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Abstract The scan patterns of ocular Wxations made by
prosopagnosic patients while they attempt to identify faces
may provide insights into how they process the information
in faces. Contrasts between their scanning of upright versus
inverted faces may index the presence of a hypothesized
orientation-dependent expert mechanism for processing
faces, while contrasts between their scanning of familiar
versus novel faces may index the inXuence of residual
facial memories on their search for meaningful facial infor-
mation. We recorded the eye movements of two prosopag-
nosics while they viewed faces. One patient, with acquired
prosopagnosia from a right occipitotemporal lesion,
showed degraded orientation eVects but still with a normal
distribution of Wxations to more salient facial features.

However, the dynamics of his global scan patterns were
more chaotic for novel faces, suggesting degradation of an
internal facial schema, and consistent with other evidence
of impaired face conWguration perception in this patient.
His global scan patterns for famous faces diVered from
novel faces, suggesting the inXuence of residual facial
memories, as indexed previously by his relatively good
imagery for famous faces. The other patient, with a devel-
opmental prosopagnosia, showed anomalous orientation
eVects, abnormal distribution of Wxations to less salient
regions, and chaotic global scan patterns, in keeping with a
more severe loss of face-expert mechanisms. The eVects of
fame on her scanning were weaker than those in the Wrst
subject and non-existent in her global scan patterns. We
conclude that scan patterns in prosopagnosia can both reX-
ect the loss of orientation-dependent expert mechanisms
and index the covert inXuence of residual facial memories.
In these two subjects the scanning data were consistent with
other results from tests of conWguration perception, imag-
ery, and covert recognition.
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Introduction

Inspection of objects or scenes is usually accomplished
with a series of scanning saccades that shift ocular Wxation
from one location to another. It is unlikely that these Wxa-
tions are randomly distributed across the image: rather,
their purpose may be to direct both the locus of attention
and the high spatial resolution of the macula to regions that
will yield information of use to the observer. From this
goal-directed stance, scanning acquires data for a cognitive
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process aimed at reaching perceptual decisions about the
world (Rybak et al. 1998; Deco and Schurmann 2000;
Henderson 2003). Studying scan patterns can tell us where
useful information is located in a scene. Furthermore,
because scanning is a quintessentially serial process, scan
patterns can also inform us about the temporal organization
of information processing within the observer.

This concept of scanning as both a manifestation of and
an instrument for information processing is consistent with
observations that scan patterns reXect properties of both the
stimulus and the observer. Attention and Wxations can be
attracted by properties such as color contrast, high-contrast
edges, and relative motion, which may indicate regions in
the scene containing high-yield information. On the other
hand, the goals of the observer may alter scanning: the
same observer will scan a city scene diVerently when look-
ing for an address than when looking for a person in the
crowd. The observer’s prior experience and expertise with
stimuli can also inXuence scan patterns. Art experts scan
pictures diVerently from naïve observers (Zangemeister
et al. 1995), for example, and experimental subjects scan
familiar items diVerently than novel items (AlthoV and
Cohen 1999). These illustrate important ‘top-down’ eVects
of the cognitive status of the individual upon the scan pat-
terns used to acquire information from a scene.

Because of these observer-dependent eVects, it may be
possible to use scan patterns as a probe of the perceptual
capabilities of individuals with or without neurological dis-
orders. Patients with prosopagnosia, for example, have a
speciWc dysfunction that impairs their ability to recognize
familiar faces. In some of these individuals the deWcit may
lie at a perceptual level, degrading their ability to acquire
perceptual data about faces (Barton et al. 2002). This per-
ceptual function is a highly expert process, able to discern
the very subtle changes that distinguish one speciWc face
from the thousands of other faces encountered during a life-
time. If this expert mechanism is lost, it may be possible to
discern its absence in altered scan patterns of prosopagno-
sic patients viewing faces.

Other literature from normal subjects suggests that one
of the hallmarks of a face-expert processing mechanism is
the inversion eVect. Faces are more diYcult to recognize
upside down (Yin 1970), likely because inversion impairs
the perception of facial structure (Sergent 1984; Kemp
et al. 1990; Searcy and Bartlett 1996; Leder and Bruce
1998; Barton et al. 2001b, 2003b; Malcolm et al. 2004).
The dual-mode hypothesis (Bartlett and Searcy 1993; Farah
et al. 1998) explains this by postulating that faces can be
processed by both generic object recognition and a trained
expert mechanism; however, since expertise is normally
acquired through repeated exposure to upright faces, the
trained expert mechanism develops an orientation depen-
dency, so that it is operative with only upright but not

inverted faces. Our prior work showed that normal subjects
scan upright faces diVerently than inverted faces, with less
overall scanning, less scanning of the less salient lower
face, and a less random sequence of Wxations (Barton et al.
2006). If an orientation-dependent expert mechanism for
looking at faces is disrupted in prosopagnosia, then their
scan patterns may fail to show these diVerences between
upright and inverted viewing of faces.

In addition to showing eVects of expertise, scan patterns
may also show eVects of experience, or familiarity. Well-
known faces possess representations within the subject’s
store of facial memories, and this knowledge may guide the
exploratory scan patterns of subjects as they engage in the
process of identifying the face. Contrasts between famous
and recently encountered (novel) faces have shown that
familiarity generates a variety of eVects on scan patterns
(AlthoV and Cohen 1999; Stacey et al. 2005; Barton et al.
2006). In prosopagnosia, such scanning diVerences
between famous and novel faces could index the residual
eVects of surviving stores of facial memories, even if the
patients were not able to recognize the faces being shown.
Such a dissociation between absent overt recognition and
residual behavioral eVects that distinguish between familiar
and novel faces could also be considered a form of covert
recognition in this disorder (Bruyer 1991; Young 1994).
Indeed there is one previous report of such diVerences in
the face scan patterns in two prosopagnosic patients (Rizzo
et al. 1987).

