2011, Vol. 19, No. 11, 1588-1594
Advances in Psychological Science DOI: 10.3724/SP.J.1042.2011.01588

« &t % 47 & (Regular Articles) -
7L B S A 5 S TR iR

( , 100084)

& 3LfE B RO R 4R, METE B @Il BIARG R EIK T AT EZ @I FARS, mE, H5E@E4
R fE) BE AR AR, BILABIE B B R AR HEANAT @B E SR T A2 R, A L2t
AR F—, BIEDILHRT @ILOEMNIFIE, Prm T mILG BRI T, ATk, AMixts B @ sley BilRs
BE;, =, BREARU NI PRESZERN, LAABEDILFTOER EZW R, #3465 E@ILNLITOK R G.
ERP = fMRI #A AR+, ARRLE R —F MR . 2 FF A EDIUE E B T e91Em .

M 318 B 2N #4KAe T BREF; ERP; N170; fMRI

B842
1 5|8 2 HALBEMNALIEHAR
21 WEABEMMBIITAIREHRR
: Yin (1969) :
( )
(PET)
(ERP) (FMRI) ’ ’

)

(Blau, Maurer, Tottenham, & McCandliss,

2007) (McKeeff, McGugin, Tong, & Gauthier, ) _
2010) (Stahl, Wiese, & Schweinberger, » . ltier,VanRoon  Alain (2010)
2008)

(face inversion effect, ,
FIE) , , , Meinhardt-Injac,
, , Persike Meinhardt (2010)

1 ) ’

, (100ms) ,

22 WEABEHEZE ERP FFR
ERP
—— N170(Bentin, Allision, Puce, Perez, &
McCarthy, 1996) N170

1 2011-04-20

(20111081107) ) 130~200ms,
, E-mail: sfu@mail.tsinghua.edu.cn 160~170ms

1588



1 1589
(. pues po7 oy . 3 EFLEIBMEIMSHEILHRE
ERP ,
N170
N170 )
» Bentin - (1996) (Goldstein & Chance, 1980)
/ / ,
() , , ,
/ N170 (Goldstein, 1975)
: N170 (Walker & Hewstone, 2006)
N170 ,
Caharel  (2010) 3 /
, , 3 ,
N170 N170
: N170 ( , : , 2009)
J (Valentine, 1991) ,
N170 (Caharel, Fiori,
Bernard, Lalonde, & Rebai, 2006; Itier, Latinus, &
Taylor, 2006; Itier, Alain, Sedore, & Mclntosh,
2007) Rock (

2.3 HEFBEEMEA fMRI R
(FG) : :
(ST9) ¢ . ;
, 2003) fMRI
FFA (fusiform face area), OFA

(occipital face area) STS (superior temporal

sulcus) Kanwisher, Tong  Nakayama (1998) ,
, FFA ,
, Yovel  Kanwisher (2004) ,
, FFA ,
FFA , Yovel
Kanwisher (2005) fMRI ,
(FFA, OFA, STS)
, fMRI
FFA ;
, FFA ,

FFA ,
Leube (2003) fMRI ,

STS,

Collishaw & Hole, 2002) ,

“ ”

(0-180 ) ,
(Collishaw & Hole, 2002)

4 WEFLEIERMAERMTIER

Farah, Tananka Drain (1995)
(the holistic processing) ,

(configural);
, (featural) (Maurer,
Grand, & Mondloch, 2002)
(2011)



1590 19
, : , ( '
: : ) « )
( , 2003; ,
, , ) , 2011; , ,
, 2011) (Goffaux
) ) & Rossion, 2007) fMRI ,
— (first-order ( ) ,
information) (second-order information)

(Maurer et a., 2002)
Gardener) (Mooney face)

(The Vegetable

(Latinus & Taylor, 2005; George, Jemel,
Fiori, Chaby, & Raenault, 2005) ,

, N170
N170(Zion-Golumbic & Bentin,
2007)

(photo-negative) ,
(Itier et al., 2007)

(Maurer et al., 2002);

(Leder & Carbon, 2006; Rossion, 2008, 2009)

