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a  b  s  t  r  a  c  t

It  has  long  been  argued  that  face  processing  requires  disproportionate  reliance  on holistic  or  configural
processing,  relative  to that  required  for non-face  object  recognition,  and  that a  disruption  of such holistic
processing  may  be  causally  implicated  in  prosopagnosia.  Previously,  we  demonstrated  that  individuals
with  congenital  prosopagnosia  (CP)  did not  show  the  normal  face  inversion  effect  (better  performance  for
upright compared  to  inverted  faces)  and  evinced  a local  (rather  than  the  normal  global)  bias  in a  compound
letter  global/local  (GL)  task,  supporting  the  claim  of  disrupted  holistic  processing  in prosopagnosia.  Here,
we investigate  further  the  nature  of  holistic  processing  impairments  in  CP,  first  by confirming,  in  a large
sample  of CP  individuals,  the  absence  of the  normal  face inversion  effect  and  the  presence  of  the local
bias  on  the  GL  task,  and,  second,  by  employing  the  composite  face  paradigm,  often  regarded  as  the
gold  standard  for measuring  holistic  face  processing.  In this  last  task,  we  show  that,  in  contrast  with
controls,  the  CP  group  perform  equivalently  with  aligned  and  misaligned  faces  and  was  impervious  to

(the  normal)  interference  from  the task-irrelevant  bottom  part of  faces.  Interestingly,  the  extent  of  the
local  bias  evident  in the  composite  task  is  correlated  with  the  abnormality  of  performance  on diagnostic
face  processing  tasks.  Furthermore,  there  is a  significant  correlation  between  the  magnitude  of  the  local
bias in  the  GL  and  performance  on  the composite  task.  These  results  provide  further  evidence  for  impaired
holistic  processing  in CP and,  moreover,  corroborate  the  critical  role  of  this  type  of  processing  for  intact

face  recognition.

. Introduction

Face recognition presents one of the most demanding percep-
ual challenges to the visual system. Not only is a multiplicity of
imensions such as emotional expression and gaze direction con-
eyed via the face, but the individual identity of each face must
e rapidly and accurately established. Despite this apparent com-
lexity, humans are expert at face recognition and the robustness of
his ability is further attested to by the fact that recognition remains
emarkably accurate even under relatively poor lighting conditions,
nder changes in view of the face, and with changes in the age and
ppearance of the face (for example, with changes of facial hair).
urprisingly, however, there are a number of conditions under
hich normal face recognition is adversely impacted. Common to
any, if not all, of these conditions is that there is a disruption
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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f the configural or holistic processing of the face. Consequently,
he observer resorts to relying on the featural information rather
han on the configural information, in which the relations among
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the features of the face rather than just the features themselves, are
represented (Maurer, Le Grand, & Mondloch, 2002; Tanaka & Farah,
1993).

1.1. Configural processing in face recognition

Given that all faces share the same local internal components
(eyes, nose and mouth), the claim is that deriving a rapid and accu-
rate representation of the face requires disproportionate reliance
on the configuration of the features relative to that required for
non-face object recognition (Maurer et al., 2002). Any manipulation
that disrupts the configuration of the face, then, would be predicted
to affect face processing disproportionately. Evidence to support
this prediction comes from a number of experimental paradigms.
For example, it is now well-known that face processing is adversely
affected by changes in orientation: when the face is inverted, recog-
nition is adversely affected to a greater degree, relative to upright,
than is true for other classes of objects (Farah, Tanaka, & Drain,
1995; Freire, Lee, & Symons, 2000; Leder & Bruce, 1998; Malcolm,
Leung, & Barton, 2004; Searcy & Bartlett, 1996). It is also the case
processing in congenital prosopagnosia. Neuropsychologia (2011),

that face perception benefits from the presence of the entire face,
compared with the presence of just some components of the face
and this whole vs. part advantage holds to a greater degree for faces
than for other objects (Gauthier & Tarr, 2002; Tanaka & Farah, 1993).

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Fig. 1. Composite experiment: examples of the stimuli used in the exper

Interestingly, the derivation of the configuration of the face
s apparently so automatic that even when instructed to attend
electively to only some parts of a face, normal observers cannot
elp but be sensitive to the entire face (Amishav & Kimchi, 2010).
ata to support this claim comes from a well-established paradigm
sing composite faces (Boutet, Gentes-Hawn, & Chaudhuri, 2002;
arah, Wilson, Drain, & Tanaka, 1998; Gauthier, Curran, Curby, &
ollins, 2003; Le Grand, Mondloch, Maurer, & Brent, 2004; Young,
ellawell, & Hay, 1987). In the version of this paradigm used here

Fig. 1), individuals view two consecutively presented composite
aces, and make same/different decisions based only on the top
art of the face (Le Grand et al., 2004). The bottom part of the face

s to be ignored. The two faces are created such that the two  top
arts could either be the same or different while the bottom part

s always different. Additionally, the top and bottom parts of a sin-
le face can be either aligned or misaligned. Due to the holistic
ature of face processing, even when instructed to judge only the
op halves of aligned faces and to ignore the bottom parts, normal
bservers exhibit significant interference induced by the presence
f the task-irrelevant bottom half of the composite face (which is
lways different). Thus, erroneously, they tend to judge two faces
ith identical tops as ‘different’ rather than ‘same’ (i.e. make false

larms). This interference from the task-irrelevant bottom of the
ace is substantially reduced when configural information is dis-
upted, as in the misaligned condition (Fig. 1, bottom row) (Young
t al., 1987) and also when the faces are inverted (Hole, 1994; Hole,
eorge, & Dunsmore, 1999).

.2. Disrupted configural processing in prosopagnosia

If it is indeed the case that individuals with prosopagnosia are
mpaired at configural processing, one direct prediction is that their
udgments about the top parts of faces will be impervious to the
different) bottom part of faces, even in the especially taxing aligned
ondition. That is, they will not process the task-irrelevant lower
art of the face automatically.

Considerable empirical evidence supports the notion that a
reakdown in configural processing is related to the impairment

n face processing (for review see Barton, 2009; Rivest, Moscovitch,
 Black, 2009). For example, individuals with prosopagnosia were
ubstantially impaired, relative to matched controls, when decid-
ng which of 3 faces was ‘odd’ when the interocular distance or the
istance between the nose and mouth were altered (Barton, Press,
eenan, & O’Connor, 2002). Based on these findings, the authors
rgued that the need to represent the spatial relations between the
eatures (and they note that the distance between the eyes is espe-
ially important) is integral to the ability to process faces. Moreover,
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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S, a well-characterized patient with acquired prosopagnosia but
o deficits in other perceptual domains, exhibited abnormal holis-
ic processing on several behavioral tests, including the composite
ace paradigm (Ramon, Busigny, & Rossion, 2010).
 showing the aligned (top row) and misaligned (bottom row) conditions.

This disruption in configural processing skills appears to be
true not only of individuals with acquired prosopagnosia (Barton,
2009) but also of individuals with congenital prosopagnosia (CP)
(Lobmaier, Bolte, Mast, & Dobel, 2010). CP is an apparently life-
long deficit in face processing that occurs along with intact sensory
visual abilities, normal intelligence and adequate opportunity
to acquire face recognition skills (Behrmann & Avidan, 2005).
Although there is some evidence that CP is related to a difficulty
in deriving the configural or holistic relations between the features
of a face, this claim is still controversial.

