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(EHEBIYE R 2R, U T2 ) 5N E A 50 %, LT 100048)

C A 1AL B 5 R AW TR s, s A5 5 T BERE PR PR M 55 AR A 5, TRt 2 1] £
BRI S B O PUNA 5 I RIERX — ik, #RAZS FFRBT =4 Garner U SCH . 508 19

RMFIET B RE PN Z B Garner 200, £5RBoR, MERA B R E, S8 2 Wit

AT T

TR, &R PUNA Garner RO AT W2 10 SR PUN A Garner 00 JCHA ARk, L35, S5
3 MR SR N A Garner 2500, S5 RERW], RAE 5 S0 HNM Garner RN A 2, AR A2 E i g,
F Garner 753, 48 HTEFL UM A9 AT 432 5 R B SURE A R B 5 52 0 ik, X SEIRAE SREAT T 408, Rt
Jihgie, mas s B 2L S S RIEEBE B NABRE.

TFLIRG; 2S8R, Garner B0 ; AT 4388 B XMEE

Bg42

1 55

N REARZS S b 43 551 R 030 T ¥4 2 15 5 1D L B 10y,
INHLD IR 5 N TR L 50 s, IS 53R
1615 BRI Z MR S Fh ] 43 B Rk, i L Y
TR FL TR 31 D R ASE 75 T 2 K T L B 49y 5 oD A 3R R
S 15 B R AR LR S N T % 4% (Bruce & Young,
1986). #ATM, Joie i, S-485 Wik 2 Al
(TR L AR S B AT F3 g RUBE TG B S e 2R [ L 11 G
2B HATIE, SRR R ST R B 0 2 1%
BUHIRT B R I A Z
11 SHFRERINEZEME LW BHEL

White (2002) FFIESRFIE S H AR (configural
or categorical /featural change technique)™ %% 5 /)
TEBUM AL 8 . 250 v, White DUSUIR 037 # 7] i £%
SIVENHIE AR, HIR A B S VR va s As, H
FRATE A & I, 17 0 228 T 22 52 0 B 1HUA),
TN 35 AR U3 T 22 52 M SR RO % I, White 56T
g oA 5 R AR e 2 R X4 B G &R
(configural relation) -5 Jig W /4 ik 5¢ & (categorical/
featural relation)§2S I fL15 &, I LALLM RE B 1) 3R

W H 3: 2010-04-28

HEREZRMSE . WRGEREZHTSHIE,
WEE B Z M TREPN. AR, AT, XFh
FTHIE 5 6 w6 2R 2 R 5 B 28 LR R %
(White, 2001, 2002). ¥t White (2002)3% 5 H (4 JE
5IuWEE BEAEN S, MIEREA B IE A R
TR, B4, RUHR [A] A AR 5 B AR i g 2 15 e —
FE X AR JE e AR 5 R e AR Mg 7 R AT S Al
WA T IR ARI P ATEAS B 2 LAk, WTE 5 (E
BT E RO, BRI ARG A R )
N 1% AT B L P Y PR AR S SR e . PR,
White (2002)/8 I 7% 1 B 73 15 TR A XL o3 75
MG, HXFIEAR B 5 0EE L AR XA
Jry PR S

IR WG R L BT T 025, 40k
fen A T B S AR S ()45 B o TE2S [ 3 53 251
et b, WFREE AR FRTE SAs 5 R AR e s 4 R
e S AR R AL IR R, BSOS B R AT LD
BCSCm, 2554 I 23 (6] 45 B 2 A T2 in T
(configural processing) (HPIEAT(E B 1k £ 52 e 14
TE I T, T e A S R AE B 3 B e R AE i T
(featural processing) (RPYENI(E B L HEMERZ I FRAE S0
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1) (Goffaux, Hault, Michel, Vuongo, & Rossion,
2005), AfXanit, Goffaux Fll Rossion (2006)iF—#
G R IR, A 2SR5 B 25 LA R i T A7
K, AETE AL P S TREAE B T, JF H.,
Goffaux 45(2006)I\ Jy, fRAE B0 T 0] fEJe & ¢
225 0 T Al G R FRA TR Goffaux 45 (Goffaux et
al., 2005; Goffaux & Rossion, 2006)AI 5T 4518 5
White (2002) 898/ 5% 2518 SIS e w2515 X A —
S RS [0 (E B B A e R BN T, &
BEE By IR AR G, 1 R A (Rl R 2 ) R
FROEIN T, FZH5FRIFEEBIAE, B RAG RN
R AR ES B 3 L RS B . o T TS TR AR
VBRI —HEIR Sy B AR 74 B T 7o 1 DL 75 LI
Tt e 2

Deruelle, Rondan, Salle-Collemiche, Rosset FlI
Da Fonseca (2008)ffF 5 IVHUAE JL 2 X v {2 ] 43 32
L i By o RAG . PESINAIE, RA ABX
VERCAE 55, M1 B, ek W b, WZs Lzt
25 [ A5 B R i 0 25 S, #0000 ) T PR AL
B, BTEREHIWT b, JIOME L3 58 2 ) 4 =
A IR, I L 5 2 ) RS . BT
T, PHAERR I AEARAE B X B O fE SN
Whf, X 25 RN, RAG RG] EIEE JLELT b
PIRE ) L2 5 fu o] - ARSI S, X 5 IR
58550 R S IS RUT P, (B %R
FEMAE B H L KA, Z W 5 KB (Goffaux &
Rossion, 2006), ixX— 254 A] L3 fig Sy PIOMCEE JL 78
TEE RAEIE I A o 76 S ] E R %
P ARS8 A TS 4y, SCRF LR WSy
BHEL . MR L, Deruelle %5(2008) 52 56 45 5 3 15 &
Py RIS B RO, (3R RS m s B
Z IR SCHR A REAS 21 W 1) 9

IAh,  vuilleumier, Armony, Driver fl Dolan
(2003) 2K FH o A5 B AR B 9T & B, A A% R AR T
FLIE A AR S8R A0 B, R HA IAE B rY 2R
TAIFL A AT B 0 S0, AERT HA s A 8 i AR T
FLE R AN A B S o S ok SE 503 Lk a0
TS e R AL I AT 2R R, 25O
SR, R AR L R 1AL A AL R B PE A L AT Y
RIGF AL RE PP IR 25y . BTk SR, 5T
T B RGPS W S5l el B, — 2R
50 TR R IO A B R D EGE B, 5 — 4%
2 Je SR TN TS T v A A S g
X —Z5IR RN, FAE I LT A TR B

PRI T, E X F 5 By 3E— 25 950 i ) 32 AR
R G R, X — 4R SRR B RIS T O TR
55 U 5 e A 25 ) AR DG AR B 45 Deruelle
%(2008) vuilleumier 45 (2003) 9 HF 52 0] DL & #H,
XG5 B AT TE A 280 32 FOA FT i 2R 2 i 58 vh
W BB 15 2 S, EARA = mIE B 09 1E R B As
s e, 5HRGMES . 2 Rl S5 K R % )
KK .

