Al eEA X QAR
The Korean Journal of Cognitive and Biological Psychology
2014, Vol. 26, No. 3, 133-149

A7lh BN AL ALHES B2 A be] AR

Azt FAAAES A 2AE & Y 54 A A AR 2 AR R Bt 334 Ao 2%
895 Yelde o] ASHstth dE 5ol Ane] AHNEIE T Ao Aol o] givtn ¥Rl
A77F =7t Sh®eeli et al, 2007), AHERIETE 93T} FEE BATE A7 EAFTHHeman e al. 2013).
B d7ede 959 tedo] RS deR Ane] vt 34 A s A4, Ak, HEHSD
ok & A Zbe] AFAAATE B0l e} o Fojol M Ao

W folvld 4R wolx gtk el 7t v
@A Fohgsl N el Re BHolst 950 ol fn@ Aolrt eI @e v, A% ¥ HEE
Qo] 7t RSIPIE Aol8 R B APE 2PE Bl AR H%E Ak WEs 344 A AR
S 73 o Aol dol $5 AV, Y Fom dal Bolsh Fola UKo ded F Ues
AR ek B Ao duhe B4z A Aol p2el Al ohlet del, 84, 719§ o e
2o QAN A HsS A DT

B ERe 039E AR@ERErEme] Ador dadpade g wol fE 712 ATA
21 91 (NRF-2013R1A1A1010923).

T A2 AAG, mEEn Aedta, (136-701) A Al AET oketz 145 e w $HnY
T 5313, E-mail : chaikim@korea.ac.kr

- 133 -



ok
o
gl
<
2
a
5=
2
&
s
2
ol
ok
kD
lo,
Jjmt
o,
n\l

ﬂJ _1}11:
>

1w
44%5 AAeted, IR AT F 1%
o] dolehe Asf7t WolEo] F thCyrowic, 1993;
Simner, Mulvenna, Sagiv, Tsakanikos, Witherby,
Fraser, Scott, & Ward, 2006; Simner & Hubbard,
2013). °|F FHAAEC] A= T
FhE W gUdith de Sol 44 37
Z} ZH(hearing-color synesthete) &= &7
S o 22w opel, 54 A4
Jl(Baron-Cohen, Wyke, & Binnie, 1987; Marks,
1975; Ward, Huckstep, & Tsakanikos, 2006), ©]
3)n|Zt FZ A lexical-gustatory  synesthete) &<
dolE gAY E5 9 o| vt I =2
THWard & Simner, 2003). ©| A& F7+7t&
2 v A4E 0o Loz
< TR A4 HelM Mz gE A7
J5 7toll doju7]= ghRich, Bradshaw, &
Mattingley, 2005). 1 & £3] FAh} A=
2w 55 A2 A Adee AAs 27

s

T, T N

S

A4 3024 A

Z}(color-graphemic synesthesia)< 3

d F 7P we R F R AR
Sla sk #dE AT =3 3 AT

7P w2 TS AASkL 9ithDay, 2005;

o 3T

of |

Rich et al,, 2005).

ST HnEE gze] R U O 0
MEg WAglel, 2e R NS A9
St 2AAAEle duge AYHe 37
2o A9 Wl ol nasE SgHoR

SRz oAA gt 5‘P<1‘i

N{EﬂiJ}leE
—{J_I}szér_‘rﬂ

S 3 Al A8 ,@x} o= A
E50] AAW] AHPn dF Eof 4 @
A9 A A 1 AE fEstE 4

[e)
oTT ]’ it
OEAEE B0 ve &3 =7 A
KN A

l

= Rich et al., 2005), 22
2 AQ=AY ol 207} A
© A7t Edtthe w3 Avkse
SATHBaron-Cohen, Harrison, Goldstein, & Wyke,
1993; Day, 2005; Lay, 1896, T2 <]AL 93
e Beeli, 2007; Smilek,
Dixon, & Merikle, 2007 %< Zud
2. £} Bl FAR ALLES FAD
f2eltl= A3 KBrang, Rouw,
Ramachandran, & Coulson, 2011; Watson, Akins,
& Enns, 2012), &E|7} H|S@E ApAEo] FA}

Esslen, & Jancke,

Carriere,

(e}
247 A

& 27t A feke A%l Joke Ba
% 9 AtHAsano & Yokosawa, 2011; 2012; Shin
& Kim, &71%). FA4¢] AFES AL &
A7t % A7 Ao AR 2H 298 Al

Al ATER 2 9t
g, 3Pzt Ao Agedlon Ax FL
wojo] HIEE AAIG AFET L5 EAT
ot g AFdME ARHIETF =& ATt
AT AREHE A Welel A3 3 gRE
E:_ o

Holvta ¥ zo
Doy aE FF SN} EE A Do
‘red’9] w713 AFHTH= Z o] ThSimner, Ward,
Lanz, Jansari, Noonan, Glover, & Oakley, 2005).

