
D
r

R
a

b

a

A
R
R
A
A

K
F
F
R
P
S
S

1

s
a
t
p
I
t
i
i
M
r
n
w
m
–
1

p
o
n

0
d

Neuropsychologia 50 (2012) 334– 340

Contents lists available at SciVerse ScienceDirect

Neuropsychologia

j ourna l ho me  pag e: ww w.elsev ier .com/ locate /neuropsychologia

evelopmental  prosopagnosia  and  super-recognition:  No  special  role  for  surface
eflectance  processing

ichard  Russell a,∗, Garga  Chatterjeeb,  Ken  Nakayamab

Gettysburg College, Department of Psychology, Gettysburg College, 300 North Washington Street, Gettysburg, PA 17325, USA
Harvard University, USA

 r  t  i  c  l  e  i n  f  o

rticle history:
eceived 21 September 2011
eceived in revised form 6 December 2011
ccepted 7 December 2011
vailable online 16 December 2011

eywords:

a  b  s  t  r  a  c  t

Face  recognition  by  normal  subjects  depends  in  roughly  equal  proportions  on  shape  and  surface
reflectance  cues,  while  object  recognition  depends  predominantly  on  shape  cues.  It  is  possible  that  devel-
opmental  prosopagnosics  are  deficient  not  in  their  ability  to  recognize  faces  per  se,  but  rather  in  their
ability  to  use  reflectance  cues.  Similarly,  super-recognizers’  exceptional  ability  with  face  recognition  may
be  a result  of  superior  surface  reflectance  perception  and  memory.  We  tested  this  possibility  by  adminis-
tering  tests  of  face  perception  and  face  recognition  in  which  only  shape  or reflectance  cues  are  available
ace recognition
ace perception
eflectance
igmentation
hape
uper-recognizers

to developmental  prosopagnosics,  super-recognizers,  and  control  subjects.  Face  recognition  ability  and
the  relative  use  of shape  and  pigmentation  were  unrelated  in  all  the  tests.  Subjects  who  were  better
at  using  shape  or  reflectance  cues  were  also better  at using  the  other  type  of  cue.  These  results  do  not
support the  proposal  that  variation  in  surface  reflectance  perception  ability  is  the  underlying  cause  of
variation  in  face  recognition  ability.  Instead,  these  findings  support  the  idea  that face  recognition  ability
is  related  to  neural  circuits  using  representations  that  integrate  shape  and  pigmentation  information.
. Introduction

Recognizing conspecifics is of critical importance to social
pecies such as humans, and is foundational for social behavior
nd social cognition. Though there are many sources of informa-
ion about the identity of another person, including voice, clothing,
atterns of gait, and context (e.g. I expect to see my  dentist when

 go to his office), the primary cue for identifying other people is
he face. Given the behavioral importance of face recognition, it
s perhaps not surprising that there are entire cortical networks
nvolved in face recognition in humans and other primates (Tsao,

oeller, & Freiwald, 2008). Further evidence for the notion that face
ecognition is an important and distinct ability is the discovery of
europsychological cases presenting impaired recognition of faces
ith otherwise normal visual perception – in some cases with nor-
al  or relatively normal visual recognition of other kinds of objects

 a condition called prosopagnosia (Farah, Wilson, Drain, & Tanaka,
995; Henke, Schwinbuerger, Grigo, Klos, & Sommer, 1998).

Until a decade ago, most cases in the literature were of acquired

rosopagnosia, where the deficits are a result of trauma, stroke,
r other brain damage. During the past decade there have been
umerous reports of people with very poor face recognition
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ability where the deficits cannot be tied to specific brain damage, a
condition called developmental prosopagnosia (sometimes called
congenital prosopagnosia or hereditary prosopagnosia) (Behrmann
& Avidan, 2005; Duchaine & Nakayama, 2005). The discovery of
many cases of developmental prosopagnosia is part of a larger
discovery that the common range of face recognition ability is
much wider than previously assumed. On the low end of face
recognition ability lie the developmental prosopagnosics who have
been estimated to comprise around 2% of the general population
(Kennerknecht et al., 2006). On the other end of the face recognition
spectrum are super-recognizers (Russell, Duchaine, & Nakayama,
2009), who  are far better than average at recognizing faces. Super-
recognizers have been proposed to represent the high end of a
unitary distribution of ability with developmental prosopagnosia
at the low end, which would mean that both groups are quanti-
tatively rather than qualitatively different from average (Russell
et al., 2009). Aside from the knowledge that face recognition ability
is highly heritable (Wilmer et al., 2010; Zhu et al., 2010), little is
known about the specific causes of the range of ability.