HE— P LR RIS AT IL, R RGERDIA
[Fi] 25 [i) 430 %A 5 5 A [a) T L M TR ) 22 i) 5C &R 11
WEFE FE LT G T, AHERIAS [A] 25 [A] 4332 Jl o0 7
1L Y M ) AR R 2 T 4R o Ruiz-
Soler Fil Beltran (2006)ZE iR IWF 5T 4875 . TETH
LRI h, s (a5 BT LU i Ay SR T,
HhO S [R5 B AR I 2 A0 5 U3 ) BURRm B, I
F RSB SS SN T B B VI oC . 27
U5 3 0] ) X SIS T LU, e A TR AR
T LR i G B AR B4 — By 5 7, (B
BIHER T OGS )15 B A B T RS U AR
Vi e 1 — 25 1 S B SRR o X TR S (5
Toie A2 3 2 3 A A 5T R — B R W A E &2
Ak, WhERAER S BMKMM TN B, Wik, fER
TR, e BE AT RE 5 AN W] T L& P T By
BERIE)AC, AR S AR TR BeA G i as
)45 S AE T LN T R e R AT & LA Marr 1R
R R ARE R R SR . AR U
FEAEAE — AR 5 BE X LU ke il U 2 () BE AL,
DL 25 vt 2 25 19 D) g (Marr & Hildreth, 1980;
Marr, 1982), AHXT PS5 S, 5S4 St H
AR 256 L RE S 300 25 Al 4 8 P, P81 Ikt s
5 STE A [ P A T LA A BB SR e R —
AR 53 8 RUBE o AR S 8] 45 5 DA HOREL I fin T AN
IR A SRR, AR TE LU B9 R0 S A EUE AL
DL RCH B i T ke AR, A
2 0 5391 Sz DA R 55 T AL 8N TR B A DG Y
SEIGAT 55 H AR AR ) SE SRR (vuilleumier et al.,
2003; Ruiz-Soler & Beltran, 2006),

L5 By, W B HEIR S ) T — 28 30 HF, HiX
SRR NS B S e . N T RGEH IR B
Heve, FRATHE DU B . s (Al S (e 2k
BB G WU AR 2 LB U, AR S [R) 45 S
P2 B 3 O T AR HE A U
12 BHBERFBEESBHENIER

A BT 3 2 R TR AR B 5 FREAE B
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By FAF A, R0, AET AR, MR 5 RRE H AE
eV A E, MELLEALOTSE . T REEE i Ak
W58 23 (A ARAC J2: 15 5 165 1 B 13 SR A5 15 B Y 20 18
RUEE, FeAT e FH AT >R B 13 48 U WF 2 b 31 Y
Garner {3 . 7E L B 7 5 FRAG U A9 ok 37 5 Rl
SEMTTAESE Y, Garner TR0 #UE I 2 — > S
0y F A5 UMM 7 R A BBURAE B, 2 DI o B 4y
SR A N 20 5 5 BT AR R B ok S e
(3R 91 ph 7 (Ganel & Goshen-Gottstei, 2004;
Schweinberger & Soukup, 1998; Schweinberger,
Burton, & Kelly, 1999), Lbal, B4R 52 R 1EGE
BT P B N B B iy PUIBO ST, B 45 R
HREERMN T EREY

Garner O i i J2—Fh ALY R AR b5, AL,

B RE T 43 M A AL B TR v Y SRS MR U] S A
FHEFARIE IR, B0y 5 RF PN Z A BEA 248
X B 7 A AN SR L A AR ST, TR AR T A TR
B g RIS JE U (Calder & Young, 2005), A,
Tt B ik 2R IEF L, Ha B E X n, 2
w E X MW IR IS FoR U2 7EH
BT, M —fLE S S AR RERS A
Mt 2s B 3l . R R e Rl e Y L s PE1E B
KH BN . 7E Garner yu X & |, XFPAHHEE
1L B PEAR SRR EE R T . 28381 Garner
A5 I 5 TE T 5 A A S AR B 22 [A] Y A HLSE A
TET LSy 5 R R 09 58 B2 Se g vh, MRl
Garner 1L55 B HE— I 5 — - ad PB4k (5K
IEAZER): fERL 2R P HARYE — N4 A i
(RS ARG HE &, QR ) SR T R 73 2L, i 53
Hh— A FE AR B (ARAT S5 A O Y e, W0 B0 ) PREFIE
FE (PR M HELR A BY); TR IR h 2R gl 5 e 5L 4
o —REAR AT 55 A G Yl (3R, R 2k — ) i
AT PR A3 AR AR AT 5540 5 2 e (an B 1) D) AR AR 1,
3 e S B 5 Rk A S N B s, Dhad gk
V- 187 5 i I 9 2 B2 - X S g I A F Y B SR AT
35 R O 4 £ X AT 55 G 4 8 1) TR 3800
TEESE T Garner S M &5 )5, d#E—EX X
— AT T, N AR R . AT AR
J# (dissociability) 5 4k (difficulty). 5 i fL 513 5
FAF BN, ] 23 15 3 5 Mk B i Sz e i 5 2.0
TEAN R, T 538 B 4 2 S WA ] @ 5 B =2 1]
AR IO, anR A B B 5 Bt Z AR 2 1
PR EE, UEEE D)2 6] — J& PEAF B S X 43 Y
MEZ FREE, WS AN BB PARIE Z MBI X 53 4%

