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Chapter 8

EARLY VISUAL EXPERIENCE IS NECESSARY FOR THE
DEVELOPMENT OF SOME-BUT NOT ALL-
ASPECTS OF FACE PROCESSING

Catherine J. Mondloch’, Richard Le Grand and Daphne Maurer
Psychology Department, McMaster Universaty

INTRODUCTION

Human faccs are prevalent in the young infant's environment and from barth the infant
orients toward them (Goren, Sarty, & Wu, 1975 Johnson er al., 1991; Mondloch et al., 19599,
Valenza, Smmion, Macchi Cassia, & Umilta, 1996). This tendency ensures that the developing
cortex will receive frequent exposure to faces during the first fowr weeks of life. We have
been investigating the role of carly visual experience in the development of adult expertise
{Bahrick, Bahrick, & Wittlinger, 1975; see Bruce & Young, 1998 for & review) by testing
patients who were deprived of early visnal input due (o congenital cataract Chur strategy has
been to determine whether early visual deprivation causes permanent damage by testing the
patierus’ face processing skills several (9 to 29) years afier treatment. We have focused on
three components of face processing: face detection, holistic processing |ghung the teatures
together into a Grestali), and the wdentification of individual faces (see Maurer, Le Grand, &
Mondloch, 2002 for a review).

OUR PATIENT POPULATION

Our study population conststs of children and adults who were treated for congenifal
cataract, A cataract is an opacity of the lens of the eye that, in the patients we selected for
study, was sufficiently large and dense to Block all patterned input from reaching the retina.
We assumed that any child who had dense central cataracts diagnosed on their first eye exam
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and before & months of age had been deprived from birth becuuse i wonld be unusual to have
dense camracts develop mpidly between birth and 6 menths. Consequently, we defined the
duration of deprivation as the period extending from birth until the age a1 which the infan
received compensatory coniact lenses, following surgery to remove the catarnct (for
additional details on inclusion critena see Ellemberg, Lewas, Maurer, Liu, & Brent, 1994}

Patients were tested binocuiarly inoall studies reponed bere. When necessary, padends
wore an addinonal optical correction to focus the eyes at the testing distance. Patients vary m
the duration of deprivation and in final visual acuity, and so for each swdy we determined
whether the size of anv deficit was comelated with either of these variables.

To validate our measures of face processing, we presented each task to a group of
visually normal adults prior 10 testing deprived patients. Patients” performance was compared
1o normative date or to that of a visually normal control group matched to the patient group
on age, race, handedness and gender. The normative data are from right-handed subjects only,
because some face processing skills are lateralized (c.g., D Renz, Peruns, Carlesimo, Silver,
& Fazio, 1994; Deruclle & de Schonen, 1998 Kanwasher, McDermoit, & Chum, 1597
MeCurthy et al., 1997, McCarthy, Puce, Belger, & Allison, 1999). They are also from
Caucasian subjects viewing Caocasian faces so that the resulis would not be influenced by
vanmability in participants’ familiarity with other races (c.g., see OToole, Peterson, &
Deffenbacher, 1996, for the "other race” effect).

FACE DETECTION

Face detection is facilitated by the fact that all faces share the same Grst-order relationzl
features, with two eves above a nose, which 15 above o mouth Diamond & Carey, 1986).
Adults have a remarkable ability (o détect faces, even in the absence of normal facial features.
They readily detect & face when presented with o pamting by Arcimbalde in which an
arangement of fuit or vegetables forms a face (Moscovitch, Winocur, & Behrman, 1997) or
when presented with & two-tone Mooney face (see Figure 1), at least when the simuli are
upright {Kanwisher, Tong, & MNakavama, 1998},

