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(@7 R L _
T AE AY YL AFLH FA7H0|
T3 Aol A= FF
of A ® z &
Fista Aleistat
SNARC(Spatial-Numerical Association of Response Codes) EITH HHA O 22 = A% I A, & F& L% I
A Wl ol d Wl $ol o FolAE Lo, o 2ial oS SR A WA, 4o A
58 78 AgAe} AF3 TEHo] 7% JdolAE SNARC AVt A #EET T Busigth & AFdAE

7 Q1A wte] 712A FEl £ Wl ST AlEREE Ay 1ol 43 JthollA SNARC EFTE ZA vERY
EAE AF3ET A7 27, 77 Ad WRER A% Vx £ AR A o] W Il AT SNARC EFF
AU, =3 A1F ﬂﬁ% Ze 3H Z A9 S B3 AT AFH AYrIdo] v oAk
SNARC &37} #ZE T vHd, A3 2 719S 7|Fo2 Jie UFdS wole= FAw 7holl SNARC &39] #}o]
7F Adek ol Axte V& 4 A T 9 AFT A} 1Yol 5% AFES F9F I3 7 Aol Exe}
et M} §-53Y 7HeA8S AlARTE

Frlof : SNARC 23, +2 v QLT +-37 g, 2 I, ABZHE eiy|of

(Brief report)
The Influence of Numerical Processing Ability and

Visuospatial Working Memory on Number-Space Association

Kyungmin Lee Soohyun Cho
Department of Psychology, Chung-Ang University

The SNARC(Spatial-Numerical Association of Response Codes) effect refers to the phenomenon that relatively smaller vs. larger
numbers are processed more efficiently in the left vs. right side of space, respectively. The SNARC effect is a representative case of
the number-space association. In relation to recent reports of a reduced SNARC effect in the mathematically skilled and high
visuospatial ability groups, the present study examined whether individuals with high number acuity and visuospatial working memory
capacity manifest a small SNARC effect. Number acuity refers to the sensitivity for the discrimination of numerosity which is thought
to serve as one of the foundations for numerical cognition. Our results showed that a SNARC effect was observed only in the groups
with low number acuity and visuospatial working memory. In contrast, there were no difference in the size of the SNARC effect
between groups high and low in verbal working memory. These results suggest that individuals with high number acuity and
visuospatial working memory may have a more flexible association between number and space depending on the task goal and

context.

Key words : SNARC effect, number acuity, number-space association, number comparison, visuospatial working memory
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Xl(mental number line)?] FEIES A
SFCH(Moyer & Landauer, 1967; Restle,
1970). BAHOR AFA M 2BHOT I

U1 2 AYEY A A UL

W O o T [ Y3
B N
-

E

Zt ?ﬂ?}(number—space
R QITKFias & Fischer, 2005;
Hubbard, Piazza, Pinel, & Dehaene, 2005). <=
G B ARe welFE gEHY ot
SNARC(Spatial-Numerical Association of Response
Codes) & 3}9] TH(Dehaene,
1993). SNARC &3h= Aoz 22
A& FolA, Z ol ik v
= % FRtoA o] Fofd wf o] H
FoAe e Ardtt FHEAE <Y

S RO G R T

.o o
association)=

Bossini, & Giraux,

874 ¥v FACE =9, o' AL
EFRIA AR AR A= #
ZHE THWood, Willmes, Nuerk, & Fischer, 2008).
T 2 AFSdd sk, Qe AAH
sl wet o I A Aol A}
7b Slthar gtk ol g Eol, % dEET &
< AF3EYs, 71AEhHe sER Hud
o), 8 ELTF e A& AFAE9

SNARC =37} B ZITHCipora et al., 2016;

Dehaene, Bossini, & Giraux, 1993; Fischer &
Rottmann, 2005). o] 9} WQI‘/‘]'—SI'H] Hoffmann 3+
BEQ014 7 AES VEoE FHde

el &%, A

13} 2polE ATk,

It FHA A 9] SNARC
g Ago] 71

T FdolM 71 of7k SNARC EIIF &
2= 9 ThHoffmann, Mussolin, Martin, & Schiltz,

=

2014). B, Viarouge$} TEE(014)°] A+ 7]
w5l AERHA 583 SNARC &3} 11
#HA8S 2R Ad, 2 7|8 583 o
2 7 fdele AT E SNARC 230 A

717} Ak, A& 8] A(mental rotation) 5 ]
58 AFYS4E SNARC &3] A7) &
S+ THViarouge, Hubbard, & McCandliss, 2014).

