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Prosopagnosics,  individuals  who  are  impaired  at recognizing  single  faces,  often  report  increased  difficulty
when confronted  with  crowds.  However,  the  discrimination  of  crowds  has  never  been  fully  tested  in
the  prosopagnosic  population.  Here  we investigate  whether  developmental  prosopagnosics  can  extract
ensemble  characteristics  from  groups  of  faces.  DP  and  control  participants  viewed  sets  of  faces  varying  in
either identity  or emotion,  and  were  asked  to  estimate  the  average  identity  or emotion  of  each  set.  Face
sets were  displayed  in  two  orientations  (upright  and  inverted)  to control  for  low-level  visual  features
rosopagnosia
nsemble coding

during  ensemble  encoding.  Control  participants  made  more  accurate  estimates  of  the  mean  identity
and  emotion  when  faces  were  upright  than  inverted.  In all  conditions,  DPs  performed  equivalently  to
controls.  This  finding  demonstrates  that  integration  across  different  faces  in  a  crowd  is  possible  in the
prosopagnosic  population  and  appears  to  be  intact  despite  their  face  recognition  deficits.  Results  also
demonstrate  that  ensemble  representations  are  derived  differently  for upright  and  inverted  faces,  and

 low-
the  effects  are  not  due  to

. Introduction

Every day we interact with crowds of people. Whether it is on a
ity bus, in a classroom, or in a business meeting, we  routinely view
nd extract important information from groups of faces, and do so
ather rapidly. Indeed, recent studies have shown that people are
dept at recognizing crowd characteristics, such as average gen-
er, identity or emotion, even when crowds are viewed so briefly
hat information about any specific individual is not extracted (De
ockert & Wolfenstein, 2009; Haberman & Whitney, 2007, 2009).
or example, as a passenger on a bus, we form a general impression
f important characteristics of a crowd standing on the street cor-
er, even if we are only able to view the crowd for a split-second
s we ride by.

Given the frequency with which we interact with crowds, a
eficit in perceiving crowd characteristics would likely pose a hin-
rance in a host of social situations. Anecdotal evidence suggests
hat individuals with prosopagnosia, a deficit in discriminating

ndividual faces, feel overwhelmed in crowded situations, perhaps
n part due to their inability recognize familiar faces in a crowd. For
xample, one prosopagnosic describes his experience walking into

∗ Corresponding author at: 4143 Tolman Hall #5050, Berkeley, CA 94702, United
tates. Tel.: +1 510 642 6266; fax: +1 510 642 5293.

E-mail addresses: ayleib@berkeley.edu, ayleib@gmail.com (A.Y. Leib).

028-3932/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.neuropsychologia.2012.03.026
level  visual  information.
© 2012 Elsevier Ltd. All rights reserved.

a reception hall, “There are a lot of people there, perhaps as many as
a hundred or so people. These are all people I am supposed to know,
each with a supposedly unique face. My goal is to find just one spe-
cific individual. I can scan the room for hours in frustration. . . (Asprin,
2011).” Another prosopagnosic expresses frustration saying, “Faces
in public are just all faces to me, I don’t see them individually. This is
especially [true] in crowded public areas. When I look into a crowd,
most look very much alike to me (BP, 2011).” Can prosopagnosics’
discomfort with crowds be explained entirely by their deficits in
perceiving single faces? Or could it reflect a more general impair-
ment in integrating and extracting face-related information from a
crowd? On the other hand, might prosopagnosics actually be better
at ensemble coding because they do not perceive crowd members
as distinct individuals?

The perceptual characteristics of developmental
prosopagnosics2 (DPs), individuals who  have never fully developed
the ability to recognize faces, have been increasingly studied during
the last decade. However, almost all of the previous research used
single faces to investigate processing in DPs. Although the study
of individual face processing in DP added essential information

aiding the understanding of problems related to individual face
recognition, we know virtually nothing about how DPs extract
information from groups of faces and whether it is normal or not.