Prosopagnosia, and now super-recognition, have been a focus
of research in part because of the debate over whether face recog-
nition is separable from the recognition of other classes of object,
a debate which is itself part of a larger question in cognitive neu-

roscience about modularity – whether the brain is organized along
domain-specific or domain-general lines. According to the domain-
specific account, the mind is divided according to the content of
the information processed, while in the domain-general account,

dx.doi.org/10.1016/j.neuropsychologia.2011.12.004
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
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he mind is divided according to the kinds of processes it car-
ies out (Kanwisher, 2000; Tarr & Gauthier, 2000). This debate has
layed out with respect to prosopagnosia with researchers debat-

ng whether the deficits seen in prosopagnosia are truly specific to
he domain of faces or are instead specific to the process of expert
ecognition. Some researchers have argued that prosopagnosia is a
eficit specific to the recognition of faces (Duchaine & Nakayama,
005), while others have argued that prosopagnosia is a deficit not

n face recognition per se, but rather in the recognition of any object
lass for which the observer has expertise (Gauthier, Behrmann, &
arr, 1999). In this latter account all normal adults could be consid-
red face experts, and some are also experts at recognizing other
lasses of stimuli, such as birds, dogs, or cars.

However, there is also a third possibility for why developmen-
al prosopagnosics have face recognition deficits. Rather than being

 deficit in face specific processes or expert specific processes,
evelopmental prosopagnosia could be due to a deficit in a visual
ompetency that is more relevant for recognizing faces than for
ecognizing other kinds of objects. In such an account, develop-
ental prosopagnosia results not from abnormal development of

ace-specific neural circuits or expertise-specific neural circuits, but
ather from abnormal development of a perceptual ability that is
seful only or mostly for recognizing faces. An analogous situation
as been found in auditory perception with a disorder that affects

 specific component of high level perception and recognition –
ongenital amusia.

Congenital amusia is marked by impairments in music mem-
ry and recognition, as well as singing, and appears specific to
he domain of music, without impairment to language comprehen-
ion (Zatorre, Belin, & Penhune, 2002). Like prosopagnosia, amusia
as been a focus for speculation about the modularity of cogni-
ion (Peretz & Coltheart, 2003). While the most apparent deficit in
his disorder is the inability to perceive music, it is now known
hat amusia is caused by severe deficiencies in the perception of
hanges in pitch (Ayotte, Peretz, & Hyde, 2002; Peretz et al., 2002).
he specificity of the disorder is not caused by damage to neural
ircuits specific for music. Instead it is a result of music percep-
ion and production being the only cognitive function that requires
ne discrimination of pitch. While pitch plays a role in language
especially tonal languages such as Mandarin Chinese), the mean-
ngful pitch variations are coarse compared to those of music, and
an be comprehended by people with amusia. Thus, the origin of
he disorder appears to be acoustic and music-relevant, not music-
pecific (Peretz, 2008; Peretz & Hyde, 2003). Prosopagnosia may
imilarly have origins that are perceptual and face-relevant, but
ot face-specific. For this to be the case, the impaired perceptual
bility would need to be one that is required much more for the
ecognition of faces than for the recognition of other object classes.