B AL o]y Ay AT AFAEL By}
WHES olgste ®eh st
AR, & AFE F UA FHYHo| &
?% NARC 37} ZA vehes @743
u}3} 7]-'*/‘4(generalizability)% A5 st
T AAY 7
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7 SNARC EHe] FolE HF3H
@ Aok B 2RA 5 QA
o 7] Qe
NAEE A g 58

Nz & QA sHow BT

71 7Fsg el

ThLibertus, Odic, & Halberda, 2012). ¥
AqHe &5, &5 dd JAES AT A
Aol 2y F HE UgEsS AT 9
A3 o Hla 2 o]
SNARC &3}e] 7| SAsIA. % v
A= AAE F e A AR SAA A
FFol o w2 IS Adses FAJLE,
@A} eFetA T FRol| 7Nk £33

4 ¥ 4 s £ o199l A2 4

dE 5o, 1Y FH4, H 27 9 ¥
FA 3} T Gebuis 2012;

B & Reynvoet,
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Gilmore, Cragg, Hogan, & Inglis, 2016). €5, 4
4 578 AETE A 719 UelA o]FolA
= A FAY sholmRE AFq AFtolA

Az AL A2 sNARC B9} ZA Y
Eld @o] TRFoZ AlFt Y 7199
o3 a3 JsAES A3 sk, Al
HA 2] 719)0] 945k FoA SNARC &
o] 277t FE Aolgs 7MEE HSEA

o ABH A7)
% ol2)el A7 el
3= F 3 7] S(executive function) o ZLE T+
ThClayton & Gilmore, 2015). WEFA, % Hl
A G Al 5% olgle) A7 &Aoo
o g Qg AAA FKcognitive load)e] FH
b Zpol7t SNARC &30 7] ApolE opr|&
7Vs/3d& 11843} (Herrera, Macizo, & Semenza,
2008), A Bz AAH £40 FFE A

T Qe B P Aesat A

o8 FuF Hlw FA Z Adgnit H HE
ko] FRHE ofdel A £AEC] Ml
£ 5o, 37 A =7 vlE, B3 A 14 v
& S TR ARgsle], A ¥ 43
of thgk ek b Apo] A4S AAEIATE ®
3 HT AFEL SNARC &9 Z71Y
te] #AARE B33ty Ql=tl(van Dijck &

Fias, 2011), SNARC ®3}e| FIr|7} ZAFH+=
[Qlo] 53] AlFzHA 27199 JiIA &
gRlslr] ffet] Adojx A471e A= F
&S Uro] 5YE B4 AAlste O A
£ Btk Ao 2971 aydd A
Ak 7roll= SNARC &9 =7] Zfol7t S
Zo = ottt

¥

EIIR B AFe oigA 2% 339,
H d8: 2084, EFHEAE 192 UL
At BE FHAEL deolg EaoE
ARgStE A AlEY ARAE AT o
A AP Ao i

YAl MHEAT I TR olF 4
E&o gk 2hds QRAE @ AREHIZE A

HEAT

ZAL IHH| & =i}

4% Y] 2 (Numerosity comparison) Al
% Wl SAelE % A H gl
o $UE NEOR ABH 9 EBZo| FA
1000ms &St AAHANSE. A HE A=
MATLAB ZES AMg3le] o] SR op
2 el W 2], WE, F9E 4 A 4
< o2 89| HOl(convex hull) & AlZE &
A& At A28 THGebuis & Reynvoet,
2012; Gilmore, Cragg, Hogan & Inglis, 2016). Z}
AgollA He] 72 1240719, F JF
bR HEL 34, 45, 5:6, 67, 7:8, 8:9%TH
(EHzo= S ollgt BE E94 £4
of Bl Aloll= wiw el vl meh F £4
ko] Hlgo] 19 FPhesE WEo] ofH 3
o wEbA Hlal A 9] dol=s A= ZE H]
2 A9t AY F= 74 vle 3 40704

& 40/ JPAES F A4 HA% T A

) A= HE AL F AT 7E Abol9 HIgo] 19
IWHESE WEo] o YAE S HH9
Heolgl gtk A E E9], 1kgH 2kge] Aol
(1:27} 1kg¥ 3kge] Zo(1:3)HTH FJHido =2 W
Ha}7] oyt
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5} THPica, Lemer, Izard, & Dehaene, 2004). we
Mle]l W 7hsgt 7 E8d £4 1] A
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191 SA38L7] 9l Foster?t &H5E(2015)9
E3F Z(Complex span) HA| 5 I F HAAE
Hste] AAEFH ThFoster et al., 2015). # 3}
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Figure 1. Task procedure for Numerosity comparison(A) and Rotation span(B) tasks.
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JIE8A % vin FANAN HiF AccE
75(8D=.06), RTE 1149293)msAth. 2 W
4= AT we 15002, AR w
24(09E F gholl fFejulgk o)zt At
(421.48)= 5.12, p< .001). A&ZHH Y7
TG HEE 25290131, AR e
19.812.36)% Hok 2ol foJw|g ztol7h AU
O H((31.26)= 9.30, p< .001), 21017 2 7]<
TR HFE 27.901.95), ARTEE Hre
22482.560F GA T Tt Fon|gk zfo]7}
UANTHA40)= 7.73, p< .001).