2 Developmental prosopagnosia is also referred to as congenital prosopagnosia.

dx.doi.org/10.1016/j.neuropsychologia.2012.03.026
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:ayleib@berkeley.edu
mailto:ayleib@gmail.com
dx.doi.org/10.1016/j.neuropsychologia.2012.03.026
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and one was trending toward significance. Traditionally, Warrington scores are
presented as the difference in performance between word and face recognition.
Participants who score better on word recognition compared to face recognition
are  categorized as having a “face discrepancy” (Warrington, 1984). While a face
A.Y. Leib et al. / Neuropsy

When processing crowds, typical viewers initially discount
ndividual faces in a group and instead formulate unitized per-
epts that accurately describe crowd characteristics (De Fockert &

olfenstein, 2009; Haberman & Whitney, 2007, 2009). The ability
o generate a gestalt percept of the crowd, independent of informa-
ion derived from individual faces, can be viewed as a mechanism
hat compensates for the limited capacity of the visual system
o process multiple items simultaneously. Redundant information
cross items in a scene is compressed into an average representa-
ion of the entire set, referred to as the “ensemble code” (Alvarez,
011; Ariely, 2001; Chong & Treisman, 2003). This average rep-
esentation provides a more precise description in comparison to
ndividual evaluations of each member of the set because noise
rom one individual evaluation cancels out uncorrelated noise from
nother individual evaluation (Alvarez, 2011). As such, it has been
hown that typical viewers can accurately extract both the mean
motional expression and mean identity of the crowd, although
erformance is at chance when they are asked to discriminate,

dentify, or localize individual members of a previously seen set
De Fockert & Wolfenstein, 2009; Haberman & Whitney, 2007,
009).

Previous research suggests that DPs have trouble integrating
ndividual face features into a gestalt (Behrmann, Avidan, Marotta,

 Kimchi, 2005; de Gelder & Rouw, 2000; Lobmaier, Bölte, Mast,
 Dobel, 2010), and may  be generally impaired at identifying the
lobal shape of a stimulus, showing such deficits for objects as
ell as faces (Avidan, Tanzer, & Behrmann, 2011; Behrmann &
vidan, 2005; Behrmann et al., 2005; Bentin, DeGutis, D’Esposito,

 Robertson, 2007; Palermo et al., 2011). For alternative findings
ee: Le Grand et al. (2006),  Duchaine, Yovel, & Nakayama (2007),
chmalzl, Palermo, Green, Brunsdon, and Coltheart (2008) and Lee,
uchaine, Wilson, and Nakayama (2010).  Ensemble coding, like
ther holistic processing tasks, requires the integration of fea-
ures across space (Alvarez, 2011) or time (Haberman, Harp, &

hitney, 2009). If DPs have difficulty with this type of integra-
ion in general, we may  expect that they will have trouble forming

 unitary percept of any attribute of a crowd, not just average
dentity. Alternatively, it is possible that the deficits DPs experi-
nce during individual face recognition tasks will be minimized via
he process of ensemble coding. As mentioned previously, ensem-
le coding involves canceling out “noisy” individual evaluations,
hereby achieving a more precise representation of the group as a
hole. Although individual face evaluations are suboptimal in DP,

he averaging process inherently reduces such imprecision. This
eaves open the intriguing possibility that DPs, who  are impaired
t individual face identification, may  be able to extract the mean
dentity of the crowd just as well as controls. If DPs do not expe-
ience interference by individual faces in the crowd, they could
otentially be better than normal perceivers at extracting ensemble

nformation.
The aim of this study was to explore whether DPs can success-

ully perceive ensemble characteristics of face sets, or “crowds.”
n order to distinguish between deficits specific to the perception
f face identity and impairment in ensemble coding in general,
e measured the ability to estimate not only the average iden-

ity of upright faces, but also the average emotional expression,
n attribute for which DPs typically exhibit little impairment
hen performing judgments on individual faces (Bentin, Deouell

 Soroker, 1999; Dobel, Bölte, Aicher, & Schweinberger, 2007;
uchaine, Parker, & Nakayama, 2003; Humphreys, Avidan, &
ehrmann, 2007; Jones & Tranel, 2001; for an different view see
alermo et al., 2011). Accordingly, we limited our group of par-

icipants to those who reported no or very little impairment in
motional processing of faces. Furthermore, we  included condi-
ions in which the face sets were inverted to control for low-level
isual effects during ensemble coding.
ia 50 (2012) 1698– 1707 1699

2. Methods

2.1. Participants

Four DP individuals (DP1, DP2, DP3, and DP4) participated in the experiment.
Three of the 4 DPs were recruited from a volunteer pool of previously diagnosed
prosopagnosics (results from original tests are reported in Section 2.3). One had not
participated in previous studies and was newly screened. We asked the DP partic-
ipants to describe their experiences with faces and whether they found it difficult
to  recognize individuals and/or the emotion of individual faces by vision alone. All
of them reported experiencing severe difficulty in face recognition and reported
that these deficits substantially interfered with daily functioning. For instance, DP1
(female, 43 years) noted she had difficulty watching movies because the characters
appeared similar to her; DP2 (female, 30 years) mentioned having trouble finding
her  parents in an airport; and DP3 (female, 54 years) reported experiencing diffi-
culty recognizing close friends out of context; DP4 (female, 59 years) noted that
she was unable to distinguish between students in her classroom. By contrast, none
of  them reported problems recognizing emotions from faces, albeit DP1 described
mild impairment in emotional processing. These questions were asked before any
tests were administered.

