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Face and Object Recognition
How Do They Differ?

ELINOR MCKONE

INTRODUCTION

his clupter reviews an extensive set of indings arguing that visual recogni-

tion of fuces and objects differs eritieally in style of computational process.

ing. It provides a tutorinl-style review of what face-recognition researchers

misan by “holisticieanfiguml”® processing and deseribes the minltiple paradigns

showing that holisticiconfigural processing is limited 1o the structural form of

upright faces, Tt then brings together several streams of literature to present a theo-

rotical cuse that holisticioon figural processing and part-based processing differ in
patterns of sensitivity to prior CXpeTicnee.

Findings show holistiofionfigural processing is not learnable for objects, even

with expertise; is insensitive to amount of experience with dilferent viewpaoints

ol faces; wnd (contrary o

warly ideas) does nol require many years of CXPOSIIT
to develop in childhood. Holisticconfgural processing is sensitive 1o expericnce
cim that, for fieees as an entire class, it bas o eritical period in infancy and that,
steliyipes (e, rees) of upright Bices, it can weaken or strengthen
Wironghiont Tife Tn contrast, prart hased _.__.__.!A._ff._:_.ﬂ. ax oceurs for bath faces and
uhjects, is stromgly sensitive to experience, It improves rapidly, even with cxperi-

il practice, and hins no erftieal period in infaney for exposure to particular
wetural forms,

RATIOMALE

My research interests lie primarily in face recognition, particulardy the perceptual
[rmesses imvolved in oo identification. In ..:.,ﬁ..:_..._..__m to understund these pro-
e, a fundume HEWET b
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it, wee thes ok know, for exnple, whether compu the

. ' ity of developines prosopagnosia. Readers should note this chaptor
Ren rocogniton il enough to perform wais linalized in August, 2007, and that only researeh wailshle up until that date
i
m ol all ethier objects {presumably easier) is reviewed
e steuetnral form of faces alone. As another exunple, we do

oar cin T_n. —

TECOT

b % . A DIFFERENT COMPUTATIONAL STYLE
 vistnl processes of face and abject recognition—perliaps deviving (rom their

_“._._:._.n.q..__. __u.._‘._- of social importanee or thaesir o ..:...q_ -:_..._"__: socdal coimpnnica- FOR RECOGNIZIMNG FACES AMND OBJECTS:
tiom, Sl won evelutionary mechanism it HOLISTIC AND PART-BASED PROCESSING
gt drive recognition _._7_.._.‘__._._ e v lsnnl st Vi i gerweral?

This chiapter presents o strong thesis in answer fo this cpuestion, 1
visual reommition of faces and objects differs in
st bomal processing wsedd 1o bbesstily thiem,

In the context of the fnce-recognition litersture, 1

thoughit to involve especially strong integration of i
regrion (excluding

listicioonfigural processing is
wmkion across the whole fuee
ulr), which oceurs at o m._._._...;_-:...._ leved for stinmli that redquine
ation based oo second-order devistions from a shared first-order confipo
rutionl. First-order strocture is delined as 5
stanclined configuration of eyves above
ticn™ 1 :

{h) the _.._.._

processing o prior cxperienc .r_x.:._r.._.__T Ia
t ohijects, and that this “special™ styl
e (g, [ Hew with

il style « .
confignral processing oocurs for faces
¢ ypes of acduli exper
ilehough experience is required during o
ssing bs the means for i
ani] eart be easily legarmnes

wdard parts—eves, mose, oto.—in tie
nose above moutl, By “secomd-arder informa-
il exemplar deviations fron this stricture—for example, in
exaet distances between leatiures or in exact leature shape. In the extreme view leg,

Tanaka & Farah, 1993), _:_.__u.—u_n..._qﬁ:__u.ﬂ..ﬁ__ ProCessing comprises no n_i.__.__—._u._.xﬂ_rz"_
o sl ler [riarts il all, ._______.___ﬂ_. anc ber commg

[rrocessing is bsaensitve
cts ar with

_L R

eritical period in infancy, In
ng objects, and this & highly
ot classes of ahject even as an adull

ote that these differences are bocated at the stago of
ol recopuition” (oourring in infieraor & ateral regions of the tempol
amd should not be taken ta mply a thiat Face and object processing
will be different in all possible ways, Many other stages of the processing stream
will oeeur in common Tor both stimulus types, s | proeessing
post-recognit Hwve dhecision mechanisms, possible ivol ol work
memory in tl It is also very likely that fnce and object systim
shiaree some operational principles in common; for example, all visual recogunition
systems shiow fregquency effects in which reaction tines are lastes el H.._:_.,..:_ ul o .
' aging (MR]) BOLD response is lower to . Iy new review results from relevant empirical paradigms. Except where otlier-
b wite mentioned, all results to be deseribed come | studies wsing realistic face
stiuli (nsually grayse: .“_...__c_:n_.;_._.z Another important fact to note is that all

e results to be described come Tram “ord iy people—that is
ared vWery “_h____.z_

; . lew is that it is based on somme
ol et Py oof _5._.;.____1..-"__,. strong reintegration following initial part decomposition
Halistic/confignml processing is usually contrasted with part-based, kecal, cor
il analysis, where parts of an object {or a face) are treated ¢
Spirieal evidence indicates that invertod faces, sernmbled
el objects are processed in o part-based fashion, while only ipright faces
are processed holistieallyconfigurally. Evidence also indicates that upright liees
recebve both configunl processing and part-based processing, rther thun only
iz Thus, « aviorl tasks, performance witl .u_.___“_n___—
aseeel on o combination of the two processing types

as carly vis

connfig

1 many |

magnetie e
s ..._..__:___._.:z__ tey levw-Tiim .

Tlis ._.__._.H:q._ ilso hias several other aims. | present o sl
review of the paradigns dissoviating faces from objects thnt bs clesstgmed bo b i
oy researehers vew o the field of behmdoal studies of holisticonfigarl process at recognizing individual faces but have no special expertise
For reidors cxpert in this arci, certain material in the review section—parti il * other object eliss or elasses included in the experiment. In the literature,
sociation hetween coding of suacing ane Jocpl fenture inlonm wancly peaple are kivwn as object nociees They may hive m
i tnare detailed thearetical discussion of the nature of i Hie- ohject class, i its en
is possibile in th standund empirical s

 typleal people

siom of tha

il

ral famniliarity with
tation, but that ix all, For cxample, most of s
dogs but are poor at telling apart individual dogs of the
bread. A lnter section deals with the topie of object experts, .

thonr—ialsa Jisssals o

confignml processing for laves il
This incldes a critique of the different termi
resenrehiers e used (e, holistic vs, configural), an’ evaluation of Maiir L
Crraned, and Mondloelss (2002} proposal that there are subeomponents to comliggnral
erent thearetical position

ogzhes et [ias-pescumt i i ol

Ulassic Holistic/Configural Paradigms

an explunation of my rathier o
'T_._.::.nt.:. al .__.__..:_

—._-._ USRS __.h. n

! Ml mtanilard lindings luve een psas
Pl Bt i tls

LT T O

_”_._.. I dliscuss the |
on tHieoretical ideas we presented in MeKone, Kanw
I consider the ability of an experienceexpectant innate template thears
infrant exparionee plis other factor theory toesplain uol onily the helisticd
also othier kev obsorvations aboul Bice recognil

ed with halistic/ieonfiguml processing
e lisprrigwortionate inversion effect (Yin, 1969). In both :.ndn:_.r._:
| seroeption (s ot ar sedquiential muteling tasks), all objects with
il upright show an iversion effect: Accuraey fs | gher and reaction Hine
Sheewhien the stimulus prosentations are gl upright than when they are all frverted

1 SIM _r i |
processing ludings,
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:__.w&_”___....r._...r.:_. However, the faversion efleet for most objects is small, T_._“_T.....__r. -
g fromn O b0 5% i ooy oue recosmition memory experinent fior clowes, cars, clothing,
anel 5o on. In contrast, 1l
30-25% in a recog
(1968 s has subssequently bees confinmed by many other studies (e, see fi
it columng of Table 10.1: also see do Gelder, Bachomd-Levi, & Deos, 1995: Reed,
Stone, Bozova, & Tanaka, 20003 Scapinello & Yarmey, 1970),

Yin's (1968) orig o of lis results was thot extracting the correct
relationships between the lwe parts was parti recoTition
Tnemwe

el thiat extracting this information from inverted
aver, that tHhe disproportionate inversion effect itsell’ provided no direct evidenen
foor hasdistesfeon Agural processing: bogivally, it conld also lave been that the style of
wxing for foes and objects was e s

F"__.:...._. _"....__h. __“.1 hasestl i Lty CaseEs) il

rsbom effects an this «
itine (1985, 1991), Today, the disproport
v for holistic processing o

ate inversion elfect is refermesd to ns “odinect™ evids
._-._E.m_”: [wees (e o, Michel, Rossion, Han, __h.."_._m. S Caldarn, 2006). Maurer el al
s presencs of oo inversion ef et 1% ot dingms

iss4s processing style

Three parndigons were sulsequently designed 1]
divectly, These all confirm differences between opright faces and verted e

1, subjects nne given a 241
fuition meemory best (sese Figure 10015 Tt part lesene conadition, the subject seis
il s asked 1o cloos %

for exanple, Jinys nose and a disteactor persc
nesse, T e _”"__.._._“.___ whiole _.._:_-.___.__z:_. __..2._..._“_.__. the same [HATES A s

akein & Farnli, 1K im

hysical

Toesailts Troun ___..__.—u_.... shin
ence betwoen the pairs is exactly the same in both conditions, identification is il
ly Lt e | s-whiobe condition than in tle part-alone condition (v
Tabde 10.2; nlso see Pellionno & Rlic , Stanslich], &
Saechter, 1998), This cormesponds o |

_____r__ﬂ_"._.:ﬂ_.... __:. -.r_ﬂ_n_.r.___”__.. _._._.nz.." ._._.E._..._"___...._...,_ [t ___..___._...1_.._ ____1.._._._. .-..__. Is; llw
antage over e _.r__.._.;__..___.l.:_.:-..:_" w(Talihs 132

whole effect lins also been tested for .:____..__."a. using both the T

(1943) _-:uﬂ:u::.. el i very shimilar eardie _:..K.‘z__:_... .__._.__-z.—.___q.?.. Lz;___.__ wrilianiid
Davidell & Donnelly, 19900 For e drawings of houses, which aoe aight s
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TABLE 10.1  Inw
; ersion Decrement (Cpright-|
E =Inverted) f
e prig ) for Faces and
Sig. of
i 5 Objects Objects Expertize
nces (novices)  (emperts)  Increase |
s Losng temm 0% = i A =
; N mOry
11350 kil
Diogs 2-erm 9"
| = Py T
(Rublrins & MoKone SRy " i "
20T, Eaperiinent )
Iimihiriting Laown ¢
PR T 0% aN= 5"
{Bryer & Crispesh NGy > &
1592
Liga Secueatial 8L & 1%~ Bgpm
[ Rk wisfrliing : "
207, E
Creebiles i1
[MEoamicn ep . 2042} o g it )
Lars
WCamithier of al., B000) T WL
Iirds
e e nll.. M) =t HENfe i
Car
- i
Mu et al 00005 e o "
: . W=044" of =087 *
{Bimey & Face/print 1% 13
¥ Sy R
herfoll, 20085) chasilication : .
Niter Bername these pre o

st

|

ey stiidies festing fnces vers odocts in newices to list all of tHhem
peets o the objocts ire showi; all wich stulies are inobuded
tres, nelbing percent correct (%5, of®, and reactiom

stimlies that alw
_-._..::

riilies
i time (midlliseooncs)
and experis, the vgniliennce or otlierwize af ench bversion effect s ialicated; o

For miwdiees
seqEimle o
Iy eapurts

Al whether e inerease in the sire of the fverskon elfecs o
. e ks prowided for Fices, Creehlies are s ar
wary & Vannderholk (2005) provided b Tlatmpaas

t e frar X el &l {2045 prronddie
LT Adlaptes) ane ey —
05

Binsey (pers co
by Ynocla X
sl from Robbins 1 & MeKone, 2007

e, 103, -0

Fested or nat e
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Tent phase
Wbl nia Pond's mrtatle?

