n RS —E 1R . ok, 20 4
X 9N, L 11 NS B IE v e, AT
SRR K 23.05 % (19~30 %), HiAy 16 (A
7N, 29 NS X L BETE B SRS, AT AR
1k 26.38 % (22~34 %),

x1 JBHEHETHHHZOERBESITEER

R A3 AR )

P B A AN )

S A - — — —
J3 45 0L A 7] xS A | J3# % o7 A 7] J3# 5 0 AN [
Bl Joidi i PSE 46.10 (7.59) 47.85 (6.05) 47.48 (7.46) 48.99 (9.22)
(L ) &N JE PSE 111.61(25.53) 103.46 (25.14) 56.31 (7.50) 51.26 (7.04)
SiF B 4 JCik B PSE 34.40 (14.43) 33.72 (10.55) 39.43 (9.47) 38.73 (13.62)
(TEHA0) 1% W J& PSE 73.08 (12.84) 67.62 (11.45) 47.61 (12.87) 47.09 (12.23)
W SN bRHERE, FIR. “JCHE N PSE™ R £ Fiidi N 4% R T X 7 (19 TG 38 b (FE2k) 45 11 PSE.
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3.1.2 SKIGEE ML

SR E J— 15 PentiumIV PC HLJR, Philips 17
YeF Al oF WOk 2%, PO IR R R AL 70
cm, FUA0RE B K T S A R S g —

&5 SR PRSI0 A5 PF T A R, R
PAETALS b RO R XN, R AR 10
cm (7.59°W0H), BLCEEEEM A 5.5 cm (4.19°40
o ZEMIREE S50 BaE R A R, 17 B XA S
Ari, N BEINA 400 A8 AR X L RE SRR
AR, TR N A T B XT LA S 10, TR
JTHIXTECEEE R 100, A A S50 R 52 58—

HRbERL e

it b HE T R A
P 5 S0 3 RO

3.1.3 KIRItFERF

FERCIE I8 R LY BE IS B RSB R, B
probe 7 8 A A, T—1> test f1 4 HKAEFRIX
F o probe 55—~ test BYH: AP — R AR & - BEL
Bexd, AR 8 sl &, 10 4 test HiA A 80 5K
B R TS A, PIAR B L R S A B T 5
15 5090 —AH R

B AT L BE PR SE 90 B i AR AR R, R T
SR T I A P S AR

{183 200 ms
jjr]_]l;f 3s
(iR 150ms )

JiERE 750 ms

i1l 100 ms

Fr g4l 200 ms

e, BHETT 16 YA R B I W 4~
) = i W 1 1 S W M ST S W M g S
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Abstract

A key question in numerosity cognition is whether numerosity processing is based on quantity of items,
rather than other low-level descriptions such as contrast or density. We can shed light on this question by
investigating the cortical remapping features of numerosity adaptation across saccades, compared with those of
low-level properties. As can be seen from previous studies, when the observer was sweeping across a stimulus,
there was a spatiotopic representation of the stimulus, forming an isomorphic map in the visual cortex anchored
in stable real-world coordinates. The remapping was based on transformation of retinotopic mapping of the
neurons that occurred in the primary visual cortex. This transformation, however, was proposed to exist in
high-level descriptions selectively by means of integrating visual properties with eye-movement information
across saccades. Therefore, distinct mechanisms can be revealed if the remappings show different characteristics
between numerosity and low-level properties such as contrast or density, which is helpful in supporting the
statement that numerosity processing is relatively independent of primary visual cues.

Object-based remapping was thought to be possible when stimuli moved without saccades. The mechanism
underlying this kind of mapping is not yet clearly demonstrated. Specifically, if this remapping is due to
object-file updating, then all visual properties could be remapped when objects move without saccades, despite
the different processing levels of them. By contrast, if the object-based remapping is based on a similar
mechanism to that with saccades, then a distinction would appear in remapping features of descriptions in
different levels: only higher-level descriptions’ aftereffects could be remapped to final positions when objects
moved. Therefore, exploring remapping features when objects are moving without saccades is an effective way
to study the mechanism of object-based remapping without saccades.

In our study, remapping characteristics of numerosity adaptation aftereffects were investigated
systematically when relative motion occurred between the target and the observing eyes, compared with those of
contrast adaptation aftereffects. Two experiments were included. In Experiment 1, subjects were asked to shift
their fixations to a new position after adapting to the stimulus. The adaptation effects in the same and different
retinae/screen positions were compared. The numerosity and contrast adaptation were tested respectively. As a
result, numerosity adaptation effects showed spatiotopic remapping features to some extent, whereas the
remapping of contrast adaptation aftereffects appeared to be purely retinotopic. According to the result, we
proposed that numerosity was a higher-level description of stimuli, which can be integrated with eye-moving
information and built up across saccades. In Experiment 2, with a stable fixation and moving adapting targets,
we determined the numerosity and contrast adaptation aftereffects in the original and final positions of targets,
respectively. The results suggested that numerical adaptation aftereffects can be remapped to the final position
of targets. On the contrary, contrast adaptation aftereffects could not be remapped to the final position of moved
targets, showing a completely retinotopic remapping feature. The distinct results in Experiment 2 underlined
further differences in numerosity and contrast processing, as well as an identical mechanism in remapping
features of relatively moving objects with and without saccades.

In conclusion, cortical remapping of numerosity adaptation aftereffects was shown to be not constrained to
the retinotopic level in our study. With saccades, it was shown to be spatiotopic; without saccades, the numerical
aftereffects could also be remapped in the final position of moving objects. On the contrary, contrast showed
completely retinotopic remapping features. These results provide new evidence to support the view that
numerosity is processed at higher-level rather than being completely dependent on inferring of low-level visual
cues. Moreover, we propose that the information of relative motion can be integrated with higher-level
properties of stimuli no matter there are saccades or not.

Key words numerical processing; numerosity adaptation aftereffect; retinotopic mapping; spatiotopic remapping;

object-based remapping



