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Abstract

8 In order to study face recognition in reluive isolation from
vistal processes tat may also contribute to objeet recognition
apd reading, we investigated CKo o man with normal tace
cecopnition but with object agnosia and dysiexia ciused by
closcdbhead injurny We administered recognition tests of up-
dght faces of family resemblinee, of age-trnsformed faces, of
caricatures of cartoons of inverted fices and of face features
of disgiised faces. of percepiually degrded faces of fractured
faces, of faces parts and of faces whose parts were made of
sbiccts We compared CK's perlormance with that of a0 least
B2 control participants We found th CK performed as well
a5 controls as long as the fee was upright and retined the
configurstional integrity amoeng the internal facial features, the
yes, nose, and mouth This hebd regardless of whether the e
was disguised or degraded and whether the face was repre-

INTRODUCTION

Domain specificity of processing mechanisms is i central
concern of cognitive neurascience This issue is espe
cially relevant to research on the recognition of faces:
Daes lace recognition involve processes and neusid
mechanisms that are different from those involved in
object recognition, or s face recognition medisted by
the samie pattern-recognition mechanisms and processes
as objects? This long-standing debate is not fully resolved
although converging evidence trom a number of sources
suggests that face recognition is special 1o this paper we
review briclly evidence and theories on both sides of
the debate and present extensive data on face recogni-
tion from i single individual, CK. who has associative
visual object agnosia and dyslexia (Behrmann, Winocur,
& Moscovitch, 1992 Belirmann Moscovitch & Winocur
1994} that is particaiarly circumscribed His abilin to
recognize objects is severely impaired even though his
acuity is normal and he can apprehend and draw the

® JUOT Vassachuselts busidtnte of lechuslog)

sented us @ photo a caricature @ cartoon. of A fice composed
of ohjects Tn the fast case, CR perceived the fice Dat, unlike
controls was rarely aware that it was composed of objects
When the face. of just the internal features were inveeted or
when the configuntionat gestalt was broken by fracturing the
fuce or misaligning the top and bottom halves, CK's perfor-
mance sullered fr more than that of controls We conclude
that face recopnition normally depends on two systems: (1) 1
holistic fcespecific system that is dependent on orientation-
specitic coding of sceond-order refutional features (imternab),
which is intact in CK and (2) a part-based uhject-recognition
system, which is dumaged in CK and which contribules to face
recognition when the face stimulus does not satisfy the do-
muin-specific conditions neceded to activate the face system B

various leatures or components of objects he cannot
identify Among other things, what is remarkuble abowt
this individual is that his face recognition appears to be
intact He, therelore, is an ideal west case {or investigating
face recognition in its relatively pure form, uncontami-
nated, for the most part, by processes that might be
involved in recognizing objects In other words, if face
recognition is indecd special. as some have claimed,
studying this individual provides us with a rare opportu-
nity to determine in what way, iF any, it is special This
nvestigation of face recognition will necessarily have
some bearing on the dehate coneerning domiin spe-
cificity and modularity of perception {Nachson, 1995%)
We will address some of the relevant issues as they arise
in the individuad experiments and in the concluding
discussion

Ve begm watli g briet DLCrure reviow ol L assuc
ol whether face recognition s special and foltow thi
with un overview of current theories of face recognition
hefore presentiog CKthen there are six sections each
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consisting of a number of experiments on different as
pects of face recognition: (1) recognition of normal up-
right faces, (2) recognition of caricatures, (3) recognition
of inverted faces, (4) recogaition of perceptually de-
graded faces, (3) recognition of fractured faces and of
face parts, and (0) recognition of faces made of objects
We will demonstrate that when the face is presented
upright and intact, CK's recognition is perfectly normal
and gives no indication of the profound deficits that are
noted under other circumstances, such as when the face
is inverted and when it is fractured We conclude with
discussion of the implications of our findings for theo-
ries of face recognition and of modularity.

Are Faces Special?

Neuropsychological studies of patients with brain dam-
age have demonstrated a double dissociation between
recognition of faces and objects, indicating that the two
processes are distinct {Newcombe, Mchta, & de Haan,
1994). At u neuroanatomical level, prosopagnosia (Boda-
mer, 1947; Hécaen & Agelergues, 1962), a severe delicit
in fice recognition, is usually associnted with bilateral
damage to the inferior aspect of the temporal cortex, in
the region of the fusiform gyrus (Benton, 198(E Damasio,
Pamasio, & Van Hoesen, 1982 Damasio, Tranel, &
Damasio 1990; Farah, 1990; Mcadows, 1974; Sergent &
Signoret, 1992a; Whitely & Warrington, 1977) though
unilateral damage to the same region on the right (De
Renzi, 1980, 1986b; De Renzi, Perand, Cartesimo, Silverd,
& Tazio, 1994; Landis, Cummings, Christen, Bogen, &
Imhoff, 1986; Michel, Poncet, & Signoret, 1984; Tovee &
Cohen-Tovee, 1993 Warrington & James, 1907) is
sufficient o produce the deficit while sparing to a
greater or lesser extent object recognition of equal
ditficulty The opposite pattern of deficits, impaired ob-
ject recognition but with refatively spared face recogni-
tion, can be obtained with damage on the inferotemporal
cortex on the left, although as with prosopagneosia, visual
object agnosia is more commonly associated with bilat-
eral damage (Farih, 1990; Hécaen, Goldbloom, Masure, &
Ramtier, [974; McCarthy & Warrington 1990; Neweombe,
Mehea, & de Haan 1994)

Recent studies using functional neurobmaging and
EPs to faces and objects in normal people have cor
roborated  the evidence based on studies of brain-
dumaged people by showing that faces and objects differ
in hoth the patern and location of clectrophy siological
and Blood flow responses they clicit (Allison, Ginter,
McCarthy, Nobre, Puce, Luby, & Spencer, 1994a; Allison,
McCarthy Nobre, Puce. & Belger, 1994h; Bentin, Allison,
Puce. Perez & MeCarthy 1996; Bobes. Valdes-Sosa &
wiivires 19y For example the wimplitude of aonie BERE
wavelforms is grester and latency is shorter to fuges than
o objects In ERE PET and MRI studies, faces and objects
activate distinet foci in the same general location, usually
in the right fusiform gyrus (Allison et al 1994 1994
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Grady, Melntosh, Horwitz, Maisog, Ungerleider, Mentis,
Pictrind, Schapiro, & Haxby, 199%; Haxby, Grachy, Horwitz,
Ungerleider, Mishkin, Carson, Herscovitch, Schapiro &
Rapoport, 1991, Haxby et ab, 19%4: Kanwisher Chun
McDermott, & Ledden, 1996; McCarthy, Puce, Gore &
Allison, in press; Puce, Allison, Gore, & McCarthy, 1995,
Sergent, Ohta, & MacDonald, 1992), although biluteral
activation is obhserved in some individuals Further o
dence of selectivity comes [rom animal research Cells
that respond selectively to faces have been identihied in
monkeys in areas homologous 1o those that are activated
by faces in humans (Bruce, Desimone, & Gross. 1981
Desimane, 1991; Gross, Rocha-Miranda, & Bender 1972,
Gross, Rodomn, Gochin, & Colombo, 1993 Gross & Scr-
pent, 1992: Heywood & Cowey, 19925 Logothetis & She-
inberg 1996; Perrett, Hictanen, Omim, & Benson, 1992,
Rolls. 1992: Yamane. Kaji. & Kawano. 1988 Young &
Yumane, 1992)

At it fupctional leved, the inverston effect has pined
an important part in distinguishing processes impiicieed
in recognition of faces and objects:inverting stimuli from
their canonical upright orientation impairs recognition
of fices more than that of objects This effect first noted
and expioited by Yin (1969; 1970) in studies of normal
and brain-damaged people, is especially dingnostic of the
differences between faces and objects Once fades are
inverted, the distinctiveness of face recognition st a
perceptuatl and neunl fevel s also lost i humins (Ak
lison et al, 1994a; Bruce, 1988; Bruce & Humphreys,
1994; Jetfreys, 1994%; Tanaka & Farah, 1993; but see Bentin
et al . 1996; Wright & Roberts, 1990)

Despite this wealth of evidence, it has been wrgued
that when factors such as tsk demands, discriminability,
familiarity, and categorization are equated. behavioral
and neurclogical differences associated with processing
objects and faces are reduced or eliminated (sce Bruce
& Humphreys, 1994) Tor example, with respect to dis-
criminability, it has been suggested that visual discrimi-
mition involved in face recognition is more denunding
than that invelved in object discrimination. Another ver
sion of the discriminability bypothesis states the oppo-
site: Because we are so experienced at recognizing faces
and because faces arguably are the most common conr-
plex visual stimulus we encounier. faces, not objects, are
the casier of the two to discriminate Neither yversion of
the hypothesis can survive evidence of double dissocis
tion from the neurological literature I faces were simphy
more difficult 1o distinguish from onc another tun ob-
jects, there should not exist any patient wio shows the
reverse pattern, yet theee is ample evidence of paients
with object agnosia with relatively spared face recogni-
tion (Faralt  19U0) MOrcover among prosoplgnosics
there shoakd o be amy who pesforo goitia eh
ject discrimination tasks that have been cquated 1o
difficulty with fices but as ahready noted such crses lse
exist AU the visual level inversion does not aber the
complexity of facial stimuli yet not only dous it i i
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face recognition, which is expected, but in doing so it
liminates many of the functional differences between
rccognition of faces and objects (Bartlett 8 Scarcy, 1993,
pruce & Humphreys, 1994; Rhodes, 1993; Rhodes, Brake,
& Atkinson, 1993: Rhodes & Tremewan, 1994; Tanaka &
parah, 1993) By contrast, inverting objucts 1y pically has
ittle effect on recognition, exeept that atencies may be
dowed If factors related to discriminability were at the
oot of the difference berween faces and objects, one
woulld expect that inversion would exaggerate the dif-
ference between them racher than reduce it

Damasio nd his colleagues (1982, 1990; Dumasio,
1990) proposed a sophisticated version of the dis
criminability hypothesis to account for prosopagnosia: It
is not a deficit of face recognition as such but a general
deficit in discriminating among exemplars within but
not across, categories We shall refer to this as the indi-
pidnation hypothesis Prosopagnosics simply are im-
puirccf at making fine discriminations among exemplars
within a catcgory, which is what face recognition re-
quires By contrast, object recognition typically involves
discriminating onc category of items ( e g, a c¢hair) from
another (a table) Consistent with the individuation hy-
pothesis, Damasio ot al's prosopagnosic piatients were
also impaired at distinguishing one object from another
within categories Contrary to the individwition hypothe-
sis, however, there are prosopagnosic paticnts who do
not have an associated deficit for within-category object
discrimination Though severely affected at recognizing
faces, these people nonetheless can distinguish among
different glasses (Farah, Levinson, & Klein, 1995, De
Renzi, 198064, 1986h), cars (Sergent & Signoret, 1992a)
and sheep (MoNell & Warrington, 1993) Conversely,
some  patients have  difficulty  distinguishing  among
glasses (Farah, [993) or cows (Assal, Favre, & Anderes,
1984) without being prosopagnosic

The discriminabitity nypotiesis has its counterpart in
the behavioral domain For example, 1 common expliane
tion of the inversion effect, presented in many guiscs
(see Vilentine, 1988, 199D, is that identification proce-
esses for inverted faces are more compiex or more
difficult 1o execute than those for inverted objects, and
once executed, the target face may clude identification
An altermative explanation is that inverted faces do not
initiatly cngage mechanisms specialized for dealing with
faces but instead are handled first by mechanisms used
also to identify objects As a result, faces that were proc-
essed holistically when upriglit are processed piccemcel
when they are inverted (Rhodes 1993; Tanaka & Farah
F993; Yin, 1969) The katter process is illsaited for iden-
lifying faces that are represented holistically Because
this controversy will he addressed direotly by some of
our experiments we postpone further discussion of this
puiitt until we present our findings kier m tdwe papur
For the moment, we wish to draw attention to the point
that the controversy revedves around the issue of
whether face recognition s special or whether i de-

pends on generalpurpose visual processes that are alse
used for objects

Theories of Face (and Object) Recognition

[he question of whether fuce and object recognition are
different is distinct from the question of what underlics
that difference We have already suggested that each may
he mediated by different neural substrates Less certain
are the processes involved in face recognition that ac-
count for its special status For those who believe that
all stimuli sre processed by a generl-purpose visual
processor, the difference between recognition of faces
and objects is one of degree rather than of kind. Typically,
variations of the discriminability hypothesis e ad-
vanced to support this view, but as we have seen in the
previous section, such hypotheses do not stand up well
to the evidence

Those wiho hold that face recognition is special have
suggested a number of different explanations to account
for its distinctiveness One is that there is a free-specilic
processor whosce domain is defined by facial stimuli That
i5, the processor is tuned selectively to faces much in the
wiy that neurons are in the monkeys remporal jobes
We refer to this as the face-modude bypothesis An alter-
native explanation is that although a specidized proces-
sOr exists, its domain is not restricted to faces but rather
to all stimuli that can be processed and represented
holisticadly Among naturad stimuli, faces are particulardy
well-suited 1o engage this holistic processor, although it
is possible that other stimuli can do so too Object
recognition, on the other hand, is primarily analytic or
part-hased and depends oo a processor with different
chamcteristics from the one favored by faces Insofar as
aspects of face recognition are part-based, they, too, en-
gage this processor By the view entailed in this bolistic
hypothesis, face recognition is special because it has
privileged, but not exclusive access to a holistic proces-
sor This view also holds that under some conditions, fuce
recognition may depend on the operation of the ana-
Iytic, part-hused processor

Versions of the Holistic Hypothesis

What precisely s meant by holistic and by part-based
processes and representations is currenth under discus-
sion in the literature and vigorous investigation in the
laboraory The various proposals bear a family resem-
hlance o one another Although our experiments were
not designed o distinguaish among ail of them, we will
have occasion to refer to them throughout the paper We,
therefore, summarize them here and refer the reader o
excellent reviews on face recognition for detatled expo-
stins and eritigues (druce T98S: Bruce & Humphreys
904 Bruce & Young, 1980; Bruyer [980; Eilis, feeves.
Newcombe & Young 1986 Faraly, 1990, 199§ Nachson,
1995; Young, 1994}
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All proposals that claim that face perception is holistic
have in common the idea that the whole of the face, its
global structure or gestalt as determined by the spatial
relations among its components, is greater than the sum
of its parts, the individual features that comprise the face
As applied to faces, this idea is linked to the neurologi-
cally based notion that the right hemisphere is holistic
and, among other things, specializes in processing faces,
and the left hemisphere is analytic and specializes in
processing words and ngameable objects (for an carly
version of this idea, see Jackson, 1874, 1915; which kiter
was revived by Levy-Agrestd & Sperry, 1968; see Brad-
shaw & Netteton, 1981, and Moscovitch, 1979, for a
review and critique of some of these ideas; and Rhodes,
1993 and Corballis, 1991, for some recent reviews, refine-
ments, and developments) The difficulty, however, al-
ways has been 1o determine exactly what is considered
a gestaly, which relations are crucial, and what consti-
tutes a part Some early views were that facial features
that formed a gestalt would be processed in paraliel
whereas those that did not would be processed serially
(Bradshaw & Wallace, 1971, Bradshaw & WNettleton,
1981). Another was that face recognition was dependent
primarily on low but not high spatial frequencies (Har-
mon, 1973; Sergent & Hellige, 1986) Both views have
been repudiated on empirical and theoretical grounds
(sce Bruce, 1988; Moscovitch & Radzins, 1987,
Moscovitch, Scullion, & Christie, 1976) and have been
replaced by more compurational theories (Beymer &
Poggio, 19906; Hancock, Burton, & Bruce, 1996; Valentine,
1991; Yuille, 1991)

Configrral Hypothesis

The more popular views contrast the configural proper-
ties of faces with the feature-based o less configuril
properties of objects Rhodes (1988; Rhodes, Brake, &
Atkinson, 1993) distinguished between firstorder fea
tures, which are distinct, isolated entities (eyes, 108¢),
and second-order features, which are the relations
among first-order features and include their spatial rela-
tions and their location with respect to the contours of
the face For Sergent (1984; Takane & Scrgent, 1983),
configural relations are interaetive in the sense that there
is informational dependency and mutual influence
among the parts of the face

Secone-Order Relational Hypothesis

Carey and Diamond (1994: Diamond & Carey, 1986). on
the other hand, have distinguished between two types
of refational features First-order relational features are
the spatiaf refations among parts ot isolated features and
are sulticient for identifying most objects ar at least
specifying their category membership Second-order re-
fational features are “distinciive variations of a shared
configuration” (Carey & Diamond, 1994 p 25%). the spa-
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tial arrangements of the parts relative 1o some prototy pi-
cal arrangement that exists for a class of items Rhodes
refers to stimuli that have this type of prototypical ar-
angement as homogeneous (Rhodes & McLean, 199t
Because the parts of # face always bear the same relation
to each other, faces can be individuated only on the basis
of their second-order refational features

Norm-Based Coding Hypothesis

In a subsequent development of the basic iden of sec-
ond-order relations, Rhodes, Brennan, & Carey (1987
suggested that the compurations that arc ¢rucial are nog
the ones that involve features within a face but rather
those that code relations between a face and a norm that
is derived by averaging or superimposing a large numbey
of Fces (see also Valentine, 1991, for the advocacy of
norm-based coding in face recognition) As Rhodes et al
(1993) correctly observed, each of these proposils as-
sumes that representations of faces consist of parsed but
intepactive features and that the nature of their interac-
tions determine whether the representations are holistic
or not In contrast to the norm-based hypothesis the
density alone (or noise) hypothesis states that individ-
wal faces are identificd by their overall point-by-point
representations in multidimensional space or by a prin-
cipal component analysis (Valentine, 1961; Johnston
Milne. Williams, & Hosie, 1997)

Gestalt oy Template Hypothesis

Another class of theories, however, exists that assumcs
that holistic representations are unparsed (Farah, 1990,
Corballis, 1991; Tanaka & Farah, 1993 see Garner, 1974,
Moscovitch, 1979, and Bradshaw & Nettleton, 1981, for
review of some of the eardier ideas) Instead, they are
represented as gestalts or templates in which the com-
ponent parts, aithough separable in principle, are not
processed or coded independently Thelr identity de-
pends on the gestalt of which they are a part Insofur s
faces are special, they are holistic in this sense Part-based
representations depend on decomposing items into thei
component parts and then integrating those parts in
relation to each other and to the shape that binds them
Typically, object recognition is hased on part-based rep-
resentations, although some aspects of face recognitivn,
such as recognizing inverted faces can also be pare
hased

Although Farah (1995 see critique in Carey & Dia-
mond, 1994) attempts to distinguish this theory from
some of the configural, relational, and nornrbased theo-
ries we do not think that the attempt is wholly succuess-
tul instead, we believe that the two types of theories
complement caeh other The conngural TREOnes i e
the relation that parss formming a facial gestalt mast hase
with each other and with a norm. so that the face cin
he recognized As we understund them Farah's theory
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says nothing about the algorithm refating the parts o
each other, and configural theories are neutral as to the
ability of the parts 1o have an identity independent of
the whole

Each of these proposals captures some of the crucial
differences berween faces and other objects, and each
has been useful in explaining different aspects of face
pcrccption Nonetheless, many problems remain, which
suggests cither that the proposals are deficient or the
ways they have been tested are not adequate For exam-
ple, in a number of studics, inversion cither does not
affcct what is construed on principled grounds to be
refational or normebased processing or it paradoxically
affects recognition of face parts Thus, inversion does not
affect recognition of caricatures, which is believed to
involve norm-based coding more than recognition of
veridical drawings (Rhodes et al, 1993) On the other
hand, inversion does affect recognition of features such
as eyes and mouth when presented in the context of a
fuce but not when presented in isolation As well, mark-
ers of what is taken to be a common underlying rela-
tional process seem to have different developmental
time courses Thus, the full effects of inversion are not
observed untl 0 vears of age, whereas interference
effects caused by combining seamlessly the upper and
fower parts of two different faces (Young, Hellawel, &
Hay, 1987) emerges as early as age 3 (Carey & Diamond,
1994) These results suggest one of the following: that
there are different types of relational and norm-based
processes cach of which contribute to face recoganition
and make it special (Rhodes et al, 1993), that there is an
inherent ambiguity in classifying aspects of the face as
parts or relations (Rhodes et al, 1993), or that the theo-
ries themselves are inadequate We hope that our study
will provide some direction to resolving some of the
recurring problems in the area and adjudicating among
the various theorics

Rationale for Studying Face Recognition in
People with Object Agnosia

One possible source of the controversy about the special

status of face recognition, and the inherent difficuity of

pinning it down, may be that in neurologically intact
people, recognition of faces (and of objects) involves
both holistic and partbased processes, making it difficult
to identify the unique contribution of each This s why
investigating the face-recognition abilities of our patient
is particularly valuable: Because his object-recognition
system is camaged or absent, our investigation allows us
to assess the limits of face recognition when processing
relies primarily on the specialized face system The re
sults of the investigation can then be used to describe
some of the propertics of this processor and constridin
our ideas about some others

to owr knowledge a detiled examination of face
recognition in a person who is agnosic for objects has

been undertaken only once (McMullen, Fisk, & Phillips,
submitted) and even in that study only a few tests of face
recognition were administered. In studies of patients
with object agnosia, face recognition is of peripherl
interest: If it is examined at afl, it is only to determine
the specificity of the object agnosia (Feinberg, Schindler,
Ochost, Kwan, & Faral, 1994; see Farah, 1990, for review)
Following the time-honared approach of understanding
the normal by focusing on the abnormal, most neuro-
psychological investigations of face recognition have fo-
cused on prosopagnosia This strategy is useful insofar as
it provides information on how face recognition can be
distorted when the mechanisms necessary for its normal
function are damaged or absent (Moscovitch & Umiltd,
1990) Such reposts are especially informative if the
individual's object recognition is intact because then we
learn what the limits of face recognition are when it
depends only on object recognition mechanisms Often,
however, the individual aiso is impaired at recognizing
objects, and even when she or he is not, little is made
of the theoretical significance of purting an object-rec-
ognition system at the service of face recognition