On the one hand, CP individuals, similar to individuals with AP
(Busigny & Rossion, 2010), are minimally (if at all) affected by face
inversion and a few even show better performance for inverted
than upright faces (the “inversion” superiority effect) but this lat-
ter effect is not very common in either forms of prosopagnosia
(Behrmann, Avidan, Marotta, & Kimchi, 2005; Busigny & Rossion,
2010; Farah et al., 1995) (and see also Table 2 in the present study).
Additionally, these same individuals show a bias for local process-
ing of elemental features, even for non-face stimuli. Thus, shown
hierarchical, compound Navon stimuli, these individuals are faster
at local than global letter identification and, when the letter iden-
tities are inconsistent at the two  levels, show no interference from
global to local letter identification, a pattern markedly discrepant
from that of normal observers (Behrmann et al., 2005; Kimchi,
1992; Navon, 2003) (and see also Table 2, Fig. 2 and Supplementary
Fig. 1 in the present study). Finally, along similar lines, Palermo et al.
(2011) recently showed reduced holistic processing (i.e. reduced
interference indicating atypical configural processing) in a group
of 12 individuals with CP on the composite task.

This apparent trend towards featural or elemental processing
may  not be ubiquitous, however. For example, Duchaine (2000)
tested a congenital (or ‘developmental’) prosopagnosic on three
tests from the Kit of Factor-Referenced Cognitive Tests and showed
that this individual performed normally on these gestalt comple-
tion tasks. More pertinent perhaps and contrary to our findings,
Duchaine, Yovel, and Nakayama (2007) tested a group of 14 devel-
opmental prosopagnosia participants on the global/local task and
did not find a local processing bias in these individuals. Addition-
ally, Le Grand et al. (2006) employed the composite face task and
found abnormal performance in only one out of 8 CP participants.
We  return to the discrepancies among these studies, as well as
others, and offer a possible, albeit tentative, resolution in Section 4.

To explore further whether CP individuals do indeed evince
an impairment in holistic processing, here, we conduct 3 experi-
ments, all of which are designed to tap configural processing, in a
relatively large group of 14 well-characterized CP individuals. We
expect to replicate the lack of an inversion effect and the local bias
in the global/local task, both of which we  reported previously in
processing in congenital prosopagnosia. Neuropsychologia (2011),

smaller groups of participants, and, furthermore, predict that the
very same individuals should be less affected by the incongruency
effects afforded by the discrepant bottom parts of aligned faces in
the composite task. In other words, and counterintuitively, in this

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Fig. 2. Supporting evidence for impaired holistic/configural processing in CP. (a) Stimuli used in the compound letter global/local task. (b) Results obtained for the entire
g al/loc
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roup  of control participants, age-matched controls and CP participants on the glob
vince  a local advantage and local-to-global interference. Asterisks denote signific
ean  across participants.

ast task, CP individuals should perform better than controls and
roduce fewer false alarms. Finally, a correlation between perfor-
ance on these tasks would further support an account of abnormal

olistic processing in CP.
Before reporting our empirical findings, we note that the terms

holistic’ and ‘configural’ are used interchangeably in the literature
nd, indeed, there continues to be heated debate on the differ-
nces, if any, that are implied by these two terms (Gauthier & Tarr,
002). In the context of the present study, we use these terms
perationally to refer to the obligatory integrated coding of all the
ace elements, as has been suggested by others (Farah et al., 1998;
amon et al., 2010). Others use the term configural/spacing pro-
essing to refer to the coding of the spatial relations and distances
etween facial (or even non-facial) features, and to the perception
f manipulations of second order relations such as the distance
etween local features, such as the eyes (Barton, 2009; Maurer et al.,
002; Yovel & Duchaine, 2006). Since the experimental paradigms
sed here are not diagnostic of the ability to process the spatial rela-
ions between facial elements, our results cannot speak directly to
he debate regarding the role of holistic vs. spatial relation process-
ng in face perception. Rather, our focus is on characterizing holistic
rocessing in CP individuals and examining the robustness of this
nding using three different but converging paradigms.

. Methods

.1. Participants
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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All participants provided informed consent to a protocol approved by the Insti-
utional Review Boards of Carnegie Mellon University and of the University of
ittsburgh or by the Ethics committee of the Psychology Department at Ben-Gurion
niversity. All participants have normal or corrected-to-normal visual acuity.
al task showing that CPs do not exhibit the expected global advantage and, instead,
evel *p < 0.05; **p < 0.005; ***p < 0.0005. Error bars indicate ± standard error of the

2.1.1. Congenital prosopagnosics
Fourteen individuals who were diagnosed with CP took part in the study (11

females), ages 31–79 years (mean ± SD 52.6 ± 16.4). Eight of these individuals have
participated in previous studies and some of their data, obtained from a subset of the
tasks, have been reported previously (Avidan & Behrmann, 2008, 2009; Behrmann
et  al., 2005; Nishimura, Doyle, Humphreys, & Behrmann, 2010). For more details
regarding previous publications including data of these individuals, see Tables 1–3;
Legends of Fig. 2 and Supplementary Fig. 1. Of the remaining 6 CPs, 5 were tested
in  Israel and one was tested in the US and their data have not been included in any
previous publications.

2.1.2. Control participants
Control participants, none of whom had a history of neurological or psychiatric

illness, were healthy community volunteers and undergraduate students who par-
ticipated in the study in return for course credit. For each experiment, we used
2  control groups: one relatively large (n > 30) heterogeneous control group was
used to establish the extent of the predicted normal behavioral effect and to permit
calculation of normalized z-scores in CPs. In addition, as is common in the neuropsy-
chological literature (e.g. Le Grand et al., 2004), when conducting direct statistical
comparisons between CP and controls using ANOVA, we also used a group of age-
matched controls for the CP participants, sub-selected from the large control group
(in  cases where more than one participant could serve as an age-matched control,
one  of these subjects was  randomly selected). This second group not only serves
as  a direct matched control group but also, because the group sizes are equated
between CP and controls, this avoid any biases that may  result from the differences
in group size. Below, we report data from two sets of studies: the first are a series
of  diagnostic tasks in which we  establish who is CP and included in this group, and
the  second are a series of experimental tasks, which are designed to explore the
possible configural impairment in the CP vs. control individuals.

2.2. Stimuli and experimental design
processing in congenital prosopagnosia. Neuropsychologia (2011),

All CP participants were tested individually. With the exception of the famous
face questionnaire and the Cambridge Face Memory Test (CFMT) and Cambridge
Face  Perception Test (CFPT), the experiments were run using E-Prime (Psychology
Software Tools Inc.) either on a laptop or a desktop PC. The famous faces question-

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Table 1
Demographic details of CP individuals and performance (raw values and z-scores) on famous faces questionnaire,
CFMT and CFPT diagnostic tests.

Participant Sex Age famou s faces
ques tionnaire

CFMT (total) CFPT (upright)

14
% corr.

z-
score

score
z-

score** score
z-

score**

MT* M 41 62.5 -1.64 36 -3.11 40 0.26
BE* F 33 37.5 -3.53 ----- ----- ----- -----
KM* F 60 42.9 -3.12 41 -2.45 34 -0.18
IT* F 72 33.9 -3.8 ----- ----- ----- -----

WS* F 64 37.5 -3.53 27 -4.29 68 2.29
KE* F 67 42.9 -3.12 40 -2.58 48 0.84
IM* M 79 21.4 -4.75 37 -2.97 90 3.88
TD* F 38 46.4 -2.85 41 -2.45 36 -0.03
BT M 32 55.4 -2.18 58 -0.21 52 1.13
SI F 66 37.5 -3.53 45 -1.92 42 0.4
JT F 31 52.4 -2.4 32 -3.63 ----- -----
ID F 41 37.5 -3.53 37 -2.97 74 2.72

SW F 50 55.4 -2.18 48 -1.53 44 0.55
TZ F 62 69.6 -1.1 43 -2.18 56 1.42
CP 

mean±s.d.
52.5±16. 4 45.2±12. 7 40.4±7.9 54±18. 3

Controls
mean±s.d.