In this study we had subjects engage in a face identiWca-
tion task while we manipulated the variables of expertise
(upright versus inverted) and familiarity (famous versus
novel). We used a series of morphed faces to increase the
level of diYculty in the identiWcation task for control sub-
jects, and hence encourage the generation of scan patterns
during a more protracted period of information processing.
We studied two prosopagnosic patients, one with an
acquired lesion and one with the developmental form. Our
goal was to determine if either subject demonstrated resid-
ual expertise in the perceptual processing of faces, or resid-
ual familiarity eVects suggesting the presence of facial
memories and a form of covert recognition.

Methods

Subjects

Two prosopagnosic patients participated in the study.
Subject 002(D) is a 31-year-old woman with generalized

seizures since 2 years of age. She has always had diYculty
recognizing faces, using cues such as voice or clothing
instead. She also has trouble recognizing her brother’s car
in parking lots. She gets lost in familiar surroundings and
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her reading is slow, but she denied problems with color
perception. Her visual acuity was 20/50. She saw 11 of 14
Ishihara pseudoisochromatic plates, in the normal range.
Confrontation visual Welds were only mildly constricted in
the periphery. She had left superior oblique overaction but
otherwise normal eye movements. Neurologic examination
was normal. Neuropsychologic testing showed average ver-
bal intelligence and superior attention and working mem-
ory. Memory for verbal material was normal, but that for
non-verbal material was severely impaired. Object recogni-
tion was impaired, for unusual views and line drawings.
Reading speed and comprehension were slow. There was
no evidence of hemi-neglect. On a test of discrimination
between familiar and unfamiliar faces, she scored a d’ of
zero, indicating no discriminative ability. Forced-choice
tests also showed no evidence of covert recognition (Barton
et al. 2001a). Her perception of facial conWguration was
severely impaired (Barton et al. 2003a). MRI showed
abnormal gyral patterns of both occipital lobes, interpreted
as a mild focal developmental polymicrogyria (Fig. 1, top).

Subject 005(A) is a 52-year-old man seen 7 months after a
right occipital hemorrhage from an underlying oligodendro-
glioma. This was resected and he was treated with irradiation
and chemotherapy. He complained of blurry vision and diY-
culty reading. He had trouble recognizing buildings in his
hometown, and got lost occasionally. Snellen acuity was
20/25 in either eye, and he had a complete left homonymous
hemianopia on Goldmann perimetry. He saw 12/14 Ishihara
pseudoisochromatic plates. Pursuit and saccadic eye move-
ments were normal. There were no signs of left hemi-neglect

or simultanagnosia. On the test of famous face familiarity, he
scored a d’ of 1.12, indicating very weak overt recognition of
faces (Barton et al. 2001a). His perception of facial conWgu-
ration was severely impaired (Barton et al. 2002), but his
imagery for faces was normal, particularly for facial features,
suggesting that facial memory stores were intact (Barton and
Cherkasova 2003). He had evidence of covert recognition on
both forced-choice tests (Barton et al. 2001a) and an indirect
priming method (Barton et al. 2004). MRI showed an exten-
sive right medial occipital resection involving the lingual and
fusiform gyri (Fig. 1, bottom).

As controls, we studied eight normal subjects, three
female and Wve male, with a mean age of 31.5 years (range
23–41 years). All subjects gave informed consent and the
institutional review board of Beth Israel Deaconess Medi-
cal Center approved the protocols.

Images

We created a set of eight morph series, where each series
represented a gradual physical transformation from one
face to a second. Four series were transitions between two
male faces, and four were transitions between two female
faces. In each gender set, two series used pairs of famous
faces and two used pairs of novel faces.

For famous faces, we selected eight images with a high-
resolution frontal view from the internet. We rejected
images with excess jewelry, make-up, facial hair, open
mouths, or glasses. All subjects, both prosopagnosic and
control, acknowledged having heard of and having had the

Fig. 1 MR scans of patients. 
Top Wgure is an axial  
T2-weighted image from subject 
002(D), showing the 
polymicrogyria in the medial 
occipital cortex (arrows). 
Bottom Wgures are coronal  
T1-weighted images from sub-
ject 005(A), with gadolinium 
enhancement in the right image. 
These show the medial 
occipitotemporal aspects of the 
lesion, involving the general 
vicinity of the fusiform face area 
(arrows)
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opportunity to see the faces of these celebrities. In particu-
lar, the two patients were able to provide semantic informa-
tion about the celebrities in response to their name, even
though they were not able to identify their faces or recog-
nize the faces as being familiar. For novel faces, we used a
digital camera to take pictures of eight anonymous individ-
uals, ensuring that their images matched the above criteria
for famous faces.

Using Photoshop 5.5 (Adobe, San Jose, CA, USA), we
replaced the backgrounds with a black surround, removed
earrings, and cropped the images to eliminate the external
hair contour and neck. Morph pairs were matched for hair
color, facial shape, image size, image luminance, sex, and
fame. The celebrity pairs were Demi Moore/Julia Roberts,
Michelle PfeiVer/Gwyneth Paltrow, John Travolta/Paul
Newman, Matthew Broderick/Kevin Costner.