Even newhoms onent preferentally towards some face-like over non-face patiemns
{Goren, Sarty, & Wu, 1975; Johnson ef al., 1991; Mondloch et al., 1999 Valenza, Simion,
Macchi Cassia, & Umilta, 1996)—a result which supgests that they are able to detect the first-
order relational features of a face. Although there are a vanety of explanations for newboms'
preference (Kleiner, 1987, Mortion & Johnson, 1991; Simion, Macchi Cassia, Turati, &
Valenza, 2001), the result is that the developing cortex receives frequent exposure 1o faces
during the first few weeks of life. Early exposure may be necessary for the mcreasing
specificity of visual preferences over the first year of life. By 6 weeks of age, infants no
longer prefer a simple head outline with three blobs in the comect location for facial features
over the same head outling with the array of blobs mverted (Johmson et al., 1991; Mondloch et
al., 19903, [n addition, unlike newboms, f-week-olds’ preferences are influenced more by
stimulus structure than stimulus visibility (Kleiner & Banks, 1987; Mondloch et al., 1998}
By 12 weeks of gge, infants look preferentially toward a positive contrast schematic face over
a negative contrast face (Dannemiller & Stephens, 1988; Mondloch et al., 1999). Detection of
the first-order relations of a face n Mooney stimuli emerges still later. Although 10-month-
olds look preferentally toward Mooney faces over scrambled Mooney faces, 6-month-olds
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show this preference only followmg familiarization with the onginal version of the Mooney
face being tested (Latour, Rousset, Deruelle, & de Schonen, 19990,

Figure 1. An inverted Mooney face (Pansl A), and gn
inverted scrambled Moomey face (Panel B) are showm,

Despite the emergence and increasing specialization of face detection during the first year
of life, face detection takes severnl years to mature. An electrophysiological marker of fuce
detection is the ERP negative potential called the N170 (Bentin, Allison, Puce, Perez, &
McCanthy, 1996; Fmmer, 2000; Rossion, Gauthier, Tarr, Despland, Bruyer, Linotie, &
Crommilinck, 2000). Although a face-specific N170 emerges during infancy (de Haan,
Pasealis, & Johnson, 2002), even at 14 years of age it is smaller in amplitude and fonger in
latercy than that of adulis {Tavior, Edmends, McCarthy, & Allison, 2001; Taylor, McoCanthy,
Saliha, & Degiovanni, 1999). Evidence from adults suggests that the N1T0 may also be a
marker for expertise. Afier cxtensive traning with photographs of “greebles™, edults
demonstraie o face-hike N170 for upright greebles (Rossion, Gauthier, Goffaux, Tarr, &
Crommelinck, 2002), much s dog experts and bird experts do when shown stimuli from theer
catepory of expertisc (Tanaka & Curan, 2001 ). The slow maturation of N170 for faces and the
presence of an N170 following extensive traiming with non-face sumuli suggest slow
maturation of expertise with faces, The goal of our reacarch was to determine whether early
visual experience is necessary for the later development of normal face detection.

Our Task

To measure sensitivity 1o face-like first order refations, we developed a behavioural task
m which participants are presented with twelve Mooney faces and twelve scrambled Mooney
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faces, sach for 100 msec {see Figure 1} The stimuh are presented in e random order and for
cach stmulus, participants use a joystick 10 indicate whether the sumulus is a face or a
monface, Visually normal adults” (N=24) accumcy was hiph (94%) when the stimuli were
upright, a result that demonstrates adults’ sensitivity to face-hke first-order relations. When
the stmnll were inverted, adnle” aseimscy deereased (A% aee Figume 1 panel A) and their
reaction tomes mereased (Le Grand, Mondloch, Maurer, de Schonen, & Brent, 2002} These
results are consistent with previous studies showang that mverting Mooney faces dismupis face
detection and reduces the WIT0 (Kanwisher et al, [998; Rodriguer, George, Lachaux,
Martinenie, Benouht, & Yareta, 19999,
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Patienits