Sk ek TABLE 10.2 Results of Previous Studies, Using the Tanaka & Farah
—~— - (1993) Part-Whale Paradigm, Showing Size of the Whole—Part
Part - whole D__:.uﬁm__._.ﬂm.. }cﬂﬂmmnﬂ_ Ower Al Parts Testil
— =4/ 3 e, Ave d B
. e - Sig. of
s s Inverted Obfects Objects Expertise
iy / — Faces Faces {novices) (experts) Intraaé
k. d 5. Humiaes s 1= :
- . —mm ) D -
Tim - - ‘_ Mart alone _ Thmaka & -
o Sengea, 1617)
Figure 10,1 The part-whole precechine of Tawakn & Faral (1903, Curterdy Jerarngl U iFg= |
of Experimental Papeliohyny A i, 225-245) |t _..__:.:__s__:_:__m__1....._5.: i St oo
Whien tlae flice is prigh iz one | of the Ewe gives the hasion of of &
nwvaltred regions: Beplacing Jim's ocigimal mouth with ane fiat s asrmoer lips ._.h._,...ﬂf_._? 11 - g
thie pr=-nsasi distan o8 s bnpression of o aliarter o 1 i sepuabslae I _....:_:.:..:__.. Tech
eye—=tise peghon. The llnson ___...___:L:: il the page is rotated 1o seo the stimoli meeted =
4 . Mo abijeets 1% i
" [Pefliesinn,
e consistent with the ides that what makes upright faees .n___._.r_.._:_?
special is holisticioon gl processing Mty A1
A number ol ¢ s of the part-whole method ave climed that it v Ding T g e
s _..___m.-..n_ othier than e wal halist iotesgeation. Gauthier and Tare (20412) {Tnmaks ot a| x BR -
i_nﬂ-._—_..n._ that, be curs for :_..___,_.._m it merely nssesses an ._..T.._...".._E_. ol 1K)
contest that is generie 1o all stiouli, 1 agree that there mmy be some generic oo .h.u._.__”.;_.:.ﬁ F 159 5% AE Roverie
Texd commpancil o il ur_..._ wlhinle ,.:..__,_.._._._?__"_h._.. pres -.....T_.__. 3.__..__._“__#” thie & s snfl __"E..... !
. . 7 s oy ciies a Lhae et [ Rastedigs it
ol process 1l t alse geours in the classic word superiority effect (e firher, 149641 Biokogical cell - o B
Wheeler, 1070), However, this cannot be all that there i beeanse it fails 1o expibuin Pliiinken et al. 10% R
why the effeet is so much lirger for faces tan lor otler objects
Another idea is that the effect reflects marely the well estabilished m_Tr:.-:.: S rik
I £ na
evon of _q:__,m__.ﬂ.:_a::_:_.._:. processing (TAE; or encoding specificity) in long-ton
iat is, memory retrieval is better in the whole condition ar test becans |
! o
- = %
by ot al 0% Heverm
11#35)
Uiy
; : - 3 " =i} i
in the bong-term Canisthiin & T , L = 058 Reverse

Anyd

versias ol flwe _r_n._._._._ﬂ_. it lisast——cloes contain sope et e to TAI 1 . S
does not explain why the effect Is so much lurger Tor Fees than For other olipets

Neten "
e ”J_: I v wpright unless otherwine staied Al stislees irschiaching olsjecty of expertise e
-_.._.._.v”_ pel, ax are saiapde extran thd dpeched abijeots anly i novions Adaptod and expanded from
_ s ___E_u: H... _m__ ko 20T, Cognitim, 1003, 34-T0. Dhata Irous Tanabs ot al {1106} mres
e Ranadan, | W & Gusthler, 1, 1007, in 1. L el 3 Soly
L X s - w8 ; drachan . [ " Y e s M, feP G 5o
varions iatmes bt which §eefer to heve as the part tn spacing altered wlole ol Meichamtunes of peereptunt horning (Vol. 35, P S3-125) San Diegn, (4 ?.ET...:JwH.w%»: 4

This was introdiced by Ta L] -
15

esbed or ot et
Teend i opposite-to. predioted dise b fo eaperiise effect

1_._._:..::.__._,.._._".....x_ﬂ..__‘._:.:.ﬁ o fesed Ty _____.._:.E___:-q. features in .__u,___n.___ wlnii



268

TUTORIALS I VISUAL COGHITION

TABLE 10,3 Results of Previous Studies, Using _.m_:m_”.r__ _m_. Sengoo’s
18497 Paradigm, Showing Part-in-Whote Minus FPart-in-5pacing Altered
Whale, Averaged Over ._..,_._ E:. Tested

Sig. of
Objecis Ohjects expertise
Faces (nowvices) {experts) increase
rl & I
15 (11 mi
(L T (! Heverw

i = 016G ' w1

ol experise w

by pavkse sbi AT
el thint tesbed ohjects onky i

I > (151
Pl fe=ule
T

£ tlei foar expestioe elfeet
bmve

tenlome condition. Dnstead, it ds prennels on reinsta
ipirical (ilines tndieate that |
o whobe s strong for upright L
s, MH

rr_q LR

at vzt
anel absent Tor fvverted faoes (B . A ;
1907, Tor objects it s cither absent (€ snuthier, W ms, Turr, &
Tanakn & Sengeo, 1HT) or wesak (Couthier & Torr, 1007, 2002; seno !
| Yoo Hellawell, andd Flay (1P

i -_._n._ q.-_.._

onnn, Rhodes, &

pexd task i thie composite prradigm o

Sl :
top halfof ane individial i tl _z.___.:____ Ferent indiy

thie top } hialves are presented aligred or e
tescd, Clrarrespoiilio
1 tes s Pl vt Bl i il

aeibe o Dl (e
thie Tormer case, an illusion of
Iy harder (e, slower audior less accurm
ligmed viersion

ot oeours anly for :—._:T_
{95TL The same result s found in versi

| ilm
1
wirardbgm ustng far T : .
._2 Dirnond, 19894: MeKone, 2005 Robbins & MokKone, 2005 and for a4
yibs 8 Aifferent wtehing e Th

pots are trained o na

% in .:..__.__..:__.“._ or sunulta

novel

[ il

Honsthivrys, & Rossion, 2007, L Cormnel, Monadboch, Munrer, & Brent, 20061 Mi
Haovssfon, et al., 2006 Raolibibns & Mokoa 2007 ) : o
T 1o Dot Fowe vessirs, il __._:.___.»_._....__..FF Disconme tnereastingiy | _____ 33

istie processing, Logically, it L e anis

i a gl wwl toom

over the part-whole pansdizn

ot thee smae aanoont of informmatime
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“igure 10,2 The composite procedure of Young et ol (1957, Pereepition, 16, T4T-T56)
s faces and the cormespomling perceptun When the face ts upright
ahs lequds o 0 percept of o new i | and to comresponding dif
etion time anibior decreased aceuraey) i nan ng a tnrget
I ix easy to soo in the ussihigned version. Wheen the sti
=iis. For answiers, see the .u___.r_....s__.__.__"_."::..___.. section |

ficubty
Li]

o the sereen i the two conditions compared (alignied igned), Also, the

i TEspanse § L._"_..f._q.n._. _.__ the ___:_.___“._.._."n.. __..__ _”q_.m.. tha e
ir or the different-identity status i it is nove

tle same in

Empirically, the composite effect does not rellect merely o general fai
witargiel Cof the Tooe; 11 this were e coso
j I b stronger

a (eloser) aligy

wined for inverted fees, which it s
Finlly, the comnpasite effect appears to show the dlearest dissociation between
1 ohjects. The inversion and part-whole paradigms bath produce a partial
dissociation in which the tanget effect ks much larger for faces thin ohjeets but is
il pressent ar some level for objects. The composite elfect, however, appears 1o be
eninely absent for objects in novices (see Table 10.4), s “sting the
of holistic/con igural processing than other _ﬁn____.__.n:._m.

e firs

Ihe Special Case of Spacing-Versus-Feature Changes

Vil very standand approach o investigating confipuralfholistic process-
usally wied for Goes rather than o

ike alterations to

distances between fucial features (e.g, moving the eyes
Foiic Dy apart! o in the ap
Coclmonws), Tt Las Deen conmon to associale sensi

ity to spacing changes with
imaral/Miolistic processing and sensitivity to feature el nges with part lraseed
Iowiegsing ez, Muowrer et al., 20028 However, 1 thiok the situation s more
"

Bl o~ —

s [reagm o

v stinilies thiat have ____::.__
ot of inversion, Diversion influenoes perception ol
I eha g2 —r_-.:__...._“._nm._ p_...__.nm”_ This was _u_.__E..:._:__. discoversd in




L SRR R 2

: FACE AND OBJECT RECOGHITION 271
270 TUTORIALS IN VISUAL COOMITION __

TABLE 10.4 Results of the Young & Colleagues’ 1987 Composite largaret Thuteher lusion (Thompson, 19580), o which Mipping the

; : i G for Reaction Times) or eyes and 1of a smiling face makes the face appear grotesque when the head
Paradigm, m.jai_:ﬂ.. .“F ﬂﬁﬁ“ﬂhﬁﬂﬂﬂ%ﬁﬂ {= upright. bt not when it is inverted. Rhodes, _._m.ﬂm_Ht. amnil h__.n._u!.___ {1943; nlso
Unaligned-Aligned {for /Ace Sig, of sre At & Searcy, 1993) demonstrited that, in faces made bizarme by spacing
fverted  Objects  Objects expertise clianges (eg. moving the mouth dowa), inverting the fuee mackedly reduced the

Task Faces faces (novices)  (experts) increase perception of bizrmness, Inversion had only o weak effect, however, on percep-

s E i thm af faces mode bizarne by local featore changes (e, blackening the teeth)
..,_:___E.m Leder and RBroee (1998; also see Gilelhrist & MeKone, 2003) made less severne
changes that merely made faces look more or less distinotive, Spocing changes that
Mainiing BHT { 2% - ’ increased perceived distinetiveness and improved recognition memory for uprighit

tdne faces ladd weak or no effects for imverted fees

it featural chunges had equally
stromg effects in both orentations. Using sequential same-different tasks, simnple
{15 = detection of spacing changes hos also been found o be more severcly affected .
s by inversion than detection of festural changes (Freire, Lee, & Symons, 20040
Le Grand, Mondloch, Maurer, & Brent 2001 : Mondloch, Dobson, Parsons, &
Muowrer, 2004; Mondloch, Le d, & Maurer, 2002),
How trowe is the elaim that feature chianges show only small inversion offeets?
Betsembuber, Jarudi; Gilud, and Sinba (2004} reported that inversion offects on
deteeting feature changes were larger when feature and spacing ehanges were

Cireelibe Speedel
wanar-|atily yestmibig

Greelsies Speedol
AnAEE

wlilferemt

1_.“”._.“ = intermised thao when they were blocked; more generally, they argued tHat findings
ol 1) | of i inversion effeets for featural changes were due to subjects adopting unusual
s e strategies in blocked procedures. The latter claim, however, ignored the fact that
Lieler and Broce (1995) and Cilchirist and MeKone (2005) both found no inversion

effeet on g tasks using mived presentation,
In amother ¢ -, Yovel and Kanwisher (2004} noted that Le Grand et al.
Log L, el s s (2001} and Mondloch et al. (2002, 2004) had all used the same stimulus set and

| Kolstainn &
McKone to perceive upright than the spaeing clianges were. When Yovel and Kanwisher

that, wnfortunately, this ser was Hawed in that the featoml changes were ensier

QeHIT

atehed the two types for detectability in the upriglt orientation. the effects of
iwversion were equally severe for each. A eriticism of the Yovel and Kanwisher
natteh quite e feature chianges, the spac-
distinetive in appearance (bordering on becoming
wnged faces were more typical

» mumber copmesgenl G
e aliliendl o
i alsjects-ol-experis

lie aligried-umaligied and unligned-aligned cnses, a posl
Lyl shion

Nesdws

i praitive o it efect
55 ot lerwise

ple stulses that peporte
, . 2007, €

i, O TR

P i (1991} lias previously shown that distinctiveness can influence the

- _ sha of fwversion effects. In addition, of the previous studies, not all had featurne
i — i

._.__..H_.“_,_"‘. "_“._” _“.“”.____.__._A fir-pareibieted] dipeetiun for expertise effect thanges that were poreeptually larger 1 the spacing changes. Gilehrist and

w5 = eapeits e woms

fvve shiw only, peion | = @ovices; 505
aliged versos unalbgned. However thia alidd
ot starbeel chose fo aern, dtrangely |

MeKeome (2000) had the reverse pattern for upright faces and yet still found tha
tecersion influenced perception of spacing changes but pot of featural changes.
Althoughi 1 am net eonvineed by the particular explanations offered n
Visenhuber et al. (2004) or Yovel anid Kanwisher (2004), the importanee of their
ilts canmat be ignored. Both studies show that large inversion effects for feature
s e oeeur. The sune finding has also been reported by Rhodes, Hayward,
1652 Winkler (2006), MeKone and Bover (2006); Leder and Carbon (2006); and

