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Neural processing of categorical color perception in infants
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Abstract

In the present study, we measured the hemodynamic response of the bilateral temporal
regions to categorical perception of color in prelinguistic infants by near-infrared spectroscopy. We
presented two sets of geometric figures to infants: one set which altered between green and blue
(between category condition), and another set which altered between two different shades of green
(within category condition). Our results showed a significant increase in hemodynamic response
during the between-category condition, while changes in the hemodynamic response were not
significant for the within-category condition. In the measurement in adults, comparable
hemodynamic responses to categorical perception were observed. We also measured the
hemodynamic response in the occipital area of infants. Not like the measurement in temporal
regions, there weren't difference between between-category and within-category alternations. The
present study has obtained the first evidence that colors of different categories are differently
represented in the bilateral temporal regions of infants, but not in the early visual cortex. These

results also support the idea that categorical color perception can be independent of language.

143



FEEMITE 5 30 &

[Key words] categorical color perception, infants, neural processing

[XLCHIC
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Regier,Kay, & Cook, 2005), # ®—J)T, Sapir-Whorf /i X579 5850 H & 5, Roberson et al.,

(2000) 1%, ENENOFIHETLDTONLOQOFBEEZDONT TV DGR GlOAT IV IZH D
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EBRIZIE, 57 HR 124 CEYBRER=191.6 H) W& LTz, ZOIENC 12 4 OHIRNERICS
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S THRFHIEITENE O N Do 228, bRz,

2. F
EERFIPLIL, baseline 71T - between category 71T * baseline 347 - within category #&1T DJIA T,
IRV FE CTHER LA RDET, MVIRLIERLE (M1%223H8), ZhThoORITTIE 9 20k
X% 3X3EAIT/ L—iFa (M : 25cd/m?2) _EIZEE L7z, between category itfT Cld&&(m
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FERF LT A F#-1T (between category 31T & within category 3477T) ZBH#A L 7=, FLITIIMGIEEID
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N, 24 Fyrxunt 0.1 B ORFRGE Clig#b~E 7 v v (oxy-Hb) BiEFE{t~EZmE
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ENENDOEET LM 7 7 A R—L B 7 7 A X—DBR 1 2OF v 1Lk LTERIN, &7
0= EENEN 12 F v RO SN D, &7 1 —7 13 T5-T6 (International 10/20 system
for recording EEG) D% A lem % H.OMIHSLOMAEEICEE Sz, LROBEICKRELZ7 n—7
IO & 2 FH T TE BT A2 MW THEE Sz, 7'n—7 DFENK 7% T, Hitachi ETG-
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Fb~FE 7 r ' (deoxy-Hb) #~EZ vt (total-Hb) ORRIIE( 2T, FERE TOLK
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HWEEERT (AL - FP) & L, Bifiho 0 13RO E27R L, Bifilo 10 (ZHSERR O T 2787,
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3121%, between category * within category TORITRLEND 205 6 B TO XM D% F
¥ U ANDWEFEA~E 7 m e (oxy-Hb) O ZAEDV1E %z R4, 85 ZAEIZ LT 2 ER BT

(SEBRSe : between category + within category, FHEISEIK : /28K - A28k 21T 7o/ R, o4
MOEDHRITAE (F(OQ,1D)=11.95, p<0.01) Th-o7=, WHEROFZNREMEIERTHETIE
hol, AT IV EEADT Y NOFEHEZ LIS DR, FLIROMIMREISN R 5 Z & &1
COTRT I ENTE, ZOMRNE, RNV T TV W EmELRD, MEEESIC ST T
=Y I AT LT LR A T AL D EHERI S LD,

4 m between
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3 *
2 L
2
N
0
1t
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-2
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SRER 2

TR L ICH DI IETNE, 17 2 Iz & BET 5 Tl <, R E Eh ok
RN H D RN B 2 DD, FlAIE, ZEOFEITHIFE (Bornstein, 1975; Zemach & Teller,
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ATIAVMD 2 EIFTHT TR 2 ALY bEEPRKE KL D FRRENGETE R, EiR 112
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A2 oD, FH2 T, FLIRAFERR 1 LRBRRRABIET D L & ORI OMES ZRET 5 &
T, LEonEtERET S,
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FEEIE, 57 AR 124 (CF¥HE=179.6 B) &M LTz, ZDIENT 6 L OFLERNERIZS
MU=, EBROBFTHMNTCLE-T, FEEER LW, E'T7—7 4 777 bR EOHBEICL
S THARFHIRATENE DR D> T2720, S BERS LT,