To obtain a fuller understanding of processes involved
in face recognition, studies of both types of agnosic
patients are necessary As noted, until now the focus has
been predominantly on prosopagnosia The experiments
we present make a4 strong case for investigating face
recognition in object agnosia and, by extension, in other
types of patients with perceptual disorders whose face
recognition, on the surface, appears to be intact If this
strategy proves usctul for face recognition, a strong case
can be made for applying it to other domains

Mr. CK

CK was described extensively in a previous report
{Behrmann et al , 1994}, so only a brief summary will be
provided here CK, a right-handed man, was born in
1961, and emigrated from England to Canada in 1980
where he got married and was working toward & post-
graduate degree in history In January 1988, while jog-
ging, he sustained a closed-head injury in a motor-vehicle
accident Initinlly in a coma, and having motor, sensory,
cognitive, and  emotional  deficits  shortly  afeer he
emerged from it, CK made a substantial recovery A full
ncuropsychological investigation in 1991 revealed a ver-
hal [ of 96 and a performance IQ of 76, which likely
underestimates his inteliigence when considered in light
of his severe object agnosia In addition 1o the object
agnosia and dystexia, which were welldocumented, CK
also had residual blindness in his upper left visual field
and some mild leftsided weakness in his limbs that,
despite his anti-convulsant medication (tegretoly. some-
times show clonus Except tora hint of bilaterad thinning
in the occipitoemporal region, no damage was revealed
on MRI or CT scans Fhs visual acuity is normal as are his
fanguage, memory and reasoning In 1991 he completed
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his MA degree with the aid of multitrack tape recorders
and a voice-activated computer CK is now in a4 manager
fraining progeam at a large organization After an initial
period of adjustment and despite his deficits, he has
adapted quite well This i5 testimony not oniy o s
intetligence but also to his ambition and perseverance

CK is introspective and insightful ahout his deficit He
willingly and spontancously shares his insights with us
and we provide him with feedback about his perfor-
mance We afl believe thar the more we know abourt his
disorder, the easier it is for him to manage it and to
explain his deficits to others who, he tells us, cannot
comprehend why someone who is not blind and can see
faces so well is so deficient visually in other donuins

It is worth providing some of our subjective impres
sions of CK's deficits 1o put on record what we have
stated informally when answering questions about CK
colloguin and meetings CKcan navigate well in the
world He does not bump into objects and given proper
contextual cues can infer what many objects in the
eavironment are from their sepirate Componens I he
were to sce a sheet of lined paper and a vellow pencil
on a desk, it is likely that he would be able 1o identity
them, by inference, rather than by immediate perception.
When faced with objects that are not specitficd by the
context, he may err in identifying them Thus on onc
occasion, he identified a pen placed ina holder fixed on
4 marble stand as a “trophy you must have won for your
research” and had no idea that it was @ pen until he
wuched it On another ocgasion one of us brought him
a cup of coffee that he had requested and placed it on
the desk Because some time passed without his drinking
the coffee, CK was asked whether he no tonger wanted
it He answered that he hadnt drunk it because he could
not locate it since he had difficalty distinguishing the
styrofoam coffee cup from other containers on the desk

He identifies objects by noting their separate compo-
aents, and because he knows we e interested in his
reactions, he often provides 4 running commentiry on
how he picees together these components using percep-
lion and reason to arrive at an answer In this way, he
wold us thae the object on the table was “trophy”
hecause he noted what appeared to be a stand with an
ohject embedded in it He also can copy the abjects he
cannot identify His copies, however, art painstakingly
piccemenl, focusing on separate parts without any appre-
ciation of the whole Having studied drpwing as a young
man. he can draw well from memory because the inter-

nal representation of objects 15 intact, as our studics of

his visual imagery confirm (see Bebrmann et al, 1992,
199:4) Nonetheless, he olaims that he has Lo cover up his
owil drwings 5o as 10 expose only @ snudl portion at a
anie, otherwise the input fic mvetives confuases him he-
cause. he siys, it does not coindide with the image he
has in his mind s cyc We believe, howeser, that he has
some appreciation for the overall shape of the objects
fie copics or drws from memory hecuuse the parts ae

3600 Jowened of Cognitive Neurose ferey

not randomly scattered or connected inappropristely
but rather retain their proper relation with onc anothes

When he finds himself in an unusual or visually con-
plex and unfamitiar environment he often has a vacant
ook in his eyes, mixed with some concern OF anxicty
For example, when we entered a cafeteria for lunch
during a break in testing, his animated conversation
ended abruptly as he Tooked about and realized that be
did not have a clue as to the choice of foods available
to him. Fvervthing, he said, looked like different colored
blobs, and he asked that they be identified for him so
that he could choose his meal He was able 0 eut
appropriaely (though we cannot geport whether e
actuatly knew which of the foods on his plate entered
his mouth before he tasted it),and he regained his hright
expression and engaging demeanor once he could focus
on faces rather than on food

His deficit in recognizing nonface objects abso extends
to those with which he is highly familiar, some since
childhood He was an airplane enthusiist and claims to
have been able to recognize most of the planes in Jane s
books on aircraft He lamented that now he could not
recognize any with certainty, a fact confirmed by us
when we tested him formatly—he scored at chance He
also has a large collection of thousands of toy soldicrs
that he had collected since childhood and that he now
wants to selt because they no fonger give him any pleas
ure Where formerly he could distinguish an Assy rian toot
soldier from a Romuin one, and the latter from a Grevk,
he now coutd do so only by touch and often, because
the soldiers were so small, the distinguishing masks
among armies, let alone soldiers within the same army,
were too small to sense easily

In his personal life at least (we have no formal data
on this), the deficit extends to parts of the human body
If a body part, such as a foot, protrudes from under 2
cover, he sometimes misidentifies it and may treat it oas
an inanimate object  Thankfully, the other senses can
compensate for his peculiar, and sad, visual deficit

The Nature of CK's Visual Object Apnosia

Because he can copy figures, draw objuects from memon
and image objects well and because his visual acuity and
face recognition appears o be intact, CK s condition is
diagnosed as associative vistal pbject agnosia—he can
not derive the associations or assign meaning related to
the stimulus input that he can receive Because he can
identify the component parts of objects but aot il
them together into a coherent whote, s particular form
of associative agnosia is called futegrative dagnosiel (Rid-
doch & Humphieys. 1987) He seems © be unable w
segment and group the clements that comprise objects
and relate them to vieh other or to the critll shape o
the object He sutlers trom what Fagah woubd call an
impairment in part-decomposition {and, we would em-
phusize, synthesisy 1t is for this reason we thought thi
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studying his ability to recognize faces would tell us what
aspects of face recognition can proceed nornually with-
out part-decompaosition and synthesis and wha aspects
cannot

GENERAL METHOD AND TERMINOLOGY

Each of the experiments followed the same general pro-
cedure CK was rested individually, as were the control
participants Unless there were published norms for the
tests we administered, usually 12 pardcipants, 6 males
and 6 females, served as controls They were matched for
age and education with CK We took CK's performance
to be deficient if it feli two or more standard deviations
(8Ds) below the mean of the controls The procedure
pecudiar to cach experiment wilt be deseribed in the
corresponding sections Because there are so many ex-
periments, i short conclusion is included al the end ol
cach

Because one of the issues this paper addresses is the
modularity of {ace recognition, we did not want o pre-
judge the issue by referring to the mechanisms involved
in face and object recognition as face and object mod-
ules, respectively, and the processes they mediate as
face-specific and object-specific processes Nonetheless,
it is difficult to escape such terminology centirely given
the nature of CK's preserved and impaired abilities. To
usc the general terms visval recognition mecharnisig
and processes is 1o err on the other side We chose,
instead, to use the wrms face and objfect recogiition
sisfems and processes These terms do not necessarily
commit one to the view that the systems are modular or
even that each system cannot be used to process infor-
mation in the alternate domain if the stimuli and task
demands permit. In short, the terms are as neutral as
they can be while still allowing us to acknowledge a
difference berween those mechanisms ny picatly used to
process taces from those typically used to process ob-
jects In the course of the paper, we specify which fice
stimuli and tasks engage cach of these mechanisms and
Uy to answer the question: What is special about face
recognition?

How Good is CK at Recognizing, Matching, and
Remembering Faces? Experiments 1 through 5
kxperiment 1 Recognizing Photographs of
Feunenes People

When we first examined CK, we showed him 17 phaoto-
graphs of famous people. many of them in nonprototypi-
cib poses, and he was able o identify  them all
(Behrmann ct al | 1992 1994) His performumcee sur-
passed the mean of our normal conrrol gronp T deter
mine whether his face recognition is indeed normal o
superior. we presented him e control patrticipants
With i set of 10 dilferent photographs. most of them in
color A response was considered careect if the partici-

pant supplicd the name or some identifying informartion
such as the President of France or the star of a particular
television program

Results and Discussion Table 1 shows that CK s recog:
aition of faces was cqual w that of the pormal control
group The slightly superior performance we sometimes
observed probably was due to selection of faces that
were especially familiar o CK and to the inclusion 0
one controb who was an outlier

The results from this study confirms that CK s recog-
nition deficits, which are patently obvious and severe
with regard to objects and words. do not extend to faces
His face recognition is not even mildly impaired s it
often is in muany patients with visual object agnosia
(Farah. 1990} In point of fact, we do not know precisels
how well CK compares with agnosic patients whose
face tecognition is reported to be intact because as
noted, such extensive tests of face recognition have
rarely been undertaken McMullen et al's (submitted)
patient has an apperceptive agnosia AS a result, his fice
recognition, well-preserved relative 1o object recogni-
tion. nonctheless may be worse than normal
Conclusion. Recognition of famous faces is normal in
CK despite his severe visual object agnosia

Lxperinient 2 Recognizing Alypical Photos of
Famous People

Normal face recognition often includes the abifity (o
recognize individuals as they change with age, although
admittedly our accuracy diminishes the more the per-
son’s face is altered from the typical image we retain, We
wished to know whether CK's face recognition was
aormal only when confronted with firly typical photos
of famous people or whether he, too, could FECOENIZE
faces that have been tansformed by age and changes in
style of dress and coiffure

Method  To investgate this issue, we obtained a hook
of photographs of tamous people at different ages Prior
Lo testing, we had other individuals order the faces in
terms of how closely they resembled the tirget free that

Table 1. Mean Number of Fimous People Recognized from
Photos

Meern 5D Retnge

Set A= 12) Condrods 94 12 A=Y
Ch 00

Set B =1 Controls 34 13 33-08
Ok 53
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was judged to be the most rypical or well known CK
and his controls then were shown the photos in se-
quence from the least similar to the target to the most
similar, with the target being shown fast (see Figure 1 for
an example)

Results and Comment  Table 2 shows that CK pert-
formed as well as the controls on this test He not only

was able to identify tuget faces as well or better than
controls. confirming the results of Fxperiment 1. but he
was as good as they werc o extrapolating from the
typical image of that face to photos in which the face
was transformed by age

Conclusion Recognition of age-transformed faces of fa-
mous peoplie is normal in CK

Figure 1. Photos of Winston
Churchill taken st different pe-
riods during his lifetime The
number under cach photo rep-
resents the prototypicatity of
the photo, with the highest
aumber being the most proto-
ty pical

L.
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[abic 2. Mean Scores on Recognition Test of Arypical
Photos of Famous People Across Their Likespan (Max = 501

Mectn M2 Kange
Controls (1 = 13) 30 10 1d-43
Ck 32

Lxperinient 3 Judging Family Reseniblance

Judging family resemblance is said to be possible, al-
though the evidence on this issue is weak We were not
so much interested in knowing whether CK could judge
true family resemblance among biologically refated peo-
ple, but whether he could choose fices that were cre-
ated by combining evenly the features of two other
individuals, one male, one female Put another wiy, could
he pick the “"parents” of computer-created “offspring”
faces? This question was of interest Lo us hecause it
would provide information about CK's discrimination
abilities as well as his ability to focus on facial features,

which is what scems to be required to perforny this tusk
adequately (see Figure 2y There were 49 offspring cre-
ated from 14 parents. One point wis aw arded lor each
correctly identified parent This experiment s also of
interest because good performance depends on the abil-
ity to compare facial features embedded in different
configurations As such, the results of this study could tell
us something about the nature of holistic and part-based
processes in face recognition

Results and Contment. CK performed as welt as con-
trols on this test (sce Table 3), indicating that his ability
o make this difficult discrimination has not suffered It
also suggests that he can identify facial features or com-
ponents quite well Whatever holistic process is involved
in face recognition, it does not preclude identification of
facial components cven wihen more seems to be in-
volved than simply matching one identical face with
another An alternate interpretation is that the task re-
quires only simple pattern matching berween a feature,
such as the lips of the offspring, and the corresponding
feature on the parent's face Even if the second aleerna-

l

Iguge - . . .
ir-:"“ft 2. stmuli for the parcnt/oftspring test fhe phiotos of seven men amd women at the top il hotton were the pirents af the
Offspyri . ; )
spring” photo in the center i this cise se parents were fomado 2 and nude
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fable 3. Mean Number of Corsect Responses on i
Severtem forced Choice Recognition Test for ldentifying
Fach of the "Parent” Photos from the Photo of a Child.”

Table 4. Scaled Score on the Face Recognition Test (Benton
et al 1978) Mawching Faces Photogrphed from Different
Views and under Different Lighting Conditions (Max = 3+

Meant SD Range
Controls (p = 1) Y a3 G2-93
CK 78

Scerled SNeore
Moean standardized score for men 15 O

Ck q4

v wete true, it would stilk argue against the strong form
of the holistic theory that states that pereeption of the
part is influenced by the whole (Farah, 199%) Trom that
perspective, because CK has an impaired part-based
system, it should have been more difficutt for him than
for controls 10 escape the confipural influenees and per-
ceive the parts well enough to achicve reasonubly high
levels of accuracy on this test Flue hie wias no worse
than controls SUggests that an intact part-hased system
is not needed for this sl We will huve more o S
ahout the effects of facial configuration or the purreep
tion of facial features after presenting the results of Ex-
prriment 17

Conclusion  Appreciation of family resemblance is nor
mal in CK and Suggests that he can recognize parts of
fuces even when they are embedded in different facial
configurations

Experiment 4 Maltching Faces from Different Views
enrdd Under Different Lighting Conditions (from
Bebirmani et al, 19944 )

In cach of the previous experiments, CK had cither to
identify familiar faces o1 e had to judge facial similarity
when the facial components wWere clearly visibie and
could be matched by superposition, in principic, i pot
in practice We wished 10 know whether €K could
match unfamitiar faces even whien he could not rely on
a4 simpic pzutcrn-mmch'mg strategy or oh previously
stored representations of faces Lo this end, we acdminis-
tered The Face Recognition st d standardized test de-
veloped by Benton and Van  Allen (1973 Benton.
Hamsher Varney, & Spreen, 1978) for examining face
recognition in hrain-damaged individuals On cach o 48
trials of this test participant chooses which of six
sample faces matches a target face, even though on mast
of the trials the samples are oriented or lit differently
from the wrget

Results and Conprent  AS fable 4 shows, there was no
significant difference perween (Ks performance and
Ut o1 neuroiogically fidact men ¢ Ko« netformance on
this test reveals thae e aan discriminate and muatch faces
dcross different views and lighting without rehing on
previous expericnce with the Lwce Simple pattern oF
feature matching would oot support this preformunee

St fornraedd af Cognitive Newrost fenee

As his pereeption in reat life would indicate CKoindeed
seems Lo represent faces pormally and uses that informa-
tion in disgriminating one face from another

Conclusion  CR 18 aorml at matching unfamiling faces
from different vicwpoins and liphting conditions, indi-
cating that he dous nat rely op memory or SISO
feature matching in face perception

Experinent 3 Menory ful Unfaaniliar Faces

Although CK coutd identify familiar faces as well, o
better, than controls, we had only ancedotal evidence
and some weak experimental suppott, that he could
fearn to identify unfamitiar faces normally He learned w
identify our faces well and on one oceasion in a shower
4t the university gym. he recognized one of us duespite
(e change in seuing and apparet that he wis decus
tomed to sceing, and before that individuad recognized
K He never complained about any difficulties in learn-
ing people’s faces and their names 1o examining the
famous laces we asked him to identify, there was no
difference in his ability 1o ecognize people w ho became
famous before the accident as compared o those who
hecame famous afterward, although admittedl the for
mer comprised the large majority of our sunple

To determine whether he could learn new blces, Wt
simply exposed him to 16 photographs ol faces taken
from a yearbook and tested his recognition for them
immediately and after a eminute defay His perfor
mance was compared witit that of 18 young and 18 old
adults, evenly divided between mades and fenmades,

Results andd Connnent Table 5 shows that Choper
formed no differently from cither young or old controls
on this task His ability to recognize fiaces is ot confined
Lo {aces that were famitiar to him betorc lis accident bt
extends to new Gees, i result that we expected in View
of how casily he learned to identify us What this cxpert
ment shows beyond what we know anccdotally i ihat
his acquisition apd retention are aormat within the delay
period sumpled Iy our study. and e hve no peason 10
doibt tisal 1t is purmal o mnre evtensive delivs

Conclusion  Immedine and delayed memory o anfa
miliar fiees is normal in € K
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Table 5. Mein Number of Unfamiliar Faces Recognized
when Tested Invmediately after Study and after a2 20-Min
Delwy (Max = 16)

{nuediate Delay

Mean S0 Mean 5[}

Young controls (1 = 18) 132 13 i1l 16
Od controls (1 = 1) 116 I8 H) 2 18
CK 125 ¥

Discussient of Experitrents | throngh 3

These experiments confirm heyond 2 doubt that CK's

recognition of faces is normal under a wide range of

conditions and testing procedures He can recognize
famous people as well as controls do even from anypical

photographs that depict the individual from epochs of

life in which they were not famous CK can detect tamily
resemblance among individuals and can identify the
same individual from photographs that alter viewpoint
and lighting. He also can learn 1o identify new faces and
remember them normally

from these data it would appear that the visual im-
pairment that is responsible for his object agnosia does
aot extend to faces We chose these pacticular experi-
ments to document his preserved abilities because we
belicve they represent a lnir sumple of the variery of
face-recognition abilities typically demanded of us in real
life Although in all our experimeats we used photo-
graphs rather than read faces, from our experience with
CK and from his own and his wife's reports, we do not
think that our Andings misrepresent his realdife abilities

In the next ser of experiments we examined whether
CK's face-recognition abiliies extend to caricatures,
stimuli that resemble fuces and, when wellexecuted,
clearly depict individuals we recognize Caricitures are
at once impoverished representations of faces, kacking
the dewil of photogmphs, and “deep in the sense that
they capiure the cssence of the individual face by
exagperating its distinguishing features Would such im-
poverished stimuli be sufficient to engape CRs face-
processing system and yvield an output specific o the
individual heing depicted or would caricature identifica-
tion be dependent on featurc-identification processes
that typically are associated with the object-recognition
system that is impaired in CK?

Recognizing Caricatures: Experiments 6 through 8

Rewsmisiving it Lnos stenis Lo depond o1l cleoding
distinctive characteristics that distinguish one face from
another Thus distinctive fuces are remembered better
than faces judged to be less distines (Bartlent Hurry &

Thorley, 1984; Benson & Perrett, 1994; Cohen & Carr,
1975, Going & Read 1974; Light, Kayra-Stourt, & Hol-
lander, 1979; Valentine & Bruce, 1986a, 19800y These
distinctive propertics may even be exaggerated in mem-
ory. cifectively making our memory ol a face not unlike
that of a caricature Early studies comparing learning and
memory of photographs with carteatures found no
benefit for one over the other as this caricature hypothe-
sis would suggest (e g Iversky & Buaratz, 1989) Such
resules, however, are difficult 1o interpret. As Rhodes,
Brennan and Carey (1987) suggested, the more detailed
information about a fuce that a photo contains in com-
parison 1o o caricature may compensate for whatever
the photo loses in distinctiveness. A beuer test, Rhodes
ct al proposed, would be to vary distinctiveness in a
single representational medivm, They did just that by
using Brennan's (1983) program for generding line
drawings of individual faces in which distinctive features
can be identificd and varied continuoush They created
caricatures of people with whom their participants were
acquainted that exaggerated distinetive features and anti-
caricatures that distorted the distinetive features to an
equal extent but in o direction that brouglhr them closer
to the norm, i ¢, made them less distinctive In a larer
study, Curey, Rhodes, Diamond, and Hamilton (submicied)
did the same thing with photos of famous people As
predicted, participants identified the caricatures as well
or better than the yeridical line drawings of the face and
much better than the anti-caricatures. Benson and Perret
(1991} obtained the same result when compuring pho-
tographic-quadity caricatures to veridical photos

The question we wished to ask was whether carica-
ture recognition, ic¢ | identifying, encoding, and rewriey-
ing these salient features, invoives the sime processes as
does recognition of faces in oreal life or at feast from
photos. It may be the case that objectrecognition
mechanisms that are involved in isolating and identifying
parts (part-decomposition and synthesis) are necessan
for recognizing caricatures, but another type of process
is involved in recognizing real faces That some proce-
dures, such as inversion reduce face recognition but not
the caricature effect (Rhodes & Tremewan, 1994 indi-
cates that the hypothesis is worth considering  In
neurologically intact people it is difficult o tease the
two apart As a test of the ypothesis. we wished o
know whuther CKL whose object-recognition system s
impaired, would recognize caricatures normalh In Ex-
periment 6 we had him try to recognize caricatures of
famous peopic tiken from magazines and acwspapers,
in Experiment 7 we had him try to recognize cartoons,
and in Experiment 8 we tested the caricature hy porhesis
directly by using the stimulus sct of caricatures of L
maus people that Carey of al (submited) oreated and
Ruwdh dont us Thoe kater oxperiment also prsvided an
opportunity o test Rhodes et al s won ne-based by frothe-
sis of carfcature and Lee recognition against the deisidy-
alone or naise bpothesis

Yeascont £rchr ef oif 503
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Experiment 6 Recognizing Detetiled and
hnpoverished Caricatures of Famois People

We chose two sets of caricatures: one that preserved
ot of detail and included shading (such as fevine s
creations) and another set that relied more on the line
{such as Hirschield'sy (see Figure 3y We wished to know
whether CK would find one more difficult than the
other, on the assumption that the detaited caricatare
resembled a face morc and would be more likely to
engage the fuce mechanisms that were intact

Results and Comment Table 6 shows that CK was abic
1o identify caricatures as well as controls There was ie
difference hetween the detailed and minimal sumple.
Clearty, the face recognition system does not need a real
face or a very good faesimile of vne, such as a photo-
graph, to he activated Even an impm'ct'ishcd cartciure,
which no one could mistake for a real face, will do

conchusion  Recognition of caricatures is normal in CK.