—'1-'
xel g
ﬂ
K3
i
il

n 2,
>
oo
L

- 134 -



AollE - A / MKt ZUZIM K ARSPIELt Z2ZE A4 7to] Abpt
Az7k opd gelel AlgalEst BANN T oz @ /b BAt EF wAdold
7] 47 §HA TR Aol Hx Zuio|A] Aoe 27 AP Folrs] o
7} o Aolo|A] & slx| Au Ads= Ak dol.gjalolo], Gol.T1g] 10, do]-2w
Wy WEsl ge A = oxoa] zbzt o 7te] 27 EAL HlwE ApSoe] A%
e A4S Z¥dde Buk SIATKSimer, ZA shHDuffy, 2001; Mills, Viguers, Edelson,
2007). o] F AFE Ao HA 9] A+ Thomas, Simon-Dack, & Innis, 2002; Rich et al.,
2R ozt anth 2 a9l g4 F2 2005, giFE AE Al Bae] oER @
tol AQANE FusEle Bzt Ao s el BAE dior @ ATE A
A5 AbgHIEd e S T2 £ U A B ] AUA gev@AdI A4,
S HoFEth @, A4 Wxel A AAlel  2009; Kim, Blake, & Kim, 2013; Shin & Kim,
54 9 4ug Yoluad @ AFEE 20D webd B ATE 939 3nAE
Agith Mo 7B 94 Z ArE 2 vy gtz sle] mEole} oFo] AA Gk 2
o AA ARS Holw, A% L Wy = g 72k A zhe] maelold Hlm BAS Eg
27F A et AR ARE T B 249 Wierp 37 Ao e geke
7} D=7} SFBeeli et al, 2007), W} 22 FRTRE Mo 1 ool 2S 2= 9]

47 e PARoR B dTdAde @2 Asd
73

R ofje} 34 W BH 4
Boltte dAF A3x ZA3TKSmilek et al,
2007). spgolets HE ThE Ao
@ aTE AUt 9ol e
AAE gdo® g Agelr] Al
& Aast Akgel B A4S &
kS H 9 THHerman, Suchow, & Alvarez, 2013).
FA ATES T B W, Az WE
A8 e BAE 99d & 9es A

A3y,

lo,
|t
ox

lo

1%
N
b o

]_

—r‘oH et

b
oX HfF oY oo

7

o oo
T

-

tl
ol
rr

o
Y
X
ol
o

N

9
2
iy
flr
=}
o

A2t A wAsian. A
B2 Ae) RGB ke FHY W A

) E(saturation), "§ E(luminance)S VERY = HSL
pom Waslo] B4 AL 2t 9o
AN Aze) st gt 4 el 997
2 Fo ARE vlwslgn dof zhe 2

gate] At thesl R o

A

Rl
4

A

IRt gl o] Ak Azt 7
Qo] sty kAl BE & 71A] o)

- 135 -



o
ull

o glol& A 4 dglor} mIolel
olslel el FopleIAE FHAAE 7
Qe 7 bl o} W B3} Abg

g B8] Sdal #3H, 571 A

ojo
Lo o
foptoob

Al
A 2 n
rr
=
(OS]
)
o
=
of
2
r
Jui
=)

S
B
o
L

2 o

o

2} A8 =) 91 tH1040548-KU-IRB-13-149-A-2).

= 2 =7 g2 A 144, e Gyl
2677 AR AFo 2 AREEAT 7 /1ojd]
A FEHE st @2 A 1.99%1.00)
el dahl 157%2.14°9] 372 A A=A
7} A= Aol BAHE 17912 CRT EYE|E]
A% 1024 x 768, Frame rate 75Hz) %Atol] Matlab
7.0.4(MathWorks, 2005)2} Psychophysics Toolbox
2.54(Brainard, 1997; Pelli, 1997)2 o] &3} 3
A7 led/m’yutee] HeM oz AAFHATE 2
de& ZUH o]99] Hlo] Aghe oA
= AT

Aste] A}-25+S thEagleman, Kagan, Nelson,
Sagaram, & Sarma, 2007). A& = A
ghe dubul 78 E5o2 v APt
2t 25 YA ASES F W HREUAL

RE Age] $AE TASEAG. AAAE

& BUHRRE emdolr Azl edtm,
o] Azl welsh € wHNE Bl 415
o o A el 439 A sl
A geEst FAe] AN AREL
AZo] AAHE AFe] Fushe FaZ 4
& A BAEAN Aeshe HAE FAS9

oh A FYE] W zHo| o3 AFL 7
A

o
N,

M A e A nfY A9E e R
ozl ¥ Havl 1.0 oY ASEL
7 3 7)Ee] mer Hud
71ZHT & Ao g HAdtEo]
oA A2 =] A THEagleman et al., 2007). &
oA AdE AFEL HaHer 3IF A
wollA <F 14%, e GuplelA oF 12%0
AFEATED B FAEe] RGB #hE
S CExyY A 33F Ao xz HIEHdn
(Judd, 1951), W&E CE xyHEHES F394
(23 1, Malo & Luque, 2002)3} A4} A=, &
T oz WEE
Ao AMHIEE F/NEGERE AA9,
2011; el L3l Gooch, 2006)¢F HHIE
(&= 21A9, 2011; 2FE LIl Denes, 1993)

T HE el AHgea, AGHE 3

M > o e MI
o
)
>
K
N
N,

1%

9,

1) FAAAE 7ol BN AE Ao v&
oA 2 NAAZE GERETHYMK k2 4%, 2t
gl <ul 50%; JSY 3 21%, 2FEl guh
38%; KBL ¥+ 13%, 2h&l 43l 9%; SKK &
= 9%, 2l Gl A9 gl o] ¢ 390 MJK,
KML, HWP= A€ 2= §18).

