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Abstract

W We show that five individuals with congenital prosopagnosia
(CP) are impaired at face recognition and discrimination and
do not exhibit the normal superiority for upright over in-
verted faces despite intact visual acuity, low-level vision and
intelligence, and in the absence of any obvious neural
concomitant. Interestingly, the deficit is not limited to faces:
The CP individuals were also impaired at discriminating com-
mon objects and novel objects although to a lesser extent than
discriminating faces. The perceptual deficit may be attributable

INTRODUCTION

Congenital prosopagnosia (CP) refers to the lifelong
impairment in face processing that is apparent from
birth, despite intact visual and intellectual functions.
The term “congenital” is used to denote the absence
of a lesion or other neurological concomitant acquired
at any stage of development (Jones & Tranel, 2001), and
excludes individuals suffering from visual deprivation,
as in cases of infantile cataracts, or from other de-
velopmental problems such as autism. CP also contrasts
with the more general term “developmental prosopag-
nosia,” which includes CP as well as individuals who
have sustained brain damage before birth or in early
childhood (Barton, Cherkasova, Press, Intriligator, &
O’Connor, 2003; Farah, Rabinowitz, Quinn, & Liu, 2000).
CP can be severely debilitating, affecting the recognition
of even the most familiar individuals (Nunn, Postma, &
Pearson, 2001). These CP individuals may also fail to
discriminate between two unknown faces, usually rec-
ognizing others by voice or other cues such as clothing
or accessories. As in acquired prosopagnosia (AP), CP
individuals are typically able to acknowledge that a face
is present but are unable to assign identity to the face.
Unlike AP, however, CP may go undetected as the in-
dividual has no means of comparison with normal
face processing skills. In the last couple of years, there
has been increasing interest in CP (e.g., Behrmann &
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to a2 more fundamental visual processing disorder; the CP in-
dividuals exhibited difficulty in deriving global configurations
from simple visual stimuli, even with extended exposure dura-
tion and considerable perceptual support in the image. De-
riving a global configuration from local components is more
critical for faces than for other objects, perhaps accounting
for the exaggerated deficit in face processing. These findings
elucidate the psychological mechanisms underlying CP and
support the link between configural and face processing. Il

Avidan, 2005; Duchaine & Nakayama, 2005; Kress &
Daum, 2003a). However, many findings remain incon-
sistent, perhaps as a function of the paucity of cases, the
apparent heterogeneity of the disorder and/or the vary-
ing methods of assessment.

Although an impairment in face processing is de facto
required for the diagnosis of CP, face processing is not
monolithic and can involve detecting the presence of a
face, discriminating between two faces or identifying an
individual face. Which of these processes is implicated in
CP is unclear; although some CP individuals succeed in
relatively easy matching tasks (perhaps by matching in-
dividual features), when reaction time (RT) is measured
and task demands are increased, the deficit is uncovered
(Kress & Daum, 2003a). The extent to which CP indi-
viduals can recognize famous faces has also yielded
mixed results: some perform poorly (de Gelder & Rouw,
2000; Bentin, Deouell, & Soroker, 1999), whereas others
perform quite well (Duchaine & Nakayama, 2005; Duch-
aine, 2000; Temple, 1992). Note that the images used in
these tests often contain salient cues such as clothing;
because CP individuals are particularly adept at exploit-
ing such cues, these latter cases may compensate for
the underlying recognition deficit. The heterogeneity of
findings clearly calls for a systematic analysis of face
processing in CP.

A second relevant issue, which remains the subject
of an ongoing controversy, is the extent to which
prosopagnosia (AP and CP) is specific to faces. Neuro-
psychological studies have demonstrated a double dis-
sociation between the recognition of faces and objects
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(Moscovitch, Winocur, & Behrmann, 1997; McNeil &
Warrington, 1993), and functional imaging (Kanwisher,
McDermott, & Chun, 1997), ERP (Bentin, Allison, Puce,
Perez, & McCarthy, 1996), and physiology (Rolls, 1984;
Perrett, Rolls, & Caan, 1979) studies point to the exis-
tence of a neural system specialized, if not dedicated, to
faces (Behrmann & Moscovitch, 2001). An alternative
view, which also has widespread support, is that there is
a general-purpose visual process that subserves all visual
objects and the dissociations arise because of the un-
usual demands placed on the system by faces (Tarr &
Cheng, 2003). Because face processing typically involves
individual identification, whereas other objects are usu-
ally recognized at a basic level (e.g., as a chair or an
apple), faces engage fine-grained discrimination of per-
ceptually similar exemplars within a category and indi-
viduals become expert at these discriminations. Whether
recognition of other visual nonface objects is also im-
paired when homogeneous, complex stimuli are em-
ployed remains debatable. Many AP individuals have
difficulties categorizing exemplars of within-class ob-
jects, which share the same complex configuration
(Gauthier, Behrmann, & Tarr, 1999; De Haan and Camp-
bell, 1991; Etcoff, Freeman, & Cave, 1991; Damasio,
Damasio, & Hoesen, 1982), although this does not seem
to be true for all cases (Farah, Wilson, Drain, & Tanaka,
1995; Sergent & Signoret, 1992; De Renzi, Faglioni,
Grossi, & Nichelli, 1991).

In a review of nine cases of CP, two are impaired at
recognizing nonface objects, one mildly and one severe-
ly (Kress & Daum, 20032a) and, in a recent study, using
an old/new recognition memory paradigm, four out of
seven CP individuals showed a dissociation between
memory for faces and objects (Duchaine & Nakayama,
2005). We note, however, that the methods of as-
sessment vary considerably across studies and that
reaction time is generally not measured despite the
possibility that the CP individuals might be inordinately
slow or might even trade speed off against accuracy.
To explore the specificity of the deficit, then, we ex-
amine the performance of the CP individuals in tasks
using common objects and novel objects under condi-
tions where the task demands and measurements are
equated, as closely as possible, to those required for face
discrimination.

The final major issue concerns the relationship be-
tween face processing and configural perception. Faces
form a class of perceptually similar visual stimuli and are,
therefore, thought to be the paradigmatic example of a
stimulus that relies on configural processing with the
holistic properties of the stimulus overriding the contri-
bution of its individual components (Maurer, Le Grand,
& Mondloch, 2002; Farah, Wilson, Drain, & Tanaka,
1995; Tanaka & Farah, 1993). It has also been suggested
that deriving the second-order statistics, or the spatial
relations between the components, is particularly critical
for face processing (Carey & Diamond, 1994; Rhodes,

1988). The failure to integrate visual elements is thought
to underlie prosopagnosia (Barton, Press, Keenan, &
O’Connor, 2002; Levine & Calvanio, 1989), with the
result that these patients rely on a more piecemeal or
feature-based strategy in constructing face representa-
tions. Although the failure to derive configurations is
thought to be particularly devastating for face process-
ing, given the homogeneity between exemplars and the
need to rely on the second-order statistics of the input
(Rhodes, 1988), a configural impairment may affect
other nonface stimuli, too, if the spatial relations be-
tween the components are required to differentiate per-
ceptually similar exemplars.

The purpose of the current article is to explore these
three issues in a group of five adults with CP. Our
findings show that all CP subjects are impaired at face
recognition and discrimination, and do not show the
well-known benefit for upright over inverted faces.
Interestingly, all of these same individuals are impaired
at nonface object recognition, although this is much
more variable and less severe than their face processing
difficulty. Finally, all subjects are impaired at configural
processing, exhibiting difficulty in deriving the global
configuration of even very simple visual images, letters,
and geometric shapes. The apparent failure to extract
the spatial relations between the local elements is
conjectured to contribute to the disproportionate failure
to process faces, relative to other visual stimuli.