RN X —FE, 7F Garner yECHr, LR SN T
AT DAE A B XE S e br, DU o i) 35 2 2 @ 1 9
KX MERE, TR AT AR Al 73 B BEFE R,
F LW R B YEE B R0 TR . XMEE SR
B A BN, BRI IR E AR
FMRSER, U1 Ganel %5(2004)i8 i 42 = B 035 B
MEE CR AR AT ALY 26 ST L) SE 3 T B 0345 18R
S RT 2B B R R, (HIXR RT3 B BE R REIER
RESE B EREE LW TR, %
Rl TR SRR, WL, RIS gk R S AT
O3 A g B — By SR A5 B0 B B YOG
) 3% T L P e e IR LA B v TR R A S TT RE
A By 25 3 BAH 7 1 B 40 B R 43 24 0 W g
PNEE s/, R Bl kb DL AT 8 BE ) R R 1 B
1 FRAGAR D Z 0] 1 AT J3 s M A8 A o LAY o 7T g
RS S SN ] NE= S B S et T =D SNl [ET 1
Af oy, H PRl A X A ek e i ] 43 EE Y
eAs PRtk RS DR A BT R B R
1815 BB RO BB, 5 2[Rl I 25 Sk B2 5 7T 4
BN EPR

FHRT 488 B 550 B A U 2 A WF 98 (Ganel &
Goshen-Gottstei, 2004; Wang & Fu, 2007)" i F Y
X 43 BE (discriminability) M & R KA — 51w . Hi—,
CL A B 5 HoRs 4 I iz B AR Ay DX 43 B AR A ) B
MMUER] Garner &0, 155 FR b 326 0 i i
FESZ I T HAAE T A R ME— S R, K15
R FE R A B T AT X A Fa b Z [ OC R 1Y
M, H =, RERE AL B0 25 F B AR
SIMEEEAIR], X e VR AT B 0y RAG 5 8
BRERRRL, LA PRS00 A BE 5 0 AT O B BEAE AN
[) 25 T XE DL B AT XS T

FEIRFRATHE 0 A ] o3 B B S XEEE T bR, EiRAY
W3 B AR s T DASE R Sy« 2 v A 2 R 2 L) S
T B A R AT U AN A 2E B A U, B4,
TR BT RGBSR A] o0 B B & T2 iE
BN REE B BB, [RIBPFp S0 T i
FETCH I 22 5 . AR Hb, W SRARAI(E B s Btk i
PEE S F A e 2 R A R, B4, FEIRIE
BB o8 ESS Tamiit g
BRI s B, [RIE, MEE TR 2R

FETU R, AT TN ER: R
Garner 33X, S50 1 {1 FHE# 10 ALERIE R st &
T 5 RERBIA Garner FIWHE 55, Iim Lk X 4y
MEFE 5 Garner THLRUN (M] 4355 ) o S0 2 AT AR fE
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AR 1 R LR R, (A 2 (5] 5 A 7 A b
B SR)E, MERLXOMEEYS Garner THE0N
(T 43 B B ) SE 3t [ AE(H 5280 1 R R 1R
EL, (AT XS EA T m AL B SRS, I
X MEFE S Garner TRV (T /0B ). HUAR
SCE 1 3 AL R S AR S AR oy i R
ik .

IR R G0y 5 RG] SEE, SR A
[ 471 2 2ok R T 5 B — Se i 5 A ) 9 A
(Goffaux et al., 2005), =4 4s [al {5 & LI &
3 3 e A AR A, IR S (Rl S T LR R R
o AR b BRARAS . P IL, ASHIF S A 4 JC 18
o A AR SR AV AT 223 [i] 430 38 1 L BT R # 92 Bs EAN
H s EE B B — e fLIR BT KB, ATE
T 18T FL B e 3 A ] A 388 BUE% (Nasanen,
1999; Ojanpaa & Nasanen, 2003), {H5ZBr F A [a]J5i
R 2R 5 A S N~ A /E AT (Liu, Collin,
Rainville, & Chaudhuri, 2000). F i, & 7 Bl
gt ARAS R AE BT 50y 5 3RAF R Yy
PR, M RE AL 38 BLLR BT e 0 s AR A 1Y) 2 [

8 O
Ay

EPo¥e)

2 SL¥e— ML A PR
e

ARSI SR PR 04 o ARG B R, SR E
A1 Garner BNV AFTRTE, FHE G5 BRI
PO B T4 A R A8 15 BT B - T4
21 ik
211 #ik 32 BAEKKFARA, B 5REE
%45 16 2. BORFIRTE 18~25 B 2 0], Bk .
212 RWAEL BEEUE A B AR WIAS S5 0
FERIBEAARAAT), TH AT IR 2 Fh(E2%
(), AR TR, A4 T 10 SKRERS IR A (H
A v R AE R R T SO I 55 SRR
P e PR B 07), BRI B Rl R A N
Wk, FIERERA AR, & A PhotoShop #X
PR AN, oSk & | Bk K 1R B A RRAE R,
FALil %, JPEBE R LR e SRR B
LR . B R BRI R 350465 R K, LK P
A 1008, /B ILIE 1. BTkl B A g s
24 ZPAKIEIT IR VT, X P A S s
5, AT H 43 e 7E 80% L

A &4

e |

B S A P R O A L, R 6 2 DU 5 AR %

213 Wt L 1 RGNS SR
GNP ASFEXT M ) Garner 43R HIWHE 55, RIGS
3530k Garner AL55 Hh ) —ANYEEEAS B, HAR
Ho AR A 4E B (irrelevant dimension), H7ZE &K
WIS o %5 J& Garner 13X P 52 90 20 Be b 2 LAY KT A
K ECAS [R) X6 5 iz Bsf (g 52 e, R FH 2 A A9 % (Ganel
et al., 2004), W45 SL 5041 B rp 2 B B R sk BUORIAY,
R Fg SRR 0 B D 1 B R A PR

214 TWERF AEREIIMESFMET, AT
PR B T TP AU S PR IR R, SCURTT
SR BRE 8 KRG A (BB S IR
RIEE A& 4 5k, X2 FmmiEXLm 2R 8
sKE R, 5 BEAT A BN P B i,
45T R, IERRIAE] 100% A4 8 ik, FFiE

FEH LN A 23, A WK I 18] S fl 3 2 003 70 ki
ANFHUEAT R AR . B0 R AE S P GS RRF
5HREFOMNAATR], HORSC 5 ET 28 sl S I B R
10 5K, T PRk A LR A

B R 2EAE 17 SO TR, B
Hhtwma sy a e, KA BRSS9 IR i
BLZY 10O A o 5236 i SR A 0T g Uk 2 B 1 e
FRRE S M B F R, SCR AR T '
eI ELE 47500 ms, $EE R 500 ms HYESF,
SRIG B R, # kB o] ek ey, B R A B
2500ms AR HTH R, 25 5F 1000 ms, 2RF 2
T—5kE F .

