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Gender Classification by EEG

ABSTRACT

Human have a talent on face judging which enable us to tell gender, age, race
and basic emotion swiftly without explicit training. Face Recognition commonly
process with images or video stream to extract characteristics, and uses machine
learning to recognize pattern and classify. In psychology field, with the development
of brain science, methods like fMRI and EEG were tried to explore brain’s working
naturally. This article combine the method of psychology and computer science, and
try to classify the EEG while people judging face’s gender.

EEGs were recorded while subjects were involved in eight gender-processing
tasks based on human faces and cartoon faces. During the tasks, subjects were asked
to decide whether stimulus is male or not. Time-Domain, Power Spectrum and
Wavelet was applied in data analysis, and the result was used to train the SVM whose
result reach a accuracy of 68% max.

The major results are as follows:

(1) Conclusion was reached which confirm the recent conclusion
(Y.Mouchetant-Rostaing et al. 2000) ! that gender-related time interval was
45-85ms, 145-185ms and 200-250ms. However, early signs of face
processing in humans is at [50, 90] time interval.

(2) Assumption of three period of gender-processing was established.

a) The time interval 50-90ms was No-Intentional period. In the period,
brain process the perceptual input with gender information, but the
information aren’t reach intentional period of brain.

b) The time interval 145-185ms was structure-encoding period which
means gender information was encoding to brain structure.

c) The timer interval 200-250ms was intentional period. The gender
information is available for man and make a judge.

(3) Other assumption about personality of gender-processing indicates that
everyone’s EEG is different, especially for his distribution or structure of
brain.

Key words: EEG, Gender Processing, Gender Classification, Power Spectrum, Wavelet, SVM
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FEVHSENURL A, 2T 2 A B NI R R 1 3 70 28— TURAT PR AR TE RO AT SR, |
HEAZIE R “He T Gabor EMLSS AN SVM HUTE 7027 W FU 45 SRAGATAEAEAR XA 8] P9,
P H UL T 95%,

FEEREE A2 Bl 2 0, BEXT TSN RETR I o BT 7T, $R i 1 B SR

2SRRI S AR B RIS s N SRR IR 1 FRhS, BRI AN RE IR B TTR
WY, 2K 2 B B AN RE IR (0099 B BE S 70 W N [RIR G, T BE 8 IR G R0 B DA RE 7 R
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£ 1986 F4R H T ARARARESHEA, Wk 1 R,
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T B3I FIIF 9T 45 5 (Y. Mouchetant-Rostaing et al. 2000)# B, N170(ERP s2ir, Hl¥ )5
170ms J& H R SOEAE) S5 VS EAC B G B R . XTI SIS FIWT T, 7E 45-85ms At
WA HEZSR, S 145-185ms i ZR ., MLEA (Y. Mouchetant-Rostaing et al.
2003)™, 7 45-85ms. 145-185ms. 200-400ms t1E7E 2 5 .

BB 7045 SR 3 W (Seeck et al., 1997), A b FE A K645 1) 528 G 7E 50-90ms,
I, N 45-90ms FY IR A] X (R HEAT 1E— 0 B BAIE .

JENIE, IR S R RAEA TS5 5 oMM S 2 8], KT K 1) ERP i
A RENZESR, R RING IS LRI 2 5

1.3 IRENX

ARSI RATR I 3 N P A i ) B A DA DN s ISR NAE T 80 N P A R g o 7 2 (14
EEG, B A3 H IO T 501 7 SR AR, I 2 U R i itk 2 ATk T A REAT L
REBE L PR 5 SREIHLA -

(R DA A BB 1 3l 70 SR A, o Tk FE N SRALBE R G IR B o

1.4 TAEBN

AL IS T A R 2R EEG M HSESR:, AT =ik e, 53
SR\, L 24 AR, JRUL 24 R IR, S5R T ERP 0 (RIIHsRR
TEHTD HETERFAE ST« N HT ST T B, S RRE UL SR, R SVM (3
FER AL WHRFIEREAT 02

1.5 EHLH

AR NNE, BEILHWT:

Hw T ARTIBT S S B TR ST EEAT B TAE Y

BE: NPT ENACAEER AR, TS AR AR .

W= AR EEG AR, A ERP I AR AL FAE S M HCE LA
VT AR IFHL AT EEG S5, GFRRIBEEA, LR RS
FE: RUR T SRR N AR T AT ROALEE, IR MR AR B R A
FONE: ST HERA, PRSI EE T AR, IR AROR I TR

1.6 RE/NG
REE T B RRIFE X A T AT LB A S B
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2.1 Rl

ke, EREMRET, £ERK DA R EE EARME REIE A AR SHE
WL, T HEWT R SR AR, $R RS T AR R

FERIE U, A PR e 38R A W7 e R 4% B PR 2285 RS 75 A2 AT G ik 2 R 3o TR T2 — 45
BB IR 3 A PR R -

(1) WA R, Wl 25 A AL

(2) WA RAVZEAE, RIF 250 000 — AR AT -

JE B BFE RN AR, ACAE Hoo MTHTE RN “SKBa i, 10/ Ho

FEREAT B IR I, B el S E MR IR T3 7, BI A R 3 IF € BBV T a,
KA E L P, [Ho W E) = a2, SR8t S IE Mg B H5, Fih5s RELE
A, W Ho ML B Hy 3, I Ho MK

2.2 TG

TG (SRR “4 TR, Students' T-Test), ‘Bl HIREIZ AN “IX 4R B
BHR” ENE.

Bilhn: ARG R, BRGE T AR, & IX T 2 R K 2 AR 58 il e B e
BAEFHAESYE? WEIRZR PR R E ER, (% SER RN, 5T
R I8 KAE B — 2 S A R BUL T 5 — 244

T KSR BRI —Fh, ARSI PIRE AR 2 [RI3ME 5 75 Z 0 B HKE .

B PRFEARIFEARZ B AN, SNy, FERMIE D TIIAM, 5M,, AT 2 5S2 5S2

W Ho: pyoym =8, HHREFEMAKFE o, W T KL TEZG BRI

[TRRSEANER Vs

M, — Mp) — &
t:(Ma I:Ib) - (2_1)
Hrt
_ (Na = 1S3+ (N, — DSP)
S = Ny + Np — 2 2-2)
Sw =/S3 2-3)
NITESEI I LA ME i EE e )
= (X—¥) — & > ta(N, + N, — 2) 2-4)

el 1 1 2
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2.3 Ih&ERIg
SR SRAES BINRCHE, LRI R, HPR B, BRI ERE Y, T
FELARF 16 A PO T4 TR S O B, L S5 SR e 2 Dirichlet 4, B 478 (— 3,)

L AR (D)ESE A RANSE — I L () R A IR
U )R T B JRE B ER 4

f(t) = az_o + Z(an cos nwt + by, sin nwt) (2-5)
n=1
Hr,
2T
©=" (2-6)
%,
2nm
nw = w, = T 2-7
NIE
f(t) = 32_0 + Z(an cos wyt + by, sinwyt) (2-8)
n=1

FHUE R LA, Fourier 284S i &5 I 1, JEIT et 2484, {8 H sin A1 cos pRES
TRTE AR R AT, T A5k ) 25 e 5 2 0 2

A, =2|c,| =+/a3 + b2 (2-9
A 2 i L AR A B B B B FF (w) o W D21 5%
S(w) = |F(w)]* = F(w)F(w) (2 -10)

2.4 INEHR

SR SRAF e (R AR I AE I S A AT, T DAAR I 28 (0 08 72 58I 8] s 5 2E 1A A5
A, #E4T Fourier 2282 J&, FEMUSEE T, ] AR 2 ARNE R AR R A T A A5
(LI 3 B 1 ) A B o (1 AR B AN S, B R IR SR U T Y R A I
[ A B S AR R L AR DL o

/N AR ek e — SRR L PRI ) L

U 2R Ui Fourier 2242 {3 H sin A1 cos bR 408 AN BRER AR » /)N AR #i e A P s 3
(1N R, SRR RN A2 R OR BB o TS RE B/NBGBIE R AT BRI, ARXS R
I -

2. 4.1 /N (CWT)

ES /NS I — A T L R /e R,

PRSI T LA AR /N BR B DU SR 26 7 RE SR 5 i B S A DL 7
FE, REGEK, MUUFEEBS.

T RUBE B RN A R R T R R RN, 4 /0N B O T 47 /N ROBE I, AR AL B i AR K,
TR TR BN BT SR HE A B RS S E S B, R RIS B .

%4 U3k 44 T
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Absolute Values of Ca b Coefficients fora= 246810 ..
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B 2 JFiEEH B3 N REA

w2 fros, NIEGES W, B 3 214 Daubechiesd /N bR Bdt 17 1B 42/ Nk AR e J5
/N3 R A . B AT BB B 3 EE 5 18 0F 20 7 R GG % 0 R B, B AR
100ms-200ms % 45 .