& Rrissualts fior i _=_r._....__.._.._; s ol wilgects Yimid «

miberomscrpaes for the

prchl, 5, AR e
i Mlosewmia &

" + (20H06). This substantially undermines the supposed dissocia-
1 ' Hiie hotween spacing and features,
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Taking recent findings o secount, the stundard deseription of the data ne

ter B elinngred, as follows

nngeees 18 abways strongly inlluenced by imversion
sl s stud-
v elfect, and al

Peree of sjmicing

fine vy inwersion elfect, o
[east bwo Hod an inversion elfect as big as that for spacing changes.
How can the apparently conflicting results be understood? Recen ..__..:_E_E.
suggests that results for the feature-altered faces depend on the types of featur
changes. Some changes are purely “hocal,” sl as altering eye color blackening
teseth, or adding o bong, thick lutbr tiz an eyelozow, O ].::...:._.._.::: or structure
of surrounding regions of the foce: for example, if @ large eye is replaced ,_..._;_ L]
smaller eve, then ovwn il the new oye romning coentered in the same _”._.uﬂ_.—_ﬂ_: s
the obd eve, the distance from th fnskde edge of the eve to the bridge of the nos
il E;..x"_.. dhowss the appa sliape of the eye sockel :
Two studies demonstrate that shape-altering clianges produce larger inversion
effocts than purely loeal clianges. Yovel and Duchaine (2006) r._.._._i that featin
s produced large inversion elfects when the chunges were in shiap= omly (1
color) snd small inversion elTects when changes were inshape plus color. Lede
and Carbon (2006) reparted larger version effects for feature shape replace
inents feyes, nose, or month) than for color-only changes fwith spacing changes
slucing o larger effect) .
T ._._“...,Hﬂ_. 1 .”.“..__.__. with the standard idea that sensitivity to detailed spcing
ms a key wspeet of econfigural processing. However, | dla not agr
s thiat eondry spactogg inFormation is pant
e §s processil
ate second-onlen

piformation fo
with the idlea implicit i moeh of
of confignral/lolistic processing and that any type of feature ¢

part-hased fashion. This jelesa is npprront in o ter
ation only with distances between the major features (g, nose-mouth dis

tance), as il features can be treated s shupeless blobs

Other Paradigms Consistent With Configural
Processing for Upright Faces Only

The pardigms reviewed so far are witely cons

lwes b misesed in saltiple stodies originating (o
are widely cited. Howevor, many other tasks huve also prod :
tenit with tie idea that configaral processing occurs only for upright faces. In s
sty cases, the oo i
shinale juaalatir]

eel the "eons” parndigms. The
v independent lals jannl
idenicn consis

cases, these tasks hve also been sed to test objeets

o st ily fiverted foces (or sinblar—for ex

[ace Featunos), .
In thie most ahstract approach, Loftus, Oberg, and Uillon (2004) sased ilipwets
i 5 spshin
siomal theory and state-trce ____.____. ter investigate tlie .r...::mxi_:....._— e
effect for faces as compared to houses and cityscapes. Results showed that w

! ml
1:____._z."r:_.,.:-:,_.. (1L ry fowr fluamons _:n.-..,z_rﬁ.p_a_:_:hl against proporion-enr
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memory for Bouses as o Tunction of stivels duration at stuely, upeight and inverted

data paints fell on different funetions. Lofuis et al. demonstrated that the data
Iy deseribed by o wodel in whicl the theee independent variables (stiy

luss clss, orientation, and stimihs diration) affected performance via their effects

on two internal variables—presumably corresponding to the processing modes of

Dolisticioon figural and featural processing

Using u flander varriamt :.ﬁzt.nz:._ql:._a:‘..___z....__.E.-__..::. Palermo and K hodes (2002)
found that o secondary task of matching upright Hanker faces removed the pari-
whole effect for central upright faces. However matching inverted Hankers did not
setnove the purt-whole effect for central upright faces. This argues that upright faees
compete with other upright faces for holisticeonfigoml resources, but that inverted
faces do not: they are processed by other, presumably part-hused resources,

McKone and Peli (2006) used a memary confunction procedure. Test fuces
were okl (ualtered study faces), new (completely unstudied faces), or a new con-
fumetion of old parts. Conjunctis xdd the eves and evebrows of one sturlisd
face combined with the nose and mouth of & different studied face, In s long-term
memory best, subjects were required to say whether they hod seen the face before.
For both upeight and inverted faces, the percentage of “old” responses 1o conjune.
Heons was Liigher than the false alarm mite for new faces, | dicating some memory
of isolpted fice parts (also consistent with above-cliunce memory for single face
pairts in Tanaka & Farah, 1993)

ral processing was then indicated by comparing truly old faces with
canjunction fnees. For upright, the percentage of “old* responses was much higher
fior old than for conjunction stimuli; for inverted, the two did not differ, Thus.
subjects remembiered which parts had been paired together for apright Fees—
consistent with holistic processing—but did not for Inverted faces—caonsistent
with port-hused processing,

Coben and Cishion (2001) used o related —._-_._._..._._._:..1 in infants, Infants Labity-
el o two le [nces, then saw one of the original faoes, 4 new hee, or o coi-
jrnection formed fromg the internal features of one ariginal (eves, nose, and mouth)
with the outer regions (hair, cheeks, and chin) of the other Infants treated the
conjunction face as new when the faces were opright {dishabituation to a new rels-
tanship between okd parts) but as old when they were inverted (no dishabituation:
fe, e new relat i hestwasen paurts wis ignored),

liother approaches to demonstrating inferaction between perts, Sergent (1954)
showed sibjects six line-drawn face stimuli varying on three dimetisions (external
contour shape, evesteyehrows shape, and nose-mouth spacing ) of two values sach
Nepression analyses predicting errors and reaction times on o simoltaneous nistch-
g task showed that the manipulated features contributed interactively when
te faces were upright, but only independently when the faces were inverted. In
sergent’s second experiment, a multidimensional sealing analysis of dissimilarity
Melgments between pairs of the ipright fices revealed similar findings,

Yovel, Paller, and Levy (2005) tested subjects on various combinatinns of left
v right hemiloces. The test stimulus on esch trial eemiprised o choice of six ees,

bilaterally symmetric (ie., the same individual on both halves), The brietly pre-
el aned misked study lus was a wi + inclivicial
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Ives, a whobe Tee showing different individuals in the twe halves, o
e righe

in heth
v showing the lelt len

v region was blnnked out),
fee was _4_:_._._;:.__
jom of the olserved
d this
lell bilow: it

sty
O[St
__:.__._.__._"-_.__..._n_?.. FER R
aceurgey for left and chghit emifbees. For upright Boes, ace
eedliction for same-hall whole faces (facilitation)

wlependence
wll whole faces (interlerence), indicating stroag in
erence oifect was ahsent and the fasli

FOsCTA-
ation elfect

NN, "“__1 mn
wieh reduced

Two papers hive taken t]
elegrees and showlng thit this disropts identification less for
than for other stimuli; such results wrgue that holistic/contign
facces is traly more than the smm of the parts, McKone, Mart
(2001) examit il cartegporical pereeption in uoise. Alter subjects lea ned two ol
i across the identity boundary inoa
rph pairs crossing the
ssune siehe of thie e

kil information to varying
it whole faces
processing for
amil Z.._r.___.h_.-.:_.

spproach of disruptis

faces, they found cateporical peree

e
category boundary than
eqmry [un ry). Hleavy
would damage the reliability of Information from any given local region «
(.. the information extrocted from the oormer of the left owe :.__n?.— [ fuie
[ ton the mesxt). Wikl the weise, categorical perception e
wrtid foces and for o singe

net faees, but was absent for

st
islated fi Iy e ool

Using similar | MK
With incrensing eccentricity, &
parts should degrade more rpidly than information from holisticfeon fignral
For whole faces, as distance Trom Gxation was Inereased, identifi
imee] anore ?____:_F. for fnverted] faces (parts only) thau foe
upright lhoes (helistic plus parts; MeKone, 2004; McKone, Brewer, MacPherson
Hhodes, & Hayward, 2007} In conteast, for a single isalated face part (e
ot Mekone, 2004) and for o ts (dachshoned does; MeKone, Brower, of ul,
2007}, upright aud foverted perlo e declined ot the same rate, consiste
with both upright and imverted versions of the stimulus being 1:___.._—...4!.___ il

| a periphernl nversion tanl
consideratio

(2004 i rodu
ation from indepen

process
cation acenricy o

us |

[rerception i peviaar cmml

ek '
SELE 18 _:.. vl

minatioms, acdding

stress (e, regquiring very fine dise
cessing survives more siress tliun _.J.._.._._..._r_._,_:._. [HOCESEIIE, Thits »
| processing is more sensitive in some wiy; that 1, it can op
ar bess information, svadlable from the stinlus

cone, and Nakayamo (2000
s, An upright vorsion ol

less redinbile informati
In a direet demonstration of
reported o salicncy bias towand npright
" osetd om an inverted version: of

el el lever eomtrast i the o
ey bins woward upright was b

The resulting plysical stimulus con
faces than in the verted face, The
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for intact whols Fewrs feven wih n it from heden):

sormmbled faces produe
salieney hias : i

The Strength of the Evidence

To my mind, the

videnee |
wverwhelming Upright faces
el ¢

tthe nultiple paradigms presented previously s
are processed inoo manger that inverted faces and
sare not. The holisticionfigural effects ocewr on direetly perceptual
exumple, the composite effect, the salieney bias, and categarical
neise; they also oceur in tasks con ning & memoary con wHient (o
part-whole effect), The effects oceur for Tamiliar faces fegy, in the E::__“:::.., ,.:.p..u“....

fiar _.E:..E.f inelividhuals): 1l ey also oceur for wnfamiliar fices. ns in ths composite
effeet for novel faces, the salionoy

prerceptionn |

: s, v bins, amd the disproportionate inversion effect
e differonces betwees upright
it these stimmli are mate

LA LRIE

werted faces oecur o rspile
hiedd in all Tow-leved aspects, such as spatinl fre-
quency components, presence of boundaries, brightness, anid so on

When faces and objects were comp |
foor thies twns st

i, all stucies cited used identical tasks
s classes, Witli the exception of Busey and Vinderkolk (2005)
all required within-class discrimination fspocifically, individual :
crimination), The different effects for face
symisetry differences. Front views of face
stimuli tested =0 fir bave

exemplar leved dis-
= and objects cannot be attributed to
& are symmetric while the other object
: t bieeen, bt Iy listicieonfigural effects also occur for
asymnedrle views of fnces, such as the profile (McKone, 2008),

Also, the different elfects for faces and objects ¢
differences. Even though it is common fop s
ter than __.1:_&_: performanee far objects,
of the size of effects (imversion, compasit

annol be attributed to busel e
it performance for faces to be et
uy studies allow dinect comparison
. ate)) because faces and objects were
wiatehed in the iverted arientation (e.g., Robbing & McKone, 2007, Expe
1), Abso, overall levels of perlormunce u i

e not o matter as long as ceiling or lloor
ellects are avoided (e.g,, identification of upright ohjects can be easter than or edqual
...”:;...:_.__,.:_n upright faces and yot faces =til] show larger inversion effects; Rabibins
20M0G; Bebibins & MeKane, 2007, Experiment 3; Yin, 1964, Experiment 3). )

Cases W,

ere Faces Were Mot Processed Configurally

Ex _q__..:_m, sucl as that reviewsd before bis Jed to o general consensus by fuee-
ot ndtion reses rehiers that faces nre processed _=.__,...__E___..fsﬂmm.::_:__. ____"___:.___ .r.
i innber of cases literature have not supported Hits eonclusian, ,__:._.:.c__mq
. 1 aware of, there is almost always a simple explunation of __:“
o lind liolistichon lguml processing. Most commonly, the stimuli were of
In artificial appearance, mther than real fiees These include unnaturnl scle-
..:__.._ h___H._s.___.n., (Hanndgan & Reinitz, 2000, see discussion in MoKone & Peh,
G, ...._m o ser Ma . I Majaj, & Pelli, 2005; Schwarzer. 2002) and early Tdentiki

w{ Braelshion & Wallace L. 1t is perdiaps not surprising that artificial “fuees”
e pocessed like oshjects eather than like [T

cuses that |
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Another problem arises wl el Theso can
proide coes 1o memory Ehat outw fon e, see Duchal
e lebidl, 2003}, T suspect this was o factor in the Loftus et al. (2004] Bnding,
froan state-brace _u_..zm. thut ..__.._.J_ o sl internal varialibe was 4....-_.::3_ to deseribie
fnces were A‘..._Ez_:..q.mp.i.:_.__..._

iiversion effects for Gioes versus houses wi
n natural images. C
featome slupe and placement
variuble was presumably reflecting o relianee purely on part-based processing,
‘..-_.._....._.m-:__._._._._?.. olaims have been mndie 1 apyparent Tolistic/icondip WU eSS
ing can be attributed to decision-level effects. Wenger and Ingvalson (2002} used
| variant of the part-whobe paradigm and showed | i o task whiere

o also hngd ouit . this single internal

an
subjects were required 1o respond “same” different”™ 1o two leitures of the
face successively, apparently interactive processing between the features could be
[par Iy attributed o the FES]MSE mache to one festure Iiasing th TES RS it

th ¥ Wi

ter thees oot lwer Festuee. For .__.,..."___H.L_.. il ?__._-_.J.".z suid “samine” to one feat
likely o say “same” to the other, This seems unsurprising, bt provides no
eflects in r_._“.___..zn_ cun be attributed to decision-level effects