The appearance of any three-dimensional object can be
xplained in terms of three variables: the shape of the object,
he way that the surface of the object reflects and transmits
ight, and the illumination of the object. Considering the face as
n object, we can explain the difference in appearance between
wo faces under the same conditions of illumination as arising
rom differences in their shape and differences in their sur-
ace reflectance properties. The reflectance properties of facial
kin are quite complex, with a great deal of sub-surface scat-
ering of light (Debevec et al., 2000). Here we  also use the
erm ‘pigmentation’ interchangeably with ‘reflectance’ to refer
o all of the reflectance properties of the face, including the
roportion of incident light that the surface reflects, the pro-
ortion of light it reflects as a function of wavelength, surface

nd sub-surface scattering of light, as well as variation across
he surface of these properties (i.e. color and visual texture are
ncluded in our definition, among other properties). Work from
everal laboratories using a variety of methods has evaluated
ogia 50 (2012) 334– 340 335

the use of shape and pigmentation information for face recog-
nition, arriving at the general conclusion that the two kinds of
cues are about equally useful for face recognition by normal
observers (Caharel, Jiang, Blanz, & Rossion, 2009; Jiang, Blanz, &
O’Toole, 2006; O’Toole, Vetter, & Blanz, 1999; Russell & Sinha,
2007; Russell, Sinha, Biederman, & Nederhouser, 2006; Russell,
Biederman, Nederhouser, & Sinha, 2007; Siemionow & Agaoglu,
2006).

While the literature supports the idea that shape and reflectance
are equally useful for recognizing faces, the situation with most
other classes of objects is different. Most basic level categories
of objects are recognized predominantly on the basis of shape
cues (Biederman & Ju, 1988; Tanaka, Weiskopf, & Williams, 2001;
Ullman, 1996). This is not to say that reflectance properties are irrel-
evant for recognizing objects, but rather that shape is clearly more
important than surface reflectance properties. Thus one way that
recognition of faces differs from recognition of most other classes of
objects is in the utility of surface reflectance properties. Reflectance
properties are much more important for recognizing faces than
recognizing other kinds of objects.

The equivalent importance of shape and pigmentation for face
recognition but greater importance of shape for recognition of
most other objects is consistent with recent neuroimaging work
(Cant et al., 2009; Cant & Goodale, 2007; Cant & Goodale, 2011)
showing a gradient in ventral cortex between regions involved in
perception of shape and regions involved in perception of texture
(reflectance). Specifically, lateral occipital complex (LO), a cortical
region involved in object recognition (Malach et al., 1995), lies at the
end of the gradient dominated by shape, while the collateral sulcus
(CoS) and parahippocampal place area (PPA) (Epstein & Kanwisher,
1998) lie at the end dominated by surface properties. The fusiform
face area (FFA), a cortical region involved in the perception of faces
(Kanwisher, McDermott, & Chun, 1997), sits midway between the
shape and reflectance ends of the gradient and is sensitive to both
shape and surface properties.

Developmental prosopagnosics are generally more impaired at
recognizing faces than recognizing other classes of objects. While
developmental prosopagnosics report difficulties with face recog-
nition in their day to day lives, few report difficulties recognizing
other kinds of objects. Indeed, it is possible for the same individ-
ual to have extreme face recognition impairments but be perfectly
normal at recognizing other objects in standardized tests – i.e.
to have “pure” prosopagnosia (Duchaine, Dingle, Butterworth, &
Nakayama, 2004), though a recent study with a large number of
developmental prosopagnosics found that most are impaired at
recognizing other object classes (Chatterjee, Russell, & Nakayama,
2009). However, even in that study, the developmental prosopag-
nosics were more impaired with faces than with the other object
classes.

Given that recognition of faces requires the ability to per-
ceive and remember surface reflectance properties more than does
recognition of other kinds of objects, and that prosopagnosics are
much worse at recognizing faces than other kinds of objects, it
is possible that prosopagnosia is a deficit of reflectance (pigmen-
tation) perception. In other words, developmental prosopagnosia
could be a selective deficit not of face recognition but rather of per-
ception and memory for surface reflectance properties. Similarly,
super-recognizers may  simply be exceptionally good at perceiv-
ing reflectance properties. Here we  describe efforts to test the
idea that variation in the ability to perceive and remember facial
pigmentation causes variation in face recognition ability. Unless
pigmentation perception is completely irrelevant for face recog-