To measure the cffect of carly visual deprivation on face detection, we tested pahents
(m=11) treated for bilateral cataract on the Mooney task (Le Grand, Mondlech, Maurer, de
Schonen, & Brent, 2002} (see Table | for details on patienis). Their resulis were compared 1o
those of & visually normal control group (n=11), Patients were a3 accurate (M =92%) and 2z
fast (M = £24 msec) as the control subjects (M accuracy = 89%; M reaction time = T99) (ps =
(h.10y, see Figure 2, panel B). Patients’ normal performance cannot be anributed (o a ceiling
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effect: all bui three subjects (2 paticnts, 1 conwrol) made errers and reaction temes are not
constrained by cetling effests.
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Sy Irnmu Number of Agie i Yoars Mlmhlmhmlﬂﬂ“ﬂm
Hatent BH, Cascasinm | Meaw frange) framge . Fusstls
Nisus (PAAZE)
Pare eecion il g 0 5 E. 200 | 2045 GRS - IED) 42-8
Heiibatie Peooe s 12 4, b 13 823 20060 LT« HOAE) a8 E3 - B2
b Pages i & 1% 1 H42-21 2040 205 - FE ARg-562)
-%mnm
e ntvang Pesss ] ® 10 10 ol B 2050 OO - 2025 AL - 250
-Lesteye ceproved
e ritying Packs | 8 109 B . 23) S QOME - B0 6T qF- 1613
- Flighl-ye depovec
—

Our results suggest that the evenmal development of normal sensitivity to first-order
relations does not depend upon early visual input. We do not know, of course, whether the
neural correlates of face detection by patients @re the same as those found m visually normal
individuals {Aguirre et al., 1999; Bentin et al, 1996; Haxby, et al., 2001; McCarthy et al.,
1997 Rossion et al, 2000y However, our behavioural results are consisteni with the
hypothesis that patients’ poot performance in other aspects of face processing (see below)
result from & deficit in processing that oceurs afier a face is detected (Eimer, 2000).

HOLISTIC PROCESSING OF FACES

When adults detect the first-order relations of a face, they tend to process the stumulus as
a Ciestalt, making it harder to process individual features. The most convincing demonstration
is the compasite face effect, Aduliz are slower and less accurate in recognizing the top half of
cne face presented in 3 composite with the bottem kalf of another face when the composite is
uptight and fised than when the compesite is invered or the two halves are offset laterally—-
manipulations that disrupt holistic processing (Figure 3). This phenomenon demonstrates that
when upright faces are processed, the intemnal festures are so strongly integrated that it
becomes difficult to parse the face mito 1solated features, at least at short exposures that
prevent feature-by-feature comparisons (Hole, 1994). The effect has been demonstrated both
when adults are asked to identify the top halfl of & familiar face (Young, Hellowell, & Hay,
1987} and when they are asked to make same/different judgments about the top halves of two
unfamiliar faces (Hole, 1994),
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Fipure 3. A pair of misct (Panel A ) and msaligned (Fanel B} compasite faces;
the top Balves are the same and the bottom halves ore different.

There s some evidence of holistic processing at 7 months of age (Cashon & Cohen,
2001). Following habitustion to each of two faces, 7-month-oldds dishabituate 1 both a
completely novel face and a composite face comprised of the internal features of one familur
face and the external features of the other, indicating that they had “glued together” the
internal and external features of the ongmal faces. Whether infams also process mtemal
features holistically remains unknown. However, by & years of age (the youngest age tested),
children show an adult-like compostie face effect both for classmates and for faces they
learned 0 recognize during an immediately preceding traming period (Carey & Dramond,
19545,

ODuar Task

Ta measure holistic processing we crealed a modified version of the composite face task
(Hole, 1994). Participants are presented with twe composite faces in sequence, each for 200
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msec., and use a joystick to indicate whether the top halves are the same or different. The
bottom halves are different on every trial, making the task more difficult on ‘same’ trinls
when the faces are fused (1.e., holistic processing was engaged) than on “same” tnals wien the
faces are mugaligned (2. when holistic processing is disrupted). Indeed, visually normal
adolis {n = 24} were significantly less accurite on fused same trials (M = 62.8%%) than they
were on musalipned same trials (M = B5.8%) (s¢e Figure 4a). These results indicate that our
version of the composite face task does measure holistic processing.
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Figure 4. Mean gecuraey on “some’ trials (1 5.6 for visually normal adults (Panel A)
and for patients and normal condrols (Parel B) on the composite foce lask