RESULTS

A group of five CP individuals participated in three series
of studies, each addressing one of the issues laid out
above. In all five individuals, CP was manifested without
any obvious underlying neurological cause, and visual
acuity and basic visual processing abilities were unim-
paired (see Table 1 for biographical details and results
of low-level visual tasks). We compared the performance

Table 1. Congenital Prosopagnosic Subjects

CP Subjects’ Log Contrast  Gabor Contour
Initials Sex  Age Thresholds® Detection AP
™ M 27 normal .65

KM F 60 normal 7

NI M 40 normal .55

MT M 41 normal .6

BE F 29 normal .55

“The thresholds were initially established for control subjects; any
threshold for CP which exceeds 95% confidence interval at any of the
tested CPIs would be considered deviant. All CP subjects performed in
the normal range for all CPIs.

bAverage A (CI) for controls: .65 (.07). Note that the lower the A, the
better the performance. All CP subjects performed within the normal
range.
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Table 2. Control and AP Subjects

Subjects’ Initials Sex Age
(i) Control Subjects

SD F 34
HM F 30
FN M 28
GT M 22
NU F 60
DN F 61
ON M 46
EQ M 40
KM M 36
UD M 44
(ii) Acquired Prosopagnosia

SM M 27
CR M 21
RN M 41

of the CP subjects with that of a matched group of
12 control subjects (see Table 2). In addition, to provide
a clear indication of the extent of the impairment in the
CP individuals, we also compared the discrimination of

face and of nonface stimuli of the CP group with that of
three individuals with AP, sustained following brain
damage (see Table 2).

Face Discrimination and Recognition

Because standardized tests of face processing have not
proven effective in eliciting the disorder in prosop-
agnosia (Duchaine & Nakayama, 2005; Galaburda &
Duchaine, 2003) and measures of accuracy alone are
often considered insufficient (Delvenne, Seron, Coyette,
& Rossion, 2004; Gauthier et al., 1999), we tested the
subjects on a series of customized face recognition and
discrimination tasks, obtaining measures of RT, accura-
cy, and sensitivity (A"). Also, because the summary
statistics (mean, SD) yvielded by a small control group
is usually not reliable enough to reflect population
parameters (Crawford & Garthwaite, 2002), we followed
the procedure used by many researchers to assess
abnormal performance in individual patients (Barton,
Press, et al., 2002) and calculated the 95% confidence
interval from the control data.

The first set of tasks compared the CP and control
subjects on the recognition of famous faces. On a set of
97 stimuli consisting of photographs of famous individ-
uals (see Figure 1A), taken from popular magazines and
from the Internet, the CP group identified significantly
fewer faces than the controls [F(1,15) = 7.9, p < .01]
(Figure 1B), with four of the five CP subjects (excluding
TM) falling outside the 95% normal confidence inter-
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val. The possibility that CP subjects have had a lifetime
to develop compensatory strategies and exploit any
salient or diagnostic cues may explain subject TM’s
performance—for example, Ronald Reagan is shown in
a cowboy hat and Sylvester Stallone is shown with a
black eye (see Figure 1A). We therefore gathered a sec-
ond set of 56 photographs of famous individuals, none
of which contained any diagnostic cues (see Figure 1C),
and an equal number of unfamiliar faces. Possible re-
sponses included the name of the individual, some con-
textual information (e.g., actor), “don’t know”, or an
incorrect name. There was a significant interaction of
Group x Response [F(3,42) = 15.5, p < .001], with the
CP group identifying significantly fewer faces correctly,
and making significantly more “don’t know” and error
responses than the controls (see Figure 1D). All five CP
individuals fell outside the normal 95% confidence
intervals on the first two responses. The increased
“incorrect name” responses in CP suggests that they
are familiar with popular culture and celebrities and
know the names but cannot assign them to the correct
face. The main effects of group and condition were also
significant (F > 1). These findings confirm the face
recognition impairment in all CP individuals, especially
when nonface cues cannot be exploited.

The next set of experiments examine whether the
impairment is limited to the recognition of familiar faces,
perhaps implicating a memorial or long-term represen-
tation component, or whether performance would also
be impaired in discriminating unfamiliar faces, suggest-
ing a more perceptual basis for the deficit. To assess this,
all three groups completed a same/different discrimina-
tion task on a pair of unfamiliar faces (see Figure 2A).
The CP subjects were significantly less accurate (85%)
than the control subjects (96%), although both per-
formed better than the AP subjects (70%) [F(2,17) =
5.6, p = .01]. Note, however, that the accuracy differ-
ence between CP and AP may result from a speed-—
accuracy tradeoff: The mean RT of the CP group
(5285 msec) was significantly longer than that of the
AP group (4235 msec), with both groups slowed relative
to the control group (1528 msec) [F(2,17) = 7.8, p <
.01]. This group effect did not interact significantly
with condition (accuracy and RT; F < 1), although all
CP subjects performed more poorly numerically on in-
dividual than on gender judgments (see Figure 2B). Of
the CP group, only TM, perhaps the most mildly affected
CP individual (see Face Recognition above), fell within
the 95% confidence intervals of the control group.

The groups also differ on A’, with the CP (.88) and
AP (.85) groups showing reduced sensitivity, relative to
the controls (.98) [F(2,17) = 4.1, p < .05]. We also note
that the CP subjects were significantly slower than the
controls on ‘“‘same” trials with two identical images
(4679 msec vs. 1660.8 msec) [#(1,303) = 16.1, p <
.0001], suggesting that the CP subjects are not just
impaired at finding small discrepancies between the
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Figure 2. Face discrimination experiment. (A) Examples of stimuli
for face discrimination experiment, including one trial where faces
differ on the basis of gender and one trial where faces differ on

the basis of individual identity. (B) Mean RT (and 1 SE) for controls,
AP individuals, and CP individuals (with individual symbols) as a
function of gender (G) and individual (I) discrimination. The
dashed horizontal lines indicate the upper 95% confidence interval
calculated for the control group.

images and verifying them, but are also unable to
appreciate the similarities between faces. These results
indicate that the CP individuals are disproportionately
impaired in unfamiliar face discrimination, relative to the
controls, and show roughly the same degree of impair-
ment as individuals with AP, although there is some
variability in the CP group. That the deficit is apparent in
accuracy and in A" as well as in RT attests to the severity
of the face impairment in CP especially because the stim-
uli are presented for an unlimited exposure duration.
We have also replicated the deficit in matching faces in
these same CP subjects using an 7z-back task (equivalent
to sequential discrimination) in which subjects respond
to a repeated face in a stream of sequentially presented
faces (and withhold response if the faces differ). The CP
group performs significantly more poorly than the con-
trol subjects and the group and individual data are
shown in Figure 1B of the companion paper (Avidan,
Hasson, Malach, & Behrmann, 2005).

In the final face task, we confirmed the decrement in
CP using a two-alternative forced-choice matching task
with upright and inverted faces (see Figure 3A). The
benefit in processing upright over inverted faces is
one of the signatures of normal performance. Here, a
target face appeared either upright or inverted and
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Upright and inverted face discrimination
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Figure 3. Face orientation discrimination experiment. (A) Examples
of stimuli for two-alternative forced-choice face task, including
upright and inverted stimuli presented in the frontal, three-quarters,
and profile vantage points. (B) Mean RT (and 1 SE) for controls,

AP individuals, and CP individuals (with individual symbols) for
upright and inverted faces. The dashed horizontal lines indicate the
upper 95% confidence interval calculated for the control group.

shown from the frontal, three-quarter, or profile view.
Two choices appeared to the left and right, and subjects
matched the target and choice. The task was designed
to probe the impact of different orientations and dif-
ferent vantage points of the face, two factors well
understood in normal face processing, on the CP’s
performance.