- 136 -



|

=
o
=
Ict

&

)

I

A
A
—

© NI ==
~— _|u—m ~
@ M
1o 0 X .@A_
N
X Ro
Rl it o °© o
i G o
3 o I m
i = o 5 R
K
N N
T B .
t o+ KO H
o X 4 o =
Ny - o
i R o T <
o mm =0
o & o d
o 20 K+ M_.._u._ K
= N oo or
Ho I [E] =
~— 5B —IA..,I H__.._ _IH._I
c < "z Sl
8 > < - _
e} > = = wd
o xX O = —_
| | =} [l
-] M~ © n <t ] o~ - o =S o =y
o o o o o o o o o © /\ ._.q_.__M n.ﬂu_,n
> < =
oo = o K o
Foll il i
_ _I.um <l 1ol E:
T ~ ol
5 3O =
ol 7 = H &
TRCTRN
L3 o
— ~ KM
o 0 &
M 2 &

S DT N

X KVBYWGPFMCDLHRSNT
F B V Z WK MR L
- 137 -

P

A

o

Z Q)
H

EHIE
BT

(b) 2HE! 2T



S|
~

o] A AR

[e]

=
11.925, R’=.588, p<.05;

MJK B=10.336, R’=523, p<.05; &3} SKK
ANzt Hrox BA

1

©

pud

2 A
ThE7] YMK B=13.624, R’=

1

o
pal

A frolnlmel 29 44

633, p<.05).

S

3= A

A,

/\] /\]—
10.868, R?

A

A

o o
=

790, p<.05; SKK B

Hoz fon

M=

o
=]

B

9

A
ot

27
=

2 A%
S

1

o
pal

} RCA, Lorch &

1.2

[

v

of A=A A

of A=At

Regression Coefficient Analysis(©]

Myers, 1990) WH

olA A=At vt
T

OIX| U HE
J

| K| :
ol AHE-= ATk

2ajolu} g6 77

3

),

o]

J

S
axl

=3

=42
2 5
O

t

(]

2009 e}

el
“e

°

o

q EAAR fel

PEE
1=

H AR

Els

;L

==
T=

A BHAA

=
|

b e

LA

2.350,
g
H

o

]

2903, p<.05,

HY ke 27

HATERIZ JSY B=.068,

815, p<.0l; WE YMK B=-002, R*=927,

o

3.883, p<.0l, HX t(5)
3} A= «o)
t(5)=2.732, p<.05. L F 7§°
F S
o A Amete] FHolA 19

o

A

=13
=

1= «6)

7] =
.066;

(JSY B=.060, R*=.893, p<.01). L3Hlxe] 7

p<.01).

&
p
R

(

2+

3917l

i3

Al ]

[e]

=

s
%‘Q’fﬂ'—t— 7(:)]?2:0] q—ﬂ-}d’q RCAT%&}]'% z

oAl KBL

K

=l

717 03k AJE 3AAG ko] Aol

CA

3} R
el
3,576, p<.05; 23t

o) s} At

[e]

f}

2 7

1

©
ol

g9A7F BF FAAL

A
thE7] «(6)

=

-

Az}

J

S

740 18 3o ANHAT. e Lo

A vEbstTh i sAAsE 24

o %
DL

- 138 -

1l

3l «(6)
o] AHgHIE

I

3kl

9

fro ol
al
=

R

[e]

= A5

iy

=o Anst fal

J

2.641, p<.05;
Z_I

71 «6)

3AATF7E FAA R
}_)_‘L
3.880, p<.0l). &, ol&

s

=

=
g 23 oA N

Jepstk

A e



oy
=
Ml
N
2k
e
~
1=
B
5
0
oN
I
=
i
_,>i
>
>
0l
[
n
iQ
0
oN
N
1=
r\l
B
0z
=]

(a)

700 ° YMK
o SKK
650 = JSY
- « MJK
o KML
600
s HWP
®0 KBL
B 550
K-
500
450
400
A gl il
B E g = C (=} =2 |m} A = = | A
(b)
m * YMK
s SKK
Jsy
650 & L
* MJK
L e ' ° . . « KML
600 . . —
- — * HWP
-4 .’,_P,_.-#-f"'r—/
®o = KBL
BT 550
K-
500
450
L]
L ]
400
A g = i
o 3 E =2 =] a A = = (=] = 1 L=

2 R39 ALS vIZet RUE IUZ Me| Faby 79l JjolY AT AT RCAZMES ¥Sd 18%

o = — [= R B | — —
Agol #7] A ezl A2 Mo g oFst 2|AIRTL SAHLE Ronlsiict (a)
Bolel=of chEt JHel EHM. st X130lAl KBLE 23t 6o FAUZA 2F HEl A 2
2k

ApArL EAXMoz Reln|gt SUZUAER 3200/AcHYMK B=13.624, R?=.790, p(.05;