S0y W 5 3R AE R BT 55 3 R i Ak B
Garner 73251155, R AHEEELR 5 i8 4R (kAR
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IEACR) P B, N FGAH LAl B, X 58 A
M0 —3(Ganel & Goshen-Gottstei, 2004), {55
TSR LR St uE AR Y 8 sRIF Fr, H 3
ALY 8 BRI MR <R A O HE B 4y B R 4y,
WA 4 5k E R, IR ZR Al 5 A g A 1) 22 B AE
TILRAL 8 sk I R AR AR AH O Yk it o PR A7,
SRIG A TR BLEY, it a8 4y 8 Fk I A R IR & 78
—R R, PRGN B, LA 8 5K & FEk
SR HRAH I LEBE 1 503 43 WA RE A SRR B 1Y
RIEE 45 45K, BABRY 4 KRG E % ATR
GREPLE B, (HAESuELRd], W BERE) 8 sk
B R R A TE— BN B . it nk 4l
SR R ¥ 2B 18 Ik, R MESIAT 288 ik IE
Rocshh, RAH SR A SART 8 WAk

AL AN AR B2 BE, 4 TR IR 45 5B 2 Y)Y 16
W CEM S g AR 2L BE, 8 Sk I A 45 B 2 ¥R) M
%2,
22 R

A3 GETT B S 56 vp 0 R AE IR B S B 0
1255 P BT R R, G5 R LE 1, BN EE
ST 2R, RGN Z S0 T 82,
F(1,15)=7.66, p<0.05, S {iR55Z R T 03,
F(1,15) =7.53, p<0.05. RN HMNESFH A Garner
TR K 20ms, BRI E Garner T HEAUN
17mso XFHE DRI T B AN 1 7 22 53 A 4 SR R 1,
AN FEAE S E — ofE PR A [R) R (F(1,15) =5.05,
p<0.05; F(1,15) =6.82, p<0.05, f L4 iR %I i
EET ).

*1 XBSLEFMSLXNRNMNIES AAREIR). HRERTHRUE

TRt A

PP A

S KA 55 - - TR (ms)
SR I (ms) IR (%) S I (ms) HIRF(%)
FAEHN 496(22) 1.4 516(24) 23 20
U 496(13) 2.2 513(14) 3.2 17

X250 R, S0 RGN Z 8] B BT
e, WEZ BB T ARSI TOCR, X5 Ganel
F Goshen-Gottstei (2004) 145256 25 - —3L .

3l mAm LA A TR
ks

Ry ik — 2 2 S A BAE B 0y 5 R U
MR, SE86 2 RTS8 1 MR RRP, (HXHss
B 1 AR T T S A R A A B, ELARR
FEALBRANR o

31 A&

311 #ik 32 KRR KFEARAE, Kt
S 1, RIES B PIMES & 16 £ ke
BTE 18~25 2 2 Ju], .

312 BEEMN BIFFSE—, MEUEE X
SEHY 1 AR T i E e R AL FARAS . AT
FH PhotoShop {4723 A2 A i AL BE, = 7
IR SHCR 0=38 143, RUEEETE 25¢/fw LA L, &
I8 2 W 58 1Y 0 (Goffaux et al., 2005; Collins,
Therrien, Martin, & Rainville, 2006), 7<% LA 2.

P2 S v (ol P ) A A A ) A1 2 [0 4 475 P R s

32 H#R

A3 Gt b S 6 v R AE UM 5 B 0y U
R4 R A R R, 25 ILER 2, BN ERE
ST 2R, RIERNZ S0 THA BE,
F(1,15)=2.84,p > 0.05, Sz 2 E T W3,

F(1,15) = 12.54, p <0.05. FM AN Z S5 TR
N 11ms, S 03R5Z RE TR 23ms,
X FEBRARIEAT AR L 9 7 2253 BT R W, ANFRAE TR —
TR AL 9] 5 (F(1,15) = 0.31, p >0.05; F(1,15) =
0.12, p >0.05).
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*2 REBESLXEEMALXNRNMNIES AAREIR). HIRERTFHREE

S AT | P ¥ N |3 P g F o
S 5 (ms) HIRF(%) S B (ms) R (%) (ms)

FAEHN 482(17) 2.1 493(19) 2.2 11

SR 603(21) 3.0 626(24) 3.2 23

558 VA, T80 20 ms FREZ 11 ms,
FIERINZ B TIH Garner BN FREEH R, t =
1.79, p <0.1; PSEE L 5t iB AR R L HZ
25, t=1.58,p>0.05, \SLENE, 256
1 R REPON 0 E2Z B0 T8, 28 2 hayRTE
TUNMER R I Z B0y TP . X SEEE LRI, &l
AT REE DA o3 B B AR o TERLOKT
b, SEE 1 AYFELR KR 496 ms, SEER 2 A 482 ms,
WHAH2ZE 14ms, (HXFh2Z R AR E® = 0.52, p >
0.05), Jf H 25 1 FELAT IR i TS0 0 2 FE4e iR
Et=1.77,p<0.1, XELEFH, FHE RN LAY
MEFEFGPRE A LI Z M TC i 25 57 0 LR B AT
FESMEETRAR R, 7E MR E T, mliiREss
)45 B B R R B A RO

A2 1A, BN 32 RAE TR EE TG
B AR k(= 0.73, p > 0.05), FELk 5idaELkilin xR
P TC B E A s = 0.89, p > 0.05), ML
F, LWL | 25 2 h, RIGEHDET
PE 0N . XEEL R R, B F B0 AT o B
febnC A b, FEFELOKE L, 525 2 R B
PORITE S A 5 AF T 2845 I AIE, SRt A 496ms
EFEE 603ms , ZHFWE (R = 431, p< 0.01), XF
W B Oy B XE B S AR BT MERE TR AR AE RS
Ganel Il Goshen-Gottstei (2004)HF5E & PL—2
LA Ay B SMERE R AR R, TES MR, &

Q; 'y

AR LI T B Gy IR 64 X BE (E B A 1 B Ay
R B, BN B E IR AR
AR R

e RIS B OISR L . DRaliE
WE SR R RS E BB, EARR RN
B BIXERE; 2) e A SN R B 03 A5 R T
B, (HER s B UM BOXERE o s B e pE R
7 U AN S0 B PR, SRBLH T 2 B R,
PEE R B BB T

