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T BT BAE A — A RO FE A5 ol DU 5t 1 28 0 45 b
4% (Shore, Spence, & Klein, 2001), i A~ 25k B 1t
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I AR 4 HE RN AT I T . DRt B %k
WA PR R /NG RS 3 1) SNARC 2300 1] fig /2
T8 a1 A X TR B B R/ N TN

AR &, Ym0 R 2 1 H500 A (8 T A 4T 55
J X B 2N 18 F ok A S T 58 5 B0 i T SR AE
HEBBXRT, HRRE 757 A AW 55
AT 55 ANAHOCHY, T 675 A S AR B P
WAZBTELE N T 4, BRI, ST — ) g 22
BRI Su.

H AT B A — SO0 TR, A O 5 302
A7 SNARC RUNANREL T 740 U], oH 2
M2, B0k THEZRTHEMT, O FLN
B I e A7 R N T AR AR KT I B Bl T
I AR e 7K BN T AR N T B A A 1
AR TR A I T, O B 728 75 e % A if
BRI, OB L WA R 2 )

AHF5E R H Fischer %5 A 2003 4F- % FH 114 il 4%
I 4E 55 (Fischer, Castel, Dodd, & Pratt, 2003), Ji =
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R 53, F(5,95)=17.78, p<0.001. & BARK i 43 22 01,
1R R Y B S 2R Ol 28 XHE R 1Y BUF (-8,
—Q) IR, A IRX A AR 0 38 I A 2 T A
MR AR N 2R S (8] () RT AR SR Sl 100
ms I}, P25 8 ¥, F(1,19)=7.92, p<0.05; 4%k
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B RN RO 2 B R AT s BAE
H, F(4, 60)=4.03, p<0.01, 4nl&l 5 ii/x. 74, AlAR
FEIR B RN %, F(5,75)=5.06, p<0.05., fiij B4 1
AT, YAl ARSER A 200 ms, $R/RLRR N
THR B B (-1, —2)BF, A 320 A8 4400 S 33 T D 22
T /AN, F(1,15)=7.43, p<0.01, 7] 45 4ER
300 ms i, $R e F A ECRE /N TR, 2R
A S I 22 I 3 PR F A N, F(1,15)=6.08, p<0.05,
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Casarotti %5 iy 77 22 B IE BB K /Nl LS e 7
IR, IR /INECE, e ) s R I 35
FA M, FRI R IER, A T A
My, AEAUAIRAE R B AR B F A T IR A O T 0L
R 3 X B0 14 o TR B L A TR A B A A 2 R
I 4% 5 (Casarotti et al., 2007). 4R Galfano %
B BIF 5 38 WS 80 AR A 42 2R A SR PR i =X
H AU 2 LS 1Y, 7 A B 2 A T A 2 g
Z5 1A 6.5 ms, PR B R ] eI A2
—E 4 K ) (Galfano, Rusconi, & Umilta, 2006).
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A% [ A 2R (A& Sk ) AR L, AR TR ) At s 2 22
WA 1 (Bonato, Priftis, Marenzi, & Zorzi, 2005).
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X A BT BRI ST 0 T o] D5 R 28 o) i
W56 R, LI TRt Tl RE S5 1S4 S — A ik
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FE TR AL B B T A B SR s RATAIREA
B AEUAE T —MRE T 50D, 1E BRI ZEHIESL
ILRIAETE, XTS5 09 58 ™ A= 52 e, DT 671 5k )
TS XN T4 % X; i Fischer F1 Rottmenn fI#FFT
SR & E SN ik G AR Op) | MR Z S B
o BRI AL AN R S T BB T,
J3—J7 T, PASBIFSE R AL 55 AN [R], Fischer
F1 Rottmenn Y HIF 5% H 5 B0 175 2 AT 55 AN AH G,
TR Ty i 1 59k Z A0, SRIMTFRATT A AF 5% SR FH A S
WHESs, 75 5 O8RS — AR (A S0 o 2k 1 44 7
— BRI TR B S . R, XA Ee M
BRI 5 2 i — 20 M 5% T BUAE AN [ KOF, 6T
TS 50 NI AL, 25 X 5 K 15 A
SHAEARBEAT TN T o SR AR XA BN T RE S A AR OK
- H Sk e i