We recruited twenty participants to serve as controls for this experiment. Five
control participants were matched on age and gender to each of the prosopag-
nosics. Control group mean ages and standard deviations are as follows: DP1 control
group: M = 38.8 SD = 3.03; DP2 control group: M = 30 SD = 3.32; DP3: control group
M  = 53.4 SD = 4.98; DP4 control group: M = 59.8 SD = 4.92. All control participants
were recruited from the general population, first by a short telephone interview.
All  reported that they had no difficulty recognizing or identifying faces. Qualified
participants were then asked to come into the lab for testing and underwent the
same standardized and experimental tests as the DPs.

2.2. Standard face recognition tests

Before experimental testing, we  administered two  standardized face process-
ing tests. In the Benton Face Recognition Test (BFRT, Benton & Van Allen, 1968) a
greyscale target face is presented at the top in each display, and the participant is
asked to select the face that is the same person from among 6 faces in different
rotated orientations below it. In the Warrington Recognition Memory Test (WRMT,
Warrington, 1984) 50 study faces (greyscale) with hair and clothing intact are pre-
sented sequentially. At test, two  faces are presented. One is the same as a study
face, and the participant is asked to choose which of the two faces was previously
viewed. All faces are presented in the same orientation and with the same light-
ing  conditions at both study and test. To control for general memory ability, 50
words are also presented sequentially for study. At test, a single sheet of paper is
presented containing half study words and half new words. The participant ver-
bally reports the words that were previously viewed. In addition, we  presented the
Berkeley Famous Faces Test, a locally developed test, in which participants were
asked to identify 25 celebrity faces (e.g., Bill Clinton, Elvis Presley, etc.). The aim
of  this test was  to assess face identification in DP relative to typically developed
individuals with the same cultural background. Importantly, participants were not
required to recall the name of the celebrity (although giving the correct name was
clear evidence of recognition). For instance, if they said an American president for
Bill Clinton, that was considered correct. After the test was  concluded, we  also con-
trolled for participants’ familiarity with celebrities by asking participants to confirm
their exposure to each celebrity presented in the test. If the participant was unfa-
miliar with a particular celebrity, their response to this celebrity was  excluded from
the  analysis. Table 1 shows participants’ exposure levels. Despite these allowances,
all DPs had great difficulty recognizing celebrity faces (all 60% or less accuracy) and
all  DPs were statistically worse than controls on at least one of the face measures
(see below).

2.3. Results for standardized face recognition tests

Fig. 1a shows performance on the Berkeley Famous Faces Test. Each DP is shown
as  a single triangle in a given color with their controls shown in the same color as
the DP to which they were matched. All DP’s performed worse than their respective
control participants on a t-test designed for single case studies with small n (all
p  < .05 Crawford, Garthwaite, & Howell, 2009). Fig. 1b shows performance on the
BFRT. Two  DPs (DP1 and DP2) scored significantly below the mean of their matched
controls (p < .05 and the remaining two were trending in the same direction).3

Table 1 presents the scores on the Warrington Recognition Memory Test. Again,
two of the DP participants (DP2 and DP4) performed significantly below controls
3 Norms defined by Benton are as follows: Normal = 75–100%; Border-
line = 72–74%; Moderately Impaired = 69–70%; Severely Impaired = <69%.
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Fig. 1. (a) The left graph depicts individual DP and control performance on the Berkeley Famous Face tests. Each DP is shown as a single triangle in a given color with
their  matched controls shown in the same color as the DP to which they were matched. The DP distribution of performance is substantially below the control distribution
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f  performance. (b) The right graph depicts DP performance compared to control
erformance is well below the control distribution of performance. Fifty-four is the
olor  in this figure legend, the reader is referred to the web version of the article.)

iscrepancy may  represent an impairment in face recognition, it is also possible
hat a face discrepancy simply represents a proficient memory for words. Therefore,
e  have included the both the discrepancy score and the raw scores in Table 2.