PR

composite difference 1o a decision bias toward responding “sune”
condition, However, MeKone and Robbins (2007 pointed out that 1]
son why Y response bins should differ between .._._f_” o
tiots when these are randdmly ntermised
compaosite elfeet oeours not only in same=different tasks bat also in naming tisks
« the bssunes ol vesponse bins does not arise. Fin: ly, proponents of the decision
_._.__...r v..__..._ _._.r.... ERCTVECT __._. _._.,_.i.._.]_ An __i_.n. (1AL _.__. _t:__._. ..—.._. LT _h.ﬂ._ﬂ.v win
provhuce differences between fices and objects in tasks with equivalent decisio
requirements for hoth stimolus types,

Consistent Evidence From Neuroimaging and Neuropsychology

Tt foeus of the present el ot elifTere
cossing, 08 rovenled in belivioral studies. It is worthwhile briefly noting, lww
ever, that Gees and objects are alse processed differently at the neural e
thst links liave been denwmstrated betseeen these nenri] differences and Tndisti

_:__.._.....ra_:n { Fir preore exbonsive reviews, see Kamwwisher & Yovel, 2HIG
I Duelumine, Yovel, Botterworth, & Nakaymma, 2000, liv

5 o stybe of computational

double dissociation hetween prosopagnosia and object ag
eilst who have estremely poor recognition of feees in con
pnorril within-cliss diserimination of objects (e, Duchaiue, Dingle, Butteras
& Makayama, 2004; MeNedl & Warrington, 1585 Sergent & Signoret
Tew enses have also been :._:.._-.._.___ aof the reversse rant g, Assal, Fovre, &
Anderes, 1084), Most fainous s CK, who was soverely object agnosic Tt conkl

wation with pedeh
ih
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recognize fices it normal or above-normal levels, even in very difficult formas
(e, Mooney fnces, overlnid cartoons of multiple individuals; Moseovitel, Winoour
& Belirmunn 189687 ' .

Second, newrmimaging studies s g IMAT have revealed o face selective area
r::___.,.: as the fustform e aren (FFA: Kanwisher: MeDvermaott, & Clon, 1997) in
the Tusiform gyrus it respands two to three times more strongly to within-class
discrimination of faces than to within-class diserim titions. of other ohjects (e
fllowers, Liands, birds, car Spector, Knoul, & Kanwisher, 2004 ,_r..:_i.m..__.mm
et al., 1997}, In contrast, other arcas of extr strinte cortex respond more strongly
to objects than 1o faces (e, Lateral Oexipital Comples; ses Op de Beeck, Baker
iCarko, & Kanwisher, 2006G),! .

The fir nree of evidence comes from monkey single-cell recording st
_w_. 1t hias by knvowens For o long timme that mmom ey i rotemporal cortex contains
foce-selective cells (eg., Perrett ot al., 1985), Recently, Tsan, Freiwakd, Totell. and
Livingstone (2006) found a dense cluster of sueh cells. Starting from PMRT scans
anel wisinig Hhe saime lncesversus-object localizer that is wsually used on hrrmnns,
they located o face-selective region libeled the “middle face patch” Recording
Fromn more thinn 100 sivgle cells i this patehy, they found 97% of visually FESpON-
sive: neurons were strongly lnce selective in comparison to o wide rangy :.—:E..n:.
incloding bodies and hands, )

Returniog to configuml processing, some ovi wan faee-spe-
elfic cortical arcas to the core belvioral effects, uroimaging studies, MR-
adaptation procedures have shown that the FFA demanstrates an inversion effect
I T Hon of indiv | laces: The BOLLD reduction from repeating o face
Is stroug for upright Fives but weak or absent for fverted faces (Mazard, Sehibi, &
Rossion, 20006; Yovel & Kanwisher, 2005),

Maore directly, Sehilte and Rossion (2006) implemented o version of the com-
posite effect, again using MM R-adaptation to examine BOLD r ssponse in the FFA
Subjocts made judgments 1o top halves of faces and were instrocted o imnore
bottom habves: the bottom labves were elther all the same {in some hlocks)
or all different (in othersh. Across ench block. sctivation in e different-bottom
i decreasid less than in the same-bottom condition, this wrguing tl
tHee FFA was ntegrating the top and bottom halves into new wholes, The effect
veenrred only when the Faces were upright miher than when they were inverted;
rely reflect o general inability to restrict attention 1o

Neumpsychological evidenee is also consistent with the idea th face-specific
processing arcas perforn holistic processing, Prosapagnosics usually shiow weak or
wts for faces (Duchaine & v, 2006), consistent with their
liweir) recognition being driven by part-based processing, even for upright faces.
r__:”_, even show o reversed nversion effect (Faral, Wilson, Drain, & Tar rka,
1105), suggesting that o aialfunctioning holistic systern can grab upright faces and
Hjipress ths part-Teased processing it wounld othrrswise Oeeir iis orientation.
m_.._____..:.._.E sipport, the opposite case of the antiprosopagnosic K shows much

e inversion effects th s {Mescoviteh 8 Moscoviteh, 20000,

e si
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THEORETICAL IDEAS ABOUT HOLISTICY
COMNFIGURAL AND PART-BASED PROCESSING
e _._:.m,_:r;.:::_.u
r that the theoreti-
ts being processed

The empirical evidenee shows tliat [aces are :;.:nm__..u_.___ I
provedures different from those used for objects 1 s also
val differsnce mast lave samething to do with local compoi .
ach other n inverted fees and objects, but being pro-
ces, What can we say bevond this,
pocassing i3 (el

relatively independently
cosser] s strongly depeadent way in upreight
lerwrvier® Can we be mone exact about what
ix not)? ’
Until fuiry recently, 1 have been of the opinion that, really, w
(I ] ._.:___._.1_.___..".:.:. liwlisticicon figueal processing. 1 hive ths teniched 1o st
fuition. focusing cosely on the results in ther core _.._.._d..__._._.:.__,
ik e comcegm ol oo s

k to

jn .____._.:..-:___..__. i _
With the array of evidenee now available, however, 1t
il fwee processing can be Oeshed aut af lenst somewlil,

Does Holistic/Configural Processing Have Subcomponents?

A first question is whether subcomponents of n.:..__.n__:...:__._E_r_r.._._.ﬁ:.”i,....n exisl,
Maurer ol al, (2002) 1:___:5..; thiat they de ._._._ y used] “configural” as ,..4 : ;
ing tormn and proposed that this consisted of three subeomponents. They asso
ated ach subcomponent with particular core fasks
The livst propased suheomporent was sensiivly tot firsd-orl, e
eves above i nose ubove @ woth), This was proposed to be taagopent] by fonee o ._”_.. fhini
buusks (e, tivshes thiat ...;.:.__,..".___:_:;_...:.:_..:__.:ﬁs_.,__E. is present, rtly o tHinm koot {5
it it 1 mgree with Maurer ot al, (2002 thust thene :.(ﬁ.:ﬂ:_ evidence 11 _ ‘—____x.....:...a_ ,._. 4
vecur independently of identification. Prosapugosics usially _...__.:_1_ uat ey con ....._
that a face s present and they can see the {nelivichual parts, but thay _..m__._ . 1ok “__. x
o L tomether as o person. Also, w.__..x.....__._.._.._25...:__:. 5.:.—3 in norisih
wt Bice detection oeours earbier than fce identification (€ arill-Spmetinr &
Harris, & Kanwisher, 2002), us might be expected.
apee (Lin ot al, 2002} indicates that this detection alilily
per than relying

et (L, bwii

Kunvwisher, 2005; Lin,
Homwenvar, soanie % Ltht s
redbes on iudependent face parts (Le, even in serambled order) rat ;
o luwing u norinal face configurtion. This raises the possibility that, rat u___
coming from the holisticconfigwm] processing stream, fee detection F.c_._m_ i _
i & i I T " AW
the output of patt-based analysis. | wrther, even A6 it is the caso that TH_. .. _.___,. i
can proceed on the basis af first-order confguration, this s not logically sullk
b et e that face ielentification does not also mefer to first-order struc e .
pot, Matirer el al, (2002 n.u_..___. that the FEA pur
ivity 15 stronger when the background eneonrie=
' s o vase: Hasson, Heodler, Baslat
.___._:

As ewide
formed face detection (e,
prereeption ol thiee stivalus o o fivee rather o ; I Hmcion
& Maloch, 2001), but did wot perform face identification (o :._.r.__:: ¥ o
tion) anel was only weakly or not at all sensithve fo inversion. Tl [
. it evidenee hos disproved both af thie lattes

g s thiat subisegu
this argument i thi I sl 8

Using the rewer tecliigu of MR adaptation, severnl studies have
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‘A cotdes individual F?.._.I.—..__.. mnel that it shows stromg inversion effects on
icdentification (g, Mazard ot al,, 2006; Yovel & Kanwisher, 2005),

Maurer and collemgues’ (2002} second and thind proposesd components wers
halistic provessing —defined as gluing the features together into o gestull—and
sensitivity to second-order relations. Tasks proposed to tap holistic processing
were the part-whole effect and the composite effect. Tasks proposed to tap sec-
ansd-arder relati liose: testing sensitivity to spacing between features (but
not local feature shapol. As evidence of separability, two factors were proposed to
dissoeiate holistle processing and second-order relations

The first elaimied dissociation was in patterns of childlood develoy , with
hodistic processing proposed to be quantitatively. mature carly (by 6 vears of age)

Lsensitivity to second-order relations proposed to mature much later (10+ years).
Lam not convineed by either hall of this elaim, Regarding holisthe processing,
Maurer et al. (2002) noted two studies that reported part-whole and coniposite
effects no smaller i young children (6 years) than in adolts (Carey & Diamond,
1 Tanuka et al, 1998E o stoilar result has imore recontly been found in d-yeur-

s (il Hlewring et al., 2007)

However, none of these studies matehed baseline performance across. age

logieal problems in moking quant itative comparisons neross ages,

e tests (Carey & Diamond, 1994; de Heering et al, 2007) pro-

duced the connterintuitive result of larger composite effects in d-, d B-year-

olels than in adults. This is probably attributable simply to performance in the adolt

groups approaching a ceiling, but it highlights the point that, i the absence of

mitchied baselines, it is not really possible to know whether children show effects
of the same shee as those of adults

Regarding second-order relations, Maurer et al. (2002) noted two studies sug-

¥ to spocing changes was very poor in voung ehildren and

L udult levels several years later than sensitivity to local feature changes
(Fredre & Lee, 2001 Momdloch ef his result was also replicated in a
liter study (Mondloch et al., 2004), Flowever, all these studies used stimuli that
fuiled to mateh the perceptibility of the spacing and featiure changes. Adults found
Hie: feature task easier than the spacing task. Thus, the results could stmply indi-
cate that development in a harder task lags behind development in an easier task.

Other results indicate no spocing-specific delay, MeKone and Boyer (2006)

tehied spacing and featural changes for effects on perception in adults and then

il that even d-year-olds were us sensitive (o spacing as to leatural changes,
...___:_.”__.._u.__ thiesy Gailed to mateh spacing and feature __...T;:m.:,_. Crilehrist amd MeKone
LH03) instead mateled baseline performance o the unaltered condition nerass
e vt (hy using s memory task with smaller learning set sizes for the younger
vhildren). Under these cireumstances, 6- and T-year-olds showed as strong i sensi-

ty to spacing changes as did adults.

The other elatmed dissociation between holistic processing and second-order

Litions waus based on the effiects of wsing photographic negatives (contrast rever-
sl The proposal was that wesation sffects sensitivity to spacing clanges but does
il affect holistic integration. Kemp, Ml s, and Piggott (158940) fonnd that
hvction of S ges wis substantially poorer in negativie contrast fces
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[ of the disssciation, regarding holistic
i Dunsmore's (199890 Anding that a ver
‘5 N5

Hmn in HIJ__._.._. conbrast fuees

processing, wis has o on Hele, George
A wns as strong lor reversisd contrast grayscale

swon ol Hhie composite
fior normal-contrast foes

____._N._n..:._._..__.._v.. howasver, Hobe of al. (1
posite design—namely, aligued anel v .
faces, Instead. they tested only aligned eomposites il redied on the difference
hestswern upright and inverted conditions being in the opposite direction to usual
(e, inverted was botter than uy | to wrge that holistic interference must hve
oceurrud for upright faces. To understand why this procedure is a problen
trast reversal stody, consider i Taet, e total inversion effect on w
taurgret Dl § hias two companenits: the (reverse direetfom) inversion effeet ..__ ising from
!