2. 8
FEEIIHER 1 LFEREETH D, 71 —71L 0z (International 10/20 system for recording EEG) @

b lem ZHONCEHEEI N,

3. RF FHE, SHAE
g, FRiE, ORISR L LERTH D,

S

4 |Z between category, within category DMSHHIZEIT HEHEIL~E 7 2 (oxy-Hb) DFF
RINECZ R, FERETORENMEMEZ RS 20, 77 7103 12 40 REBIZBIT 52T
¥ URNDT = F AT LI ZEE 7R LT D, WERFICENT, Mo LR HR 6
T, FEBr 1 OFER L B0, KR ZENBIE T E 7)o 72, between category * within category
TORITRRLEED D 2 W25 6 BE TORMDET v RO ZEDFENIK LT, MEDHD t i
EEATHTMER, FEMOEIFEE CIEnol (¢(11)=049, ns), T8bb, FER1 D 2552
LR EBIEET 5 & =i, YRR OMRA(LIXERRTH D, ZOMRNL, ER1ICADNES
OIS BI OIS, AR ORRFEFIC R R T 2 TR W R SN, S6iL, ol T
UAkiE, WIEIGRE CLE IR TWRNEEZ BILD,
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a b

4. infants' occipital region —between
4 - . - -within

3t e
2 | 2 r :

o | i

51t ° |

N 2
-1 i _4 1 Il i1 1 1 1 1 1 1 1 1 1 1 11 1.1

o -2 0 2 4 6 8 10121416

o L between within

B4 aZAEFKICETHHTHENS 205 6RETORMOTY Z{E
bERIEANEI/OEY (oxy-Hb) DERINZEL

S2ER 3
FEhk 3 T, BT Y OFERERE LI AR E N E UL Z BT 5 & E OEEh 2~ 5
ZET, EBRLICHALNAMIEEN, HT I HAGEEICEET A0 ERET S, MEEIZHIE L
2RI, BT —F— I VIO X > T, RARE 2B NFERR 1 TlEbi-ik 15k 2 25,
FlarHELLTMRET LI a2 L,

B &

1. MR
FERITIE, AN 64 (CERFER 29.275%) S LT,

2. &

NIRS #:EILEER 1 LFEETH DD, AFO T o —T %2R L7-, WEMBIZER1EFLTH
60
3. RF FHE, sWAE

T, FHex, N HIEILTEER 1 LFEEECH S, between category, within category i % %
NER 20 AT T,

S

5 |Z between category, within category D MGMICH1 HEFE(L~FE/ B Y (oxy-Hb) DHF
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FRANEALZ R T, EBR 1 A LNTALORIER) &P L 72 i B 232 54172, between
category 34T TI¥, oxy-Hb O SEHMEITHNINT A HA1A378 47z, —75 T, within category #4T Tl
oxy-Hb OHEINITAE Ugd>~ 7=, between category * within category TORATEIMAN D 205 6 7
FTORXMBOEKET ¥ RO ZAEDOELNIHR LT 2 BRSO (FEBRSAM : between category *
within category, FHEIGENE : /228K « 548R) 21T 72fER, Mo ERITEE (FQ,5)=11.97,
p<.01) ThHol, WPEROFMELMAERIAE IRl BT IVHMEAITIIN
DIFREANIRT DI, HEEICEAT T 26O ABKERE T HILIR & RER M MITR G132 b7z,
ZORERMN G, BN LT 50 7 2 UAEFRAERD, ZMEERKIC TS EE X bR
Do

left hemisphere right hemisphere _b?:k\:\'leen
- “wItnin
4  Oxy-HB . _ Oxy-HB
O 2 r ‘ 2
S o pull | 0 |
‘ln i v \'\‘“‘- nhor i e i"\-’ AV n : r ,\I“\I
N -2 r i K J"R‘fr\.i’\nn\/\/"« Y Wvm2 o i ' \“‘"\"\i'\\:‘\./ \r’/‘vr‘ ’
_4 IIiIIIIIlIIIi'I'.IIIII__4 I|IIIIIIIIIiIIIIII
-20 2 4 6 810121416 -20 2 4 6 8 10121416
Time(s)