T XT3 /N AR AR EEG (113 ), 7 ERP 41U — MR LA 45 3%

(1) F AL ) A AR B R E4T CWIT AR 5 311 8] - RUBE G R 30k, IF4% Ry
LA Con 5514 335 Lo PR30

(2) K5 A REER R JE RSN Bk AT T RS, 53] T Ao Am K.

XFE T BAEXT P300 RIS 300ms (1 IEUEAED 7, BEIG 2 K P300 Y &35
DL T A58 70 A0 B B 07 SRR ILH K o

2. 4.2 BHUNEAS

RIS /INB A BRI TR, /N R R s R, KRB S RIS 2, T mT LUK A
SRRGEIME S (RSE ) MATHES (EES).

£ EEG X HE Sof, XM A AT LU SR M HTE 5 b miiis 2 AR 4y, 1 Bl
LSk E 015 S P NS S RS 340 «

&0~ r T T T T T r - a0

[1] 00 1000 1500 200 2600 000 00 4000 i &0 1000 1500 2000 200 000 0 000

B 4 MR E
LN 3 R/ R IE B BRI, A LAN 1 BN RBEEHKAETTY
ETHA2BPERBEME TR, A THAN3BEDMERBEEM KA T

5 0 44 1T
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2.5 Z3Em=411 (Support Vector Machine, SVM)

FENLES A 2T, IR REAT SRR EEN TS . RS E R, I HXE
SRS, TR R R R E R T S 3K,

FESCHFF IR, — NEEE SRS p BRI R, fE p 4B, e — A
VI, R 2 9ISk, I HP SRS T T (0 P8 2 AR, AT =5 RS T ) 8080 s v
PR R—4

MHECFF I, SRR AL B DL Bk i g i el

1
s wT +C 2-11
ming v+ € -1
1=

oy,
yiwTod() +b) 21—, §=0 (2-12)

MK(x;, %) = dO;)TOC)FRALIREL, AR I A0% 58 5L
AR

K(xi,x;) = % (2-13)
RBF #%:

2
K(x;,%;) = eVl (2—-14)

2.6 KEINE
AR B AR TR B T RGAT T, N RSO BB 6t T i )
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$E=%F NHE5 ERP JHTHA

3.1 SEIuAHRAKIB

3. 1.1 REGH5IX

R T P Ry THURR 2 B K A 2 0 AR« T B A0S, fnf&l 5 From
HoA it A e DhRe R 32, Bt AR DI RE A 2, TOI 2 SR A48t () = 2 K, i AR A
frEzhhae RN,

B 5 KX &

3. 1.2 FH Y FEARRAIE

N —2— BB AT, B, 178, ERER, #AM - XML
AR I A R

1924 4, {EEFE#HEIZIR Ham Berger N T R ML BE A 2= 250, TFAa 0T 78 A i
(AR BV B o AR PR B B R F ik, AR BRI M TR R B, AN KGR Z, IF
B Iid A3 20 N Sl . SR, X HL A PR S B AN 75 R AR AR B2 =, T
R 2 B AR SK R R H AR B AT

Horp, IEWNAEZE IRE, FEAE, TE< I 10Hz, JRIES0uV A A 1A HE
(RO MU ol s 4 N HEHHIRIST , ocdB 45 30 2% I HH B 18-20Hz . 20-30pV I 35 MU 5t BB &5 — R AT o

IXRE B4 iR HEL 3 2 A R A s H ] (electroencephalography, fiifk EEG), R i e il i
SIS RAEMI B R, FTLL EEG % MM 3% 1 i %1 21254k i L BB IR 25

BT EEG FrRBEMEdE y Ak B res3g I ME, Horh i s i 4E B St EEG £idli . L
PR AR BRYE B A5 — R AT, W aT AP I i F il 2> 52 BIHRIG A2 20 5 # 20 e, 1 BT A H ik
o2 2 S AENNIZSh T, T — RPN IR HL(EOG), 1fi 5 & # NLHL(EMG).

3. 1.3 HRI A
EEG 256K R 64 LRGSRk EEG HdE, 2 DMHMRICS: EOG #dE, HARAIHESR S
M) 10-20 248, ikl 6 ME 7 fis.
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T8 g wgoent 412 13

F oo oar v oag e e 2 YD

4 «35 W3 <27 428 429 <30 .3 |42
W36 I 438+ . E
A, -3 3 T B I oy fL 43

ogg 46 oA +48 +49 45n +51
N

M2 +33

B 6 mtkammE (A7) B 7 R (EHRE)

3. 1.4 ERP Sz

ERP(Event-Related Potentials) ¥ # & /2 1965 4 H1 Sutton $2 H 1), J2& OB Y bk 1 525 .

ERP SEIG R FRAEMARTE 2 BN — el s, M X r A 281, B K et
TR R, T2 AT KR IALRE 70 A A FREEIX A N170 CRIBH S, 76 170ms
Fedi, B —ANEOKIEE AR BN RILTERE R0 ERP By, RIS AAETH X
NGRS B RESL. B, Rl ERRRREREE), #ar=4xA ERP A4)-

ERP 256 AR — R USRI Can S« W ke BT SR, SR e T 30
SR A A 24 5

3.2 ERPCIG D HTHA

3.2.1 F¥nic gl

S 0 EE A Xy NeuroScan ff.ent SO, 785256 5 K808 S\ 3 eeglablr,
135 EEG MR 4EM, Hh A a8 /- Hr b % A 145 B

Data— #Asib b vk, 64 AN EEG #dE, 2 ANk EOG £l

Chaninfo — 55 Data 26N,  BEAN HLAR 2 5 % B 2 FR o

Event— SEIRISFEH A, oot BrEf. solies,

3.2.2 ERP S

EEG HAJEFRaME, HT/059 IR uVEZR), T EE e 5% 0 5 2 52 51t 5 fr)
SN, VORI BT T U ERP MR I AN B it B L v T2 & A o (R R B SR — X
[6] PAY ERI O T A S L A X ) A 6, 9 ELAAS B R b 2 (B AR A e, T 283d 50 WAL
MBI S5, WAR IR TR, TSR H I B I % TR e i~ 240 14 45 ke A A5 A T
LRE . FTLAESET ERP MM —BCEHET 50 R4 B8R £ RIS N

3.2.3 MALIST 40 HT (ICA)

ML b (AR ICAY 2 —FhIE T Giit 20K — AN 8 24 i 5 5 A5 8.4 58 g ik
SEHE BRI IR S . MR, — K EEG R 64 N HMkIC S EEG BdE, T 2 ANH
Widsk EOG ##s, HY 66 /> Hibl Rl KA R, ICA 7EXT 64 Mk EEG FEAR AR 1T 4
P 5, 13RI 64 ANy, FE HIXS - EES T RS

HAEEN T, 64 MrEFA 2 4N ES 24 EOG - LML, X 2 4N &
BI°A 64 A EEG LMK 32 2 RHE 2 sh e i) o0 & 8IS R BRIX 2 N &I R R A 5,
T3 2 B AR s B 3h TR Rk

o8 Ul 44 1T
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BLLZERG T AT, ICA HH R SR, R .
3.3 FENEE

AFA G TN ERP SEIFARSC IR, WA K2 X, RHEARIE. B
W34, ERP 5256, MOS0 (ICA).
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BE SRt

4.1 #ik

3NETHR BN, 2 LR A4 & 1 MERARRA:, A IEH M8 E G E
WA S1. FESZIGRT, 187 A EGG SEIGAICFREIAR, HRIIE LI LA 15 E TR

o TR N, B E R i B Ry 504.1142ms; T T =0 A, #HR BRI i
e e A 870.3068ms.

4.2 RIEFAN

JIT A B8 R LA DX NP0 SR S T B R o, SRR AR HE RO
1280 x 1024153, HaK & A RIBIIALE A N 6.9°

4.2.1 SRS —Z S0P

P AR NRFI R E AR, %9300 x 300K E F.