Patients

To determing whether hobstic processimg develops oomally n the absence of early
visual experience we tested patients (n = 12) wreated for bilateral congenital catarucis on our
verston of the composite face ik (Le Grand, Mondloch, Maurer, £ Brent, 2002) (see Table
1 for details on patients}. Their results were compared to o visually normal control group. As
expected, normal controls {n = 12) were much less accurate on misaligned same tmials (M =
55% ) than they were on fused same wials (M = 36%). In contrast, patients”™ accuracy did ot
differ (M = T6%) on the two trial tvpes (see Figure 4b). Pabienis' reaction times were nol
longer on fused tnais than they were on misaligned trials, nor were their reaction times longer
than normals’ (ps > .10). Patients’ performance on this t2sk was not correlated wath either
duration of deprivation or their visual acuity in the better eye (ps > .10). These results suggest
that holiste processing does not develop normally m the absence of early visual experience
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These resulls are particularly striking because pavents demonstrated & deficit m hehstic
processing by performing more accurately (M = 76%) than visually normal control subjects
(M = §5%) on (he fused same trials {p < 0.01).

IDENTIFYING FACES

Recopnizing individual faces may be facilitated by cues such as hair style/colour and
paraphernalia (e.g., plasses), bui we have focused on three more reliable cues 1o facial
identify: the shape of the external contour, the shape of individial features (e.g., eves, mouth),
and the spacing among those features (e.g., distance between the eyes), Several lines of
research have demonstrated that when facas are upright, adults are able to identify faces using
both featural information and second-order relatrons wo wentify faces (Freme, Lee, & Symons,
2000 Collishaw & Hole, 2000; see Maurer et al,, 2002 for a review). When faces are inverted
adults continue 1o be able to use featrml mformation nearly &s well, but are impaired in ther
ahility to use second-order relations {Freire et al., 2000; Leder & Bruce, 2000; Rhodes, Brake,
& Atkinson, 1993). For example, adults’ face recognition is farly sccurate when faces either
are blurred (disrupting sensilivity 1o the shape of individual features) or mveried (disruptmg
sensitivity to second-order relations), tut not both (disrupting semsitivity to both cues
simultaneously) (Caollishaw & Hole, 2000}

Several studies have shown that children perform worse than adults on face recognition
tasks {e.g., Carey ot al, 19830} —even in matching tasks, which eliminate memory demands
{Bruce et al., 2000). Children may pert = worse than adults for several reasons: they are
more easily fooled by peraphernalia {e.g glasses, hats) (Carey & Dizmond, 1977); they rely
more than adults de on extemnal contour (Campbell & Tuck, 1985; Campbell et al., 1995); and
they are less sensitive to second-order relations (ie., the spacing among features) (Freire &
Lee, 2001 ; Mondloch, Le Grand, & Maurer, 2002a).

Our Task

To measure the ability to match facial identity based on different cues, we modified a
single female face (called ‘Jane') to creste twelve new versions (called “sisters’ —four that
differed m the shape of internal features (featoral set), four that differed 1n the shape of the
external contour (contour set) and four that differed in the spacing among internal features
{spacing set) (Mondloch et al. 2002s) (Figure 5). Pairs of faces were presented sequentially
and, for each pair, pamicipants used a joystick to indicate whether the two faces were the
same or different. Adults’ sccuracy exceeded B0% for all face sets (Figure 6). When the
stimuli were inverted, there was a small (7-10%) decrease in accuracy for the featural and
contour sets. In contrast, there was & large (20%) decrease m accuracy for the spacing set, as
would be expected if the spacing sel taps sensitivity to second-order relations more than the
feanural set and the contour sel (see also Freire et al., 2000}
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Figure 5, “Jane"” i shown &5 the lefl-most face in each paned, along with ber sisters from the spacing
set (Panel A), the featural set (Panel B) and the extemal contour set {Panel C). Reprinted, by
permission, from Perception, 2002, vol, 31, pp 333-366 (Fion Limited, Londen},
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Flgure 6. Mean accurscy (4 1 5 e for visually nermal adults when
stimuli were presented upnight and inveried on the “Jane™ task,

