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B T HFERBERAEMBFHTRENEE TR, BOEHIE (number - form synesthesia) B — F#U7 1] LA B3| &
2 AR IR AR BR R , S AU R AR HR B P T AR AE (O TC BN O B 4% (mental number line) B . WETEST N HIRHLH
FHEERSER, OFEEAGELENER . SUBBEMBIR SR TR AT AR EE, A LR R = WAL 5F
Feep H BLAY R RE , ISR T FHF S MR MR  AEMEERA LT RS —SWRRME T HOER, AR ERREFR

PER RS FTRA .

XA BESARE POEBRE LEETFER BRBE TRiER

BFERFENLEEW S FEE, MUTTE
BEE MBS, EREAFRGEENESEHFH
S5 RFELFESUTRME#TRE. BE
1880 4E Galton B T T 57 [ MK & ( Galton,
1880) , A% B R E BB FZ ma flanit 8 i+ 5&
S8 = hn T i3 B2 (Ward, Sagiv, & Butterworth,
2009) , X BT B0 T4 & 8 WA 23 (8] 1 B A9 E 19
( Hubbard, Ranzini, Piazza, & Dehaene, 2009) , %X
FAE O EE R AE K 09 2R P HE ST BFR O O BT &
( mental number line) o JTEE4ERR T 0BT LAY
KEWFREI : ALK N 15 A 1O BT
8, AEPFARERELBRAGET2HANG A
1% & 23 |8 Bk 5 ( Dehaene, Bossini, & Giraux,
1993) , BEFEHMER THFERIMEKE (Io &
Hatta, 2004) , 3P %0 A9 25 [B) 45 0 e IR B B 5K
% R T A R B, — AN BRI
T2 BB MK, BISOUE B % # (number — form
synesthetes ) I 06 X0 3 38 E BR 5 4 O B 5 25 (] %
R REREFEENT L,

1 LBEHFPEMREREERE

SNARC ( Spatial Numerical Association of Re-
sponse Codes 75 [B] $( F 4R ALK & ) RS2 IE AR L
BT LR A S RIS, B . Dehaene % (1993) &
W, FEXT B3 47 A 48 0 e e o /N O AT 2 I L
FS BT A 0 B R H AR, BBk T N ZE [ A 1

BT ERIE. ZRMRANRFESERENER
ehn, ERZHR P HIERR It T 12 E K SNARC
B (Wood , Willmes, Nuerk, & Fischer, 2008) , &
—MEAT OEEFARRPE B RERER
( spatial cueing paradigm) , B B Hy Fischer (2003) %
KA FERTLZRE EEPRERASERENRF
(1.2.8.9 FEg—1) , BRI s MAEZE R EF R
A5 AR T A SR SR T R PR LA R, 2 A R 3R
BN E SEF GBS EEENEE -2,
B AT S A — B E O T o

H T SNARC 3803 Fl 25 [B] 4 R Y sUAB 2 X 7
23 [A) FRAE ) 1B 4 0 B, R BB 58 & (R IETE 1T 3X 24T
S EEETE R M N R S R = R RIER
o AMFHEINN SNARC R Fr R I B IR e
FAEZSIA]_E M RAE , Wi LU —Fh R A P 3R
W% (Fischer, 2006) ; th A AF ST & i T M —BH
BN EFEY RN ALE T ARAER +7
®_E -7, KBS KNI (Proctor & Cho,
2006 ) ; A B I E A B F B B RAEF LRI
ZEE —-AFA SR BFHTRORPRFE
(Santens & Gevers, 2008) , A #pEI{E SNARC R hL
Fzs R REREL RS T HF M2 RIRIE, X
MEFSEEMNREEHERSAAH, R TERS
)& (Shaki & Fischer, 2008) ,iF & TAEiciZH{E4%
B E R (van Dijck & Fias, 2011) , i8R AR AR
B — R[] ( de Hevia & Spelke, 2009)? FA W
REFI—I, FEE L H 2 H M TR M RIX L
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“HESE” (synesthesia) 5" B E FYER S 7 B oy — 7o
TR RIS 5 | R 53 A — B TE B 3 R B IR RS L
HRR BN B - B TR R AT LS|
EBEW . BT 4 1 0 5 38 A 00 i v
RN TR —HE#Y (Sagiv & Ward, 2006), ¥
LB & — MR A B IR M B th B Fr s 1
—MFEZ R BERIS, 7E B B L i3
T 10 -12% ( Sagiv & Ward, 2006) . Galton ( 1880)
BRA R AN & R X LR, R
BOE B3 E BT 5 = R A BN $OE (number
form) ( Galton, 1881),