SKK B=11.925, R?=.588, p(.05; MJK B=10.336, R?=.523, p{.05). (b) &3 At32| Waulzo| O}
FoHel Bl M. HI|RITe| H2et DiE7IXI2 KBLS Mgt 62/0] ¥4 ot e 2ok a8y o § 1¢
P EAMoz Rololdt M4BAIE LIERICHSKK B=10.868, R?=.633, p(.05). ®ologt AMTAE LiE
i 7421 ZAnto] AP F2 2[FHM2E MAISHICE

r

r

- 139 -



(@)

s YMK
* SKK
e JSY
* MJK
= KML
* HWF

KBL

700

650

600

®0

B 550

NF

500

450

400

|

X KVvBYWGPFMCDLHRSNT

J

zZ Q

(b)

¥ x x o & -
AR ERR Y
s @ & s = 2
L
[ 1]
L]
L ]
L ]
L L
[ ]
L]
[ ]
L]
L] L]
g & 3 8 3§

®o
B 550
Lig

el

S D T N

K M R L

w

7l

IT
ar

f. (a) 2tE Lupsiof

=

7719

x|z

X
l

= A2l Zoet o}

glzolM

tAl LHErTtEt. W

]

walr 2FolM SAX2Z R

SAACE.

- 140 -



3

oy

4325, p<.0D). 2F

Iz o

t(6)

s
. EESY
Q]

=

A

lﬁ]_\:l

ul
=

FEA oA
[e]

"
A A

5

g
F7H = A

i

S

7 2l goby mE
48
2 o

o

A=
gt

Helx gadrel Al

s A

!
oA W

.

o

=3

L

Yol g7 A3t 44

ch

A

2 7

A7
Aol AgHETL =

1
s

©
ol

1

3]
FoHBeeli et al., 2007; Smilek et al., 2007). L

pod

pod

&=

pu

°

]

gt theom A% % A
et sZejel o

7A7H1el B AT
o dieiM = 3%
o

o] &

A

A

],

3L

o
4
=
P
T

o

1

o
AR

R

M 4

1

T

L
AL

=
=

hu
A=

]

LERERP

SRR
o Bmel Aol gEA

7ol

1
p<.01;

=
0|

=

kel A 7t
01-1;}_ 7HO

A
2 Ael7k frolv]

a1

or
s

S

s

1]
&
4.028,

Aol7} eksth = s

S
1

3|

S Lhekd 27kA

S
s

3} e gseel 97

4

g

3k

13
t(6)
2.609, p<.05), HWE

[e]

=

g FHEA A 791
7

I} 2l gy bl
o]

7]
2,578, p<.05).

slel Ajeld 5]
S DIEREEERE PRS-

o Folv]

A= Al
= 7

=1
=
bl
i
aL
o
’

1t

3}t

o}
=
}

fus

f

7
X
7
sy
. I,

el

t(6)

[e]

j=)
=
—1
=
o]

al
o At
t(5)

s ehel sbel 7ol frelv]

23, g gapyle] o

EAHCE foln
oA 2 Fol7k felvl

EAHCR foln]
SFopuz] 9

2l
%
e
2
s

& e

%

L
Fu

sl A

o
e

[e]

- 141 -



o A, AT, BE el oW BAE fol
vakA] eksteh Baelst g)e] 7o 4B
Ael HErt ApEAoE tehbed] dohis]
gal w2 B A3, Tl Bl
E @2 Aew e guul g folnla
Aol7h eI gbsich el A, AR,
FAE A=A £/ 2 Hg:cu 2%
SE Ml FAOIE Rol7} vhehga,
=A% 2 2el7} fejulsi
sopste] A

¥ 2 K4t
fr
i
i‘&
r

SHAAE 2
=, 8 & Zaoldt g=os

Ar 5450 1o U@ A% Wt 9 5
9ee AN Tt Tt A E
of WE TFRANN FEF Fo] F o]
AA BF 2 AR} BAACE o)

o7 e
ke Ane nlo] uske W, Az 1
o 27t Agl B el DA dhalA
E:‘fom sZe] 7te] Hpolsk ArhHSl o

w7 AN 8% Hede ezt
(Ramachandran & Hubbard, 2001; Rich et al.,
2005). v Fapgat dEsiA o] ztel
Holsk A ertha WY A1E ol
9 edld @2 Aksh 2o, gel o
A% Foigsie] A 9l BHGIA E7
=9} WHIE ojn ERAME fFofmet 3
7B7F Qe AR n]fo] Hol RZo]
S Fololn A2 NES FE Tda A
o 574 7he] 4B Axe

b1

J[N' rr

= =
A0 Ly Ao 7t
sh= At (20 2HEl Lol (=12 2oj)
7| ] "7 5t 7 )
aE (6)=2.641" (6)=3.880" £(6)=3.576" | t(6)=4.325"
0% 39! - -

4ol | YMKB=1 3.626;" 19l , _

SKKB=11.925 SKKB=10.868"

MJK B=10.336"
= - - - -

Al : .
7HQ! - - - _
JE | t(6)=3.883" t(6)=2,903" - .
HSL | H= (6)=4.028™ | (6)=2.609"

ol 191 101 - _

JSY B=,06" JSY B=,068"
38 | 1(5)=2.350(p. 0| 1)=2.732" . -

He o = t(5)=2.578"
el - (L - -
YMK B=-.002

{* p<.05, ** p<.01)