Age 
range 20-

70 
(famous 
faces)
45±9.1  
(CFMT)

36.3±13.6 
(CFPT)

84.1±13. 2 59.6±7.6 36.4±13. 8

Color code: green values indicate z-scores 1–1.6 SD from control mean, blue values indicate z-scores 1.6–2 SD
from control mean, and red values indicate z-scores 2 SD or more from control mean. Note that in the famous
faces questionnaire and the CFMT, abnormal performance is indicated by a negative z-score while in the CFPT it
is  indicated by a positive z-score (higher scores on this test indicate low accuracy).
*Performance on famous faces questionnaire of these CP participants was published previously in (Avidan &
Behrmann, 2008; Behrmann et al., 2005; Nishimura et al., 2010).
**Calculation of z-score is based on control data provided in (Duchaine, Germine, et al., 2007; Duchaine, Yovel,
et  al., 2007).

Table 2
Individual and group average of CP participants and large control group (accuracy, RT and z scores) on the upright/inverted face
discrimination task and mean performance of the large control group (n = 37).

participant accurac y
upright 
faces

accurac y
inverted  

faces

inve rsion 
index

accuracy

RT
upright 
faces

RT
inverted 
faces

inversion 
index
RT

% 
corr

z-
score

% 
corr

z-
score

index z-
score

RT 
(msec)

z-
score

RT 
(msec)

z-
score

index z-
score

MT* 100 0.4 100 0.71 0 0.37 8386 7.7 8106 4.22 -0.02 -0.85
BE* 100 0.4 90 -0.61 -0.05 -0.7 8307 7.61 7642 3.87 -0.04 -1.01
KM* 100 0.4 100 0.71 0 0.37 6365 5.33 7973 4.12 0.11 -0.04
IT* * 93.3 -0.91 93.3 -0.17 0 0.37 6500.3 5.49 5381.6 2.2 -0.09 -1.34

WS** 100 0.4 93 -0.21 -0.04 -0.36 3532.1 2 1394.6 -0.76 -0.43 -3.49
KE** 100 0.4 96.7 0.27 -0.02 0.03 3879.4 2.41 4018.6 1.19 0.02 -0.63
IM* 76.7 -4.19 80 -1.93 0.02 0.8 5016.9 3.74 6542.5 3.06 0.13 0.09
TD* 100 0.4 96.4 0.24 -0.02 0.003 1511.6 -0.37 1563 -0.63 0.02 -0.64
BT 86.7 -2.22 65.5 -3.85 -0.14 -2.45 1140 -0.81 959.2 -1.08 -0.09 -1.29
SI 100 0.4 100 0.71 0 0.37 2336.2 0.6 2026.8 -0.29 -0.07 -1.19
JT 100 0.4 93.3 -0.17 -0.03 -0.33 3374.6 1.82 4911.7 1.85 0.19 0.43
ID 96.7 -0.25 100 0.71 0.02 0.72 1077.8 -0.88 1196.8 -0.9 0.05 -0.41

SW 100 0.4 93.3 -0.17 -0.03 -0.33 4560.3 3.21 6953.1 3.36 0.21 0.57
TZ 100 0.4 100 0.71 0 0.37 3800 2.32 3320.8 0.67 -0.07 -1.17

CP
mean±s.d.

96.7
±

6.9

93
±

9.6

-0.02
±

0.04

4270.5
±

2422.6

4427.8
±

2709.8

-0.01
±

0.16

Controls
mean±s.d.

98
±

5.1

94.6
±

7.6

-1.8
±
4.9

1827.9
±

851.7

2415.6
±

1349.8

0.1
±

0.2

Color code as in Table 1.
*Performance on upright and inverted face discrimination task of these CP participants was  published previously in (Avidan & Behrmann,
2008; Behrmann et al., 2005; Nishimura et al., 2010).
**Performance on upright face discrimination task of these CP participants was published previously in (Avidan & Behrmann, 2008).

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Table 3
Individual and group average of CP participants and of the large control groups on the experimental tasks (accuracy, RT and z scores).
Global bias index obtained from the global/local task; raw accuracy and RT and interference index (accuracy and RT) obtained from the
composite face task.

Participant Global bias 
index

composite task 
inter ference index  - accuracy

composite task
interference index - RT

Index 
(RT)

z-
score

missalignend aligned Index
z-

score
missalignend aligned Index

z-
score

MT* 22 -0.2 86.15 74.24 7.43 0.17 933.61 881.8 2.85 0.86
BE* -59 -1.19 98.48 93.94 2.36 -0.56 860.12 708.63 9.66 2.01
KM* -46 -1.03 100 95.45 2.33 -0.57 847.03 813.63 2.01 0.71
IT ----- ----- 86.36 84.85 0.88 -0.78 933.53 1046.54 -5.71 -0.59

WS -102 -1.72 92.31 87.88 2.46 -0.55 1048.4 860.12 9.87 2.04
KE -112 -1.83 81.82 86.36 -2.7 -1.3 949.83 882.51 3.67 0.99
IM -46 -1.03 84.85 83.33 0.9 -0.78 1086.93 902.22 9.29 1.94
TD 27 -0.14 90.91 89.39 0.84 -0.79 835.3 787.02 2.98 0.88
BT -9 -0.58 92.19 98.36 -3.24 -1.38 547.61 685.23 -11.6 -1.51
SI -182 -2.7 95.45 93.94 0.8 -0.79 774 777.68 -0.24 0.33
JT -18 -0.69 90.77 87.88 1.62 -0.67 794.66 836.22 -2.55 -0.06
ID -392 -5.27 90.63 96.97 -3.38 -1.4 604.34 455.16 14.08 2.75

SW -57 -1.16 95.45 89.39 3.28 -0.43 809.77 952.55 -8.1 -0.99
TZ -227 -3.25 93.65 95.16 -0.8 -1.02 853 991.48 -7.51 -0.89

CP
mean±s.d.

-92.4
±

116.5

91.4
±

5.2

89.8
±

6.5

0.9
±

2.9

848.4
±

147.3

827.2
±

146.9

3
±

7.2

Controls
38.1 88.1 78.4 6.3

6

775.2 811.6 -2.2
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mean±s.d.
±

81.5
±

13.1
±

15
*Performance on the global/local task of these CP participants w

aire was conducted as a pencil and paper survey and the CFMT and CFPT were run
sing a Java script. For the computer tasks, participants were seated at a viewing
istance of approximately 60 cm from the computer screen.

.3. Diagnostic tasks for CP

All CP participants reported experiencing substantial life-long difficulties with
ace  processing. In order to establish objective diagnostic criteria for CP individuals,
e  used 4 different experiments previously used in the literature. These included a

amous face questionnaire, the CFMT, the CFPT and a task measuring discrimination
f  novel upright and inverted faces. To determine whether each CP participant is
mpaired, for each of these tests, we calculated z-scores for each participant based
n  data obtained from large control groups (details below). As is common in the
europsychology literature, we establish a cut-off of 2 SD away from the control
ean (red in the tables indicate values beyond 2SDs from the controls). Moreover,

s is the standard in other studies describing individuals with CP (e.g. Bowles et al.,
009; Rivolta, Palermo, Schmalzl, & Coltheart, 2011), we  also label those cases with
orderline z-scores that are between 1 and 2 SD away from the control mean and
onsider them as possibly having some, albeit milder, difficulties with face process-
ng  (in all tables, green values indicate z-scores 1–1.6 SD from control mean and blue
alues indicate z-scores 1.6–2 SD from control mean). However, our strict diagnos-
ic  criteria is to include only participants with clear impairments (more than 2SDs)
n at least two of our four diagnostic measures (see more about this in the specific
escription of each experiment).