—

Hoamer Khaddhafl

Omar Sharif
gaddam Hussein

¥ing Hussein

suzanne Sonmars

Goldie Hawn
Billy Helliday

Diane Keaton

|

Figure 3 Examples of detaiied and mininad caricaures used in ik

mmeMWMW“MW

poriment 0 The people dupicied wre Saddhant Husscin President of
leag aoed Goldie Hian actitss
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Table 6. Mean Recognition and Percentage of Correct
1demtification of Carlcatures of Famous People Whom the
Participanis Recopnized (Max = 26}

Meetn Percent
Recognition Identificed YD Range

Controls (1 = 123 283 Sk -k 1335 50-93

KR 29 97

Lxperiment ~ Recognizing Cdrlooh Feices of
fmaginary Characters

Although caricatures may never pass for real human
faces, they nonctheless represent them 1t is reasonable
to suppose that if face recognition mechanisms exist, it
is hupn faces they are coding If CK can identify cari-
catures, it is because caricatures reactivate internal rep-
resentation of veridical human  fuces that he once
experienced

1 is of interest, therefore, o know whether CK could
also recognize cartoon faces of characters he never
could have experienced as having a real human face
characters such as Mickey Mouse, Goofy, and Plute. or
pictures of faces of characters such as Grover and Big
Bird from Sesame Streel of Kermit from The Muppets i
CK can identify them, it suggests Tt caricatures, as well
A5 CUrtoons, are pracessed in their own right by face
mechanisms rather than only through their association
with a veridical face (see Tigure 0)

The other reason wo were interested in this guestion
is that it would provide some idea of the minimal infor-
mation that the face recognition system peeds in order
to be engaged Typically cartoons present very limited
infornntion ta be identified as faces; eyes, nosc and
mouth are essentially the only properties that are e
muntike Yot we all see these Cartpons as faces We do not
know, however, whether we rely on processes invotved
in object recognition 10 ideatify these faces as compared
(0 photoes and cagcatures of real faces where such proc
esses are not needed Testing CK should provide 1 solu-
tion 1o this problem

We asked (K and controls to identify A1 caroon
faces

Restdts aned Connent! CK performed somewhat betiet
than controls on this sk (see Tabte 7y Although the
cartoons could never he Laken for real faces, CK rec O
nized them almost flawlessly Beeause his object recognt
tion s severely impaired, it s unlikely  thay object
FeCoENition HoCesses contributed to his performanes
The most likely explanation is that he recognized LG
(oon hrees hy jecouiae o Hin Loy ronognition s
which is intact and fully engaged by the cantoons
These resudts aid in the interpretation of the piee juLis
experiment; they sndicate that normal processing ol vir
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qable 7. Mean Number of Upright Cartoon Faces [dentificd
correctly (Max = 31)

Meetn SD Renpe
conrols (0= 12) 2810 20 23-31
CK A0

carures of human faces does not rely on activation ol a
prcvitmsiy stored representation of the veridical face
gt the caricature depicts—although dearly such an
association is necessary if the caricature is to be recog.
pized Rather, despite their impoverished depiction and
exaggeration of features often beyond what can be ex-
pected of normal faces, caricatures can activate face
recognition mechanisms That the mechanisms can also
pe engaged by cartoons whose faces bear an even
poorer resembhince to real faces than do caricatures
indicates that the type ot information needed 1o activate
the mechanisms is minimal indeed At this point we can
pazard the guess that the face recognition system will
he activared by any stimulus configuration in which eyes,
nose, and mouth are identifiable and in proper relation
to one another Because some of the cirtoons lacked a
proper nose or mauth (e g, Big Bird), it may b neces
sary that only two of the features be present in the
proper gestalt Later experiments will elabornitie on this
point. A recent study by Suzuki and Cavanagh (1995)
suggests thae simply having two curved lines at the
location of the eyes and one at the location of the mouth
is sefficient to form a gestalt. They found that detection
of the curvature of only a single line is more difficult
when it appears in the context of the face than when it
appears within 1 nonface aggregate of lines

Conclusion  Recognition of cartoons is normal in CK.
indicating that even rudimentary faces of imaginary crea-
tres can activite a face-recognition syswem

Exprerinient 8 Novm-Based Coding in Recognition of
Verielical, Caricature, and Anti-Carvicature Drawings
of Faces

According to the norm-based coding bypothesis, taces
are recognized by a process that codes the devidion of
facial features from a prototype or norm A face is coded
according o the devintion of its features along u vector
that originates in the norm and passes through the
region of deviation Whiae makes somc features of o tace
salient is the extent of their deviation slong these psy-
chologically privileged” vectors from the norm Carica
Wres produce their effect by turther increasing the
feage. it from the goitu un b satoe dindcidon
fe along the privileged sector and in the smne propor-
tion in relation (o ather featares (see Figare a0 and by
IUis for this reason that successful caricatures appear

both grotesque and vet stacdingly recognizable. If fea-
tires are altered slong the same vectors by an equal
amount as in curicatures but in the opposite direction,
i ¢, toward the norm, anti-caricatures are produced (see
Figure -ic) As o resudt, fices are less distinguishabice from
the norm and consequently should become less recog-
nizable As predicted, Rhodes et al (1987), Carey (1992),
and Carey et al (submitted) found that for personal
acquaintances and for famous people, caricatures were
recognized as well as veridical line drawings or better
than them whereas anti-caricutures were recognized fur
tess well

These results were also consistent with a4 densif)-
alone bypatbesis (or noise hypothesis), (see Bartlett &
Searcy, 1993). According to this hypothesis, individual
fuces are not represented at encoding on the basis of
comparison with the norm Rather they are identified
by thein overall point-by-point representation in mulei-
dimensional space (Valentine, 1988, 1991) or by a prin-
cipal component  anabysis  that does not  involve
comparison with the norm at encoding If the densin-
alone hypothesis is correet, comparable deviation from
the veridical face as in the caricatures but along 2 direc-
tion orthogonal to the privileged vector (lateral carica-
tures) should produce 2 face that is as recognizable as
that of the caricature {(see Figure 4d) Contrary o the
density-tlone by pothesis, Rhodes, Carey, and their col-
frborators found such faces to be virtually unrecogniz-
able because they bore almost no resemblance to the
particular faces from which they were derived (Carey,
1992 p 99, Caurey ot al, submitted).

Figure -+ o Soridical duswing (hy earioiuge (o apti-cisicaturn
and Gy leteral caricature of Clint Eastw ood actor Fhe drawings
wore oreitied hyousing Brommn s (PR3 Caricature goeneration
Progean
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If CK showed the same pattern of performance as that
of controls, it would provide added evidence thit fuce
recognition in CK involves the same ProCesses #s in
neurologically intict individuals 1t would also indicate
that processes involved in norme-based cading do not
rely on part-based objectrecognition Systems to specify
and isolate the features that enter into the calculation
Norm-Dbased coding can he implemented by the face
recognition system alone

o test these hypotheses, we asked CK o identity G0
fine drawings consisting of veridical representation and
a4 caricature, apti-caricature, and lateral caricature of each
of 15 famous people !

Results and Commen! Table 8 shows that the pattern
of CKs performance resembled that of the controls,
although he performed at a evel that was about 30%
nigher Por both CK and controls, idemification of cari-
catures and veridical drawings was about cquivalent and
rwice as good as that of anti-caricalures Lateral carica-
rures were barely recognized by Al pardcipants :

These results indicate that Processes involved in
pormbhased coding arc intact in CK and suggest strongly
that in controls, as in CK, they are implemented by the
face-recognition system Indeed, CK's superiot perfor-
mance overall may imply that aorm-hased coding may
be hampered by interference from competing object
gecopnition systems in controls Although provocative
and tantalizing, this conclusion is not Wil panted by the
data. CK showed no greater pmp()rti(.nmi acdhvantage of
caricatures over veridical drawings or over anti-carici-
fures, as that hypothesis would suggest. The most fijeely
explapation 18 that many of the famous people were
older individuals (¢ g, Rodney Dangerfield and George
Shalrz) who were mote likely 1o be familiar o CR,who
was in his mid-30s al the time of testing, than o the
young pndergradutes in Carcy etal's (submitted) study

Despite CR'S superior perfornuance overall, he per-
formed as poorty us controfs in identifying fateral carica-
wres These results reinforce Carey €t b 's {submitted)
conclusion that the norm-based hypothesis provides @
far better account of face recognition than the density-
alope hypothesis Beoause versions of the density one
iy pothesks are ased in may computer madels of face
recognition (Beymer & Poggio, 1990 Hancock Burton.
& Bruce 1996 Turk & Pentland, 1991; sce Valeatine,
199 1), these models, 1§ successtul as they are, ultimately

will need to be modificd to explain face recognition in
people
conclusion (K displays the normal patiern of recog.
pizing veridical line drawings and caricatures hetier than
anti-caricatures and Jateral caricatures, therehy indicating
that normi-hased coding bust desciibes the opeotion of
his isolated face-recognition mechanisms

Discussion of Expel fnents G thiongh 8

Experiments 6 through 8 demonstrated that prucesses
imvotved in the recognition of caricatures and cartoons
can be normal in an individual who is profoundly ag.
nosic for objects These cesults are noteworthy hecause
it is conceivable that identification ol cartoons and cari-
catures is dependent on part-hased processes £y pcathy
used i recognizing objects CapiCalures. and 10 some
exient CAFtOONS, eXAEECraty particular facial features As
well, cartoons usc minimal facial features 1o make @
character immediately recognizable One could arguc
that  identification of cartoons und
achicved simply by noting, the exaggerated teatures with-
out regird to the configuration in which they are eme
hedded That CK recognized caricatures and cartoons
normally argues against the baterpretittion that part
itsed  processes involved in object recognition
needed for identification of these “stylized faces Also.
like normul controls, CK recopnized caricutures formed
by exaggerating features that are salient with respect o

capicatures s

a4 port, but not caricatures in which other features wert
exagperated The farter result indicates that nogm-based
coding is used to recognize faces even by an pndividual
whio has fittle recowse o object-recognition PLOCEsses

insofar as CK's perlormince can he taken w resedd the
opetation of u face-recognition system operating in rek-
tive isolation from mechanisms involved in obicct recogs
aition, the results of Fxperiments 6 through 8 indicate
that the fce-recognition system has the following chr
acteristics:

1 1t does not need ceal faces or even photos of reil
faces for its input ine drawings contiiming mininul idens
titying information, which presumably i configural s
sufficient The precise miltise of that minimal infornuiion
is an issuc that will e addressed in taer experine s

2 1t does not need input derived trom possible cead
human aces; imaginary cartoon faces will do

Table 8. Mean Prroantage of Coreect Tdentificaion of Verpidical Carieature Anticaricature and Lateral Caricature Drawings of

ramous People

———
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3 It uses a norm-based coding process 1o identify

faces

introduction to Experiments 9 through 19

¢ was important W establish how weli-preserved CKs
free-recogaition abilities are inoa vartety of circume
stances for the reader to appreciste the deficits we will
demonstride in subsequent experiments Fisst, however,
ter's consider the significance of our findings 1o date We
pave provided what appears 1o be the best-documented
demonstration of intact face recognition in a patient
with visual object agnosia Had we stopped our expueri-
ments here, we would have conduded along with other
investigators that face and object recognition are medi-
ated by distinct neural mechanisms 1t is not o conclusion
we wish o dispute, although we have not provided
conclusive  evidence to support it Experiments |
through 8 also have not helped distinguish among the
various theories of face recognition, though Experiment
8 did support the norme-basced coding hypothesis over its
competitors

The experiments that follow will demonsteate that
under some conditions, CK's fwce recognition is im-
paired, often profoundly, indicating that sometimes proc-
csses involved in object recognition do contribute o
norntl fce recognition Despite these ndings, we shall
argue that they do not invaliditte the conclusion that face
recognition is distinct from object recognition Instead,
as we shall see, the experiments will help specify the
processes involved in recognizing faces and the stimutuy
characteristics that faces must have 1o activate these
processes, in doing so, the experiments help provide
evidence to distinguish among theories of face recogni-
tion Once we appreciate what is special about face
recognition, we can then begin to understand the con-
tribution made by processes typically employed in ob-
jeet recognition

Recognizing Inverted Faces: Experiments 9
through 12

We noted carlier that recognition of Swees is believed o
be hampered by inversion much more than the recogai-
Hon of objects This inversion cffeet has served as a
diagnostic marker for distinguishing between processes
involved in fce and object recognition since it was first
noted by Yin in 1969 Despite almost thoee decades of
research on the topic, it s still being debated whether
upright and inverted faces are processed in the same
way or whether fundamentadly dilferent processes are
used in each case (g Bruce & Humphreys, 1994) We
eefer to the hitter hypothesis as the dual meckanisig
ff,ijmufm\‘n rropononts ol e st hy pothesis which
simply s a version of the disc fminability bypotbesis
{see Incroduction ) assert that inverted faces are harder
W orecognize beciuse they are unfamiling or agypical

(Valentine, 1991) As a resuldt, it is difficult for face-recog-
nition processes to assign proper vildues to the features
that norm-basced or density coding requires. or if they do
s0. the values assigned do not match those of stored
representations of upright faces Those who favor the
dual mechanism hypothesis argue that inverted faces
cannot engage Lceprocessing mechanisms, and as i
result, recognition of inverted faces must rely on proc-
esses typicully used to recognize objects A common
version ol this hypothesis is that upright faces are rec-
ognized bolistically whereas inverted faces are ecog-
nized  piecermeal, by pait-based,  feature-depeidernt
processes that are also used to recognize objects Thus,
in prosepagnosic patients, recognition of inverted faces
is no worse, and sometimes ¢an be even beuer, than
recognition of upright faces (Farah, Wilson, Drain &
[anaka, 199%)

Because he can recognize upright faces normally but
is severely impaired af recognizing objects, CK s an ideal
person on whom 1o test these two hypotheses Accord-
ing to the discriminability hypothesis, CK should per-
form no worse than a neurologicudly intact person in
recognizing inverted faces because the processes used
to achieve normal recognition of upright faces are the
sine as those used o recopnize inverted faces 1f on the
ather hand, inverted faces are recognized by recourse to
mechanisms that are fypically used (o recognize objects,
CK would be expected to suffer from inversion much
more than do normal comirods. That is, CK would be
disproportionately impaired by inversion.

We begin by reporting CR's abiliny to identify inverted
faces of fumous people and welkknown cartoon charac-
ters. We then report his performance on a perceptual
matching task consisting of unfamiliar faces In cach of
the three experiments we also tried to control for the
possibility that the drop in perfornunce when the faces
were inverted was related to the difficulty of the sk
rather than o inversion per se In the Hnal experiment,
we tried to determine which aspects of the face are
most affected by inversion

Lxperiment 9 Identification of Inverted aid
Disgaised Faces of Fumous Peaple

Despite his normal. and sometimies above average, per
formance in identifving pictures of upright tices, we
were interested w0 know whether CK o would perform
similarly on identifying these faces when they were
inverted To control for the expected difficulty that even
neurologicatly intact people would have in identifying
inverted faces. we included 2 condition of disguised
faces (with mustaches. glasses and wigs) that were as
difficult for controls to recognize as mnerted fices (see
Figure 5 H 4R unhike controls mds omsvested  Llees
significantly more difficult to recognize than disguised
frces it would coastitute evidence  against the  dis-
criminability  hypothesis  Instead. such an outcome

Wascorficly ef ol FTIM
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would support the dual mechanism hypothesis that in-
verted fices are recognized different mechanisms and
processes than are used for upright faces, presumably
anes that also contribute 10 ohject recognition which iy
deficient in CK

CK and control participants attempted o identih
fuces of 140 famous people in photos, hall of which
were presented as inverted, and hatf as clisguised

Results and Comment  These results are preseated in
Table 9 Because one control pasticipant wis much
worse than others in identifying faces, we present the
results both with that individual’s scorce included and
excluded

Table 9 shows clearly that CK was severely impaired
in identifying inverted faces, even though hie wis s good
as or better than normal in identifying disguised and
undisguised upright faces The results argue against the
discriminability hypothesis of the inversion cffvct and
strongly support the dusl mechanism hypothesis Once
4 face is inverted, normal people rely on mechinisns
involved in object recognition 1o identify the face Be-
cause those mechanisms age damaged in CK, f1e firwds it
extremely difficult o recognize inverted faces when he
is successtul, he seems 10 rclybn 3 single, salient identi
fying feature When faces are upright, they engage face-
recognition  mechanisms - even when the fces are
disguised Although we do not have a good theory s o
why disguised faces arc difficult 1o recognize, the dis
criminability hypothesis provides a plausible account

[he inversion cffect was especiaily pronounced in CK
if the inverted faces were viewed first, suggesting that
secing the upright face may have helped in subsequent
wlentification of the inverted face That type of faciliu-
tion, or priming, is ilso seen in CK's ability to perform
better than controls on identifying disguiscd faces when
they were [irst secn as undisguised

Despite our attempt 10 control for difficulry, it may still
he argued tint aithough identifying inverted and dis
puised faces are cqually difficult for controls, the under
fying process used to overcome these difficulties miy be
different Secing inverted faces may he so unusted thi
ithe procedures used to overcome that distortion are
different from those used for sceing through a disguise
After all, we all have encountered people with changed
hair styles, new ghisses, new headdresses and altered
Gieid hatr and have had some practice dealing with thuese
changes (see Experiment 2y, whereas it is much less
likely that we would have had much occasion for iden
lfying inverted faces 1o address these concerns W
conducted an cxperiment involving cartoon cluracters

Conclusion  CRs sawre imgrtirment st recognizing in-
verted Tces despii fils o reegnition oboupe hi
disguised faces ndicates that recognition ul i std
faces is medited by different mechanisms from those
used o recognize upright faces; presumably  thost
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fable 9. Percentige of Correct Recognition of Inverted and Disguised Faces That Were Identificd Correctly (see fable 1)

¢ and Undisguised

hirerived
Mean D
Set A
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(o= 12) 6O 13
(o= 1) w0 b1
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Controls
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(n o=ty 73 6

Ck 14
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Renrge Mecii S Renge
A31-87 69 13 - -i5-88
55-87

85
42-82 66 16 35-88
62-82
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mechunisms that #re necessary for recognizing inverted
faces are damaged in CK apd contribute to ohject rCCog:
nition

Exprerinient 1) Identification of inveried
Cerrtoort fadces

We chose to examine the inversion effcct in cartoon
fuces jor @ pumber of reasons Cartoon fices often pres
serve only the minimal amount of facial information
Often one of the three prinan features of the face
(nose_ ¢yes and mouth) 8 replaced by a part not found
in humans such @8 4 heak or 4 snout Also, the contout
of the face and its peripheral features. such as cars and
haie e tar different from those seen in prople No
individunt however grotesgue, his cars growing on the
wop of the head like Bugs Bunmy or has o head shaped
fike the Roadrunners (see Figure 0) For this reason
cartoon fiees mn be identified by part-hised processes
that fucus on these features rather tln by hoelistic proc
esses thal are comcerned with configariagons among
features Jloweser, the fact that we pereeive cirtood
faces as faces and that CK recognizes them normely,
suggests thut the sime processes that are used 1o recog:
i}izc human faces are also used Lo recognize cartoon
faces Lur intuitions notwithstanding, it may still be the
case that the separate features are 80 striking that €K
would pot have to integrate thenias he might for conv
mon objects, in onder to recognize the cartoon cluractier
DL‘}CL‘UUH o one or two o siliont features . he
sufficien 11 this is correet inverting  cirtoon faces
shoutd finve a much less detrimental cftect on Cks
recognition than inverting human faces 1f on the other
“mnd_( K is as impaired in reCOEnizing inveried cartoon
faces as i crted human fuees. it waould suggest thateven
Grtoon fuees must activate his nornnil froe-pecognition

system  That outcome would provide us with further
knowledge about the minimad stmulus attributes neces
sary for activating that system

Another reason for testing the inversion effect with
cartoon faces is that such faces are trivially casy for
pormal people to recognize In fact, performance s vir-
rually identical for the upright and inverted cartoons that
we used As well, unlike humins, cartoon characters ae
placed in such fantastic situations thag their faces are
seen as inmverted considerably more often than human
faces. For these reiasons, the diseriminability hiypothesis
predicts that inverting cartoon faces should ave a much
spnalier detrimentad eftect on CK s recognition than in-
verting human faces A contnity OULCOmE would argue
strongly against the discriminability hypothesis and for
the dupl mechanism hypothesis