For each morph series the two base (unmorphed) images
were loaded into Morph Studio 1.0, where 120 points were
matched between each image on analogous facial regions
(i.e., center of pupils, corner of mouth). We created a
morph series of 21 images, representing a 5% change in
position, hue and contrast between the two base images
(designated images 1 and 21). From each series we used the
two base images (images 1 and 21, representing mixtures of
{0:100}) and Wve morphed images from near the center of
each series (images 9, 10, 11, 12, and 13, representing mix-
tures of {40:60}, {45:55}, and {50:50}).

Each image was set to a height of 330 pixels, and
because face shapes varied, widths ranged from 299 pixels
to 392 pixels. These generated relatively large images, which
improve the accuracy of locating Wxations to a given region
of interest. Cropping of hair was performed to enforce
attention to facial details. It is possible that the use of large
images, omission of hair contour, and the use of morphed
images limit the ability to compare these data to other stud-
ies, but we believe these maneuvers enhanced the accuracy
of the results and focus the eye movements upon the face
processing task at hand.

Eye movement protocol

We recorded eye movements with a magnetic search coil
technique, using a scleral contact lens and a three-foot Weld
coil (Crist Instruments, Bethesda, MD, USA). The subjects’
heads were secured in a chin rest. The lens was placed in
the left eye. We calibrated the system by having subjects
Wxate nine targets in a square grid spanning 50°. Twelve
data points were collected at each of nine targets, and a
regression method was used to Wnd the best linear Wt. Eye
position was digitized at 500 samples/s.

Displays were generated by a Power Macintosh 9600/
233 using programs written in C++ on the Vision Shell
programming platform (www.kagi.com/visionshell), and

back-projected onto the tangent screen with an Eiki LC-
7000U projector. Distance from the subject’s cornea to the
screen was 80.5 cm. On the screen, each facial image
spanned a height of 67° with widths ranging from 61° to 82°.

We divided our faces into two experimental sets, one
male and one female. Before recordings, we showed the
subjects four panels, each containing an array of eight
faces, all female or all male. Two of these arrays showed
the base images used for the morphed series, while the
other two showed alternate pictures of the same individuals.
The faces had the names of the individuals printed below
them, and subjects were asked to try to remember the iden-
tity of the faces. They were allowed to study these panels as
long as they wished. They were told that in the experiment
they would be seeing a sequence of faces that had been
altered, and that they would be asked to identify to whom
each face belonged.

We presented our faces in two blocks, one female and
one male. The order of male/female blocks was counterbal-
anced across the eight subjects. Within each block, half the
trials were upright and half inverted. In each block, morph
series (e.g., Demi Moore/Julia Roberts), morph image (e.g.,
40Demi:60Julia), and orientation were randomly ordered.
Each face image was seen just twice, once in each orienta-
tion. Thus each subject saw a total of 112 faces (seven
morph levels, four same-sex face pairs, two orientations,
two diVerent-sex blocks).

A trial began with a Wxation screen with a small red spot
at center. Fixation within 3° of this zone triggered presenta-
tion of a stimulus face, along with a red spot 30° below
screen center. Subjects were asked to look at this second red
spot when they had reached a decision, then state whether
this face was famous or novel. On their report the collection
of eye movement data stopped and the single face was
replaced with an array of the eight alternate upright facial
images–(i.e., the faces not used as base images in the mor-
phed series. These alternates were used to emphasize the
identity recognition element of the task, rather than pattern
matching). Each of the eight faces had a number below it
and the subject indicated the number of the individual whose
face they thought they had just seen. When they had done
so, the panel vanished, the Wxation screen for the next trial
appeared, and collection of eye movement data resumed.

After every ten trials a calibration screen appeared, with
Wve Wxation spots, one at center and one at the four corners
of the region where the faces were displayed. These were
numbered, and subjects were asked to look at each spot in
order, and then to return to screen center.

Data analysis

Using Matlab (Mathworks, Natick, MA, USA), we identi-
Wed saccades as eye movements with velocities exceeding
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47°/s. The onset of a saccade was the point at which the
velocity of the eye Wrst exceeded 31°/s, and the end of a
saccade as a point where velocity fell below this baseline.
Fixations were deWned as the intervals between the end of
one saccade and the beginning of the next saccade. We
characterized each Wxation by its horizontal position, verti-
cal position, duration, and its time of onset relative to the
start of the trial.

We recorded all Wxations from the beginning to end of
each trial. The initial Wxation, evident as a long Wxation of
several seconds at screen center, was discarded, and the
Wrst Wxation after this long Wxation was taken as the onset
of the scanning sequence. The end of the scanning
sequence was the point at which subjects Wxated the red
dot at 30° below screen center. Not all trials were termi-
nated by such a Wxation, however, as subjects often forgot
to Wxate this peripheral spot when they had made a famil-
iarity decision. In these trials, a single long Wxation of
more than 1,500 ms duration was often present near the
end of the string of eye movement data, usually at an
eccentric position in relation to the image, and this was
taken to indicate the end of the subject’s scanning. In the
absence of either a Wxation at the red spot or a long near-
terminal Wxation, we included all Wxations occurring to the
end of data collection for a trial.