FSE N R IE 224 5k R B34 122 5K, 2ot 102 5K, >KH AR JFE 93 5k (5t
45 5K, P48 5 AT —, WK 2 fioxs kA FERET FE 1315k (A 551 77 5k, %«
P54 5k) FHTSLEe =, & 8 fis;

18 A\ B L Microsoft Cartoon Maker 478 FL 52 A G Hkik 201 5k & - e i fr
RTS8 —Aseas P, a9 fk.

BEFR AU RF 2L 300ms,  HllE5 ) (8] [R]B% A 1100ms-1400ms AL

B8 skin— %%EA_E%}\E&%M%&

r:g
M

B9 st — 5L I RE AR

010 1 k44 T
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4. 2.2 S5 A2 S\

R AR NRF R E AN, %9600 x 300K E F .
E%AWUAsnﬁ.ﬂﬂ@ﬁﬂMARﬁmga%@ﬁ¢ BEHLIEL 3 5K Frs
BRI AR R A o —2 (115 ), ATk A —2% (197 4D, ik 10 FE/T

R ARSI 314 A, FIkE A RERIE AR, E@Wﬂaﬂm%&@ﬁ, 3 ik
MBIAEE S N —2 (116 4D, A —ikAFEER K7 A—3 (197 4D, Wk 11 Fis.
BETK AU RF 2L 800ms, Il Il 8] [R]FE A 1400ms-2000ms BEAL -

o8

B 10 sERh 5Lt ZKELARRIE

B 11 sSERAEER/N\ ZK-FEARRIE

4.3 LIGiTEE

SIS — AL AR, RIBURA B g N AR RS 8 NS, BN IFIR A
15 RIS TR T, S ARSI A R LI g T B S AR 55 BN R SRR
100 MR, 50 MRS 15 PRI . AR SEIG AL B AR LRI AT o 50%, BlI4% 50
KK .

4.3.1 gt

SEIGHIA AR RE, ANidsk EEG £din, SN 1k plalid B S5 A s B0 A B
S AN R A B A N IR (6 300ms [RITHINRER [E], R Rk A AN AR
A5t R B = 5k A\ K I 1% 800ms F TSR ERT 7], 3 it HH e

4.3.2 SEEG— A SEIG Y

BN 5 B AN LIRS o Bk S N RE A . Hodr,  SeIh— A RECR IR T
AR P, SE% =l EckIET FERET M. 7ESKle—S59ib=rh, BORKAOES /e 5 vl
N Lo R I AR b, ST = R A s e o T R HUBT I S S, R R
PRI, BT YR B, BN A

BB ANSEIG 5 IS SEEG I O Bk Rl A e R R BRI, AR SRES SR D, Bl
155 R 1E S b 4 Ao PR 55  —AR LL, SR O 7 e o s 4 ke 7
L5, BRI oy, BT B, Y T, WA T

211 1t 44 T



- 2 R
Y FEXEA %
Shanghai Jiao Tong University

HT EEG BuMER 32

4.3.3 SEIG SR\

W RA LRS- B LI AR RS O — H IR, B O =3I S S N R
IRl RBORIEEIR BT AR . fE5L8 TS Skt Bl e 2 o ity o2
EAARMER AR =5KE A AT IR, =5 WA Stk — AT EN
AL =ADbE Ho =ASTBVERI = A Lot S P AR R R 55 AP AN e A 1] 4 )
W S NAREL, SEI0-U R BB R IR G R, R 2R AN R TR
WO TR BB, R R RN, kAN 7 .

TN LG 5 2\ AN SR BRSBTS Dy — A T, BRI R DN =5KIF ARG A
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.
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AR TSR BT H ISR . REE . RN, 15 SRS ERE S,
SR M

3013 T k44 T



- 2 R
YELIAYE
Shanghai Jiao Tong University

HT EEG BuMER 32
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VeI SRR PR A7 BB P P RR I g X P - AR B 53

F i, EIERR RSN RIEYE, TS LR, X RS AN,
R AL 5 B e AN FEIE, AT

AR LM B E R R AT SR E .
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S8 HE A I 5 KA 2 FE AR

B}

3 L L . L 1
-100 50 0 50 100 150 200

B 12 BHk—sEie— HE A PS AR B Lo RIBRT B B
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TE X AR X [ [, B] LA E, BB AR 4

o

i

V=El ‘
2

1=

FRR IS ) [X (6] _E EEG AYRAA S,

3015 T k44 T



- > R
YAELAA %
Shanghai Jiao Tong University

HT EEG BuMER 32

IRt iR

| —

LR BitdiR

THERPFL] | | B ERPF L

o
]
6671~ B8 1R i 74

I ]

Wit — (AR || il ZrEENE) i = (P ER R
I

ELEFSNTSHRNER

K 13 M6 X E A ERP Bk AR R
Sof S8 — 5 S0 = AR E 45-85ms. 145-185ms. 200-250ms s 8] [X [7] P 43 551 3k 4T LA _F
IR AL TR, XSz b 5 i )\ (IEEEAE 200-250ms I 18] [X 8] A 43 A6 4T DA b 4 B i kb 7,
ERINZR 2 i, B 14 94s B B i i 20 A
% 2 WIGIX A ERP Bk &8

IR EplibONEER e i = LR
SIS — 5 525 — (45-85ms) 619 45 45(P5)
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F5 {0 4 P8 ) BB CP24 P8. 01 A 145-185ms FIRLEG 45 SR
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F &5 =/ NHiH: 39 (CP2). 52 (P8). 64 (01).

- [200, 250]FF 8] [X ] P

A3 11 MW, %59 %N 6. 10, 13, 22, 29. 34, 38. 40. 46. 49. 50.
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T (AR BE AT REAL A7 i o

(2) A58 X [E] Py BRANES 8] f5 ERP I
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S Y 48% (C=2") 5206(C=2", G=27%)
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o3l 73 I 2R A5 2 70 288 8- Bl A7 R SRR PR 1) e 0 T DR A R R A 23 A1 AN 13 FS Y
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(b) FEANBAEA TR 7 I R B A5
P LS 19 ASHIA . = AN R D] (R IEAEAS 2 AR, 45 R alinag 12,

# 13, £ 14 Fin.

# 12 45-85ms 100 HHUE 19 x 41 = 779H4HE 4MNEH G Bk A4

Bk S5 LVER RBF

Bk — S — 42% (C=2" 40%(C=2", G=2)

SIS 58% (C=2") 68%(C=2", G=2")

S = 56% (C=2") 50%(C=2"°, G=2")

S g 42% (C=2%) 36%(C=2% G=2")

- Sy — 48% (C=2") 44%(C=2", G=2°)

S 48% (C=2"" 58%(C=2", G=27%)

S = 50% (C=27) 54%(C=2"°, G=2")

S P 40% (C=273) 429%(C=2", G=2")

% 13 145-185ms 100 ZH¥E 19 x 41 = 77944 KNG (Ul BURE A 394

ik S LM% RBF

Wtk — S — 50% (C=2") 56%(C=23, G=2")

Sy — 38% (C=27%) 46%(C=2"°, G=2")

SO = 50% (C=2") 58%(C=2", G=2"9)

S5 Y 520 (C=2") 549%(C=2", G=2")

Pk — S — 56% (C=2"") 64%(C=2°, G=2")

S 56% (C=2") 52%(C=2", G=2")

S = 520 (C=2"") 48%(C=2"°, G=27)

S8 Y 54% (C=2") 60%(C=2", G=2")

7 14 200-250ms 100 HHE 19 x 41 = 9694HME NG HE (FRAIMREA %)

Bk S LYER RBF

Bk — S — 44% (C=2") 62%(C=2°, G=2"%)

SR 54% (C=2") 64%(C=2"°, G=2%

S = 58% (C=2") 58%(C=2", G=2")

St g 46% (C=2"°) 469%(C=2", G=2")

Pk — S — 58% (C=2"") 58%(C=2", G=2)

eI 46% (C=2") 66%(C=2"°, G=2")

L= 520 (C=2") 549%(C=2", G=2"°)

S Y 58% (C=2") 60%(C=2", G=27)

T ERVERZ, SRIG IR 2E SR, = /MR [X (] 45-85ms. 145-185ms. 200-250ms H1,
P SREFE 73 AN 48%- 51%. 52%, 11 XS T 1 AN DX TA] (R FE N AT R 40 2% ke —
Flogh BRE AL BIX ARG RE, BRI, 3 2R B KRR, T g —A DX Ta) 43 80 BE AT P A
Wm, EmkEIAE] T 58%.

X RBF 1%, SEEGZ [MAHX AR E, —ANBSEIXE A, P02k BN 49%. 54.75%-
58.50%, FEME LM IEE KA TR S, HSEkEE AT | 68%.