The CP (6877 msec) group responded more slowly
than the AP (4215 msec) group, which, in turn, re-
sponded more slowly than the control group (3060 msec)
[F(2,284) = 65.7, p < .0001; pairwise p < .05]. Inter-
estingly, this differential slowing was qualified by the
orientation of the stimuli [F(2,284) = 8.7, p < .001]
(see Figure 3B): whereas the control subjects showed
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a 1011 msec advantage for upright over inverted trials,
reflecting the typical upright superiority, the CP and
AP individuals show a significant 510.5 (p < .01) and
324 msec (p = .05) advantage for inverted over upright
faces, respectively. Of the CP individuals, only KM does
not show this inversion superiority (see Figure 3B).
Note that TM, whose face deficit is mildest on the other
tasks, is remarkably impaired (perhaps because there
are no obvious usable cues in the images). All five CP
subjects fell out of the normal 95% confidence interval
for both upright and inverted faces. Accuracy on this
task was significantly better for the controls (88%) and
CP (88%) than for the AP (72%) group. Importantly,
the interaction of Group x Orientation is also pres-
ent [F(2,17) = 5.9, p < .01]: The controls showed
9% greater accuracy for upright over inverted faces,
the CPs as a group showed no difference for the two
orientations and the AP showed a 7% advantage for
the inverted faces. Individually, four of the five CP sub-
jects show no accuracy difference between upright
and inverted trials and BE shows an inversion advan-
tage (8%). The absence of a clear upright advantage has
been reported previously in cases with AP (Marotta,
McKeeff, & Behrmann, 2002; de Gelder, Bachoud-Levi,
& Degos, 1998; Farah, Wilson, Drain, & Tanaka, 1998)
and has been taken as evidence for the dissolution of
configural face processing, an issue to be revisited in
detail below.

In this same experiment, we also examined whether
CP individuals retain the normal preference for three-
quarter over frontal or profile views of faces. The three-
quarter view affords an advantage in face learning and
recognition (Moses, Ullmann, & Edelman, 1996; Bruce,
Valentine, & Baddeley, 1987), contains the most useful
features for recovering the identity of the face (Hill,
Schyns, & Akamatsu, 1997), is most often used to
portray faces in pictures and is the best representation
of the three-dimensional shape of the face (O’Toole,
Edelman, & Bulthoff, 1998). Although the control sub-
jects show a 81-msec superiority for the three-quarter
view of the target face over the frontal view which is
158 msec faster than profile, this is not true for the AP or
CP groups [Group x View: F(4,568) = 21.6, p < .0001],
who show no significant difference between three-
quarter and profile views. The same interaction of
Vantage point x Group holds for the vantage point of
the two choice faces [F(4,568) = 13.4, p < .0001]: In this
case, all groups show the advantage for the three-
quarter viewpoint, but to a lesser extent in CP and AP
than in the control group. No accuracy effects are
present (F < 1). These findings are compatible with
previous data showing that, in contrast with normal
individuals, APs perform poorly in matching faces across
viewpoint (Marotta, McKeeff, et al., 2002), especially for
three-quarter view faces (Sergent & Poncet, 1990). Of
greater relevance, these findings replicate the face dis-
crimination deficit in the CP individuals and are also
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consistent with studies showing poor matching across
viewpoint (Nunn et al., 2001; Duchaine, 2000).

Taken together, the results of the three tasks of face
processing (recognition, discrimination, orientation) in-
dicate that all five CP individuals are impaired relative to
the control group, although some CP individuals are
more severely affected than others. On all tasks, four of
the CP subjects fall outside of the normal 95% confi-
dence intervals. TM, the mildest subject, shows some
variability but falls outside the confidence intervals on
famous face recognition when no cues are present and
also on upright and inverted face discrimination. Inter-
estingly, the performance of the CP group is very similar
to that of the AP group along a host of measures (no
upright face advantage, no three-quarter view prefer-
ence) and on different dependent measures (RT, ac-
curacy, A, further attesting to the severity of their
behavioral disorder. Interestingly, although the CP group
appears to have adopted a strategy in which they make
fewer errors but take a long time to respond, the AP
group responds more quickly while making more errors.

Perception of Nonface Objects

An issue that continues to evade resolution is whether
individuals with prosopagnosia, either acquired or con-
genital, have a deficit that is restricted to faces. To
explore this, we used two nonface discrimination tasks,
both employed previously to examine the specificity of
the behavioral deficit in AP (Gauthier et al., 1999). In
both tasks, a pair of stimuli was presented for same/
different judgment and the level of perceptual com-
plexity of the judgment was manipulated.

The first experiment used common objects: On each
trial, two stimuli appeared, either identical or differing at
the basic (e.g., bird and chair), subordinate (e.g., two
different types of bird), or exemplar level (e.g., two dif-
ferent instances of the same type of bird) (see Figure 4A).
The CP and control groups were both more accurate
(99% and 98.3%) [F(2,17) = 9.4, p < .001], and showed
greater sensitivity [F(2,17) = 12.2, p < .0001], than the
AP group (92% accurate) and there were no interactions
with condition. In RT, main effects of group (AP slowest
then CP then controls) [F(2,17) = 113, p < .001],
and of condition [F(2,17) = 66.9, p < .0001] were ob-
served as well as a significant interaction between them
[F(4,34) = 10.4, p < .0001]. The interaction reveals
slowing in all groups as the discrimination became
increasingly fine-grained, but to a greater extent in AP,
than in CP and than in the controls (see Figure 4B). Note
the variability among the CP subjects: At the basic level,
only KM falls outside the upper 95% confidence interval.
At the subordinate level, all except NI fall outside the
95% confidence interval and, at the exemplar level, KM,
NI, and MT fall outside the confidence interval.

The second nonface experiment involved the dis-
crimination of Greebles, novel 3-D-rendered objects
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Figure 4. Examples of stimuli from object experiment. (A) Examples
of stimuli for common object discrimination task, showing a pair
that differs at the basic, subordinate, or exemplar levels. (B) Mean
RT (and 1 SE) for controls, AP individuals, and CP individuals

(with individual symbols) for basic, subordinate, and exemplar levels
of categorization. The dashed horizontal lines indicate the upper 95%
confidence interval calculated for the control group.

sharing the same basic elemental features in a canonical
configuration with other members of the class (see
Figure 5A). The set of Greebles is organized orthog-
onally along two categorical dimensions, with each
Greeble being a member of a “family,” defined by the
central body shape, and of a “gender,” defined by the
orientation of the parts, upward or downward, relative
to the central part. Although the parts are very similar to
each other, every individual part is unique. Greebles are
considered to be a good control stimulus for faces
because, as for faces, local shape and surface features
may not suffice for the purpose of discrimination of
individual Greebles, given their perceptual similarity
(Gauthier, Behrmann, & Tarr, 2004). To differentiate
individual exemplars of faces or Greebles, additional
details and ‘“configural” or relational information may
be necessary (Gauthier & Tarr, 2002; Maurer et al.,
2002). In this task, two stimuli appeared on a screen,
either the same or differing at the basic (e.g., a Greeble
and a chair), family (e.g., main body part shape dif-
fered), gender (e.g., appendages orientation differs),
or individual (e.g., same family and gender, different in-
dividuals) level (see Figure 5A).
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Figure 5. Examples of stimuli
from Greeble experiment. A

(A) Examples of stimuli from
Greeble task, showing a

pair that differs at the basic,
family, gender, and individual

levels. (B) Mean RT (and 1 SE)
for controls, AP individuals,
and CP individuals (with
individual symbols) for basic,
gender, family, and individual
level discrimination. The
dashed horizontal lines
indicate the upper 95%
confidence interval calculated
for the control group.
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The control and CP groups were 98.6% and 97% ac-
curate, compared with the AP group (95%) [F(2,17) =
3.6, p < .05], but this did not differ across condition
(F < 1). The AP group was also less sensitive than
the other two groups [F(2,17) = 4.7, p < .05], es-
pecially for the more taxing conditions, and the CP
group’s sensitivity also fell for individual-level discrim-
inations [post hoc tests at p < .05; Group x Condition:
F(6,51) = 2.8, p < .05]. In RT, a significant main effect
of group [F(2,17) = 13.6, p < .001], and of condition
[F(3, 6) = 41.7, p < .0001], were noted as well as an
interaction between them [F(6,51) = 5.8, p = .0001].
Although all groups showed the same rank ordering of
conditions from basic to family, than gender and indi-
vidual discriminations, the RT increase was exaggerated
in the CP and AP groups, relative to the controls (see
Figure 5B). Note again that there is some variability
among the CP individuals: KM and TM always perform
outside the normal 95% confidence intervals as does
MT (and sometimes NI), as the level of discrimination
becomes more challenging. BE performs within the
confidence intervals.