Both Benton and Warrington tests have been criticized as measures for assessing
rosopagnosia because results might be affected by the presence of non-face cues
uring study (Duchaine & Nakayama, 2004, 2006), we  nonetheless presented these
ata  to allow comparisons with many previous studies of DP.
During their original testing sessions, 3 prosopagnosics completed other face
ecognition tests, such as the Cambridge Face Memory Test (CFMT) and the Cam-
ridge Face Perception Test (CFPT). To maximize consistency, we required the 4th
rosopagnosic to complete these tasks as well. Both the CFMT & the CFPT require
articipants to match a target face to test faces positioned in different orientations

able 1
he scores of prosopagnosic participants and their matched controls on the Berkeley
amous Face Test. Exposure level to the 25 celebrities is recorded in the right column.
f  a participant was not exposed to a celebrity, this trial was deleted from the test.

Subject Percent correct Exposure out of 25

DP1 .61 23
Matched Controls

1 23
1  23
1  23

.96 25

.96 24
DP2 .32 25
Matched Controls

1 24
.67 15
.5 15

1  23
.92 25

DP3 .28 25
Matched Controls

.80 24
1  25

.83 24

.89 19
1  25

DP4 .22 22
Matched Controls

.95 21

.73 22

.91 23

.74 19
1 25
rmance on the Benton Facial Recognition Test. Once again, the DP distribution of
 number of possible correct identifications. (For interpretation of the references to

and with varying levels of noise added. Importantly, both of these tests exclude
non-face details, and therefore more accurately assess face recognition than either
the  Warrington or Benton tests (Bowles et al., 2009; Duchaine & Nakayama, 2006).
Internal reliability, as measured by Chronbach’s alpha is: CMFT,  ̨ = .89; CMPT,  ̨ = .74
(Bowles et al., 2009). The CFPT measures the ability to perceive faces (the target
face and test faces are presented simultaneously), while the CFMT measures the
ability to remember faces (target and test faces are presented sequentially with
delay in between). All of our prosopagnosics scored 2 standard deviations below
the mean, or worse, confirming that these participants are impaired at both per-
ceiving and remembering faces. Table 3 includes the scores for prosopagnosics
along with control means and standard deviations, as reported by (Bowles et al.,

2009; Duchaine & Nakayama, 2006) Please note that a higher score in the CFPT
indicates poor performance, whereas a lower score in the CFMT indicates poor
performance.

Table 2
The scores of prosopagnosic participants and their matched controls on the Warring-
ton Recognition Memory Test. The upper table represents participants’ raw scores
out of 50 trials. The lower table represents participants’ scores on the face memory
test  relative to participants’ scores on the word memory test (the traditional scoring
method of the Warring Recognition Memory Test).

DP1 score DP2 score DP3 score DP4 score

37 29 43 38
Matched Controls Matched Controls Matched Controls Matched Controls
39 45  37 50
40  34 44 50
35  39 46 42
45  44 42 46
44  42 44 41
Control Average Control Average Control Average Control Average
40.6  40.8 42.6 45.8

DP1 score DP2 score DP3 score DP4 score

13 FD 20 FD 7 FD 11 FD
Matched Controls Matched Controls Matched Controls Matched Controls
11  FD 3 FD 13 FD 1 WD
9 FD 14 FD 5 FD 1 WD
13 FD 6 FD 4 FD 8 FD
5 FD 5 FD 7 FD 2 FD
6 FD 7 FD 3 FD 2 FD
Control Average Control Average Control Average Control Average
8.8  FD 7 FD 6.4 FD 2 FD

FD: face discrepancy all scores are out of 50; WD:  word discrepancy.
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Fig. 2. (a) A schematic representation of the “Emotions” stimulus set. We morphed between 3 original faces (happy, sad, and angry) to generate 147 faces, each with the
same  identity but displaying a slightly different emotional expression. (b) The “Identities” stimulus set also consisted of 147 faces generated from 3 original faces; in this set
each  face had a different identity but shared the same neutral expression.
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ig. 3. Participants viewed the display for 1000 ms.  Using a scrolling mouse, partic
f  the display.