.3.1. Famous face questionnaire
All participants were tested on a famous faces questionnaire. This task has been

escribed in detail previously (Avidan & Behrmann, 2008). Briefly, the question-
aire included photographs of faces of 56 celebrities, randomly intermixed with 56
hotos of faces of unknown individuals (celebrities who are famous in other coun-
ries). Face images were inserted into a table printed on paper, and participants had
o indicate the name of the individual, provide some contextual information (e.g.
ccupation) or respond ‘do not know’. Participants were allowed as much time as
hey needed to fill out this questionnaire. We  created two versions of this question-
aire, one suitable for US participants and the other suitable for Israeli participants.

 total of 58 control participants (age range 20–70) completed the questionnaire,
ome of whose data were included in previous studies (Avidan & Behrmann, 2008;
ehrmann et al., 2005). Performance on these two versions of the questionnaire did
ot differ (mean ± SEM: 83.4 ± 2.7%; 84.9 ± 2.3%, for 30 US and 28 Israeli participants,
espectively, p = 0.67).
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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.3.2. CFMT and CFPT
These tests were provided by Dr. Bradley Duchaine and detailed description of

heir procedures can be found in (Duchaine, Germine, & Nakayama, 2007; Duchaine,
ovel, et al., 2007). The CFMT is designed to examine memory of unfamiliar faces and
he  CFPT is designed to examine visual perception of unfamiliar faces. Both tests have
±
.9

±
162

±
169.9

±
5.9

lished previously in (Behrmann et al., 2005).

been widely used in recent years in the congenital/developmental prosopagnosia
literature and hence we  use them here to permit direct comparison of our results
to  other studies. For these tests, we used 2 sets of control data. The first set was
provided to us by Dr. Bradley Duchaine and included 20 controls for CFMT (aged
45.1  ± 9.1) and 37 controls for the CFPT (aged 36.3 ± 13.6). These data have been
used in previous studies for diagnostic purposes for individuals with developmental
prosopagnosia (Duchaine, Germine, et al., 2007; Duchaine, Yovel, et al., 2007). The
second set was taken from data published in (Bowles et al., 2009); we used specific
age-matched norms for each CP individual for both the CFMT and CFPT tests (for the
comparison across z-scores of CP individuals obtained using these different data set
and  see Supplementary Table 1).

2.3.3. Unfamiliar face discrimination
All CP participants were tested on a simultaneous face discrimination task used

previously in our studies (see Behrmann et al., 2005 for details). The control group
was comprised of 37 participants (age range 20–76) with a subgroup of 14 age-
matched controls (mean age 44.1 ± 15.5). On each trial, three unfamiliar faces,
shown from a frontal view, appeared on the screen in a pyramid format (one face at
the top and the two choice faces presented below it to the left and right) for unlimited
exposure duration. Participants had to decide whether the ‘target’ face presented
at  the top was  the exact same face as the face on the bottom left or the bottom
right. In one block, faces appeared in the upright orientation while, in the second,
they were inverted. Note that results from both the upright and inverted trials are
informative and that, in addition, the difference between these two  conditions may
provide supporting evidence for impaired holistic processing in CP.

In this task, as well as in the next two  tasks (compound letter global/local task
and composite task) where both RT and accuracy are recorded, mean RT is calculated
only from correct trials, and trials which are 2SD above or below the mean are
removed prior to RT analyses.

2.4. Experimental tasks

2.4.1. Compound letter global/local (GL) task
The stimuli were four hierarchical letters of two types (Fig. 2a): consistent let-

ters,  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. Participants
identified the letter at either the global or local level in separate blocks of trials in
processing in congenital prosopagnosia. Neuropsychologia (2011),

which consistent and inconsistent letters were randomized. Each block (n = 96 tri-
als) was  preceded by instructions to identify at the local or global level. A trial was
initiated with a central fixation cross of 500 ms  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’. The stimuli remained visible until

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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ubject made a response. The order of the blocks and the response key (S/H) was
ounterbalanced.

Thirty-eight healthy individuals (18 females), ages 18–82 (mean years
2.16 ± 18.35) comprise the large control group for the global/local task and a sub-
roup of 13 age-matched participants (mean years 52.15 ± 15.88) was used for direct
tatistical comparisons with CP subjects (note that one CP subject did not perform
his  experiment and hence the control group here was comprised of 13 participants).

.4.2. Composite face experiment
Stimuli included 12 grayscale images of male faces (provided by Dr. Isabel Gau-

hier). A horizontal black line was  added on top of each face to conceal the area where
he  face is cut. Faces were cropped horizontally at the center of the black line into
wo halves containing the top and bottom part of the face (Fig. 1). The size of each
ace  was ∼4.3◦ horizontally and ∼4.6◦ vertically. The experiment was  composed of
wo separate blocks, one in which faces were presented such that the two halves
omposing the face were aligned and one in which the two halves were misaligned.
he order of the blocks was counterbalanced across participants, and both were run
onsecutively in the same testing session with a short break between them (previ-
us data suggest that order of blocks has no effect on the outcome; Le Grand et al.,
004).  In the misaligned block, the two parts of the face were shifted from the center
f  the screen, such that the top half of the face was displaced 18 pixels rightward
nd the bottom part of the face was displaced 18 pixels leftward (for an example,
ee  Fig. 1). Each block contained 132 trials. On each trial, two  consecutive faces were
resented in the center of the screen. Each face was  presented for 200 ms,  with ISI
f 300 ms  and ITI of 2300 ms.  On half of the trials, the tops of the two faces were the
ame and, on the other half, they were different. The bottom parts of the two faces
ithin a trial were always different. The top and bottom parts of each face always

riginated from a different face such that the original faces were never presented.
Participants were instructed to make a same/different response by pressing

esignated keys with their right (dominant) hand on the computer keyboard.
ritically, participants were instructed to maintain their gaze around the black
orizontal line and to make their judgment based only on the top part of the

ace. Test trials were preceded by ten practice trials of both the aligned and mis-
ligned condition. These trials were discarded from any further analysis. Both
ccuracy and reaction time were recorded. Note that this form of the task is
eferred to as the partial composite task (it is not the full orthogonal crossing
f top/bottom × same/different × aligned/misaligned). While the partial design is
hought to give rise to response biases (Richler, Cheung, Wong, & Gauthier, 2009),

aking its interpretation difficult, here we compare responses across two  groups
oth of whom were subject to the same task design. Our focus then is on the group
ifferences obtained under identical conditions of testing, rather than on any pos-
ible biases or confounds that emerge in a particular design of the task.

Fifty healthy individuals (39 females), ages 19–87 (mean years 46.78 ± 24.31)
omprise the control group for the composite face task with a subgroup of 14 age-
atched participants (mean years 54.93 ± 20.06) serving as a matched control group

or CP.

. Results

.1. Diagnostic tests

Tables 1 and 2 display the raw performance and standardized
-scores, as calculated based on performance of control groups, for
he diagnostic tasks for all CP participants.

.1.1. Famous faces
Twelve CP individuals were clearly impaired on the famous faces

uestionnaire. The remaining 2 participants (MT, TZ) still exhib-
ted some mild difficulty with face recognition as evident by their
elatively low performance and borderline z-scores.