Taken together, the CP individuals, as well as the AP
individuals, are impaired relative to the controls on both
common object and novel object discrimination. All CP
individuals show some level of impairment in processing
nonface objects, although there is some variability
among the individual CP subjects. For example, BE
performs well (within 95% prediction interval) on Gree-
bles, but not always on objects, whereas TM performs
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poorly on Greebles and mostly within normal limits on
objects. The impairment on nonface objects is clearly
not as severe as for faces (compare Figures 2B, 4B, and
5B) and is elicited primarily in RT rather than in accuracy
or sensitivity. Importantly, the RT differences for objects
and Greebles cannot be attributed to a generalized
slowing as the CP subjects responded as quickly as the
controls in the basic-level discriminations. Instead, the
deficit becomes apparent for more fine-grained dis-
criminations between perceptually similar stimuli. These
findings suggest that the deficit extends beyond the
processing of faces in CP, and implicates a more wide-
spread deficit but with exaggerated consequences for
face processing.

Configural Processing

The absence of a benefit for upright over inverted faces
in the CP individuals already provides an indication that
configural processing is affected in CP. To evaluate the
extent of the deficit in tracking the spatial relations
between local components in CP, we conducted two
additional experiments. Importantly, neither experiment
uses faces as stimuli, allowing us to examine the integrity
of the relational processing independent of faces. Both
experiments have been shown to be sensitive to failures
in configural processing in patients with visual integra-
tive agnosia (Behrmann & Kimchi, 2003) and in autistic
individuals known to have a bias to local elements rather
than to global shape (Behrmann, Avidan, et al., 2005).
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The first experiment uses compound or hierarchical
letters in which the identity of the local letters is either
consistent or inconsistent with that of the global letter
(see Figure 6A). In separate blocks of trials, subjects
identify the letter, via button press, at either the local or
the global level. Global identification requires interac-
tions between constituents, necessitating configural or
holistic processing (Navon, 2003). All else being equal,
normal subjects identify the global faster than the local

letter, and conflicting information between them exerts
asymmetrical global-to-local interference (Navon, 1977).

The critical result (see Figure 6B) is a three-way
interaction between Group x Consistency x Globality
[F(1,1672) = 15.6, p < .0001]. The control subjects
responded quickly and showed no statistical difference
between global (537 msec) or local (526 msec) identifi-
cation (possibly because of the salience and sparsity of
the local elements in the display): There is a slight
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Figure 6. Examples of stimuli and results of global/local task. (A) Four compound stimuli, two of which are consistent and share identity at the
global and local level and two of which do not share identity at the global and local level. (B) RT (and 1 SE) for means for control group and
CP group for global and local identification as a function of consistency. (C) Mean RT for each CP individual for global and local identification as
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advantage for global in seven and a slight advantage for
local identification in the remaining five individuals. Five
controls show an interaction in their data with, to
varying extents, greater interference from global to local
in the inconsistent condition. For the most part, how-
ever, the variability among the control subjects is rather
small and their performance provides a robust bench-
mark against which to compare the CP performance.

The CP group performs more slowly than the controls
[F(1,1672) = 7.9, p < .005], especially for global iden-
tification [F(1,1672) = 344.9, p < .0001], attesting to the
difficulty in deriving a global entity from local elements.
This slowing is, however, further exaggerated when
the local letters are inconsistent with the global iden-
tity, reflecting asymmetric local-to-global interference
[F(1,1672) = 29.4, p < .0001]. This asymmetry indicates
the precedence for the local elements in CP and reflects
the cost associated with the effort to derive the global
shape. As is evident from Figure 6C, all five CP individ-
uals show the local precedence (marginally significant in
MT). Three show the asymmetric local-to-global inter-
ference, MT shows no real effect (perhaps because of a
ceiling effect), and TM, somewhat inexplicably, shows
slightly greater interference in the consistent than in-
consistent case. There are no significant group effects on
accuracy, although effects of consistency [F(1,16) = 5.1,
p < .02] and globality [F(1,16) = 5.2, p < .05], and the
interaction between them [F(1,16) = 6.3, p < .05], are
all present.

To evaluate the relationship between performance on
this task and on the face discrimination task, we corre-
lated the local-to-global interference in RT [inconsistent
(global — local) — consistent (global — local)] and the
average RT in face discrimination. An 7* of .71 was
obtained (p = .07), which, although marginal, is highly
suggestive in only five subjects, and is indicative of a
positive relationship between face processing and deriv-
ing a global configuration.

This final experiment was designed to probe further
the integrative abilities of CP subjects and to focus more
specifically on the processes, whereby the spatial rela-
tions of the local elements are configured into a global
whole. In this microgenetic approach, the time course of
the development of the global percept is examined,
rather than just the final outcome of these processes as
reflected in a single RT value. The primed matching para-
digm (Beller, 1971) used here involves presentation of
a priming stimulus followed immediately by two probe
test figures. Participants judge, as rapidly and accurately
as possible, whether the two test figures are the same or
different and ignore the prime. The speed of same
responses to the test figures depends on the represen-
tational similarity between the prime and the test figures:
Responses are faster when the test figures are similar to
the prime than when they are dissimilar to it. By varying
the duration of the prime, we can tap earlier and later
internal representations (Behrmann & Kimchi, 2003;
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Kimchi, 1998, 2000; Sekuler & Palmer, 1992), enabling
us to assess implicitly the participant’s perceptual rep-
resentations and the time course of their organization.

Two types of test pairs are used, defined by their
prime—test similarity (see Figure 7A): In the Element-
Similarity (ES) test pairs, the test figures are similar to
the prime (e.g., global diamond made of circles) in their
local elements (circles) but differ in global configuration
(square), and in the Configuration-Similarity (CS) test
pairs, the figures are similar to the prime in global con-
figuration (is a global diamond) but differ in local
elements (squares). Of additional interest is the number
of elements in the display: The prime and probe
patterns consist of a few or of many local elements
(see Figure 7A). Displays with few elements tend to bias
in favor of local processing, whereas those with many
elements favor global processing (Bacon & Egeth, 1991).

The experiment consisted of the factorial combi-
nation of four factors: prime type (few-element or
many-element); prime duration (40, 90, 190, 390, or
690 msec); test type (ES, CS); and response (‘“‘same”
or ‘“different’”). Typically, normal participants show
that the availability of elements and configuration de-
pends on the number and relative size of the elements
(Kimchi, 1998): Few, relatively large elements are avail-
able early on in processing (ES advantage) and they
are grouped into a global configuration with time. For
many-element patterns, the configuration is available
very early (CS advantage), followed by the individua-
tion of the elements. The question is whether the global
configuration is available to the CP individuals, and if
so, how early in time.

As can be seen in Figure 7B, the data for the CP and
control groups appear rather different [F(1,134) = 4.9,
b < .05]. For the control subjects, for the few element
displays, there is an advantage for test pairs sharing the
elements (ES) with the prime over those sharing the
configuration (CS), and this holds roughly across all
prime durations. For the many-element displays, at
earlier prime durations, there is a reduction in RT,
relative to the few-item displays, but only for the test
pairs that share configuration (CS). Note also that at
40 msec, the earliest duration used, there is a sugges-
tion of an increase in the ES trials, potentially as a
result of a competitive effect from dissimilarity in
configuration. At longer exposure durations, there is
again an advantage for the ES trials. The major finding
is that, at early durations, the presence of many
elements facilitates the derivation of a configuration
and produces fast responses for CS over ES trials,
relative to the few-element trials. Critically, the global
configuration is derived early and rapidly when many
elements are present.