4 S —

TSRS =, FRADRE i — 20 X S50 — %) B[] 2
TR FTIE . SC56 — v A5 20 i X S B A T R Ik
SR N 5 | A G 2 T 3 3 0 7 R R A X B B
TS WA RS T TN T, BRI T A%
FERAR KT F A Hh 58 18 38 28 A 255004 45 1l R
ST, FRATHR OB R TE S8 = rp o S B
SHATINT. . BAMKSRKG IES, &, MfEOR &
— ARSI AR R R R, SR AT 55K
75 Sy B B0 BRI R A Sy B R 2 3 22 S 0 0 R
HEAT RN, T IE AR PR R 2R 22 S BRI R
ANHAT I o X FEBETH G0 AT 55 T LURTERE 0 17
B S BTN T, I ELUE X B B A B
TSV RN TR, R, O Wl A BIRRER,
XF 0 ZJ5 W i Bt A7 RO g, X ik — 2 HERR T
R ZWERF S T e ReE, B akaA ml e 2
W—A B HANWr, A — AR5 IR S O
AT RN, A 55 B BT J5 B RO R 47
N o SRR BN KA, KRR BEPRIEXS 255 5 2E 4T
TN, M 0 WA SR, WRERXT 0
WAEAT IR, 3K PR UE T B R 2 X B M A
WRIEAT T RN T, AU R — A S

FI 2 FHIWT o 55 A8, S8 = FRAT PR O 1 r= A 25 o)
B MR Kt ), 2B B O T A
LR
41 Fik
411 #HiX 30 BHHSFNRFEARESS TA
S (S48 = R B R S i S 5 — AL G ),
o H B Fioe 8 ek mgiliB e . pialor iy
21.7 % (20~24 %), Hp5H 11 4, 194, ¥Iht
FIF. WS B IE S, JCE . RHRE
(RS, A R B S A 10 T8 N R A S 4R
412 KWEE LRFEEFLE—,
4.1.3 RIHR BRI R LR -9, -8,
-1,-2,0,1,2,8 9 JUMEF . (HENTEA S5 Bk
AT 55 o HO6 S B R A 7R 2R 2 5 K
DU SRGHEA T SO, TR TEEE 4R R 25 R
DREORTEAT RN, P BB R R R AN -9, -8,
-1, -2, 0 AT, AAE e B R /MY 3
DI /N=9, -8); K (-2, —-1); (0)o FRIM Al 8 A #R
ol 2oy BT E
4.1.4 SRIGIEFFNZIT SR 2 R
FERUAT) x 3 (B /N, K, 0) x 6 (W AZ4EGR : 50 ms,
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Lasian s

S AT 55 IRl L —, HURROR LRI LA
. -9,-8,-2,-1,0,1,2 8,9, HiHMERER
1L Hh-9, -8, -1, -2, 0 AL, FALE B AE A — KK
LA ORI Db i 18

W AR AR B B oR g 45em Ab, FFEREIETE
He AN S G o AR v B 2R E HIR I VR L AE BRSO Y
TFEFRC B SRR, AR AR SRR
ST B BB (TE S e = oy . -9, -8, -2, -1, 0,
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HAE), I H A 0 sk 4 8507 5 R AT 55
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2o ERTE AL 600 R IIRE
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= 65.22, p<0.01. fa] BN o3 A B, Y n] AR GEIR oy
50 ms, &R FEAEGEERMAE(-1, 28, &
TR DU I & 2 T A, F(1,29)=16.51,
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Spatial Representation of Negative Numbers Induces Spatial Shifts of Attention