4 sEgy = RS SLIE A RO
ke

RS B, U8 3 RS

SEE 1 FAERRRT, (BXTSEES 1 T AR T TG
W IEAL T, BRI A F T
41 FHik
411 #iR 32 BKIERKFEARAE, KS it
M 15 2, #IES5BHPINES K 16 £ B
AR TE 18~25 B 2 0], B4k,
412 EFS5MH BIFRSE—, MebREd
PSS 1 AR A T L DA SR . ik an
T: F PhotoShop {44 7 imy #r{Id if pE AL 3, K
M IESECH 0 = 1018 %K, PRIERETE 8c/fw LT,
b PRS0 0 5 W] Bsf 2 B A W5 (Goffaux et al.,
2005; Collins et al., 2006), 751 WK 3.,

2 Ae
& &

P 3 S v (o P A TR AR ) AR A3 2 [ 430 4 475 P 7 1

42 HR

IR GET B S g R R IR 51 S B O U AT
5 PR SOV, SRR 3. B R E
IR, SN IRR 52 B 0 T RO i 4
%, F(1,15) = 3.43, p< 0.1, BRI RE TR,

F(1,15) = 7.15, p< 0.05. F£IHRHZ 0TI
1 25ms, BN RIE THRAIRUN A 22ms, X4
BRI PEA T AN (1) J5 25 53 B 3R AN A7 A 1B — e v
AUHF A EU(F(1,15) = 0.06, p >0.05; F(1,15) = 4.67, p <
0.05, B iR bl DB AR I 2 5 T LK)



414 TEHR A% 25 (A0 2805 B T L B0 5 R A T A9 5% i 379
*3 RBENLEFSMILNENNFESHAREIR). BIRER TN
e A ] T Kb AR ‘ § TR 44l ‘ S 4
S8 (ms) FEIRR (%) S i (ms) IR (%) (ms)
FAEHN 535(29) 2.9 559(31) 3.0 25
S iR 5 544(24) 3.5 566(23) 45 22
5wy 1 AHE, RIEVONZ FH TR T F. W58 AR SRS R LA 4 PR .
Bl A5 Akt = 0.31, p > 0.05). /& TN 30r
20ms b JH 2% 25ms, {HFELEE DR A E I N (twins = _
2.86,p<0.05), X £ W, FMfFRMTHEEwaE £ |
fbo TEFEZAKE L, 505 3 R IR 5 505 1 E
H A R 2 B0 B 522 5 (t = 1.06, p > 0.05), 5ol A A
X R WIRAE I e A B 28 k. 256 7T 41 i - G
B SMERE TR ARSR A, Al B AT BE S 3 0 . .
{45 B 447

FNE B AT 4y R, WA B R i 2 A R Y
MERE S

55080 1 A, B iR a2 R0 T R0V
HAA( = 0.53, p > 0.05), RAETHIAUM 17ms
TR 22ms, (SRR EE I wese = 2.10, p<
0.05), X F G0 5 B BT 43 & B IR A1k, 78
FELACE I, 525 3 B S LS 1 (1= 1.73, p<0.1),
RIS BRI ARG I . 2567 7
B S MERE IR AR R, PR IE B T B s
FIRMERE, HIF BT P B 05 B AP 7 B R

ARG MG RERY . DRSS
S W FRAE UM A 1T 238 B S e R 2) B Al IR
B RN T B 3 TR A R EAS S e B {5 R
AT B B RANAF AR B R T .

5 e

RTINS 1 R 3 IAURERW, DIXEE 5 R0
FENWEEREAR, B 03 AR AE = 0 = (W) A B A F
BT B G AE AR S AR AR R
BB, WO HE 1 FT R AR B AR,
RV 1 2 [l {5 At 3 R ) T AN e 2R B 13 TR
iz a5 B BB R B L, XFGIE T
X AW AR S AT, R B AR 2,
W R g i S5 BRI TH B, FRr s REE
Bk ] e -5 A [ T L 1 in T (an B 4 s 3R ) A1 e X
ARES AN TR BeA &, eah, ifE R AR
BB G 53 S — Al BRI PR SR I 2R FAT]
TESZ I o B 2 v DL SR 5 X i Ui iR R W, AR5
BRARII T AL R, B2 AN e ™ 2R [m] A T
AT, XA T FL B R LR 2 e A AR

TR B 0925 [

K4 AN[E)ZS R AE B0 Garner +HERLN Y52 1R

51 BKFERBFRANEZRBILEIFMERE

NEZE 2 BT SR DA ROk, Emias ]
5 R RN B s R, % Marr 55
(1980, 1982) A4 31 2k i 0] XL ke fige A5 wafe e o A1 2 [l A
BAMTNEE B, IR0 R4
WGy o X — R R A URIRATT, AR AESS
(B /D SRS S0 v B R 1 43 2 W) 3 A T
HEAFE AR, X 5 White %5(2002)iz I /45
TE B AR B 5 AR 225 SR AR — B0 A, WnSR J 5 AiE O
F& AR R S AR e 0 B 3 R AR ) B FE O TR 4
GAFERIAIEAR B, A S A5 S8 AT fE 2352 A4 JE
= RS E T B2 M B U, XS RS 2 1Y
iR —3.

SR, FRATTRIAE TS 2 R B A 2Bk DL
il 22500 B2 Fp ) — BEBIF 58 25 38 (vuilleumier et al.,
2003; Deruelle et al., 2008), HJZ2 &R BT XHIE
WE BARBURE . AERIE(E B AL T, Bk i
Z ()W 5% 22 B ST PR S T 5 v 7K 1 2R 1 U
FEAER — I T2k, P i 2 A g n T, E2 b
FRARAT S [R5 2., 1 2208 9 28 8 5 28 SUIRH6 15 1
YR 41 T (LeDoux, 2000; Hughes, Nozawa, &
Kitterle, 1996). TAHIBHZFF 25T HoULEE 2 1 5
0 AR B S F A 15 S ST, Rk T
U A SN T, PR AR EUT b B I KT 1) 26
115, S8R BRKF b R il . 2 24T 55 2
SRR R B A1) X 43 D) = A R 1) S S5 3 ARG 4 T