nition, it should be related to some extent with face recognition
ability. The critical question is whether pigmentation perception is
more strongly related to face recognition than is the other percep-
tual component of recognition – shape perception.
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To determine whether ability to use both shape and pigmen-
ation information in face perception and face recognition varies
s a function of face recognition ability, we identified three groups
f subjects: developmental prosopagnosics (who have very poor
ace recognition ability), control subjects, and super-recognizers
who have very good face recognition ability). All the subjects were
ested for their ability to perceive subtle differences between faces
sing either shape or pigmentation information, and to recognize
aces using either shape or pigmentation information. In this way
e sought to determine whether these groups show differences in

heir relative use of shape and pigmentation information to per-
eive and recognize faces. While we expected to find main effects
f the subject group (with super-recognizers generally performing
he best on the face processing tasks, the controls in the middle,
nd the developmental prosopagnosics performing the worst), the
ritical test of the hypothesis is the existence of a meaningful inter-
ction between the subject groups and the cue type (i.e. the use of
hape or pigmentation information).

. Subjects

Participants in the study were identified and recruited into
ne of three groups: developmental prosopagnosics, controls, and
uper-recognizers. These three groups were each recruited by dis-
inct procedures, as described below.

Ten developmental prosopagnosic subjects were recruited
hrough the Prosopagnosia Research Centers website,
ww.faceblind.org, which exists to provide information about
rosopagnosia and related disorders, and also to allow individuals
o self-identify as having face recognition difficulties and interest
n research participation.

Twenty-six control subjects were recruited through the Har-
ard Psychology department study pool. These subjects were not
sked whether they have difficulty recognizing faces. Thus, self-
erception of face recognition ability was neither an inclusionary
or an exclusionary factor for this group.

The six super-recognizer subjects were not actively recruited.
ost of the super-recognizer subjects independently contacted

he researchers in order to indicate that they believed they
ad superior face recognition ability, and were interested in
articipating in research. One subject was identified to the
esearchers by his friend who was tested in our laboratory for
rosopagnosia.

Following recruitment, all subjects were given the same two
tandardized tests: the Cambridge Face Perception Test (CFPT)
Duchaine, Germine, & Nakayama, 2007a)  and the Cambridge Face

emory Test (CFMT) (Duchaine & Nakayama, 2006). Controls and
uper-recognizers were given the long form of the CFMT, which has
etter discrimination at the high end of performance (Russell et al.,

009). Because the long form of the CFMT contains the short form,

 subject who has completed the long form has also completed the
hort form. Performance by the different subject groups on the two
tandardized tests are presented in Table 1.

able 1
ean age and performance on standardized tests by different subject groups.

N Age (y) 

Developmental prosopagnosics 10 M
SD

49.5
8.4

Control subjects 26 M
SD

42.2
14.1

Super-recognizers 6 M
SD

40.7
9.9
ogia 50 (2012) 334– 340

3. Experiment 1: face perception

In this study, we sought to characterize the relative util-
ity of shape and pigmentation cues for discriminating between
simultaneously presented faces. In this way, we sought to inves-
tigate the ability of developmental prosopagnosics, controls, and
super-recognizers to perceive shape and pigmentation differences
in the face. To do this, we  modified the design of the Cambridge
Face Perception Test to include only upright faces and by intro-
ducing a shape condition and a pigmentation condition. The test
consists of 16 trials, and in each trial the subject is presented a tar-
get face and six other faces that have been created using morphing
software so that they vary subtly but systematically from the tar-
get. The task of the subject is to sort these six other faces in order of
similarity to the target face. The dependent measure is the number
of errors that the subject makes in placing the faces in the correct
order.

Critically, the target face and the faces to be sorted differ from
one another only in terms of their shape or their pigmentation.
In some trials all the faces differed only in terms of shape and in
other trials all the faces differed only in terms of pigmentation. Thus
there were two different kinds of trials – shape trials, in which the
subjects had to use shape cues to distinguish among the faces, and
pigmentation trials in which the subjects had to use pigmentation
cues to distinguish among the faces. Examples of two of the trials
are shown in Fig. 1.