Our next step was to adjust our data for any baseline
drift or gain change that might have occurred during
recording, since absolute eye position was critical to our
results. From the recurring calibration trials we obtained the
average eye position for Wxations near each of the Wve
spots. OVset shift was calculated as the mean diVerence in x
and y positions from the expected value for each point.
Gain shift was calculated as the mean diVerence in distance
of each of the four corner Wxations from the Wxations at
screen center (gain shift proved to be negligible for all data
sets). We derived the oVset and gain correction required by
averaging these calculations from the two calibration trials
sandwiching a set of ten face trials, and applied to all ten
trials. We then collated the corrected data from all subjects
for each trial, displayed these data on an x–y plot of posi-
tion upon the facial image of that trial, and identiWed all
Wxations that fell upon the face.

Our analysis of scanning could be divided into three
sections:

a. Total scanning–how much scanning did the subjects
devote to the diVerent faces in general? For each sub-
ject we calculated the total number of Wxations and
total scan time (the sum of the durations of all Wxa-
tions) used to scan each face. We also analyzed the
mean duration of individual Wxations to determine if
any change in total duration was due to an increase in
number of Wxations or the length of Wxations.

b. Regional distribution of scanning—where did they
scan within the faces? We divided each face into eight
diVerent feature regions: brow, left eye, right eye, nose,
mouth, chin, right cheek, left cheek (Fig. 2) (Groner
et al. 1984). Approximate criteria were used uniformly
to draw the boundaries between regions for diVerent
faces. Fixations were classiWed according to their
region. As a secondary comparison we contrasted
upper (brow and eyes) with lower face (nose, mouth,
chin, and cheeks), and right hemi-face (right eye and
cheek) with left hemi-face (left eye and cheek). As with
total scanning, we analyzed both number of Wxations
and scan time per region.

c. Scanning dynamics—how did they scan faces? To ana-
lyze the sequence of Wxations between diVerent facial
regions, we performed two separate analyses. Both
were directed at determining the variability of scanning
sequences.

The Wrst analysis examined the local predictability of
scanning using Markov Wrst-order matrices (Rizzo
et al. 1987; Gbadamosi and Zangemeister 2001). We
created a variable called ‘pairs’, where the Wrst digit
represented the facial region where the prior Wxation
had been located, and the second digit the facial region
of the current Wxation. With eight diVerent regions, this
creates 64 possible pairs. These can be formatted as an
8 £ 8 Wrst-order Markov matrix, in which the rows
represent the Wrst Wxation and the columns represent
the second Wxation. The asymmetric lambda (aL) is a
measure of the predictability or non-random nature of
the pairs within this matrix.
One particular sequence pair of interest is the ‘locally
repetitive pair’. These are pairs where both Wxations
are in the same region. Whether these locally repetitive
Wxation pairs should be included in analyses of scan
sequencing is contentious. Others have used ‘com-
pressed’ Markov matrices that omit locally repetitive
pairs (Gbadamosi and Zangemeister 2001). We too
used compressed Markov matrices, which better assess
the inter-regional Xow of information processing. This
yielded compressed asymmetric lambda values (aLc).
We calculated eight aLc values for each subject, group-
ing data with common orientation (upright versus
inverted) and fame (novel versus famous). Our prior
report on normal subjects found no signiWcant eVect of
morphing on aLc values (Barton et al. 2006), so we
eliminated this as a main eVect from the analysis.
We also performed a separate analysis of locally repet-
itive pairs. These may represent information gathering
on a diVerent scale, possibly directed at local compo-
nent analysis rather than perception of the whole struc-
ture. We computed the frequency of such pairs, in the
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eight diVerent conditions varying in orientation, morp-
hing, and fame.
The second analysis examined the global predictability of
scanning. That is, how much did the whole scanning
sequence for one face resemble that of another by the
same subject? Recent scanning studies (Brandt and Stark
1997; Gbadamosi and Zangemeister 2001) have borrowed
techniques from DNA sequence analysis to attempt to
characterize this. The strategy is to quantify how much
change is required to transform one sequence into another.
One may make insertions, deletions, or substitutions, with
the latter counting twice, since a substitution is the equiva-
lent of a combined insertion and deletion. Here too we
used a compressed variant that eliminated consecutive rep-
etitions of a single area (Gbadamosi and Zangemeister
2001). The number of changes is divided by the average
number of items (Wxations) in the two sequences being
compared, to give the number of changes per Wxation.
This is called the ‘editing cost’. With this formula, the
minimum editing cost of ‘0’ indicates identical sequences,
whereas the maximum editing cost of ‘2’ equals com-
pletely dissimilar sequences.

d. Statistical analysis

We used ANOVA with repeated measures to analyze
the eVects of the diVerent factors, using JMP IN 5.1.2
(SAS Institute, www.jmpin.com). Where suYcient
data was available (e.g., total scanning), this was per-
formed within the two subjects, using orientation,
fame, and morphing as the main eVects, across the
eight diVerent series of faces. Otherwise, for all param-
eters, the data of each subject was contrasted against
the controls independently, with subject group (prosop-
agnosic patient versus the controls) as an additional
main eVect. The normal data sometimes showed negli-
gible eVects of certain factors on certain variables (e.g.,
morphing and fame for aLc values in the Markov
matrix analysis). Where this was present, those factors
were eliminated as main eVects in the ANOVA analysis.
SpeciWc planned comparisons for upright faces and

upright unmorphed faces were examined using linear
contrasts within the ANOVA analysis, and are reported
as P-values derived from t-tests.

Results

Total scanning

As we previously reported, normal subjects use fewer Wxa-
tions and less viewing time to make identity judgments
with upright faces than they do with inverted faces (Fig. 3).
They also require fewer Wxations and less viewing time to
make such judgments about famous faces than they do with
novel faces, and this eVect for fame is similar for both
upright and inverted faces.