(2) XTETIEAE B AT A 5 AT 0 R
AT IR, AT DK IR AR A B AR X 852> T L AN I TR 003 T A 3 A6 AT AT PR
AL I 25 R 5 A 1 85 A AR R PR T (9 B A S BV E AR AT 43 28, RUNARFAE D TR AR

24 UL 44 1
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'%E Shanghali Jiao Tong University %:F EEG E’\J'|‘$%U§'}?§
Him, RHT T RBF RN, 25 R Wk 15 Fios.
F 15 100 HHIE 19 44FAE RBF % KHEE
Bk S 45-85ms 145-185ms 200-250ms

Wk —  E¥—  42% (C=2°,G=27) 44% (C=2"G=2")  54% (C=2", G=2"%)
ST 64% (C=2°,G=2")  48% (C=2', G=27) 48% (C=2°, G=23
L= 50% (C=27°, G=2°% 54% (C=2°,G=2")  68% (C=2', G=27)
SEIGPY 40% (C=27, G=2") 520 (C=2', G=2") 46% (C=2°, G=2")

ok = S£I—  50% (C=2", G=27%) 58% (C=2°, G=2") 66% (C=2°, G=2"")
S 50% (C=2°, G=2") 520 (C=2', G=2) 56% (C=2"°, G=2%)
= 54% (C=2° G=27) 520% (C=2", G=2") 68% (C=2°, G=2"")
SEIGPY 44% (C=2°,G=2")  609% (C=2° G=2")  52% (C=2', G=27)

5.5.2 FMFHIhZREE BT 0K
RYE 5.3 I HTas R, XTIk E B T2k,

S AL S 19 M. 45-85ms. 145-185ms. 200-250ms =/ [R] X ) Ty S 3 K4
RNGEE, 45850k 16 Fs.
%16 100 ZHE#E 19 x 20 = 3804E4E RBF %4> KK B

Bk P

45-85ms

145-185ms

200-250ms

S —
SEIS
SeE6 =
S5 Y
S —
SEIS
SeE6 =

Pl

ok —

ek —

589 (C=2", G=27)

46% (C=2°, G=2%
46% (C=2"°, G=24
46% (C=2"°, G=2")
5206 (C=2', G=2%)
44% (C=2%, G=2")
5206 (C=2%, G=2%)
50% (C=2"°, G=21)

48% (C=2°, G=2"3)
50% (C=2%, G=2")
569% (C=27°, G=27)
46% (C=2', G=2"
48% (C=2"°, G=2"1)
520 (C=2%, G=2")
54% (C=2"°, G=2")
44% (C=2"°, G=273

629 (C=2"°, G=27)
50% (C=2", G=2"
60% (C=2%, G=21
40% (C=2", G=2")
48% (C=27°, G=2"3)
50% (C=2"°, G=2)
54% (C=2% G=27)
54% (C=2"°, G=2")

5.5.3 G5 At SRS BT 4K
FRAE 5.3 MU/ HT 45, Thosith o Lohh 5 B AL B2 R A 2 B, HH

AP SR T 5, [ A T £

W% 17 s

+ A
B8

I3 R B B v 7 AR IR I, 5 2R

£ 17 100 AEIE 19 x 20 + 19 = 39944FF RBF B4 &

L el

45-85ms

145-185ms

200-250ms

LG —
SZES
L=
S5 DY
S —
SEIG
L=

S5 PY

ek —

Bt —

63%( C=2",G=2%)

550%( C=2"°,G=2"%)
60%( C=2",G=2"%)
54%( C=2"°,G=2")

5206( C=2°,G=2")
61%( C=2°,G=2")
64%( C=2",G=2")
56%( C=2"°,G=2")

65%( C=2%G=2°)
49%( C=2°,6=2")
55%( C=2°,G=2")
58%( C=2°,G=2")
63%( C=2",G=2%)
62%( C=2"°,G=2°)
550%( C=2"°,G=2°
50%( C=2°,G=2°)

67%( C=2°G=2"
57%( C=2°,6=2")
59%( C=2°,G=2")
56%( C=2",G=27)
59%( C=2°,G=2")
5206( C=2",G=2")
53%( C=2",G=2")
56%( C=2"°,G=2")
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5.6 RE/E

KBGO DR AN T B e R, R SVM #E47 4>
XK, BB T ULV gy

(1) HI¥J5 45-85ms. 145-185ms I [A] X [A] 4, i f5 FEAl P5. CP2. P8. Ol W fefFIE4t
SFVERIZE R, BIAERE LI E] P, — Pl S (e 35 e T 55 — POl . JUS 200-250ms B (7]
X TR P, 0 T kA B R — /N AT AR AR [R5, (EG R A2 F Al = E A i, e B —
WIIE

(2) ¥R —*T ERP WK T #36 (a = 0.05)5 2 A 45 BRIt 45 R A —3, BITE
45-85ms. 145-185ms. 200-250ms I [A] [X 8] P Lo P ons T 55 Mgl cs g 22 s ks
I ERP IR E B A — .

{EYL S, 1 — 45-85ms X [A] A I T A 56 B[R] A0, A e 45 SR BE W) 50-90ms (Seeck et
al., 1997) i [a] [X [&]

(3) FEMFI A, MRS BRI, X TS 19 AR, SRR 4%
PEEE e, BRI ZoME B 55 SR 5 R BT 2 TR R TR AE R /N 2 TR I 35 2
((A>B):(B>A)=50%:50%).

(4) ERASEIT, WE 19 AR T4, MRS B RO 1)
MR % RIEBIGE T4 B VAT, B8 i AR AR (22385 T AR5 (o = 0.05). {H%
AL AEAEAR R 758, TERIMBLEE 7R 2t — it 5.

(5) X T ThFuE, BATSE@)MFRIARL, X TS 19 A, Dk BRIl H
RIS 5 AR 22 TR R B/ 22 T8 ) X2 25 22 57 ((A>B):(B>A)=60%6:40%) -

(6) TEXTHIR — L8 — RIS PURIELL N/ Hrrh, =AM XH 45-85ms. 145-185ms.,
200-250ms #REA R I P300 SEEG 2 FIAH AR SR, (BRI IEGIE 1 # ik — 78X =AM
V] DX ] P P 3850t 1 5 e R ) 3 3 P 22 %, JRAE 200-250mss FR A7 EAG: 56 25 S [ f4) B 1)
- RS,

(7) XML LA SVM 475038, For s A i 38 (0 B AR S B0 19 20 1) 40 kG 1
i 68%, MR IR ThEE  BIRp vk s &, 43 205 B B sl ) [X 3k 8 7 75 200-250ms,
B YR s

o HEENF AT K] 43 VI SR8 1) 7 32535 0 A7 73 5 8 I — Pt ) B 1 o, 4 A i FR T g
BT REARS YGRS, A — AU, HE R A R .

ZE R 5 45-85ms. 145-185ms Hif [H] X [HJAH LK,  200-250ms &4k 2 [al HLtE Rk, A
DS N HEAT 3 — 5 e b 3 5t 7212, i 45-85ms HAEILE S5 Myt 2 1T, 17 145-185ms Ky
N170 HILHIIXIR, A gmLHTE .

026 U1 HE 44 T
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ERE GRET—FIIE

6.1 518

(1) AT X - ) A FE T AR H = AN BB 1, B

- 50-90ms Bt B ATE R ARF B, BRI W10 ML AE B AT AL BRI, A5 PR 1 A B 1)
B, MIXE(E B EEMRX, Kk, AEXAM B & B M W R . XA
B JE i 0 ERIEET T AP P gmhD, (R R RN IR X .

- 145-185ms My BN g M gufid i B, MUSEAE S W BS I EAT 8 B AR g tD, AR HI{E 2 (N170
%) SHEREEE (5%, HIE&E AR Emn? .

- 200-250ms BB EARY B, BINRRBESRELIE G S, R .

FEZ BT RBETe 4 PR, ABARYE 4 (O SEB0 i, SR T A

() BRI AW A ZZ R, B N Z R 57

M 53 RS RMEE, F AN SR, BRI R AR Z 57

— B B I X TR HE AR 2 M 03 S B RE AR B S 1R 22 57, T 3 — 0 Bt i it
DA 7y SR BE SR = 70 S L, DR b T AR IS AT 1 Tl P W £ i o3 Af L 2R 45 e 22

R

6.2 T—#T1E

(1) BiFgER

BT 5e IR MR =N, B3R = 5 BT P A AR S5 IR . — AN s It AL
P E S DL SRR SR R L Oy R 2, B DA B P EAT S0 0 SR 40 0047 R 88 )5 PR
iE .

S H )0 23 45 10 T B I 1 — 2 SRR AT BT -

- X 5.6 5 E(1), $ORERIELS 200-250ms (X [8] P A5 ik 5 = AN AH T B Al A Al R
B, TEIOUE R R IX AN A2 ik 1)

- X 5.6 EEE(2), it T KL, Rt 53 ksl 5 Lotk e i@ b AR % -
LR R S TR IR 2R, BB T S B ENKE, FH Sz Ria e
BT H A IX 1) 56 4 BRI 6 5 150 B3 3508 4 g ) X160 (1R T AN AR T8 1 AT 45 5 T M AT 5%
FaEES, mMAXNTFRES A EER. A, O 8RS — 8RR, B
B XIE SR EEEER.