In comparing performance with two different kinds of cues, it
is important to equate the amount of information available in the
two  cue types (i.e., the similarity of the stimuli in the two differ-
ent conditions). The face images used in this task were modified
from sets of faces differing in terms of either shape or pigmenta-
tion that were used in two  previous studies (Russell et al., 2006,
2007). Those shape and pigmentation sets were equated for per-
ceptual similarity, as measured by the Gabor-jet model developed
by von der Malsburg and colleagues (Lades et al., 1993). This pro-
cess of equating the stimuli sets is described in detail in Russell
et al. (2007).  The stimuli for the current work, e.g. the shape set,
were created by morphing together the stimuli from the shape set
from Russell et al. (2007).  Because of this, the degree of similarity
between stimuli in the shape and pigmentation sets should have
remained roughly matched. However, there was one relevant dif-
ference. The Gabor-jet model is designed to compare the similarity
of grayscale but not color images. The shape and pigmentation sets
in Russell et al. (2007) that were matched for Gabor-jet similar-
ity were grayscale images. However the images used here were
full-color versions of these same images. Because color variations
are present in the pigmentation but not the shape sets, we would
expect that the faces in the pigmentation set are somewhat less
similar to one another than those in the shape set.

The results from Experiment 1 are presented in Fig. 2. The super-

recognizers performed better at this task than the controls, who in
turn performed better than the developmental prosopagnosics. All
subject groups performed better using shape cues than pigmen-
tation cues. A repeated measures analysis of variance (ANOVA) of

CFMT short CFMT long CFPT
upright

CFPT
inverted

39.1
5.0

–  67.8
17.6

75.3
15.4

60.1
8.5

75.2
11.6

35.4
12.9

70.5
15.7

71.3
0.8

95.0
1.9

24.7
10.3

56.7
11.7

http://www.faceblind.org/
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Fig. 1. Example trials from Experiment 1. (a) Trial from the pigmentation condition in which shape remains constant. The six faces have been put into the correct order, with
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he  face that is most similar to the highlighted target face at the far left, the least s
hich  pigmentation remains constant. The six faces are shown in the order that th

rder.  Notice that shape here refers not only to the outline of the face, but also to th

erformance (number of errors) with cue type as a within subject
actor and subject group as a between groups factor found signifi-
ant main effects of cue type (F1,39 = 14.07, p < 0.01, �2 = 0.265) and
ubject group (F2,39 = 21.88, p < 0.001, �2 = 0.529). There was a trend
oward an interaction between cue type and subject group, though
t was not significant (F2,39 = 3.07, p = 0.058), with the developmen-
al prosopagnosics and super-recognizers, but not the controls,
erforming relatively better in the shape condition than the pig-
entation condition.
As would be expected based on previous research (Russell et al.,

009), subject groups with better face recognition ability were bet-
er at performing this face discrimination task. Consistent with
revious work with these same images (Russell et al., 2006, 2007),
ontrol subjects performed about equally well using shape and pig-

entation cues. However, both the developmental prosopagnosics

nd the super-recognizers performed better using shape cues than
igmentation cues.

ig. 2. Performance in Experiment 1 by the different subject groups. Performance is
easured in errors, thus a score higher on the y-axis represents better performance.
 face at the far right, and so forth in between. (b) Trial from the shape condition in
peared initially to the subjects, and hence have not yet been placed in the correct
pes and locations of the internal features (eyes, eyebrows, nose, mouth).

4. Experiments 2a & 2b: face memory

In this study, we  sought to characterize the relative util-
ity of shape and pigmentation cues for recognizing previously
viewed faces. In this way, we sought to investigate the ability of
developmental prosopagnosics, controls, and super-recognizers to
remember shape and pigmentation information in the face. To do
this we  used a two-alternative forced-choice (2AFC) memory test.
In this test, novel faces are presented twice during a training phase
which is followed by a test phase in which two images are pre-
sented side by side, the target face and a distractor face that has
the same shape or the same pigmentation as the target. The sub-
ject’s task is to decide which of the two  faces had been presented
previously during the training phase. By presenting in any single
trial a target and distractor that differed in terms of only shape or
only pigmentation, we  were able to test the ability of subjects to
use shape or pigmentation for face recognition.