Subject 005(A) did not show any eVect of orientation.
He did show a trend to a main eVect of fame on the number
of Wxations (9.01 Wxations/face for famous versus
10.21 Wxations/face for novel, F(1,112) = 3.21, P < 0.077),
but not on scan time. Planned contrasts between famous
and novel faces showed similar trends for number of Wxa-
tions for all unmorphed faces (7.75 Wxations/face for
famous versus 10.56 Wxations/face for novel, t = 1.77,
P < 0.079) and for upright unmorphed faces (7.5 Wxations/
face for famous versus 11.25 Wxations/face for novel,
t = 1.67, P < 0.098). Compared to the normal subjects, scan
times for faces in general were signiWcantly longer for sub-
ject 005(A) (4,048 ms/face) than for the controls (1,934 ms/
face, F(1,7)=22.8, P < 0.002).

Analysis of the duration of individual Wxations (rather
than total scan time) showed that these were signiWcantly
longer for subject 005(A) (415 ms/Wxation) than for
controls (242 ms/Wxation, F(1,940) = 71.1, P < 0.0001).
Also, the interaction between fame and orientation diVered
between subject 005(A) and controls [F(1,940) = 6.94,
P < 0.009]: subject 005(A) had longer individual Wxations
with upright famous faces than with inverted famous faces
or with novel faces, whereas controls showed no such rela-
tive increase for upright famous faces.

Fig. 2 Top shows an example 
of facial images used, in this 
case a morph series between 
Demi Moore and Julia Roberts. 
Bottom shows an example of fa-
cial regions. Each face is seg-
mented into eight regions: brow, 
right eye (of the depicted face, 
not the viewer’s hemiWeld), left 
eye, nose, mouth, chin, right 
cheek, and left cheek
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Subject 002(D) showed a slight eVect of orientation on
Wxation number [F(1,112) = 4.29, P < 0.041]—paradoxi-
cally with more Wxations on upright (8.61 Wxations/face)
than inverted faces (6.77 Wxations/face)—but not on scan
time. There was a signiWcant eVect of fame on scan time
(1,949 ms/face for famous versus 2,743 ms/face for novel,
F(1,112) = 14.2, P < 0.0003) but not on number of Wxa-
tions. A planned contrast showed signiWcantly shorter scan
time for famous faces (1,874 ms/face) than novel faces
(3,054 ms/face) in the upright unmorphed condition
(t = 2.10, P < 0.038). The contrast with controls showed
that subject 002(D) was not signiWcantly diVerent from
controls in either number of Wxations or scan time per face.
Subject 002(D) did show a signiWcant diVerence in the
eVect of orientation on both Wxation number [F(1,940) =
11.52, P < 0.0007] and scan time [F(1,940) = 4.57,
P < 0.033]: while controls scanned upright faces less than
inverted faces, she showed the opposite pattern. Analysis of
the duration of individual Wxations showed, as with subject
005(A), that these were signiWcantly longer for subject
002(D) (392 ms/Wxation) than for controls [242 ms/Wxa-
tion, F(1,940) = 47.19, P < 0.0001]. There was also a sig-
niWcant diVerence in the eVect of fame [F(1,940) = 18.8,
P < 0.0001]: while controls showed equivalent durations of
Wxations for famous faces and novel faces (243 ms versus
235 ms, t = 0.81, P = n.s.), subject 002(D) had longer Wxation

durations on novel faces than on famous faces (434 ms ver-
sus 328 ms, t = 4.3, P < 0.0001).

To summarize, subject 005(A) and subject 002(D)
required longer scan times to process faces, in large part not
because they used more Wxations, but because their Wxations
lasted longer. The presence of an orientation-dependent
expert face mechanism should be revealed as orientation
eVects. Subject 005(A) showed no orientation eVects and
subject 002(D) showed an anomalous one, with more Wxa-
tions on upright than inverted faces. The presence of resid-
ual face recognition should be revealed as fame eVects.
Subject 005(A) showed a trend to a normal fame eVect on
Wxation number but not scan time, and subject 002(D) had a
normal fame eVect on scan time but not Wxation number.
Both also showed anomalous fame eVects on the duration
of individual Wxations, with subject 005(A) showing longer
Wxations on upright famous faces and subject 002(D)
showing longer Wxations on novel faces.

Regional distribution of scanning

Our previous analysis of the control data (Barton et al.
2006) showed that the interaction of facial region and fame
was modest, but the interaction between facial region and
orientation was highly signiWcant (Fig. 4). Normal subjects
scanned the upper face more than the lower in upright

Fig. 3 Total scanning. Left 
graphs are for number of Wxa-
tions and right graphs show scan 
time, summed from the dura-
tions of all Wxations used to scan 
each face. Control data is shown 
in the top graphs, with error 
bars representing one standard 
error. Solid bars are for unmor-
phed faces, striped bars for mor-
phed faces. Subject 005(A) is 
shown in the middle graphs and 
subject 002(D) in the bottom 
graphs. Both subjects show ten-
dencies to less scanning for fa-
mous faces, though this was not 
signiWcant for subject 005(A). 
Subject 005(A) does not show 
the normal orientation eVect of 
less scanning with upright faces, 
while subject 002(D) shows an 
anomalous eVect of more scan-
ning of upright faces
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faces, but the lower face more than the upper when the face
was inverted (Fig. 5B). Furthermore, they tended to scan
the side of the face in the left hemiWeld more than the side
in the right hemiWeld, regardless of orientation (Fig. 5A).