0y i not test the wsual foll com.
ved versions for upright and foverted

thie true _.;..,“__.._.15_.__...___.._ 1 _“..“_.."_".x."__.:.._: Al
| _..,.._n_n_._:.:.__ freRessing of thies tdivicual target Lalf
conskber o case where the tolal inversion effect wos =40 ms
slower for npright th iverted Faces) Presonee
this 15 mand P ol o =10 avesrsion efTect o
see processing (Le.,

urising I woment 1)

For illustratic

s whiere A

that, for normal-contrast face
holistic interference and o +60-ms inversion effed
A= =100 ms, B » +60 ms, total = =40 ms) In interpreti
eoaitrast andd comlrast-reversed fuces as evidemy:
__.___.___".._._T assmned et contrsl

[

r :_._.__.:._w“ af ._”.:__"..v-

tostal invvees
of el hodistic processing, 1 le ot al, (199
weion ellects on either lolistic interferenee

reversal o o
peart-lused processing

There is no guarantes, however, that this s the case, A =40-ms total effvd
comld b e up, for e [ —-T0-ms frversion ellect on holistic interfeneuo
| +30-mms inversion « Aw =70 inx, B = ¥l
ms, totl = —40 ms), 10t ces, Huen e
total inversion ellict wieasare cou y revenl the P
processing for ponitrnst-reversed faces than for normal-contrast faces, .

Orwverall, 1 see svineing evidence of dissociations hetween Tolistdue el
seoonil-order relat sk, There are aloo other pood reasons __:._.__.m..ﬁ.____. P
parsimenions idea | . second-order tiomes, and Tl
whring are all aspects of a single form of ition. M
proposed subeomponents (2002) assockite ithier than dissociate in two r.c.d_ AWV
i o present on the tasks associated with all three (for bl
tional tasks. see earlicr section: for froe detection, think
seiche dhorn)

of weaker Liolis e

ireer annd eollesigrns

Large inversion

..-r_.....-. A ppar il .."_.__..__....__ _1.1_...._ i _w._.._..:..r. [T
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Thiesre: ar

lso more theoretical reasons ta prefer a single form of represe
tion, The: problem with associating certain subcomponents with certain oxperi-
miental tasks s that, when new tasks come a ong, it ean be difficudt to stot them into
thi existing sclu For examphe, where does the MeKone et al. (2001) categorical
pereeption in noise results (12 Maurer et al. (2002) desoribed these results under
the: heading of sensitivity to second-order relations; saying that the lack of categori-
cal perception witl tuls : .

features or inverted faces arose “presumably becanse
second-order relational informetinn was not svadlable™ {p. 257), .

But why should tlee effects be attributed to this companent? Showing a face
iverted or the nose alone also destrovs the first-order arr gement of the _.E.r.
snclior the potential for holistic integration. Why not assign the effect to one of
these eompanents® 5§ Lirly, vo which subcomponent would the saliency bins offect
(Marting et al,, 2006) be attributed? Also, whicl subcomponent is :..u_.ﬁ,;_._._r_ for
the part-in-spacing-altered-whole effect (Tanaks & Sengeo, 1009717 In this case,
the m pulation is one of spacing, which would sugpest second-onder relations,
b the cnethod is 4 variant of the part-whole paradigim, which would suggest the
stic component, Overall, my point here is that the mtionale for the association
of particular tasks with proposed subeomponents in Mairer ane volleagues” theary
(2002) 15 not sulficsently spelled oot to make it 8 useful theory light of mare

A Very Different Theory: Configural/Holistic Processing ls
Mot Based on Decomposition Into Eyes, Nose, and Mouth

Altligh it is possil

to imagine many different altermative positions to that of
Maurer of ol (2002), ane alternative worth noting is the theory of Tanaks and
Farah (1993) Maurer and colleaguies’ ides of o special spacing u.:_x..::._:.:.;_: o
vonfigural processing that (s different Trom sensitivity to other sorts of deviations
fron the svernge template (e, in individual feature hape) seems implicitly hased
an the bedea that decompasition into named-level parts provides a direct ing
on of o configural representatio
contrast, Tanaka and Farah (1993) suggested tiat the whole-fee processing
i) fuces didd not decompose faces into such parts at all. In their terminol-
vty this was holistic provessing (with no subcomponents), Although 1 find their
wiginal evidence for this idea—whieh was merely the observation of a part-whaole
eMect—unconvineing, mom recent evideoe is quite strongly sugeestive of it,

This relevant evidence is that configural/holistic _.E:.iy_.:n lor faces can oper-
the complete absence of part-based processing, Fmportantly, this is not o say

: that faess e ]
relational and holistic subcomponents. Le Gramd et al lued | W faces . s be decompased into parts; elearly, they can {e.g., we can describe
with conp SHiaT that albowed no farn vision oot remeval watlis i oodar of somemnes eyves or t shape of liis or her nose). Instead, the idea is
. At 921 years these patients hud very poor sensitivity to spatin senident processing routes exist that can contribute to performance
: Jiweend

n_..—uz.q._._-:__ to thas

chinnges (which arose speeifically with early vis .
v, 2008 and o lack of comjisit

spliere; Lo Grand, Moudloch, Maurer, & Br
effeet (Le Grond et al., 20401}

w-recognition tusks and that these branch AT directly from some quite early
s ol visnal processing (Figure 10.3; Moscovitel ot al., 1997: also see McKane,
i, & MNakassuma, 2003)
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Other cognithve processing
.. working mem imwvidvernenl,
semEnLic repeeseridaliong, naming
decisbon stage, long-term m

H.nl.?..an__._ Yiews! Holistic/configural
| - “.n.n_u_n.am.:n: spstemfs | ki cchpaiton wbem
imuldi
_ & Z.....__"_..:.....:..1..._.-1__.:._._1_.__»__::_,_a
. Everted fares | Stimmule: Whale upright laces
| + tsolated face pars fe.g. noseh | -
| = Scramsbled faces _ Cortiesl reglon: FFA
B e e i =
ﬁ Mid-level vision u

A

ﬁ Early visual processing .Hu

)

Figure 10,3 A possible nes
pesninee s not cherived Fi

te is pespansilibe for fonming o configoralbolistic representation of
n o nenfice objects as well, is responsilib
- [ ) £k
for part decomposi Nee that, in this theory, there is no arvow from the |
: LT st processing dies
Tnanseesed beo b tlae _.‘_..__.H.._ al/holistic _x.}_.. that is. ¢ .._:_._p."._: il Dialis 1

1 " 1 T - g -PH
piel elerivee Fromn part-based process . e
T eviddence that om al processing can operite without part-hase il o
i K arreria without object i
cessing is as [ollows. Patiest CK, who lad SO TS L WAk i
o y Pan—
sin, was good at recognizing fices only when they were int . _ u
As soon us the normal « ______E__?.nr_.. Wis ____..___“_3_:"_ Wy L
: forman wins

le= faces in

not w

_:_n._ﬂ_:_.__ e b
ing or exploding the face or by sliorweinng isolated lace parts, CK

extremely [aew w standard deviations helow th trods { Moson
al., 19497 This, excellent recognition of whole faces oco

v at the sam

extremely poor part-hased processing
Sfm
Mok one ot al. 2000 foumd
whiole faces, despite its complate absence for t ; : s
inating feature between the particilar faces teesheed, dx weell asits :_:.___ : i
s, Mekone (2004) also _..-.__:__..__ thiat _—."_:!...._c_ gl

4 was. for most _un:.._-.__—.. e :_._._____ i
i

]

TRILT] _;_._____

sgorical pereeption phenomenaon
}
e, which was Hhe most diserin

rinverd
‘Mooney fsee™ (Mooney, 1957, Figure ; g
v face ondy o the wpright orientation Approximately 80% of people i
i

Uprigh Inveried

* (Mooney, 1957, Cannding Sesarnal of Peyehodogy, 11, 218-
iy difficult o s Approcimitely 0% of people can ses | shid, L
tor how aften: thee stimulus is viewsd The face ls o young, attractive
i lig ight, Hotatkon in the g plane couses the faoe percept

ristaned E4Y" [ sanonst people (mnge = 45-135" acrmes i vhdualyl,
(Alter MeKone, E. 20404, foueenad of Experimental Popehology Loarning A riryy anil
Cogmitiony, 1 181-107)

Figure 10.4 A Moo
2260 that is [rartie
not fniverted

Lammrastan o

L1t] .r__-._ LT LT

buserd on formal data in MeKane 2004, and on |
[rresentatic

“Hp tests during conference
1 5ot this particulor face when it i upright but do not see it at all
whet ther stivanlis is lnverted. For e people. the regions of the stinmlus t
fearmn tlee B fi s are only percedved as fioe CORTIPONEnts w
is perceived: that is, the parts do not exist without the whaole
Hesults from a study on learning to differe
{Mobbins & McKone, 250040 are nlso consistent witly
it operating withiont part-based processing. Tor sul
inverted, thie only local feature

e betwisen icleni

istivdeonfgural proc
sots who siw w set ol twins

b was suflic

t for learning the twins was 4
eyehrmows, All subjects who successfully idents.
g thix steateggy, aned the subjects who did not report this
iled to identily the twins. Of subjects shown upright stim
Iy prersnn reparted ot

i clifference in con ing of t

esed o twims reported |

stribepy . however

2 the eyebrow difference, vet all learned well and also
igned composite effect for the twins, Thus, pood identifi-
istic processing were possible in the apparent ahsenco ol swareness
ol even tha most uselu]

.___:_.__1__ il .__#"__;._._I.:

gle local cue that could assist ides hication,

The Current McKone Vieus of Configurals
Holistic and Part-Based Processing

Vsl on the evidenes available at the time of writing, my view of the nature of
ral/helistic processing is along the Hewwinsg lines. 1 think it referencoss a
wilerd coing of face structure. This ineh first-arder information about hasic
e struetune and sveond-order infarmation abent distanees betwe: 1 regions of ths
il et fent e 5 hispe, and exact face .___..‘____.
pucts tht sre less easily labeled as wres (e, structure of cheekhbanes, depth
"Wane: sockets, and angle of farehead in 4 profile view), Also, it intrinsically ghoes
s frogrest) r—perlinps because they w

il second-order inforn

wver separated in the first place
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Martini aml
art-basesd pro-

fay

1 alser finel tl ugelul analogy Is one sugpested to s
Ken Nukayimn, | ris ol tho sdee _:._.._2_‘._..:_:. Fieslels: ATl
thouglit of as applying “lots of litile receptive fields” o o face o
1 the resiilis, ._‘__.__mﬁ.__ lhelistic _.__,:.n...:_a_.___.ﬂ can b ___:.. i
Jised 0o tlie entive lace region, (The reason for
" pormally refers 1o o
lnrgely size- and posi-

wtopic.)
I Mslistic [T ¢ is that it is mone

v, hin ____._”x.lh_.:.q sy
sengitive tan purt-based processing in that it can operate on the basis of less infor-

vstiomhis. Theoretically, this might be o result of laving o larger
salienee of

vessing cun be
_Lmu_w..._... wl the
al as “one big receptive fickd” 4
the __.!__._u..__.r__

It is also worthwhile to make a quick comment on what 1 think configumal/
w1 that the teny

holistie processing &5 a0l Occasionally, one runs seross e
I implies that the representation contuins only low spatial Trecuency
fnfermation (noting that spatial frogqueney for fces usoally refers Lo eveles per face
rather 1l Tq..-__....:..__.._ | see we Tor this, All tly
MO F T t conliguenl/Aulistic processing s tie fetor driviog homans
goad diserin iy different individual faces.
Sergent ([ 1954] sl that lonwe Apat | i i [0 tiken alone, is
suitable for certain limited types of fuee dise A il
Faees Trom thin Gwees), but s oot sufficient Tor distinguishing between individuals
| uppearsnee. Indeed, in discriminating identical twins
iling face recognition task—it would suvely be of value 10
_,_m._".:_._ sonles. More directly, Golk el Foss
(2006) reported significont part-whole and camposite effects for fices filtere]
v Ligh spatial frequency components, although the effects were Lirges
for wedinm spatinl frequency images and larger agnin for low spatial freguen
images. Overall, low sputial Trequency information may drive holistic/con gl
processing most strongly, although ligh spatial frequiency detail ts representi«
s MokKone eof 2001, p. 5953)

" _.__:_.__.__,__...._ [ saing? Trad siwlly, [
alfholistic processing becanse it s spect
they wicderstand part-lisel

T W

of very sin
tle ultivmtely deo

i resennl

Whiat s R

ers have tended to foous on conlig

g (Tor Fuces or objocts) to mean. D oontinoe ot tradition lene. | T it
wition, beyond knowdng il
S .._._...m.:__u_._" I __.__.___..__..___

proces
_.l.g_:.-_ __p....:__,_._.,..__ abeost the ___.d.x.q..m_.._.a _.um_”__”.__.._._.. i
the rical lite
paart-based] preocessin
which the resolbing