.4. Stimuli

Our ensemble coding experiment incorporated two  face sets. One set was
omprised of 147 photographs of the same face displaying diverse emotional expres-
ions, while the other set was comprised of 147 faces with neutral emotional
xpressions but diverse identities. For both tested dimensions 18 faces were selected
rom the respective set for each study display (described below) and the sets also
erved as a continuum from which participants’ selected their estimated mean judg-

ent on each trial. Both stimulus sets consisted of morphed greyscale faces from the

kman gallery (Ekman & Friesen, 1976). Each face subtended 2.86 × 3.53 degrees of
he visual angle. The morphing procedure for the “Emotions” set proceeded as fol-
ows: First, 3 faces (same identity) with happy, sad, or angry emotional expressions

ere selected from the Ekman gallery. Next, the faces were linearly morphed to

able 3
he scores of prosopagnosic participants in the Cambridge Face Perception Test and
he Cambridge Face Recognition Test. The average scores of controls, as reported by
owles et al., 2009 and Duchaine and Nakayama are also reported.

CFPT CFMT

DP scores Average control scores DP scores Average control scores

DP1 58 34 (12.143)a 40 57.92 (7.91)
DP2 56 32 (12.143)a 39 57.92 (7.91)
DP3 62 37 (12.143)a 40 57.92 (7.91)
DP4 74 44 (12.143)a 32 50.7 (8.4785)a

a These norms reflect age-matched controls from Bowles, McKone, Dawel,
uchaine, and colleagues. They suggest that CMFT scores should be compared
gainst age-matched norms if the participant is over 50 years old at time of testing,
nd  the CFPT should always be compared against age-matched norms (Bowles et al.,
009).
on-starred scores represent the typical means and standard deviations for the
MFT reported by Duchaine and Nakayama (2006).
 chose the face that best represented their estimate of the mean identity/emotion

produce 48 morphs between each pair of basic emotions (i.e., 48 morphs between
happy and sad, 48 morphs between sad and angry, and 48 morphs between angry
and happy). Note that the set forms a circular continuum where there is no begin-
ning or ending face. Morphs were created using Morph 2.5 (Gryphon Software, San
Diego, CA). Fig. 2a provides a schematic of the Emotion stimulus set. The same mor-
phing technique was used to create the “Identities” set, except using 3 faces with
different identities (and neutral emotions) from the Ekman gallery (see Fig. 2b). All
stimuli were viewed on a monitor with resolution of 1280 × 1240 and 75 Hz refresh
rate.

2.5.  Design, task and procedure

The tested dimension (emotion or identity) and the orientation (upright or
inverted) were blocked with 200 trials in each of 4 blocks. On each trial participants
viewed a study display of 18 faces randomly jittered within a 4 × 5 grid. Each study
display was presented for 1000 ms  during which the participants were instructed
to form an impression of the “average” emotion (or identity) of the faces presented
in  the study display.4 Immediately (one screen-refresh interval) after offset of the
study display, a test screen with one face presented at fixation appeared. This test-
face was selected at random from the complete set of 147 faces (of identities or
emotions). Scrolling the mouse, the participant could change this face, screening
through the remaining faces in the set in order to select the face that best repre-
sented their estimate of the mean emotional expression or identity on that trial. The
choice was  reported by mouse click. An ITI of 200 ms  separated the response from

the next trial (Fig. 3).

Half of the study displays in each block contained face sets that were het-
erogeneous with respect to emotion (or identity) and the other half contained
homogeneous face sets. In the heterogeneous condition, the faces included in each

4 Due to experimenter error, DP2 viewed the display for 3000 ms  during the Emo-
tion  Upright condition. DP2 viewed all other conditions for the standard duration
(1000 ms).
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Fig. 4. Examples in four blocked conditions: (A) emotional uprigh

tudy  display represented 6 different emotions (or identities), each repeated 3 times.
he mean of each study display was chosen randomly on each trial, and the faces
omprising the display were 5, 15, and 25 steps away from the mean in either direc-
ion within each set. Notably, in the heterogeneous condition, the face representing
he  actual mean was  never included in the display. In the homogeneous condi-
ion, all faces in the display were identical. There were 4 counterbalanced blocks:
1)  Emotion Upright [EU]: Upright faces varying in emotion (same identities), (2)
motion Inverted [EI]: Inverted faces varying in emotion (same identities), (3) Iden-
ity Upright [IU]: Upright faces varying in identity (neutral emotions), (4) Identity
nverted [II]: Inverted faces varying in identity (neutral emotions). Each prosopag-
osic completed the blocks in the same order as their matched controls. Fig. 4
rovides an illustration of heterogeneous display and Fig. 5 provides an illustration
f  a homogeneous display.
.6. Analysis