The comparison of subject 005(A) with the controls
showed, for number of Wxations, a trend to a signiWcant
overall diVerence in face parts scanned [F(1,441) = 1.96,
P < 0.060], and a signiWcant interaction between group,

Fig. 4 Regional distribution of 
scanning. Conventions as in 
Fig. 3. Upright face data are 
plotted alongside inverted face 
data. Normal subjects scan the 
eyes, nose, and mouth the most, 
and show a bias for the eye in the 
left hemiWeld (right eye in 
upright faces and left eye in 
inverted faces). Subject 005(A) 
shows a similar distribution, but 
without the left hemiWeld bias. 
Subject 002(D) has an 
anomalous distribution, 
focusing more on the brow and 
cheek, as well as a right 
hemiWeld bias

Fig. 5 Lateralized distribution of scanning. Left graphs are control
subjects, with one standard error shown in error bars, middle graphs
are for subject 005(A), and right graphs are for subject 002(D). Top
graphs compare Wxation in the left versus the right hemiWeld, summing
scanning from eye and cheek regions. Subject 005(A) has lost the
normal left hemiWeld bias, and subject 002(D) has an anomalous right

hemiWeld bias. Bottom graphs compare Wxation in the upper (eyes and
brow) versus the lower (nose, mouth, chin, and cheeks) face. Normal
subjects Wxate the upper face more in upright faces and the lower face
more in inverted faces. Subject 005(A) shows a similar pattern, but
subject 002(D) Wxates the lower face more regardless of orientation
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orientation and face part [F(1,441) = 3.51, P < 0.0012). For
scan time subject 005(A) diVered signiWcantly from
the controls in face parts scanned [F(1,441) = 7.09,
P < 0.0001], and a signiWcant interaction between group,
orientation, and face part [F(1,441) = 4.67, P < 0.0001].
The general distribution of subject 005(A)’s scanning over
facial regions was not that dissimilar to controls, though,
with the main diVerence being that he did not show the nor-
mal bias for the left hemiWeld (Fig. 5). His division of Wxa-
tions between the upper versus lower face was very similar to
the controls, with more upper than lower Wxations in upright
faces and more lower than upper Wxations in inverted faces.

The comparison of subject 002(D) with the controls
showed a signiWcant diVerence in face parts scanned for
both Wxation number [F(1,441) = 16.48, P < 0.0001] and
scan time [F(1,441) = 13.15, P < 0.0001]. It also conWrmed
a signiWcant interaction between group, face region and ori-
entation [F(1,441) = 10.84, P < 0.0001]. Subject 002(D)
had highly anomalous scan distribution, with an emphasis
on regions that are not highly salient for controls, such as
the left cheek and brow (Fig. 4). Her scanning was also
highly skewed toward the right hemiWeld, and she did not
show the normal concentration of the upper face and eye
region in upright faces (Fig. 5).

Scanning dynamics

Markov and local repetitions

In the controls, the compressed lambda showed an orienta-
tion eVect, with local scanning transitions being more ran-
dom in inverted faces than in upright faces, but no eVect of
fame. Comparisons of subject 005(A) and subject 002(D)
with the controls showed no signiWcant diVerences. Subject
005(A) did show the normal inversion eVect for aLc, and
subject 002(D) had a small inversion eVect for novel faces
at least.

For local repetitions, the controls show no signiWcant
eVects of orientation or fame (Table 1). The comparisons of
subject 005(A) and subject 002(D) with the controls
showed that subject 005(A) had similar frequencies of local
repetitions, while subject 002(D) had almost twice as many
local repetitions as the controls [F(1,49) = 5.92, P < 0.046].

String editing costs

Normal subjects show eVects of both fame and orientation,
as well as a signiWcant interaction between the two. Editing
costs are least for novel upright faces, suggesting that scan-
ning is most stereotyped for these faces (Fig. 6).

Subject 005(A) also showed a signiWcant eVect of fame
[F(1,112) = 18.04, P < 0.0004], but no signiWcant eVect of
orientation, or interaction with orientation. The eVect of

fame in subject 005(A) was anomalous, though, with less
editing costs for famous than for novel faces. The compari-
son with normal subjects conWrmed a signiWcant diVerence
in the eVect of fame [F(1,138) = 22.8, P < 0.0001]: while
the controls had higher editing costs with famous than novel
faces (t = 5.02, P < 0.0001), subject 005(A) had higher edit-
ing costs with novel faces than famous faces (t = 3.44,
P < 0.0007). Linear contrasts between subject 005(A) and
the controls showed that he had only slightly diVerent edit-
ing costs for famous faces (t = 2.02, P < 0.045) but much
higher editing costs for novel faces (t = 5.04, P < 0.0001).

Subject 002(D) showed no signiWcant eVects of fame or
orientation. The comparison with the controls showed that
subject 002(D) had much higher editing costs than the con-
trols for all stimuli, regardless of fame or orientation
[F(1,138) = 16.91, P < 0.007].

To summarize the temporal dynamics, the local structure
of scanning (as indexed by the Markov and local repetition
analyses) showed an orientation eVect in subject 005(A) and
possibly a blunted one in subject 002(D); furthermore, subject
002(D) had an abnormally large number of local repetitions.
Global scan structure, as indexed by the string editing analy-
sis, was highly chaotic in subject 002(D) and not modulated
by familiarity or orientation. The expertise eVect in subject
005(A) is also muted, in that he failed to show a signiWcant
eVect of orientation. However, he had an anomalous familiar-
ity eVect, with less stereotyped scanning of novel faces than
famous faces, the reverse of the situation in the controls. This
was due to the fact that his global scan patterns for novel faces
were more random than those of controls, whereas his editing
costs for famous faces were similar to those of controls.