1 take no partico b positi
._ __1._—‘.._£__-'—..-J__ _-w.-._ W LTIV _.____ (& _--m__u_
or whether it involves decomposition nto el smaller image sections, as in 1
ts teory (Edelman & Intrator, 2000, and so on, 1 also Jes 9
ts mrise [or objects (g, object superiont
res), bevonad sinssting

spoients ane treated in o relatively ndepend
vt e q____.._.n:" decompaosition is imbo alisd et
ts susch as “peons” {Biederman, N

rus af |
._"__.._.:_".__- r persithons o Dot comitext
elfects) or how globnl/local elfects arise
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that these d
it Hhese most have sonie oy ot idher thun the type of perceptual infegrm

tion that has been showan o oceur for fices

A Quick Comment on Terminologuy

Ini the present chapter, [ Lave used “oon figural sl
___,_":___.__-,_.._»w_“”m u_.._.-_i___ i : pright whole) fuces, [n previous research articles, [l
rererately alternated “configural® and “holist (Ve papcs .
et ifigy 55 SICCessive papers becyuse
: ,h 5"‘ HEED 1 teason to discriminate between the 1in meaning .n.:__“.ﬂ fi f...a.u
ol _._,______h ::__._."._H.__._.J have vised per nokogy diffierently. The Maurer et =_..__—._...M\””..ﬁ
- T 4 % - s> - . = : 1 .-_-
5.__.".:.“_..; :rf ,_,___. _:.:__ r: "o as an overarching term with “lolistic™
i .._.__H.. T relational” as subcomponents. iler authors use “configural”
ety from Maurer and colleagues” nse; it js uite common to see __,.,E.
closely equated with the empirical manipulation of changin
_;,__.'.“h.___."___,”_,__.:_. & Rhodes, 2000 Yove! & Kanwisher, 200 :
L), “holistic™ was ised s by ith o
: as usedd as the genernl term, wit] ivi-
it sulbe nponents. Same authors use “configurational®— g i
oviernrohing term (Hole, 1694), = SERN
W T R ]
last are _q.____ _.q_E:p..ﬂ__ﬁ::_a_E hantagesof the diffiment terms? Unfortunately
e __,_.:_. ._“. “.:._._._Hx,_._.ﬂ.r “Holistic™ captures the idea af strvng percoptual _:..,__.
T A RS o acknawledge that orentition matbers. *Cei ;
& . . s, "Conlignral™ can | .
.__ eful ____m. tting sncross the idea that orientntion i important __H...,...,:“....._“"_ __m. q____::
i, i _ e sense of the armppeament of parts, is dilfers et i
tatwosis. On the downside, oon
distances between “feature biols " .
w," or low spatial fre x
___:_“."“_.__.: ehevaner of much of the inf; malicn (n :w. face SRR IS
s _L.A._h.q_,_... bty terms are problematic in that they are also widely used ot side
:rs_.__ : ___.n ”_:_ﬁ_______é literature, with different mennings (e, “holistie” for any pro-
g OF glubaal structure that oconrs in contex anil gestalt offocts ..__.d::._“.“.._E_u
) ¥ to even [rst-order arr :
f a2 ANy Solitivity arrangements of parts, uod “halistic”
e —,.:...__:J.r._ ?_.E dependence). In the ahsenee of any ?.:.&_ .ﬁ,:"..._:"_. H.E_._m_:s.__
ek with “holistic/confignral™ for the rest of this ._..?_.E..Lﬂ i

ie” to refer to the siyle of

» a5 i penemml

it b upright and inverted
tion is sometimes token lw TESeur

FACES; OBJECTS, AND THE EXPERTISE HYPOTHESIS

In ____"._z....__ Iy s

s, 1 dleseribisd the ovid k sl o
4 enee it malky, Iz 1 i
. Y, Inees are spiweig
§ T g T T _..____..__.7_ in that only fuces rec sive holistic _H_...A... ssing. | i i _.__—._
e ; ¥ y e 1 eniTe
ﬁ.. __:_?_:__n._:.. rsinl _.___....__..._._ I 5 &___r_.n. __._ 1—.3_.4_ e:._._- ._.__...__ P ....__._ _
W the F..__ lix ._.wﬁuuu_.._*..r i i T 1
: ere reviewesd in tHis revios ! J
; . section.) Far more
: W 1,_._1. __fc_u.,.:: T, ?: r 1 the ;._u_.u.._u.r._:_ :;. ,____.__..,::.n ._|__.._...J_ ary ._._._.«.._.._..v n.l..__.h
“Sugeesting that it is their e e
& -n.;.::_.- m..__:: —.__.__ 1% essenitial ﬁ. i
i ; £ I B i I E stie pcess -
o r _._.._._._” 1.- r ._.___v.unz..; I .m._. _L_._.._ __t. uh._._.x.:._.f.f.qm __-.__-_4:_:..... t._. m P
LLSTTFITY . aw ; I
Qi ._..q _._.__._-..“_..ﬂ H. a% |n :_._.. CEEe _F._uu._.._. n _.___.hr.x: __..E _h.._.._...z ..u.—wm.i _,__.._.._
LLLLI gL bl ¥ (e : kel
it i “_. Lu o _ “_..:._ eg.a __qﬁ..-_._:;.._:__n_.., or acar expertl. Peaple who u:_
‘thin-class diserimi by of sl .+ 3 : d_.
Bt ; : M 5 Are rane, ____: __-1 Case s m:.: 1_ .
W npartant in 1_._.— if sl [P 1w Falist e Processing ﬁ__.:. th :
L L I

SR

der one specific

objects
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thenn this would demonstrate that lsilistic processing is potentially

of e

WS
: aliles pire about aljects of
Adthsough the expertise by pothiesis nakes testabilis predietions abaout « I
| processing for

expertise, it s fundamentally o thisary about the orlsin ol _..._....._ ) . .
st put forward by Dinmond and Carey (1956; also se
L work. e Carey, 1092), who propased that the reasan why
Aistically is that, by the e o person s an adult,
¥ g apright faces and
werted ces are not

upright [aces are processed
Le or she has had many years of eape

s become functioally expert of doing so. In contrast,
Iy e

v in indivi

__q_x.._“:.....q..__ holistically hecanse tese stimnli ane
e witly them and n fonctionally pooe at t \
ke af lislistic processing for nonlace oljects (in both upright
a lnck of expertise in individoal bewe] eliseriminotion

part. Similarly,
e

e reason for i
inveerteed orientations) s
g Labiraclar 1 apart from Labrudor 2},

ek of experience arises not becanse apprope
paright Labiradars i our lifetime) |
i litthe wotivation or fi ol pre] fior inclivichusation. For fuees, ..._1._..._.___._.::.. i
eritical to appropriate sovial belavior 1o most everyilay cases of :,"._..Eﬂ peCOEi|
tican. however, (it is suffickont to diseriminate at the betwesn-cliss __..:,_. We neee fi
talsbes hut, unless we are foresters, nwost of ug do not e

| input is
fieer bewcaw

o trees (o

s

to tell ane tree From anothes

O eonrse, even for ordinary people, in some cases i 1 impertant to e
o of an object elass, such as iy o or iy toathbrusl
the object class beyond thie
seogmized |

pize onwe or b individs
However, recognition remains poor {or exenlars
oo two highly Familiar ones, and even the fumifiar items are ofte
b s oo single featore (e, fa wbly meanbiers buy oot lilsrushies (n diff
somtext (e.g., elogt n yemar _E..f:.:_. in probelsly your dhimt]

colors) or Trom the ¢

Predictions of the Experiise Hypothesis

liypothesis hus becn used o draw ptrmisesr af predictions. The
(73 ____3_...:4_..._. like fces, i Had

thint obsjemcts of eportise shi
t orsentation

bt G

dhouli] eceive holistic processing in their familiar upr
(L4 ___._4_1.:...:.__1.._ [
xpertise tnkes many yeirs il

e second invalves the development of
children. 1F, as Carey has suggestidd (e, P2, Fae !
athe processing for upright faces and corresprmnling
|
i : ;
ik ol expr vl to develup expertise, st
[1ess ar o) Dive Dndbeated thae 10 year

experience to achiew, e
dlifTerenioes hetween wpright
opment. Lo terins of Uhie i
ies of other types of expertise (eg |
or so ol ntensive practioe s :.__E__._.F_ fen,, Clolwet & Simon, 1885) Bt

Prabably partly for this reason, eardy levelopnental studies _:2.....4_ :___..._._... 0
miglit be an “encoding switch” from purt-based processing for _.:.. s I
i ape (Corey, Dimmnond, & Wil

. i il
* ExpRertise hiypotliesis perse ks no specihic 12.;_:.__..___ ._,_._._.._.,.
ik

i emerge quite late in o

1 inwerted faces

thint 1
lolistic processing for laces at a
1980 Tn faect

lilistic processing shouldl einerge. It merely pret
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shioild ot oecur

il the child has beeome a “face X
conld occur at 15 years, or 3 vears, or as an infani
It does, however, at beast

7 for all we know, this

place a strong limit on the armount of experience that
should be required to produce bolistic processing for objects in objects-of-exper-
tise studies. Specifically, the amount of eupericnce required to produce holistic
processing for objects should be the sume as the amount of experience required
to produce it for Lices. The expertise hypathesis proposes only that practico is
the causal mech dos no proposal that the effects of practice wold
depond on stage of develo

Dinimond & Carey (1956, pp. LI6-11T) arpued that a certain amount ol experi-
ence with dogs. gained largely as an adult, vorresponded o o similar amount of
beginning as an . in its ability to produce
nipi lopimental stage is not critical
y multiple subsequent tests of the expertise hypothesis (eg, Busey &
Vanderkolk, 2005; Gauthier & Tarr, 1907 Xu, Lin, & Kanw \er, 2005) X
subjects gained expertise birgely or entirely as an adlult. Thus, the expertise hypoth-
osis predicts that if, sy, children showed configural
then 6 years' experience Il be suffic b e with

.rﬁ.__a..z_h__.“_.._..__.sz.i_..,___.:_,:_.r_._..:____..__;.E dog freaks probably see
[emser dogs s,

A third prediction of the expertise hypothesis again derives from the

4 [roposed
expl of fversion

ise hypothesis,
stic processing
ut) but not inverted (rare format) faces, This then e
diets that other methods of varying the natural frequency of dilferent face for-
mats should also affect holistic process such method is rotating a fuce in
depth: front-on views are fir more common tlan profi

45 for faces. According to the expe
it i the greater experience with uprright faces that leads to b
for wpright (common farm

ler views. This, the expirtise
pothassis prodicts that holistic processing should be wenker lar profiles than for
___,._.._.ﬂ.

The first two of these predictions have been the focus of substantial
ivestigation, In contrast, the thind prediction has only recently
In the remabuder of this section I coneentrate on e i
Py, prediction three is lelt until o later section

empirical
Dsseen ide e
__...._?.:_.::_ﬁ —-:.._“m_n.;.__v ane mrwl

initial Evidence for the Expertise Hypothesis
Il

t expertise hypothesis has lang bokd sway in the literatore and, indeed, had
machied the status of b i the zeltpeist in 2007, This s purtly becauss it offers
teodierent theoretical proposal about why faces might b uHr._Gn_. but it is also
videree appeared to provide compelling suppart for it In fet, as

next section, all of this eardy evidence has sinee been refited,
s grly sticies are deseribied because they still have o powerful
Mok, Even today it is not uncommon to see anthors of
ol Hhe corections provided by subse Jent
comnponent of the early evidenee cune

Iy T

Wi will s

fiemnee

m":_._

papers
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it et
Jrolistic processing

alfocted by upright versus inverted orientation ot B years ol age
epnermed at 10 veirs, so they therefors argued |
i s

arey's (1956 clussic stuidy of
s prediotion that inversion
ger than for dogs in noy
siaty elfect for [aces Une
the expertise x

shony e[ Tescrt
for upright faces cr prgee] somewhiers hetwoon thes

The other component comes froms Do il
g experts. This stindy tested the expert
effects on memory for dogs in dog experts sluy
ices and, indeed, might be similar to the size ol the
1;_“._...-.___..,..: w_::...n.; LTS .f__m._...._.w._u_-__ ol __".___,_

interaction was not significant, Tn this follow
as ingrensed to 31 years, and the breetls of the ddogr stimmli wers

ke experiise w
earefully matched to the breeds of expertise of the show judges {this had not been

done in the first experiment). A striking expertise effect was then apparent, Dog
peviers showed, as usual, o sl inversion elfect for dogs. Dog experts showed o
veery large foversion effect that wis as larges as that oltatned for foces®

Let L]

LITRIN Y

p experiment that became

Subsequent Falsification of the Experlise Hupothesis

dling the eary rosults i chilidren’s development of face processing, then
i s | 1EE0) inverston
. beaviig little rosn

were chear problems with the initial
ollict stisdy suffered from Boor effects in the Goyear-old ¢
for inverted to be poorer than upright, Sulscquint studies withont foor effeds
fuversion effects in G-venr-olds (.. Carey, 1881}, 4- and S-year-ohly
2004}, 1