380 N BL

I 43 %

B QU= T CINEYER 2 i NEUE- SEPSE QTN
CHE R R R B R X, R T KO R AE R
g, FRAT LRSI ) Garner 4328 HIWHAT 55 v A
TR K AH TR o PRI T AT B9 00 5 B e fi
FEBLA A 5 0 45 S SRR MR IR0 60 5 n T A R 3
J )
52 BRMERLTHEFZTEMESHE

BRAEE 3 rh T AR E BT S, SR
PR 53 A WA 25 [R5 B R R B 430 AR
P& E A WFFE 4518 (Ruiz-Soler et al., 2006), 7E T FLIR
SR ARAIUE B 3B SR TR BOCIER, HAEH] 3=
BLR X ALE B (B i SR e T AL s R R 1E B i
ATRLEE N T, DAMESN S Sehn T3t 0, SR AR 40
IR B AS, SXBEAA AE  B RS PR ) A 0 A [
FHIE(Pylyshyn, 2001), FoAT52 50 b iR o3 24
55 19 58 i 32 8 00 S W 2% 1 B b B 1 1 B A1
AT I WA ORGS0 n T2, DAL IR AR5 8 ZE AT 55
R R R I A PR T R A ME R TR v B
SN = s

White (2002)R F#4 JE B0 28 5 R AF 2028 B R
WFoE 88 b B U £ 2 5B AE B A L, Goffaux
Z5(2005) )R FH 23 ) 3313 AT ol 28 55 R ik e 2R £
A, WIFFEER AR S 6] 45 25 A i T SGTB T g 43
235 [F B SRR TOCHK o Z8-5 31X P IR 92 R 2 ]
PAHBAT TS RS A R B S B PN O
o T, s s (45 B 5 B0 i T2z 8] Y S HK [H]
FE15 3] Deruelle 45 (2008)A AR AE J LA 5T 1) 2
Fro AR, iR =I5 &R R B 1 L VT e 58
W55, X S5ARLE PG R X TS A X
gl o ¥ B R Z2 Bk 98 4 19 3 (Ruiz-Soler et al.,
20006), {RAAE S A H =2 R T o B, IR
2K T AL VG BEAE 55 0] 68 32 2295 S 3 nd it 2 0
I B Be AR5 BRI o X — s FRATT AT DA B4
M Deruelle 55(2008) T 78 45 R i 47K Uk I
i J LB AE TEU3) SR s TG [ 1) v ABEAE ST GE
)L b ] T RS S . F IR SIIL R 55 5
RN T Hr Be SR, TR0 T Be X 3 22 IR
AR R PR I T, FRATELRE A B B AT AE
) LEA ) AR5 B PE R RS . w0, LR
SN ) BAARAE B 5 T2 5 AT 55 T K By i IR
A 2 (Costen, Parker, & Craw, 1996),

ZEA I T B B 5 S0 AT 55 22 S5 X W TR #R,
ARG . ARG K B DL S G B HE S 22 o] A —
ot ne e s 2R IS B EEAE RN TR B

FEAER, DUEUAT 55 B BB AR B — A TR B, PRI %
FH DG e AT 55 B A & BI04 1) 45 8 % B 03 1851 1)
F2M(Goffaux et al., 2005; Goffaux & Rossion, 2006),
£t & BRI AT 23 1845 B 215 U1 A B2 1 (Deruelle
et al., 2008; vuilleumier et al., 2003); 54125 [H]{Z &,
F= ARG A0 TOER B 1 A B v B AR
FH, 10 K B 2 R RN I R AR T 1 25 B A
W, R, 753 2 AT 55 vh RE 48 s v 423 [ 2
P R (5 B AR B R (ARSI 2 BWTSY), T
ANBEAE 7 i A B AR v B E B T A B
53 BMRBEEESENSHRERSE

17 FL B 003 5 205 A5 J20 10 40 B S A0 H s 1) 42
ifie, HEABENRE R 2N . ATRAmIER
AT 25 [a) A7 8% L 1 i T o B %) =5 22 P4 (Navon,
1977; Sanocki, 1993), AAfTHLAR % B i 45 25 6] {5
BN 2% 1% 1R 5 i B 2L P (Fiorentini, Maffei, &
Sandini, 1983), {HSCRR [, X4k MAA — 2
HiHE— TR B — BT, X — B BE M
HARE SR, MELI 2R 415X — W RE, 4R i 3T oK Y
WFFE 2 PR, 3 B B 22 ] A4 T 3 B0 - AN 2 T 5
AZE ) (Morrison & Schyns, 2000; Smith, Gosselin,
& Schyns, 2004). AR T BS5E BB EZ
[ AF e S AR A HOCZR, 1 2 ] B by ] — o 4 )2
b ok 3 B8 Fh BOAS T/ 25 19 15 B F A2 A 0 %052 fin
TH%, SHfLREMEL, mrL & o 20E BT
AN ELA fT PRYEFE S0 A RO RRAE, DL, BRI
IR B 5 B o AR A B R 46 (5 BOR 2 Ak
FE . MG B RAE B 4E BRI, MEKERS
RKRULAE B 2 ) 22 5 FBAE TYER LA 2252, ME
b B B 0345 8 75 BAR 2 45 A GG S50 Fe 1iF 3 2
FR, MIZREME R FRAE (G B R T ZAA R LR
FLAERAE . X RS Rt B s RS
FE 5 B Z A B X 43 1T fig 2 B i i), BPSEAIfb Y &
1% 1] e AR E — BO e — ROE B X550 F & 05
B, AR B 5 BT 73— RUE X
ST REER

H A A S FL B 0 5 R B o 8 RUE &
FEAAWD, —E EWERRIE ST S, 5
— AR RO I 23 AR A3 26 . WIS R AE 202
RN HEIE B SR, AT 55 RRAE 0 A TR ME,
Tz, e AR . O E A S AR
XA AR 1R B EWIEAE B, fHarEmfE BoEdr
EER . O 258 E NN, WG KM=
FLEG LR B4y, WnAREG . 27, B, BEZ



4 1 TEARHG 45 2 (R AR SO0 L B 55 R U A 52 ) 381

B) fR) 2 [B) L9 56 R, DA R T L & 44 9 TR R R AiE
(White, 2001, 2002; Goffaux et al., 2005), X FhF &
SRR T BRI, A L5 B ALTAG0R AN EE 2 14
AR R, tean, g nyiliE, (i 3A Mg e
FOEARMEVA © o AR ML, AREE 0 IR R IR AT
PUHBIRREAS S 2, B By & —Fh R e
fEo IO, #IEAE B SHMEE R Z M B A %
XU EA A 7 o