HETA LR A NBUEB I E B LU F —
FEEFRIE : B 5, BUBBR R & —F A B R E BT
ZERAE OB R E S EW M E RS S HX
FECF5R S IS MIA R, 3 B F R -4
TR UL, X R BOE BLA 1R 33 09 B (8] 52 2 1 ( Gertner,
Henik, & Cohen Kadosh, 2009), H &K, B HE 5 &
HIX AT 5 E KA R EEE RN LA
FFSEFTER (Seron, Pesenti, Noél, Deloche, & Cor-
net, 1992) . 545b, BKREEMBIEAZBENEH A
BEE MR ERR TR REBRF B as
H 304k 3 J 3E 2 25 [8] 51 19 £ & ( Cohen Kadosh &
Henik, 2007) . &5 , AUZET, B A M. 78
REWFFFIME RSB IR M EIE, HE
XA [EE A A %S (8] R 5 8K ( spatial sequence syn-
esthesia,, SSS ) {4l [6] T 7E [/] — 4™ 4 & - R B it ok ( Ea-
gleman, 2009)

3 HEERIE“H BMEAHRER

3.1 BOBEHS.0EBFRMK T

BOL KR B0 B — o B AR A 307 25 i)
RAE, RIUNEKHEE 7T ARGt B C W30 75 18] B
SR EIE, H B AT BT £ [ HRRE
(Hubbard et al. , 2009) ; T dE B 56 % %F F B C M9 %K
FERFMEBAFHAE N, B—F RN TS
BIFRAETE K, RE WS 55 E BT M 1T % (Dehaene et
al. , 1993; Fischer et al. , 2003) A S XA HEHES
2 B F3CHAE il Hubbard (2009 ) % 76 8 75+ i
FESERWA, REFAREREE S HL IR
B BT 2 B BT BCA A FT LA B0 40 38 = e
BHER ERSASMMIEREESEB I kK

T U B 7S () 4 5 T AR K O A XU Y
FEMH A 2E (Galfano, Rusconi, & Umilta, 2006;
Price, 2009) , BBt T L IBE AL IR 5 Z B0 8
H 8 FME S E R BB ( Hubbard et al. , 2009) ,

B EBUE M A ik BB R T AR &, §
Fa LA S5 R R E L B M BOE . TERCER
.4 ( number pair comparison ) i &, , Bk W & & #
P 2 3 AR Ob ek 2 () A ) 1 — SOHE 0N - 38K
BHRL S (8] 45 J5y 5 B 3 3 B B80T — Bt () ik 3 &
BOERMT 1) F, R 2 Bt 2 /NI T KK
B AR —Bont R B AR, IR R R T A W [ A
A — B S5 5 A4 Ak B R BE L % PR A (Jarick, Dix-
on, Maxwell, Nicholls, & Smilek, 2009; Tang,
Ward, & Butterworth, 2008) , Bt H MBI EAS
BEEANEHASBEYN, BREER B SR
FEEREHE B2 B Sk A5 225 6] o B2 & ( Cohen
Kadosh & Henik, 2007),

ERRHLE] L, B 06 5 BT B0 0 i i X R
B (H) 0 A B X 22 [ B Bk 45 L 3, IXRh 45 M |
HIA[F] 7T B & i F 5 B %5 A ( Hubbard, Piazza,
Pinel, & Dehaene, 2005), Hubbard % (2005) 7F —
TREGR PN, BOE B E T REEREKELER
SHIE LAV T TR 8 550 i A X5 2 Tl o T fi (X =22
[15) 6D 38 B, 3X Fob o B A M P BB JE p T X B8 A TR FF
FEF HHIFEYLER S, AT BB R iy T4 F X SN [6) 8
T [B] ) 22 3K 2 40 ) /6 FH EE 4K 59 ( Cohen Kadosh &
Henik, 2007) ,

3.2 RUBEKRS5OHETFLRMKR

T ZHATE BB 07 8 - B s e -
BRI BT 5T R BRI R T i R W 23 B
FERE & —F, HfE 7€ & 19 X B (Sagiv & Ward,
2006) o AR YL BRI T LR TE A8 A R ML ) R oz
F V5 BRI 9 17 B2 40 0 T A9 AR X (1PS /K B)) &5
97 5% 5 8] 10 T A9 DX (-5 )5 5 1PS TR /et )
LB M35 M ( Dehaene, Piazza, Pinel, & Co-
hen, 2003), Tang % (2008 ) {55 & ¥k {di B fMRI
BRI BOLBR 50 8 B DL 217 T i BRI BF 5T,
SERFLW FEXTBF AT R/ Lo B 56k
B FITIOE 1B X AT X 5] 5 ot 2 X 8 AT 0
TR ERSEE S E IPS Bl T BT, £8
X R S PR, SR TR 4 SR BR 38 B 8
T2 (B RAEHY B AL R — B0, K A AE F B Y
SR E AR,