- 142 -



Aot / M-mt

T2 Rh ALBEIZS} B2ZE M Zo| AT

s

to o
Y
2
S
2 to
Y
2,

l:‘._\’/} 017] L:eﬂo]
wzolg A2 9
o DaprlellA o 2
ottt AA 9 A%
Mol <of It Hlw AFHE By e
o) Aol E BES A wF o] 3
o7} d#Aoz Jeht= wl A
R E Aol Ao
oleig ATl wols)

o 2 ma—m e 9 A3

= [}

i
9
2 do f

=1
N,

( —E‘ ﬁ
e
_)|J_|‘
o
i
o
S

R

o

N

N

o fo
Al
2
o)
2,

3ol
Lo N oo %
i) &
A=
1,
2 LT
T O E[‘.

T,
2 r\
2 f
(¢
of

S %
N o,
o,

= n

AYURN()

o

Jou O,

N

N

M
ol
8

flo oy o §2 o on rQ
2 o B/ O DT e
=
+ g
)
1o
o
b
roh
5
N T
o o
s
ol o
Y
o 2

L
5
k9

Hj

Solsh AZololAe] 4 el AolE
T oA 7019 42 = o]
o] i diole] theH= F4
T Al el Abax(
L= i S IR R e g B e

S
011

j=s)
==

L

B

S >~ =
o
o, HO
jaii)
ol
rir
OH

s

e BAE g EsivkElzht sel,
7FERRE 3QD. 1 A, ezt e
R Q8N RCA IFEACNAN BAHC
2 foug AEAAsL gk olek e

Aol diaire &7t A2 gxoisiv=
EA 3} giEo] BXo 3d Friat F7t )
T Addtke Hol 7hsd Adol 2 F 3l

Qo] P21} Aele] Aol dlg) Aol
el val G9e A BgS ASEE 9
R N I e CE
39, Aol AL g WEsh fUE T
8 71e] 3ee] $AZk A2 9Feld] &
§ & el ABVA) e AFol ]
by ddojx E4o] Holz I
41 o2 vTo] ¥ 1]
@AY FU7 A7 AP 3
STele] Aelst Ho] 74 <
2 540l @A welselor @

o

=

,d
)
ne
L&

ox

oo -
y i e,
SE,
i)
rr

LN )
i)
Lt

Y
rl‘.‘l
o
fru
B
i)
_&9
i
i)
)
o
t
re
;
r
ar xo

7Fet7
fe 24 9As 4 . 94
MR ek AAz L
©° 2 3 Asano & Yokosawa(ZOll),]
Shish et 5 239E ghe
g 2k At disf Wk 2ela o
AAAEANAA Beeli et al.(2007)2] AT+ A=
S L R e P
A olo] thall Asano & Yokosawa
@o1ne] ATelME slztzhtel 7ty 3k
agldl] gk gk A F ~3HE 3o
ARERIE Aol et7hurt ZHE7hEE 6Hf
R ABNES B 5 AT Qoje) dolH &
Bl 71ARE P AN

—4 -
ot 3
o, dlo

ki

R )

_t‘ﬂumﬂ
ox Mt Ry fE 2L

e b

LL

n}L =
K
e, N
—H o
=2
>
ol

o b
e ©
AT

ol o

)

sk,

)

- 143 -



T A A e 2 74 A ARHIEE oY e I3zt A9
(Asher, Lamb, Brocklebank, Cazier, Maestrini, ATFEA & Wdoz AA|H gt
Addis, Sen, Baron-Cohen, & Monaco, 2009; 3ozt 32 Ao A HiETl & dold
Tomson, Avidan, Lee, Sarma, Tushe, Milewicz, FE 244 kg ¢ Zol, sl Atk

Bray, Leal, & Eagleman, 2011), 217 (Rouw & 3 Y3 tH(Gendle, 2007; Simner & Haywood,
Scholte, 2007; 2010; Terhune, Tai, Cowey, 2009; Ward, Simner, & Auyeung, 2005). A-Z}Ax
Popescu, Cohen-Kadosh, 2011) &7} 18] A3+  FAZAAE gidez 3 Ay = Hl=r}

£ Bol wEAo=m AotEo gvh wepd  we AT B2 AlE S MRS Aue
I AR or sl F7k2 74 B THBeeli et al., 2007; Smilek et al, 2007). ©]
o] 43| s BT IEE & e I ARES T HskE u), do] &
AR AAHA = etk AN i T3 Ak ks a2 <l fiEe 4 A
Zb 5 A= oo el fEEE 2 b g dmet Aol des dElEth Aal
o FAA AFde Aoy g5 2 Hinrt 37 Ade A4F Ao dxe
T 8RQlo] F@sithe Zlo] Aot  #Ho| Stte HoE w|Fo] & wf, & AF
(Witthoft & Winawer, 2006; 2013). 2 AAo]x  oja mHlEe] AA7} =& L9 HEE X
AHEE B el RIQIQL AR ARERIE d 3 Al fdite Ak ol 2
HA] AREAZE o)21A 27t glo] A AEe wWEA olsiE & it olddt Ade A
Sl dEHoE F5H He &4 F vt Aoy ol 3 AR FAA] A%
oty dEAHoR F5HE AL AMHIEE QI i o3 JEE e o|EE v &
Zte] Ao AAIA wj$ Fegt 947 old W FHukHFFET)

w2 Ao gk xPEA H2H Mol s dole] Wix SHoA Hoks wf Apae] Al
@3] WL o & B9, uNlEe "ol 3 mof #HES 3 A A2 AR A gof
< Aae ARESY ZET ¢ we] H2vbs o xS 7PY #Re] e & UTHSimner &
&} (Simner & Hubbard, 2013), TE3F o] kA Ward, 2008). ©]¢} #H&Hsle] A Lolo] HILQ}