(Goffaux, Rossion, Sorger, Schiltz, & Goebeli,
2009); ,
Yovel
Kanwisher (2005)fMRI , FFA
; Liu, Harris Kanwisher
, OFA STS

,  FFA

(2010)

, (Gestalt),

(Maurer et al., 2002) ,

Tananka  Farah (1993)

“

" (composite

face effect, CFE), Young, Hellawell  Hay (1987)

(misalignment)

’

,Jacques  Rossion (2010)

N170



11

1591

N170, N170

(Thatcher Illusion)

5 MEFLEEXYAERER S IERIR
( ),

ERP , , STS
N200 , (McCarthy,
Puce, Belger, & Allision, 1999); Perrett
: (
STS ) ; :
( Itier et a., 2007)

Barton, Keenan Bass
(2001)

, Barton, Deepak  Malik (2003)
, d

(Brooks & Kemp, 2007) ,

, ERP
Itier  (2006)

N170 ; ,
N170
N170 )
N170,
, Itier ~ (2007)

(face-without-eyes)

(Itier et
N170

Eimer, Kiss Nicholas

N170
N170, ,
/ /
al., 2010) ,
(2010)
200ms; 200ms
( ) :
12.5%) (detection)
N170 ,
N170 ,
N170
, N170
Sadeh Yovel (2010)
N170
600ms ( /
: (
400ms ( 1
2 ),
, 1s,
400ms

N170



1592

19

N170

N170
, TMRI ,
(ventral extrastriate cortex)
(Epstein, Higgins, Parker, Aguirre, &
Cooperman, 2006; Yovel & KanWisher, 2005),
) CK ,
CK
CK

, (Moscovitch
& Moscovitch, 2000)

6 NNESRE

(Ricciardelli, Baylis, &
Driver, 2000),

)

(expertise) )

(Ge, Wang, McCleery, & Lee, 2006)
, (picture-
plane) (viewing point)
( , Chen, Liu, Chen, & Fang, 2009)

(Esterman et al., 2008; Bindemann & Burton,
2008),

, (2010)  N170

ZEWI 05, ke, SR PCAR. (2010). T FL VR A0 PO HL K 4y
N170 IR FMER . OFEF 202, 18, 1942-1948.

Fagfi 73, PhoAHE, SKILZR, JSHNUL. (2011). ki FL4% 1k (3]
BN T O FE A R L. o B E A R, 19(8),
1104-1114.

VEMVHR, A, (2011). TR AL b A i T S AR AE
T, O FEFLZYE, 19(8), 1126-1137.

M, KSR, FIEAR. (2003). LN L A s fh e Rl 2
WFoe: IS R, LB F £, 11(1), 35-43.

JE A, SRR, WA, (2009). T FL YR A AR 2w B
WIRVE. O BF[Z i E, 17, 278-283.

Barton, J. J. S, Deepak, S., & Malik, N. (2003). Attending to
faces: Change detection, familiarization, and inversion



11

1593

effects. Perception, 32(1), 15-28.

Barton, J. J. S., Keenan, J. P, & Bass, T. (2001).
Discrimination of spatial relations and features in faces:
Effects of inversion and viewing duration. British Journal
of Psychology, 92(3), 527-549.

Bentin, S., Allision, T., Puce, A., Perez, E., & McCarthy, G.
(1996). Electrophysiological studies of face perception in
humans. Journal of Cognitive Neuroscience, 8, 551-565.

Bindemann, M., & Burton, A. M. (2008). Attention to
upside-down faces: An exception to the inversion effect.
Vision Research, 48, 2555—-2561.

Blau, V. C., Maurer, U., Tottenham, N., & McCandliss, B. D.
(2007). The face specific N170 component is modulated
by emotional facial expression. Behavioral and Brain
Function, 3, 1-13.

Brooks, K. R., & Kemp, R. |. (2007). Sensitivity to feature
displacement in familiar and unfamiliar faces: Beyond the
internal/external feature distinction. Perception, 36(11),
1646-1659.

Caharel, S., Fiori, N., Bernard, C., Lalonde, R., & Rebai, M.
(2006). The effects of inversion and eye displacements of
familiar and unknown faces on early and late-stage ERPs.
International Journal of Psychophysiology, 62, 141-151.