Participants attempted to identity 31 inverted cartoon
faces

Results aoed Comnent K was profoundly impaired in
identitying mverted cartoon faces despite performing
fawlessly when fdentifying the same fuces upright (see
fahles 7 and 10y Comtrary 0 the discriminability hy-
pothesis, even though upright cartoon faces were cusict
(o identify than faces of fnmous people, CKowas a8 poor
at identifying inverted cartoon faces as he was at -
verted human faces and even poorer if we comsider the
number of standard deviations he fell from the mean of
the control group in the twa conditions

These resulis also indicite that although facial features
in cartoons arw primitive and sometimes absent re
placed or inappropriately jocated and although the con-
wur vl the face docs not alwiys conform o that of
pumans it is nonetheless treated like o human ke and
is capable of engaging the fee-recogniton system so
Jong as it is presented upright. Onee it s inverted s

Moscoviteh vt al - 371



Figure 0. Examples af in-
verted cartoon faces wsed 0
Expuriment 100 G0 Bugs
funny (b) Wirt Simpsan

(¢) Guoly. () Donatd Duck

no longer recognized by CR, even though the cartoon’s
salient features provide distinctive cues

Inverted faces, even ones i4s rudimentary as cartoons,
cannot cngage face-recognition mechanisms. That con-
trols, but not CK, recopnize inverted faces accurately
suggests that they rely on part-based processes used in
object recognition, i reCourse dhat is umvaiiable 1o CK
lndeed, CK can detect isolated features but only rarely
can he use them Lo identify the character For example,
when viewing the inverted Bugs Bunny, he commented
on what he mistook to he long legs attached to the chin.
and in examining the inverted Bart Simpson he won-
dered why a saw wild positioned at the botom of the
face He did, howevet, identify Mickey Mouse by his cars
We postpone @ more-detaifed discussion of the part

pable 10, Mean Number of Correctly Tdentificd Inverted

Cartoors Faces (Max = Ay

et

Mot \1¥ Range

WWWWMM#_W
Controts (= 12) 270 A0 2151
[ 3
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pascd processes NEcUssiry for recognition of inverted
faces undl the end of this section

Conclusion  CK s as impatired At recognizing iny cried
cartoon faces 48 inverted faces of people, indicating that
recognition of even these casily recognized, rudimentary
inverted faces with sulient features is dependent on not
fuce-recognition processes that are damaged in Ol

Laperiment 11 Perceptual Matching of Uprigit and
frverted Faces of People, Dogs cnred Cals

fhe previous experiments on imersion all reguire dthe
participants to identify o familiar face from seimtie
memory These results miy he interpreted s indicating
hat the inversion effect depends crucially on waining
ACCESS Lo memory pepresenttions of faces A numbur ol
recent studics, ROwever have shown thit the i ersiost
cffect can be perceptua Searey & Bartlett, F90G: Faral
ot al submitted)y To determine whether the souist ol
Ul s difficulty 0 e nuly kg overivd frogs et e
prieeption ot HICTHOFY WU wested his ability Lo peatet
unfamiliar fees perceptualiy Inn the same study W Afso
used heads of raeul dogs and cats o see il the insuesion

Vodunie O N i

¢t
bt

R
at
MY
fa
th
cl
Q



i

vl
il
Y

s

ref

i
antic
ating
ining
Wi ol
cpsion
Farah
e of
red 10
mateh
vooalse

RUSIL

paher g

clfect also applies o0 individuals whost physiognony face and letter masks were much greater for upright than

hears some resemblance Lo the human face for inverted faces leading them Lo conclude that the

i both thie human and apimal conditions panticipants imersion cffect is pereeptualhy hased Although we be

were required 1o select the 16 target faces from a set of lieve their conciusion 1s currevt, wo think rheir xperi-

32 that appeared either in the same orientation us the ment  is  fawed  beoause they  did not use &

irgets or opposite from them counterbalanced design show that an inverted face
mask hus licde effect onan upright face

Resudts and Conpment CK was as profoundly impaired Fwo othes findings e worth noting CK could muattch

at perceptuatly matching inverted to upright unfamiliar  inverted to inverted faces well even though he cannot
human faces as he was i identifying inverted familiar match inverted o upright faces {his result suggests that

fuces from memory (seC Tuble 11) Indeed, his scorc in he can use simple sensory features to match one pictute
e inverted-upright condition was stightly Jower than with another an interpretation thist may also apply to the
chance However, he performed pearly flawlessly in both results of parent-offspring matches in Experiment 2 One¢
of the other conditions, a8 did controls in all three reason this strategy fails in the uprigm-im‘cﬂcd condi-
conditions tion is that the faces have first to be normalized 10 the

CKs impaired performance in the Llprigl1t~im'cr{cd same orientation for feature matching to take place

condition 15 SUrong evidence that the inversion effect Normalization to the same orientation may be an opent

ohserved in the previous experiments perceptually tion associated with object recognition (Jolicoeut, 1985
pased He cannot identify inverted familiar faces for the Hamm & McMullen, 1996) that may not be applicable o
same reason he cannot match inverted 1o upright faces: faces (Harman & Moscoviteh, 1990) Anorther possibility
The mechanisms needed to apprehend faces cannot b is that the face-recopnition system mandatorily codes
engaged by inverted faces Asa result, an accurate repre- faces when they are presented upright (sec Farah, Wil-
sentation of the nveried face cannot be detivered w son. ¢t al . 1993) but cannot do so when they are i
memory for matches with stored representations of tu- verted As a result, CKis forced to match 1wo radically
miliar faces. which this study suggests e also repre- different representations: il structural representation of a
sented in the upright orientation These results suggest face when upright with a conglomeration of separate
that the face-recognition system includes processes i features or parts when inverted  Controls can identify
volved in pereeptual apprehension of faces as well as and integrate these parts taboriousty so that they can
those needed to recover stored representations The con- then mateh inverted upright faces with a modernate
trods performance SUggests it perceprud matching of degree of success if they are given enough tme. Qur
imerted to upright faces depends on Processes typicaliy prediction is that if they had to match inverted to up-
used in object recognition fut which can be applicd to right faces quickly, s under muasked, tachistoscopic
faces when need be Bartlett and Searcy (1993 Seared & conditions  the failure rate would come to resemble
Barticit. 1996) reach the same conclusion based on their CKs

pereeptud matehing studies in normal prople Farah ct Both interpretations receive some suppott from the
al (subrmitted) showed that interferenee effects from second  noteworthy finding: CK's performance when

Iable 11 Mean Correct Simultincous aMatching of Human Faces and of Animal Heads tor Corresponding ot Ditfeseint
Orientations between Brget and lest [tems (Max = 10}
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matching heads of dogs and cats He does no worse in
the upright-inverted condition than in the upright-
upright condition; in both cases he scores lower than
controls but much bettes than he did in the upright-
iverted condition for human faces Although animal
heads have some facelike quality, they do not engige the
face-recognition system fully as cartoon faces do As @
result, CK probably relies primarily on scRsory feature
matches in both cases His performance 1S fess than
petfect, however, pecause animal heads engage face-
recognition mechanisms partinfly and may sometimes
lead him to rely on imperfect information derived from
their output Evidence from subscquent experiments
(see Experiment 18) supports this interpretation

The results of this experiment indicate clearly that the
inversion effect can have @ perceptual basis They also
indicate that successful matches between inverted and
upright faces depend on comparing and coordinating
the results of perceptual analyses from mechanisms me-
diating object recognition with those mediating face
recognition Some of the experiments we report below
help identify those processes more precisely

Conclusion  CK is impaired a matching an inverted
human face to Q simuitaneously presented upright face,
indicating that the defect occurs at & perceptual fevel
Matching of animal lzeads, although somewhat impaired,
is no worse in the uprightinverted condition than in the
upright-upright onc, and matching inverted-inverted
Faces is normal, suggesting that matching by simpie seq-
sory features is relatively preserved in CK

Experiment 12 The Effects of Inverting Externel
versus Internal Facial Featuiyes on Recognition

A lingering problem for theories of face recognition is
to specify which facial components arc crucial Is it just
the eyes, nose, and mouth or are the hair and the contous
of the face alsu important? Are cach of these compo-
nents important in isolation ot is the spatiai refation of
one component to the other the cructal factor, as the
various relational or holistic theories would predict? It
the latter, is the relation of internal features 1o external
contour important orjust the relation of internal features
10 each other? Among the various ways these problems
have been approached are by deleting one or more fackl
features to see how recognition 13 atfected (Ross &
furkewitz, 1981, 1982y by inverting internal facial fea
tures, yer still aftowing them to vecupy thedr canonical
tecation in the face (experiments on the Thatcher illu-
sion: Thompson, 1984 Bartlett & Searcy 1993 Rhodes et
Al 1993 by altering the spatial relations amony the
el bl AL 100 Rlndes 1988 Rirndes
clal . 1993 Searey & Bartlett 1996; Tanaia & Sengeo in
pressy by having participants match whole taces that
shure cither internal or external features (Nachson,
Moscoviteh & Umilta, 19952 Sergent 1084, by having

37 Jorried rgf'(ugn!lil'c Neprasvicnoe

participants wentify faces when internal and external
features are presented in isolation (see references in
Nachson et al, 1993) or by multidimensionad scaling
derived from comparing faces differing in internal and
external features (Sergent, 1984 Takane & Sergent 1983)
Although there are sonme inconsisgencics among the e
sults of these studies, in general they have confirmed
shat both the identity of internal and exteraal features
themselves and their relation 10 onc another are impor-
wnt determinants of face recognition The emphasis
placed on the relative importance of onc nype of infor-
mation over another will vary with other factors When
matching two simultancously presented faces feature
identity may be mort important than conhiguration
(Searcy & Bartlett, 1996), with external festures being
favored as familiaricy increases (Eilis, Shepherd, & Davies
1979: Young, Hay, McWeeny, Frude, & Lllis, 1985 but see
de Haan & Hay, 1986y When identifying faces or match-
ing them from memory, configurational or reltionad in-
formation gains in impogtance, especially us Fumibiarity
increases (Nachson et al, 1995 Rhaodes, 1988; Rhodes et
al, 1993%; Ross & Turkewitz, 1982; Searcy 8 Bartlet 1990}

Despite these advances, Rhodes et al (1993} obscerve
correctly that the isolated/relational distinction carrics
with it an inherent ambiguity that is highlighted
attempts to manipulate onc vagiable independently of
the other When varying isolated features, the relation
bepween them necessarily changes As wedl iU is not
known whether the spatial distance berween feataees is
itself a feature or ¢xists only as configurationat informa-
tion A sceond issue, acknowledged by some inyestiga
tors (Rhodes et al, 1993 Bartlett & Searcy, 1993; Svircy
& Bartlett, 19963, is that there may be two mechanisms
involved In processing faces, one part-husud and the
other hotistic, each of which conuributes differently
performance on e different tests Thus, fwding that
both internal and external features can contribute 1o
performance on & sequential tace-matching sk (Nach-
son et al, 1993) may simply ceflect the separate contri-
bution of cach of he TWO Processes and tells us lile
ahout which type of information engages processes prr
cudiar to face recognition

One way in which Rhiodes and her colleagues and
Bartlett and Searcy address these probiems is stuching
how other factars such as inversion, nteract sith owe
nipulation of isolated features or configurations Rhodes
ot al (1993) Bartlett and Searcy (1993), Searcy and Burl
lett (19963, and fanakst and Sengco (in press) found it
javersion has o much greater effect on discriminiting
changes in spatial refations than in isolated teatares and.
by implication, on identifying faces on the husis of el
tional information than on the basis of isolied compar
aents (hue see Rhodes ¢t 4 1993 Experiment b for
contrary  evidenee) i these studies Do aeey L
made tovary the spatial relatdons of internal and ool
features independestiy of cach other Conscguenthy sve
stitl do not know whether inversion has @ difterential
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clfect on informition derived from these Twa SOuees or
w hether the spatial relations between internal features
apiy exterial contonr are G important for jdentification
as (e spatial relations wmong, internal features

scudying CK provides an exceltent opportunity o
resolve some of these issues Because we know that
inversion is much more disruptive of CK's performance
than that of controls, we cin determine whether inver-
sion of internal or external features will cause him more
difficuley (see Figure 7) if he is unaffected much by
either it would suggest than he can use one source of
information independently of the other for identifica-
don 1f he is equally and severely affected by both, then
both sources of information, presumably in refation 1o
one another, are needed for identifying faces Because
CK cannot use his object system 1o compensate effec
tively for information that his face mechanisms cannot
handle. differences between his performance and that of
controls would tell us what type of information cngages
the face-processing system and what type is handied by
other mechanisms that are also used for objects

[n this experiment, participants attempted to identify
famous people from photos in which the internal
features (eves, nose, and moutd) were either inverted
as a1 unil or the external features werc inverted (see
Figure 7}
Results o Conpmien! Inverting the internal features
impaired everyone s performance but especially CKs
(see lable 12) Whereas recogniton in controls dropped
by about 20% it dropped by over GO% in CK Interest-
ingly inverting onty the extern] festures had no notice-
able eficet on recognition either for CK or for controls
The results confirm what most thieves and highwvaymen
know: Internal features carry the burden of information
in face recognition For psychologists L00 tost in theory,
our results help explain why e bandianna s worn
across the fuce nther thmn as kerchict aromnd the e

Our resulis also indicate that for identification. exier
nal contonr is not nearly a8 important as internal fea
tures. thia the spatial relations hetween internal features
and contour are not of vital imporuncee. and that pre-
senting eyes nose and mouth in the proper spati
relation is probabdy sufficient for good recognition Put
succinelhy. the face recognition  System is sensitive 1o
internal teatures presented in an upright orientation and
i the proper spatial relation to eacl other Expurimoents
16 and 1~ examine the cffects that altering these spatial
relations have on recognition The far better recognition
schicved Iy controls refative 0 (K when internal foa-
lL?rcs are iy erted suggests that they use other mecha-
misms preswmahly those tat ca also be used tos
objects cither to identify the inverted internal portion
‘.lr' o identify the upright contour and the exsernal facial
itill.urcs such as hair style that may dehing i person
‘ {?kll' results dare consistent with previous findings that
indicate hut prophe are recognized betrer on the hasis

Figure 7. Examples o photos with imverted GU intermal features or
() external feateres The photos e of () Rabert Redtord actor
and (b Opraly Winrey TV host

of internal facial feaures and the spatiad relaton they
heat to each other than on the hasts of external feaures
(tor referenees scee inrroduction (o this section) Thes
can alsa be recondiled with findings showing that on
some teses hoth intersal and external teatures infiluence
recognition booiuse hoth part-hased and holistic proc-
esses likehy contribute 10 performanee on those WSS
(v g Nachsonct 4l 1995 Young ctal. 1987 Experiment
i) especialhy i he ndividuat had much practice iden-

Maoscoritth et al
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Table 12. Meun Correct Recognition ol Photos of Famous People When Upright andd Intact and When Inteenal or Externad

Features Were Inverted

Biter et Biverted (Max = 1}

Intact (Max = 11)

Mean R

Renge Mt D Kenge
Controls (0 =12 GO 2- 311 G () 22 -4t
CK 10 80
External Inverted (Max = 12} Lutact (Max = 12}
Mecni sD Range Mot SD Ranyge
Controls (1 = 12) 92 25 3-12 s 18 T2
CK 160 [RRY

tifying the face and its componemnt parts (sce also Ex-
periments 18 and 19, helow, {or demonstrations of coni-
petition and interference herween holistic encoding of
faces and part-hased encoding of ohjects)

Conclusion  Only inversion of internal features (eyes,
nose and mouth) leads to poor recognition i noroy
prople and 2 profound loss in (K indicating that face-
recognition mechanisms are much more sensitive to in-
rernal features (and probably the spitial relations among
them) than to external features, facial contour, gr the
spatial relations between internal and external features

Discussion of Experinents 9 through 1.2

The major finding in this st of experiments is that CK
was much more than normatly impaired at recognizing
inverted human faces, even when task or discrimination
diffculty was controlicd Because CICs recognition of all
manner of upright faces under a variety of viewing and
test conditions s normal, the resules argue suonghy
against the hypothesis ¢hat recognition of inverted andl
upright faces are processed by the same system {(Valen-
gne, 1988 1991) Instead. the results support the by
pothesis that inverted faces arc procussed Iy separate
mechanisms, presumably  those mediating  part-based
processes that are crucial for object recognition and
which are damaged in CK

Fach of the experiments in this set was designed not
oniy to compare the discriminabiiity hypothesis with the
dual mechanisms hypothesis but also to provide infor-
mation ahout the attributes of the stimulus that can
Chgage o L mongoition sestem Based an our experi-
ments we can add the following 1o points 12 and 3 as
clpacteristios of the stimuius propertics neeessin for
activating the face-recognition systea

576 fournad of Cognitive Nenrnscienoe

4 [he face cannot deviate o much from the upright
ovientation (Experiment 9) 2 photos of real animal heads
may weakly engage the mechanism while simultancously
engaging  object-recognition mechanisms (Experiment
11y Thus, the inversion effect ds fess pronounced for
them

5 Within 2 human face, iU s e intermal foatures of
the face and the spatial relations among, them thug carn
the most information (Experiment 1.2) Face-recognition
mechanisms are fir less sensitive 1o external features,
facial contour, or the spatial relations between internal
and external features Inversion only of internal features
leads to poor performance

6 The facerecognition system inciudes  processes
necessary for representing unfamiliar faces perceptually
as well as in memary (Experiment 1H)

Introduction to Experiments 13 through 17:
Parts and Wholes

Throughout the previous set of cxperiments we spect
jated that in neurclogically intact prople, recugnition of
inverted faces is handled by separate mechanisms enr-
ploying part-bised processes that may stiso he imohed
in obhject recognition (Fagah, 1990 Bartlert & Suarcy.
1993 Searcy & Bartlett, 1996; Valentine, 1988 199D i
our spreulation is correct, decomposing an upright face
into its component pars, altering them, of munipulating
the spatial refations among them should have the same
deleterious effect on CK's recognition as inversion As
welf, by sceing what sort of decomposition or alteration
CK can tolerte and wia sort he cannot we can giin d
hetter understanding both of how parthased proc USSLCS
contribute to normal tace recegition ad ol Lie n.oaid
fus attributes necessary for cngaging face-reeogmtion
mechanisms On a more theoretical level these studies

Viltne 9 Nppibet 9
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i be useful in distinguishing among the various theo-
e of holistic and part-hased processes in recognition
of faees and objects

Contour Assignment and Depth Segregation of
perceptually Degraded Faces and Objects:
Experiments 13 and 14

Cilw visual object agnosia teadigionally is considered 10
e o peripheral agnosia ather than a central agnosia in
part beoausce he has preserved inteenal visual repre-
seniations of the objects that he cannot pereeive * His
problem is that e cannot access those representations
from vision A hallmark of peripheml visual object ag
nosia is that perceptual degradation markedly impairs
even the limited performance that such people cin at-
win (De Renzi, Faglioni, Grosst, & Nichelli, 1991;

McCarthy & Warrington, 1990 This certainly is truc of

CK Reguiring him {0 identify objects in noise, over
lapping line drawings of objects, or shaded pictures of
objects in unusuil lighting has catstrophic effects on
his performance {see helow and Behrmann ctal, 199:4)
A puossible reason for the devastating effect of these
procedures §s that they introduce discontinuities in a
stimudus ciicotively cremting disjointed parts where once
there was a unified whole Whereas we can easity re
cover the whole, CK cannot. The (uestion we wished to
45k was whether such proceduares would have similar
effects tn CK s face recognition U recovering o whole
from compronent parts created by overlap or shadow-
iy depends on the application of a part-based, object-
recognition system. CK should pertform as poorly with
faces as with abjects On the other hand, if identification
under such degraded conditions depends on the inter
action of top-down Processes with bottorup ones tht
are domain-specific, face recognition should be spared
since hatly 1y pes of progesses seedt 10 he intact in CK
insofar as faces are coneerned
Two other refated guestions are also addressed by this
study One coneerns thy focus ot the deficit in integrative
visuad ohject agnosia and the other pertaing to theorics
of depth segregation and contour assignment Beoause
CKos agnosia is considered 1o be peripheral one possi-
bility s tha the locus of the deficit is at carly stages of
processing cancerned with extraction of information
about shape and contour for alf stimuli Consistent witl
this iy pothesis is one class of theories tht posits that
depth sepregation is a low-evel pereepiudl  process
\yhnsu funciion is the proper assignment ob contours to
figure and wround (see Makayami Shimajo & Sibvermian.
989 Palmer & Rock 1994 199:40) According 1o this
h‘}'-l)()li‘lt,‘ii.\' deptly segregadon is crucial tor object iden-
1}‘W:ilinn and must be completed betore objees identi-
fication can occur H the ticory is cotrect CK shouid be
‘;SKd‘ifltilcm ‘.u.';dcmit}.'iﬂg faces as objects I however
Soaan identify faces but not objects under conditions

in which good performance depends on the proper
assignment of foreground and background, the depth-
segregion-first hvpothesis s challenged  Instead. the
cesubts would favor an alternative theory that staees that
pbject tecognition occurs in parailel with depth segre-
gation and contributes to it (Pelerson, 1994a, 1994
peterson & Gibson, 19943, 1994y The latter results
would also suggest that the defeit in integrative agnosia
arises beyond regions concerned with depth or figure-
ground segregation, extraction of simple features, and
shape or contour