)
1o

2] 999 PTGA(posterior temporal grapheme AAe] Hlx=
ae)o| A At WE Ao wet AHC FAAANES
2 AHgE 4 U HVinckier, Dehaene, Jobert, Holx Husle ZAE wHSITKSimner et al,
Dubus, Sigman, & Cohen, 2007). Wb o]} 2+ 2005). 237} &FH T T2 AFME 37

FABAE e AT A
q

7} ML X
A

o
el
of
Ol
rr
ol
o

17

°of dEAoR H5E e ARS8 AXSe] Hue Al glo] RUE g A
25 T i wclosn dste Ae BHEAdAM g Adggoy dTase] o
Aol AAWRE offet Stgolnt 719, Aln Bad A5 ooz 1o 4 gol=
T Azte] ARl QA A= olelld ¢ wFFstd TASIATHSimner & Ward, 2008). 3}
Qe 713E AselE Aot AT AR Buste A Ade o

- 144 -



i

720 Aol

o

=

el A Aah

o

oo g% oA wge] Wit
T

&

3

5

X
U 2 A&t (Lenneberg, 1961). Fub-S 7}

HESE ),

J]

Al
A

St

[<]
k)

L

pu

oA T

a4 ofm wo] oy

717F A

to]th. Jltht 4] ol

L

T

[e]

Ein

Pl dntste s Aol

0

SEEDN

o)

=
4 U ThKBeare, 1963). 1L} B Ao A ALE-

w7 dhd Ao n o

2 oe A2
gol =

A A

=
)
=r
)

)

-

ol

o}

1 =]
(A=t

14
il

1w %

I

A2} Aol
WAz @ A

ok Tl el A, 7

A

7hd e o

A ZA7F FAthBeeli et al,, 2007). $+2]9] 2]

.

et AR 7

Y

[e]

=2

=

=

pol

el AARE AbololA]

A

@ aglo] A}

arlA A AHH
ol 71 o

9
WA E AT wE2HAL

=
=

[e)

s o
= -

A
>3

}<20]

[
3}
vl

AA

]

2=
RL

shle] o

=

L

&} Betlin and

Kay(1969)¢] 117FA] 713 A o7, s}k,

7)Aol

5
T

AAY B 5 glon

of. ofe]

SEERERRLT R

[e)
h
<
RL

Al

A

g

)

3
T

L

o 37kx9] A ofF

i3
ofe] A gojol] tht Al <

)

o
5
Al
AR

T4 3 HBolton, 1978).

.
, 3]

4

%
L

o
=

Mz TE 29

o]

K

o

ol

]

w12 Asee 1w )

N
=

2%

- 145 -



FARISHEIR| QIR U ME

o

A A ABE 7154 (Smilek et al, 2007)S
A|AFSHTE

N

A28

M7, AAA 009). Tl M-Apx T4
2

=
o @2 AP e @A A%
2l

0z e QY

= .
=, 214), 309-335.

. st=ole] 2aa|. Mg A4

Asano, M., & Yokosawa, K. (2011). Synesthetic

colors are elicited by sound quality in
Japanese synesthetes. Consciousness and cognition,
20(4), 1816-1826.

Asano, M. & Yokosawa, K. (2012). Synesthetic
colors for Japanese late acquired graphemes.
Consciousness and cognition, 21(2), 983-993.

Asher, J. E., Lamb, J. A., Brocklebank, D., Cazier,
J. B., Maestrini, E., Addis, L., Sen, M,
Baron-Cohen, S., & Monaco, A. P. (2009). A
whole-genome scan and fine-mapping linkage
study of auditory-visual synesthesia reveals
evidence of linkage to chromosomes 2q24,
5933, 6pl2, and 12pl2. The American Journal
of Human Genetics, 84(2), 279-285.

Baron-Cohen, S., Harrison, J., Goldstein, L. H., &
Wyke, M. (1993). Coloured speech perception:
Is synaesthesia what happens when modularity
breaks down?. PERCEPTION-LONDON-, 22,
419-419.

Baron-Cohen, S., Wyke, M. A., & Binnie, C.

(1987). Hearing words and seeing colours: an

experimental investigation of a case of
synaesthesia. Perception, 106(6), 761-767.

Beare, A. C. (1963). Color-name as afunction of
wave-length. The Amevican journal of psychology,
248-256.

Beeli, G., Esslen, M., & Jancke, L. (2007).