.1.2. CFMT, CFPT
Of the 12 CP participants who completed the CFMT task, 9 were

learly impaired, two (SI, SW)  exhibited low performance and only
ne participant (BT) was clearly in the normal range. As for the CFPT,
f the 11 participants who completed this task, three were clearly
mpaired, two exhibited relatively low performance and the rest of
he participants were in the normal range (see also Supplementary
able 1 for results on the inverted CFPT).
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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.1.3. Upright/inverted face discrimination
We have previously shown that CP individuals are slower than

ontrols on such a novel face discrimination task and that they do
ot show the expected decrement in performance for inverted faces
 PRESS
ogia xxx (2011) xxx– xxx

(the reader is referred to Behrmann et al., 2005 for detailed analy-
sis and discussion of these original findings). Critically, the results
reported in the present study replicate and extend these findings
with 6 additional CP participants whose performance on this task
has not been reported previously (see Table 2 for details).

We start by discussing the results in terms of accuracy and then
move to the RT analyses. As is evident in Table 2, accuracy on this
task is generally high, likely as a result of the unlimited exposure.
Accuracy for upright and inverted faces of all CP participants except
for two (IM, BT) was in the normal range. Unsurprisingly, an ANOVA
of these data, comparing the performance of the CP group and
matched subgroup as the between-subjects factor and orientation
(upright, inverted) as the within-subjects factor, revealed a signifi-
cant main effect of orientation (F(1, 26) = 5.35, p < 0.03) but no effect
of group (F < 1) or group × orientation interaction (F < 1). When
directly comparing the accuracy for upright and inverted faces in
each group, we find a trend for an inversion effect (reduced per-
formance for inverted compared to upright faces) in the matched
controls but not in the CP group (planned comparisons for upright
vs. inverted faces, controls p = 0.07, CP p = 0.18). Finally, to quantify
the extent of the well-documented inversion effect, we calculated
an inversion index (separately for accuracy and RT) as follows:

Inversion index = performance(inverted − upright)
performance(inverted + upright)

When examining this index for accuracy, one CP (BT) is outside the
normal range due to a dramatic decrease in accuracy for inverted
faces (greater reduction than controls). Thus, to summarize, while
controls here show a trend towards an inversion effect in terms
of accuracy, CPs do not show a similar trend, that is they show
equal performance for both upright and inverted faces. As sug-
gested above, this pattern of generally high accuracy for both CP
and controls for both orientations likely emerges from the unlim-
ited exposure duration and under such conditions, RT is considered
the more telling dependent variable.

We first describe the RT results on the upright face discrim-
ination condition alone. Ten of the 14 CPs fell outside the normal
range with significantly longer RT for upright faces. One participant
exhibited relatively slower performance compared to controls (JT)
and one participant, BT, exhibited normal performance in terms
of RT but was  substantially impaired in accuracy, thus exhibit-
ing a clear speed-accuracy trade-off (notably no other participant
showed such a trade-off). Three additional participants (TD, BT,
SI) exhibited normal RT for upright faces, but as will be evident
below, these participants showed a trend towards faster RT for
inverted compared to upright faces and hence exhibited overall
abnormal performance in this task. Thus, most, if not all, CP indi-
viduals exhibit difficulty not only with recognition of famous faces
but also with perceptual tasks involving novel faces both here and
on the CFMT (for related results see (Behrmann et al., 2005; Bowles
et al., 2009; Dobel, Bolte, Aicher, & Schweinberger, 2007). Impor-
tantly, when directly comparing CP to their matched control group
(between subjects) with orientation as the within-subjects factor,
CP participants showed no RT difference between inverted and
upright faces, while controls exhibited significantly faster RT for
upright over inverted faces (significant group × orientation inter-
action F(1,26) = 5.59, p < 0.026, planned comparison for upright vs.
inverted faces, controls: p < 0.007; CP: p = 0.63). Interestingly, a t-
test comparing the CP and matched control data on inverted faces
reveals no group difference (p = 0.4) but controls were significantly
faster than CP on upright faces. Thus, at the group level, CPs do not
show the typical advantage for upright compared to inverted faces
processing in congenital prosopagnosia. Neuropsychologia (2011),

in terms of RT.
To explore the inversion effect (or lack thereof) at an individual

level, we  calculated an index for each participant, as we  did for
accuracy above.

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Interestingly, 6 CPs exhibited decreased RT for inverted com-
ared to upright faces, as evident by their inversion index (5 who
re more than 1 SD away from controls and 1 who is more than 3
D away from controls). Thus, some CP individuals show evidence
or inversion superiority in terms of RT. The lack of an inversion
ffect at the group level and the tendency towards inversion supe-
iority exhibited by some CP individuals, provide further evidence
or the disrupted holistic perception in CP. These results in them-
elves replicate our previous report of this finding and set the stage
or the detailed discussion regarding holistic processing as directly
ested by the two experimental tasks below.

.2. Experimental tasks

.2.1. Global/local task
Fig. 2b shows the data from the hierarchical global/local letter

xperiment for the large control group (n = 38), for the subgroup of
ge-matched controls (n = 13) and for the 13 CP participants (one
P, IT, did not complete this task). We  first describe the performance
f our control groups (whole group and age-matched subgroup), to
onfirm that we have replicated the standard findings, i.e. global
dvantage and global-to-local interference, and then we compare
he CP group with the matched controls.

.2.1.1. Control groups. The results for the large, as well as matched
ontrol groups are presented in Fig. 2. A two-way ANOVA of
onsistency (consistent, inconsistent) × task (global, local) for the
arge control group (n = 38) revealed a significant consistency × task
nteraction (F(1,37 = 8.3), p < 0.007), main effect of consistency
F(1,37) = 28.6, p < 0.000005) and a trend towards main effect of task
F(1,37) = 3.3, p = 0.08) with RTs for local slower than for global tri-
ls. Similarly, for the matched controls (n = 13), there is a two-way
nteraction (F(1,12 = 7.9), p < 0.02), as well as main effects of task
F(1,12 = 8), p < 0.015) and consistency (F(1,12 = 18.8), p < 0.001).
hus, both control groups show the same pattern with performance
aster on the global than local trials and faster on the consistent than
he inconsistent condition. There is also, however, disproportionate
lowing on local inconsistent trials, relative to global inconsistent
rials, reflecting the global-to-local interference.

.2.1.2. CP. We  first perform a similar analysis on the data from
he CP group alone, with task and consistency as within-subject
ariables (Fig. 2). Note that the performance of the CP group is qual-
tatively different from that of controls in that they are slower in
he global than local task. This is confirmed by a main effect of
ask (F(1,12 = 15.13), p < 0.002). Similarly to controls, CP also exhib-
ted a main effect of consistency (F(1,12 = 8.9), p < 0.01) (for more
etails see Fig. 2b and see Supplementary Fig. 1 for raw data of indi-
idual CPs on this task). There is also an interaction between task
nd consistency, (F(1,12 = 8.2), p < 0.015), that arises because the
lobal inconsistent condition is even slower than global consistent,
elative to the local conditions.