117 I.m:_ﬂﬂ.‘.-
Pellicand et al., 2006), and Svear-olds (Sangrigoli & de Selione
actoss age gronps (Carey, 1981, the size of
mversion efl i young hildren as in adults, Using bk Biwne
sl labituation paradig worsion elfects have also been found in infants (e
Blatt, Berti wden, & Reed. 2005: Colien & Caslion, 2001}

More di imesinis of testing holistie processing oy confirmed the imj
tiony T the iversion Budings that holistic/configurml processimg i presedl
vourng children, Thie p fTeet lns been obtained in G-year aldy Ttk
ot al 199%) and 4= and Syvar-olds (Pellicino & Rhodes, 200:3) Thie part-in-spa
ing-ulierrd-whole effect his been obtained in 4 and S-yeur-olds (Pellicano o ol
2006, The composite effect has been il alels (Carey & Diniel
1l and 4- and S-year-olds (de Heering yes, thie effect win
v in ndulis Sensitivity to emet distances botween face parts
ilelirist & McKone, 2003 Mondloch ot al., 2002
“nslyon (2IM1

the one stody tl

ned in Byes
i, 2007 in bt

pumerically birger t
Toais betem o | ins B-vear-obds
and devear-olds (McKane & Boyer, 2006} 1o infants, Ca e anel €
| parts wis treatod as nes ratlier than ohl

istic proossing is (M
i ._:.__-: Ll
Tulinth

feamned comiposed af

I sumunary, dutis Irons eliildeen elearly indicate th
ent and, indeed, strong by 4 years at the Jatest, No data g
from the 1= to 3-year aso range, bt there i o alnby some suggrestion il

(LAY

availubbe

processing Is present even | il
v 1o objects of expertise, sudies subsequent to Pinmeaid ;

s hawve almost aniversally failed to fnd ok
ding the basic inversion el

Turmin
(1986 eriginal dog expert st
suggesting hedistie: processing in ex
stuely has replicated | Wonmend nned Carey's

13, Ruog

FACE AND OBJECT RECOGMITION

objects of exportise. All rele
are reviewed

it studies of which 1 am sware (s of August, 2007)
S el ol 111 ...__: F._“.. _J. seen, the general finding is better described
wetween no increase and 4 small incresse in inversion effects with
expertise. inportantly, this inclides even in our own study that directl lie ., "
Pramond and Carey's originl dosign, emploving dog ._..Hz_im Ik u._‘...__u._.__.“..z_.._
pliotographs of their breed of expertise . . B
- -...”.H“__U ..”:a._.? i __:”“ﬁ.__r”._H:._:._:q_ and Carey's | _mr{f origingl result (see Roblins
io, & is Hhat dog experts (American Kennel Club judges) were prees.
tally famniliar with the particular dogs used as stimuli (taken | ,m_mt -
ting manials), along with their nomes. This would provide an _.:."_.rd”.._u* .
Lo eInory i i ght orlentation because this is the ..___._.._,:._:.ru_. i w ik the
reviously have seen the stimunlus dogs (eg j 1 tra
and beeanse baving access to o name ta remember a5 well .__._., a pic
Irprodve memary (e, Privio, 1986), . st
) _._..,.:..,EH..._.__”.: ‘.._..:".u.__ e 4__. 2.____“.5"._... the logie of the intorpretation of inversion
stheots, BEven i inversion effiects do beeome slightly ¢ or with e o
ing in this finding per se requires that the _E.LM_EN...h._“___.“_m,,“.,”“””.“..d_h________.,_”_,",.”,...d.d.:nm.ﬂ
H -] i ) i
”x_.z.._”“"._“ ”__ﬂ__”_ _:a_"n__.w:ﬂ_» ﬁu__..,.z__.a______:_i ie processing in the upright orientation
pvelin _. e S ..u._uzlr it {maost experenced) arlentation, as is suggested by
and Me 's (2007} inding of excellont transfier of expertise to cont i
vee dlags. The fact that larger inversion effects were cased by holistic : n.”.u :
url processtng for upright faces dess not mean that increased E?Lz .n—”_.:.._.* o
scts st also be holistic in origin . I

FELA

eXPerls wy

g mannals)
& kniown to

; _.“..._”“_ _.H,.,*._..___*... _____ the: more direet tests of configuralfilistic processing are s
i) m i _.” | :.“..._...._._.:_“ stusclies were shown in Tables 10,2 _..._.".F. ane 10.4.
i tnlings are clear-cut. The part-whobs effect does not inerease with expertise,
Lt 0 ,F_:.:._._.s.__.:__, 1:..:1 does increase with expertise. The
o oes not increase with expertise; indeed, Robbins and MeKone
_..,_=.u_.._ _e_._..._m.. ..,” __:“:_5.“..:. effect at all for dog experts looking at their bived of
o ._,,.._:_,..3”._”_”__,..:_”_4.:1 experts huving very high levels of expertise (3 me g
b o

1t al 5
= i ability to match dogs as acenrmtely as faces), Thus
i s in performance with expertise and the small inerease in inversion
s appvarent | - |
[rparent in some st iz from part-based processing

st be o
rather thia liolistkedconfiguml processing
Only two .
SR __ .“.._“___, ._._,__h.,. . r o challenge this conclusion
24 i _____n olk, 2005; Ganthier, Curran, Curby, & Collins, 2003), In both
AN Efr § g i i ol i I . y: 2
g ,__. eets of expertise have been found on measures that the authors
i Holistic processitg. Buth used nonstandard tasks. Robbins and McKone
[ Te 5.4) . i & :
e eetion 5.3) argued in detail that one of these (Gauthier e al) dlelimitely
ik v % 1 i | y
b measun integr of parts into a whaele at a percoptual level, ing .
' .
¥ o ignorr competing response coes fronm notionally
: (as In the Stroop effeet). They also argued that there were
e e validity of the other. (Busey and Vanderkolk rely on a maodel
[estionable assomptions that hos never been tested on Gees.)

LR TTT ey

redy thies dnal

Wiismmy by __:___
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th commenting on levels of expertise. Tn the face of sl finelings
1 reply Tram proponents of the expertise lypothe
would not expect the effects o b s 1
| of expertise for objects remains lewer th
into play. T
porhaps axperts might

Finally, it isw
ot core pan li
sis is that, of course
are for faces becanse the ke
ex. This is where the developmental face dati ¢
istic face processing disposes of the bl
show face-like processing if only they were “more” expert. 1| habies anvel 4-year-ald
llren show clear and statistically signibcant bolistie elects lor fnoes—despite
the well known difficulties of testing in this age mnge (eg., it s very easy to get o
A ditl wot wndorstand the tisk], then surely the 10+ years of

fi

in experts as they

v b e o

Iy eieer-

grnee of

elfect ecause the the 10
wrtise used in many olject expertise studies should also be sulficient lor sig

]
c

it elTects to show up o the much more relinble case of testing a

Relevant Data From Neuroimaging and Neuropsychology

it face-like processing

Hesults relevant to e substrates also support | .
e pot emerge lor objects of expertise (for review, seo MeKone, Kanwisher, &
Dined 2007). Findings from nenropsyehology an the most dramatic, In cans
of brain injury, the expertise lypothests predicts that ability 1o recomnive obijerts
of expertise shiull always track ability to recognize faces (o, iF one is damoged
Lsotli shenld bie damaged). Tn contrast, the idea t ._._.:.
recopnized via lee-specilic cortical aris _5;_._.? thiat objocts of expertise shoull
track othier objects wid dissociate lrom laces

Evidence clearly favors face specificity, No eases have been report
literature following the expertise hypothesis pro .
| abjects of expertise has bicen reported. Some:
expertise in il ivicluation of o
wnize Tis sheep, bt not lis L
w et wl., 2004: Serpeil &
fnee recogmition

nees, as i str

tion hetween
cannol recognize |
wost famously, the farmer, W], counld
ilv (MeMeil & Warrington, 1993 also see Duc
iermoret, 19921 Othiers show the converse pattern of nor
paired recognition of former objects of expertise le.g.
Maoscoviteh et al.. 1997)

In nesrodmaging, seven stindies have tested the expertise hiypothesis prohs
ticar that o BOLD response o ) FA shoubd increase for objects of expuriis
pompared 1o the sane objects in noviees, Three meported no F..__._:mh...._. Il i
FEA response (Grill-Spector et al., 2004; Op de Beock ot al., 200G Y :
& Biederman, 2006}, two reported vory [ e momsi it trepis ___._...:,_“
pertise-related increase (Moone, | solien, & Ranganath, 2006 Rlodes, Bl

b oresbain o @

I
Mix
ok approach tl _..._:._ f
X eob al., 20051, OF t

i Wk |
+ & Puce, 2004), and two reported significant increnses to a level that il
. HiH

faees (Couthier, Skindlarski, Gore, & Anclerson
..:_._rz.u hat ._._._,._.._ _"#.;______...__ _..._m_.!”_:zn. i ol
extrastriate cortes rare el larger expe tiee-related incremases oitse :
FEA than within it (Cantlier et al., 2000; Moo e al, 2006: Op do Boeck ot d
2006: Whodes ef al., 3004; Yoo ol al., 2006)
Tuken togetlicr, these results provide oo oy
et wone | the FEA that was predicted by the expertise livy

oo far the speci; | pelutanship

o E

1_‘_".__._:...

FACE AND OBJECT RECOGMITION

HMesraative pruposal (1 cKone, Kanwishier, & Duchaine. 2007: Xu, 2005} fs
that expertise offocts arise primarily in the w cartical regions responsible for
il that the small and inconsistent effects in the
t general attention-related inereases in Bload Bow arising from
e interestod in their objects of expertise than noviees. Sone
also arise From inclusion noritarget newral o | {(“partial vol.
sningk IMKRL voxels are quite lage and cubie in shagee, and thelr edges are very
unlikely to correspond to the boundares of eortical reEons .

eflects cm

VIEWPOINT, RECENT EXPOSURE HISTORY,
AND FACES VERSUS OBJECTS

Thies ressunlts pesvhiswed |

previous section indicate that holistic processing is
bearned with experience for obyjects. In contrast, provements in olyject :,r..#.‘_z-
tion with expertise appear to have their origin in inproved part-based processing,
This suggests o dissocistion between halisticiconfigural and part-based processing
in terms of their patterns of sensitivity 1o prior experience. Other ways of test r

s of prior experience ane discussed in this section, :
Ihee—object dissociations.

First, consider holistic/eonligural processing for faces. With rotation from
upright to iverted in the image plane, holisticionfigural processing falls off
in o bell:shaped wanner and is absent in the range [rom npproximately 135% ¢
miation to 150° (M et al, 2006; McKone, 2004; McKone et al,, E.:: ) “._...__:

t coulil potentially be expluined based on differential BXpeTiEnCG s;._.__ ._.q..
It rotatbons, but twe findings argoe aguinst
jractice

These: agnin show

. this interpretation, Experimental
with fverted faces does not induee amy holisticfion figural

this inelndes lumdreds of trinls of practice (McKone, 2004), thousands of trinls

ilobibing & MeKone, 2003) and tens of thousands of trials _r....?.r.:.___.. et .._.w“. m_u::.
sccotally, 1 lve been locking at the Moaney face in Figure 10.4 ._.E_ m_.f_n.,

or seen the Gwoe inverted

The other linding is that rotation in depth (front through profile, all faces

ight) s no effect on configural processing, Despite the fact that peaple have
sulista ¢ more experience with

_ﬁx.nmr.m.._u"

front and three-. b i
‘ se-guarter views than with pro-
{20008) Pl thiat the: compaosite effect Wit ) .

that this also refutes the third prediction of the exXpr

. . s Diypothesis.)
ow cansider object recognition and part-baserd processing in general. For

cts, noming Intencies {nerease

_ . _._._:__._..__E:_E_E:.us.u_.25____:.3.5___.

il view in the image pl i 1985: Palmer, Rosch. &

Uhase, 1951). These rotition effects « isappear rapidly with practice _"...m... —a".n.:..

r, 1995), wsially within 3-30 trials per s Figure 105 [lustrates

veevamiple whiere thie wisorien less than 20 exposures
o 54 commron olbyjoects () f Cremlell, 1989)

Fetple can also leam emtirely new olsjeot clisses easily: oy
e i ailults (for reeaie |

3 enrve been

whien first exposed
1% 30 yeurs in age, think of mobile phones; for readers
ol computer mice), Results show el part-based processing for objects

29]
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(TLEL
—i— -2 Faposures
—— 18- 20 expowmites

Reaction Time to Name Ohject

T T ¥
V80 T | i b

Hitation Away from Upright (%)