We also showed that there is very litle developmental change an the featural and externil
contour sels, o result that iz consistent with previous studies showing that young children rely
more than adults on external contour when recognizing familiar faces (Campbell & Tuck,
1995; Campbell el al., 1995). In contrast, every age group of children—even 14 year olds—
make more errors than sdults on the spacing sai, a result showing especially slow maturation
of sensitivity to second-order relations (Mondioch @ al,, 2002ab). Although adults were
equally accumte on the contour and spacing sets (p = .10), adulthike accumacy was achieved by
age 6 for the contour set but not even by ape 14 for the spacing set.
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Patients

To assess the influence of early visual experience on the normal developrment of face
regogrution we fested 14 patents treated for bilateral congenital cataract (522 Table ). Each
patients' accuracy scorc was translated into o standardized score baged on normative data (see
Figure 7). Patients performed normally on the featural and external contour sets, but were
severely impaired on the spacing ot and performed in the range of the lowest 2% of the
normal population {see also Le Grand, Mondloch, Maurer, & Brent, 2001 for compansons to
o control group). Analyses of reaction umes showed that their poor performance could not be
attribated to spesd-aceuracy trade-offs, Performance was not related either be the duration of
deprivetion or visual acuity in the better eye {ps > 10; Le Grand et al., 2001).
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i 8 i Right Eye Deprved
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Figure 7. Meun standnrdized seores (= | se.) for the thres face sots in the “Jane™
task for patiends freated for congenital cataract in both ey, the lefi eye, or the nght eye.
Testing was binocutar. (Mots, N=10 for all growps; the mean for bilaterzlly deprived
patients is based on the 10 patients with whom the umlateral |y deprived patiests were compared.
See section called “The role of the right hemasphere™.)

This pattern of performance supgests that, in the shsence of visual mput durng early
mfancy, sengitivity to second-order relations fails to develop normally, and that as liftle as 2
months of deprivation s sufficient to cause the deficit. This patterm of results 15 especially
miteresting piven our finding that sensitivity to second-order relations is particularly slow o
develop in visually normal children (Mondloch et al, 2002ab). Collectively, our results
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suggest that early visual experience is necessary 10 sef up/maintain the neural architeciure
that, much iater, will become specialized for processing the spacimg among features.

The differential effects of early visual deprivation on sensitivity w0 first-order relations
(i.e,, face detection) and on sensitivity to second-order relations 8 consistent with evidence
that they are reflected in different neural correlates (Liu, Harris, & Kanwisher, 2002) and that
cortical damage can impair sensitivity to second-order relational processing without affecting
face detection {Barton, Press, Keenan, O'Connar, 2002},

It is possible that patients' deficit in sensitivity 1o second-order relations 15 caused by
deficits in holistic processing, Sensitivity to the spacing among features will be enhanced by
integrating across large regions of the face; patients” deficits m holistic processing suggest
that they fiil 1o do so. Nonetheless, children as young s 6 years of age appear o process
faces holistically (Carcy & Diamond; 1994} but even 14-year-olds make more errors than
adulis on the spacing set {Mondloch et al,, 2002a,b), Thus performance on tasks that measure
sensitivity to spatial relations s somewhat mdependent of performance on tasks thal measure
holistic processing.