Discussion

The results show signiWcant diVerences in face scan patterns
between the prosopagnosics and the controls. Furthermore,

Table 1 Local scanning transitions

Control

Mean SD DM KN

Asymmetric lambda

Famous Upright 0.37 0.12 0.38 0.27

Famous Inverted 0.31 0.12 0.24 0.30

Novel Upright 0.35 0.11 0.37 0.32

Novel Iinverted 0.26 0.07 0.21 0.28

Local repetitions

Famous Upright 0.25 0.10 0.34 0.40

Famous Inverted 0.23 0.07 0.35 0.45

Novel Upright 0.26 0.08 0.34 0.39

Novel Iinverted 0.23 0.06 0.30 0.46
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they also show diVerences between the two prosopagnosics,
suggesting that scan patterns might reXect not only eVects
attributable to the absence of face recognition but also
eVects related to the type of prosopagnosia.

Besides the eVects of orientation and fame, which were
the main foci of this report, a few general eVects emerged
from the data. Face viewing is more diYcult for subjects
002(D) and 005(A) in general, as shown by their longer
scan time, which was due in large part to longer Wxation
durations. Hemianopia may have accentuated this diYculty
in subject 005(A), but subject 002(D) has no such Weld
defect. Normal subjects also showed a concentration of
scanning in the left hemiWeld, regardless of orientation.
However, subject 005(A) showed no hemiWeld asymmetry
in scanning. This is not likely due to his hemianopia, as a
left hemianopia should if anything lead to an adaptive
increase in the scanning of the left hemiWeld, rather than a
reduction (Behrmann et al. 1997; Barton et al. 1998). Sub-
ject 002(D), who does not have a hemianopia, has a pro-
nounced bias to the opposite right hemiWeld. Previous
studies of normal subjects have also shown left hemiWeld
biases in at least some scanning parameters (Gallois et al.
1989; Mertens et al. 1993; Phillips and David 1997).
Whether this hemiWeld asymmetry reXects a predominant
role for the right hemisphere in processing faces has been
argued (Grega et al. 1988), but the loss of the left bias in

subject 005(A), a patient with a visible right-sided lesion, is
of interest in this debate.

Evidence for a residual expert mechanism

Is there evidence that subject 005(A), after a lesion of the
right fusiform face area, has residual facial expertise? He
does not show an orientation eVect on total scanning time
or number of Wxations. While the controls scanned
upright faces less, presumably because they are more
eYcient at processing upright faces, subject 005(A)
showed no diVerence between upright and inverted faces.
However, the distribution of scanning by subject 005(A)
is relatively normal and does show the normal pattern of
a bias for the upper face in upright faces and a bias for the
lower face in inverted faces. In scanning dynamics, tran-
sitions from one Wxation to another were less random in
upright than in inverted faces, for both controls and sub-
ject 005(A). However, his global scan patterns showed
only a trend to be more stereotyped for novel faces in the
upright than inverted presentation, with no signiWcant
orientation eVect. Furthermore, his global scan patterns
with novel upright faces are more chaotic than those of
the controls. Others have argued that the stereotyped
scanning of novel faces reXects the guidance of a generic
face schema possessed by the expert mechanism (Rizzo

Fig. 6 Global scan patterns. 
String editing costs are shown 
against each of the morphed 
images in a series, ranging from 
9 to 21, where 21 is 100% of the 
other face in a pair, and 11 is the 
50:50 mixture. Control data at 
the top left show that editing 
costs are least for novel upright 
faces, suggesting a more 
stereotyped scanning of these 
faces. Error bars show one 
standard error for two of the 
series. At bottom left, subject 
005(A) shows editing costs that 
are similar to controls for the 
famous upright faces, but higher 
editing costs than the controls 
for the novel upright faces. He 
also has a reduced inversion 
eVect for the novel faces. 
Subject 002(D) shows very high 
editing costs for all faces, 
without consistent eVects of 
orientation or fame
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et al. 1987). If so, subject 005(A)’s more chaotic scan-
ning of novel faces may reXect degraded expert process-
ing, consistent with his demonstrated diYculties in
processing facial conWgurations. Along with the loss of
the normal left hemiWeld bias, all of these Wndings
suggest that subject 005(A)’s lesion has degraded but not
completely eradicated all traces of his expert face pro-
cessing mechanism.

Subject 002(D), with developmental prosopagnosia, has
more profound and anomalous changes. In terms of orien-
tation eVects, she scans upright faces more than inverted
ones, the opposite of normal. Her scanning of upright and
inverted faces both concentrate on the lower face, whereas
controls switch from emphasizing the upper face in upright
stimuli to the lower face in inverted stimuli. She shows no
eVect of orientation in her global scan patterns, which in
controls are more chaotic for inverted faces. In other
eVects, she has a highly anomalous distribution of scan-
ning, spending more time on less salient regions such as
the cheek and brow. She makes far more local repetitions
of Wxations. Her global scan patterns are all highly chaotic.
The overall impression is that subject 002(D) shows no
evidence of normal face-expert mechanisms in her scan-
ning of faces: she lacks normal orientation eVects, scans
anomalous regions of the face, and has highly chaotic scan
patterns.