- BB TR R AR TR S A AT AN . B 200-250ms X [H] A A i
PR = AR A AR S, R M e 5 55 R e (2 AR R 2 5.

2) FETEEBKER
WA 5.6 IIEEE(4), HZE T IN)E 19 DHARE T, AR L H B RES AR
M4, EDRRE R AR X AR B A5 S, (E85 REM A I AR T4,

27 g1k 44 T
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X IXAN Al R AT R P I 5, AT BLSEuE SO TR 4R 18] I ARUURE L - Rt A )
P, P b g ) AU E SO FRRR I D B RE S, AT 5 P07 4 1] R AR A S R

BB R R BAENAD T4 A TRIIEEENF, IHEXETEY
[ A7 45 W [F] TAE

(3) H—BHER DB
ARSI TS INB T IEAT BRI 70 AT, /N G S I S S Ul e, T
PR RAS B — 28 3CHR,  FSRIEZ /N BT e EEG 70 M RIS, dn BN B

(4) X SVM 4 KE5 R BAT
M SVM [7rRE5 R, WS SR ) B 80 7P A sh, SRR & A i
PRI 73 RN, TS IE BRI B e, R KRG L .

(5) B FAMEALEZER
XA R AL B HR 7R ] RBF 4%, — B 73 I RR LEEE — 0 K45 R XL, RBF
Mo KRG FEE T2 M A5 R 55— B0 SR DR R VA X B 70 I 2R 8080 I A8

(6) #H—H T RERRITII T

Mo = R B IR A B B 7 B A B, — 0 70 T PR Bt b A7 A2 P AL T ik
Ja IR, 3 TR BRI 53— # o SR R R O % 78 e AR BN R
TIIRZ o« TG B — 2P FREBROILRITT %, QETHUNEAR B — EFE LT A7y 1

fH55%,

(7) ER=MBARE 21T LA

AT AR S =08 NI TARRED, il 22 Fios, TP8 HIMRAE 200-250ms i [] [X 2k
AR VE A W T e MR, HZE WL, TSR AE I Ja K fa ke b i B, JF
LR i 1A 22 S I A 3

PELE AT AT 200-250ms 1] [X 1] Y 24T A SR 56 5 70 2K

TPE

T
different
===s5ame =1

_6 i i i i i i i i i
-100 50 0 80 100 150 200 250 300 350 400

B 22 Bk —LR A =MEAK TP8 HARAF 5 AR R R Bt L i e
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EE

U B TR IR AL AT S8 Bt LR SCE R e 4 TR S, NIRAE
WICE A AT IR T F R RN, R T VF SRR BRI, AR IRBOA k2
MImd, $RRET PR TAR, QIARSAT AU BRSO AR SCERERET, kR
WV MG M HIRIE .

YA AL B A AR IR AL AT SRR B irid R s TR ), Rz )5,
N BEG IR, XRICTHRISEIR R M 2B IG A PrigE i SR 2 4
Wb, HEBITH R, EIRSCEIER, AR B EOZE AR A, BT
H BV 2 BT -

B R K MDA KA S B BT OIS B, iR
TV E B

WAL AR BB, Georg, XIRAE WM R TFEMI BT HISLY, IR
TIEGRREE, SRR A, SR SER T AME B Ak,

030 Tk 44 T
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ENRIEX

ARG R A 3 B

M

FAFAH IS AL (ERPS) TE B IR TE AT = AN T N FI N TF-15 (1 P Tl Adb B S50 B 1 5%« 78
LI, AT AR IR ZE R, BRI R — MR AR S AR,
R BEA 51, A LIS, AR SR TS R BAE S S YERITE G, it DA 40 M5 B4
ST P T 0 TR AR = AN SIS A, AT55 75 A A A 004 PR DRLE SR DX Ml R A R
LT HAL, A B A RIS 170ms Abi fihr (R N170) EAEMER, BHHS
NI BAR GRS A R e 2L REAS | T VR AR S RIS L. MR, 5 FRHEA R, B i
SHERNGIE DAL T 145ms & 185ms 7 T B Sk B A7 B I H A7 o X AN G AT DABE
Bruce A1 Young & tH A NG 58 AL AR R R . S 4, PR IX 2 0N AE 45ms-85ms B 4 il
B, TWRAANBERET, HRAGAEMRT L . XX 5 AT L2l RS e s 7 531
FRERLSE 2 2K ML B)E, A RRAMERIALTEX ERP G HIE M, JF4AT 200ms, XfT
NIGEE R T 250ms, T TN 45 H T 350ms. XA JHRGR v] B 548 HhiE = A7k 591 20 25k
BN — AR o R R K

it

FERTHUGE R GERE s PUEAT R A BT MR R X 3[R — RS THT, AR R 2% 48—
NRIFIIBIT o NRATEAEMIIGR, wlAES FAR HER YR A2 R GE . IR 1k
BT AT R R SRR IR SESE

AR FE B 52 4% A2 REPEZE Bruce AT Young 7E 1986 4R 42 HY A RS R A 1R 41
PeRR R . XA AELE P 2% 0 85 B E SR A F NS — 2SR IRAIN s 3 — %I4T
FIACERAERS . P, MERIER G TR IE MG I XA A R AL 4R 55 02 “ SR gmit” 5
BLsE i, MR, R E S L A IR B D J5, R R A
{100 41 B A A

XA AR 22 5 T AR s 22 56 3 SO 28 A4 B2 AU IERAS 2 S0 . e SRS IR
s B AR B B OB BRI B0 A 1 BARTH AR 2 NERRENS A2 BOA AT IR B R I &

031 T k44 T
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W W F— N N R RR UUAD, 1IX N R IR B, —EW0 X 750 5 AR X 210,
I R I ) Th g A A7 ) (Benton & Van Allen, 1972; Malone 1982; De Renzi 1991). &4%, KN
DGR SRR 2% ) 45 ¥4 4 i (Bentin, 1999; Eimer & McCarthy 1999), #2257 24 /)0 B iX
P RE AT RER . SR, X AN AR A ST M B A — U 13317 ERP SO i
KL (Bentin & Deouell, 1999). A iR 5 RGN 75— A I (5 E A BRI i ) R g M4
AR B EEAE B SR A B 1 4K 2 B TR A AS BE R B (05 SR BB 85 0 RS R R A, (HA L BB 0511 1
AR NG 975 FR AN BE 2 HE A [R] 26 175 (Kurukz & Feldmar, 1979) AH T A 1R 590 A T #4475 Je&
FAE Wb, BSR4 32 K . {2545 %14 (NewCombe & Russel, 1969; De Renzi,
1989; Carlesimo & Caltagirone, 1995), T35 A~ A 153 (1495 i BE 0% a8 i W82 I IX 23 AR 31
R RS HHAE RS o IX AN R BIR K S5 7 Bruce A1 Young 2 H 3% 285 B A0 IR 15 F2 ) 43
B, PRI R 5 0 i o A R P Y, H B B 4 it T BB 58 B 1Y) (Bentin, 1999). IX /M4
R, PERAER TR A T S M gmig ifr o 298, RIBIRATEIR, KT EHmD
FE RN AR 0 B A0 gm S B A0 1A R o 1K 18 S 1) B AR AN AN S 6k

— AN NG WAL TR ERP I8 2 8 (N170), fEAL T RIBAE )G 170ms 4. X
ANRRAIE B 1 R 5 G5 A0 A NIRRT B 2R o NL70 AN 32 A AR BLEE 5, IX 22 1 N1170
HNERBTEKR, AraeS5A%Z 50 TS B 15201 (Bentin & Deouell, 1999). 7EIX ki L&
et B A i SR AT MR S AR B S PR R TE ORI L T N170 22 . HERRIIUE, $2HH T
DA W A: (1) RBEAI NG Z5 A 200 S5 N170 20 B R AN 1k ) I iRk . i SEAR 4 1k
FALERI TR L, B O S M b G A R RR AL, XK 2 N170 BRI —AMT:
%5 (2) B T RN ST THI 5 1 45 M A (0 AS 5] S BB AT 1 9 A B o0 F o G SR 1) A 3 3
AN T 45 M s LR LI, BB ANFE BLSEEE T (1) ERP W] RERERS R /R IX TG 3))
FEfE N170 Z fTid 22 i Bl (EAERAE, WSTR[ 7 & 5 N170 HELH
Tty IS0 Gk P L R i Ak BRI 235 K4 G R TG DG A A AR U IR 7o B, AR mT R Sl b R
S 4 T % o IXAMECBEE T LS BN ERP B HEAT A6

EX Y ilparS
Bk
16 M FRIRIBER, SEF 8 RrTIHEA 8 fidctt, 4EE 1832 %, AT IEWIOM B
R IR BT, S 15 0 T BRI % b

R

RIEoE 1200 sKIEEHCF K EEIR o HeA 4 RSB RO AR B A) A eI
Fs BIRGERINIEIR . NRIF8. ANRIERAR . AR AR KBUEmILE, FietFH
MR, —FRAETF. AT, NERMER. —F1k. T BEEBIEN, 55—
NG ER . VOLIER E, FrAmR A R ILECH . Hog—FER RS (100%120mm). [F],
R R, WAL 6.9 [, BESRIPEFEE 300ms, i FI[A]f% 1400ms. &FKIT
A HIAE DA 2 BN E e BT AR R R .