R HTR BRIt R AR B & 1M 2K F
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ARG E BB, RERE B E KT
H:15 % &R ZH ( Hubbard & Ramachandran, 2005)
AHRERDY 7 REKEMB RS, ARG
BREENZEER(MERT | EEE, ER%)
AR B, K5 R7E F 58 5 55 (Martino & Marks,
2001) , i FERRE A AR E K L5 5 T8 iU B it E
HEMERE, BITE KN4 LRI E LW EE M
(Rouw & Scholte, 2007 ) , Piazza %5 (2006) fEH5E
REIBMATH OB PR F ' NG S/
THH B AT 5 ) BRI N ) A2 B B
OV , AESEFT P B A B AT 25 B (anar {8 20 ) W
RIHENE G ROCERFEL. BREHE 54808
LB F L RN FFERIEE R TEA [ B BOE B 3E
HZE, S E E RS RERA TR E /Y
(Piazza et al. , 2006) , HILEATANRELILE K
HEERREATALR ERAL T —EHEH,
XX H LR EFARMERAKF, MIEET AR
#14] ( Cohen Kadosh & Henik, 2007 ), A7 EE
BB B 2T U BT B A1 2 45 R AT LA T R I
WA BT AR I A HIHER
3.3 Xt HF s A RIS K TTHk

BB R AIE NPT = RIRIER— L6,
StFRFERIBIERRRRE B WREE T BREE
SHBf TR T 52 RIMBKG 2F BIRK, BB iE W
wHRERSE S A WEE, HEAFTEERSE L
TR 5T BT 25 IR FRAE A SE 36 T 2 R [R] 2 b 05 $07
2[R EAE R, (U H 2 R F R ae g 5] Rk
B ZBOE 8% (Hubbard et al. , 2009) , 3 HEKHE
# 5B E W EER TR LA R E
R—3H, REERRKT 58 E X H)( Cohen
Kadosh & Henik, 2007) , JES64E 3k —S6pffi & B iR
2| T BB X — RS PR F S R RILAE
XOHABRFH T —BUISHHR. RELSHIE
B BEIE W B FIBF TR R IE 5 H FR ( Gertner et al. |
2009 ; Hubbard et al. , 2009 ; Jarick et al. , 2009; Pi-
azza et al. , 2006 ; Sagiv & Ward, 2006; Tang et al. ,
2008) , {HX Lb45 RAt F AR B F 25 A RIEF 7 P
MR AL T B IEDE .

POUBRRE AR, DL AR BR8P0 A 4R
B R A7 AE , 1 BA B 4 (B RAE B9 1 B B 81 3
AL, FERT RE MR B B W R BT i LA i X
5% K 2s 8] TR M X 7 KR 458 b Y 26
(Tang et al. , 2008) . Ti—S$0IP B H R R —
BERSEOE LA K LA+ B 43 R R B S T 30T

FEFIERAEENE W, 5 I RAMEFE RE
SRR T B TR A R TG PR e 2 B SO PT BB 7E
B H OCHEBFEANTEPT HAREZHHLE(P-
azza et al. , 2006) ,

Xof T PR AL A 1 A A R SR B
I TRERIFIPAT A0 TARRY . B4 JBSC, Be i T
S AN A 7 0 o A0 AN L 8 R — A e
( Dehaene, Dupoux, & Mehler, 1990; Zhou, Chen,
Chen, & Dong, 2008) ; M1 ¥-17 i LA R AfT& X+
FLECG AL ST A R RAE (Nuerk, Weger,
& Willmes, 2001) , BB BKIEE N —BJLE BIELE
POV # 7 #AK i TAE R (Galton, 1881; Sagiv &
Ward, 2006; Seron et al. , 1992) , fij—& L+ R4
R EIBOE (Galton, 1881) , LA R¥F - B AR W HBF
Fi(Galton, 1881) XFFEATM MM H . %A %08
B BT - BERE RS R, WA B RIE
A RER PR RS FE IR S LA, X — W R 8 3
T Wi BRI ) 32 5 (Liu, Wang, Corbly, Zhang, &
Joseph, 2006) .,