ZHANG Yu; YOU Xu-Qun
(School of Psychology, Shaanxi Normal University, Xi’an, 710062, China)

Abstract

The SNARC Effect (Dehaene, Bossini, & Giraux, 1993; Dehaene, Dupoux, & Mehler,1990) and Spatial
Shifts of Attention (Fischer, Castel, Dodd, & Pratt, 2003; Casarotti, Michielin, Zorzi, & Umilta, 2007) indicate
that there are tight connections between number processing and representation and space. These discoveries,
however, are only regarded with positive numbers presently, there are few effective experimental studies or
evidence on the mechanism of the processing and representation of negative numbers with 0, or on the
connections between negative numbers and space.

For alack of effective experimental methodology (Fischer, & Rottmann, 2005; Nuerk, Iversen, & Willmes,
2005; Fischer, 2003), it is less than possible to set up research to investigate the secrets behind the processing
and representation of negative numbers with 0. As a result, there's no persuasive answer to the questions about
whether there are connections between negative numbers and space; or whether the low level processing of
negative numbers with 0 can induce Spatial Shifts of Attention. The present study, including 3 effective
experiments by using stimuli detection task with number cues, was to investigate the connections between
negative numbers with 0 and space, and the mechanism of the processing and representation of negative
numbers and 0, through observing if the low level processing of negative numbers can induce spatial shifts of
attention, and whether it depends upon their magnitude or absolute value.

Experiment 1 was a within-subject design of 2 (target side: left and right) x 2 (magnitude of cueing number:
small and large) x 6 (variable delays: 50 ms, 100 ms, 200 ms, 300 ms, 400ms and 500 ms). Results from
Experiment 1, in which only negative numbers were included, showed that left (right) targets were detected
significantly faster than right (left) ones when numbers with small (large) absolute value were preceded,
revealing spatial shifts of attention depending upon absolute value of negative numbers. Experiment 2 was a 2
(target side: left, right) x 5 (number magnitude: quite small, small, medium, large, quite large) x 6 (variable
delays: 50 ms, 100 ms, 200 ms, 300 ms, 400 ms, or 500 ms) within-subject design, in which both positive and
negative numbers, and zero were mixed as cues, showed that left (right) targets were detected significantly faster
than right (left) ones when numbers with small (large) magnitude were preceded, revealing spatial shifts of
attention depending upon their magnitude, therefore, there is a mental number line extending to the left side of
zero, and representing numbers depending upon number magnitude. Experiment 3 was a 2 (target side: left, right)
x 3 (number magnitude: small, large, 0) x 6 (variable delays: 50ms, 100ms, 200ms, 300ms, 400ms, or 500ms)
within-subject design, in which only negative numbers with 0 were designed as effective cues, although still
cued by the whole mix of all negative, 0 and positive numbers as numbers preceding the targets, subjects were
only requested to respond to targets preceded by effective cues (negative numbers and 0), while not respond to
targets preceded by non-effective cues (positive numbers). Consistently, spatial shifts of attention depending
upon number magnitude were successfully induced by processing effective cueing numbers (-8, -9, -1, —2,0).
By ensuring that the minus signs were processed with the numbers holistically, it can be put that there can be a
low-level processing of negative number magnitude to some extent of automation.

As awhole, the present study suggested that low level processing of negative numbers as cues can induce
spatial shifts of attention, whether it depends upon their magnitude or absolute value, however, seems to depend
upon the task requirement and the inter-influence from other involved numbers in the task; there are connections
between negative numbers, 0 and space; there can be a low-level processing of negative number magnitude to
some extent of automation; the forming and representing of mental number line is dynamic and flexible to fit the
task requirements, mental number line, therefore, can extend to the left side of zero, while representing number
magnitude.

Key words negative numbers, spatial shifts of attention, numerical cognition, number processing and
representation, mental number line