S B AES RS RE, BT S ARG . BRI IEAT 50 I
R e NSRS o, SRS, [, £ AR (Rl +, &
BT AR AR B EREAS SR, SO PR AT R RIS AL ST, IFESER5,

032 1 k44 T
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1Sk PR 25 R A #E 0 (20%) BE ML 70 AT FE AR RE R R o AR L — A o0 — v,
Wt A PR ZE AR S5, AU AR SR S R B TR R NIRRT, ST
ESPE CREDL—) Atk CRFOL =) SRIRBERIIE R, ARSEARIBORE A ROR B B A o i AE 2
AR, SLRECE I E (R0 MLt CREOLD BOARAE, JRBERIBAR TR . ol =
CRRA BIPER X 0 AE55) S DL — AR I AL, EAF RAET, BYERT S (RS fE
o AR N ) 3 AT S 1 L S L Rl PR BRI, (T DABR A ) A B A 531
R BTG CAREARIITER X 3RS BISERETA Ty, XA E
B A RORKI X 7 RIFR AR 15 DLDY ZE R PPk S50, T Ol 25K
PO TR bk, TSRS T, EREA PRI

EEG it%

EEG IfRHF¥: %y 1kHz(0.03-320Hz #E4ILAT 5E), 32 4~ Ag-AgCl I HAR, DLEIAE NS
2 5. Hodh 20 AN HHGARTE 10-20 bR E (Fz, Cz, Pz, 1z, Fpl, F7, F3, C3, P3, T3, T5, O1 Ak
ATEAT AR ) 2 ML A A H SRR (ML, M2). 4 (1) AR 10-20 RSt
Wi . CP5(E T3 fll P3 X [al). CP1(#£ C3 Al Pz ZIa]). PO3(# O1 Al P3 X [a]). POz({E Pz
Oz Z[A])s IML(FE 1z T ML Z A1) LA S AMATTAE A 2 o R R s IR PR A AR MR A7 AT Fpl
Fp2 #4793 BMIEEPT/N T 3k Q . ERP PR KA 1000ms, A4 T 100ms
AT IE, {814 0.03-20Hz HPEUK A8 HEAT Y8R o ATAT— AN AR 1) F o 150 vV BT
EpSIL TS

AR 3t
S HE RN SN BEAT 43 BT o 3 M ISR L M I AN 2o e (R0 —F1 = 155 DY
AT 1) ERP 2 =ANE UG AT /04 Tt 2 5 M it nl 2 5 A BRI 2 7 .
BN EIR B RS AR FE . 28T ERP 23 AN IR
(i) PERIALFEAE N170 FR3 J5 FIBRAE A AR A0 = B8 ANOVA(F KilR), =S85l
(SRR Rt 2. B B 22 5 . A RNV Z 7D I A
(v FH. EAHTF. N170 B JE1E T5/T6 AN EARBEATAE I, [RONIX A~
PRI~ % N170 FRIEE 55k . N170 HIMRAE SE X N170 WE{E TS % 25ms
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Neurophysiological correlates of face gender processing in

humans

Abstract

Event-related potentials (ERPs) were recorded while subjects were involved in three
gender-processing tasks based on human faces and on human hands. In one condition all stimuli
were only of one gender, preventing any gender discrimination. In a second condition, faces (or
hands) of men and women were intermixed but the gender was irrelevant for the subject's task;
hence gender discrimination was assumed to be incidental. In the third condition, the task required
explicit gender discrimination; gender processing was therefore assumed to be intentional. Gender
processing had no effect on the occipito-temporal negative potential at ~170 ms after stimulation
(N170 component of the ERP), suggesting that the neural mechanisms involved in the structural
encoding of faces are different from those involved in the extraction of gender-related facial
features. In contrast, incidental and intentional processing of face (but not hand) gender affected
the ERPs between 145 and 185 ms from stimulus onset at more anterior scalp locations. This
effect was interpreted as evidence for the direct visual processing of faces as described in Bruce
and Young's model [Bruce, V. & Young, A. (1986) Br. J. Psychol., 77, 305-327]. Additional gender
discrimination effects were observed for both faces and hands at mid-parietal sites around 45-85
ms latency, in the incidental task only. This difference was tentatively assumed to reflect an early
mechanism of coarse visual categorization. Finally, intentional (but not incidental) gender
processing affected the ERPs during a later epoch starting from ~200 ms and ending at =250 ms
for faces, and ~350 ms for hands. This later effect might be related to attention-based gender
categorization or to a more general categorization activity.

Introduction

Human face recognition is probably one of the best examples for the capacity of the visual system
to rapidly and efficiently discriminate among thousands of exemplars of the same category.
Perceiving a face, people are able, without explicit training, to decide accurately and effortlessly
whether the face is familiar or unfamiliar, one of a male or female, and to correctly appreciate its
emotional expression, age, race, etc.

The complexity and variety of the cognitive processes involved in face recognition have been well
represented in the theoretical model suggested by Bruce & Young (1986). This model assumes the
existence of separate face processing pathways: one is designed to identify the person, while
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others, acting in parallel, are supposed to process the age, race or gender, or assess the emotion
expressed in the face. The common starting point of these different pathways is the elaboration of
a configural representation of faces through the “structural encoding' module. According to the
model, the mechanisms subtending age, race or gender judgments are activated following the
structural encoding of facial features and form the “directed-visual encoding' module.

Various aspects of this model have been supported, to differing extents, by empirical and
neuropsychological evidence. The finding that prosopagnosic patients never fail to realize that
they are looking at a face, and many of them are capable of matching different photographs of the
same individual without showing any recognition of familiar faces, supports a distinction between
a fairly normally functioning structural encoding module and a deficient face identification system
(Benton & Van Allen, 1972; Malone et al., 1982; De Renzi et al., 1991). Obviously, given that face
identification is dependent on efficient structural encoding (Bentin et al., 1999; see also Eimer &
McCarthy, 1999), a neuropsychological double dissociation between the face identification and
structural encoding mechanisms is impossible. However, the independence of these two
mechanisms has been recently shown in normal subjects using event-related potentials (ERP)
(Bentin & Deouell, 1999). The distinction between the face identification system and a system
devoted to the appreciation of facial emotional expression has also been demonstrated by
neuropsychological dissociation. The identification of emotional expressions is preserved in the
great majority of prosopagnosics, while it may be impaired in patients who do not have problems
in recognizing familiar faces (Kurukz & Feldmar, 1979). Relative to face identification and
appreciation of emotional expression, the function of the direct encoding module has been less
investigated. With a few exceptions (Newcombe & Russel, 1969; DeRenzi et al., 1989; Carlesimo
& Caltagirone, 1995), prosopagnosic patients can discriminate a person's gender and race and can
estimate his/her age by looking at his/her face. This finding supports Bruce and Young's (1986)
suggested dissociation between these processes and those required for face recognition. However,
the finding that the performance attributed to the direct visual encoding is intact even if the
formation of the structural representation is deficient (Bentin et al., 1999) suggests that the
perception of gender and age may not be based on the outpout of the structural encoder. Indeed, to
our knowledge, studies of the relationship between structural encoding and direct visual
perception of physiognomic information (age, race and gender) have not been reported. The goal
of the present study was to bridge this gap.

A face-special scalp ERP component peaking on the posterior temporal areas at 7170 ms from
stimulus onset (N170) has been recently associated with the mechanisms of structural analysis of
facial features (Bentin et al., 1996; George et al., 1996). The N170 was not influenced by face
familiarity, suggesting that it is not associated with face identification and probably not influenced
by top-down information (Bentin & Deouell, 1999). In the present study, we have compared the
N170 elicited while subjects were instructed to process the gender of the face with that generated
while the gender was irrelevant. In particular, we asked the following questions: (i) Are the face
structural analysis mechanisms, assumed to be associated with the N170 component, sensitive to
gender judgments? If direct visual perception, as required for gender processing, involves the
same neural mechanisms as those mobilized for structural encoding, we may find an effect of task
on the N170. (ii) Is it possible to dissociate, on the basis of separate neural activities, different
functional modules for structural encoding of a face and gender processing? If gender processing
is performed by neural mechanisms other than those involved in structural encoding, comparing
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the ERPs in the two task conditions might unveil such activity elicited earlier or later than the
N170. Note that if components earlier than the N170 were modulated by gender processing, it
would be conceivable that direct visual processing of the face is not based on the output of the
structural encoding module. Finally, anticipating that such activity would be found, we examined
the possibility that the gender processing is not a face-specify activity. This hypothesis was
examined by comparing the ERPs associated with gender judgments based on faces with those
associated with gender judgments based on human hands.