To directly evaluate the pattern of CP performance relative
o the age-matched controls, we performed an ANOVA that
evealed a three-way interaction of group (CP, matched con-
rols) × consistency (consistent, inconsistent) × task (global, local)
F(1,24) = 14.97, p < 0.0007). This analysis also revealed a robust
ask × group interaction (F(1,24) = 22.88, p < 0.00007) but no consis-
ency × group interaction (F < 1). Interestingly, there was no main
ffect of group (F(1,24) = 1.34, p = 0.26), indicating that it is not the
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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ase that CP were simply slower compared to controls on this task.
ather, both the significant local advantage and the local-to-global

nterference in the CP group clearly diverge from the matched and
arge control groups, suggesting that the differences between the
P and control groups are robust and replicable.
 PRESS
ogia xxx (2011) xxx– xxx 7

3.2.1.3. Global/local index. To evaluate the extent of the local bias
for the individual CP participants, we calculated a global bias index
for each CP and each control [RT(local inconsistent − global incon-
sistent) − RT(local consistent − global consistent)] and this index
along with its normalized z-score relative to the large control group
is presented in Table 3. This index is a reflection of the graphic
depiction of the results (Fig. 2 and Supplementary Fig. 1), and shows
the magnitude of the inconsistency interference and the global or
local bias—a positive index indicates a global bias while a negative
index indicates a local bias. The mean index for the controls (aggre-
gated across all controls) is 38 ms,  reflecting the global bias while
the mean index for the CPs is −92.4 ms.  Nine of the 13 CP partici-
pants exhibited a bias towards local advantage as evident by their
global bias index (see Table 3). Thus, the local bias in this task is at
both the group level and the individual subject level in many of the
CPs.

3.2.2. Composite face experiment
Previous reports using the composite manipulation (Le Grand

et al., 2004; Young et al., 1987) have demonstrated that the sig-
nature finding obtained with normal observers is an interference
effect, in which there is a reduction in accuracy and/or increase in
RT during the ‘same top’ trials of the aligned condition compared
to the misaligned condition. For example, Le Grand et al. (2004)
reported that control participants have a mean accuracy and RT
of 63% and 780 ms  for the same/aligned condition relative to the
91% and 616 ms  in the same/misaligned condition. This reduced
performance in the same/aligned condition compared with the
same/misaligned is attributed to the automaticity of the holistic
nature of face processing. The question here is whether CP par-
ticipants also show a reduced interference effect compared to the
controls.

We first describe the performance of our control groups (whole
group and age-matched subgroup), showing that we have repli-
cated the predicted composite effect, and then examine the
performance of the CP group in relation to that of control. Fol-
lowing other studies which show that the alignment manipulation
is only effective during the “same top” condition (Le Grand et al.,
2004; Michel, Rossion, Han, Chung, & Caldara, 2006; Ramon et al.,
2010), we  focus only on this condition when examining the com-
posite effect and use the performance on these trials as a measure
of holistic perception (for raw data of these conditions for each CP
see Table 3).

3.2.2.1. Control groups. We  first establish that our control partic-
ipants exhibit the well-documented composite effect (Fig. 3). As
described in the Methods section, we used a large control group
(n = 50) to ensure that we can replicate the standard results and
we also sampled a subgroup of 14 age-matched controls to permit
direct statistical comparison between CP and controls.

A one-way ANOVA comparing aligned and misaligned perfor-
mance (only ‘same top’ trials) on the data from the large control
group revealed, as expected, a significant influence of alignment
on both accuracy, (F(1,49) = 46.9, p < 0.0001), and RT, (F(1,49) = 8.9,
p < 0.005) (see Fig. 3). Thus, overall, the large control group exhibits
the expected interference effect during ‘same top’ trials. The same
analyses conducted with the age-matched control group repli-
cated these findings (alignment effect accuracy: (F(1,13) = 17.7,
p < 0.001); RT: F(1,13) = 8.9, p < 0.01) and assured us that even the
smaller subset of matched controls evince the predicted effects (see
Fig. 3).
processing in congenital prosopagnosia. Neuropsychologia (2011),

3.2.2.2. CP. A simple effect analysis of accuracy and RT revealed
no effect of alignment [accuracy: F(1,13) = 1.4, p = 0.3; RT F < 1],
thus dramatically diverging from the results obtained with con-
trols (Fig. 3). To directly evaluate the pattern of CP performance

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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Fig. 3. Composite experiment: mean accuracy (a) and reaction time (b) on the com-
posite face experiment for the entire group of control participants, age-matched
controls and CP participants on the ‘same top’ trials. Note the lack of interference
effect in the CP group in accuracy and in RT, indicating that CPs are not affected
by  the experimental manipulation. Asterisks denote significance level *p < 0.05;
*
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**p  < 0.0005. # indicates p value that is marginally significant (p = 0.06 in top graph
nd p = 0.07 in the lower graph). Error bars indicate ± standard error of the mean
cross participants.

elative the matched control group, we conducted an ANOVA with
roup (CP, matched controls) as the between-subject measure,
nd performance in terms of accuracy or RT on the experimen-
al conditions (‘same top’: misaligned, aligned) as a within-subject
epeated measure. The analysis for accuracy revealed a significant
roup × alignment interaction (F(1,26) = 8.9, p < 0.006), as well as a
ignificant main effect of alignment (F(1,26) = 17.6, p < 0.0003) with
o main effect of group (F < 1). Importantly the group × alignment

nteraction stems from a difference in the ‘same top’ aligned condi-
ion (p = 0.06) while no such difference was found in the “same top”

isaligned condition (see Fig. 3a). A similar analysis for RT com-
aring the CPs to the matched control group revealed a trend of
lignment × group interaction (F(1,26) = 3.8, p = 0.06) with no main
ffects for alignment or group (F < 1). Interestingly, as can be seen
n Fig. 3, while controls showed a trend towards RT increase for
ligned compared to misaligned faces (p = 0.07), no such effect was
ound for CP. The qualitative similarity of the findings when com-
aring the results of the CP to either of the control groups (Fig. 3) is
eassuring and attests to the robustness of the dramatic difference
n performance obtained in the CPs relative to controls.
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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.2.2.3. Interference index. To examine further the response pattern
f individual CP participants, we calculated an interference index
hich directly compares the performance, in accuracy or RT (see
 PRESS
ogia xxx (2011) xxx– xxx

Table 3), on the misaligned vs. aligned conditions during ‘same top’
trials. The index was  calculated separately for each CP and then
was transformed to a z-score by normalizing the index by the mean
index of the large group. We  multiplied the results by 100 to obtain
% index:

Interference index = performance(misaligned − aligned)
performance(misaligned + aligned)

× 100%

As can be seen in Table 3, at the individual subject level, half
of the CPs exhibited an index that was one SD greater than that
of controls, either for accuracy (three CPs), RT (three CPs) or both
(one CP, BT—see below). It is important to note, however, that, for
all CPs except for one (MT), the z-score based on accuracy was neg-
ative indicating a trend towards reduced interference compared to
controls. Along similar lines, eight CPs had a positive z-score for RT,
indicating faster RT for aligned compared to misaligned faces, a pat-
tern that is the reverse from controls. As noted above, CP participant
(BT) exhibited a pattern that may  reflect a speed-accuracy trade
off—with greater accuracy for aligned compared to misaligned faces
accompanied by an RT increase for aligned faces that is greater than
controls. Thus, while it is not possible to show the reduced inter-
ference effect at the individual subject level for every participant,
and, in this sense this task is not perfectly sensitive, the group effect
described above is robust and informative regarding the nature of
face processing in CP (for more discussion of this issue see Section
4).

3.2.3. Correlation between different experimental measures
Finally, in order to explore further the nature of the face

processing deficit in the CP individuals and to explore possible rela-
tionships between the different experimental measures used here,
we looked for correlations between performance in the different
diagnostic and experimental tasks.