Because of the large difference in face memory ability between
the super-recognizers and developmental prosopagnosics, we
created two  different versions of the test, a hard version for dis-
tinguishing normal from above normal performance, and an easy
version for distinguishing normal from below normal performance.
The hard version was given to the super-recognizers and one group
of controls, and the easy version was given to the developmental
prosopagnosics and a different group of controls. The two  versions
differed in the number of target faces and the length of the delay
between training and test. The hard version had 30 target images,
and a 20 min  delay between training and test. The easy version had
18 target images and no delay between training and test.

4.1. Experiment 2a results

The easy version of the 2AFC memory test was  given to 12 con-
trol subjects and the ten developmental prosopagnosics. The results

of the easy version are presented in Fig. 3. A repeated measures
analysis of variance (ANOVA) of performance on the easy version
with cue type as a within subject factor and subject group as a
between groups factor found significant main effects of cue type
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Fig. 3. Performance by developmental prosopagnosic and control subjects on the
easy  version of the 2AFC memory test.

Fig. 4. Performance by control subjects and super-recognizers on the hard version
o

(
p
i
f
t
g

4

t
v
a
a
f
p
t
e
b

between subject group and cue type (p = 0.058). While the control
f the 2AFC memory test.

F1,20 = 7.28, p < 0.05, �2 = 0.267) and subject group (F1,20 = 10.74,
 < 0.01, �2 = 0.349). Performance was better using pigmentation
nformation than shape information, and the control subjects per-
ormed better than the developmental prosopagnosics. However,
here was not a significant interaction between cue type and subject
roup (F1,20 = 2.70, p > 0.1).

.2. Experiment 2b results

The hard version of the 2AFC memory test was  given to 11 con-
rol subjects and the six super-recognizers. The results of the hard
ersion are presented in Fig. 4. A repeated measures analysis of vari-
nce (ANOVA) of performance on the hard version with cue type
s a within subject factor and subject group as a between groups
actor found a significant main effect of subject group (F1,14 = 23.83,

 < 0.001, �2 = 0.630). The super-recognizers performed better than
he control subjects. However, there was not a significant main

ffect of cue type (F1,14 = 1.95, p > 0.1) or a significant interaction
etween cue type and subject group (F1,14 < 1).
ogia 50 (2012) 334– 340

5. Discussion

Recognizing faces requires the perception of surface reflectance
properties much more than recognizing most other kinds of
objects. Because of this, developmental prosopagnosia and super-
recognition could be caused by exceptionally bad or good surface
reflectance perception, respectively. As such, prospagnosia would
be more akin to amusia, with a relevant perceptual factor as the
underlying deficit rather than face recognition per se. Our  cur-
rent experiments do not support this hypothesis. There was  no
relationship between face recognition ability and the relative use
of shape and pigmentation information. In both experiments there
was  no significant interaction between the subject group and the
kind of information (shape or pigmentation) used to perceive or
recognize faces. Shape and pigmentation cues were used in roughly
equal measure by people with very good and very bad face recog-
nition ability. This supports the idea that ability to use both shape
and pigmentation information in face perception and face recogni-
tion does not vary as a function of face recognition ability. People
who  are good at recognizing faces are good at using both shape
and pigmentation cues to do so; people who are bad at recogniz-
ing faces are bad at using both shape and pigmentation cues to
do so.