Experiment 13 Deptix Segregalion ented Recogitition
of Overlapping Faces

A possible way of splitting a face of object into compo-
nent parts is to introduce discontinuitices in the stimuius
This can be accomplished by creating  overlapping
figures of line drawings (see Figurc Sa) In our experi-
ments on abject recognition (Belwmann etal, 1994}, we
found that although CK was very impaired at recogniz
ing line drawings of common objects, he nonetheless
could identily about 50% of them when they were ot
overlapping When presented with overlapping draw-
ings, he could nat identify any of them, Q0¥ could he
choose the tugets from amang the tures at a devel
greater than chance He could not even trace the outline
of a single drawing correctly hecause he could not tell
which contour helonged to which object Reflecting on
his own performance he said that he did not know how
to assign parts to cach object and so could not use that
information to deduce whil cach object wias

We were interested in knowing whether overlapping
line drawings of faces would have u similarly disruptive
effect on his perdformance If overcoming discontinuitics
produced by overlup  requires integrative, part-hased
PrOCLESCs used in object recognition. CK should he s
impaired in recognizing vyverlipping fuces us objects

A subsidingy reason for conducting this experiment is
that iU oy serve as @ test of some theories of depth
segregation and provide intormation about the focus ot
CK s deficit As we noted, one cluss of theories posits tit
depth segregation precedes object recognition (Paimer
& Rock 1994da, 1994b) whereas another posits that the
10 Processes oceur in parailel (see Peterson, 1993,
199-ih)

Distinguishing ong overlapping figure from another
requires depth or figure-ground segregation: Phe tarped
item serves as the Aguse and the remaining items form
the ground from which it must be segregated I depth
segregation precedes objedt recognition CR should pr-
form as poorly on the overlapping faces wWst a8 on the
enerlapping objects lest It however CK opegforms ditfer
ently on the two versions of the st i would provide
evidenee for the paralicl depth-segregation and object
recognition theor

Moscoriteh el al 377



Participants were presented with thred overlapping
caricatuges of famous people, whom they first had 10
identify If they failed, they then had to select the Wgets

from five, frec-standing caricatures (see Figure 8)

Resufts and Conpnent CK performed a8 well or beter
than controls in identifying and recognizing overlapping
faces, even though conirols found this test to be fur more
difficult than the overlapping object test on which CK
wis pmfuundiy impaired (sce Table 1%) The discontinui-
ties creaed by overlapping fgures and the difficulty of
appropriately assipning contours and parts seem to de-
pend, in hrge measure, on the integrity of specialized
pcrccptual mechanisms  Becausc the mechanisms in-
volved in idendfying objeets were damaged in CK, the
degradation caused by overlapping figures exacerbated
an already severe deficit. The face-recognition mecha-
aisms, however, were ingact and able support normal
performance o0 this task
fhere is no denying that laying one figure over an-
other introduces discontinuities in cONLOUIS and divides
into parts what formerly was d seamless whole Onc
could mutke the case that some type of pﬂf'M):lStLl poc
ess is needed to integrite the resulting discontinuous
fipure into d unified whole whatever the process, it does
not seem to be impaired in CK since he can use if 1o
recopnize overlapping faces 1 therefore cannot he the
part-based process helieved 10 bt 50 cruciat for object
recopnition Alternatively, it could be arpued that overlap-
ping one figure with apother does not gruly break the
fipure into discontinuous pirts but rather introduces
hackground visual noise that interferes disproportion-
ately with processing in the damaged ohicctnrecognition
mechanisms as compared 10 the intact face-recognition
mechunisms
The results argue against the sequential depth-segre-
gation-first theory (Paimer & Rock, 1994a) and in favor
of the paralic dcpth-scgrcgution and ubjcct-r‘ccognition
theory (Peterson, 1994a; 199+4h) Our fnding that CK's
performance O0 this type of Licpthﬁscgrcg:stiun sk dif-
fers markedly depending on whether [aces oF ghjects are
used indicates that depth segregation cannot ke prece-
dence over abject recognition beciuse if it did, perfor-
mance should be cquivalent 00 the two o8t Instead.
the resualts indicaic fhat object recognition oCeurs in
parallel and can contribute in a top-down fushion to
depth segregation The aliernative interpretation that the
differences oceur at @ er wentification phase hat
follows depth segregation does not hold for two reasans:
CK s ohject identification is far worse on the overlapping
figure test than on identification of isolnted objedis and
1 annnn even e the contour of different overlap-
ping objeets something he coudd do psteetdy duf fser
fated objects oven when he could m jdentihy them
We defay the discussion of the locus of the deficil in
integrative agnosit 1o the general discussion thit follows

Exputiment 14

578 jrannul of ( ogttite Nenruscienie

Figure B. An example of Gu st of oveslapping dris ings ol laees
used i Experiment 14 and {b) the stl of 1argets and fures fromm the
recopnition portion ol the experiment Ihe drawings depicted
(1) Pieree Frudeay, Canadian Prime Minister (2) Witliam Shakespetre
playwright 3y Miciied gackson singer (1) Edidi Murply actod

(53 Bob ope awar

conclusion €K shows normal recognition of criap:
ping fees Pt not objects, indicating (1Y that parts
hased progesses are fecessry ot orercumis congl
discontinuitics caused by overlap they are e e O
and (27 that abject/face preognition occurs in p:u;llltl
with depth segregation and contributes to it
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toble 13, Mean Corredt Identification and Forced Choice Recopnition of Oy crlipping Caricatures of Famous People
(Max =27

Klentification Forced Choice Recognition
Medit D Reange Mean SO Range
a—‘n?lruls (= 12) 1o 82 2-21 260 Lo 5-27
Ch 140 2040

Experiment 1 Recognizing Mooney Faces and
Objects

In the previous experiment, the discontinuities pro-
duced by overlap did not produce & noticeable break in
the figure as much as a seam across which the contours
continued to be joined Would CK's face recognition be
preserved if performance depended on closure, the
filing in of a perceptual gap between component parts?
[o test this hypothesis, we used Mooney (1950) figurcs,
plack and white pictures of objects and faces con
structed of patches of intense fiat light and shadow (sc¢
Figure 9 To identify these pictures, the “empty’ SPAces,
whether of shadow or light, need 1o be filled in to
complete the figure Patients with parictal lesions who
have visual, constructive problems perform poorky on
this and other tests of closure whether objects or faces
are imvolved (Milner, 1980; Warrington & Rabin, 197 1f
figure completion is an integrative part-based process
similar to one tht oceurs in normat object recognition.
CK should be as impaired at recognizing Mooney faces
a8 objects

Like the previous experiment. this one has implica-
lions for theories ol object recognition and figure-
ground or depth segregation Figure recognition is
accompanicd by segregation of the figue from the
ground 1L the qunh-scgrcguti(m-ﬁs‘51 hypathesis is cot-
rect (K should perform equivalently on fuces wd ob-
jects Il however, performanee on faces exceeds thaton
objects it woukd argue in favor of the parallel object-
tecognition scgregation theory

Participants viewed a set of Mooney figures consisting
of faces and objects that they had 1o describe

Restilts el ¢ et As Table 14 shows, (K identified
all seven faces correctiy but recognized onh ane object
whercas comtrols recognized all the vbjeets hut missed
one fice on average Perhaps mote thian on am othet
lest €K s pertormance on this on places the specificity
ot his preseryed abilitics in stagk contrst o his impaired
ones After T ing been frustrated at identifing the first
couplu of objects (Figure 9 and by Ok said. upon being
!.}!"t-:scnml with his first face (Figure 90 told you feant
ificmn-‘} am of these; they all ook like blobhs o my

Encouraped o persist and wiow the figure (o CMUIRe, he

exclaimed, "My God! 1 can sec it Tr's a face ™ He then
described it correctly as that of a child looking to the
right and down but then he spontancousty asked,
“Whars he looking at? 1t's white and has something
spread out that 1ooks like wings 1 guess he's watching a
bird fly by~ When shown Figure 9¢, he described the
person correctly as an old man staring to the left but
then he was puzzled, “What is that in front of his mouth?
It's not a beard It looks like something he's eating ™ One
can firly diaw 2 line separating the stimuli that the
face-recognition system will accept and those it cannot
The tine demarcates the border where the face ends and
other objects, inctuding hody parts, begin. Interestingly,
the only object e wis able to identify was a horse's head
(Figure 9dy It looks like a face,” CK said on seeing it
e it s too long could it be a cow or a hoese?”

It is clear that the closure aeeded to bring the parts
of the stimuli together 18 heyond CK's abilities if the
stimuli are ubjects but not it they are taces Thus, it is
not the case that the part-based Process needed for
closure. il indeed it s part-based. is damaged in CK The
deficit is not in the pProcess put in the specific domain
o1 representiton on which the process operttes Requir-
ing closure nukes it even more difficult for CK o iden-
tify ohjects just as it does to identify faces Because he
is ulreadh S0 poor at ene and so good at the othet the
difference between the 1w o is exaggerated

lLike the findings on depth segregation and identifica-
tion of overlapping Agures. the results from this study
indicate that closure is driven as much top-aown
PIOCCSSES derived from object identification as from
Hottom-up Processes driven by the stimulus input The
type of closure demanded by the Mooncy figrures test is
4 speeiul cuse of depth segregation sipce an important
aspect of the tisk is o assipn the regions of shadow and
tight o fgure and ground The resuits cleardy favor the
theory that objeet recognition and depth segregation
aeeur in paradlel over the theasy that depth segregation
precedes abject recognition (Peterson. 19940, 1994b)

Concliesion
but that of ohjects is ven impaired indicating that if

¢ K's recognition of Mooney faces is intact
clusure is an integratib o part-based process it is function-
ing novmalh in (K it s just the domain or repre-

sentations to which it is applicd that is impaired
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Discussion of Experiments 13 and 14 rived from these theories, our experiments provide in-
formation that can constrain them
[hese experiments were designed to test the idea that We began first by secing whether lice recopnition is
il face recognition were made more dependent on part- impaired by infroducing discontinuities in faciat stimuli,
hascd processes than holistic ones. CK would beoas caused cither by overlapping one face with anothwr of
impaired in recognizing faces as objects Because there by serating one part ol a face trom another by regions
is fitthe in current theories o specily which facild purts of Hpht or shiadow W raisoned tig goud puin, st
enter into the partbised process, or wlie the integratise reguires the assignment of parts 1o the appropriie
process comidning these parts might be we used our fipure so that cosure amd a good form is created thiti
intuition to guide us Bven more than testing ideas de- can be distinguished from ground (Peierson RSO EHS
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Table 14. Correct ldentification af Mooney Faces and Objects

Faces (Max = 7) Objects (Max = %)
Moean V s Retnrpe Meetit N Retrge
;r)mmls (n=12) 60 0.7 5= -2 17 3-9
Ck 7 PO

(oudipy Other investigntors (Nakayama ot al, 1959
palmer & Rock, 1994a 199-ib, and reterences thereiny
assume that figure grourkd or depth segregation tikes
precedence, but in cither case, assignment of parts to
figurc or ground is involved.

The resulrs indicate that insofar as these processes can
he construcd 1o be part-based, they are intact in CK and
do not account for the dissociation between face and
object recognition  Although the same process is in-
vohed regardless of the class of stimuli to which it 1%
applivd, it is only object secognition that is impaired
Moreover, it is not only impaired in the sensc that the
object cannot be recognized, but unless the object is
cearly isolated (as in the “hird  exampie). CK cannot
even determine what the shape or contour of the object
is The objects appear as fragmented “blobs Part-hased
processes imvolved in depth segregation and  closwre,
thesetore, are not what distinguish perception of faces
from that of objects

Our findings also are direaly relevant tor theorics
about the relationship between object recognition and
depth or figure-ground segregation CK s perdormance
on tests imobving depth segregation is determined 1n
the 1y pe of stimulus rather than by the process Thus his
performance provides strong evidence tor the view that
top-down processes associated with object recognition
oceuy in parallel with depth segregition and contribute
W it and it speaks against thae the view that depth
sepregation must precede object recognition

CK s istegrative visual object agnosia has erditionalhy
been classificd as a peripheral, rather than a centid
agnosia for two reasons: (1) The agnosti is casily exacer-
bated by stimulus degradation that is achicy ed Iy adding
visual nojse, shadows or ovedapping figures and (2) his
internal visual representations of objects as revealed by
tests of imagery are intact which means thit the agnosia
does ot originate centrally Given this clussification one
might hune assumed that the carly processes invobed in
feature extraction and depth or figurc-ground segregiv
ton were impatired  The resuls of Exporinments 135 and
b4 how o or indicate that the focus of the deficit cannot
be gt these carly peripherasl stages because his perfor-
Mince on faces. i contrast 1 that on objects, is normal

Instead the results suggest that the locus of the detficit
i integrative agnosia is at the region at which puripheral
Processes common to both faces and objeats diverge Lo
defiver their input Lo domain-specific regions invohved

in identification of complex visual stimuli The most
fikeh locus is the infero-temporal cortes, a region rich
in areas dedicated to domainspecific perception that fies
anterior to striate and extrastriate areas concerned with
identification of basic visual features and contour (Al
lison et al , 199-4b; Gross, 1973, 1992; Gross et al, 1993%;
Ungerleider, 199%; van Fssen, Anderson, & Felleman,
1992y This region also coincides with areas that are
damaged in visual object agnosii (McCarthy & War-
rington, 1990y and that are activated on tests of object,
word, and face recognition in hunmuns (sce “ntroduc-
rion” for references on neuroimaging)

Our results also suggest that the agnosic peIson’s
sensitivity 1o visual degradation may not necessarily arise
onky because peripheral mechanisms are damaged but
also (or primarily) beciuse perception under degraded
conditions does not bencfit from the contribution of
tap-down Processes When such top-down information
s available, as it is for faces in CK's case he easily
overcomes the effects of visual degradation

Even though discontinuities between prrts were intro-
duced in Bxperiments 13 and 14, the parts still retained
the same spatial relation o one another Put another way,
although there were discontinuities, there was no distor-
ton or violation of the facial gestalt 1n the nest set of
experiments, we examine the eifects that such distor-
tions produce on face recogaition

The Effects of Altering the Spatial Relations
among Parts (Spatial Distortion) on Face
Recognition: Experiments 15 through 17

Almost all theosics of face recognition emphasize the
importance of contigural or holistic processing (see 1n-
troduction’) 1 is the configuration of the face the spatitd
relation of the parts to each other, that is as crucial for
lace recognition as the particulir form of the individual
parts Indeed. some theorists have asserted that the indi
vidual pasts are identifiable ondy in relation to other
components (Farah 19900 Tanaka & Faralh 1993} When
isofated they are not recagnized as belonging Lo w par-
ticulur individunl Thus a nose is recognized as helonging
o @ partivular individual onb wien the nose is embed-
ded in the face and not i it is presented in isolation i
these gucounts, imersion alters the pereeived spatiad
relations thas parts bear o cadh other making them
belive more dike isolated units than integral units
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(Garner, 1970 ot 1 configuration or gestait 1f the face-
recognition mechanisms that are intact in CK rely on
configuration for their input, altering the spatial refations
| among facial components should impuir his TCCORREON
| as much as inversion As welb if configuration is impor
| tant, removing any single component should have less of
“‘ a deleterious effect on recognition than changing spatial
i relations, so long as sufficient components reniin for

! maintaining the configuration These hypotheses werc
\ tested in s set of experiments
i

Experiment 15 Recognizing Fi actured Faces (i
Which Spetial Relations aniig Interial Features Are
Aftered

In Experiment 12, we allered the configuration of the
face by inverting the internal and external features inde-
. pendently of each other Although the main finding from
i that study was that face recognition was impaired only
if the internal features WCIe inverted, the study also
indicated that altering the spatial refations herween in-
rermal and extermsl features had litle effect on recognk
tion In this study we alrered the spatial rekations among
components of internal festures (as well as externd
ones) without inversion We accomplished this by cut-
ting photos ot faces of famous people into five or six
pirts and spreading them apart while retaining i sem-
; biance of the first-order relations among them That is,
the areangement, trom top to bottom, of forchead, €yes,
nose, mouth, and chin wis preserved although the spa-
tial distance between thenm was ahtered (see Figure 10)
Also, all of the main internal components of the face, the
eyes, nose, and mouth, were left intact, thereby enabling
subjects tQ use them as aids to recognition All partici-
pants attempted to identify 40 such fractived faces of
famous people If identification of the parts themselves,
! without regard to the configuration they form, plays @
substantial role in face recognition, performance should
i not suffer

Results and Comppent Aliering the spatial relations
AMOENE COMPONCnS nad as deleterious an effect on ree
| ognition as did inversion Of the taces they recognized
intact controls identified about 80% correctly whertas
CK could identify only about 400, a score that felb 6 $0s
away from the mean (see Table 15

Figuse 10. An example of & fnctared face and its innct counier-
part that werv pscd i Experiment 131 he purson depicted s lack
Nicholson. auor

The result confirms the hypothesis that the configara
tion of camponent parts needs 10 be maintained if face
recognition mechanisms are 1o be engaged Beoause i
was prinurily the second-order relations that were al
tered. the results are consistent with hypothsis that
these relations are crucial for identification {(Carey &
Diamond, 1994; Rhodes, 1988)

Fable 15. The Number of Currectly Recopnized tntact Faces and e Pereentage of Them [hat Had Been Recognized Whest

Fractured (Max = 40)
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e know from Expesiment (2 that inverting externa
jearares, which also aklters the spatial relation between

. oot and exrernal fenures has finde cifect on recog:
pition The drop in performance in this experiment,
herefore, is most likely attributable to the ajteration in
gpatial relations among internal features Because fiest-or
der relations were preserved for the most part, as were
the identity of the pars themselives, we do not krronw
pow much they contributed to recognition

One interpretation ot these results is that fruceuring
the faces destroyed the facial gestalt, thereby forcing
participants 1o resort to part-based, rather than holistic.
processing in ordes 1o identify the face Beeause CKs
partuhuscd processing mechanisms presumably are dam-
aged, he performs much worse than controls Although
e interpretation is consistent with the data, the terms
hofistic and part-based are not formulated precisely
enough to describe the atgorithm of transformations
ysed to arrive at correct identification For example,
what constitutes a holistic representation or & holistic
process? Does “holistic processing of faces” imply @
norm-bhascd process on which Face recogaition depends?
if so don t the “parts” of each face need to be compared
with the normy? And aren’t some parts more cruciad for
dentification than others? How is this different from
part-based processing? More crucial, part-based process:
ing of fractured faces would seem to be cither impossi-
ble or paradoxical i we aceept Farah and her colleagues
view that parts of faces lose their “identiry’ when they
are isoluted from the facial configuration. How then can
controls perform as well as they do if they rely prinurily
on identibying isolated parts?

We do not wish o abandon the holistic/part-based
distinction We rase these coneerns o address them
better in the fotlowing experimuents Our approach is 10
ry Lo specify e nypes of distortion that CK and con-
trols can toicrate in the faces they view and stiil rweog:
nive thoem We retarn to the questions we gised in the
discussion at the end of this section and in the final
discussion at the end of the paper
Conclusion  Recognition ot fractured faces is very ine
paired in CR.and o a esser extent i contrals, suggest-
ing that alterations of spatidl celations among internal
features of faces is as detrimental to pecognition as inver-
sion

Experiment 16 Recognizing Faces That Are
Misaligricd Atong the Ho izomtal or Vertical Midline

the paris in fractured faces were dispiaced spatially
both i the horizontal and vertical dircction As well
My parts were displaced from dheir originigd location
.\V:.‘ wished to determine whether recognition would bu
impaired i displcements invehed wholc usits, sach as
the 1op or bottom of the face. and il it mattered whether
the disphieement was horizontal or verticad {see Figure

[ 1) Consequently, we had participants attempt 10 iden-
tify faces from photos that were misaligned along the
vertical or horizontal midline Their performunce would
provide formaiion about the spatind rebrtions it are
crucial for fuce recognition and, pertups, constrain what
the term Dolistic means when it is applied to faces

Restlts and Comnrent CK was impaired at recognizing
faces that were misaligned along the horizontat but not
the vertical, whereas controls performiance was not af-
fected as severely (sec Taple 16} The drop in perfor-
mance for CKand controbs from the intact condition was
comparable to that ohserved for fractured faces, cven
though in this experiment most of the components e
tained their relation o 0ne another Indeed, in the verti-
cal condition, no loss of recognition wis observed

The results indicate thtt distortion along the horizon
tal plane is sufficient 10 break the facial gestalt s0 that
the face mechanisms Cin no longer process the informa-

—

e —————————————
Figure 11 gmples of phiotos of Giees this were misatigned along
G the horizentat and () vortical midling {ad Hikiry Clintan Fiest
Laddy of the b pitedh sttes 1y Elizabodhs Ty lar autress
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Table 16. Mean Correct Recopnition of Photos of Famous People That Are Intact of Misatigned Along the Verticil or

Horizoatal Midiine (Max = 1

Miseligned Verticel futact
Mewnn s Retnge Mot \Y)) Retnge
Contreds (1= 12 ¢ 1S 5-10 80 12 10
CK 9 9
Misaligned Horizontal Ittt
Mean D Range Moeerit pY 2] Retnpe
Controls (1 = 12) ] 135 S-10 80 1 - S 10
CK i § .

tion holisticalty As @ result, subjects need o rely on other
mechanisms for recognition

An alternative but complementary interprewation is
that in norm-bhased coding, vitues for spatial relations
along the horizontal are More crucial than those along
the vertical for determining the identity of the face
Another possibility, however, is that as long as the rela-
tions among at least one fulk sct of internal parts (left or
gight) are unabtered, norm-based coding can proceed and
arfive af a4 correct Csotution © Vertical misalignment
sutisfied that condition but norizontal misalipnment did
not, presunrbly because faces are sufficiently symmetri-
cal along the vertical midiine so that there is near total
redundancy in the two vertical halves but not the two
hotizontal ones 1t would be interesting in Hght of these
hypotheses 10 var veptical misalignment S5¢ that it vio-
jates this condition, say by sstretching the fice or sOme
components of it away from the others Whichever of
these latter interpretations is correct. they will add
precision o the notion of what is meant by 2 facial
gestalt and, perhaps, clarify what is meant by holistic
Processing.