Frequency  correlates in  grapheme-color

synaesthesia. Psychological ~Science, 18(9), 788-
792.

Betlin, B., & Kay, P. (1969). Basic color terms.

Bolton, R. (1978). Black, white, and red all over:
the riddle of color term salience. Erhology,
287-311.

Brainard, D. H. (1997). The psychophysics toolbox.
Spatial vision, 10(4), 433-436.

Brang, D., Rouw, R, Ramachandran, V. S., &
Coulson, S. (2011). Similarly shaped letters
evoke similar colors in

synesthesia. Neuropsychologia, 49(5), 1355-1358.
Cytowic, R. E. (1993). The Man Who Tasted Shapes.

grapheme-color

Abacus, London.

Day, S. (2005). Some demographic and socio-
cultural aspects of synesthesia. Edited by Lynn
C. Robertson and Noam Sagiv.

Denes, P. B. (1993). The speech chain. Macmillan.
Dufty, P. L. (2001). Blue cats and chartreuse kittens:
How synesthetes color their worlds. Macmillam.
Eagleman, D. M., Kagan, A. D., Nelson, S. S,

Sagaram, D., & Sarma, A. K. (2007). A

standardized test battery for the study of
Journal  of

159(1), 139-145.
Gendle, M. H. (2007). Word-gustatory synesthesia:

synesthesia. neuroscience  methods,

- 146 -



Al

muf}

C UMD/ M-Rih BUZUIM R ARBYIZSH B2ZE A Zio| AR

A case study. Perception, 36(4), 495.

Gooch, R. (2006). Letter and Word Frequencies,
Word Ways, 39(2), 13.

Herman, L., Suchow, J., & Alvarez, G. (2013).
Frequency-Based ~ Synesthetic ~ Associations
between Letters and Colors. Journal of Vision,
13(9), 880-880.

Hubbard, E. M., Arman, A. C., Ramachandran, V.
S., & Boynton, G. M. (2005). Individual
differences among grapheme-color synesthetes:
brain-behavior correlations. Nexron, 45(6), 975-
985.

Judd, D. B. (1951). Basic correlations of the visual
stimulus.

Kim, S., Blake, R, & Kim, C. Y. (2013). Is “>”
pruple or green? Bistable grapheme-color
synesthesia induced by ambiguous characters.
Conscionsness and cognition, 22(3), 955-964.

Lay, W. (1896).
Psychological Review, 3(1), 92.

Lenneberg, E. H. (1961).

Three cases of synaesthesia.

Color naming, color
recognition, color discrimination: A re-appraisal.
Perceprual and motor skills, 12(3), 375-382.

Lorch, R. F, & Myers, J. L. (1990). Regression
analyses of repeated measures data in cognitive
research.  Journal of  Experimental  Psychology:

Learning, Memory, and Cognition, 16(1), 149-
157.

Malo, J., & Luque, M. J. (2002). COLORLAB: a
color processing toolbox for Matlab. Internet
site: bitp:/fwww.nv.esvistafvistavalencialsoftware. himl.

Marks, (1975). On

L. E coloured-hearing

synaesthesia: Cross-modal translations of sensory

Dimensions. Psychological Bulletin, 82, 303-331.

Mills, C. B., Viguers, M. L., Edelson, S. K,
Thomas, A. T., Simon-Dack, S. L, & Innis,
J. A. (2002). The color of two alphabets for
a multilingual synesthete. PERCEPTION-
LONDON-, 31(11), 1371-1394.

Pelli D. G. (1997). The Video Toolbox software
for visual psychophysics: Transforming numbers
into movies. Spatial vision, 10(4), 437-442.

Ramachandran, V. S., & Hubbard, E. M. (2001).
Synaesthesia--a  window into  perception,
thought, and language. Jowrnal of conscionsness
studies, 8(12), 3-34.

Rich, A. N., Bradshaw, J. L, & Mattingley, J. B.
(2005). A systematic, large-scale study of

synaesthesia: implication for the role of eatly

experience in  lexical-colour  associations.
Cognition, 98(1), 53-84.
Rouw, R., & Scholte, H. S. (2007). Increased

structural  connectivity in  grapheme-color
synesthesia. Nature neuroscience, 10(6), 792-797.

Simner, J. (2007). Beyond perception: synaesthesia
as a psycholinguistic phenomenon, Trends in
cognitive sciences, 11(1), 23-29.

Simner, J., & Haywood, S. L. (2009). Tasty
non-words and neighbours: The cognitive roots
of lexical-gustatory synaesthesia. Cognition,
110(2), 171-181.

Simner, J., & Hubbard, E. M. (Eds.). (2013).
Oxford Handbook of Synesthesia. Oxford University
Press.

Simner, J., Mulvenna, C., Sagiv, N., Tsakanikos,

E., Witherby, S. A., Fraser, C., Scott, K, &

- 147 -



Ward, J. (2006). Synaesthesia: The prevalence
of  atypical  cross-modal

PERCEPTION-LONDON-, 35(8), 1024.

experiences.

Simner, J., & Ward, J. (2008). Synaesthesia, color
terms, and color space: Color claims came
from color names in Beeli, Esslen, and Jancke
(2007). Psychological Science, 19(4), 412-414.