The CP group diverges from the normal pattern in
two major ways. The CP group also shows the advantage
for ES over CS few-element trials, except to a marginally
(14 msec) greater extent, suggestive of an exaggerated
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representation of the local elements in CP. The other,
and perhaps more striking, difference is the absence
of the CS over ES benefit of many elements at any
duration. Instead, RTs are longer for the CS than ES
pairs and both of these are longer than for the few-item
pairs across all exposure durations, reflecting the cost
associated with the presence of more local elements. In

sum, there is no obvious facilitation for CS test pairs at
any exposure duration even for the many-element trials.
Rather, there is a clear ES advantage at all exposure
durations, attesting to the difficulty in integrating the
local elements in CP.

These patterns are supported statistically. The CP
subjects are slower than the controls [F(1,134) = 5.9,
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p < .01], especially for the many-element displays
[F(1,134) = 25.6, p < .0001]. There is also a difference
as a function of duration with control subjects but not
with CP subjects, showing a RT reduction for CS trials
[F(4,536) = 8.5, p < .0001], especially for the many-item
CS displays [F(1,134) = 2.8, p < .05]. There are no
statistically significant effects involving group in the
accuracy data (F < 1), but this may not be surprising
given the simplicity of the task.

In summary, for the few-element patterns, indepen-
dent of prime duration, both groups showed an ES
advantage, somewhat exaggerated in the CP individuals,
indicating the precedence for the local elements. For
the many-element patterns, the group difference is
even clearer: For normal participants, many relatively
small elements are rapidly grouped without the indi-
viduation of the elements that occurs later in time
(Kimchi, 1998). Such early grouping is functional for a
system whose goal is object identification and recogni-
tion, because many small elements in close proximity to
one another are more likely to be texture elements of a
single object rather than discrete objects. No rapid
grouping of the many elements was observed for the
CP individuals and, instead, we see an advantage for ES
trials, to an even greater extent than for the few-
element condition. A comparison of the CP individuals
to the controls reveals that four of them show the very
pattern described here. TM, the least affected CP
subject, exhibits an ES advantage in the normal range
for the few patterns and an advantage for CS for the
many-element display. The only other divergence from
the group pattern is that BE shows a marginal, but
nonsignificant, trend towards a CS advantage for the
many-element trials.

We note the compatibility of these findings with those
from the global/local experiment, especially for the
many-element displays. Normal subjects evince config-
ural processing in both tasks. In contrast, in neither task
do the CP individuals exhibit the ability to take into
account relations between the local elements to derive a
global configuration. Importantly, the failure to percep-
tually integrate the information appears to be related to
the deficit in face processing. We note that the differ-
ence between CP and controls in these tasks is roughly
100 msec or so, far smaller than the discrepancy in face
processing. The stimuli used in these configural experi-
ments are very dissimilar to faces and are perhaps the
simplest configural stimuli one might construct, and yet
a group difference is still obtained. Given that the CP
subjects showed a deficit even with these images sug-
gests that the configural deficit is striking. Presumably, if
one were to manipulate the spatial relations versus
features of faces, as some have done in order to elicit
a configural deficit (Le Grand, Mondloch, Maurer, &
Brent, 2001; Freire, Lee, & Symons, 2000), the group
differences would be easily uncovered and would be
magnified substantially.
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Low-level Visual Processing

Before concluding that CP individuals are impaired at
configural processing, we need to rule out two possible
alternative explanations. The first possibility pertains
to a differential sensitivity to high and low spatial
frequencies. Several researchers have suggested an
involvement of spatial filters, based on spatial fre-
quency channels operating at early visual processing
(Ginsburg, 1986), in the perception of global and local
structures. No latency advantage for global over local
processing is found when low spatial frequencies are
removed from hierarchical stimuli (Lamb & Yund, 1993;
Badcock, Whitworth, Badcock, & Lovegrove, 1990;
Hughes, Fendrich, & Reuter-Lorenz, 1990; Shulman &
Wilson, 1987; Shulman, Sullivan, Gish, & Sakoda, 1986),
suggesting that the global advantage effect is mediated
by low spatial frequency channels. The CPs’ differential
inability to perceive the global form of a hierarchical
stimulus might then arise from a limitation in processing
low spatial frequency information. To rule this out, we

A

Spatial frequency stimuli

B

Gabor stimuli for contour detection (from Kovacs et al.)

Figure 8. Examples of stimuli for testing low-level vision. (A)
Examples of stimuli used to establish contrast thresholds across
different spatial frequencies. Examples here are 1 cycle per inch (left)
and 30 cycles per inch (right). In a sequential paired task, subjects
indicate whether the first or second stimulus in the pair contains the
grating. (B) Examples of stimuli used to test contour detection ability
(from Kovacs et al., 1999). Stimuli vary as a function of the number of
Gabor patches in the image and the distance between them. Subjects
indicate on each card the location of the collinear contour.
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obtained log contrast spatial frequency thresholds
across the frequency range (0.3, 1, 3, 10, 30 cycles per
inch; see Figure 8A). All CP individuals performed within
18D of the mean of the normal control subjects and fall
within the 95% prediction interval (see Table 1).

The other alternative explanation is that the failure to
take spatial relations between elements into account
emerges not from a problem in deriving configurations
but from a low-level problem establishing collinear
relations, usually thought to depend on lateral con-
nections in V1. To examine whether CP individuals
could interpolate contours, we used a method that has
been successful with various pathological populations
(Koviacs, Polat, Pennefather, Chandna, & Norcia, 2000).
Subjects are shown displays (see Figure 8B) of small
Gabor patches, some of which are oriented in the same
direction, and are asked whether they can discern a
contour. The displays ascend in difficulty with increasing
number of distractors and reduced distance between
these and the contour. Whereas normal individuals
obtain a mean threshold of 0.65, the mean for the CP
individuals is 0.61, and all fall within the normal confi-
dence interval (see Table 1). Any failure to derive
configural relations in CP is, therefore, not simply the
result of a low-level visual impairment and likely arises at
a higher-level of the visual cortex.

DISCUSSION

The goal of this investigation was to address several
outstanding questions about CP, a disorder in which
individuals are disproportionately impaired at face pro-
cessing in the absence of an underlying neural concom-
itant or cognitive deficit and in the absence of a low-level
visual processing disorder. The specific questions per-
tain to the nature and severity of the face processing
impairment, its specificity, and its relation to a more
fundamental deficit in deriving configural information
from visual images. The answers to these questions not
only have relevance for this population, but can be used
to inform theories of object recognition and the psy-
chological and neural representation of faces versus
other objects.

Nature and Severity of Face
Processing Impairment

The data obtained across three experiments suggest that
the CP individuals are impaired at assigning identity to
faces and at discriminating between novel faces, espe-
cially as the discrimination becomes more taxing (differ-
entiating gender vs. individual identity). Moreover, the
representations derived by the CP individuals differ
from those of normal individuals: Faces appear to be
coded in a more featural or part-based fashion as
reflected by the finding that performance is not ad-
versely affected when faces are inverted, in contrast with

the well-established decrement under inversion for
normal individuals (Leder & Bruce, 2000; Yin, 1969).
The results also indicate that there is a range of severity
across the CP individuals, although all are impaired to
some extent and all acknowledge and are aware of the
disorder in their daily lives. In fact, the personal
anecdotes provided to us by these patients sound
almost identical to the reports of individuals with AP.
For example, BE reports that she has failed to recognize
her mother on many occasions and MT is unable to
identify his children at day care and is forced to rely on
one of the caretakers to bring the children to him. KM
did not recognize her son when he had a haircut nor
did she recognize her husband when he changed his
clothing prior to a ceremony they were attending.