Interestingly, this analysis revealed a significant correlation
between performance in the composite face task and two  of
the diagnostic tests. Specifically, we  find a negative correlation
between the famous faces questionnaire and the RT index of the
composite task (r = −0.61, p < 0.021) such that participants with
low recognition scores exhibited a more positive index, indicating
less interference (more abnormal performance) in the composite
task. A significant negative correlation was also found between the
same composite index and the CFMT z-scores, such that lower z-
scores (more negative) were correlated with a more positive index
(r = −0.72, p < 0.009). Importantly, performance on the CFMT and
famous face questionnaire was  not correlated (p = 0.32) and hence
could not mediate the correlations described above. Such corre-
lations between the performance on the composite task and the
diagnostic tests are very important as they reveal that the local bias
exhibited by CPs in the composite task is related to the way  they
process both familiar and unfamiliar faces. Moreover, these cor-
relations suggest that even though the reduced composite effect
cannot be shown significantly for each CP participant, this measure
is still related to the general face processing skills of each CP.

Finally, it is very interesting to note that the local bias index
calculated from the global/local experiment and the composite
interference index based on accuracy level, calculated across the
CP participants, are positively correlated (r = 0.52, p = 0.06): a more
negative index (increased local processing) in the global/local task
is associated with a smaller interference index (less holistic or
configural processing) in the composite task. This correlation pro-
vides support for the claim that, at least, in these individuals with
face processing deficits, there may  be an association between the
processing in congenital prosopagnosia. Neuropsychologia (2011),

impairments in holistic processing of faces (composite task) and
non-face stimuli (global-local task). We  note however, that this
association may  not be universally true; for example in the acquired
prosopagnosic patient PS, there was  a clear dissociation between

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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mpaired performance on the composite task and intact perfor-
ance in the Navon task (Busigny & Rossion, 2011), indicating that

hese two tasks do not necessarily tap onto the same perceptual
kills. We  consider this further in the Discussion below. None of the
ther correlation between the tasks and measures was  significant
see Supplemenatary Table 2 for details).

. Discussion

The goal of the present study was to explore the extent to which
ndividuals who are impaired at face processing are also impaired at
eriving global configurations from disparate elements present in
he visual input. We  showed that a relatively large group of CP indi-
iduals (n = 14), although slower overall, performed equally well
n inverted than upright faces, in contrast with the controls, and
lso showed a marked local bias, rather than the normal global
uperiority, in a global/local compound letter identification task.
dditionally, using the composite face paradigm, often regarded
s the gold standard for examining holistic face processing, we
bserved that the CP group was significantly less affected com-
ared to controls by the alignment manipulation when perceiving
aces, performing equally well for aligned and misaligned faces and
emaining impervious to the incongruent bottom-half of the com-
osite display. Taken together, these findings provide converging
vidence for impaired holistic processing in CP and suggest that
uch processing may  play a critical role in intact face recognition.

Interestingly, as shown here, in tasks in which participants can
ely on more local or elemental features, the CP individuals have a
nique advantage over their control counterparts. This constitutes

 rare and telling case of better performance by a neuropsycholog-
cal than control population. The CP advantage is true both in the
omposite paradigm but also in the equal performance for inverted
ompared to upright faces relative to controls who  are adversely
ffected by the misorientation of the faces. It is the case, however,
hat even though CPs perform equally well for upright and inverted
aces, compared to controls, their performance (as reflected in RT)
s still slower than the controls for both conditions (but see Avidan

 Behrmann 2008 for overall faster RT in CP under time pressure).
n contrast, in the composite paradigm, the CPs are actually more
ccurate than controls and their RT is similar to controls on the
ritical ‘same top’ aligned condition (see Fig. 3). Hence, the lack of
olistic processing in these individuals cannot be attributed to an
verall lower level of accuracy or slower response (see also absence
f main effect in global-local task).

Finally, we show that the impaired holistic processing, as
evealed in the composite task, was correlated with the local bias,
s assessed in the global/local hierarchical letter task. It is clear
hen that not only is this decrement in holistic processing robustly
ncovered in the CP individuals but it is also the case that the

mpairment in global processing is not limited strictly to faces
nd may  affect visual processing more generally at least in these
ndividuals (but see Busigny, Joubert, Felician, Ceccaldi, & Rossion,
010; Busigny & Rossion, 2011 for different results in AP). Con-
istent with this, a recent study reports impairments in visual
rocessing of biological motion in CP—biological motion perception
equires integration of local elements and hence also engages global
rocessing (Lange et al., 2009). However, the nature and extent to
hich the impairments in CP extend beyond face processing remain

o be determined in future studies.
A key question concerns the relationship between face pro-

essing abilities and global visual processing in normal participants
and by extension, the perturbed relationship in CP). One recent
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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tudy reported a significant correlation between face identifica-
ion and the magnitude of the global processing bias, as assessed
y the same Navon hierarchical letter task as we  have used here:
n increase in global precedence was positively correlated with
 PRESS
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better performance on a face identification task (Darling, Martin,
Hellmann, & Memon, 2009). A second study provides additional
consistent evidence, demonstrating that participants with greater
global precedence (as assessed by the Navon task) were more
affected by the face inversion manipulation; that is, compared
with participants with a smaller global precedence, these individu-
als showed greater decrement in processing inverted vs. upright
faces (Martin & Macrae, 2009). Along similar lines, Weston and
Perfect (2005) reported that participants who completed the com-
posite task, after performing the Navon task using a local bias,
were less affected by the composite manipulation (i.e. showed less
interference), compared to participants who  performed a differ-
ent, control task prior to the composite task (and see also (Gao,
Flevaris, Robertson, & Bentin, 2011)). Taken together, these find-
ings, obtained from healthy individuals, provide strong support for
the role of holistic processing, in general, in face perception and
show that there is a close association between configural measures
(global/local and upright/inverted) and face perception.

Interestingly, our findings also reveal a correlation between the
severity of the face recognition impairment, as evidenced by per-
formance on both the famous faces questionnaire and the CFMT
with the index of local bias in the composite task (RT index). Such
correlations are of great importance as they indicate that the local
bias, as evident in this task, is associated with the characteristics
of the process adopted by our CP individuals in perceiving faces.
We note, however, that there is some controversy in the litera-
ture regarding the extent to which these measures should correlate.
For example, Konar, Bennett, and Sekuler (2010) report no obvious
association between the magnitude of the composite face effect
(using the same paradigm that we  have used here) and face identi-
fication accuracy. In contrast, Richler, Cheung, and Gauthier (2011)
do obtain such correlations. The explanation offered by Gauthier
and colleagues is that the adoption of the partial composite design,
as used by us and by Konar et al. (2010),  may  not be sufficiently
sensitive to yield the underlying composite-face identification cor-
relations and perhaps if we were to use the full design we would be
able to show correlations even with the composite accuracy index
and not only with the RT index. The full design of the composite
task, which is uncontaminated and free from bias does tap into the
configural skills mediating face perception (see Richler et al., 2011;
Richler, Mack, Gauthier, & Palmeri, 2009). We  note that because
our focus was more on establishing the group differences between
controls and CP, our use of the more streamlined partial design is
not unreasonable. That we  see correlations between performance
on this partial design, the global/local task and some of the diag-
nostic tasks suggest that even this partial design remains sensitive
to some aspects of holistic processing.