25 R EN — EHF TIEEN 1%
W5 B REE, DFSR EATTRAR R X — RS A
ATXF MR B A= FRAILRE BY FE ARG AL . A5 AN [W] A 40 B XA
[F] o A0 3 R, SRR ) SR b AT T AR B 42,
A R BN HR S #4385 SR IR g A ) 0 HIR G A i
AHZE R ] o 3 b AR BT AT R 1 2 A
SR SEANIFAR Wk o IS A W A 5 AR R 5 T
AL TR B T N2, B2 oA Ry B ot 5 208 i 1 3
A 9 AL s e S U S B AT, X FE NS BN
ATRE o AN [F) 23 [A] B33 I I X I T A4H W B4 it 45 3
(Hughes et al., 1996), AU sk A0 5 S0 A
TR v g BARAE IR ) v 423 78 4 3 2E4F F (Nasanen,
1999; Ojanpaa et al., 2003), H: FJ& A6 25 [ JiR 22
[B) () B & 0 AN 2 43 B ke B B AE H (Liu et al,
2000),

bR b, AWMEALE R EREZH, FRE
55 BIERVEREMELL T, GRS R — e AR
MESEATA R X G5 o 25 [ 454 AT g J2: fe JHAE 9 0 5
FUBE, H 33 26 RUBE PRk Kt 45 5 1 AR A5 XE LA EAT &2
ZRALIESR . AR, Ok 2 B H W I R AR,
A0 B R0 B8 07 AT RE O B A AR S IR
FEAF, — PR B HIR 250 PE RV A& X — U &R
Grfe oA I SRR, XA AT LU A K
£ 551l (the perceptual expertise hypothesis)# KZ
B 0] 1) 68 5 Al (Gauthier, Skudlarski, Gore,
& Anderson, 2000),

55 B0 R Z AN, mfL 3
AR u B R R A B E T E s,
FUE BT R A B 32 SEI AT 55 52, 4155 Y
255 SBEERER AR, 6] — REEFEARRE S -
AR B AR (Schyns & Oliva, 1999; Morrison et al.,
2000; Smith et al., 2004), IAH LR LR ZHE,
& T A K B 05 B 4E A R AN ]
FHAS B 38 3 174 D 3 =6 TR 00 3 TR Be e R
R (White, 2002), A A K v 3 (compound  face
paradigm) U Xof 17 L 8 (A K T2 A5 B 48 3 U, E A

Ja 27 3 3 AL & 315 B BU (Ellis, Young, &
Flude, 1990), f#W3#ri=(microgenetic approach
paradigm) W 3= 22 I T 400 ] i e A 48 B 0 T
I Pt B2, 728 S [A) 23 [ A 300 T 58 5 U
JH %% % (Hughes et al., 1996), & fill ik 78 =X (hybrid
face paradigm)¥R1F T £ 4k Bt P& I 19 & 7 P ) 8
(Schyns & Oliva, 1999), AHF5¢ H {# 1% Garner Ji2
KREBERAFLIBRMNAEEZRPZELXR, FH
mALER, THESMFEL, K220, R
AFEREAF RN AR, HE R Z MW giA A
A A ek, 40 Vuilleumier %5(2003) 52 56 b 2 17 11
) i A% 245 S 5k ) B T e 45 SR s 5 A I
PRI, SR TR — 4 B 1) 5 5% 7 1 25 B SE T A LAF S
B 5925 5 U SR 8 A THT . ARESE 8 11 Garner
W B L TR T W4 {5 B 2 W 1Y 22 E.
KFR, HARXS T 224k 09 1 L B0y 8 3R AE 15 BT 5 A7)
SRAHTE D4t . AR RE 5 & i T I RE6E [F] i % 58 2
A YE AT B0 52 50 0 2O PR T L AE B 2 B R
Y

AW I B AHT Z A TE T RN 5 0 R AE P 4k
FEAE BT M0 AR BE 4 T PSRAE B 43 2 LB ]
M EMEE BN OUT, mEs e B R
BEAR TR AF PN Z B 05 B TR, f87R &
HRERNEE R X T B OE B AR T
Garner 7530, BF5E IR B2 AT 35 B 5 X 5 0 20
FAehR, S FA Garner U UHE Gy R IE 05
FUBE B 77 46 BN LA o AR SRAIFFE Y B A5 i 4 1
FARRE R g AR S s, DU 4E
bR A B AR B 43 S A )

6 4Eit

il PL SR oA, ASRTEAR AR S5 e
1) i A0 TR A3 3 2 8 T L B 3 5 3R 1R R A —
ANEROLSE; 2) RIS A B AR AL B 0y 5 R A
AT 55 T REAR R AR T B0y, WARFKHH
AR TR, HX B R G5 S0 B kR m
A RES SEIAT 55 B TR B A AR SRk

Bruce, V., & Young, A. W. (1986). Understanding face
recognition. British Journal of Psychology, 77, 305-327.
Calder, A. J., & Young, A. W. (2005). Understanding the
recognition of facial identity and facial expression. Nature
Reviews, 6, 641-651.

Collin, C. A., Therrien, M. E., Martin, C., & Rainville, S. J. M.
(2006). Spatial frequency thresholds for face recognition



382 N BL

% 4R 43 4%

when comparison faces are filtered and unfiltered.
Perception & Psychophysics, 68, 879-889.

Costen, N. P., Parker, D. M., & Craw, 1. (1996). Effects of
high-pass and low-pass spatial filtering on face
identification. Perception & Psychophysics, 58, 602—612.

Deruelle, C., Rondan, C., Salle-Collemiche, X., Rosset, D.B.,
& Da Fonseca, D. (2008). Attention to low and high spatial
frequencies in categorizing facial identities, emotions and
gender in children with autism. Brain and Cognition, 66,
115-123.

Ellis, A. W., Young, A. W., & Flude, B. M. (1990). Repetition
priming and face processing: Priming occurs within the
system that responds to the identity of a face. Quarterly
Journal of Experimental Psychology: Human Experimental
Psychology, 42, 495-512.

Fiorentini, A., Maffei, L., & Sandini, G. (1983). The role of
high spatial frequencies in face perception. Perception, 12,
195-201.