A distinction that has often been made in the litera-
ture is between apperceptive versus associative prosop-
agnosia (De Renzi et al., 1991). Patients with the former,
more perceptual form are impaired at face matching,
whereas those with the latter, more memorial form are
impaired at associating the percept with the long-term
memory of the face. The CP patients described here
are all impaired at face recognition, but are also all im-
paired at face matching, placing them in the appercep-
tive class. Although they may be able to make more
basic facial judgments, such as determining sex, age, and
expression (Nunn et al., 2001), they appear unable to
derive a structural description of the face as evidenced
by their poor face discrimination. The failure to encode
the faces structurally precludes access to long-term
memories (Bruce & Young, 1986).

Specificity of Face Processing Impairment

Not only are the CP individuals impaired at face pro-
cessing but, as is apparent from the experiments with
common objects and with Greebles, they are also all
affected to some extent in their recognition of non-
face visual objects. Note, however, that their nonface
processing is not as severely affected as their face pro-
cessing and the deficit is largely evident in their slowed
processing rather than in accuracy. Also, the deficit is
not apparently a function of general perceptual slowing
as the basic-level discriminations are performed well.
These findings are important in the context of the
ongoing debate about the specificity of prosopagnosia,
both in congenital and acquired cases. One of the most
transparent and appealing interpretations that has been
offered for AP is that it reflects damage to face-specific
processes (Farah, Rabinowitz, et al., 2000; Farah, 1990),
while leaving unaffected the recognition of other types
of visual stimuli. Although there is still support for such a
view, others argue that the deficit extends beyond faces
and that a similar pattern of impairment would be
evident on other objects if the demands of the face
and nonface task were equated (Gauthier et al., 1999).
This controversy has not been resolved and the reader
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is referred to recent articles for details (Grill-Spector,
2003; Grill-Spector, Knouf & Kanwisher, 2004; Tarr &
Cheng, 2003; Maurer et al., 2002; Haxby et al., 2001;
Kanwisher, 2000; Tarr & Gauthier, 2000).

The generality of the deficit is also controversial in
previous CP studies. For example, Subject AB is unable
to name flowers or motor cars and exhibits poor within-
category object recognition (McConachie, 1976) and
LG (Ariel & Sadeh, 1996) is impaired at object recogni-
tion, assessed in a variety of ways. However, EP (Nunn
et al., 2001) performed within normal limits on within-
category discriminations of flowers, cars, and famous
buildings, and YT (Bentin, Deouell, et al., 1999), Dr S
(Temple, 1992), and TA (Jones & Tranel, 2001) are re-
ported to perform normally on a range of visual stimuli
(see also Duchaine & Nakayama, 2004, using a memory
test). Note that the methods of assessment vary widely
across case reports and, in most instances, accuracy is
the primary dependent measure. It is clear both from
our findings and from other neuropsychological inves-
tigations that accuracy alone is inadequate as a depen-
dent measure, as these subjects may trade off accuracy
against speed or show a difference in bias or sensitivity
compared with control subjects (Gauthier et al., 1999;
Kosslyn, Hamilton, & Bernstein, 1995). A clear example
of the pitfall of measuring accuracy alone is evident from
data from another CP individual, TA, who performed
normally on object identification, based on 100 objects
from the Snodgrass and Vanderwart set (Duchaine,
Nieminen-von Wendt, New, & Kulomaki, 2003). How-
ever, a more precise and refined evaluation of his
performance using an old/new discrimination paradigm
with horses, cars, tools, guns, and sunglasses revealed
impaired performance in four of these five categories.
Without detailed and systematic assessment of a range
of dependent measures and the use of tasks that are as
demanding in object recognition as in face recognition,
however, the extent to which CP is truly face specific
remains an open issue (for a similar discrepancy in RT
and accuracy in visual object agnosia, see Delvenne
et al., 2004; Gerlach, Marstrand, Habekost, & Gade,
in press). All of the CP individuals tested in the present
study were affected to a greater or lesser degree
on nonface visual object recognition, suggesting that
the underlying impairment may be more widespread
than has sometimes been assumed. Note, however, that
all subjects performed more poorly on faces than on any
other stimulus class.

Relation of Face Processing Impairment
and Configural Representation

The idea that faces are processed in a configural fashion
whereas nonface objects are processed in a more piece-
meal or feature-based way has received widespread
support. The absence of an inversion effect for faces in
our CP group is suggestive of a deficit in deriving the
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relational or second-order statistics from faces. Other
case studies report similar results in AP and CP (de
Gelder & Rouw, 2000). Although there remains some
disagreement on what constitutes “configural” (Gauthier
& Tarr, 2002), most researchers agree that face inver-
sion affects configural processing (Maurer et al., 2002;
Leder & Bruce, 2000) and the absence of the inversion
decrement suggests an abnormal reliance on a featural
mode of representation.

How this inversion effect emerges is an open ques-
tion. One possibility is that configural processing is
performed by a prespecified system, perhaps mediated
by the fusiform gyrus. If these subjects’ deficits were due
to an inability to develop configural processing in gen-
eral, then CP subjects should perform similarly with
upright and inverted faces because configural processing
would not have developed for either. However, most CP
subjects are better at inverted than upright faces. It is
possible, then, that through experience, in normal in-
dividuals, the benefit from repeated exposure to upright
faces optimizes the derivation of face configurations
(hence, the activation of the fusiform gyrus for faces;
Barton et al., 2002). Given that this system is not func-
tioning properly, only some rudimentary configural pro-
cessing develops in CP (perhaps sufficing for objects).
The configural processing is circumvented during pro-
cessing inverted faces and the better-developed part- or
local-based system can proceed apace with little interfer-
ence from the configural system, giving rise to the inver-
sion superiority effect (Barton, Zhao, & Keenan, 2003).

To examine the link between the ability to derive spa-
tial relations in the service of global shape description
and face recognition, we conducted two further experi-
ments, and to push the link between configural and face
processing further, neither employs face stimuli. Rather,
the stimuli are made of very simple shapes, which are
substantially different from faces. Notwithstanding this
difference, the results indicate that the CP subjects do
not perform normally, showing greater bias than the
control subjects towards the local components. The
CP subjects are also disproportionately slow at inte-
grating the elements into a global shape, especially when
their identity conflicts with that of the global shape. On
an even more fine-grained measure, which tracks the
microgenesis of the global shape derivation, the CP
individuals are not primed by a stimulus that shares the
configuration with the displays to be judged nor are they
able to benefit from the presence of many elements,
which usually facilitates global processing especially at
early durations after stimulus onset. Moreover, there is
some support for a correlation between the enhanced
local bias and the impairment in face discrimination.

Despite the apparent clarity of these findings, there is
no universal consensus for a deficit in configural pro-
cessing in CP and, again, this divergence might arise
from the different methods used to test configural
processing as well as the different conceptualization of
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configural processing. Some studies have used tests of
Gestalt completion or two-tone Mooney faces to test CP
individuals and the results are mixed: EP (Nunn et al,,
2001) and AB (McConachie, 1976) were impaired, rel-
ative to their controls on Mooney faces and EP was
also impaired at making discriminations with chimeric
faces where matching on base of individuals features
is inadequate and a global configuration is required
for success at this task (Nunn et al., 2001). In contrast,
Dr S (Temple, 1992) and TA (Jones & Tranel, 2001)
apparently performed within normal limits on the
Mooney test (on accuracy). In a particularly pertinent
recent study, Duchaine (2000) suggests that configural
processing is unrelated to CP. His patient, BC, per-
formed well on three tests of pattern completion, all
of which required the assembly of black and white
fragments, either with information missing or amidst
noise, leading to the conclusion that BC has intact
configural processing. The critical issue, however, is
whether the processes involved in fragment completion
are akin to those used to derive a global identity.
Establishing spatial relations between components of a
display or extracting a figure from the ground, may well
depend on different processes used to interpolate be-
tween fragments (see low-level processing test above
which shows intact performance in all CP subjects here)
and group local elements (Palmer, 2003). Whether BC
(and other CP individuals) would be impaired at deriving
global shape using the paradigms employed here re-
mains an open issue.