First, we defined how far away the participant’s responses were from the true
ean of the study display and assigned a numerical value on each trial reflecting

ig. 5. In the homogeneous condition, participants viewed a set of 18 identical faces.
motional inverted, (C) identity upright and (D) identity inverted.

the difference between the actual and reported means. Recall that the response
set contained 147 faces on a circular continuum (of either emotional expression or
identity). By analyzing the rectified standard deviation (SD) of the error distribution
– the collection of difference scores between the set mean and the participant’s
response – the degree of tuning to the mean could be estimated for each participant.
The  SDs were also compared with simulated data to rule out the possibility that
participants only sampled 1 face in each display and made their mean judgment on
the basis of that face (see below). This analysis was  conducted separately for DP and
control participants.

3. Results

Figs. 6 and 7 show the rectified standard deviation of the
error distributions for both controls and DPs during the het-
erogeneous and homogeneous conditions. The pattern clearly
indicates that DP’s performance falls well within the distribu-
tion of control performance during the heterogeneous condition
and suggests that DPs can successfully perform ensemble
coding on crowds of faces. Small sample t-tests further confirm that
prosopagnosics’ performance is similar to control performance.
There were no significant differences between prosopagnosic and
control performance, except in one case, where the prosopagnosic
performed better than her matched control sample (DP1 Emotion
Inverted SD = 17.62). Matched control mean SD = 19.90 see Table 4
below.

We  further tested whether individual face recognition abilities
were correlated with ensemble coding performance by conduct-
ing a non-parametric, bi-variate correlational analysis between the
performance on the Berkeley Famous Face Test and performance on
the ensemble coding tests. We examined controls and prosopag-
nosics as one group because this combined data set best exhibits
variance of performance on the Berkeley Famous Face Test. These
scores were not correlated with performance on the ensemble cod-
ing tasks during any condition (Emotion-Upright: r(24) = −.056,

p > .79; Emotion-Inverted: r(24) = .173, p > .42; Identity-Upright:
r(24) = −.150, p > 48; Identity-Inverted: r(24) = .085, p > 69). Thus,
the wide range of performance in individual face discrimination
tasks was not correlated with ensemble coding scores, further
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Fig. 6. The rectified standard deviation of the error distribution for the individual participants during the heterogeneous condition. Again, each DP is shown as a single
triangle  in a given color with their controls shown in the same color as the DP to which they were matched. In contrast to their performance on standardized face tests, DP
performance in the experimental tasks is scattered across the range of control performance, indicating that DPs successfully ensemble code crowds of faces. *In this condition,
this  participant was exposed to the display for 3000 ms.  (For interpretation of the references to color in this figure legend, the reader is referred to the web  version of the
article.)

Table  4
The scores from small sample t-tests for each prosopagnosic compared to their matched control group within each condition of the ensemble coding task. There are no
significant differences between controls and prosopagnosics except in one case, where the prosopagnosic performed better than her matched control group.

DP1 vs. Controls DP2 vs. Controls DP3 vs. Controls DP4 vs. Controls

Emotion Upright 1.46(4), p = .22 −1.26(4), p = .28 −.20(4), p = .85 .88(4), p = .43
Emotion  Inverted −2.90(4), p = .04* .01(4), p = .99 −.79(4), p = .47 −2.00(4), p = .11
Identity Upright .28(4), p = .79 −.98(4), p = .38 1.61(4), p = .18 −.44(4), p = .68

(4), p 
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w
r
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t
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Identity  Inverted .31(4), p = .77 −.27

* The prosopagnosic performed better than their matched control group.

issociating individual face recognition ability from performance
n the ensemble coding task. This pattern is not unique to the
erkeley Famous Face Test. All standard face tests were correlated
ith each other using parametric measures and no test was cor-

elated with the ensemble coding task (see Appendix Table A1). If
he ensemble coding task were unreliable, this would contribute
o a lack of correlation. To minimize this potential, we  conducted a

hronbach’s alpha test, which confirmed that the ensemble coding
ask was reliable,  ̨ = .775.5

5 We did not run a correlation with the controls alone because performance was
t  ceiling on the Berkeley Famous Face Test and close to ceiling on the Benton Face
ecognition Test.
= .79 .31(4), p = .77 −.01(4), p = .99