Ganel, T., & Goshen-Gottstein, Y. (2004). Effects of
familiarity on the perceptual integrality of the identity and
expression of faces: The Parallel-Route Hypothesis
revisited. Journal of Experimental Psychology: Human
Perception and Performance, 30, 583-597.

Gauthier, I., Skudlarski, P., Gore, J. C., & Anderson, A. W.
(2000). Expertise for cars and birds recruits brain areas
involved in face recognition. Nature Neuroscience, 3,
191-197.

Goffaux, V., Hault, B., Michel, C., Vuongo, Q., & Rossion, B.
(2005). The respective role of low and high spatial
frequencies in supporting configural and featural
processing of faces. Perception, 34, 77-86.

Goffaux, V., & Rossion, B.(2006). Faces Are
“Spatial”—Holistic face perception is supported by low
spatial frequencies. Journal of Experimental Psychology:
Human Perception and Performance, 32, 1023-1039.

Hughes, H. C., Nozawa, G., & Kitterle, F. (1996). Global
precedence, spatial frequency channels, and the statics of
natural images. Journal of Cognitive Neuroscience, 8,
197-230.

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual
Review of Neuroscience, 23, 155—-184.

Liu, C. H., Collin, C., Rainville, S., & Chaudhuri, A. (2000).
The effects of spatial frequency overlap on face recognition.
Journal of Experimental Psychology: Human Perception
and Performance, 26, 956-979.

Marr, D., & Hildreth, E. C. (1980). Theory of edge detection.
Proceedings of the Royal Society of London B, 207,
187-217.

Marr, D. (1982). Vision: A Computational Investigation into
the Human Representation and Processing of Visual

Information. Freeman, San Francisco.

Morrison, D. J., & Schyns, P. G. (2001). Usage of spatial
scales for the categorization of faces, objects, and scenes.
Psychonomic Bulletin & Review, 8, 454-469.

Nasanen, R. (1999). Spatial frequency bandwidth used in the
recognition of facial images. Vision Research. 39,
3824-3833.

Navon, D. (1977). Forest before trees: The precedence of
global features in visual perception. Cognitive Psychology,
9, 353-383.

Ojanpaa , H., & Nasanen, R. (2003). Utilisation of spatial
frequency information in face search. Vision Research, 43,
2505-2515.

Pylyshyn, Z. W. (2001). Visual indexes, preconceptual objects,
and situated vision. Cognition, 80, 127-158.

Ruiz-Soler, M., & Beltran, F. S. (2006). Face perception: An
integrative review of the role of spatial frequencies.
Psychological Research, 70, 273-292.

Sanocki, T. (1993). Time course of object identification:
Evidence for a global-to-local contingency. Journal of
Experimental  Psychology: Human Perception and
Performance, 19, 878-898.

Schweinberger, S. R., & Soukup, G. R. (1998). Asymmetric
relationships among perceptions of facial identity, emotion,
and facial speech. Journal of Experimental Psychology:
Human Perception and Performance, 24, 1748-1765.

Schweinberger, S. R., Burton, A. M., & Kelly, S. W. (1999).
Asymmetric dependencies in perceiving identity and
emotion: experiments with morphed faces. Perception and
Psychophysics, 61, 1102-1115.

Schyns, P. G., & Oliva, A. (1999). Dr. Angry and Mr. Smile:
when categorization flexibly modifies the perception of
faces in rapid visual presentations. Cognition, 69, 243-265.

Smith, M. L., Gosselin, F., & Schyns, P. G. (2004). Receptive
fields for flexible face categorizations. Psychological
Science, 15, 753-761.

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. (2003).
Distinct spatial frequency sensitive for processing facial
and emotion expression. Nature Neuroscience, 6, 624-631.

White, M. (2001). Effect of photographic negation on
matching the expressions and identities of faces.
Perception, 30, 969-981.

White, M. (2002). Different spatial-relational information is
used to recognize faces and emotional expressions.
Perception, 31, 675-682.

Wang, Y. M., & Fu, X. L. (2007). Effect of discriminability on
interference between facial expression and facial identity
recognition. Acata Psychologica Sinica, 39, 191-200.

[EEHE, /822, (2007). X 43 B2 ARG 5 1 L & iR
BB AVER]. O HEF 7R, 39, 191-200.]



44 IR &5 25 A RS B L B4 5 255 15 A0 52 383

Effects of Spatial Frequencies on Recognition of Facial Identity and Facial Expression
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Abstract

By changing configural or featural/category information, White (2002) revealed that configural changes
mainly interfered with facial identity processing while featural alterations largely reduced facial expression
processing. With this technique, Goffaux, Hault, Michel, Vuongo, and Rossion (2005) presented that low spatial
frequency played in configural changes detection, whereas featural changes detection depended on high spatial
frequency. Based on these two studies, we can draw a conclusion that low spatial frequency plays an important
role in facial identity recognition while high spatial frequency plays in facial expression recognition. Can this
conclusion be really supported by experiments?

To test this hypothesis, we conducted three Garner experiments in current study. In terms of the hypothesis,
high spatial frequency enhances facial expression recognition but not facial identity recognition, while low
spatial frequency facilitates facial identity recognition but not facial expression recognition. Dissociation could
be found in recognition of facial identity and facial expression.

Three Garner experiments were performed on 96 participants, with each 32 participants. In experiment 1,
we measured Garner effect between facial identity and expression with full spatial face photos. In experiments 2,
we complete the measurement on low spatial frequency filtered photos, and in experiment 3 the same
measurement were made on high spatial frequency filtered face photos.32 participants were recruited for each
experiment.

Results of experiment 1 indicated that obvious Garner effects were observed in either identity or expression
recognition. In experiment 2, high spatial frequency enhanced facial expression recognition by lowering Garner
effect, but it had no influence on facial identity recognition. In experiment 3, low spatial frequency exerted no
obvious influence on either identity or expression recognition. Analysis of dissociability (measurement of
Garner effect) and difficulty (measurement of selective reaction time in base line) showed that high spatial
frequency selectively affected expression detection.

In conclusion, high spatial frequencies were possibly used by us to distinguish facial expression
information from identity information in hard-detected recognition task. Low spatial frequencies were easy to

interact with both processing level and experimental task.

Key words facial recognition; spatial frequency; Garner effect; dissociability; difficulty