Conclusion  Horizontal misalignment of the wp and
hottom hall of the tice teads to far groeaier fmpairment
in face recognition than vertical misalignment of the left
and right half of the face, suggesting that sputid ordering
of a1 least one full complement of internal features needs
w be presened as proper input 1o face-recognition
mechanisms

Experiment 17 Face Recognition with One Pait
Missing and Recognilion of the solated Part

Phe peandte nf the previous expuriments indicate how
inportant seLining the configurmtion ol the Lice is tor
recognition  One distincion butween configuritional
and part-hascd coding is that configuriations cin tolerawe
the loss of a single fuiure so long as other features ue

Fht Jounal uf Cognitine Neuroscivnoe

present For part-hascd coding. howeser the foss ol vven
one feature is likely o lead w0 impaircd perfornunee,
especiutly if that part is crucial (Ross & Turkewitz, 1981
1982y Additionully, within certain boundany conditions
altering the spatial relations of parts to each other should
he more detrimental for recognition than climinating
parts ’

In this experiment, we tested face recognition when
a single component. either the eyes, nose or mouth was
removed (see Figure 12) W also tested recognition of
the part that was removed from the face by presenting
it and a lure in isolation alongside the fiace witl the
missing part H oas some fiplistic theoties cluim ( Farih
1904 Tanaka & Farah, 1993; sec discussion in Carey &
Diamond, 1994), a pagt has no identity, or separite rep
resentation, independent of the whole configunstion
when it is no longer embedded in its proper contigura:
tion. it should be very difficult o distinguish the part
hetonging to the face from the hure

Restlts and Connnent CK performed ae least as well
as controls both in identifying faces with a single ;Szm
missing and in recognizing the misstng prt (Table £
Participants served 48 their own cantrols g0 confirm that
the missing part wis identificd beeause it belonged 1o
the face rather than simph because there were sensory
cues that indicated which stimulus fit beteer in the allo-
cated space CK scored purfectdy. and controls sumew T
worse, in choosing the correct Wrget when they vould
identify the face and thus draw on theit memory of the
missing part Both CK and controls. however, scored at
or near chance whea they could not dentify the faee
Consistent with the configurational hy pothesis. i par
Heipiants were no Worse it identifying faces with o single
part removed than they were at identifying the intadd
fuee Also R Binscit svoned ks botierin thie ot
ment iy which one part was removed but the conliats
pation was retained than in Experiment 15 in whiciy all
parts were visible but the configuration was alired
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fxperiments on single-unit recording from facesensitive
cells in monkeys found similar effectst Removing o part
did not climinate the response but altering the configu-
auion did (Dosimene = Al 1084 Perrett, Rolls & Can,
1982)

Removing one part stitl allows aorm-based coding 0
proceed pased on the preserved spatial relations among
the renuining pas. Misaligning the bottom half of the
face with the top alters the spatial refations among PArEs
on which narm-based coding depends

Although the results provide additional evidence in
favor of the hypothesis that part-based information is nol
as crucial for fuce recognition as configural information
they are problematic for the strict holistic fypothesis
(see aiso Experiment 3 on parcnts and offspring) As
stated by Farali and her colleaguces (Farah, 199%; Yamik:
& Farah, 1993, onc implication of tlit hypothesis is that
parts are not recognized when isolated from the configu-
ration to which they belong fna sensc, they do not have
an independent identity Qur results indicate otherwise
Both CK and controls generally succeeded in correctly
attributing the solated missing part 10 the face This
finding, 45 well as that of Experiment 3, indicates that

face mechanisms, even in the absence of intact object-
recognition mechanisms, are capable of representing fit-
cigl components explicith and separately from the
whole face Thus both the tdentity of the purts and their
configunttion are represented by face mechanisms We
will spreulate in the final discussion on how the two
rypes of information are used and how they are related
1o the aperation of part-based mechanisms typicath used
10 identify objects and inverted faces
Our results do not contradict the weaker version ol
the holistic hy pothesis. which states that parts are e
ognized beter ina face context than when they appear
in isolation Thus, ks and Tarah (1993) showed that
participants e Detler 4t reCcognizing facial features be-
Figure 12 Exumples of fices Sith pae pasts somened anad pre fonging to particular individuals when the part is embed-
wented i sobation Along with A lure GO Jimims Caster formee Prost ded in the tice tan when it i presented in isolation
dent of the Uit Saates (by Paal Newpan actor sl () Johnm

Carson 1V porsaomatity

Lable 17, Mean Corredd Forced-Clioice Recognition of Single lsolated Tace Parts (Fyes. Nose ot Mouthy tor dentitied and

Nogidentiticd Faces of Famous People (Max = 13

fedentifived Rucognized Pl
" Mean S Rernge Mean S0 Rernge
e ————T R [ e
Contrels (= 1) 100 29 13 " A} 34 [-12
CK ) 1)
Nopicdentificd Kecoguized Pail
— Mean S Renige ettt 51 Rernge
Controts (VJT“;-_I_';)V__‘ - %TM—W—“ Iy 2=t M—W;T—“M TW“—M# -8
(K 5 2
Mascopitedr el al IR



[he same wis not trae of houses oF of inverted faces
Althougl we did not test CK on this experiment directly,
we think it very likely that he would perform as normal
people do on faces, put much more pooly with objuects
indeed Harman and Moscoviteh (unpubiished observie
tigns)y tried to weach him to identify tour different cars
and four different exemplars of the same hreed of dog,
and he failed at both sks after dozens of atempts He
was, however able to learn the names of four new faces
within two trials We then had him view the face through
4 movable, round aperture whose size varied ldentifica-
tion of the individual when only 2 single component was
visible at a time was poor both for CK and for controls,
although both improved when two components were
visible simuitancousty

Taken together, the results indicate that abthough e
resentation of faces containg information about the
identity of single parts, as well as the spatiad relations
between them, the identity of the part by itsell is a poog
cue to recognition of the e For that matter so muy b
information about spatial relations il such information
could be presented independently of the parts The im-
plication of this conclusion for @ theory of face recogni-
tion will be left to the final discussion

Canclusion  CK can recognize faces when only single
features are removed and the general configuration re-
ined, and CK can recognize isolated features as belong:
ing to particular faces, indicating that face mechanisms
represent both the identity of individual components s
well as the spatial relations nong them

Discussion of Experinenls 15 through 17

When the spatial relations among the parts of the face
were aftered  face recognition suffered in normal peopic
and was severely impaired in CK For both CK and
normal controls, the ¢ffect of altering spatial relatons
was as detrimental to face recognifion as inversion. Be-
CUMSE Previous experiments indicated that altering the
spatial relations between internal and external parts of
the face did not affect recognition (Experiment 12).we
cap conclude from Experiments 15 and 10 that what is
crucial for face recognition are the relations amoeng in
ternal parts Misalignment of parts only atong the hori-
zontal planc certainh makes recognition difficalt, and
except for shifts along the verticat midline, it is fikely that
distortion in the vertical plane. such as “stretching,
would have a similar effect Because the face regognition
system relies on configural information, it can tolerate
the loss ot a single featuse without recognition hoing
e red (Bxperiment 17 and Desimone ¢t oal 1984,
Perrett ot al 982 Yamane ¢l Al 1uss) togcther the
results from this set ol experiments sugpest it un
apright left or right halfface in which the parts FeLain
their sccond-osder spatial relations put from which onc

FH0 Jouer e of Cognitive Nenroscienoe

part may be removed s sufficient 1o support good face
recognition

In dight of some holistic theories of fce recognition
(lanaka & Farah, 1993 Farah, 199%), an unexpected
finding was that both controls and CK were able to
choose correctly the isolated face part that helonged 1o
a particular face Contrary to other reports this result
indicates that individual face parts can be recognized in
isolation Differences in task requirements mity account
for the discrepancy between our findings and those
previously reported in the fiterture. In most experi-
ments in which recognition of jsoluted parts was tested
purticipants effectively were required to identify the face
to which the pant belopged As we noted carlier, this
finding means simply that an isolated part is not 4 good
cue to face recognition; it does not mean that i configy
ral face-recognition system docs not have aecess to the
identity of the individual parts, nor does it muan thatt
individual parts lose their identity when not embodded
in the configuration On the contrary, the susults ol
Experiment 17 suggest strongly that when o repre
sentation of a face is cecovered from the face-recognition
system, it contains informuation about both the identity
of the parts and the spatial relations berween them The
parts can then be identified in isolation if whin is e
quired is identifying the part that fits the incomplete face
rather than using the part to reeover information about
the face

[o the points noted previousty regarding the charac
teristics of 4 face that activate the fage-recognition Sys-
rem, we add the following:

7. The spatial refations between internal features of
the face need to be preserved Distortion of spatal refit
tions leads 1o toss of identification ghat is dependent on
the face-recognition system

8 Loss of any single component does not atiect tce
recognition

9 Information about specific fucial features, as wellas
the spatial relations among them, is represented in the
face-recognition system

Experiments 18 and 19: Modularity of Facc
Recognition: Shallow Output and Informational
Encapsulalion/Coguilive Impenetrability

Fodor (1983 1985) argued that much of high-tevel pet
ception is mediated by domain-specific pereeptuil-input
modules that satisfy a number of criteris that distinguish
them from generabpurpose central systems Inood ajuat-
ing Fodors proposals from i neuropsychologicil per
spective. Moscoviteh and Umilta (1990) proposed ilut Lo
he considered a module @ system needs to satish onky
iree duajos critevia dosiiain speetficin inforamtion e
capsulation/cognitive impenctrability. and shalios ol
put Thus a moduie (1) is activated only by stinudin i
specific domain, (2y is informationaily cncapsulated 80

Volunte W Nuihet 3
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(hat higherorder cognitive information cannot penetid
{10 LN ACCess 10 its intermedinte-feved representations

i nitugny s oLt and () its eontpat i shatiow in
that it is not semantically interpreted, it oniy provides
information pertinent Lo its domain, and it does not
contdin any information as to the source from which its
outpul 8 derived.

The neuropsychofogical evidence reported in the tit-
erature and gathered in this study makes face recogni-
tion a good candidate tor modularity in Fodors stiong
sense. Most of the experiments reported in this studdy
attest 1o the specificity of the domain over which the
fuce-recoghition system operates The evidence for the
other two criteria is less compelling On the onc hand,
fhodes and Tremewin (1993) found that preceding @
picture of a face with its name improved detection of
that face, suggesting thit face modules are not wholly
impunetrable to cognitive influences outside their do-
main (however, 5e¢ Norris, 1993, for a eritique of this
interpretation) On the other hand, evidence of implicit
face recognition (without awarenessy in patients with
ProSOPAZNOSIL indicates that face-recognition maodutes
exist whose operation is cogaitively impenetrable to
central systems concerned with consciousness (MciNeil
& Warrington, 19915 Renault, Signoret, Debruille, Breton,
& Bolger, 1989; Sergent & Signoret, 1992b; Tranel &
Damasio 1983 see also reviews by Bruyer, 1991 Nach-
s01, 1993 Young, 1994) Such-evidence is consistent with
the fact that even when the person has detailed seman-
tic knowicdge about individuals whose fices she or he
cannot recognize exphcitly, such knowledge does not
penetrate the workings of the module to make it yield
the information that woukd lead o adeguate explicit
recogaition As well studies on implicit recognition in
prosopagnosia suggest tat names are stronghy linked to
tose modules so that they can be activited automat-
ically I the module s output without the subject being
aware of the fink between them As 2 result, taces thit
are 1ecagnized onh implicitly can prime ames thit
then are read or learned more guickly (Bruyer ot al,
1983 de Haan et al , 1987) than unprimed manes and
hat lead o differential skin conductance FESPONSCS
when the names do not correspond to the faces (Bauer,
1984y 1he close, automatic dassociation berween names
and faces suggest either that they are part of the propo-
sitional knowledge contained i the fuce-recognition
module or that the module's shallow output automat-
ically activates representations for the corresponding
names

[he stuwdios on implicit faee [CCOERILION 1 PIOSOLE:
nosia can alse be interpreted s providing cvidencee of
stiflow  output The output of the tce module that
supports inplicit reeogniton is not interpreted at deep
level which implics aceess w2 hady of stored knowl-
edge ahout the face and the abiliny 10 relate that knowl-
‘“déit‘ o other information Rather the vutput is shallow
i that it contains information only about the structural

representation ol the face and the name with whicl it
is nssociated. and even that inforination is not accessible
L0 CONSCIOUSHUSS.

1his argumcnl in davoer of simtlow wuiput, aithough
defensible, is weak 10 make it stronger, wo need o
demonstrate that () the face-recognition systeml will
accept any stimulus that satisfies its required input prop-
erties without regard to how that stirnulus is constructed
apel (2) that its output only represents information per-
tinent to the structural (nonsemantic) propertics of
fuces: information about other, nonface aspects of the
stimuius should be lost That is, once activated, the face-
recognition systent should give rise to @ pereept of a face
without the awareness of the puossibly nonfacial nature
of the stimuli that make up the face

Consider, for example, & face made up of fruit, hooks.
or parts of o woman’s body arrnged in such @ maaner
that they resemble @ fnee . The lwalian artist Arcimbaldo
(see Figure 13) was noted for painting such COMposice
faces, and other artists, such as Escher, Dali, and Muagritte,
also tried their hands at it Apart from their artistry, what
makes these paintings compelling and whimsical is that
we are aware of both the face and the nonfice stimulhi
of which they are composed If a face-recognition system
is truly modular and its output is shaliow, it should not
by itself give rise to the type of double awarcness that
we all experience

According to the argument we have heen developing
in this paper this ope of double awareness is mediated
by the activation of at least two separdte systems-—uone
for face recognition and one for object recognition In
the absence of an intact object-recognition system. the
face-recognition syswem should not be able 1o suppott
this double awareness Moreover, face perception should
not he prone possible interference that arises from
compettion with uan Ubjccl-rccugnili()n systems for the
focus of atention in pereeption We tested these hy-
potheses the nest (wo experiments

Experiment 18 Recognition of Faces and the
Nonface Objects of which the Faces aie Composed
The Arcimbaldo Lifect

An intriguing guestion was how CK would pereeive
faces made up of objects, such as a face with cherrics
for eyes, a puar fora nose and 1 banana for a mouth This
question gets at the heart of the issue of modularity
Without an intact object-recognition systen, it is possi-
ble that ¢ K simply would not recoghnize the objects and,
therefore he unable to assemble them into a face But if
the Lice-recognition sysm were teuly modular it should
muke no difference whether e objects are recognized
or not: [he system should he aetivied i the objects are
placed in the proper selation to cach other to sutishy the
configurational propertics of a face, 18 we hane identified
them in this stady When that occurs, the system should
he triggered and [ace pereeption should be mandatory

Maoscoritch et al 387



Figure 13. Examples of composite fes taken frm the paintings of Arcimbaido: Go Budolfe () Biblivo and (o Tersr s Escher s o Bond of
Umion © The how! of vegetables an e right s anisvered Natura by Arcimbnido (sce twext)

[he ancedotad evidence in this regard is strong We
immediately perceive any such arrangement as a face,
although we are aware a5 well of the objects of which
it is composed [na more experimental vein, Jeflreys and
Tukmachi (1992, using ERPs, showed that an early wive
form, P19, which distinguished faces from other ob-
jects, also was evident when an individual viewed faces
comprised of objects Onee the facial configuration was
broken, the lrcial percept, as well us the identitying
waveform, was lost

Bascd on the snecdotal and experimental evidence,
we were confident that CK would pereeive the object-
composite fees s rees The more interesting (uestion
was whether he would he abie to see past the Liee o
the ubjects that comprised it Although CK s impaired
at recognizing objects he is not impaired at detecting
them or at giving a detailed description of their parts
We, therefore expected him 1o see the faces as well as
to be ahle o sny that they were composed of nonlace
objects, although we thouglt he might have some
difficulty in identitying exactly what those objects were
However in accordance with the criterion of shallow
outpul and without an intact ehjeci-recognition system

to 1all hack on CK shoukd be aware only of the fce itseld

and not of the objects of which it is composed The
resufts we obtiined were exacth what an extreme

FHN Jorhnal of Cognitive Nenroscicnoe

modularing by pothesis predicted: The shallow owmput of
the face-recognition system delivered infornution only
about the structural propertics of faces but not about
the nonface elements from which the output was de-
rived

To test our Iy potheses, CK and 12 controf purticipants
viewed and described eight composite frees taken from
the paintings of Arcimbaldo (see Figure 13 for i sample)
About 8 months later. CK was shown live additional. tess
detailed paintings from other arists, as well as the initiul
nine Arcimbaido figures in an inverted format

Resnlts and Comrment All the control participants saw
cach of the pictures as both a face and as the objects
that comprised it ¢ Table 18y For CK this wis truc ot ondy
two of the laces the veeface of the painting Inyermo
and the animal fuce of Terra, and partially truc of another
one, Natura, o segetable fuce Tven for these it took il
great deal ol prompling and guite some time betore CK
came to the realization that the faces were compused of
objects For contrals the realization was immuediate and
some faces Hke Terra were pereebed at firse onb s
abjects ared onh faler did ihe Blee e Lo o uie
other faces CRoceuld deseribe the Tace dlearly B had
no awarencss that it was composed of objects dospite
heing prompted o report everything of which e wils
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aware, For the five extr faces that were presented only
(o ¢ K, he did not detect the nonface parts of any of them
When the faces were inverted, he immediately noted the
nontice parts but could not apprehend any faces These
resuhts dre consistent with the hypothesis that the outpul
of the face-recognition system s shallow, as befits a mod-
ule in Fodor's sense They also add support to the by
pothesis that once a face 8 inverted, the froe-recognition
system no fonger apprehends it (se¢ Figure 13, Natura)

CK's reports of his perceptual experience are instouc
tive When viewing Figure 13, he described the individ-
uat as “a happy-looking man, facing to the right with the
cyes looking slightly in the other direction. The cheeks
are red and he has a lige pose He also seems 1o have
some bags under his @es {pointing at the cherrics)y
When prompted to deseribe anything else he saw, he
noted. e seems to have d peds and some other fruit in
his hair some lettuce for sleeves, and something that
When prompled
furtier, he coutd ot otfer any more information Indeed
i two other cases, he wis able 1o note the objects if
they did not occum the location of the cyes. nose. or
mouth 11 the objects fell on the external regions. he
seemed more dikely to identify them This finding i
consistent with our observation thad it is the configura
tion of internal features that drives the tace-recognition
system Beeause the external features fall outside the
domain of the s stem, objects tiere are more likeh 1o
he detected by those functionally  limited nonface
mechanisms that survived damage

For another picture (Figue 13¢), CK noted immedi-
dtehy that it was 4 man with a mustiche facing right
When prompted 10 provide 2 richer description, K
began naming, often crroneopusly. some of the animals in
his haic and then moved toward the center When he
named the elephant he exclaimed,  Wait @ minute. This
man's face is made up of anio fleads That's fantastc
When the experiment wis ovel we intormed him that

looks like @ sea urchin on his chin”

all the other pictures he had viewed were constructed
simikehy He was increduions We returned to show him
that this was the case beginning with Rudolta the frait
man Examine it as he would, he could stil not see the
fruit in the  internad foltures, although e had no
ditficuly identitying the pear in the man s hair When

asked why he thought it was that he could sve the
wanimal man’ but not the “fruit man,” he offered the
following explanation which we think is correct “The
animals all have faces, and at is the faces that ©oses
Although they aren't people faces, they look like faces
and that may be enough’ Although animal heads are not
s effective at activating the face-recognition Systent a8
human faces, partial activation may occur because ani-
mai heads share some features with human faces (se¢
Experiments 11 and 14) Alternatively, animal heads may
activate some  residual object-recognition system that
allowed CK to identify them hetter than other objects

Two ohservations lead us to believe that a contribut-
ing tactor 10 CK's dim, or absent, aWareness of the
obiccts that comprise s face is the competition between
an intact face-recognition systesnl and an impaired object-
recognition system for access to a central system that
SUPPOILS AWAENCss. When the same Arcimbaldo faces
were shown to him in an inverted orientation 8 months
fater, he never mistaok them for a face, and he was able
to identify the general class (though hardly ever the
specific exemplars) vhat comprised the face Indeed,
after viewing these inverted “faces,” he seemed to have
recognized the style and spontancously asked whether
he could see those colorful faces he had viewed on the
previous session

The second observation concerned the composite of
Magritte's painting “The Rape which consists of a
woman s nude body framed by hair The picture is stark
and its lines simple unlike Arcimbaldo's demiled, Ba-
rogue paintings Despite this CK immediaely pereeived
it only as a face without recognizing the parts When
prompted for a more detailed description, he said “The
person is exothatmic (What do you mean exothaimic?)
[ mean the person has goiter See. look at those hig,
hulging cyes (referring to the breasts) And that thick
neck (referring to the thighs) caused by an o erdevel-
oped thyroid gland (Anything elseny {he person has o
feard (referring to the pubis) bt there is 4 dot (naveD)
where the nose should be At this point, one ol us
covered the heard and nose while CK was viewing the
picture. His head leerally snapped hack in surprise at the
objects that now reveled themselves

As long as the intact fiCe-TeCOENILION ) Stem Witk 0p-
erating, the ouiput of the impaired object-recognition
system couid not compete cffectively for access W con
seious awarcness Thus, CKowas wire only of the shab-
low output of the face modute and not of the nonfice
clements that comprised the fnce Once activation of the
face module was removed by inverting the face. ogchud-
ing some of the crucial features oF having objects oc-
cupy locations outside the internal features CK could
deteet the objeats and wentify the class which thay
belong if not the specific item

The notion of gompetition hetween object- and Lwe-
recognition systems for conscious awareness leads to the
prediction that CK should perform betier than controls
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in circumstances in which such competition leads to
interference We tested this idea in the next experiment

Conclusiont  When viewing upright, intact faces comv
posed of objects, CK could recognize the fice but could
not even detect the objects thit muke up the face when
they compriscd the internal features; this evidence of
shallow output bolsiers the case for considering the
face-recognition system 1o e 3 module in Fodor's sense

Experiment 19 The Interfering Effect of Object
Recognition on Face Recognition Nol Seefng the
Faces for the Trees

Finding hidden targets in a picture or drawing is a cap-
gvating and engrossing children s game that even adulis
find challenging (sce Figure 14).* Such hidden wrgets are
difficult to deteet because they share contours 01 cont-
ponents with other, more salient stimuli that compete
with the target for perceptual awareness If, however, the
competing stimuli dre less salient or perceptible, the
hidden targets should be easier to detect

This was our reasoning when we administered a hid-
den stimulus test with faces a5 Argets and objects as
distracters for CK and control participants Fhe purpose
of the test was to find all the hidden faces in 2 visual
scene of a forest clearing containing nonfiace objects
(sce Figure 14) The faces weee all composed of objects
such as the trees, rocks, and streams, which form the
subject matter of the picture. The configurations that
these objects formed actvate the face-recognition sys-
tem. Because the output of the face-recognition system
is shaliow, as Experiment 18 suggested, and hecause CK
lacked an intact objectrecognition System. the objects
were less likely 1o capture his pereepludl awWarcness than
thit of control subjects. As a resudt, the “faces” in the
forest were likely to be detected more casily by CK, who
was not as prone to interference from the output of a
competing object-recognition system

Results and Comment  CKowas able 1o detect faces
more quickly and in greater aumber than the best con-
trof participant (Table 19) One face simply jumped out
at him during the first second, three other were seen in
the first minute Most control patticipants could discover
no faces at afl for over a minute and, over the entire 5
min duration, the ypical participant discinvered fower
faces than CK did in 1 min

The results are consistent with the hy pothesis that the
cHectiveness of this version of the nidden target eflect
depends, in part on the competition berween the output
of a face- and an objectrecognition system for per-

t I el W
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Lceoful competition from the ah-
ject-recopnition system prevents norand peopic from
detecting the hidden [aces As Ck s performance demon-
strites onee that competition is reduced or climinated,
in his case because the objuctrecognitivn system is
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damaged (and beeause the output of the face-recogni-
tion system is shallow), faces arc derected more easihy

Conclusion CK's superior ability to detect, in & visual
scene, hidden wrget faees composed of objects indicites
that the outputs of the fuce-recognition system. which
are shallow, compete with the outpiis of the objectree-
ognition system for perceptual awareness; when the bt
ter system is damaged, interference with the face-$y stem
output is reduced and its access Lo CONSCIONS AWITHCss
is {acilitated.