One potential account for these results is that both controls and
DPs were overwhelmed by the difficulty of the task. To compensate
for task difficulty, both groups may  potentially choose a face at ran-
dom from the display rather than engaging in ensemble coding to
extract a summary of the crowd. If this scenario were true, the par-
ticipants would not be processing the group of faces as a whole,
but only extracting the features from one face. To ensure that both
groups were extracting mean representations and thereby engag-
ing in some manner of integration across the faces in the display,
we  designed a model that simulated performance based on picking
only one face in the display. For the simulation, a face was  selected

at random from the heterogeneous display. Next, noise was  added
based on each individual’s standard deviation in the homogeneous
condition. Finally, the program chose a face within the noise dis-
tribution and the corresponding value was subtracted from the
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Fig. 7. The rectified standard deviation of the error distribution for the individual participants during the homogeneous condition. *In this condition, this participant was
exposed to the display for 3000 ms.

Fig. 8. Controls true performance (grey) compared to the simulated performance (black) for individual participants. Controls performed significantly better than the simulation
predicts if judgments were based on picking one face at random from the display. This comparison confirms that controls participants engaged in some sort of ensemble
coding.
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Fig. 9. Prosopagnosics true performance (grey) compared to the simulated perfor-
mance (black) for individual participants. Controls performed significantly better
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han the simulation predicts if judgments were based on picking one face at ran-
om from the display. This comparison confirms that controls participants engaged

n  some sort of ensemble coding.

ean of the display. By repeating this Monte Carlo procedure, we
btained a simulated error distribution and the associated standard
eviation.

We compared the simulated standard deviation against
articipants’ true performance for both control and DP groups inde-
endently. Paired t-tests revealed significant differences between
imulated and non-simulated results. The simulated standard devi-
tions for the controls were significantly higher, compared to
he participants’ true performance (Emotion-Upright: t(19) = 15.82,

 < .0001; Emotion-Inverted: t(19) = 11.51, p < .0001; Identity-
pright: t(19) = 10.41, p < .0001; Identity-Inverted: t(19) = 8.11,

 < .0001). Similarly, the DPs simulated standard deviations were
lso significantly higher compared to each DP’s true perfor-
ance (Emotion-Upright: t(3) = 4.60, p < .02; Emotion-Inverted:

(3) = 19.22, p < .0002; Identity-Upright t(3) = 8.97, p < .01; Identity-
nverted: t(3) = 5.21, p < .01). The smaller variance in the real data
ompared to the simulation indicates that performance genuinely
eflected ensemble coding and was not an artifact of task difficulty.
ig. 8 shows simulated vs. true performance for controls, while Fig. 9
hows simulated vs. true performance for DPs.

To ensure that our methods were sensitive enough to detect
ifferences across conditions, we conducted a 3 way  ANOVA on
he control data. The factors were Dimension (emotion, iden-
ity), Orientation (upright, inverted), and Study Display Condition
heterogeneous, homogenous). The ANOVA revealed that the SD
as significantly larger with inverted compared to upright faces

F(1,19) = 15.08 p < .001, �p2 = .443]. The better performance with
pright than inverted faces is consistent with reliance on holis-
ic processing in the upright case to achieve ensemble coding and
eplicates earlier results (Haberman & Whitney, 2009). The Ori-

ntation × Dimension interaction was not significant. As expected,
he ANOVA also revealed better performance for the homogeneous
ompared to the heterogeneous condition [F(1,19) = 57.57, p < .001,
p2 = .752]. This is not surprising because the homogeneous task
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should be easier (requires only matching) than the experimental
task (requires ensemble coding). All other main effects and inter-
actions did not reach significant levels.

4. Discussion

In the current study, we  tested whether DPs’ impairments in
single face recognition affects their percept of crowd characteris-
tics. Although processing single faces is an important element of
social interaction, crowd perception is also an integral aspect of
daily experience, both for evaluating the probability that certain
individuals might be in a crowd, and for ascertaining the emotional
tenor. Indeed, much of daily life is filled with crowd analysis at some
level. We  engage with crowds during school and work, intermingle
with crowds while shopping and attending sporting events, and we
view crowds regularly while watching the news, advertisements,
and movies.