Simner, J., Ward, J., Lanz, M., Jansari, A,

Noonan, K., Glover, L, & Oakley, D. A.

(2005). Non-random associations of graphemes

to colours in synaesthetic and non-synaesthetic

populations.

1069-1085.
Smilek, D., Carriere, J. S., Dixon, M. J., &

Cognitive Neuropsychology, 22(8),

Merikle, P. M. (2007). Grapheme frequency

and color luminance in grapheme-color
synaesthesia.  Psychological ~ science, 18(9), 793-
795.

Sperling, J. M., Prvulovic, D., Linden, D. E.,
Singer, W., & Stirn, A. (2006). Neuronal
correlates of colour-graphemic synaesthesia: A
fMRI study. Cortex, 42(2), 295-303.

Terhune, D. B., Tai, S., Cowey, A., Popescu, T.,
& Cohen Kadosh, R.

(2011). Enhanced

cortical  excitability in  grapheme-color
synesthesia and its modulation. Current Biology,
21(23), 2006-2009.

Tomson, S. N., Avidan, N., Lee, K, Sarma, A.
K., Tushe, R., Milewicz, D. M., Bray, M,
Leal, S. M., & Eagleman, D. M. (2011). The
genetic of colored sequence synesthesia:

suggestive evidence of linkage to 16q and

condition.

genetic  heterogeneity for the

Bebavioural brain research, 223(1), 48-52.

Vinckier, F., Dehaene, S., Jobert, A., Dubus, J. P.,
Sigman, M., & Cohen, L. (2007). Hierarchical
coding of letter strings in the ventral stream:
dissecting the inner organization of the visual
word-form system. Nexron, 55(1), 143-156.

Ward, J., & Simner, J. (2003). Lexical-gustatory
synaesthesia: Linguistic and conceptual factors.
Cognition, 89(3), 237-261.

Ward, J., Simner, J., & Auyeung, V. (2005). A
comparison of lexical-gustatory and grapheme-
colour synaesthesia. Cognitive Neuropsychology,
22(1), 28-41.

Ward, J. Huckstep, B., & Tsakanikos, E. (20006).
Sound-colour synaesthesia: To what extent
does it use cross-modal mechanisms common
to us all?. Cortex, 42(2), 264-280.

Watson, M. R., Akins, K. A, & Enns, J. T.
(2012). Second-order mappings in grapheme-
color synesthesia. Psychonomic bulletin & review,
19(2), 211-217.

Witthoft, N., & Winawer, J. (2006). Synesthetic
colors  determined by  having  colored
refrigerator magnets in childhood. Correx,
42(2), 175-183.

Witthoft, N., & Winawer, J. (2013). Learning,

memory, and synesthesia. Psychological science,

24(3), 258-265.

1 AFATH S ¢ 2014. 06. 24
FALDTHS ¢ 2014 09. 02
HZAANEA : 2014. 09. 02

- 148 -



Fd=alelgE] A A g A=
The Korean Journal of Cognitive and Biological Psychology
2014, Vol. 26, No. 3, 133-149

Correlation between grapheme frequency and

synesthetic colors in color-graphemic synesthesia

Yeseul Kim Chai-Youn Kim

Department of Psychology, Korea University

Individuals with color-graphemic synesthesia experience idiosyncratic colors while viewing achromatic letters or digits.
Despite the large individual difference in grapheme-color associations, several studies have tried to examine the
determinants of grapheme-color synesthesia. For example, Beeli et al. (2007) found that the more a letter is frequently
used in German, the more saturated was the synesthetic color induced by it, and Hermann et al. (2012) found the
correlation between grapheme frequency and the wavelength of synesthetic color. In the present study, we investigated
whether grapheme occurrence frequency is associated with hue, saturation, luminance (HSL) and dominant wavelength of
induced synesthetic color. We also investigated whether the potential correlation between grapheme frequency and

synesthetic color differs between the first and the second languages. Seven Korean multilingual synesthetes participated

in a color-matching test where they picked their “colors” from the color palette on the color-calibrated monitor while

viewing Korean consonants and Latin alphabets. The matched RGB values of those graphemes were converted into CIE
xy coordinates on the CIE xyY color space. HSL value and dominant wavelength were extracted from the CIE xy
coordinates. Two kinds of grapheme frequency - written and spoken - were considered. The results showed that
graphemes used more frequently within written and spoken language tended to induce synesthetic colors with longer
wavelength both for Korean consonants and for Latin alphabets. However, correlation between grapheme frequency and
dominant wavelength was stronger for Korean consonants than for Latin alphabets. In terms of HSL, saturation and
luminance showed positive correlation with frequency in Korean consonants. No significant correlations were found in
Latin alphabets. Difference between Korean consonants and Latin alphabets in terms of saturation was found within

written and spoken frequency and difference in terms of luminance was shown within spoken frequency. These results

imply that grapheme frequency can shape synesthetic color perception and its * influence can differ between the first and

the second languages. The results from this study, therefore, suggest the possibility that synesthetic color experience is

not only related to perception but broader ranges of cognitive processes including language, learning, and memory.

Key words : Color-graphemic synesthesia, grapheme  frequency, dominant wavelength, saturation, luminance, language

acquisition
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