4.1. Impaired holistic processing in congenital prosopagnosia

Consistent with our findings of impaired holistic processing and
a local bias in CP, many other studies have also reported undue
focus on local elements in CP. There does, however, seem to be
greater heterogeneity in CP than in AP (but, of course, there are
more CP than AP individuals and so this may  simply be a sam-
pling restriction). For example, Bentin, Degutis, D’Esposito, and
Robertson (2007) report a significant local bias, and an extreme
deficit in global/configural processing in CP patient (KW). Surpris-
ingly, normal global processing in this same hierarchical letter
paradigm has been observed in a large group of DP individuals
(Duchaine, Yovel, et al., 2007). It is also the case that in the com-
posite task, only 1 of 8 CP (called DP in that study) was  immune
processing in congenital prosopagnosia. Neuropsychologia (2011),

to interference (Le Grand et al., 2006), while we observe this effect
more generally in our group of 14 CPs. Consistent with our findings,
Palermo et al. (2011) also found evidence for reduced holistic pro-
cessing in the composite paradigm in a group of 12 individuals with

dx.doi.org/10.1016/j.neuropsychologia.2011.05.002
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P. We  also note that Duchaine (2000) reported normal configural
rocessing in a DP patient on three tests, the Gestalt completion
est, word fragment test and Snowy pictures test. All three of these
ests explore aspects of pattern completion, which, arguably, might
iffer from the paradigms used to assess configural processing: in
he former, the elements themselves are fragmented whereas in
he latter, the elements are presented in their entirety but need to
e integrated to give rise to a coherent unified perceptual entity.

The reasons for the apparent discrepancies across studies in the
lobal/local and composite tasks are not readily apparent, and can-
ot be easily accounted for by differences in behavioral paradigms,
s very similar paradigms were used across labs. It remains perplex-
ng, then, that such discrepant findings are obtained by the different
esearch groups. One potential difference concerns the manner
n which participants are diagnosed as being prosopagnosic, with
ifferent studies possibly employing different diagnostic criteria
lthough we note that the CFMT and CFPT are now widely used
or diagnostic purposes by many labs. A more standard and widely
greed-upon set of criteria may  remedy some of this observed vari-
bility and a clear future direction for the field would entail having a
obust set of benchmark measures that allow for cross-investigator
omparison.

It does remain a possibility, however, that the different
esearchers are testing slightly different populations, all of whom
all within the ambit of CP. As is evident in the results presented
ere, there is definitely some heterogeneity across participants. For
xample, some individuals fall outside of the z-score range (2SDs)
n all four diagnostic tests (see Tables 1 and 2), such as WS  and
M,  and several other individuals fall outside the range of three of
he four or even two of the four measures, and we  note that it is
ot perfectly consistent across the measures which are the most
iagnostic.

Heterogeneity among CP individuals is not only evident in the
ehavioral measures but also in imaging studies in CP. Whereas
ome studies document normal face selective activation in occipito-
emporal cortex in CP (Avidan & Behrmann, 2009; Avidan, Hasson,

alach, & Behrmann, 2005; Hasson, Avidan, Deouell, Bentin, &
alach, 2003), others report abnormal activation patterns (Bentin

t al., 2007; Hadjikhani & De Gelder, 2002; Minnebusch, Suchan,
oster, & Daum, 2009; Furl, Garrido, Dolan, Driver, & Duchaine,
011). This variability is also evident in the face selectivity
f the M170 (Harris, Duchaine, & Nakayama, 2005) and N170
Minnebusch, Suchan, Ramon, & Daum, 2007) components of DP
ndividuals, even when tested at the same labs (and see also
entin, Deouell, & Soroker, 1999). It remains possible, therefore,
hat the heterogeneous configural processing findings may reflect
eal variability among CP individuals or that there may  be some-
hat different subgroups with somewhat differing psychological

nd neural signatures. Of course, we also need to recognize that
here is variability even in the normal population, with some nor-

al  observers not showing FFA activation (Kanwisher, McDermott,
 Chun, 1997). Even in the data presented here, there is clearly vari-
bility in the controls (simply view the error bars in the figures we
nclude here—for example, the error bars for the age-matched con-
rols are not that much smaller than those for the CP individuals),
resumably reflecting some variability in this sample too (Stollhoff,

ost, Elze, & Kennerknecht, 2011). Future studies, perhaps employ-
ng more sensitive tasks, may  be able to reveal distinct subtypes
mong CP participants that will perhaps enable us to better address
he nature of variability in this population and its relation to the
ormal population, more generally.
Please cite this article in press as: Avidan, G., et al. Impaired holistic 
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.2. Impaired holistic processing in acquired prosopagnosia

Our findings of impaired holistic processing in individuals with
P are consistent with results revealing similar impairments in
 PRESS
ogia xxx (2011) xxx– xxx

individuals with acquired prosopagnosia (AP). Impaired holistic
processing has long been considered a key characteristic of AP,
as revealed by the face inversion effect but also by tasks involv-
ing non-face stimuli (e.g. Levine & Calvanio, 1989) and see (Ramon
et al., 2010) for a review of early studies showing holistic impair-
ment in AP). Recent studies also document altered sensitivity to the
role of spatial relations between features and the role of specific
local elements, such as the eyes in face perception in AP (Ramon
& Rossion, 2010). For example, Stephan and Caine (2009) reported
abnormal scanning patterns of faces in an AP patient in which he
focused on peripheral (hair, forehead) rather than internal (eyes,
nose, mouth) regions of the face. A focus on local aspects of a face
has also been reported in patient PS who  does not use the optimal
eye information to identify familiar faces, and, instead, focuses on
the non-informative lower part of the face, including the mouth and
the external contours (Caldara et al., 2005; Orban de Xivry, Ramon,
Lefevre, & Rossion, 2008). Interestingly, such a pattern is typical
in normal observers when processing unfamiliar faces. Also, when
normal participants are engaged in a holistic face processing task,
they tend to fixate the whole area of the eyes and nose, while, dur-
ing an analytical mode of processing, their behavior is characterized
by a more feature-specific gaze (Schwarzer, Huber, & Dummler,
2005). Finally, and most pertinent to the present study, Ramon et al.
(2010) showed that patient PS did not exhibit the superiority of
the whole over the parts in the well-known whole-part paradigm
and, compatible with this, she demonstrated impaired holistic pro-
cessing (no RT difference between misaligned and aligned faces).
Ramon and Rossion (2010) suggest that the primary cause of AP
lies in the inability to process faces configurally and that all APs
are unable to “integrate the multiple features of an individual face
simultaneously, into a unified perceptual representation” (Rossion,
2008; Tanaka & Farah, 1993). Consequently, on their account, this
failure to represent information configurally results in an analyti-
cal feature-by-feature face processing style or in the ability to use
only a small spatial window at a time (Bukach, Bub, Gauthier, &
Tarr, 2006). They also suggest that the failure to focus on the eye
region of the face (Bukach et al., 2006; Bukach, Le Grand, Kaiser,
Bub, & Tanaka, 2008; Caldara et al., 2005; Rossion, Kaiser, Bub, &
Tanaka, 2009) as well as the relative distances between features
(Barton & Cherkasova, 2005; Barton et al., 2002) are direct conse-
quences of defective holistic processing (Rivest et al., 2009). Taken
together, these findings suggest that abnormal holistic perception
with an exaggerated local bias and a tendency to focus on specific
elements may  be characteristic markers of AP. These reports are
compatible with our findings in CP and point to potential common-
alities between these disorders (Behrmann et al., 2005; Behrmann,
Avidan, Thomas, & Humphreys, 2010).

To conclude, similar to previous reports in AP, we  provide clear
evidence for impaired holistic processing in a large group of CP indi-
viduals on three different tasks, involving face and non-face stimuli.
These findings suggest that disruptions in holistic processing may
be characteristic of CP and may  underlie, at least, some of the face
processing deficits in these individuals.
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