K5 EEFRIEAESOEY (oxy-Hb) DEEZRFIZEL

Ez =
EBR 1T, 5-7T 2 ARBHTIVME AT Y NTRET IREEZBIER L TV DO EAEM
H

A LD LB OEBFEL~E 7 v v (oxy'Hb) OFEREMA RSN, —FHT, h72
UNTRET LG EBIEE L TODIFT, BRI b~EZ B B OEINIR S R D > Tz, FATHTET
X, ITEIERICE > TEHRESMOAR G I T TV IV M LRSI ERRIN TR

(Bornstein et al., 1976; Franklin & Davies, 2004; Franklin et al., 2005; Franklin et al., 2008a),
AWFETIE, BHT TV E AT T TYNOIFRE LT D, I OMMERIER R D 2 L%
U TORTZENTE T, ZOREND, LRICH T TV HVEAREBGEEL, BT T ) HLfE
AT FFEN OIS LT AR R 2 b D L HE S 5,

EROFERN D, JROHT =Y DAEIEORIA, P TIE A<, SUSEEIT bR
HEBZZBND, ZORRITHAFER L S OBEBLIAERERORER &L —B L 72 A MRIFERTIT,
FSEIREIME O Vav & VO1 fBEFIZ, BT TV BV @i & BEd 2@ 34 57 (Brouwer &
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Heeger, 2013) , YL DI TIL, Z OFIROMITOCZEIRIEL, & ho@ah7 Y LML (Komatsu
et al., 1992), AOH T =V HIKERE L ARIEREEZIT O & &8, BEENREICE > TRRD Z
L xR L7z (Koida & Komatsu, 2007), Z O#ERIE, TFRIBEREIZED T IV HEHcEE 254 %
RELTWLZ EEFELTVD,

SeATHF%E (Franklin et al. 2008a; Franklin et al. 2008b) 1%, IO T =V AL EME O LS

18R EBAEZ R LTS, L Laenn, ERTIE, 7730 BABARIZEIT 2 MERED A
HAATHE BT E o o 7o, MEMIREEENAONRNSTZRRE LT, 1) EZHE (B
B AT EIUZ OB TR, RENNS W, 2) EEE (R AL R
ThHD, 3) FFEOMITENMOAET NIRS ICHIETEL2&LD b/hSW, REDOTREELE LN
Do

BT Y OEBIE L LV FFNRHT TWD, BT T Y BB E B
HEHEFIR B D0, HDHWIE, BTV INVEHTITERE L U X o TA LD 0D A &R/
TSN TEIR, SEOREFARD OIS HERLIRTOALN T 2R L LIFE b 1T 2T
% (Bornstein et al., 1976; Franklin & Davies, 2004; Franklin et al., 2005; Franklin et al., 2008a;
Franklin et al., 2008b), ZHHDHFFETIL, 4-5 4 HRIEIT TV HAVBMREEZFEOZ LOURE
NTW2, SHERLURTONT Y ANERMTE 2R LT 2N o DR, 173U WA
SHICE O RVER A N AL L D 2 EBNRB I NIz, X5, Matsuzawa (1985) 1%
FoRoT—de FEFRILIEA T AV ANEFIRE S o TWD AR Z R L, BT Y AR
Y AT R DR P EOEEREOBOME THD Z L E2RE LT, LL, 73V
BRI EFEORELZIT D) Sapir-Whorf il X FFd H0F58H5H 25, 7L %1%, Roberson et al.,
(2000) 1%, B LB ENAORPNBE 52522 L LT, 51T, Winawer et al., (2007) i3z

TR LR EERE E LT, @#E'J&%ﬁ%ﬁﬁb‘, FHIKTHER AL LR U T, HEEE TR, no T

TTRNFLRWED 2 DORRDEEITHTOND, FROKER, 0l 7HEFHE RO FLROFO

?F/DJ'Jﬁlﬁ>7ﬁ>éﬁﬁﬁﬁ3ﬁ'ﬁﬁ75§ﬂ%muﬁ%ﬂl‘%ﬂ%b‘ EOVHIALT, ZNHOMEN D, S LI EREE, S
BT IV OEREEEL, SEOTNVICLS T, RICAENODT T VIZ50T D ATEeME A R
Shic, T7bb, H7 IV INVEHMTIIEFELML LI HEEZ O, HHSEOEMICL VAKX
DEHT AV, ik, R, HDIWVIFHIREhD EEZS5N1% (Kay & Regier, 2006).
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