An additional question that remains to be addressed is
exactly what constitutes ‘“‘configural” processing and
whether the configural processing required for faces
(and for other objects) is the same as that required for
global/local and few/many element processing. The def-
inition of configural processing is highly controversial
and is the focus of many investigations (Gauthier &
Tarr, 2002; Maurer et al., 2002; Leder & Bruce, 2000;
Moscovitch et al., 1997). In general, configural refers to
the perception of relations among the features of a
stimulus and at least three main types of configural
processing can be delineated: (i) first-order relations
among elements—for example, processing the presence
of two eyes above a nose; (ii) second-order relations—
local elements are processed in a relational manner (e.g.,
nose-mouth distance); and (iii) holistic processing—
the features or local elements are glued together into
a gestalt. Although the distinctions are reasonable and
clear, many outstanding issues remain such as the ex-
ent of the superadditivity of the features in the holistic
case, the ability to access the local elements in the
holistic case, and the relationship between these dif-
ferent forms. Understanding what constitutes configural
processing, how the elements are represented in rela-
tion to each other, and whether the same form of
configural processing applies across all visual stimuli is
critical for future research.

Relation of CP to Other Neuropsychological
Deficits in Pattern Recognition

The deficit in visual face processing is the signature of
CP and, as we have shown, a lesser deficit in nonface
recognition is also present. The link between CP and
configural processing is also well supported. This evi-
dence parallels the findings from individuals with ac-
quired lesions who are also profoundly impaired at face
processing and who also fail to derive global configu-
rations on the same global/local and few/many elements
used here. The term “integrative agnosia” is applied to
these individuals to highlight the significant deficit in
grouping together local elements (Behrmann & Kimchi,
2003; Humphreys, 1999; Riddoch & Humphreys, 1987).
The argument has been made that, in these agnosic
individuals, the failure to take the spatial relation into
account would significantly impact face recognition,
and perhaps, to a lesser extent, the recognition of other
nonface objects. This assertion is mirrored in the data
from the CP individuals presented here.

It appears that just as a deficit in visual pattern
perception may arise congenitally and without an obvi-
ous neural basis, parallel disorders exist in both the
visual (developmental dyslexia) and the auditory domain
(congenital amusia). In both cases, the deficits (in
reading and music perception) are not explained by
sensory or brain anomalies, low intelligence, or depriva-
tion (Demonet, Taylor, & Chaix, 2004; Peretz & Hyde,
2003). Indeed, similar questions concerning the speci-
ficity of the disorder to reading or to music have also
been asked. For example, in the context of dyslexia,
questions concerning rapid sequential processing, pho-
nological coding, magnocellular involvement, or cere-
bellar impairment as the basis of the reading impairment
are asked (Demonet et al., 2004). In the case of amusia,
issues about pitch versus temporal coding and the
specificity of the deficit to music versus other form of
auditory input are under investigation (for review, see
Peretz & Hyde, 2003). Of interest too is that, like CP (see
below), these neurodevelopmental disorders may be
genetically determined (Peretz & Hyde, 2003; Francks,
MacPhie, & Monaco, 2002).

Familial Effects

One of the interesting findings in our investigation of
CP is that the deficit often appears to affect more than
one member of a family. Of the nine individuals we
originally tested, only five met our very conservative
criteria for admission to this study but all showed some
degree of impairment (see experimental methods).
Within this sample, three families were represented:
KM and TM are a mother and a son. BE’s mother was
tested but did not meet inclusion criteria and the three
other excluded individuals are all siblings. MT’s father is
apparently CP but has not been tested yet.
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In almost all reports of CP, there is mention of a familial
connection, although this is only systematically evaluated
in very few instances. For instance, Dr S reportedly has a
first cousin who is also CP, and all the children of Dr S are
color blind, also suggesting a hereditary linkage (Temple,
1992). In a different study, two daughters and the father
in one family showed severe impairments in face recog-
nition (De Haan, 1999), although the other family mem-
bers were unaffected. The need for stringent testing,
however, is critical as the brother in this family is a self-
declared CP and yet was not objectively classifiable as
such. The findings indicate a potential genetic basis for
CP and one recent study suggests that the cumulation
segregation ratios are compatible with a simple auto-
somal dominant mode of inheritance (Grueter, Grueter,
Bell, Horst, Laskowski, Sperling, Halligan, Ellis & Kenner-
knecht, in press). We are also starting to investigate the
genetic foundation more systematically in the individuals
we have tested to date.

Underlying Neural Substrate

An obvious question which arises concerns the extent to
which the behavioral impairment can be traced to any
possible alteration in neural substrate in CP. A few
studies have addressed this issue and, again, the results
are somewhat contradictory. Two ERP studies report a
reduced difference in the N170 waveform in the three
tested subjects (Kress & Daum, 2003b; Bentin, Deouell,
et al,, 1999). One of the two fMRI studies reports normal
BOLD activation for faces in their CP subject (Hasson,
Avidan, Deouell, Bentin, & Malach, 2003), but the other
reports no activation for faces, relative to other objects
(Hadjikhani & De Gelder, 2002). Four of the CP individ-
uals included in our sample here participated in a series
of fMRI studies, which mapped out the BOLD activation
for faces, houses, objects, and patterns in relation to
retinotopic meridians (Avidan et al., 2005) (the fifth
subject could not be scanned). Not only was the time
course of the activation normal for all CP, but the
location of activation was normal as well. Interestingly,
one critical difference was observed in BOLD activity for
faces and this was in prefrontal cortex, suggesting that
the CP individuals might be taxing working memory
more than normal subjects do, specifically when face
processing is involved.

Although we have made considerable progress in
addressing the issues we set out to investigate, many
outstanding questions remain to be answered regarding
CP. Among them are the extent to which faces can be
covertly or implicitly processed, the reason why the CP
individuals have not developed compensatory mecha-
nisms for their deficit at either a psychological or neural
level and whether subtle anatomical or physiological
differences might be able to account for CP. These issues
remain to be addressed in future research.
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Experimental Procedures
Subjects

Five individuals with CP, aged between 27 and 60 years
of age, with no discernable cortical lesion or any his-
tory of neurological disease, participated. All were na-
tive English speakers, right-handed, and had normal
or corrected-to-normal visual acuity (see Table 1). We
tested a further four individuals (three of whom were
members of the same family and one of whom was the
mother of BE, one of the CP subjects), all of whom were
self-declared congenitally prosopagnosic. Although the
performance of these individuals was not entirely nor-
mal and they performed poorly on some of the face
tests, they did not show unequivocal impairment across
all tests and were thus excluded. For this study, we
adopted very conservative inclusion criteria to ensure
the purity of the sample, recognizing the potential for
false alarms in self-report (De Haan, 1999).

Twelve control subjects, roughly matched to the CP
individuals on age, sex, handedness, and education,
were also recruited. Finally, three individuals with clearly
defined AP following brain damage sustained in adult-
hood (age 16 in CR) were included. All three AP pa-
tients, SM, CR, and RN, have participated in previous
studies and some of their data reported here have
been published (for further details, see Behrmann,
Marotta, Gauthier, Tarr, & McKeeff, 2005; Behrmann &
Kimchi, 2003; Marotta, McKeeff, et al., 2002; Marotta,
Behrmann, & Genovese, 2001; Gauthier et al., 1999).
This study was approved by the Institutional Review
Boards of Carnegie Mellon University and of the Uni-
versity of Pittsburgh Medical Center, and written in-
formed consent was obtained from all participants.

METHODS

Computer tasks were run on a Macintosh G3, using
either ePrime or Matlab 5.2 at a viewing distance of
approximately 65 c¢cm from the screen. In all experi-
ments, stimuli remained visible until the subject re-
sponded by pressing designated keys on the keyboard
or by providing a verbal response. Instructions were to
respond as quickly and accurately as possible and prac-
tice trials were given before each experiment.