Materials and methods

Subjects

Sixteen right-handed subjects (eight males and eight females, 18-32 years old) with normal vision
or corrected-to-normal vision participated as paid volunteers. All were fully informed of the
recording technique, which was noninvasive.

Stimuli

Twelve hundred grey-scale photographs were digitally scanned. They included four stimulus types:
human faces with no eyeglasses, human faces with eyeglasses, human hands and human torsos.
The faces and torsos were presented in a roughly front view, whereas the backs of the hands, half
of them being left and the other half right, were viewed from above. Half of the faces, half of the
hands and half of the torsos were of men and the other half of women. Across categories, the
stimuli were matched for luminance and were of equal size (100 3 120 mm). The stimuli were
presented foveally, subtending a visual angle of 6.9 for 300 ms at a rate of one every 1.4 s. A
fixation point was present at the centre of the screen between each presentation. No stimulus was
repeated.

Procedure

The experiment consisted of two consecutive sessions, each including five experimental
conditions. The stimuli in each condition were presented in blocks of 50. Face stimuli were
presented during the first session (Face session), whereas during the second, we presented hand
and torso stimuli (Control session). In all the conditions, subjects performed an oddball detection
task reporting verbally, at the end of each block, the number of target items detected; target items
(20% of total) were delivered randomly among non-target items (see Table 1 for details). In
conditions 1 and 2, referred to as No-gender discrimination task, target as well as non-target
stimuli were of only one gender. In the Face session, the targets were either male (condition 1) or
female (condition 2) faces with glasses delivered among faces without glasses, while in the
Control session the targets were male (condition 1) or female (condition 2) torsos delivered among
hands. The order of presentation of conditions 1 and 2 was counterbalanced across subjects.
Condition 3 (Incidental-gender discrimination task) was similar to conditions 1 and 2, except that
the stimuli included male and female equally mixed. The subjects process the gender of the
stimulus. Conditions 4 and 5 (Intentional-gender discrimination task) followed condition 3 with a
counterbalanced order between subjects. In these two conditions, subjects had to process explicitly
the stimuli according to their were assumed here to analyze the stimuli at the same level as in the
two previous conditions, but they could also incidentally gender: the targets were either male
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(condition 4) or female (condition 5) faces among female or male faces, respectively, in the Face
session, and male or female hands among female or male hands, respectively, in the Control
session.

EEG recording

EEG was continuously recorded at a sampling rate of 1 kHz (0.03-320 Hz analogue bandwidth)
from 32 Ag-AgCl scalp electrodes referred to the nose, of which 20 were placed according to the
international 10?0 system (Fz, Cz, Pz, Iz, Fpl, F7, F3, C3, P3, T3, T5, O1 and their counterparts
on the right hemi scalp), and two at the left and right mastoids (M1 and M2). The remaining
positions were midway between two positions of the 10-20 system: CP5 (between T3 and P3),
CP1 (between C3 and Pz), PO3 (between Ol and P3), POz (between Pz and Oz), and 1M1
(between 1z and M1), and their counterparts on the right hemi scalp. The EOG was monitored
from the outer canthus of the right eye (YH) and the channels Fpl and Fp2. Electrode impedances
were < 3 kW. The ERPs were averaged off-line over a 1000-ms period including a 100-ms
prestimulus baseline, and digitally filtered (0.03-320 Hz). Trials in which the potential exceeded
150 mV at any electrode were automatically rejected.

Data analysis

Only the responses to non-target stimuli were analyzed. The ERPs elicited by male and female
faces or male and female hands (conditions 1 and 2, and conditions 4 and 5) were collapsed
yielding three levels of gender processing (No-gender, Incidental-gender and Intentional-gender
discrimination), with an equal number of stimuli presented at each level. Analysis of ERP
involved two steps. (i) The effects of gender processing on the latency and amplitude of the N170
component (negativity at =170 ms) were tested using three-way within-subjects analyses of
variance (ANOVAs) with factors: Type of task (No-, Incidental-, Intentional-gender
discrimination), Stimulus type (Faces, Hands), and Hemisphere (left, right). Latency of N170 was
measured at T5/T6 sites where the potential value was maximum in the grand average over all
subjects. The N170 amplitude was quantized for each subject as the mean potential value in time
over a 625 ms-window around the peak latency of the grand average. Reflecting the slightly more
anterior scalp distribution of the N170 elicited by hands relative to faces, different subsets of
electrodes were included in spatial averaging. For faces, the sites included were IM1, M1, T5 and
their homologous sites on the right hemi scalp, and for hands, T5, P3 and CP5 and their
homologous locations on the right hemi scalp. Significance levels for the F-values were adjusted
with Greenhouse-Geisser correction whenever necessary.

(i) Other possible effects of gender processing were assessed in the following way. Firstly, they
were quantized in the difference waves obtained by subtracting the responses to the no-gender task
from the responses to incidental (Incidental-No) and intentional (Intentional-No incidental-gender
task (compared with the no-gender task) were No) gender tasks, respectively. Student's t-tests
comparing the amplitude of the difference waves with zero were computed for each sample at
each electrode. Student's t-maps could then be obtained at each latency. Spatio-temporal patterns
having a stable topography with a significant amplitude (P < 0.01) at at least two adjacent
electrodes for 20 consecutive 20-ms samples were considered as significant gender task effects
(Rugg et al., 1995; seealso Thorpe et al., 1996).

Scalp potential maps were generated using a two-dimensional spherical spline interpolation
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(Perrin et al., 1989) with colour scale normalized to the peak voltage value at the considered
latencies.

Results

For all stimulus types and gender tasks, the ERPs were characterized by a series of positive and
negative defections peaking successively around 100 ms at O1-O2 (a positive peak P100), around
165 ms at T5-T6 (a negative peak N170), and around 220 ms at PO3-PO4 (a positive peak) (Fig.
1). This latter peak was followed by a sustained positivity, lasting up to 350-400 ms, the
morphology of which could differ according to the gender task and the stimulus type. Effects of
gender processing on the N170 component Figure 2a shows the scalp potential distribution, at 165
ms latency, of the N170 component elicited by face and hand stimuli in the no-gender task. Both
stimulus types activated occipito-temporal regions with, however, a distribution slightly more
anterior for hands than for faces. Incidence of the gender discrimination tasks on the mean
amplitude and peak latency of N170 was tested through three-way ANOVAs with the Type of task,
Stimulus type and Hemisphere as factors (see Materials and Methods). No main effect of the Type
of task, nor interaction between this factor and any other factors, were found on the mean
amplitude or peak latency of N170. The only significant effect was a shorter peak latency for faces
(157 ms) than for hands (170 ms; F1,15 = 60.39, P < 0.0001).

Other ERP effects of gender discrimination tasks

Both for face and for hand stimuli, the effects of incidental- and intentional-gender discrimination
tasks were quantized in the difference between the ERPs elicited in each of these tasks and the
ERPs elicited in the no-gender task (Incidental-No waves and Intentional-No waves, respectively).
Student's t-maps computed on these difference waves revealed three spatiotemporal patterns of
significant task effects (see Materials and Methods), that could vary with the nature of the gender
discrimination task (incidental or intentional) and the stimulus type (face or hand). The earliest
component of the difference pattern spread over the mid-parietal areas from 40 to 90 ms, the
second was observed over the central areas from 140 to 190 ms, and the latest extended over the
occipito-parietal regions from 200 ms to 350 ms. Figures 3 and 4 detail the statistical significance
of the difference waves over the electrodes and periods characterizing these spatiotemporal
patterns of interest. Figure 2B and C displays the topography of the difference waves and the
corresponding t-map at an illustrative latency for each pattern. Table 2 gives the mean amplitude
and significance of the difference waves over the whole patterns. These different patterns are
analyzed in detail below.

Event-related potential at 40-90 ms

Between 40 and 90 ms (Fig. 2B and C, line a), significant effects of the found for both face and
hand stimuli: the ERP amplitudes of the Incidental-No difference waves reached statistical
significance (P < 0.01) from 45 to 70 ms latency at the left mid-parietal electrodes for faces (Fig.
3A left part; mean amplitude over 40-90 ms,-0.74 mV), and over 40-90 ms at the centro-parietal
sites for hands (Fig. 3A right part; mean amplitude ?.79 mV; see Table 2). Figure 2B, line a,
illustrates the topography of these effects at 65 ms latency. No corresponding patterns were
observed for the intentional-gender task, for either faces or hands (Fig. 2C, line a; Fig. 4A; Table
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2).