While these results indicate that prosopagnosia is not a con-
dition caused by deficits in the perception of surface reflectance
properties, we  cannot rule out the possibility that prosopagnosia
is a condition caused by deficits in some other perceptual com-
petency that is face relevant but not face specific. However, two
other accounts of developmental prosopagnosia as resulting from
face relevant perceptual deficits, one account involving impaired
perception of curved volumetric surfaces (Laeng & Caviness, 2001),
and the other involving a greater local processing bias in perceiv-
ing hierarchically organized compound figures (Behrmann, Avidan,
Marotta, & Kimchi, 2005), have not been supported by subsequent
investigations (Duchaine et al., 2004; Duchaine, Yovel, & Nakayama,
2007b). Thus there remains little evidence for perceptual deficits
that are not face-specific in developmental prosopagnosia, despite
several investigations. This suggests that developmental prosopag-
nosia is not like amusia. Amusia is marked by deficits to a high
level faculty (music perception and production), but is caused by a
low level deficit (pitch perception). Developmental prosopagnosia
is also marked by deficits to a high level faculty (face recognition)
but unlike with amusia, it does not seem to be caused by a low level
deficit. Rather, the weight of evidence suggests that developmental
prosopagnosia is caused by a high level deficit. It remains to be seen
whether the high level deficit is specific to face recognition itself,
or to something more general (Chatterjee et al., 2009).

The knowledge that developmental prosopagnosia is not due
to a perceptual deficit can aid in the search for neural anoma-
lies in prosopagnosia and super-recognition, which in turn aids
the quest to understand the neural mechanisms of face recogni-
tion. Neural circuits related to face recognition ability must use
both shape and pigmentation information about equally. This sup-
ports the idea that these circuits represent facial appearance by
pooling lower-level patterns of shape and reflectance into combi-
nations that include both types of information (Jiang et al., 2006).
Further, this is consistent with the notion that the location of
the Fusiform Face Area is midway along the shape–reflectance
gradient in ventral cortex (Cant & Goodale, 2011) because the
region integrates these two kinds of cues to visually process
faces.

In Experiment 1, there was a trend toward an interaction
subjects performed equally well with shape and pigmentation cues,
the developmental prosopaganosics and the super-recognizers
performed better with shape cues than pigmentation cues. There
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re several possible explanations of this trend. It may  be meaning-
ess noise due to the small sample sizes among the developmental
rosopaganosics and particularly the super-recognizers. Another
ossibility is that it is a real effect with external validity, and
hat the two special populations actually do use shape cues

ore than pigmentation cues even outside the laboratory. This
ccount would require multiple causes for the spectrum of
ace recognition ability, i.e. that the two special populations
re not simply at opposite ends of the same distribution, but
ather that what makes super-recognizers good at face recogni-
ion is qualitatively different from what makes developmental
rosopagnosics bad. A piece of evidence arguing against the
ossibility that the special populations (or at least the develop-
ental prosopagnosics) make relatively more use of shape cues

han pigmentation cues is that the developmental prosopagnosics
ere somewhat better at recognizing the faces using pigmentation

ues than shape cues in Experiment 2 (although the interaction
as not significant even at the level of a trend). Another possible

xplanation of the trend toward an interaction in Experiment 1 is
hat it is an artifact of the different processes for subject selection
etween the groups. The different subject groups differed in moti-
ation – the developmental prosopagnosics and super-recognizers
re generally more interested in their performance than the con-
rols. This difference in motivation may  have resulted in the special
opulations more actively seeking strategies to perform the task,
nd that these strategies were more effective with the shape cues
han the pigmentation cues.

Overall, the finding that there is no relationship between
ace recognition ability and the relative use of shape and pig-

entation cues neither supports nor contradicts the notion
hat developmental prosopagnosia and super-recognition are at
pposite ends of a unitary distribution. This idea remains spec-
lative, and is based only on the findings that developmental
rosopagnosics are at the opposite end of the spectrum of face
ecognition ability, and that their ability to perceive upright
nd inverted faces is correlated with their face recognition
bility (Russell et al., 2009).

The finding that people with very good and very bad face
ecognition use shape and pigmentation cues equally extends
he literature comparing these kinds of cues. Previous work had
ooked only at subjects with typical face recognition. The cur-
ent findings with subjects from the extremes of the spectrum
f face recognition ability suggest that equivalent importance of
hape and pigmentation is a general property of face recognition
elated to the underlying representations used for recogni-
ion (Jiang et al., 2006), and that the neural representations
sed for face recognition integrate shape and pigmentation

nformation.
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