Discussion of Experiments {8 and 19

These experiments provide a compelling demonstration
of shallow output of a module Relying primarily on the
output of his face-recognition system, CK i unawire of
the nonfree chements that serve a8 the input to that
system. In Experiment 18, this prevents him from seeing
the objects that comprise the face, and in Experiment
19, it allows him to sce past the objects to the h wden
faces, which normal people have  difficulny  finding
among the interfering objects

One of the factors that may have contributed 1o the
especially compelling effects that we abserved in the
two experiments is that the input to the face- and ob-
jecl-recognition systems Wete derived from the same
spatial location Uader these conditions, competition be-
tween the two systems may be particularly intensc since
1 location with overlapping stimuli demands that  single
interpretation he assigned to the stimuli at any given
time Such a situation is not untike that found in wmbigu-
ous pictures in which two figures appear as cither hack-
ground or foreground (see Experiments 15 and 14) One
cannot sce both figures at oace but is forced 1o switch
from one percept to another When one of the recognic
tion systems is damaged, as is the case for objcct 1ecog
nition in CK_its output may be too weak to dislodge the
shallow output of the mtact face-recognition system and
capture attention for that spatial location H the twoe
systems do not receive input from overiapping spatial
locations, theee may still be some competition hetween
their outputs for attention, but it i5 not of a strong.
putually exclusive variety. Indecd, CK can detect ohjects
outside the region over which the face-recognitivn 815
tem operates and he can ideatify objects it the face-
recognition  system s temporarily made inactve B
occlusion or inversion, thereby climinating the domain
specific input it needs to he activated

Using, commissurotomized patients and the composite
faces from our study, Gazzaniga (1997) recently p(m'idcd
evidence regarding the neural substrates undething the
competition ohserved inoour study When Arcimbabdd
fces were presented o e 1wo honuspia. . - ftt
hemisphere reported seuing onhy the objeets that cony
prised the face, whereas the right hemisphery reporied
secing the fiee but not the objects Gazzanigil s finding
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Figure 14 Ihe Faces in the
Forst by Beverehy Duoolittie
Pl Fres L compuosed uf
rees rocks anud SIOCEENS

suggests that CKs face-recognition performance refiects
the operationn of an intact right-hemisphere folistic
mechanism Ohject recogniton on the other hand de
pends on the operation of an analytic fefi-hemisphse
mechanism

A possibic interpretation of K s periormanee based
on the global/locad hypothesis i that CK may have intact
globul processing but impaired locitl processing, which
accounts for his good global fice recognition but poot
ability 1o idenify the local objects tht comprise the fece
(Nuson. 1977 Robertson & Delis. 1986 Sergent & el
lige 1986) Whether or not CK is good at processing

Table 19, Mean Number of Faces Jdentitied in Porust afer
ldemiticd

global hat not jocal information is i matter for future
research o determine Wiatever the outcome of that
rescearch, we do not think that his performance on our
sk can be expliined only in terms ot the global/ocal
hypothesis. CK nad no difficulty i identitying the focal
features of the fuce—he just could not set them as
vhjects Moreover fie had no difficalyy in detecting the
objects i they occupied the peripheral contours of the
fuce, where such fouul features may e come in direet
conflict witl global Processing Rather, CK only had
difficuity deteeting objects if they pccupied the focation
of intermal features of faces

and 5 min and Initad Time Flapscd Buloe the First Face Was

I nin 5 nifn Initicl finte Blapsed (sed
e ———— e e
Meatt S Rernge Mean S INTIHUS ear e Renge
e st = ~ — .
Controls (0 = 12) -t 12 (31 46 206 -4 (i 438 (-211
(N 4 1
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Fxperiments 18 and 19 present evidence that the
output of the face recognition system is shatlow CK's
performance also suggests that face recopnition is nLd-
datory it the stimudus input, however bizasre, satisfies the
domain-specific conditions we identificd in previous €X-
periments as necessay (o activate the face-recognition
system. If we also consider evidence of informational
encapsuliation/cognitive impenctrbility from studies on
recognition without awireness in Prosopagnosia, face
recognition  satisfies the main criterin of modulurity
(Fodor, 1983; Moscovitch & Umiith, 1990y domain s$pre-
cificity, informational c:nc:spsulzn‘:(m/cognitivc impencetri-
bility, and shaliow output For the time being we are
satisfied merely to pote this We postpone a fuller treit
ment of issues related o modularity for the general
discussion

GENERAL DISCUSSION

Our objective in this study was to gain 2 hetter undee-
standing of face recognition by studying CK, a person
with visual object agnosia and acquired alexia but intact
face recognition Following 4 suggestion from Mosco-
vitch and Umilth (1990), we reasoned that such a srudy
would provide us with the opportunity to investigate the
processing lmits of a face-recognition system with little
contamination from processes that contribule W reCog:
nition of other types of complex visual patterns. n this
way we hoped o answer some questions that fuatve
remained unresolved in the literature despite decades of
study Based on the result of our experiments, We think
the outcome has repaid our efforts, and we hope that
the reader agrees Because each experiment, as well as
each set of experiments, wis followed by extensive dis
cussion, for the most pirt we fimit ourselves in this final
section to summarizing the main empirical findings and
theoretical implications We conclude with a brief discus-
sion of modularity and of the elements of a nEUWOPSY:
chological modet of face recognition

Aspects of Recognition of Upright Faces

If faces are upright CK recognizes and remembers them
as well or better than ncurologically intact people (Ex-
periments | through 5) He detects family resemblance
and apprecies transformations that oceur in develop-
ment and aging. as well as those that occur across shifts
in viewpoint and changes in lighting 1n short, for recog
nition of upright whole faces, CK's perfornance sug
gests strongly thatan isolated fuce recognition system is
sufficicnt

WAL DLHURUY Fuatuics Aro MNegessary fore

Activating a Face-Recognition System!?

we list the stinulus attributes our resulis suggest are
erucial for face recognition [hese constitute the donnin-

4.2 Jorrnad of Coguitive Nuonrasuienoe

specific information necessary for activating the fuce-
pecognition system

1 The face must be upright Inverted faces wie ot
recognized by CK (Experiments 9 througly 1)

2 The crucial information tor facial identity is carried
by # spatial configuration formed of the internal features
of a face—the eyes, the nose, and the mouth (Experiment
12) No single component iy necessary, but infurmation
regarding the spatinl relation hetween any o of the
three elements is sufficient for face identification (Ex-
periment +5) External features seent Lo be much less
important
3 TFaces are identificd on the hasis of the spatil re-
fations of the internal features 10 each other (secondany
relational features; Experiments 13 through 16) and with
respect to their deviation from the representation of
facial profoiype (norm-based coding) (Experimuent 8}

4 Informuation about specific, internal fucial features
not merely their spatial relations, is also represented in
the fxce-recognition systemnl (Experiments 3 and 173

5 The particular clements of which at face 5 com-
posed are immaterial as long as the required configuna-
tional properties of the face are preserved  Thus any
confguration that is facelike will do, whether it is
caricature (Experiment (), 4 cartoon (Expetiment Ty an
object in the shape of a face (Experiment 19} or i face
whose scparate features are composed of abjects (Ex-
periment 18)

We think that it is important 10 add to this Hstsnother
point concerned with the output from the system ruther
thun the inpui o it

6 The output of the system is a structural description
of u specific, individuai face that does not presene infor-
mation about nonfiace aspects of the stimulus that acti-
vated the system

As this list indicates, the domain over which the face
recognition system operites is highty constrtined uand
the outpul it cmits is shallow For these and other e
sons we discussed carlier, the face-recognition system
would scem to satisty the criteria for modularity

Belore we retusn to the problem of maoduligily we
wish o denl with 2 retated issue—whit mikes [HIEY
recopnition possibie when the highly constrained condi-
tions that satisty the input propertics of the free system

are not met? One of the major findings in our series of

cxperiments is the obseryvation that under such condi-
tiohs neurologically intact people continue W recopnize
frces, albeit somewhat less well, by using mechiunisms
suited for object recognition 1o supplement e face-
pecogiiion sy alcin Hraausy (hose mechanisms are dan
aged in CK s ability to recognize faces under st
conditions is severeh compromised Tlhis 1s seen eathy
when faces are inverted
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The Inversion Effect

Our findings argue strongly that im erted faces cannot
engape the face-recognition systeih direotly but ratha
requite mediation by the object-recognition  systenl
Lacking ai mtact objcct-:ccognilion system, CK can-
jol recognize even cartoon faces when they are in-
verted, something control participanis found trivially
casy These results do not support dany variations of the
disc iminabitity hypotbesis, which posits that no addi-
fonal mechanisms need to be invoked for processing
mverted, as comparéd o upright, faces (Valentineg, 1991
Al the same time, we wish to stress that our result
cannot be interpreted to mean that the face-recognition
system can be dispensed with during recognition of
inverted faces Although direct prool is kcking, we be-
eve that the face-recognition system is still needed
o process the information about inverted faces that is
gathered by the objcctrecognition system How infor-
mation from one domain is mapped onto another is

‘one of the ceniral issues that future research must

address

When and What Does the Object-Recognition
System Contribute to Face Recognition?

As we noted, the object-recognition system is needed
when any of the stimulus conditions Hsted in points |
through < are violated Inverting whole faces or simply
theit internal features, altering the spatial - relations
amoeng internal features, of occiuding more than one of
the internad features deprives the face-recognition sys
tem ol the configurational, domiin-specific information
necessary for its operation Under such circumstances,
fiuce recngnition relies on the contribution of the object-
recagnition system

Ihe precise nature of that contribution, however has
yer to be determined Beeause the tace-recognition $s
tem coquires a4 configurational input that is oricntion-
specific the ideal system to complement it wauld be one
that takes parts and contours as its input and that can
integrate and normalize them (Faruh, 1990, 1991 Har
man & Moscoviteh, 1996; Humphireys. Riddocly, Donneldly
Freeman, Boucart, & Muller, 1994 As a result, number
of inyestigators have suggested that face perception be-
comes parthased once it s dependent on the object
recognition system (Farah fanaka, & Dirain, 1993y, al-
though exactly what that entails is not clear One possi-
hility s that Gces are now recognized on the basis of
individual features, but there s no direct evidence that
this is the case Our own observation with €K indicautes
that there must be more 1o it than that Fiest he wan
identihy indis idual featurees of the tace, sometimes as well
45 controls (Experiment 17), suggesting that the face-
tceognition system can sdso represent individual feu-
wres Seeond., when CK could identify inverted or e
lured faces he sometimes did so by identifving the

separate features i they appeared to be salient. such as
Michael Douglas dimpled ¢hin or Prince Charles large
ears His appreciation of salient festures is consistent
with his recogirition of cuiciures CEXpOrincns o
through 8) Third, the deficit CK has in object recogni-
tion is not in identifying parts but in integrating them
into 2 whole When he did have difficulty in identifying
parts of frces, as he sometimes did in dealing with
inverted cartoon faces, and as he always did in making
sense of overlapping objects and Mooney figures, if is
because the proper interpretation of the parts depended
on apprecinting their rehition to the whole

Consistent with the mture of CK$ disorder. wlhat
these observations suggest is that the contribution of the
objectrecognition systeim is not primarily in identifying
facial features Rather, the objectrecognition system s
needed for integrating facial features into reasonable
facsimite of a fice when the gestale is violated. T his
facsimile may be needed o gain access o the face-
recognition system FHow the object-recognition system
accomplishes this function is not known Because it hus
access to information about external features or facial
contours (Experiment 12),the object-recognition system
may use them as a frame ot point of reference for
aligning the internal {eatuses when they are inverted or
fractured 1n this way, a sufficiently reasonable facsimile
of the face may be constructed Although speculative,
this propast! is consistent with similar proposals ad-
vineed by Humphreys et al (1994} to explain the proc
ess of integration involved in object recognition

The Interaction of Face-Recognition and Object-
Recognition Systems

Bven when fice recognition is dependent on the vperi-
tion of an intact ohject-recognition system, there is good
reason to believe that optimal recognition depends on
some ipteriction between the W0 systems Prosopug:
nosic paticrs with relativehy preserved objedt recogni-
tion perform very poorly at face recognition (see Farady,
1900 Fapah, Wilsor, ut al - 19950 Bauet §984) Indeed.
their performance ty pically is much waorsc than that of
our control subjects. who perform at about G 1o 80%
correct when faces were inverted or fractured. both
being conditions we identified as demanding the abject-
recognition system Together, these results indicate that
one cannet rely only on the object-recognition system
for even moderateh successiul face recognition Instead.
these resules sugpest that information about faces that is
derived My the objectrecognition system needs to be
shared with the face-recognition system if good recogni-
ton is 1o be achivved However suggestive the data,
dircct evidenee on this point 8 lacking but soreh
needed  As vet, we know litde about the interaction
between processes invobed in obiect and face recogni
tion Our studies irdicate that research on this topic is
cruciat for # full understanding of e recognition
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Modeis and Theories of Face Recognition

OF the various models of Face recognition, our resulls are
most consistent with the configurational, norm-based
stodel, which states that faces are recognized on the
basis of viriations of second-order relations with respect
to 2 norm or prototype (Experiment 8) Although the
model emphasizes the importance of spatial relations
among facial features, we wish to add that the internal
features themselves are also represented CK had no
difficulty in sclecting the appropriate missing feature
from another one that ft equally well into the face
(Experiment 17) Because specific features may also be
encoded by the objectrecognition system, it s difticult

to disentangle the contribution of the two types of

systems in neurologically intact people who possess
both (see discussion in Rhodes etal. 1993) The problem
is all the more difficult to resolve because the object
recognition system may also be involved inintegrat-
ing parts into a whole Given these considerations, it is
understandable that inconsistencics wifl be found in the
litersture on configural and feature processing in faces

In the introduction, we suggested that the gestalt or
femplate hypothesis complements the norat-based hy-
pothesis rather than rivaling it Ow Andings allow us to
he a little more specific According o the gestalt or
temphite hypothesis faces are represented as gestalis or
templates in which the f{eatures cannot bhe coded or
processed independently but rather derive theie identity
from the gestalt in which they are embedded (see Yuille,
1991, for a computational model of deformable face
remplates) Results from our studies on fractured (Ex-
periment 15) and misaligned (Experiment 16) faces in-
dicate that for faces to Dbe recognized, the spatiil
relations among internal features must he preserved and
that this information is oricntation-specitic. It is this in-
formation that forms the facial gestalt Access o the
face-recognition system can be gained only via this
configurational, spatial information Thatis why separite,
single features or even a collection of all the features
cannot be processed by the face-recognition system and
why it makes identification on this basis difficult even
for controls, let alone for CK o This does not mean
information about single feawures is not represented by
the face-recognition system or that such features cannot
be inspected in isolation Mhaving accessed the repre-
sentation of the face via configurad information. CK can
identify the appropriate feature ot the face even when
it is presented in isolation I other words, he can move
feom the unit to its components but not vice versa In
this regard, his performance with fuces is amstogous 1
his performance with objects Having preserved imagery,
he can draw an object and ils separte components
Pascd o BIS LR FCPrescititln vl e bu dig
cannol gain access (o thit representasion from vision
because  object  perception necessarily s part-hased
(Behrmann et alb 1994

344 Jorg il of Cognifive Neiroscicioe

The Modularity of Face Recognition

We presented evidence of our own and from other
investigators that face recognition satisfics the main
criteria of modularity in the strong Fodorian sensce: do-
main specificiny, informational encapsulation/cognitive
impenetrability, and shatlow output (Fodor, 19831 Mos.
coviteh & Umilth, 1990) There s even some evidence
tht face recognition i mandatory (Experiment 19
Faralt, Wilson, ¢t al , 1993), although we do not consider
this to be one of the main criteria of modularity An
alternative to the face-modude bypothesis is the Dolistic
hypothesis, which states that there is no face module bt
rather a specialized holistic processor whose donuin is
not restricted to faces but is open 1o all stimuli that can
be processed and represented holistically. Another alier-
native to the fee-moduie hypothesis is the indivieluo.
ation or within-category discrimination Dypothesis
(Damasio et al, 1982; Logothetis & Sheinberg 1890),
which states that face recognition depends on a proces-
sor whose general purpose is o distinguish among ox-
emplars of homogencous stimuli Although nesc of the
experiments we reported was designed to test these
alternatives evidence from other studies argues in Ghor
of modularity '

A number of investigators have reported cases who
presented with impaired within-category discrimination
of faces but not of cars (Sergent & Signoret 1992)
plasses, coins (De Renzi, 1986h; De Renzi e1 al 1994,
Farah, 1999), or even of Hving creatures, such as sheep
(MeNetl & Warrington, 1993). Conversely, CK could iden-
tify faces easily but not ghsses (Farah, 1993), dogs, cars
(Moscovitch & Harman, unpublished observations), or
“greehles™ (Gauathier & Tarr, 1997, a class ol artificially
created stimull that have the configural propertics of
faces although they look litde like them {CGauthier,
Behrmann, & Tarr, unpublished observation)

n an attempl to see if CK could identify holistic
stimuli normally, we tested his perception and recogi-
tion of geons (Biederman, 1987) Out pationale was that
if geons are the building blocks of object perception, as
some investigators have argued, they should act as pet-
ceptual whales or gestalts 1f CKs face recognition is
mediated by a specialized holistic processor rather than
a lace module, CKs processing of other holistic stimuli,
like geons, should be normal In fact he was grossly
impaired in both pereeption and recognition (Suzuki,
Petersan. Moscoviteh, & Behirmann, 1997) whenever the
geon was rotted in depth orin the picture plane even
thouglr he could recognize faces rotated in depih not-
mully (sve Experiment 5)

AL the moment the evidence Favors the face-module
Iny pothesis although it is not conclusive What is needed
jon aestng dhe hodistic b pedlicsis propeily 6 e -
tory definition of what it meins for stimuli other thun
faces 1o be holistic B owe accept the definition that
patteracd stimuli are holistic if they are identificd on the
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hasis of second-order relationl properties, a8 greebles
are varported to be,or that they are complex but indi-
visaae uilis such as geons, the evidence supports the
dea that face recognition i modutar because CK s
impaired at pereeiving these stimuli but not faces There
is always the possibility, however, that this definition is
wrong (perhaps Gurner's, 1974, definition of integrality
i more appropriate) and that some class of stimuli will
be discovered that are processed as well as faces by
whut is presumed to be an isolated face-recognition
system

Another alternative is that second order relations exist
a5 laient propertics of the stimulus which become mani-
fest only after extensive experience with it (Diamond &
Carey, 1986, Bruyer & Crispeels, 1992; Ross & Turkewitz,
1982) 1t is the interaction of the potential properties of
4 stimulus with experience that makes a stimulus
configural or holistic According to this view, faces are
not special but just the most common of potentilly
holistic stimuli. Studies have shown that other stimuli,
such as dogs and greebles, are also treated holisticaliy by
experts but not by novices (Diamond & Carey, 19806;
Gauthier & Tarr, 1997; Tanaka & Gauthier, 1997) in the
hands of experts, such stimuli show the inversion, frac-
turing, and isolated-part effects that distinguish faces
from objects, and on functional neuroimaging studies,
they may even activate an arca in the fusiform gyrus
that overlaps with the area that is activated by faces
(Gauthicr, farr, Anderson, & Gore, 1997)