Caharel, S., Montalan, B., Fromager, E., Bernard, C.,
Lalonda, R., & Mohamed, R. (2010). Other-race and
inversion effects during the structural encoding stage of
face processing in a race categorization task: An
event-related brain potential study. International Journal
of Psychophysiology, 79, 266—271.

Chen, J., Liu, B. Y., Chen, B., & Fang, F. (2009). Time
course of amodal completion in face perception. Vision
Research, 49, 752—758.

Collishaw, S. M., & Hole, G. J. (2002). Is there a linear or a
nonlinear relationship between rotation and configural
processing of faces? Perception, 31, 287-296.

Eimer, M., Kiss, M., & Nicholas, S. (2010). Response profile
of the face-sensitive N170 component: A rapid adaptation
study. Cerebral Cortex, 20, 2442-2452.

Epstein, R. A., Higgins, J. S., Parker, W., Aguirre, G. K., &
Cooperman, S. (2006). Cortical correlates of face and
scene inversion: A comparison. Neuropsychologia, 44,
1145-1158.

Esterman, M., Prinzmetal, W., DeGuits, J., Landau, A.,
Hazeltine, E., Verstynen, T., et al. (2008). Voluntary and
involuntary attention affect face discrimination differently.
Neuropsychologia, 46, 1032—1040.

Farah, M. J., Tananka, J. W., & Drain, H. M. (1995). What
causes the face inversion effect? Journal of Experimental
Psychology: Human Perception and Performance, 21,
628-643.

Ge, L. Z., Wang, Z., McCleery, J. P, & Lee, K. (2006).
Activation of face expertise and the inversion effect.

Psychological Science, 17, 12-16.

George, N., Jemel, B., Fiori, N., Chaby, L., & Raenault, B.
(2005). Electrophysiological correlates of facial decision:
Insights from upright and upside-down Mooney-face
perception. Cognitive Brain Research, 24, 663—-673.

Goffaux, V., & Rossion, B. (2007). Face inversion
disproportionately impairs the perception of vertical but
not horizontal relations between features. Journal of
Experimental Psychology: Human Perception and
Performance, 33, 995-1002.

Goffaux, V., Rossion, B., Sorger, B., Schiltz, C., & Goebeli,
R. (2009). Face inversion disrupts the perception of
vertical relations between features in the right human
occipito-temporal cortex. Journal of Neuropsychology, 3,
45-67.

Goldstein, A. G. (1975). Recognition of inverted photographs
of faces by children and adults. The Journal of Genetic
Psychology, 127, 109-123.

Goldstein, A. G, & Chance, J. E. (1980). Memory for faces
and schema theory. The Journal of Psychology, 105,
47-59.

Itier, R. J., Alain, C., Sedore, K., & Mcintosh, A. R. (2007).
Early face processing specificity: It’s in the eyes! Journal
of Cognitive Neuroscience, 19, 1815-1826.

Itier, R. J., Latinus, M., & Taylor, M. J. (2006). Face, eye
and object early processing: What is the face specificity?
Neurolmage, 29, 667-676.

Itier, R. J,, Van Roon, P., & Alain, C. (2010). Species
sensitivity of early face and eye processing. Neurolmage,
54, 705-713.

Jacques, C., & Rossion, B. (2010). Misaligning face halves
increases and delays the N170 specifically for upright
faces: Implications for the nature of early face
representations. Brain Research, 1318, 96—109.

Kanwisher, N., Tong, F., & Nakayama K. (1998). The effect
of face inversion on the human fusiform face area
Cognition, 68, B1-B11.

Latinus, M., & Taylor, M. J. (2005). Holistic processing of
faces: Learning effects with Mooney faces. Journal of
Cognitive Neuroscience, 17, 1316-1327.

Leder, H., & Carbon, C. C. (2006). Face-specific configural
processing of relational information. British Journal of
Psychology, 97, 19-29.

Leube, D. T., Yoon, H. W., Rapp, A., Erb, M., Grodd, W.,
Bartels, M., et al. (2003). Brain regions sensitive to the
face inversion effect: A functional magnetic resonance
imaging study in humans. Neuroscience Letters, 342,
143-146.