Figure 10.5 andrast to e Fodings thar Lolistic’ c:_ﬂ_.c ; | _:__q_e_:“_jz
fi o8 Shows no ning, evet with thousands of trils of :_.. ' I g it
for objects {presumably part-hased) is bearned very .._.m.____, - toa el of 54 commng
outnd cbjecte Rotithon elfects disappear Ly z_._..__ 2 _...,__..]._ qativm aeniel Prgefiopehipsios
olijpects. { Hesolts are fromn MoKooe, E. &G AL, 1988, Ferception L

61, 158016 )

ket il

. _.
i i very recent exposure Listory, Tle
itive mperbence, inchuding very meeent exp !
b5 stromgly sensitive o experi iy o i sl
surowe s b of part-based processing for faces, Despite il _..__..r_:.. v __.__r ; ,__. o
y : a Moot ol vie
effects on holisticfeonfigural processing, McKone (2008) "_ :..__ .:.“:1:__ B
Tregueney on part-based processing, ns ewidenced by a profile dec ;
S ki uration faces (unallgmed, inverted} as for intset-con-
1, aligmed). o
by Ll
8 s i t-based processing lor objects
Take thier, these results argoe tet por
Tuken together, i recent experience. obtaiil

as strong [or disrupte

faces) is strongly sensitive to expericnce. o e
as an sedult, and improves easily with practice. Holisticfoonfig I i
e, . ] : m i MM 1
faces, i contrast, seems unaflectee by experience: 1t is alw wm_..m.__ b
: : : ¢ I FTR
Faces, regurdless of depth motated view, and always poor for imverted [a

leess o amsmint of firac thor

HOLISTIC/
ES EXPERIENCE EVER MATTER FOR
oo CONFIGURAL PROCESSING FOR FACES?

i i I i TR
1 i 1o the generl lack of experience effects referred to previously, :
I tin &Y ) ; . e e
specilic circumstances, halisticiconfigirm] processing is z_m__._:.._:.___ & | 4 2
. 0 . iry infaney: Cotars
" e of o critical e il 1
T alrendy poted the exise . ki S e
who ._...::_.._.w-.:..}_":_“.:;._:.._:. first 26 monthis of life pever slu .___.?
; 1 1 F i 'L 9
{ (Lo Crand et 2004), Thus, experience with faces in infancy seen
1 LAt el ) s
al to developing holisticieonfigoml proces 0. Pl
The second clremmstance involvis atlyr-rice cls, Holkst B

i 5 % e sl t L i T Fiet __.____ L}
(111 il ._n_' il
PRSI W ine _-._..._-_ — i Li _Z i “_

FACE AND OBJECT RECCM MITHOMN

Lo A= i fisi als

Both the composite effect and part-whole effects ane
wenker for otlier-race

fucwes than for same-race fuces {Michel, Caldara, & Rovsion,
=006; Michel, Hossion, et al., 2006, Tanaks, Kiefer, & Bukach, 2004). This sug-
gests that holisticfeonfig processing is altected by experience with particular

face subtypes. | r. normmal levels of holistic processing can be
tenined ofher-mace individa
al,, 2007}

In summary, it seems Hhat for faces as
to holisticieonfiyural processing only in that there is o erftieal perind for the
activation of halistic processing in early infancy. For specific subtypes of fnees
lown e vs. other race), it may be that holistic processing ean be switched on
throngh experience or off through lack of it

v, v for an adule, ©
lace is upright

induced for
after anly 1 hour of practice (McKone, Brewer, et

an entire elays, experience matters

»and that this can occur quite Fip-
illy, however, this latter Aexibiliey wpplies only if the

WHAT IS THE ORIGIN OF SPECIAL
PROCESSING FOR FACES?
This chapter has roviewod an extensive st of findings arguing

dilfer eritically in style of processing and in patt
rlor expericne, |

dohjects
erns of sensitivity of that style o
key results can be summarized as follows Hulisticiconfig.
il processing s limited to the stroctural form of pright faces (in any deptl;
viewpoint), cannot be learned for objects, and is insensitive to amount K e
e with different views/rotations of faces, It s sensitive to experience only in
Hint exposure to faces fu i ancy is required lo activale it that it can weaken or
narticulr subtypes je.q., mees) of fices, In eontrast, part-hased pro-

oessing, ns oeeors lor both faces and abjects, is strikingly sensithve to CRPETIENEE.
I improves mpiclly with experimental practice 1o the point wiiers
effects can quickly di appear It also has no
o particular structural forms.

What is the origin of tHiese differ
(2007 have noted, it i clear that res
ke that this leaves peseareliers with

aariesit il b
eritical period § nfancy for EXpPOsTTE

s McKone, Kanwisher, and Duchuine
exmertize is uot the origin, Instead, _____,.w
two bypes of theories about the limitation
ol holisticsoon gl processing to the stroctural Torm of

CEs. e differ in
whethier they include an

ale representation of fce strocture
Perhaps the most obvious by pothesis is of

Lexperience-expuectant insate fem-
plietee, theary proposes th

it i representation of face strocture has developed
evolutionary pocesses, reflecting the extreme social tmportance of faces; at
Mot satme tine, the visunl systemn has maintained an intependent and more Rexible
frmenc system suitable for recognizing any type of object. Within sucl 4 theory,

P following ¢ omponents woukl be necessary to explain the face-recognition data
e reviped:

* Tha gy - woitkd code at least the basic structure of o Giee

e form ol any such representition is not anderstood, but it could
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possibily teke the form of eyvo bilods abawe neos above mouth blob, as

in the Mo anel Jolmson (19591) CONSPEC theory (also see «
: 302
Hunmplireys, & e 2002 . .
The "E__ slate wust provide the developmental impetus not only for
; 3 _.. 1 e ._._ mson, 1881, E..FF...."..__:. _._:-.
good face rec N
oy 50
[ace-selective e
reamalng unknown :
b 1 i BASER |
Tve svctivantion of the templike miest rely
\ pey, withont whicl it would no longer Funetion
ey, the coding of fee strocture must remain
| processing o be applied to inftially non-
| st st b perima-

gemeral enoug : : vt

experhenced subtypes of faces following practice,
. ettt i fiwcers

aitly tuned o thie opeighit orlentation o "

i : Slects, t nplate must be thirese-

minltiples fnnate .....:1__._;._... cich

Toexpluin the lack of depth viewpoint ¢
dirensional in strocture of laeres st b
describing dilfi-rent views,

mate template theory can expli all the :;..._7_, I
3 HErE . W 1M

live reviewed here, plus all other resilts of which 1am awa _n.._“zn.w_”_. ”HF._:_:. L

eaistenes _..m.___..___.n.__:__..._..__._._ _..._-_.._.u.d..n_.m_._:_..um._: (e, I chnine etal., 2 I i

¢ Herilalale sy explain |
that, aneedotally ot Jeast, this appears to be strongly e It ean ¢ A
. " 1 chioose to individoate conspecilies (m

« face. rather than on some other body pa
p exportise with, say, ands, adults fal

The experience-expec

bers of their own spec
v ity b o
Despite extensive oppartanty : .
i f____ amel remin pos entilying these stnmli om _r:____"_ ._:_ fnoes. : __
5 H e i h taeker 1 LR
inedi t G-montl ts e diserimin
It ican alse ex a finding tha . i
vl ionkey fices, although 9-month-olds and adults bave lost this ability (Fasca
: . . 3 AT T w
dh Flnan, & Nelson, 20021 This finding is similar to the percey __.ﬁ____ rowi _-_,i
' - ¥ b I : t..- .
i i v infuney for plionemes of ponexy
lnck of experience that oceurs during ¥ s ) s
Langn _"_..z.u_ which is wanally tuken as evidenee for an experience-expectant in
coding of all possible phos . . !
_" _.__:_ﬂ.u__ _:._.___Fﬁ e i an Enfant expeclence plus other facton *._:,_.:__._. In o
; G ] : i v eoee [ndine
w, this appears to be a viable possibility. 1t can explain the core fin __._q“.__..
Wiy, apphe : : : nding
_._,L. ivfconfigural processing is limited 1o faces in 5—Iry _“-3..._._.._“:_...
: + pal
te speeial visual ability s for the style of processing rather than 5 I i
fisrmn ] thit this becomes tuned 1o fwes due entirely to biased oy
s amcy, which [inetor other o an b :
That is __._.__..,..q_._- fces are prpeneons stimull for which
nl is, g 4

teanplat cticed during the critical poriod for Julistie

individual-lesel diserinnation is
il processing in infoney. ST oK
it wory is not merely another version of the expertis fwpm

W E vt ¥ LLHE)
| 2 - * L} H ._
STINS SUFIPao g (IR W tise o thie i

¥ ddies g T 4 J h_h*_ _
From thiose sujpporting grnieral object expertise in thi

ssuintion, it s be possibile o learn | listicieonfigum| e

[ also dinpso
ing for objects as an it s mod, It fs alsa 1y

L]
W o ottt Elais fvpeed

FACE AND OBJECT RECOGMITION

ety choess 1

it all innate contributions, bt merely innate contributions
baged on

presentation of face structure. Innate contributions based an,
preferences or auditory abilities would be passible,

In terms of explaining other relovant finelings, the pedormance of the theory ol
infant exparience plus other factor is mther mixed. Tt provides s good explanation
ol the chaice of the face for conspecific individuation: This would arise becatse
tnfants experiencs mare [ees than any other stimull, It also provides a potential
explanation of the | ty of developmiental prosopagnasia: This could arfse if
sorething is genetically wrong with the “other factor* rather than with a face tem-
| Twever, nate that s reduires specilying a reasonable other fetor, which
Is not an casy task (see lollowing comments),

A possible difficulty for the theory, however, is the Tuck ol viewpoint freguency
elfects on holisticionfigural processing and the different ng patterns for rota-
Hons i the image plane versus in depth. The theory ean explain the fact that
hilisticiconfigural processing oceurs for upright but not inverted Gices heca
fverted fuees i presunbly rire in _.___.E:,u_n however, it would then need to
thevedop some principled explanation of why profile faces, which presumably are
also rve in infaney, show o ifigural processing s strong as that for the common
[ront-view fuce

Even more importantly, for this theory ta be viable, it would be necessary 1o
L ailsles dior ke “other factor” MeKone, Kanwisher, and Duchaine
{2007} considerve four possibilities. Three of them hive clear difficulties

Si 221, Cins and Umilta (2002) have suggested that infants

s based on a preference for stimuli with mare elements
in thie upper half of the visual field. Although such o preference was certainly dem.
anstrated with their experimental stimuli, in which the faces wers cut off bedow
tHi havirline, this cinpot explain specificity in real life beeawse real heads do

have more elements in th upper hall (eves, nose, ears, 1 are all st the

Ip= bt Doswer Liall)

Another likely sounding possibility is that face specilicity could arise through
attraction to faces based on infints” prenatal familiarity with their mother's voioe.
Aggatin, however, the laet that suels familiarity is known to exist (Kisilevsky et al,
200 Sai, 2005) s not sulfic Any theory based on auditory processing makes
the prediction that people born deaf would be prosopagnosic, but this § Ihe
vase The samwe problematic prediction arises from an explaniation (Sinha, Balas,
b Orstrovsky, 2007) based on an idea of infant preference for moving st f that
froduee synchmonous sou . 2003).

The best “other factor” proposal of wlich I am sware s that faee specilicity
vould arise from fices being placed close enough to infants to be in focus more
lten than othier sti; (Kanwisher, pers. comm.), In a recent “baby cam” study
that recordes rowhorn visual world vin o camers attached to the babiy’s hend,
Ml et al, (2007) reported that faces were v far the most common stimuli pre-

el elosi enoingly bt batbay 1o b wisible, given newhborns” inability o pereeive

spatial frequencies. The faces-in-focus idea Jeuds o pitentially vinble mech-
vol inheritance of developmental prosopagnosin (or of least ane pot refuted
wrrent knowledge): wamely, wmsually poor or unusually good visal aciity in
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infaney (or, 1
Tl cnly evidk

Overall, 1 cu
theory. However,
resjuine :.._:_n:._:n__,_r_._:_;:__._._;.._..._ M- T FOE
pesssibibie that an alternative factor exphains all the redeacut dits.

: passibly lack of view Frequency elfects,
thy |

i ol innale

n teware] tlie L YL

s sl o t b Bk o i that ey
explanations, It resmains logically

CONCLUSION

tal origin of holistic/konfg

I

_._.._._..__ L

.._._._"_:.__._._n_. il | sthomn of the _.“___;_._.._..J_
remmaing unresalved, tie

3 n wal Dt s
answer to e question of w : ; joct i
i Yess, it ks, This implies that compaitational m 1 sl impoelels ol _..: :.___...a,ﬂ:
:. "_._z restricted to t] ._u:__.___._,.___ coddings the stroetural Torm of fces, 1t a .,__“

L - ! ] . f3
% v fomeus of future research wonld be whether, or how, visw

representation of Bee stroct ._
R
atedd more directly with the social inportance of faces
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