7Hd 1. g owd
SNARC &3} =o] A=
SNARC YX] oJE(SNARC ¥X|, SNARC &
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6.66, p< .027F B frojwatqith AR 24
A¥, 7 Wl U0 E A AR SNARC
YA ZHA AccTt FRIBHAl EUTHA
A ACC: €20)= 272, p= .01; ILH-HE ACC:
{20)= 28, p= .78). RTS o] &3 FU3 B4
ANAE Folvlgt ZA7E RAATHps> .1).

74 2: AFA, Aol A7) 1A A
o 7F SNARC &3} z}o] H=

T vl A HA Al 240712
SNARC YA =71 1207l, SNARC EYA] =71
R0/AE Y & Aok 4 Ao SNARC ¥

A e Bguclow 7 AN
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A
FEAE B MANCOVA)S A AT
, AEHE Ad71e AR THACC
K1, 235)= 2486, p< .001; RT: K1, 235)=
2051, p< 001N T SNARC YA &fFof w}
& Accet RTY Apol7b 2] frofwletsiThar
Tk ACC: R1, 235)= .29, p= .59; I RT:
R1, 235)= 81, p= 37). ¥Hd, A3 =}7]
o HFE o] 83 FYT EMdAE AFH
(ACC: K1, 235)= 5.42, p= .02; RT: Kl, 235)=
5.92, p= 023 AFTHACC: K1, 235)= 4.03,
p< .05; RT: A1, 235)= 645, p= .01) EFIA
SNARC ¥X| oFo] W& Fong 3 x}o]
7F YebgTE oAl el d1ojd Agrido s
HAES s dole 271, AT 25
AN FYUE =7]9] SNARC EF7} TEEU
oh T3 o R AEEAS AAS A,
@z AlFA A7 ATt 557 E
SNARC &3} =7|SNARC ¥A| Z79] ACC
- SNARC BYX| 2719 ACO7} AotAlth=
042, p< 0. @AY dojF A7 A

%9} SNARC &3 7] 7+9] 488 §9314
RAUTH= 021, p= .18).

T AA FYH AFTE AYr1del -
& SNARC B#7} AA YEh= z
ot A A, s v &
o A9k AccolA] SNARC &3/} vElytt)
ol A3 AFolA #AFH 3 A=
SNARC EZ} ko] #Hdgo]l tf ZEHR]
F AEAY 583 SNARC &3 7He] #¥
oAl H1xE 7HsA S A AT Hoffmann,
Mussolin, Martin, & Schiltz, 2014). &), Al&3t
2 Zg7)9o] W oo ARt Accet rrol
A SNARC &7} #EFTE ol= AF 3
A o] Ax3g oA SNARC EFF H
A #Ed Md A7 A A
(Viarouge, Hubbard, & McCandliss, 2014). w3}
dojd A7 e gAdl wWE /e 3
SNARC &7}e| zpo|7} HEER] ¢ AL Al
A Aol MeFos Fef FIte]

N

Table 1. Behavioral performance of Low vs. High working memory (WM) groups on SNARC
congruent vs. SNARC incongruent conditions of the Numerosity Comparison task.

Low WM group High WM group
Grouping criterion SNARC SNARC SNARC SNARC
Incongruent congruent Incongruent congruent
ACC 71 (.18) .79 (.18) 76 (.17) 75 (.18)
Visuospatial WM
RT 1171 (132) 1109 (85) 1191 (84) 1201 (106)
ACC .72 (.19) 76 (.19 75 (17) .78 (.17)
Verbal WM
RT 1108 (112) 1078 (90) 1255 (93) 1226 (97)

Numbers inside parentheses denote standard deviations.
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O H(Ben Nathan, Shaki, Salti, & Algom, 2009;
Dehaene, Bossini, & Giraux, 1993), Q2 EZ&ojA]
Azoz & ¢ & EgddMe 94
H(reverse) SNARC &7} YERI = S(Dehaene,
Bossini, & Giraux, 1993; Gobel, Shaki, & Fischer,
2011; Zebian, 2005), <] W #Wehof whe}
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B A7y dades 793 sy Al
Ad7190 o ARdTS, 33 A
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