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Abstract. In two experiments, we investigated whether adults use holistic processing even for faces 
that are grossly distorted because their eyes have been moved asymmetrically to violate the common 
OD\RXW�RI�D�IDFH��GLVWRUWLQJ�LWV�¿UVW�RUGHU�UHODWLRQV���7R�WKLV�HQG�ZH�XVHG�D�FRPSHOOLQJ�GHPRQVWUDWLRQ�
WKDW�IDFHV�DUH�SURFHVVHG�DV�ZKROHV��WKH�FRPSRVLWH�IDFH�HIIHFW��6SHFL¿FDOO\��DGXOWV�MXGJHG the similarity 
RI�VHTXHQWLDOO\�SUHVHQWHG�WRS�KDOYHV�RI�QRUPDO��RULJLQDO�FRQGLWLRQ��DQG�GLVWRUWHG�IDFHV�ZLWK�RQH�H\H�
�RQH�H\H�FRQGLWLRQ��RU�WZR�H\HV��WZR�H\HV�FRQGLWLRQ��VKLIWHG�XS�E\�DQ�DEQRUPDO�DPRXQW��7ULDOV�ZHUH�
HLWKHU�EORFNHG�E\�W\SH�RI�GLVWRUWLRQ��H[SHULPHQW����RU�LQWHUPL[HG�ZLWKLQ�WKH�H[SHULPHQW��H[SHULPHQW�����
,Q�ERWK�H[SHULPHQWV��SDUWLFLSDQWV�GHPRQVWUDWHG�D�FRPSRVLWH�IDFH�HIIHFW�RI�WKH�VDPH�PDJQLWXGH�LQ�WKH�
WKUHH� FRQGLWLRQV�� D� SDWWHUQ� VXJJHVWLQJ� WKDW� WKH\�SURFHVVHG�KROLVWLFDOO\� HYHQ� IDFHV�ZKRVH�¿UVW�RUGHU�
UHODWLRQV�ZHUH�YLRODWHG�
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1 Introduction
$GXOWV� DUH� H[SHUWV� DW� SURFHVVLQJ� IDFHV�� 7KH\� DUH� DEOH� WR� UHPHPEHU� KXQGUHGV� RI� IDFHV��
recognise a familiar face within half a second, and accurately extract information from faces 
DERXW�JHQGHU��DJH��HPRWLRQDO�H[SUHVVLRQ��DQG�GLUHFWLRQ�RI�JD]H��HJ�%UXFH�DQG�<RXQJ�������
&DUH\��������8QGHUO\LQJ� WKLV�H[SHUWLVH� LV� WKH�DELOLW\� WR�H[WUDFW� WKH�¿UVW�RUGHU�DQG�VHFRQG�
RUGHU� UHODWLRQV� RI� IDFHV�� First�RUGHU� UHODWLRQV� W\SLFDOO\� UHIHU� WR� WKH� IDFLDO� DUUDQJHPHQW� RI�
two aligned eyes above a nose, which is in turn above a mouth, that allows individuals to 
FDWHJRULVH�D�IDFH�UDSLGO\�DV�D�IDFH�DQG�QRW�DQ�REMHFW��%LHGHUPDQ�DQG�.DORFVDL�������'LDPRQG�
DQG�&DUH\�������0DXUHU�HW�DO������� 'HWHFWLQJ� IDFH�OLNH�¿UVW�RUGHU� UHODWLRQV� LV� IDFLOLWDWHG�
E\�WKH�IDFW�WKDW�DOO�IDFHV�VKDUH�WKH�VDPH�EDVLF�FRQ¿JXUDWLRQ��$V�D�UHVXOW��QRUPDOLVHG�IDFLDO�
UHSUHVHQWDWLRQV�FDQ�EH�VXSHULPSRVHG�DQG�WKH�UHVXOWLQJ�VWLPXOXV�UHPDLQV�UHFRJQLVDEO\�IDFH�
OLNH��'LDPRQG�DQG�&DUH\�������0DXUHU�HW�DO��������&RQYHUVHO\��VHFRQG�RUGHU�UHODWLRQV�UHIHU�
to the metric distances between these features that allow individuals to differentiate among 
IDFHV�RI�GLIIHUHQW�LQGLYLGXDOV��0DXUHU�HW�DO�������5RVVLRQ�������������

Adults’ expertise with faces also involves their ability to process faces holistically, as 
wholes,�UDWKHU�WKDQ�DV�VXPV�RI�LQGHSHQGHQW�IHDWXUHV��6HUJHQW�������7DQDND�DQG�)DUDK�������
<RXQJ�HW�DO��������(YLGHQFH�WKDW�IDFHV�DUH�SURFHVVHG�KROLVWLFDOO\�FRPHV�IURP�WKH�FRPSRVLWH�
IDFH�HIIHFW��&)(���7KLV�SHUFHSWXDO�LOOXVLRQ�ZDV�RULJLQDOO\�GHVFULEHG�DV�LQGLYLGXDOV¶�JUHDWHU�
GLI¿FXOW\�LQ�QDPLQJ�WKH�WRS�KDOI�RI�D�IDPLOLDU�IDFH�ZKHQ�LW�LV�DOLJQHG�ZLWK��UDWKHU�WKDQ�ODWHUDOO\�
RIIVHW�IURP��WKH�GLVWUDFWLQJ�ERWWRP�KDOI�RI�DQRWKHU�IDFH��<RXQJ�HW�DO��������7KH�LOOXVLRQ�ZDV�
DOVR�IRXQG�IRU�VDPH�GLIIHUHQW�MXGJPHQWV�DERXW�WKH�WRS�KDOYHV�RI�XQIDPLOLDU�IDFHV��IRU�D�UHYLHZ�
VHH�5RVVLRQ��������When faces are upright, performance on same trials is typically poorer in 
the aligned condition than in the misaligned condition, as revealed by worse accuracy and/
RU�ORQJHU�UHVSRQVH�WLPHV��HJ�GH�+HHULQJ�HW�DO�������*RIIDX[�DQG�5RVVLRQ�������/H�*UDQG�
HW�DO�������0LFKHO�HW�DO�����E��5RVVLRQ�DQG�%RUHPDQVH��������,QWHUHVWLQJO\��LW�ZDV�UHFHQWO\�

§�&XUUHQW�DGGUHVV��8QLYHUVLWp�&DWKROLTXH�GH�/RXYDLQ��)DFXOWp�GH�3V\FKRORJLH��/RXYDLQ�OD�1HXYH��%HOJLXP�
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demonstrated that bands of spatial frequencies that are oriented horizontally contribute more 
than vertically oriented bands to a number of phenomena illustrating adults’ expertise for 
XSULJKW�IDFHV�� LQFOXGLQJ�WKH�FRPSRVLWH�IDFH�HIIHFW��6SHFL¿FDOO\�DGXOWV�ZHUH�PRUH�VHQVLWLYH�
to the composite illusion when they were exposed to face stimuli preserving horizontally 
RULHQWHG�EDQGV�UDWKHU�WKDQ�VWLPXOL�SUHVHUYLQJ�YHUWLFDOO\�RULHQWHG�EDQGV��*RIIDX[�DQG�'DNLQ�
������VHH�DOVR�'DNLQ�DQG�:DWW�������

+ROLVWLF�SURFHVVLQJ�HPHUJHV�HDUO\�LQ�GHYHORSPHQW��7KUHH�PRQWK�ROG�LQIDQWV�DOUHDG\�VKRZ�
evidence of holistic face processing: after familiarisation with the top half of one face, they 
respond randomly to the choice of a completely novel face or a composite face with the familiar 
top half aligned with the bottom half of a novel face—unless the top halves are misaligned to 
EUHDN�KROLVWLF�SURFHVVLQJ��7XUDWL�HW�DO�����������WR���\HDU�ROG�SUHVFKRRO�FKLOGUHQ�DOVR�VKRZ�D�
FODVVLF�&)(�IRU� IDFHV��GH�+HHULQJ�HW�DO�������0DFFKL�&DVVLD�HW�DO��������$W� OHDVW� LQ�DGXOWV��
WKH�&)(�H[WHQGV�WR�XSULJKW�FKLPSDQ]HH�IDFHV��7DXEHUW��������ZKLFK�KDYH�¿UVW�RUGHU�UHODWLRQV�
VLPLODU�WR�WKRVH�RI�KXPDQV��EXW�QRW�WR�WKH�IDFHV�RI�RWKHU�DQLPDOV��HJ��JRULOODV��URRVWHUV��OL]DUGV��
RU�WR�REMHFWV�ZLWK�PRUH�GLVVLPLODU�¿UVW�RUGHU�UHODWLRQV��7DXEHUW��������1HYHUWKHOHVV��WKH�VWUHQJWK�
of holistic processing also appears to be tuned by experience so that it is stronger for the most 
H[SHULHQFHG�W\SHV�RI�IDFHV��QDPHO\�XSULJKW�DQG�RZQ�UDFH�IDFHV��0LFKHO�HW�DO�����D������E��

,Q�D�UHYLHZ��7VDR�DQG�/LYLQJVWRQH��������VXJJHVWHG�that adults’ holistic face processing 
follows automatically from face detection (for similar observations based on the face inversion 
effect, see 7DXEHUW� HW� DO�������� ,W� IROORZV� WKDW� D� VWLPXOXV� WKDW� LV�GLVWRUWHG� VR� WKDW� LW� LV�QRW�
GHWHFWHG�DV�D�IDFH�ZLOO�QRW�EH�SURFHVVHG�KROLVWLFDOO\��7DXEHUW�DQG�$ODLV��������VXSSRUWHG�this 
hypothesis by demonstrating that the CFE disappears when the top and bottom halves of a 
IDFH�DUH�SUHVHQWHG�VWHUHRVFRSLFDOO\�LQ�GLIIHUHQW�GHSWK�SODQHV�EXW�UH�HPHUJHV�ZKHQ�VWHUHR�SDLUV�
are slanted so as to create the impression that faces are coherently leaning towards or away 
IURP�WKH�REVHUYHU��In another experiment the same authors explored how much misalignment 
LV�QHHGHG�WR�DOORZ�DGXOWV�WR�PDNH�MXGJPHQWV�DERXW�WKH�WRS�KDOYHV�RI�IDFHV�ZLWKRXW�LQWHUIHUHQFH�
IURP�GLVFUHSDQW�ERWWRP�KDOYHV��WKDW�LV��KRZ�PXFK�PLVDOLJQPHQW�LV�QHFHVVDU\�WR�RIIVHW�KROLVWLF�
SURFHVVLQJ��:KHQ�WKH�VKLIW�ZDV�KRUL]RQWDO��VOLGLQJ�WKH�WRS�KDOI�WR�WKH�VLGH���DQ�RIIVHW�DV�VPDOO�
DV�D�TXDUWHU�IDFH�ZLGWK�ZDV�VXI¿FLHQW��EXW�ZKHQ�WKH�VKLIW�ZDV�YHUWLFDO��PRYLQJ�WKH�WRS�KDOI�
DZD\�IURP�WKH�ERWWRP�KDOI��OHDYLQJ�EODQN�VSDFH�LQ�EHWZHHQ���D�ODUJHU�VKLIW��RI�D�KDOI�IDFH�ZLGWK�
was necessary��7KH�DXWKRUV�DWWULEXWHG�WKH�GLIIHUHQFH�WR�WKH�IDFW�WKDW�ORQJ�IDFHV�DUH�VRPHWLPHV�
HQFRXQWHUHG�LQ�UHDO�OLIH�XQOLNH�IDFHV�ZLWK�WKHLU�SDUWV�ODWHUDOO\�RIIVHW��7KH\�FRQFOXGHG�IURP�
WKHVH�WZR�H[SHULPHQWV� WKDW�SUHVHUYHG�¿UVW�RUGHU�UHODWLRQV��WZR�DOLJQHG�H\HV�DERYH�D�QRVH��
ZKLFK�LV�LQ�WXUQ�DERYH�D�PRXWK��DQG�ELRORJLFDO�SODXVLELOLW\�DUH�SUHUHTXLVLWHV�IRU�KROLVWLF�IDFH�
SURFHVVLQJ��DV�PHDVXUHG�E\�WKH�&)(��&ROOHFWLYHO\��WKHVH�VWXGLHV�VXJJHVW�WKDW�DGXOWV�SURFHVV�
upright human faces holistically so long as they can be detected as a face (rather than an 
REMHFW�RU�VFUDPEOHG� LPDJH��EHFDXVH� WKH\�JURVVO\�SUHVHUYH� WKH�FRUUHFW�¿UVW�RUGHU� UHODWLRQV��
7KH�VWURQJHVW�DUJXPHQW�DJDLQVW�WKLV�FRQFOXVLRQ�FRPHV�IURP�WKH�REVHUYDWLRQ�WKDW�DGXOWV�VKRZ�
a CFE of the same magnitude for positive and negative faces (+ROH�HW�DO�������7DXEHUW�DQG�
$ODLV��������HYHQ�WKRXJK�QHJDWLYH�IDFHV�GR�QRW�ORRN�ELRORJLFDOO\�SODXVLEOH�DQG�DUH�GLI¿FXOW�WR�
GLIIHUHQWLDWH��*DOSHU�������*DVSDU�HW�DO��������:H�QRWH��KRZHYHU��WKDW�WKH\�GR�SUHVHUYH�WKH�
FRUUHFW�¿UVW�RUGHU�UHODWLRQV�

Here we tested the limits to holistic processing with faces in which we grossly distorted 
WKH�¿UVW�RUGHU�UHODWLRQV�E\�PRYLQJ�RQH�H\H�XS�ZHOO�EH\RQG�QDWXUDO�OLPLWV��)RU�FRPSDULVRQ��
ZH�XVHG�IDFHV�ZLWK�SUHVHUYHG�¿UVW�RUGHU�UHODWLRQV�EXW�ZLWK�WKH�VHFRQG�RUGHU�UHODWLRQV�DOWHUHG�
E\�WKH�VDPH�H[WHQW�VR�WKDW�ERWK�H\HV�DSSHDUHG�RXWVLGH�QDWXUDO�OLPLWV��,Q�D�WKLUG�FRQGLWLRQ��ZH�
XVHG�IDFHV�LQ�ZKLFK�ZH�KDG�QRW�PDQLSXODWHG�WKH�SRVLWLRQ�RI�WKH�H\HV��7KXV��ZH�FRPSDUHG�
the CFE for three sets of faces: QRUPDO�IDFHV��RULJLQDO�FRQGLWLRQ���IDFHV�with one eye moved 
XS�E\�DQ�DEQRUPDO�DPRXQW�WKDW�GLVUXSWHG�WKHLU�¿UVW�RUGHU�UHODWLRQV��RQH�H\H�FRQGLWLRQ���DQG�
IDFHV�ZLWK�WZR�H\HV�PRYHG�XS�E\�WKH�VDPH�DPRXQW�WKDW�SUHVHUYHG�WKH�¿UVW�RUGHU�UHODWLRQV�
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ZKLOH�EHLQJ�RXWVLGH�WKH�QRUPDO�UDQJH�RI�YDULDWLRQ��WZR�H\HV�FRQGLWLRQ���7KH�WULDOV�RI�WKH�WKUHH�
conditions ZHUH�HLWKHU�EORFNHG�E\�W\SH�RI�GLVWRUWLRQ��H[SHULPHQW����RU�LQWHUPL[HG�VR�DV�WR�
SUHYHQW�DGDSWDWLRQ�WR�WKH�GLVWRUWLRQ�GXULQJ�WKH�FRXUVH�RI�D�EORFN��H[SHULPHQW����

,I�SUHVHUYHG�¿UVW�RUGHU�UHODWLRQV�DUH�D�UHTXLUHPHQW�IRU�KROLVWLF�IDFH�SURFHVVLQJ��ZH�H[SHFWHG�
QR�HYLGHQFH�RI�KROLVWLF�IDFH�SURFHVVLQJ�IRU�WKH�XQQDWXUDO�IDFHV�RI�WKH�RQH�H\H�FRQGLWLRQ�VLQFH�
WKH\�YLRODWH�WKH�VXSHUSRVLWLRQ�UXOH��'LDPRQG�DQG�&DUH\�������0DXUHU�HW�DO�������ZKLOH�DOVR�
disrupting the horizontal bands of information that are critical for face recognition, including 
KROLVWLF�SURFHVVLQJ��*RIIDX[�DQG�'DNLQ��������7KH\�DUH�DOVR�PRUH�GLI¿FXOW�WR�UHFRJQLVH�DV�
a face than faces with distortions involving both eyes that keep them aligned (Cooper and 
:RMDQ��������:H�H[SHFWHG�D�W\SLFDO�&)(�IRU�WKH�RULJLQDO�IDFHV��HJ�+ROH�������DQG�SHUKDSV�
HYHQ�IRU� WKH� WZR�H\HV�FRQGLWLRQV�EHFDXVH� WKLV�PDQLSXODWLRQ�� OLNH� WKH�PLQLPDOO\�GLVUXSWLYH�
PDQLSXODWLRQ�RI� LQVHUWLQJ�D�JDS�EHWZHHQ� WKH� WRS�DQG�ERWWRP�KDOYHV��HJ�7DXEHUW�DQG�$ODLV�
������� SUHVHUYHG� WKH� EDVLF� VWUXFWXUH� RI� D� IDFH� RI� WZR� DOLJQHG� H\HV� DERYH� D� QRVH� DERYH� D�
PRXWK��HYHQ�WKRXJK�ERWK�H\HV�ZHUH�RXWVLGH�QDWXUDO�OLPLWV�

:H�XVHG�WKH�RULJLQDO�YHUVLRQ�RI�WKH�FRPSRVLWH�WDVN��+ROH�������UDWKHU�WKDQ�WKH�VR�FDOOHG�
IXOO�GHVLJQ�RI�5LFKOHU�DQG�FROOHDJXHV��HJ�5LFKOHU�HW�DO�������EHFDXVH�LW�WDSV�WKH�SHUFHSWXDO�
level of processing more directly since participants are instructed to pay attention only to 
WKH�WRS�KDOYHV�RI�WKH�IDFHV�IURP�WKH�VWDUW�UDWKHU�WKDQ�KDYLQJ�WR�KROG�WKH�¿UVW�VWLPXOXV�RI�HDFK�
trial in memory until being told at the time of the second stimulus to respond on the basis 
RI�WKH�VLPLODULW\�RI�WKH�WRS�KDOYHV�RU�RI�WKH�ERWWRP�KDOYHV��$QRWKHU�UHDVRQ�IRU�FKRRVLQJ�WKH�
WUDGLWLRQDO�GHVLJQ�LV�WKH�UHFHQW�HYLGHQFH�WKDW�WKH�&)(�LV�UHYHDOHG�LQ�HYHQW�UHODWHG�SRWHQWLDOV�DW�
DQ�HDUO\�VWDJH�RI�SHUFHSWLRQ�UDWKHU�WKDQ�D�ODWHU�GHFLVLRQDO�VWDJH��.XHIQHU�HW�DO�������

2 Experiment 1: Distortion type blocked
In experiment 1, the three types of faces were blocked so that participants could adopt an 
optimal strategy for each type of distortion by, for example, looking at the appropriate part 
RI�WKH�VFUHHQ�WR�PDNH�WKH�MXGJPHQW��:H�H[SHFWHG�WKLV�H[SHULPHQW�WR�PD[LPLVH�SDUWLFLSDQWV¶�
DELOLW\�WR�LJQRUH�WKH�ERWWRP�KDOYHV�RI�XQQDWXUDOO\�GLVWRUWHG�IDFHV�

���� �Methods
������ �Participants. 7ZHQW\�XQGHUJUDGXDWH�VWXGHQWV��IRXU�PDOHV��PHDQ�DJH�������\HDUV��DJH�
UDQJH����±���\HDUV����OHIW�KDQGHG��IURP�0F0DVWHU�8QLYHUVLW\�SDUWLFLSDWHG�LQ�WKH�VWXG\�IRU�
FRXUVH�FUHGLW��$OO�KDG�QRUPDO�RU�FRUUHFWHG�WR�QRUPDO�YLVLRQ��,QIRUPHG�ZULWWHQ�FRQVHQW�ZDV�
REWDLQHG�EHIRUH�SDUWLFLSDWLRQ�DQG�SDUWLFLSDQWV�ZHUH�GHEULHIHG�XSRQ�H[SHULPHQWDO�FRPSOHWLRQ�

������ �Stimuli. 6WLPXOL� ZHUH� FRORXUHG� GLJLWLVHG� IXOO�IURQW� photographs of ��� XQIDPLOLDU�
Caucasian adults ZKRVH�KDLU�KDG�EHHQ�FURSSHG�����PDOHV��QHXWUDO�H[SUHVVLRQ��IUHH�RI�MHZHOU\��
PDNHXS��JODVVHV��centred on a uniform white background��Each face was used twice in each 
RI�WKH�WKUHH�FRQGLWLRQV��RQFH�DV�D�WDUJHW�IDFH�DQG�RQFH�DV�D�SUREH�IDFH��7KHVH�LPDJHV�ZHUH�
considered as the undistorted faces and were further manipulated with Adobe Photoshop 
���� WR�FUHDWH� WKH� IDFHV�ZH�XVHG� LQ� WKH�RQH�H\H�FRQGLWLRQ�DQG� WKH� WZR�H\HV�FRQGLWLRQ��7KH�
undistorted faces were ����SL[HOV�ZLGH�DQG�WKHLU�KHLJKW�YDULHG�IURP�����SL[HOV�WR�����SL[HOV�
DFFRUGLQJ�WR�WKHLU�QDWXUDO�SURSRUWLRQV�

In the undistorted condition, an aligned trial was composed of an undistorted face 
paired with the same undistorted face with either the bottom half replaced by that of another 
XQGLVWRUWHG� IDFH� �DOLJQHG� VDPH� >$6�@� FRQGLWLRQ�� RU� ERWK� WKH� WRS�KDOI� DQG� WKH�ERWWRP�KDOI�
UHSODFHG� E\� WKDW� RI� DQRWKHU� XQGLVWRUWHG� IDFH� �DOLJQHG� GLIIHUHQW� >$'@� FRQGLWLRQ���7KH� IDFH�
KDOYHV�RI�HDFK�VWLPXOXV�ZHUH�ODWHUDOO\�RIIVHW�E\�KDOI�D�IDFH�ZLGWK�XVLQJ�$GREH�3KRWRVKRS�����
WR�FUHDWH�WKH�VWLPXOL�XVHG�LQ�WKH�PLVDOLJQHG�VDPH�FRQGLWLRQ��06��DQG�PLVDOLJQHG�GLIIHUHQW�
FRQGLWLRQ� �0'�� �¿JXUH����� 7KH� IDFHV� LQ� WKH� DOLJQHG� FRQGLWLRQ� VXEWHQGHG� DSSUR[LPDWHO\�
����î�����GHJ�RI�YLVXDO�DQJOH�ZKHQ�YLHZHG�IURP�����FP�
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7R�FUHDWH�WKH�IDFHV�IRU�WKH�RWKHU�FRQGLWLRQV��ZH�VKLIWHG�RQH�H\H��ò�OHIW��ò�ULJKW��RI�HDFK�
of the original undistorted faces XS�E\����SL[HOV�RU�ERWK�H\HV�XS�E\����SL[HOV��¿JXUH�����7KLV�
level of distortion puts the eyes in positions well outside the range found in adult Caucasian 
IDFHV��)DUNDV�HW�DO�������

������ �Procedure. $OO�SDUWLFLSDQWV�ZHUH�WHVWHG�LQ�D�GDUN�URRP�DQG�VHDWHG�����FP�IURP�D�'HOO�
7ULQLWURQ�3�����FRPSXWHU�VFUHHQ�PHDVXULQJ����FP�GLDJRQDOO\��6WLPXOL�ZHUH�JHQHUDWHG�E\�D�
0DF�PLQL��$SSOH��DQG�FRQWUROOHG�E\�6XSHUODE������E��$FFXUDF\����RI�FRUUHFW��DQG�UHDFWLRQ�
WLPHV��PV��ZHUH�UHFRUGHG��Participants were instructed that there would be three consecutive 
blocks in which they would have to compare the top halves of two sequentially presented 
faces in order to decide if they were RI�WKH�VDPH�LGHQWLW\�RU�RI�D�GLIIHUHQW�LGHQWLW\��7KH\�ZHUH�
asked to press the spacebar to launch the trial as well as to press the 1 key of the keyboard 
LI�WKH�WRS�KDOYHV�ZHUH�WKH�VDPH�DQG�WKH���NH\�LI�WKH\�ZHUH�GLIIHUHQW��7KH\�ZHUH�DOVR�WROG�WKDW�
VRPH�RI�WKH�IDFHV�ZRXOG�EH�GLVWRUWHG��EXW�WKDW�WKHLU�WDVN�UHPDLQHG�WKH�VDPH�

Participants began the experiment with ���SUDFWLFH�WULDOV�ZKLFK�LQFOXGHG���WULDOV�IURP�WKH�
RULJLQDO�FRQGLWLRQ����WULDOV�IURP�WKH�RQH�H\H�FRQGLWLRQ��DQG���WULDOV�IURP�WKH�WZR�H\HV�FRQGLWLRQ��
7KH\�ZHUH� WKHQ�JLYHQ� WKUHH�EORFNV�RI����� WULDOV� HDFK� �RULJLQDO²RQH�H\H²WZR�H\HV��� WKH�
RUGHU�RI�ZKLFK�ZDV�UDQGRPLVHG�DFURVV�SDUWLFLSDQWV��7KH\�ZHUH�SURYLGHG�ZLWK�VKRUW�EUHDNV�
every 96 trials and ZHUH�JLYHQ�QR�IHHGEDFN��(DFK�EORFN�ZDV�FRPSRVHG�RI����$6�����$'��
���06��DQG����0'�LQWHUPL[HG� WULDOV��(DFK� WULDO�VWDUWHG�ZLWK� WKH�SUHVHQWDWLRQ�RI�D�¿[DWLRQ�
cross at the centre of the computer screen and was followed by the consecutive presentation 
RI�WZR�FRPSRVLWH�IDFHV��ERWK�EHLQJ�HLWKHU�DOLJQHG�RU�PLVDOLJQHG��7KH�¿UVW�FRPSRVLWH�IDFH�ZDV�
SUHVHQWHG�LQ�WKH�PLGGOH�RI�WKH�VFUHHQ�IRU�����PV��WKHQ�DIWHU�D�����PV�LQWHU�VWLPXOXV�LQWHUYDO��

Figure 1. [In colour online, see http://dx.doi.org/10.1068/p7212@�([DPSOHV�RI� D� IDFH� VWLPXOXV� LQ� LWV�
XQGLVWRUWHG� IRUP� �RULJLQDO� FRQGLWLRQ���ZLWK�RQH�H\H�PRYHG�XS�E\����SL[HOV� �RQH�H\H�FRQGLWLRQ��RU�
ZLWK�WZR�H\HV�PRYHG�XS�E\����SL[HOV��WZR�H\HV�FRQGLWLRQ���DQG�ZLWK�WKH�WRS�DQG�ERWWRP�KDOYHV�HLWKHU�
DOLJQHG�ZLWK�HDFK�RWKHU�RU�PLVDOLJQHG�E\�D�KRUL]RQWDO�RIIVHW�
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WKH�VHFRQG�FRPSRVLWH�VWLPXOXV�ZDV�VKRZQ�XQWLO�SDUWLFLSDQWV�PDGH�D� UHVSRQVH�� ,Q�RUGHU� WR�
discourage participants from basing their responses on luminance differences, the position 
RI�WKH�VHFRQG�IDFH�ZDV�VKLIWHG�IURP�WKH�RULJLQDO�ORFDWLRQ�E\����SL[HOV�XS�DQG����SL[HOV�ULJKW�
VR�WKDW�WKH�WZR�VHTXHQWLDOO\�SUHVHQWHG�IDFHV�DSSHDUHG�DW�VOLJKWO\�GLIIHUHQW�VFUHHQ�ORFDWLRQV�

������ �Analyses. :H�EDVHG�WKH�DQDO\VHV�RQ�VDPH�WULDOV��$6�WULDOV�YV�06�WULDOV��GXULQJ�ZKLFK�
WKH�GLIIHUHQW�ERWWRP�KDOYHV�PDNH�LW�PRUH�GLI¿FXOW�WR�SHUFHLYH�WKDW�WKH�WRS�KDOYHV�DUH�WKH�VDPH�
LQ�WKH�DOLJQHG�FRQGLWLRQ�WKDQ�LQ�WKH�PLVDOLJQHG�FRQGLWLRQ��<RXQJ�HW�DO��������6SHFL¿FDOO\��ZH�
tested whether participants’ CFE differed in the three conditions of interest by performing 
UHSHDWHG�PHDVXUHV� DQDO\VHV� RI� YDULDQFH� �$129$V�� RQ� ERWK� DFFXUDF\� ��� FRUUHFW�� DQG� WKH�
PHDQV�RI�PHGLDQ�FRUUHFW�UHDFWLRQ�WLPHV��PV���ZLWK�WKH�DOLJQPHQW�RI�WKH�IDFH�SDUWV��DOLJQHG�
YV�PLVDOLJQHG��DQG�WKH�FRQGLWLRQ��RULJLQDO�YV�RQH�H\H�YV�WZR�H\HV��DV�ZLWKLQ�VXEMHFW�IDFWRUV��
:H�DOVR�SHUIRUPHG�WZR�WDLOHG�SDLUHG�t-WHVWV�EHWZHHQ�WKH�$6�FRQGLWLRQ�DQG�WKH�06�FRQGLWLRQ�
WR� WHVW� WKH�VLJQL¿FDQFH�RI� WKH�&)(� LQ�HDFK�FRQGLWLRQ��:H�FRQFHQWUDWHG�RQ� WKH�DQDO\VHV�RI�
UHDFWLRQ�WLPHV�EHFDXVH�PDQ\�SDUWLFLSDQWV¶�DFFXUDF\�ZDV�QHDU�FHLOLQJ�IRU�WKH�06�FRQGLWLRQ��
PDNLQJ�LW�GLI¿FXOW�WR�HVWLPDWH�WKH�PDJQLWXGH�RI�WKHLU�&)(�

���� �Results
)RU�WULDOV�RI�LQWHUHVW��$6�YV�06�WULDOV���WKHUH�ZDV�D�PDLQ�HIIHFW�RI�WKH�DOLJQPHQW�RI�WKH�IDFH�
halves (F1, 19� ��������p  �������RQ�SDUWLFLSDQWV¶�DFFXUDF\ because they were more accurate 
RQ�PLVDOLJQHG�WULDOV��06��WKDQ�RQ�DOLJQHG�WULDOV��$6���7KHUH was no difference between the 
three conditions of interest (F������ ��������p� ������ and the effect of alignment did not differ 
among the conditions, as shown by the absence of interaction between the condition and the 
alignment of the face halves (F������ ��������p� ��������¿JXUH��D���)RU�GLIIHUHQW� WULDOV�� WKHUH�
ZDV�D�VLJQL¿FDQW�HIIHFW�RI�FRQGLWLRQ��F������ ��������p� �������EHFDXVH�SDUWLFLSDQWV�SHUIRUPHG�
VOLJKWO\�EHWWHU�LQ�WKH�WZR�H\HV�FRQGLWLRQ��M� ������6(� �����WKDQ�LQ�WKH�RULJLQDO�FRQGLWLRQ�
(M� ������6(� �����DQG� WKH�RQH�H\H�FRQGLWLRQ� �M� ������6(� ������7KHUH�ZDV�DOVR�QR�
HIIHFW� RI� DOLJQPHQW� �$'� YV�0'��F1, 19� �������� p� ������� DQG� QR� LQWHUDFWLRQ� EHWZHHQ� WKH�
alignment and the testing conditions (F������ ��������p� �������

Figure 2. 3DUWLFLSDQWV¶�SURSRUWLRQ�RI�FRUUHFW� UHVSRQVHV� �D��DQG�PHDQ�FRUUHFW� UHDFWLRQ� WLPHV� �E�� IRU�
DOLJQHG�VDPH��$6��DQG�PLVDOLJQHG�VDPH��06��WULDOV�IRU�WKH�WKUHH�EORFNHG�FRQGLWLRQV�RI�H[SHULPHQW����
6KRZQ�DUH�WKH�PHDQV�DFURVV�SDUWLFLSDQWV�DQG�WKH�EHWZHHQ�VXEMHFWV�VWDQGDUG�HUURUV�
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For reaction times, there was a main effect of the alignment of the face halves ($6�YV�
06� WULDOV: F������ ��������� p �������, participants being much faster in the misaligned 
FRQGLWLRQ��06��WKDQ�LQ�WKH�DOLJQHG�FRQGLWLRQ��$6���+RZHYHU��WKHUH�ZDV�QR�HIIHFW�RI�condition 
(F������ ��������p� ������ or interaction between the condition and the alignment of the face 
(F������ ��������p� ��������¿JXUH��E���6XEVHTXHQW�DQDO\VHV�IRU�HDFK�FRQGLWLRQ�VHSDUDWHO\��WZR�
tailed paired t�WHVWV��LQGLFDWHG�D�VLJQL¿FDQW�&)(�LQ�WKH�RULJLQDO�FRQGLWLRQ��$6��M� �����PV��
6(� ����PV��06��M� �����PV��6(� ����PV��t19� ��������p� ��������WKH�RQH�H\H�FRQGLWLRQ��$6��
M� �����PV��6(� ����PV��06��M� �����PV��6(� ����PV��t19� ��������p� ��������DQG�WKH�WZR�
H\HV� FRQGLWLRQ� �$6��M� �����PV�� 6(� ����PV��06��M� �����PV�� 6(� ����PV�� t19� ��������
p� ������� For different trials there was no effect of condition (F������ �������� p� ��������
QR�HIIHFW�RI�DOLJQPHQW��$'�YV�0'��F������ ��������p� �������DQG�QR�LQWHUDFWLRQ�EHWZHHQ�WKH�
alignment and the testing conditions (F������ ��������p� �������

3 Experiment 2: Distortion type intermixed
:H�UDQ�D�VHFRQG�H[SHULPHQW�WKDW�ZDV�LGHQWLFDO�WR�H[SHULPHQW����H[FHSW�WKDW�WKH�WULDOV�ZLWK�RQH�
H\H�DQG�WZR�H\HV�GLVWRUWLRQV�ZHUH�LQWHUPL[HG�ZLWK�WKH�RULJLQDO�WULDOV�EHFDXVH�LW�ZDV�SRVVLEOH�
WKDW�WKH�UHVXOWV�RI�H[SHULPHQW���ZHUH�LQÀXHQFHG�E\�DGDSWDWLRQ�GXULQJ�HDFK�EORFN�WKDW�FDXVHG�
SDUWLFLSDQWV�WR�VHH�WKH�GLVWRUWHG�IDFHV�DV�PRUH�QRUPDO�DV�WKH�GLVWRUWHG�EORFN�SURJUHVVHG��7KLV�
K\SRWKHVLV�LV�XQOLNHO\�WR�H[SODLQ�WKH�UHVXOWV�IRU�WKH�RQH�H\H�FRQGLWLRQ�RI�H[SHULPHQW���EHFDXVH�
WKH�GLVWRUWLRQ�LQYROYHG�WKH�ULJKW�H\H�KDOI�WKH�WLPH�DQG�WKH�OHIW�H\H�WKH�RWKHU�KDOI��1HYHUWKHOHVV��
ZH�UDQ�H[SHULPHQW���WR�PLQLPLVH�DGDSWDWLRQ�LQ�HYHU\�FRQGLWLRQ�DQG�WR�GHWHUPLQH�ZKHWKHU�ZH�
FRXOG�UHSOLFDWH�WKH�SDWWHUQ�LQ�H[SHULPHQW���ZLWK�LQWHUPL[HG�GLVWRUWLRQV�

���� �Methods
������ �Participants. 7KH�¿QDO�VDPSOH�FRQVLVWHG�RI� WZHQW\�SDUWLFLSDQWV��7KH\�ZHUH�VWXGHQWV�
IURP�0F0DVWHU�8QLYHUVLW\�SDUWLFLSDWLQJ�IRU�FRXUVH�FUHGLW��$Q�DGGLWLRQDO�VXEMHFW�ZDV�WHVWHG�
but her data were excluded because her results were close to chance for the different conditions 
ZLWK�XQGLVWRUWHG�LPDJHV���$'� ������0'� �������WKDW�LV��WKH�FRQGLWLRQ�ZKHUH�SHUIRUPDQFH�
is expected to be good because holistic processing does not interfere with correct different 
UHVSRQVHV��7KHUHIRUH��WKH�¿QDO�VDPSOH�FRQVLVWHG�RI�WZHQW\�SDUWLFLSDQWV��WKUHH�PDOHV��PHDQ�
age: �����\HDUV��DJH�UDQJH����±���\HDUV��RQH�OHIW�KDQGHG�� As for experiment 1, all of them 
KDG� QRUPDO� RU� FRUUHFWHG�WR�QRUPDO� YLVLRQ�� WKH\� VLJQHG� DQ� LQIRUPHG� FRQVHQW� IRUP� EHIRUH�
SDUWLFLSDWLRQ��DQG�WKH\�ZHUH�GHEULHIHG�XSRQ�H[SHULPHQWDO�FRPSOHWLRQ�

������ �Stimuli. 7KH�VWLPXOL�ZHUH�LGHQWLFDO�WR�WKRVH�XVHG�LQ�H[SHULPHQW���

������ �Procedure. 7KH�SURFHGXUH�ZDV�WKH�VDPH�DV�WKDW�XVHG�LQ�H[SHULPHQW���ZLWK�WKH�H[FHSWLRQ�
WKDW�WKH�WULDOV�RI�WKH�RULJLQDO�FRQGLWLRQ��WKH�RQH�H\H�FRQGLWLRQ�DQG�WKH�WZR�H\HV�FRQGLWLRQ�ZHUH�
LQWHUPL[HG��,Q�WRWDO��WKHUH�ZHUH�����WULDOV������SHU�FRQGLWLRQ��DV�LQ�H[SHULPHQW����with ����$6�
WULDOV������$'�WULDOV������06�WULDOV��DQG�����0'�WULDOV��$V�LQ�H[SHULPHQW����SDUWLFLSDQWV�ZHUH�
provided with short breaks every 96 trials and ZHUH�JLYHQ�QR�IHHGEDFN�

������ �Analyses. 7KH�DQDO\VHV�ZHUH�WKH�VDPH�DV�WKRVH�XVHG�IRU�H[SHULPHQW���

���� �Results
7KHUH�ZDV�D main effect of the alignment of the face halves for trials of interest on participants’ 
accuracy ($6�YV�06�WULDOV��F1, 19� ��������p  ��������7KHUH�ZDV�DOVR�D�GLIIHUHQFH�LQ�DFFXUDF\�
between the three conditions (F������������� ���� ��������p� ������ because participants performed 
RQ�DYHUDJH�EHWWHU�LQ�WKH�RQH�H\H�FRQGLWLRQ��M� ������6(� �����WKDQ�LQ�WKH�RULJLQDO�FRQGLWLRQ�
(M� ������6(� �����DQG�WKH�WZR�H\HV�FRQGLWLRQ��M� ������6(� ������7KH�HIIHFW�RI�DOLJQPHQW�

�����:H�XVHG�D�*UHHQKRXVH±*HLVVHU¶V�FRUUHFWLRQ�ZKHQ�WKH�GDWD�ZHUH�QRW�QRUPDOO\�GLVWULEXWHG�DFFRUGLQJ�
WR�WKH�0DXFKO\¶V�WHVW�RI�VSKHULFLW\�
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did not differ between conditions, as shown by the absence of interaction between alignment 
and condition  (F������ ��������p� ��������¿JXUH��D�� For different trials, there was no effect of 
condition (F������ ��������p� ��������QR�HIIHFW�RI�DOLJQPHQW��$'�YV�0'��F1, 19� ��������p� �������
or interaction between the alignment and the testing condition (F������ ��������p� �������

)RU� WULDOV� RI� LQWHUHVW� �$6� YV�06� WULDOV��� WKHUH�ZDV� D�PDLQ� HIIHFW� RI� WKH� DOLJQPHQW� RI�
the face halves on participants’ median correct reaction times (F1, 19� ��������� p ������� 
EHFDXVH�WKH\�ZHUH�PXFK�IDVWHU�ZKHQ�PDWFKLQJ�WKH�WRS�KDOYHV�LQ�WKH�06�FRQGLWLRQ�WKDQ�LQ�
WKH�$6�FRQGLWLRQ��7KHUH�ZDV�QR�GLIIHUHQFH�EHWZHHQ�WKH�WKUHH�FRQGLWLRQV��F�������������� ��������
p� ������ and the effect of alignment did not differ between these conditions (absence of 
LQWHUDFWLRQ�FRQGLWLRQ�î�DOLJQPHQW��F������ ��������p� ������� �¿JXUH��E���6XEVHTXHQW� DQDO\VHV�
�WZR�WDLOHG� SDLUHG� t�WHVWV�� IRU� HDFK� FRQGLWLRQ� VHSDUDWHO\� LQGLFDWHG� D� VLJQL¿FDQW� &)(� LQ�
WKH� RULJLQDO� FRQGLWLRQ� �$6�� M� ������ PV�� 6(� ����PV�� 06�� M� �����PV�� 6(� ����PV��
t19� ��������p� ��������WKH�RQH�H\H�FRQGLWLRQ��$6��M� �����PV��6(� ����PV��06��M� �����PV��
6(� ����PV�t19� ��������p� ��������DQG�WKH�WZR�H\HV�FRQGLWLRQ��$6��M� �����PV��6(� ����PV��
06��M� �����PV��6(� �����t19� ��������p��������� For different trials, there was a main effect 
of condition (F(��������������� ��������p� ������� EHFDXVH� SDUWLFLSDQWV�ZHUH� HTXDOO\� IDVW� LQ� WKH�
WZR�H\HV�FRQGLWLRQ� �M� �����PV��6(� ����PV�� DQG� LQ� WKH�RULJLQDO� FRQGLWLRQ� �M� �����PV��
6(� ����PV��ZKLOH�EHLQJ�JHQHUDOO\�VORZHU�LQ�RQH�H\H�FRQGLWLRQ��M� �����PV��6(� ����PV���
7KHUH�ZDV�DOVR�QR�HIIHFW�RI�DOLJQPHQW�IRU�GLIIHUHQW�WULDOV��$'�YV�0'��F1, 19� �������p� �������
and no interaction between alignment and the testing condition (F������ ��������p� �������

Figure 3. 3DUWLFLSDQWV¶�SURSRUWLRQ�RI�FRUUHFW�UHVSRQVHV��D��DQG�PHDQ�FRUUHFW�UHDFWLRQ�WLPHV��E��IRU�WKH�
DOLJQHG�VDPH��$6��DQG�WKH�PLVDOLJQHG�VDPH��06��WULDOV�LQ�H[SHULPHQW���ZKHQ�WKH�WKUHH�FRQGLWLRQV�RI�
LQWHUHVW�ZHUH� LQWHUPL[HG��6KRZQ�DUH� WKH�PHDQV�DFURVV�SDUWLFLSDQWV�DQG� WKH�ZLWKLQ�VXEMHFW� VWDQGDUG�
HUURUV�
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4 General discussion
,Q�WKLV�VWXG\�ZH�WHVWHG�ZKHWKHU�DGXOWV¶�FRPSRVLWH�IDFH�HIIHFW��&)(��SHUVLVWV�GHVSLWH��GLVWRUWLRQV�
WR� WKH� IDFH� WKDW� PRYHG� WKH� H\HV� RXWVLGH� QDWXUDO� OLPLWV�� 6XUSULVLQJO\�� WKH� PDJQLWXGH� RI�
participants’ CFE did not differ for undistorted faces and faces made biologically implausible 
EHFDXVH�RQH�H\H��RQH�H\H�FRQGLWLRQ��RU�WZR�H\HV��WZR�H\HV�FRQGLWLRQ��ZHUH�VKLIWHG�XS�E\�DQ�
DEQRUPDO�DPRXQW��7KH�VDPH�SDWWHUQ�RI�IDVWHU�UHDFWLRQ�WLPHV�IRU�PLVDOLJQHG�VDPH�WULDOV�WKDQ�
for aligned same trials was found in all three conditions whether the face manipulation was 
EORFNHG��H[SHULPHQW����RU�LQWHUPL[HG��H[SHULPHQW����ZLWKLQ�WKH�H[SHULPHQW�

7KH�UHVXOWV�IRU�WKH�WZR�H\HV�FRQGLWLRQ�¿W�ZLWK�WKH�REVHUYDWLRQ�WKDW�KROLVWLF�IDFH�SURFHVVLQJ�
extends to some types of faces that are not natural human faces but that grossly preserve the 
FRUUHFW�¿UVW�RUGHU�UHODWLRQV��WZR�DOLJQHG�H\HV�DERYH�D�QRVH��ZKLFK�LV�DERYH�D�PRXWK���VXFK�DV�
IDFHV�ZLWK�D�JDS�EHWZHHQ�WKH�WRS�DQG�ERWWRP�KDOYHV��7DXEHUW�DQG�$ODLV��������QHJDWLYH�IDFHV�
(+ROH�HW�DO�������7DXEHUW�DQG�$ODLV��������DQG�FKLPSDQ]HH�IDFHV��7DXEHUW��������+RZHYHU��
ZH�DOVR�IRXQG�WKDW�DGXOWV�SURFHVV�KROLVWLFDOO\�IDFHV�WKDW�GLVWRUW�WKH�¿UVW�RUGHU�UHODWLRQV�RI�IDFHV�
because their eyes were moved asymmetrically, again with a CFE as large as for undistorted 
IDFHV��7KHVH�UHVXOWV�DUH�VXUSULVLQJ�LQ�OLJKW�RI�KLHUDUFKLFDO�PRGHOV�RI�IDFH�SURFHVVLQJ��HJ�7VDR�
DQG�/LYLQJVWRQH�������DFFRUGLQJ�WR�ZKLFK�VWLPXOL�WKDW�YLRODWH�WKH�¿UVW�RUGHU�UHODWLRQV�RI�IDFHV�
ZLOO�QRW�EH�SURFHVVHG�KROLVWLFDOO\�VLQFH�WKH\�FDQQRW�EH�GHWHFWHG��LQ�WKH�¿UVW�SODFH��DV�IDFHV�
�VHH�&RRSHU�DQG�:RMDQ������IRU�HPSLULFDO�YHUL¿FDWLRQ�WKDW�WKH\�DUH�UHFRJQLVHG�OHVV�HDVLO\�DV�
D�IDFH�WKDQ�IDFHV�LQ�ZKLFK�WKH�H\H�GLVWRUWLRQV�NHHS�WKHP�DOLJQHG���7KH\�DUH�DOVR�VXUSULVLQJ�
EHFDXVH� WKH�PDQLSXODWLRQ� LQ� WKH� RQH�H\H� FRQGLWLRQ� EUHDNV� XS� WKH� KRUL]RQWDOO\� RULHQWDWHG�
bands of information across the eye region that has shown to be important for the processing 
RI�IDFLDO�LGHQWLW\��&RRSHU�DQG�:RMDQ�������DQG�LQ�OLJKW�RI�HYLGHQFH�WKDW�WKH�PDJQLWXGH�RI�
the CFE is related to experience, being larger for the types of faces individuals experience 
PRVW�RIWHQ��XSULJKW��RZQ�UDFH��(eg +ROH�������0LFKHO�HW�DO�����D������E���$V�D�UHVXOW�RI�
prior experience, one would have expected to observe a stronger CFE for the undistorted 
RZQ�UDFH�XSULJKW�IDFHV�ZH�XVHG�WKDQ�IRU�IDFHV�ZLWK�RQH�H\H�RU�ERWK�H\HV�PRYHG�XS�EH\RQG�
QDWXUDO�OLPLWV�

2YHUDOO��RXU�UHVXOWV�VXJJHVW�WKDW�SUHVHUYHG�¿UVW�RUGHU�UHODWLRQV�DUH�QRW�D�UHTXLUHPHQW�IRU�
KROLVWLF�IDFH�SURFHVVLQJ��:H�VSHFXODWH�WKDW�ZKDW�PD\�EH�QHFHVVDU\�DQG�VXI¿FLHQW�WR�HOLFLW�D�
CFE is a number of recognisable IDFLDO� IHDWXUHV�ERXQGHG�E\�D�KXPDQ�OLNH� IDFLDO�FRQWRXU��
,QGHHG�QHZERUQV�DUH�DOUHDG\�VHQVLWLYH�WR�WKH�FRQJUXHQF\�RI�WKHVH�HOHPHQWV��7XUDWL��������DQG�
DGXOWV�MXGJH�IDFLDO�LGHQWLW\�XVLQJ�ERWK�WKH�LQWHUQDO�IHDWXUHV�DQG�WKH�H[WHUQDO�FRQWRXU of a face 
�+DLJ�������6LQKD�DQG�3RJJLR��������0RUH�VSHFL¿FDOO\��ZH�VSHFXODWH�WKDW�D�&)(�ZRXOG�IDLO�
WR�HPHUJH�LI�WKH�FRQWRXU�RU�IHDWXUHV�DUH�QRW�GHWHFWHG�WR�EH�WKRVH�RI�D�KXPDQ�IDFH��,I�WKLV�LV�WKH�
case, the absence of a CFE for faces of gorillas, spider monkeys, sheep, chickens, and Jacky 
OL]DUGV��7DXEHUW�������FDQ�EH�H[SODLQHG�E\�WKH�IDFW� WKDW� WKH�IDFH�FRQWRXU�RI�WKHVH�VSHFLHV��
unlike chimpanzee faces, is very different from that of human faces while their feature shapes 
PD\�DOVR�EH�VXI¿FLHQWO\�GLIIHUHQW�QRW�WR�EH�UHFRJQLVHG�UHDGLO\�DV�KXPDQ�IDFH�SDUWV��6LPLODUO\�
the progressive tuning of the CFE, and by implication of holistic face processing, for the 
PRVW�H[SHULHQFHG�IDFH�FDWHJRU\�FRXOG�DULVH�IURP�WKH�¿QHU�SURFHVVLQJ�RI�WKH�IDFLDO�IHDWXUHV�
DQG�RI�WKH�FRQWRXU�RI�PHPEHUV�RI�WKDW�FDWHJRU\��7KLV�YLHZ�LV�FRQVLVWHQW�ZLWK�HYLGHQFH�WKDW�
adults discriminate and recognise more accurately and more quickly the facial features of 
RZQ�UDFH�IDFHV�WKDQ�RWKHU�UDFH�IDFHV��HJ�5KRGHV�HW�DO�������DQG�WKDW�WKH�DELOLW\�WR�SURFHVV�
IHDWXUH�VKDSHV�LPSURYHV�ZLWK�DJH��0RQGORFK�HW�DO��������+RZHYHU�LW�LV�GLI¿FXOW�WR�UHFRQFLOH�
with the absence of a difference in the size of the CFE for humans (Cohen’s d�VWDWLVWLF� �������
and chimpanzees (Cohen’s d� VWDWLVWLF� ������� �7DXEHUW� ������� DOWKRXJK� LW� LV� SRVVLEOH� WKDW�
SDUWLFLSDQWV¶� DWWHQWLRQDO� DQG� HPRWLRQDO� UHDFWLRQV� PRGXODWH� WKH� HIIHFW� IRU� RWKHU�UDFH� IDFHV�
�$FNHUPDQ�HW�DO��������EXW�QRW�IRU�FKLPSDQ]HH�IDFHV��ZKLFK�PRVW�DGXOWV�GHVFULEH�DV�FXWH�
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In sum, we found that adults showed a CFE of the same magnitude for undistorted faces 
�RULJLQDO�FRQGLWLRQ��� IDFHV�with one eye moved up by an abnormal amount that disrupted 
WKHLU�¿UVW�RUGHU�UHODWLRQV��RQH�H\H�FRQGLWLRQ��DQG�IDFHV�ZLWK�WZR�H\HV�PRYHG�XS�E\�WKH�VDPH�
DPRXQW�WKDW�SUHVHUYHG�WKH�¿UVW�RUGHU�UHODWLRQV��WZR�H\HV�FRQGLWLRQ���D�SDWWHUQ�VXJJHVWLQJ�WKDW�
WKH\�SURFHVVHG�KROLVWLFDOO\�HYHQ�IDFHV�WKDW�ZHUH�QRW�ELRORJLFDOO\�SRVVLEOH�DQG�ZKRVH�¿UVW�RUGHU�
UHODWLRQV�ZHUH�YLRODWHG��)XWXUH�VWXGLHV�PLJKW�LQYHVWLJDWH�PRUH�VSHFL¿FDOO\�WKH�H[WHQW�WR�ZKLFK�
LPSRYHULVKHG�IDFHV�FDQ�LQGXFH�KROLVWLF�IDFH�SURFHVVLQJ��)RU�H[DPSOH��LW�ZRXOG�EH�LQWHUHVWLQJ�
WR�WHVW�ZKHWKHU�DGXOWV�VKRZ�D�&)(�IRU�VWLPXOL�ZLWK�RQO\�KXPDQ�OLNH�FRQWRXUV��1HXURLPDJLQJ�
GDWD�VXJJHVW�WKDW�WKLV�IHDWXUH�DORQH�LV�SUREDEO\�QRW�VXI¿FLHQW�WR�LQGXFH�D�&)(�VLQFH�DOO�WKUHH�
IDFH�VHOHFWLYH�UHJLRQV��))$��2)$��676��UHVSRQG�DFWLYHO\�WR�LW��/LX�HW�DO��������ZKHUHDV�RQO\�
WKH�))$�UHVSRQGV�ZLWK�D�SDWWHUQ�PLPLFNLQJ�WKH�&)(��6FKLOW]�DQG�5RVVLRQ�������
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