THE ROLE OF THE RIGHT HEMISPHERE

The right hemisphere appears 1o play a special role in face processing. Neuroimaging
studies have shown that in adults, (MBI activity elicited by faces iz often greater m the npht
hemisphere than the lefi hemisphere (Kanwisher, McDermott, & Chun, 1997, MeCarthy et
al., 1997; McCarthy, Puce, Belger, & Allison, 1999). Unilateral Jesions restricted 10 these
regions of the right hemisphere, but not the left hemisphere, can lead to severe impairment in
face processing (prosopagnosia) (De Renzl, Perani, Carlesimo, Silveri, & Fazie, 19943,
sspecially for tasks that reguire sensitivity to second-order relations (Barton et al., 2002),
Furthermore, infants 4 to 9 months old leam to diseriminate briefly presented faces and
peometric paiterns {e.g., & diamond comprised of circles) based on their loval features when
the stimuli are presented in the RVF/LH but fail to learn when the stimuli are in the LVFRH
[(Deruelle & de Schonen, 1995; 1998), They leam to make discriminations based on the
arrangement of the elements when the stimuli are presented in the LVFRH but perform less
well when they sre in the RVF/LH, de Schonen and Mathivet (198%) proposed that the right
hemisphere becomes specialized for the processing of information about spacing because
regions of the temporal cortex that receive information about faces become functional earlier
in the right hemmisphere than do homologous regions in the left hemisphere. Young infanis’
poor visua! acuity and contrast sensitivity limit encoding to mfonmation camied by lower
spatial frequencies and, based on this input, the conex—particularly the nght hermsphere—
begins 1o form sable networks that will evenmally become specialized for configural
orocessing of visual patterns and faces (de Schonen & Mathivet, 198%). Early binocelar
deprivation appears to prevent this network from stabalizing becanse, despite years of
subsequent exposure to faces, sensitivity 10 second-order relations is abnormal (Le Grand et
al., 2001,

To more directly investigute the contribution of early visual expenience to the normal
development of face processing by each hemisphers, we compared patients who were
deprived of visual input primanly to either the lefuright hemisphere due 10 a unilateral
congenital cataract in either the right or left eye. During infancy, sensitivity to stmuh m the
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temporal visual field develops much faster than sensitivity 1o the nasal visual field (Lewis &
Maurer, 1990). Visual input from the temporal visual field projects to the nasal hemi-retina
and 15 trapsmitted to the confralateral cerebral hemisphers. In addition, the corpus callosum
does not allow functional integration of viseal mformation scress the two hemispheres prior
to 2 years of age (Liegeois, Bentejac, & de Schonen, 2000). Consequently, visual deprivation
of one eve (e.g., left) results in relatively greater deprivation of the contralateral (ie., right)
hermisphere. Thos, to the extent that the effects of bilateral deprivation can be affributed o
deprivation of early visual mput to the nght hemisphere, infants freated for unilateral catoract
in the left eye should perform like patients treated for bilateral cataract (i.c., sbnormally on
the spacing sei on the “Jane task”, bl nommally on the featural and comtour sets), whersas
infints treated for unilateral cataract in the nght eve should perform more like visually normal
controds.

We compared performance {based on normative data) in patients treated for dght-eve
deprivation and patients treated for left-eye deprivation to patients we had tested previously
who were treated for deprivation of both eves (n = [0 per group; see Table 1) (Mondloch, Le
Cirand, Maurer, & Brent, 2001 All patients were tested binocularly, and thus patients treated
for umilateral cataract were able to use their normal fellow eye. As expected based on the
performance of bilaterally deprived patients, both groups of patients treated for unilateral
congenital catargct performed normally on the feaneral set and on the comtour se1 {see Figure
7). Patients treated for unilateral cataract m the night eve (greater deprivation of the Jeft
hemisphere) also performed nommally on the spacing set. In contrast, patients mreated for
unilateral cataract n the left eye (greater deprivation of the right hemisphere) were severely
impaired on the spacing set and performed no betier than patenis wreated for bilateral
congenital catarget on this set Although performance for patients treated for unilateral
caturect in the left eve was related to duration of deprivation (r = -0.74, p =< 0L01), the
correlation was nonsignificant {p > .10} when the patient with the longest period of
deprivation was removed from the analysis. These findings suggest that early visual mpat o
the night hemisphere is necessary for the development of normal sensitivity to second-order
relations,