4 HEBREHRREZRTEH

3k LABUE B 5 A BR ] BB 55 W] LA LA R ix gk
HEETF: (1) BXAHR BRI R EFE
kA FRRM, ERERABL R RDIERE , Bt
ROBEABIEFEZ, JOEBREN AR ERANIL
F2a [, BARER R E RGP, E RN XL HE
R TR SRIAL SR UEE R T AALT
R ERG? WUEF RSN POC KR ™ E BN
B 2TaEB#HE—-PHTHE-E, (2) REY
5T MR RO A B R DT R BUB BR 1 7= K
REPIMERRHTRHAXE -BETARNKLEE
IME R AE R TR, FEOX — K EX H B
B AT 1) ) 35 1, 40 52 B ( Cohen Kadosh & Henik,
2007)7 (3) MiTIREBR AT AT . 6 THOLBR 30 & WA
PLEL, AT AR TR B S TN REER G TE R, h THA
ETFEIGEE WD E R 5 RS T M ZhRERF X,
T A B A A T BB IR 5 X TR 5 o X [|] 4 32 AR T
EHA S EIE, A RERHEE LT B
T DX 2 [ fim T i X B AR AR A 2 A BR &, ZE KR
BESTRXMEKENZEEEFEEN. (H)BKR
58877 BUB B8 T3 (8] 5 5 BX 38 (SSS) y—Fh
Frl, 25 (8] R 51 B 08 2 B LT A REE R H E TS
FERFEEFRATZVER A EHNE F4
SSS BRI H & 7 HE U8 B PR X H AR S 15 1 FF 5 A
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¥} =4 23 6] F21E ( Cohen Kadosh & Henik, 2007 ) , Bk

WEKXFE FIRNERIFRIERE A B TERMIC

ZIRFH R BREERERALERL BRI TE

(Blangie, %) Wik (5) Rt AW F

BB BOCFERR T AT LA | R 2 ({5 B AME AT LS R B

BRER, BF - CERENIREZA B E0m

THUHIRME T 1B 4F Y 4iE 3% ( Cohen Kadosh & Henik,

2007),

BAE— ML Z AT Galton (1880) IE A KM T

X WA , b 1E Visualized Numerals — L $5 H : “ Bf

MARE—MBREF AN OELHE B C KO

—PERB IR RN K 2 BRI, O3B R N X H

A 2R A S Y R OB BEITHER, A —

MAREFIRERT , MXLEHRALRRELE

EHLHI” (Galton, 1881), RE XM AR %

U2 ELR.OCEEA PO SWT 2 kR L

J& (EER R PR B H S ] R K — B B ] Py 3

BAHEBIEN, N BOEBREH#HITRENZRBRM

VL JLAER 7 B8 T U, 3 P A SR BUE B 0 i A 5% {58

B2 B RAE ) — Lo R G B T R g ok,

£ 05 [R) BOR B 3 FOBIF 5T BT RE M e 9 (6] B 1 0%

XWX — 45t 45 B ( Cohen Kadosh & Henik, 2007) ,

RPF= MR IEFR A ESEZ TR, LB

AEEEREE VR FEZ MBI BF, &4

Z R B E IR B4 T 84T A AR AL B B

FHERB T RIREX—-UR, #— P R REX—

PRITIBHLEZ

B 30k
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Number - form Synesthesia: A New Approach of Spatial
Representation of Numbers

Zhang Zhe, You Xuqun
(School of Psychology, Shaanxi Normal University, Xi’an, 710062)

Abstract

enon called " mental number line" - small numbers are represented on the left side of the mental number line and large numbers are re-

Spatial representation of numbers is an important way for human beings 1o represent numbers. There is a renowned phenom-

presented on the right side of the line. Similarly, number — form synesthesia is a remarkable phenomenon, in which numbers can be
perceived consciously and automatically as existing in spatial ~ defined locations.

There are intriguing differences and similarities both in the cognitive processes and in the mechanisms of the brain. Number — form
synesthesia is a kind of explicit, involuntary number — spatial connection, which is automatically activated by numbers. While the men-
tal number line is implicit and flexible, number - spatial connection depends on spatial demands of tasks. In the aspect of the brain
mechanism, synesthetes were thought to be genetically predisposed to develop such spatial — number association through the random pro-
fusion of cortical pathways between the brain areas, which are responsible for numerical concepts and processing spatial representations.
However, we assert that these differences are concealed in different levels of awareness ( and not in qualitatively different mechanisms) .
And studies in number — form synesthesia already provided sufficient data to solve the questions of spatial representation of numbers,
such as the origin of spatial representation of numbers and the representation of double — digit numbers.

The study of number — form synesthetes is bound to supply substantial behavioral data and brain mechanism data to solve the prob-
lems that exist in spatial representations of numbers. The study also contributes to reinforcing our understanding of human spatial repre-
sentation of numbers. And it will provide new inspirations to further develop this field of study.

Key words spatial representation of number, number — form synesthesia, mental number line, research approach, research advances