Although the studies on expertise may help explain
how people come to treat faces differently from objects.
they do not refute the face-module hypothesis As we
aoted in the introduction, there is evidence of doubic
dissociation between face recognition and recognition
of other complex visual stimuli such as dogs, COWS,
sheep and cars, even when the individual was an expert
in recognizing them (see discussion on p 557) In CKs
case though he could recognize faces normalhy, he 0o
longer coubd recognize airplanes and tin soldiers, though
he was an expert at both betore his accident Until such
dissociations are shown 10 be spurious or artifaciual, our
working assumption is that face recognition is modular

Neural Substrates of Face Recognition

The neurological and neurophysiological evidence i
consistent with the moduiarity hypothesis Beginning
with Gross ¢t al s (1972) single-unit recording studics in
nonhuman primates, NRMerous other investigators have
reported that there ate neurones in the fusiform gyrus
(.){ the inferotemporal cortex thit respond selectively o
f:fu:s (Gross 1992 Gross et al 1993 Porrett et al . 199l
Wright & Roberts, 1996 and references therein) Damage
10 homologous regions in humans leads o prosopug-
n(‘)siu Although typically the damage is bilmeral and
often also causes object agnosia and dyslexia (Meadows
Y974 Benwon, 1980 McCarthy & Warrington, 1990). 4

number of cases of relatively pure prosopagnosia have
been reposted following tesions restricted o the right
hemisphere (De Renzi, 19864, 1986h; De Renzi, et al
1994 and references therein) Gatzzaniga » (1997) vbsci-
vation of the Arcimbaido effectina commissurotonized
patient attests to the right-hemisphere locus of the face-
recognition systeni as do many laterality studies in peo-
ple who are neurologically intact (for review see Bryden,
1982; Moscovitch, 1979; Rhodes, 1993) of have brain
lesions (Benton, 1980; Farah, 1990; Mitner, 1980)

The most impressive neurological evidence for modu-
larity, however comes from recent electrophysiotogical
and neuroimaging studies in humans Recording {rom
scalp clectrodes, Jeffreys and Tukmachi {1992) found an
early positive-evoked response at d ftency of about 190
msec (P 190) to faces and facelike arrangements of
objects Responses evoked by nonface objects had a
similar scalp distribution but were smaller and usually
later, whereas responses o inverted faces were simply
delayed More recent studies by Bentin et al (1996)
found an earlicr negative potential, N 170, which they
helieve is distinguishable from the P 190 both by its
scalp distribution and the properties of the stimulus that
evokes it The N 170 is targer over the posterior temporal
region and more pronounced on the right hemisphere
it is evoked by human faces but not by hands, animal
faces, or other inanimate or animate objects However,
unlike the P 190, which closely reflects behavioral sen-
sitivity to  inversion and configural information, the
N 170 is also evoked by inverted faces and by facial
features, especially the eyes, either in isolation or in 4
mixed collection of features

Face-specific evoked responses have also been ob-
tained from subdurl, chropically implanted electrodes
A puik negative rESPONSCs. N 200, was found over dis-
crete repions of the inferior occipito-tlemporil Cortex
when subjects viewed faces but not when they viewed
scrambled faces. letter Strings animal or cars {Allison ¢t
ab . 1994, 199-ib: Puce et al 1995; Puce. Allison Asgari
Gore & McCarthy, 1996) The resemblance in latency and
response characteristics berween the subdural N 200
potentials and Jeffrevs and Tukmachi's (1992) scalp-
recorded P 190 potentials suggest that ihey are gencrated
by commaon StruCiures in the inferotemporal cortex

The presumed location of these genertors coincide
with regions of activation to faces that have been re-
ported in a number of PET and [MRI studies (Grady et
al. 1995 Haxby ct al . 1994 Kapwisher et al, 1996a
1906h, in press, Puce ¢t al . 1995 Sergent et al . 1992). In
all cases. the fusiform gyris, particuarly on the right, has
been implicated When the sk requires that the faces
e identificd semantically rather than simply perceived
pereeptually, activation is also observed in moge antesior
regions of the inferoremporal cortex nordering on the
pasahippocumpal gyrus on the right (sergent et al
1992y and on the left if naming is also involved (Sergent
MachDonald & Zuck 1994
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Although Sergent et ab (1992) reported a lefiright
differenee in activation between objects and faces, with
the left being favored for objects. most PET and {MRI
studics have not attempted to distinguish clearly be-
rween areas involved in recognition of objects as con-
pared to faces Because regions activated by objects
(Kéhler, Kapur, Moscovitch, Winocur, & Houle, 19U5;
Malach, Reppas, Benson, Kwong, Jiang, Kennedy, Ledden
Brady, Rosen, & Tootel, 1995, Moscovitch, Kapur, Kohler,
& Houle, 1995) often partially overlap those activated by
fuces, these results are open to the interpretation that
firces and objects are processed by a common region con-
cerned with the perception of complex visual patterns

This interpremtion has been refuted recently by o
aumber of fMRI studies that have confirmed the degree
of specificity in brain organization that carlier studies
hinted at Kanwisher et ab (19964, 1996h, in press) and
McCarthy ¢t ai (in press) found that @ circumscribed
region in the right lateral fusiform gyrus is preferentially
activated to faces us compared to scrambled faces and
animate or inanimate objects even when within caegory
(subordinate leveh discriminations are required 16 has
yet to be determined, however whether this region is
sensitive 1o upright faces that retain the integriny of
spatial relations among facial features or whether this is
a region that is sensitive o deteetion of facial features,
particularhy the eyes, as in Bentin ¢t al 5 (1990) study

Components of a Face-Recognilion System

Taken together, the results of the cleetrophysiotogical
and functional neuroimuging studies suggest that there
is a distinct neural system dedicuted to face recognition
[he system consists of three interrelated components:
(1) a region in the right occipitaltemporal sulcus that is
sensitive 1o freiad features, particularly the cyes, (2) a
region in the right lateral fusiform gyrus that is sensitive
o configurational (second-order relational) features, and
¢3) an antcrior region on the border of the fusiform and
parahippocampal gyri on the right that is sensitive o
semantic/physiognomic aspects of facial identity, and on
the left, that is sensitive to names This system muse also
reeeive input from adjacent, object-recognition regions
that contribute to face recognition when face stimuli
lack the domainspecific information needed to activite
the face system directly (see also Tovee & Cohen-Tovee,
1993%)

The inferotemporal cortex and the occipito-temporil
junction (lingual gyrus) is also the site where investiga-
tors have observed selective impairment in object rec-
ognition and reading following brain lesions (MeCarthy
& Warrington, 1990) and selective activation to objects
and 1o words on newrophysiological and neuroimaging
studics Although these is some overlap among the 1e
gions, the precise focation of caeh differs trom one
another and from that observed for faces (Alison et al
10040 199-4h: Kanwisher ¢t al 1990 1996h, in press;
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Nobre, Allison, & McCarthy, 1994; McCarthy et al in
press: Puce ¢t al, 1995) Such findings reinforce the view
that the infero-temporitl cortex is a region where mod
ules for perception of complex visual patterns can de-
velop or be created (Jacobs & Jordun, 1992y It liked
holds this privileged position by virtue of its location at
the interface berween the primary visual cortex and
carhy extrastriate cortex involved in feature and shape
analysis on the one hand, and the muitimodal association
cortex in the kateral and medial temporal tobe involved
in semantic processing and memory on the other (Gross
1992: Gross et at, 1993)

The proximity of these various modules to one -
other explains why damage to this region typicatly leads
to deficits in ail aspects of higherorder visual pattern
recognition and why it is only in gare circumstances
such as CK s, that damage is highly selective. By tiking
advantage of such rare cases, neuropsychologists hae
been able to delineate the funetional and structural char
acteristics of these various systems and thereby provide
the theorctical framework and empirical base from
which cognitive neuroscientists operate.

Conclusion

The strategy most often employed by neuropsycholo-
gists in their investigations has been to study the defee-
tive function that results from circumscribed lesions We
hope that our study with CK has shown that there is
much to be gained by studying the function that is
spared By investigating his preserved face recogaition in
relative isolation from the influence of processes ine
volved in object recognition and reading, which are
defective, we have been able to distinguish those aspects
of face recognition that are medinied by a face module
from those that are dependent on input from other
systems Our goal now is to characterize more precisely
the processes underlying face recognition and to under-
stand more fully how the different systems interact

METHOD
Experiment 1

Participams were shown 140 photographs ol famous
people Al ol them were cut out of magazines, mounted
in plastic o preserve them, and inserted in two hinders
(scts A and By, each contining 70 faces As much as
possible, photos were ¢hosen in which identifying non-
face features were absent For Set A, faces were st
shown one at it time in the normal, upright orientation
and @t few months later they were shown inan inverted
oricntdtion or as disguised (sce Experiment 9 beiow)
e order was seversed lor sl boand e kgt ak
upright orientution wias tested wis onfy minues Revogs
nition of faces in cach binder was tested 2 years apart.
Purticipants were given 10 sec to identify the pictue A
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response was scored correct if the name or some wden-
1ify ing information was supplicd

Experiment 2

There were 50 photos in all with a range of 3 1 6 photos
per person The photos were presented in order of
rypicality, the most typical being shown [ast For each
person who had to be identified, the points awarded
depended on how early in the sequence of typicality the
person was identified and corresponded 1o the position
the photo eccupied in the sequence Thus, if there was
a scguence of six photos inciuding the target, and the
person was identified after the third photo from the end,
the participant received four points (sec Figure 1)

Experiment 3

The stimuli were tuken from a color phota spread in
fime magazine in which faces of seven males from
different nationalities were combined in sequence with
those of seven females to produce 49 otfspring who had
50% of their features from each parent On cach trial, o
photo of an oifspring wis presented and the participant
had 1o choose from an array of the seven male and seven
female faces which ones were combined o form the
olfspring (see Figure 2). A point was awarded for each
parcrt who was identificd correctly

Experiment 4

In cach display. a single froneview photograph of a fuce
is presented above a display of six faces On the first 6
wrials the six possible choices are all front-vicw photo-
graphs and the participant must choose the singic cor-
responding item On z further 24 trinds, the six choices
are tree-quarter view photos This condition ensures
that the identfication is not done on @ simple matching
ol features in the photogmphs On the renuiining 24
trials. the six choices include the target under three
differont lighting conditions together with three distiae-
ter items, Male and female tices appear equally ofien

fhe tarpet is presented with the six choices for an
unlimited exposure duration. On the Lirst A0 trials, the
participant matches the single trget with the counter-
part from the array, and on the remaining 24 triuls. the
pacticipant identifies alf three choices in the array that
correspond to the target A point is awarded lor such
Lorreut response

Experiment 5

The control participants were 18 young (19 to 23 yoars
old) wnd 18 older (65 to 72 vears okd) adults who were
part o another study on memaory Sixteen photographs
tken from Moran, Kimble and Mefferd (1960} were
shown to participants in sets of four faces aea time Fhey

were instructed to study the faces 50 us 10 recognize
them on @ subsequent memory est Each ser was ex-
posed for 16 seconds Immediately after the Tast set was
studied. an array consisting ol 32 fees wits prusciicd
and the participant's task was to choose the 16 faces that
were studied Twenty minutes later, the same artay of 32
faces was presented, and the participant again had to
choose the faces that were studied from among the
distracters This procedure was repeated three times
with a different set of targets and distracters cach dme

Experiment 6

We presented CK and controds with a total of 29 simple
and detailed caricatures of famous people and had them
try to identify them as in previous experiments If they
failed to identify a caticature, we then presented the
target name along with three distmeters, one phonemi-
cally refated, one senmntically related, and one unrelated
(see Figure 3) The latter manipulation was uninformative
because participants rarely confused the caricature with
the tures Therefore, no more will be said about it Last,
we presented a photo of the person for those caricatures
that a participant could not identify to ascertain that it
is caricature identification, and not person identification,
ghit we were measuring.

Experiment 7

We presented CK and controls with 31 cartoons of faces
of characters that we clipped from magazines and chil-
drens books Fach cartoon was presented individually
on a page and participants were given 10 sec to identify
the cartoon 1 wias not necessary 1o be accurite in
naming the character, but it was necessary 1w provide
strong identifying information (¢ g, for Minnie Mouse,
saving it wis Mickey's wife or girl friend would suffice)
Ihe cartoons were presented after participants -
tempted to identify each of them when they were pre-
sented in inverted orientation

Experiment 8

We used virtually the same procedure described by
Carey et al (submitted. Experiment 3y CK was read the
names of 13 tamous men After cach one, he was asked
to imagine the man's face 48 clearly as possible Once all
15 pames were presented, we then showed CK 60 line
draw ings comprising four different fine drawings of cach
person: veridical. caricature. anti-caricature and lateral
cariciiure The drawings were presented in a predeter-
mined but counterbalimecd order so that. within a set of
15 trials cach fee appeared once and the yype of devi
lion varied from one face w the next in the ordet
veridical caricature, anti-caricature. and laeral fhus in
cach of the four sets of fifteen no fice was repeatced and
across sets, each npe of distortion for cach face ap-
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peared only once CK's performance was compared with
that of controls reported in Carey ctab (submitted) Alter
completing the caricature condition, CKwas shown
photos of the individuals who were represented ag cari-
catures He identified wl the photos correctly

The drawings were created by using Brennan's (1985)
program for generating caricatures based on deviations
of features of each individun fice from the norm, which
was created by combining features of all faces used in
the experiment. By comparing the veridical drawing
with the norm, the program generated caricatures by
increasing the difference between the two by a propor-
tion of ¢ 50 along the same vecton Anti-Caricatures were
created by decreasing the distance by 050 along the
same vector, and lateral caricatures were created by
increasing the distance by 050 along a vector at riglt
angles to that vector (for details see Carey et al, sub-
mitted)

Ixperiment 9

We presented CK and 12 controls with two sets, A and
B, cach consisting of 70 photos of famous people The

photos in each set were first presented in two blocks of

35, each block consisting of upright or disguised [aces
For each face, there were two simultancous disguises
(e.g , mustache and glasses) that could be removed one
at u time if identification was not possible with both
disguises present (see Figure 5) The blocks (upright and
disguised) in both scts were counterbalanced across
subjects After the photos were viewed in the two con-
ditions, the same photos, in ecach set, were shown as
upright and undisguised o see if the people were in-
deed familiar to participants. For CK, Set B was presented
in the same order as for controls, whereas Set A wis
presented in the reverse order with upright faces shown
first and the disguised and inverted faces shown a few
months later Participants were given about 5 sec
identify cach face As before, a response was considered
correct if participants supplied the name or proper iden-
tifying information about the person In the disguised
condition, the scores reported were for identification
when hoth disguises were present

Experiment 10

Participants viewed 31 inverted cartoon faces These
faces were the same as the ones used in Experiment 7,
but in that experiment they were viewed first in the
inverted orientation before they were seen upright
Otherwise, the procedure was the same as that in Ex-
periment

Experiment 11

[he faces were derived from the same large set of high
school graduation photos created by Moran et al (1960),
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a different subset of which was used in Experiment 5
Participants were shown a set of 16 wrget photos )
displayed on one card and below them was @ test card
consisting of 32 photos that included the targets plus 16
lures Participants were given unlimited time 10 selec
the targets Moran et al had designed similac sets of
photos of the heads of different species of dogs and cats
and these were presented for percepiual matching in the
same manner as the human faces For the human faces,
there were three matching conditons: target and test
upright, target and test inverted, and target inverted and
test upright Different faces appeared in each condition
Because we had only rwo different sets of phutos of
animal heads, we tested them only in the upright-uprighe
and inverted-upright condition

Experiment 12

Participants were shown two sets, one consisting of 11,
and the ather of 12, color photos of famous people The
internal parts of the face consisting of the eye. nose and
mouth were cut out as a unit and inverted To achiceve
this a line was drawn to the uppermost part of each eye
and extended to the outside (temporal} portion of the
eye A line equal and parallel 1o it was drawn through
the bottom of the mouth (lower tipy The two lines were
joined and the rectangle formed by that was cut ow
Thus the internal parts of the face retained the spatial
relation to each other but not to the external contour
(sce Figure 7) Subjects viewed first one set of photos
with the internal feature inverted and the external up-
right and vice vessa for the second set After viewing the
distorted photos, the full intact photo was presented
upright for identification The identification criteria and
the time allotted was the same as in previous experi-
merns

Experiment 13

We used line drawings of caricatures of famous people
hecause we aleeady knew that CK could identify carics
wires normally We presented nine sets of caricatures.
cach consisting ol three overlapping figures. which pat-
ticipants were given 10 sec 1o identity as in the previous
experiments I identification was not perfect partick
pants were then required to choose the three ugets
from a set of five individually separate figures that were
presented alongside the overlapping set (see Figure 8)
Thus, in total there were 27 overlipping casicatures and
a recognition set consisting of an additional 18 lures

Experiment 14

From i standard st DOOKICEH CONGIIGE Sy e
(Mooney Closure Test we selected all T taces ad ane
ather 9 objects that pilot testing indicated were of conr
parable difficulty Participants viewed each of them for
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10 see and tied to identify them For the faces, they
were also required o indicate the age and sex of the
derdeted individual and the dicection in which the per-
sun wias facing They were scored correct ondy it they
could provide all the information

Experiment 15

oarticipants viewed 40 fiactured faces of famous people,
one i a time, and were given 10 sec to identify cach
one s in the previous experiments After viewing the
fraciured faces, participants saw the same frces intact for
identification.

Experiment 16

Pagticipanis viewed 20 new faces of famous people In
half, the feft side of the face was misaligned verticadly
with the right half along a line from the top to the tip
of the nose so that the eve on one side was aligned with
the mouth on the other (sce Figure 11} In the other 10
pictures, the face was misaligned horizoatally along i
tine through the middle of the nose so that the nose at
the top half was aligned with the edge of the face in the
bottom half. Participants were required to identify each
misaligned face as in previous experiments After view-
ing the misaligned faces, participants were shown the
intict faces for identification

Experiment 17

Fiftcen black and white photos of famous fices were
scanned inte a Macintosh computer For a third of them,
the ¢ves were removed; for a third, the nose; and for a
third the mouth (see Figure 12) Participants viewed
cach of these incomplete faces in random order and
attempted o identify them as in the other experiments
After vicwing cach fuce, participants were shown the
missing purt wjong with a fure that fit as well into the
emply space as the correct part did They had to select
the correct part After complieting both these portions of
the task the intact face was shown for identiiciion

Experiment 18

Participants were shown composite fices taken from the
paintings of Arcimbaido Fach face consisted cither of
fruit (Rudolfoy flowers (Primaven Flom), books (Bib-
ico)  trees  (Inverne)  vegetebles  (Natura), animals
(Ternn or landscape with houses trees and streams
(Anthroy All participants were asked simply o describe
what they saw I they siw a face, they were asked to
Provide information about the type of face it was, its
eration sex, and other identitying {eatures B they also
siw the objects they were asked to identify cach object
s best they could B they claiimed to see only one or the

other, they were prompted to describe as much about
the picture as they could CTell me eoerything you see’)

Experiment 19

CK and 12 control participants were presented with the
picture “Faces in the Forest” by Beverely Doolittle (see
Figure 14) Fhey were asked to examine the picture and
to indicate all the faces that they could detect in 5 min
by pointing to their location
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Notes

1 After this manuscript had been typesct it was hrought to
our attention that the Jateral caricatures used in Carey ctal s
(submitted: see also Carey 1992, p 99) study and in ours were
incorrectly scaled 1o the norm before exccuting the ateral
natipulsion which produced the caricature (Rhodes pes-
sonl communication August 1997 When the procedure was
corrected the resulting new fatend cariciatures were secog:
nized better than the anti-caricatures but still not as wedl as the
true cagicatures and veridical drawings (Rhodes personal cons
munication August 1997) In light of these developments, the
conclusion we doaw in fivor of the normebased hypothesis
(which is hased on the old hiteral caricatures). lacks support
and mm not be valid Therefore the issue is sill not seutied as
1o which Iy pothesis, normrbased coding or density alone cor
noise} best accounts for the data

It is important o note that these considendions do not
invafidace amy ol the other conclusions regarding face recogni-
tinn that emerge from our study
2 Preliminary data indicate that o deviation between 45 to 90°
from the upright s sufficient to prevent o fiee from engaging
face-recognition mechanisms This applics also 1o rudimentin
faces with highly salient features such as are depicted in G-
toons (Experiment [
3 The peripberalcentrad dichotomy provides o short-hand de
seription of the nuure of the agnosit and roughly mircees the
origha Lissier (1890) chassificition The terms are operition-
ally detined 1o refer to deficits tan affect cither the derivation
of & coherent structued deseription (peripheral agrnosi or the
assignment of meaning o o wellstruetured pereept (eentrad
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agnosi) The terms do not map precisely onto underlying
netroanatomical substrates although they approximately fol-
low the axis from posterior ocuipitad o more ventral tempo-
alb regions More recent and finc-grained nomenclinures which
consider a range of deficits iong a continuum are also available
(for discussion see Farah 1990 Humphreys et al | 1994, but
for ease of description, a binary classification is often used We
think howoever, that CRs deficit is best classified as an integrnit-
tive agnosia (Riddoch & Humphreys, 1987) in which interme-
dinte levels of visual processing are impaired

4 Hirschield provides a celebrited example of this type of

pame in his weekly New York Tines caricatures of actors and
actresses By inciuding the name Nina foliowed by a number
in each caricature, he challenges the observer to find those
number of instances in which he has hidden the nime Nina in
the caricature
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