Face-related Tasks
Famous Faces Identification

Subjects were shown two sets of famous faces. For the
first set, 97 photographs were presented individually
on a computer screen until subjects named each face,
provided any other relevant information about the
face (e.g., profession), or said they did not know any-
thing about the face (Figure 1A). A response was con-
sidered correct if the correct name was provided. For
the second set, 56 photographs were of famous individ-
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uals and the remaining 56 were unfamiliar (e.g., famous
actors or celebrities from other countries) (Figure 1C).
Photographs were chosen so as not to contain any
salient or diagnostic cues. Roughly half the photographs
were in color and half in monochrome. Half the faces
were male and the other half female. Images were
cropped to fit into a black oval to maintain equivalent
size across pictures. Instructions were to name the
person, provide any relevant contextual information,
or report “don’t know.”

Face Discrimination

Subjects decided whether two faces were the same or
different and pressed one of two keys to respond
(Gauthier et al., 1999) (Figure 2A). Faces were paired
in three conditions: (1) identical (20 trials), (2) different
gender and individual (GI, 20 trials), and (3) same
gender, different individual (I, 20 trials).

Upright and Inverted Faces

The stimuli consisted of 60 gray-scale faces (half male,
half female) containing no diagnostic or salient cues,
scanned from a 3Dlaser and obtained from Bilthoff
and Troje (Max Planck Institute, Tibingen, Germany)
(Figure 3A). All faces were cropped using the same
2.25 x 3.00-inch oval window to remove cues from
the hairline and face contour. On each trial, a target
(above) and two choices (lower right and left side)
appeared on the screen and subjects indicated by
button press which choice matched the target (Marotta,
McKeeff, et al., 2002). The target and the two choices
(always shown from the same view) could appear in the
frontal, three-quarter, or profile view. In half the trials,
the faces were upright and in the remaining half, they
were inverted.

Nonface-related Tasks
Object Discrimination

Two stimuli appeared for a same/different judgment
(Figure 4A). When they differed, they did so at either
the basic (a chair and a duck), subordinate (a duck and
a pelican), or exemplar level (2 different ducks), and
there were 20 trials of each type.

Greeble Discrimination

In each trial, two Greebles (or a Greeble and an object)
appeared on the screen for a same/different judgment
(see Behrmann, Marotta, et al., 2005; Gauthier et al,,
1999; Figure 5A). Stimuli could differ at a basic level (a
Greeble and a car), or could both be Greebles but differ
at the gender (different directions of appendages), family
(different main bodies), or individual (same direction of

appendages and main body but different shape appen-
dages) level. There were 30 trials of each kind.

Configural Tasks
Global/Local Perception

This experiment examines the CP individuals’ abilities to
integrate local aspects of a display into a coherent global
configuration (Figure 6A). The stimuli were four hierar-
chical letters of two types: comsistent letters, in which
the global and the local letters shared identity (a large H
made of smaller Hs and a large S made of small Ss), and
inconsistent letters in which the letters at the two levels
had different identities (a large H made of small Ss and a
large S made of small Hs). The global letter subtended
3.2° in height and 2.3° in width, and the local letter
subtended 0.44° in height and 0.53° in width. Subjects
identified the letter at either the global or local level
in separate blocks of trials in which consistent and
inconsistent letters were randomized. Each block (z =
96 trials) was preceded by instructions to identify at
the local or global level. The order of the blocks and
response was counterbalanced. A trial was initiated with
a central fixation cross of 500-msec duration, which was
immediately replaced by one of the four possible stimuli.
Participants pressed one of two keys on the keyboard to
indicate a response of “S” or “H.”

Microgenetic Analysis of Configural Organization

This paradigm involved a prime followed by a test pair
and subjects decided whether the two patterns of the
test pair were the same or different. The priming stimuli
and the same- and different-response test pairs are
presented in Figure 7A. The priming stimuli were hier-
archical patterns (global diamonds made up of circles)
of two types: a few-element pattern and a many-element
pattern, administered in separate blocks of 160 trials
each. The few-element prime was a diamond made of 4
relatively large circles, and the many-element prime was
a diamond made of 16 relatively small circles. Each test
pair contained two hierarchical patterns. There were
two types of test pairs defined by their prime-test
similarity: the Element-Similarity (ES) test pairs in
which the two figures were similar to the prime in their
local elements but differed in global configuration, and
the Configuration-Similarity (CS) test pairs in which
the figures were similar to the prime in global configu-
ration but differed in local elements. The global dia-
mond subtended 1.25° of visual angle, and the global
square 0.96°. Each circle element subtended 0.36° (in
diameter) in the few-element and 0.18° in the many-
element patterns. Each individual square element sub-
tended 0.38° in the few-element patterns and 0.19° in
the many-element patterns. The distance between the
centers of the stimuli in a test pair was 7 cm.
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All the combinations of the three factors (prime dura-
tion, test type, and response) were randomized within
block with each combination occurring on an equal
number of trials. On each trial, a small fixation dot
appeared in the center of the screen for 250 msec,
followed by a prime. The presentation time for the
priming stimulus was equally and randomly distributed
among 40, 90, 190, 390, and 690 msec. Immediately
after the presentation of the prime, the test display
appeared and stayed until the participant responded,
for a maximum of 3000 msec. The two figures of the test
pair appeared on either side of the location previously
occupied by the prime and participants made the same/
different judgment by pressing one of two response
keys. Each individual completed 320 trials with practice
trials for few- and many-element patterns.

Low-level Visual Testing

To establish log contrast thresholds across the range of
spatial frequencies from 1 to 30 cycles per inch (cpi), a
pair of images was presented sequentially, one of which
contained the frequency-modulated image and subjects
performed a forced-choice discrimination of first versus
second image (see Figure 8A). If the response was
correct, a more difficult discrimination (decreased con-
trast by 0.2) was presented on the next trial. If the
response was incorrect, the contrast was increased by
0.2. Each frequency bin (0.3, 1, 3, 10, 30) was tested in
a separate block and a log contrast threshold was de-
termined for each cpi using method of limits where
threshold is defined as the value of contrast that pro-
duces 82% accuracy in response.

To examine contour detection thresholds, we used
cards containing a smoothly aligned closed path of
Gabor elements, embedded in a random array of Gabor
elements of the same spatial frequency and contrast
(Pennefather, Chandna, Kovacs, Polat, & Norcia, 1999)
(Figure 8B). The cards are presented individually and
the subject is required to indicate the location of the
contour formed by the Gabor patches. The critical
manipulation or parameter is the spacing between the
adjacent elements in the background relative to the
spacing between neighboring elements along the con-
tour. A ranges between 1.15 (card 2_1) to 0.5 (card
2_15) in steps of 0.05. This parameter expresses ‘“rela-
tive noise density,” and reflects signal-to-noise ratio
so that the smaller the A value, the better detection.
As A decreases, long-range spatial interactions of ori-
ented features, presumably mediated by low-level areas
of the visual cortex, are increasingly involved.

Data Analysis

In all experiments aside from the famous faces task
and tasks of low-level vision, RT for correct trials and
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accuracy data were analyzed. Where possible, A’ was
also calculated. A’ is a nonparametric measure of sen-
sitivity, allowing us to characterize the discrimination
performance of the subjects, independent of response
bias. An A" of .5 indicates chance performance and
more positive values indicate better than chance sensi-
tivity. The CP group was always compared to the control
subjects and, where possible, to the AP patients.

Famous Faces

The performance of the CP group was compared with
that of the control group, separately for the two sets of
famous faces. For the latter set, an ANOVA was con-
ducted with group as the between-subjects factor and
response (name correct, context correct, don’t know,
and incorrect) and number of trials as the dependent
measures.

Low-level Visual Tests

Thresholds were established for each CP subject accord-
ing to the procedures spelled out for each experiment.
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