PRACTICAL IMPLICATIONS

Patients treated for brlateral congenital cataract or unilateral congenital cataract in the lefi
eye are less sensitive than visually nommal contrel subjeets 1o second-order relations but are
normal in their sensitivity (o the shape of individusl internal and extemnal features. We
mvestigated the implication of this patemn of performance in the real world by probing a
number of face processing skills (Geldan, Mondioch, Meurer, de Schonen, & Brent, 2002) In
sach fask, subjects were presented with a target face for 2 seconds, followed by 3 test faces,
They were asked to indicate wiich of the three test faces matched the tarpet face m: (1}
identity, despite changes in emotional expression; (2} idemity, despite chanpes in head
orientation; (1) emotional expression, despite changes in identity; {4) vowel being mouthed,
despite changes m identity; and (5) direction of eye gaze, despite changes in identity and head
orientation,

Fatents performed as well as visually normal control subjects on three of the five tasks:
matching facial expression, hip reading. and direction of eye paze—tagks that requin
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processing small, individual features (e.g., the shape of the lips) or local relations {e.g., the
direction of paze). They performed worse than normal controls in matching faces’
identity/changed head onentation (p 5 .001) (see Figure 8}—a task that likely tups sensitivity
to specing of features because the shape of indinidual features changes across head
orieptations, whereas the spacing among features remains relatively mvariant, They also
tended to be less accurate in matching faces identity/changes in facial expression (p=.067).
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Figure 8. Accuracy scores for five tasks of face matching m patients with o history of early
visun] deprivation. Each dot represents accusacy for one patient plotted s a funcrion of the
Suration of visual deprivation. For comparisan, the mean aceuracy from nosmal controls for each
vask is illustratesd by & dotted line: Points on or near the line are within nermal limts; points well
below the line represent deficits. Chance performance is 0.33. Reprinted, by permissicn, from
Developmental Science, 2002, vol. 5, pp. 450501 {Blackwel] Fublshing, Crxfard ).
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Te evaluate the contribution of sensitivity to second-order relations to each of these tasks,
we compared groups of adults tested with the stimuli upright or mverted (n=24 per group),
Inversion disrupted performance on only one of the five msks—matching facial identity
despite changes in head onentatwon (unpublished data). Thus patients pesform nosmally on
tasks that tap sensitivity to individual features, bul show deficits on tasks that tap sensitivity
lo second-order relations. Interestingly, like accuracy on the spacing sct in the “Jane™ task, we
found m another study that matching identity despite changes in head orientation was the only
one of the five tasks on which 10-year-olds were not as aceurate as adults (unpublished data)

SUMMARY

Early visual expenence is necessary for some, but not all, components of face processmg.
Several years after treatment for bilateral congenital cataracts, patients demonsicate normal
sensitivity to fage-like first-order relations and normal processing of internal features and of
contour. In contrast, they failed 1o show evidence of holisoc processing and they made more
errors than normal controls on the tasks that required sensitivity to second-order relations.
These results are consistent with models that postulate multople components of face
perception that may rely on different information-processing pathways (see Bruce & Young,
1986; 1998).

More specifically, early visual input to the right hemisphere 18 necessary for the
development of normal sensitivity to second-order relatons. Patients treated for unilateral
congenital cataract in the left eye {greater deprivation of the right hemisphere) performed as
poaerly as patients treated for bilateral congenital cataract-—-despite being tested brmoeularty.
Thess results are consistent with neurcimagmg data (e.g., Kanwisher, McDermott, & Chum,
1997}, studies of mdividuals treated for unilateral lesions (De Rendd, Perand, Carlesimo,
Silveri, & Fazio, 1994), and studies of hemispheric specialization during early infancy
{Deruelle & de Schonen, 1995, 1998), all of which suggest a special role for the nght
hemisphere in face processing. Consistent with de Schenen and Mathivet's {1989) theory,
early visual mput to the right hemisphere is necessary for setting up (or preserving) the newral
architecture that will become specialized for processing the spacing among facial feanures.

Future studies with patients treated for congenital cataract will determine the extent 1o
which their deficits are face specific. In addition, imaging studies are needed to determing
whether they use the normal face processing networks, which were damaged by early
deprivation, or--as 15 true for shape disenimmnation i binocularly deprived cats (e.g., Zablocka
& Fernicki, 1996; Zeblocka, Zermicki, & Kosmal, 1976; 1980)—they use alternative networks
that are incapeble of supporting normal expertise in some aspects of face processing.
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