Liu, J., Harris, A., & Kanwisher, N. (2010). Perception of
face parts and face configurations: An fMRI study.
Journal of Cognitive Neuroscience, 22, 203-211.

Maurer, D., Grand, R. L., & Mondloch, C. J. (2002). The



1594

19

many faces of configural processing. Trends in Cognitive
Sciences, 6, 255-260.

McCarthy, G., Puce, A., Belger, A., & Allision, T. (1999).
Electrophysiological studies of human face perception. II:
Response properties of face-specific potentials generated
in occipitotemporal cortex. Cerebral Cortex, 9, 431-444.

McKeeff, T. J, McGugin, R. W., Tong, F., & Gauthier, I.
(2010). Expertise increases the functional overlap between
face and object perception. Cognition, 117, 355-360.

Meinhardt-Injac, B., Persike, M., & Meinhardt, G. (2010).
The time course of face matching by internal and external
features: Effects of context and inversion. Vision Research,
50, 1598-1611.

Moscovitch, M., & Moscovitch, D. A. (2000). Super
face-inversion effects for isolated internal or external
features, and for fractured faces. Cognitive
Neuropsychology, 17, 201-219.

Ricciardelli, P, Baylis, G., & Driver, J. (2000). The positive
and negative of human expertise in gaze perception.
Cognition, 77, 1-14.

Rossion, B. (2008). Picture-plane inversion leads to
qualitative changes of face perception. Acta Psychologica,
128, 274-289.

Rossion, B. (2009). Distinguishing the cause and
consequence of face inversion: The perceptua field
hypothesis. Acta Psychologica, 132, 300-312.

Sadeh, B., & Yovel, G. (2010). Why is the N170 enhanced
for inverted faces? An ERP competition experiment.
Neurolmage, 53, 782—-789.

Stahl, J., Wiese, H., & Schweinberger, S. R. (2008).
Expertise and own-race bias in face processing: An
event-related potential study. Neuroreport, 19, 583-587.

Tananka, J. W., & Farah, M. J. (1993). Parts and wholes in
face recognition. The Quarterly Journal of Experimental
Psychology Section A, Human Experimental Psychology,
46, 225-245.

Valentine, T. (1991). A unified account of the effects of
distinctiveness, inversion, and race in face recognition.
The Quarterly Journal of Experimental Psychology, 43,
161-204.

Walker, P. M., & Hewstone, M. (2006). A perceptua
discrimination investigation of the own-race effect and
intergroup experience. Applied Cognitive Psychology, 20,
461-475.

Yin, R. K. (1969). Looking at upside-down faces. Journal of
Experimental Psychology, 81, 141-145.

Young, A. W. Hellawell, D., & Hay, D. C.
(1987).Configurational information in face perception.
Perception, 16, 747-759.

Yovel, G, & Kanwisher, N. (2004). Face perception: Domain
specific, not process specific. Neuron, 44, 889-898.

Yovel, G.,, & Kanwisher, N. (2005). The neural basis of the
behavioral face-inversion effect. Current Biology, 15,
2256-2262.

Zion-Golumbic, E., & Bentin, S. (2007). Dissociated neural
mechanisms for face detection and configural encoding:
Evidence from N170 and induced gamma-band oscillation
effects. Cerebral Cortex, 17, 1741-1749.

Researches and Theories on Face Inversion Effect

WANG Hai-Ling; FU Shi-Min
(Department of Psychology, Tsinghua University, Beijing 10084, China)

Abstract: Face inversion effect refers to the fact that the recognition is severely impaired for inverted
relative to upright faces. The inversion effect is larger for faces relative to other objects, such as house.
Several theoretical frameworks have been proposed to account for this face inversion effect, but the present
review focused on two popular views, namely the configural processing hypothesis and the eye specificity
hypothesis. The configural processing hypothesis posits that inverted faces impair the structural feature of
faces and thus influence holistic processing. According to the eye specificity hypothesis, eyes play an
important role in face processing, especially when faces are inverted. Evidences from ERP and fMRI studies
are discussed. The importance of eyes and attention should be addressed in future studies.

Key words: face inversion effect; holistic processing; eyes, ERP; N170; fMRI