Event-related potential at 140-190 ms

In this latency range (Fig. 2B and C, line b), both the Incidental-No (Fig. 2B, line b) and the
Intentional-No (Fig. 2C, line b) difference waves showed significant positive amplitudes over a
wide central region (eight electrodes) for face but not for hand stimuli (Figs 3B and 4B). For faces,
the amplitude of the Incidental-No wave reached statistical significance (P < 0.01) at F3-C3 from
145 ms latency, and

at all the selected electrodes (P < 0.01 or P < 0.001) from 155 to

185 ms (Fig. 3B left part; mean amplitude over 140-190 ms,-0.06 mV). In the Intentional % o
difference wave, the amplitude reached statistical significance (P < 0.01) at most electrodes from
145 ms, and at all the selected electrodes (P < 0.01 or P < 0.001) from 150 to 185 ms (Fig. 4B left
part; mean amplitude -0.26 mV). No or only marginally significant effects were found for hands
during this epoch (see Figs 3B and 4B right side, and Table 2).

Event-related potential at 200-250ms

Significant intentinal gender task effects were found between 200 and 250 ms latency (Fig.2B and
C, line c) at occipit-partietal electrodes for both face and hand stimuli. The ERP amplitude of the
Intentional-No difference waves reached statistical significance(P<0.01) from 200-250ms for
faces (Fig. 4C left part; mean amplitude over 200-250 ms, 1.28 mV; see Table 2), and for hands
(Fig. 4C right part; mean amplitude, 2.15 mV; see Table 2). This difference lasted longer (> 250
ms) for hands than for faces (see below). No or only marginally significant effects of the
incidental-gender task were found over this period for face or hand stimuli (Fig. 3C). As this
intentional gender task effect was maximal at posterior sites (Fig. 2C, line ¢), its topography was
compared with that of the N170 component (recorded in the no-gender condition) in order to
explore whether the two activities were generated within the same brain structures. Two-way
ANOVA on normalized data (mean amplitude over 6 25 ms around the peak latency for N170, and
over 200-250 ms latency for the intentional-gender effect) with the factors Condition (No-gender,
Intentional-No) and Electrode (IM1, IM2, M1, M2, O1, O2, T5, T6) showed a significant
interaction between the two factors [F4,55 = 4.44, P < 0.004, GG = 0.52], indicating different
topographies for the two waves.

Event-related potential at 250-350 ms

The intentional gender task effect observed between 200 and 250 ms (Fig. 2B and C, line d) lasted
longer for hands than for faces (Fig. 2C, lines ¢ and d). Highly significant amplitude differences (P
< 0.001) with a stable topography were observed up to 350-400 ms (Fig. 4C right part; mean
amplitude over 250?50 ms, 4.56 mV; see Table 2). There was no corresponding pattern within the
same period for faces (Fig.4C left part; mean amplitude, 0.31)

Discussion

The results can be summarized in the following way: (i) There was no effect of gender processing
on either the amplitude or latency of the N170 component. (ii) Incidental-gender processing
elicited electrical activities that were significantly different from those elicited when all stimuli
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were of one gender. These differences were observed around 45-85 ms from stimulus onset over
mid-parietal sites for both face and hand stimuli, and around 145?85 ms over central sites for faces
only. (iii) Intentional-gender processing elicited electrical activity that was significantly different
from that elicited when stimuli of only one gender were presented. Similar to the activity
generated by incidental-gender processing, this difference was significant only for faces over
central sites between 145 and 185 ms from stimulus onset. In contrast to the activity specify to
incidental processing, however, intentional processing did not show the early effect. Instead, there
were longer-latency effects, between 200 and 250 ms, for both face and hand stimuli over
posterior sites, and this effect lasted longer for hands than for faces (up to 350 ms).

Separate processes for structural encoding and gender processing of faces

The occipito-temporal N170 component responding to face stimuli has been associated with the
neurophysiological mechanisms under-lying structural encoding of facial features (Bentin et al.,
1996; George et al., 1996; see also Allison et al., 1994 for intracranial ERP recordings). An
important result of the present study is that gender processing influenced neither the latency nor
the amplitude of N170. Although exclusive effects of face gender discrimination were observed
during similar time ranges, the sites at which these effects were observed were different from
those of the N170 component. This pattern indicates that face gender processing is performed (at
least partly) in parallel with its structural encoding by different brain mechanisms; i.e. the gender
processing stage can begin before the structural encoding stage is completed. This conclusion is
also consistent with PET findings that have shown that face gender processing activates
neuroanatomical regions different from those involved in the perceptual analysis of the facial
features (Sergent et al., 1992; Kapur et al., 1995; Andreasen et al., 1996). Therefore, our results
bring additional (electrophysiological) support to Bruce and Young's (1986) model of face
processing, according to which perceptual analysis and gender extraction are sub served by two
functionally distinct modules, the structural and the directed-visual encoding modules,
respectively. In contrast to what was suggested in his model, however, the time-course of the
face-specify gender processing effect (145-185 ms) suggests that direct perception is not
subsequent to structural encoding.

Early (45-85 ms) incidental discrimination effects

An unpredicted result of our study was the very early epoch (45-85 ms) of the differences
observed between the ERPs elicited by both faces and hands during the incidental-gender
discrimination task as compared with the no-gender task. Apparently, this result indicates that the
visual information available at this time is already used for automatic distinction between genders.
Although early signs of face processing have been reported in monkeys (Tovee et al., 1993:
200-250ms) and in humans (Seeck et al., 1997: 50-90 ms), it is difficult, however, to assume that
the effects observed at this latency (45-85 ms) over parietal regions are specifially related to the
processing of gender information. Indeed, such latencies correspond to the first cortical potentials
elicited by visual stimulation in the striate cortex (Clark et al., 1995). An alternative explanation of
the early difference between the incidental- and no-gender processing conditions may refer to the
fact that the incidental-gender task was the only one among the five experimental conditions in
which the two gender categories were intermixed in the non-targets. It is therefore possible that
this effect reflects an early, automatic process of rapid but coarse categorization between two
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stimulus classes on the basis of visual characteristics. To this end, it would be interesting to know
whether this early categorization process may occur only for biological stimuli indicates a more
general ability of the visual system to cursorily categorize wide classes of stimuli at an early stage
of sensory processing.

Specificity of face gender processing

The pattern of gender processing effects for faces and for hands showed both similarities and
differences. As discussed above, the very early effect of incidental-gender processing was similar
for both types of stimuli. This similarity suggests that the perceptual mechanisms associated with
this activity, whatever their nature, are not face-specify. Between 145 and 185 ms from stimulus
onset, however, gender processing (intentional- as well as incidental-) affected the ERPs elicited
by faces but not those elicited by hands. These results have two implications. Firstly, the similarity
of the incidental- and intentional-gender discrimination ERP effects imply that gender information
is extracted from faces automatically and that, at this stage, this process is not influenced by
top-down strategic factors. Secondly, because these ERP effects were not found for hands, they
might index the specificity of the physiological operations underlying face gender processing:
gender judgments from other encoding of body parts such as hands would be mediated through
other (later) brain mechanisms.

Additional gender discrimination effects

Regardless of whether the stimuli were faces or hands, the ERPs elicited from 200 ms
poststimulation in the intentional-gender discrimination task were significantly different from
those elicited when explicit discrimination between the genders was not required. The effect was
significant up to 250 ms for faces, and up to 350 ms for hands. This pattern, partly common for
faces and hands, is not compatible with the activity of the directed-visual processing pathway
stipulated by Bruce and Young (1986). Rather, it suggests that the type of gender processing
reflected at this level is associated with the splines explicit process of discrimination between the
two gender categories. The fact that this effect lasted longer for hands than for faces may be
explained by the higher difficulty of discriminating gender from hands than from faces. This could
be because faces carry more gender-specify information than hands, because humans may be
better trained to distinguish gender on the basis of the face than on the basis of the hands, because
the gender of the face has already been determined by direct visual perception mechanisms, or all
of these reasons. In the absence of a nongender discrimination task for similar stimuli however, we
cannot unequivocally determine whether the activity observed during the latter time epochs for
intentional- but not incidental-gender discrimination is associated specifically with gender
processing or with a more general categorical discrimination activity. In any case, these
discrimination effects could express the expertise that humans have developed in processing faces
compared with other body parts such as hands.

Abbreviations
ERP, event-related potential; N170, negative potential at 170 ms after stimulation.
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