Based on their difficulty recognizing individual faces and their
own  reports, one might expect that DPs should be impaired at
crowd recognition as well. Many DPs express frustration when
navigating crowds; this could be because DPs exhibit deficits in
individual face processing which could lead to challenges finding
faces in crowds. There are at least two sorts of information that are
available while screening crowds. First, there is information about
individual identities (e.g., could my  child be on the playground?)
and second there is information about the crowd as a whole (e.g.,
are all the children happy?). Whereas DPs have increased difficulty
detecting individual faces in crowds, the present results clearly
indicate that they have access to the summary statistical informa-
tion about crowds of faces (expression and identity). Surprisingly,
although DPs cannot identify individual faces explicitly, they can
rapidly extract the mean identity of the crowd itself, as evidenced
by the fact that their accuracy and precision in all conditions was
comparable to controls. Our results suggest a counterintuitive phe-
nomenon: Although one of our DPs complained that she struggles
to identify her family members in an airport and another finds it dif-
ficult to find her own child in a group of children on a playground,
DPs are potentially able to incorporate the very same faces they
have trouble identifying into an ensemble statistic that represents
the crowd as a whole.

While at first glance, it may  seem counterintuitive that DPs can
perceive the “identity of the crowd”, our results reinforce previ-
ous findings showing that ensemble coding mitigates the imprecise
perception of individual items. The fact that DPs performed no
worse in the identity conditions compared to the emotion condi-
tions suggests that ensemble coding can serve as a compensatory
mechanism under uniquely impoverished conditions. Typical per-
ceivers rapidly assess the “gist” of a scene, when insufficient time or
attention is available to process each item (Alvarez & Oliva, 2009;
Haberman & Whitney, 2011). We  extend these findings by showing
that individuals with developmental prosopagnosia, who  by defi-
nition exhibit imprecise individual face evaluations, may similarly
achieve a veridical ensemble code. How does ensemble coding mit-
igate imprecise perception? Like any averaging process, ensemble
coding is more precise when greater numbers of items are being
pooled (assuming that the noise is uncorrelated) and less precise
when smaller numbers of items are being ensemble coded (Alvarez,
2011). Thus, it is possible that prosopagnosics benefit from the large
number of presented faces.

Consistent with previous research, our results suggest that
ensemble coding processes are distinct from individuation pro-

cesses. Indeed many studies show that successful ensemble coding
occurs without face individuation (De Fockert & Wolfenstein, 2009;
Haberman & Whitney, 2007, 2011). For example, a face that changes
expression might go unnoticed, but the average expression in the
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rowd can nevertheless be reported with precision (Haberman &
hitney, 2011). Similarly, prosopagnosics show reduced sensitiv-

ty to individual faces, but they are capable of forming an ensemble
ercept of the crowd. The lack of correlation between individual
ace recognition tests and ensemble coding tasks reinforces the
dea that individual face recognition is distinct from the ensemble
oding process. While there was strong consistency between indi-
idual face recognition tasks, there was no correlation between the
ensitivity to individual faces and the sensitivity to crowd expres-
ion/identity. These results suggest that the fidelity of the crowd
ercept is not strictly dependent on the fidelity of the individual
ace percept. Thus, prosopagnosics may  be face blind, but they are
rowd-aware.

A common explanation for prosopagnosia is that local features
re prioritized and interfere with the analysis necessary to identify
he face as a whole (Behrmann & Avidan, 2005). Past experiments
n developmental prosopagnosia explored whether local biases
nterfere with the gestalt perception of a single face; however, no
xperiment (that we are aware of) investigated whether local pref-
rences interfere with DPs ability to integrate information from
any faces into a unitary representation. Results from our within-

roup simulations indicate that our DP participants perceive group
haracteristics based on the integration of features across at least 2
aces (conservatively). Moreover, similarities between control and
P performance suggests that prosopagnosics’ pattern of integra-

ion is well within the range of typical perceivers. Thus, whatever
recedence may  be given to local features by DPs within the crowd,

t is clearly not at the expense of the general percept of the crowd
s a whole.

It is an essential part of the human experience to evaluate the
rowd surrounding us. Prosopagnosics typically describe their per-
ept of a crowd as bewildering. One states, “I see faces that are
uman.  . .but they all look more or less the same” (Sellers, 2006 as
ited in Bakalar, 2006). While anecdotal reports abound, until now,
he study of explicit impairments with crowd processing in DP
emained empirically untested. Specifically, research in the ensem-
le coding field focused on normal perceivers and it was  unclear
hether people with face recognition deficits were capable of cal-

ulating the average “face” of the crowd or even the average of
ultiple items in a display. We  show that, like typical perceivers,
Ps can rapidly extract a unitary representation of the crowd and

hat deficits in individual face discrimination do not diminish the
ccuracy of the ensemble code.
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