Thus subject 005(A) with an acquired unilateral lesion
appears to have some residual face-expertise mechanisms,
while subject 002(D) with developmental prosopagnosia
has virtually none. The relatively preserved distribution of
subject 005(A)’s Wxations is consistent with conclusions of
normal Wxation distribution in another patient with acquired
prosopagnosia (Le et al. 2003). In contrast, subject 002(D)
has particularly chaotic scanning, with disorganized global
sequences and anomalous distributions of Wxations that do
not mirror the normal distribution of regional saliency
within faces (Shepherd et al. 1981). This too, is similar to a
previous study of four patients with hereditary prosopagno-
sia, which showed a tendency of these subjects to Wxate
external facial elements rather than the internal features
(Schwarzer et al. 2006). Subject 002(D)’s de-emphasis of
the eye region and increased scanning of less salient brow
and cheek regions is also reminiscent of other reports of
anomalous scanning in other patient groups. These include
the Wnding that autistic subjects Wxate the mouth more than
the eyes (Klin et al. 2002), and that schizophrenic subjects
Wxate salient facial features less (Loughland et al. 2002).
The data of subject 002(D) raise the possibility that these
other Wndings might reXect an innate disorganization of
face processing. However, caution is required for such
claims, as there are other possible explanations for such
anomalous scan patterns, including avoidance of social
engagement, for example.

Evidence for residual covert familiarity

Fame eVects would indicate the existence of residual facial
memories and their ability to inXuence data acquisition
during face viewing. This residual ability may be consid-
ered a type of covert face recognition in that, while prosop-
agnosic patients deny recognizing faces, inXuences of facial
familiarity can still be found in their behavior or perceptual
decisions (Bruyer 1991; Young 1994).

Subject 005(A) showed a trend to the normal eVect of
fewer Wxations on famous faces, but tended to take more
time with each Wxation on upright famous faces, an anoma-
lous eVect. His global scan patterns also showed a signiW-
cant diVerent between famous and novel faces, but this too
was anomalous, in that novel faces were more chaotically
scanned than famous faces. However, this was due to novel
faces being scanned more randomly by subject 005(A) than
by controls, whereas his global scan patterns for famous
faces were comparable to controls. We suggest that these
results might indicate that subject 005(A)’s scanning of
famous faces are still guided by residual facial memories.
Previous studies have shown that he has reasonably good
imagery for famous faces, suggesting that his facial memo-
ries may be relatively spared (Barton and Cherkasova
2003). This contrasts with his more chaotic scanning of
novel faces, which may reXect impaired perceptual process-
ing and access to a generic facial schema.

Subject 002(D) showed fewer familiarity eVects than
subject 005(A). She did spend less overall scan time view-
ing famous faces, as did normal controls. She also made
shorter Wxations on famous faces, whereas normal subjects
did not show an eVect of fame on the duration of Wxations.
Of note, subject 002(D) showed no signiWcant eVect of
fame in her global scan patterns.

Thus the eVects of fame are more prominent in subject
005(A) than in subject 002(D). Subject 005(A) has global
scan patterns for famous faces that are similar in their
degree of stereotypy to those of controls, and less chaotic
than his scanning of novel faces. This suggests that the
presence of facial memories in subject 005(A) can organize
his scanning of famous faces in a manner similar to con-
trols, even though his scanning of novel faces is more dis-
organized. However, subject 005(A) also diVers from
controls in that his Wxations on famous faces last longer.
Longer Wxations can be found when perceptual information
is degraded artiWcially (van Diepen 1995). In subject
005(A), it may be that weak matches between his patholog-
ically degraded percepts and intact facial memories gener-
ate a drive to increase data acquisition time during each
Wxation, more than occurs for novel faces where no strong
memories exist.

These Wndings provide interesting parallels to our other
behavioral data on covert recognition. Patients with unilateral
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right occipitotemporal lesions had the strongest evidence of
covert recognition with either direct forced-choice or indi-
rect priming techniques (Barton et al. 2001a, 2004). These
covert eVects correlated with their residual imagery for faces,
which was also best preserved in patients with right occipito-
temporal lesions (Barton and Cherkasova 2003). In contrast,
patients with childhood-onset prosopagnosia had little
covert recognition or facial imagery (but see (Michelon
and Biederman 2003) for a report of a developmental pros-
opagnosic with residual face imagery). We postulated
Wrst, that residual facial memories may be a prerequisite for
covert recognition, and second, that these may be lacking in
childhood-onset prosopagnosia, as any failure in the com-
plex hierarchy of processes in face recognition would pre-
clude the establishment of facial memories after early-onset
lesions. In this report we Wnd stronger eVects of fame on
scan patterns in a subject with unilateral right occipitotem-
poral lesion, with good evidence of covert ability and
facial imagery in our prior reports, and weaker fame eVects
(chieXy a diVerence in total scan time) in the patient with
developmental prosopagnosia.

In summary, investigations of the scan patterns in these
two patients reveal degradation of expert face processing
in both patients, in whom prior testing had shown severe
impairments in the perceptual processing of facial conWgu-
ration. This degradation was more profound in subject
002(D), who had a developmental prosopagnosia. How-
ever, residual eVects of familiarity were still evident in the
global scan patterns of subject 005(A), who has evidence
of good facial imagery and covert recognition, but not in
subject 002(D). These Wndings show how the distribution
and organization of scanning Wxations can yield data about
the information processing of faces in prosopagnosic
patients.
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