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The ability to recognize familiar faces across different viewing
conditions contrasts with the inherent difficulty in the perception of
unfamiliar faces across similar image manipulations. It is widely
believed that this difference in perception and recognition is based
on the neural representation for familiar faces being less sensitive
to changes in the image than it is for unfamiliar faces. Here, we
used an functional magnetic resonance-adaptation paradigm to
investigate image invariance in face-selective regions of the human
brain. We found clear evidence for a degree of image-invariant
adaptation to facial identity in face-selective regions, such as the
fusiform face area. However, contrary to the predictions of models
of face processing, comparable levels of image invariance were
evident for both familiar and unfamiliar faces. This suggests that
the marked differences in the perception of familiar and unfamiliar
faces may not depend on differences in the way multiple images
are represented in core face-selective regions of the human brain.
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Introduction

The ability to recognize familiar faces across a variety of
changes in illumination, expression, viewing angle, and
appearance contrasts with the inherent difficulty found in the
perception and matching of unfamiliar faces across similar
image manipulations (Bruce et al. 1987; Hancock et al. 2000).
This difference in perception has been incorporated into
cognitive models of face processing, which propose that
familiar and unfamiliar faces are represented differently in the
human visual system (Bruce and Young 1986; Burton et al.
1999). These models propose that faces are initially encoded in
a pictorial or image-dependent representation. This image-
dependent representation is used for the perception and
matching of unfamiliar faces. In contrast, the identification of
a familiar face involves the formation of an image-invariant
representation—"face recognition units’—that are used for the
perception of identity.

Our aim was to draw on the predictions from these models
to elucidate how different images with the same identity are
represented in face-selective regions of the human brain.
Functional imaging studies have consistently found regions in
the occipital and temporal lobes that respond selectively to
faces, which form a core system that is involved in the visual
analysis of faces (Kanwisher et al. 1997). Models of face
processing suggest that one region—the fusiform face area
(FFA)—is important for the representation of invariant facial
characteristics that are necessary for recognition (Haxby et al.
2000; Fairhall and Ishai 2007). Evidence that the FFA is
important for face recognition is evident in studies using
© The Authors 2012. Published by Oxford University Press.

functional magnetic resonance (fMR)-adaptation, which have
shown a reduced response (adaptation) to repeated images of
the same face (Grill-Spector et al. 1999; Andrews and Ewbank
2004; Loffler et al. 2005; Rotshtein et al. 2005; Yovel and
Kanwisher 2005). Adaptation to faces has been reported to be
invariant to changes in the size (Grill-Spector et al. 1999;
Andrews and Ewbank 2004) and position (Grill-Spector et al.
1999) of the face image. However, these studies use the same
image across size and position changes and therefore do not
test for invariant representations of identity. Other studies that
used different images of an identity have shown mixed results.
Some studies have shown that changes in the appearance,
illumination, or viewpoint of the face results in a complete
release from adaptation in the FFA (Grill-Spector et al. 1999;
Andrews and Ewbank 2004; Eger et al. 2005; Pourtois et al.
2005a, 2005b; Davies-Thompson et al. 2009; Xu et al. 2009),
whereas other studies have shown continued adaptation across
similar manipulations (Winston et al. 2004; Loffler et al. 2005;
Rotshtein et al. 2005; Ewbank and Andrews 2008). There are 2
main problems with the interpretation of these studies. The
first is that many of these studies fail to provide a direct
comparison of familiar and unfamiliar faces; models only
predict an invariant representation for familiar faces (Bruce
and Young 19806; Burton et al. 1999). The second is that many
studies do not control for physical changes in the images across
conditions. For example, low-level changes caused by lighting
or viewpoint of the same identity are often greater than the
low-level changes that occur with different identities when the
viewing conditions are similar (Xu et al. 2009). In an attempt to
circumvent these issues, we directly compared image in-
variance with familiar and unfamiliar faces in 2 experiments in
which we systematically controlled the amount of image
variance. Our aim was to determine whether differences in
image invariance can explain the marked differences in the
recognition of familiar and unfamiliar faces.

Materials and Methods

Participants

All participants were right handed and had normal to corrected-to-
normal vision. Written consent was obtained for all participants, and
the study was approved by the York Neuroimaging Centre (YNiC)
Ethics Committee. Visual stimuli (ca. 8° x 8°) were presented 57 cm
from the participants’ eyes. Familiarity with the faces was tested prior
to the scan session using images that were not used in the functional
magnetic resonance imaging (fMRI) experiments. Only participants
who were able to recognize all the familiar faces participated in the
study. Experiment 1 determined the behavioral ability of participants to
identify whether images of faces were from the same or different
identity. Experiment 2 systematically varied the number of different
face images with the same identity to determine image invariance in
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face-selective regions. Experiment 3 used an identical design to
Experiment 2 but used different identities to determine whether
neural responses in Experiment 2 can be explained by identity
repetition or by image repetition. Experiment 1 was run after
Experiments 2 and 3. Five subjects participated in both the behavioral
and the fMRI experiments.

Experiment 1

A behavioral experiment was used to determine the ability of
participants to identify familiar and unfamiliar faces. Twenty partic-
ipants took part in Experiment 1 (10 females; mean age, 27). Pairs of
images were presented in succession, and participants were asked to
indicate by a button press whether the 2 face images were from the
same person or from 2 different people (Fig. 1). Each face was
presented for 700 ms and separated by an interval of 300 ms. There
were 3 possible conditions: same image (identical face images),
different images (different images of the same person), and different
identity (different images of different people). Each participant viewed
a total of 256 trials.

Experiment 2

To determine image invariance in face-selective regions, the images
from Experiment 1 were incorporated into a block design fMR-
adaptation paradigm. Twenty participants took part in Experiment 2
(12 females; mean age, 22). There were 5 image conditions: (1) 1-image
of the same identity; (2) 2-images of the same identity; (4) 4-images of
the same identity; (8) 8-images of the same identity, and (D) 8-images
with different identities. Examples of the stimuli are shown in Figure 2.
The faces were either familiar or unfamiliar faces of males and females.
Unfamiliar faces were unknown to the participants and were chosen to
match familiar faces for their variation in age and appearance. In the
same-identity conditions, 8 different familiar identities (4 male, 4
female) and 8 different unfamiliar identities (4 male, 4 female) were
used. The different images of the same identity varied in lighting,
hairstyle. Images were presented in gray scale and were adjusted to an
average brightness level. The mean change in image intensity across
images was calculated by taking the average of the absolute differences
in gray value at each pixel for successive pairs of images within a block.

which were separated by a 9 s fixation gray screen. Male and female
faces were shown in separate blocks. Eight images of each female and
male identity were used. Each condition was repeated 8 times in
a counterbalanced order giving a total of 40 blocks per scan, with each
face image being presented a total of 15 times across the experiment.

Conditions
1image: 11111111
2images: 12121212
4 images: 12341234
8images: 12345678

2 images
(Expt 2) (Expt 3)

2 images

Figure 2. Design and images used in Experiments 2 and 3. (a) Examples of familiar
faces used in Experiment 2. (b) Each experiment had 4 conditions in which 1 image, 2
images, 4 images, or 8 images were presented in each stimulus block. In Experiment
2, the images in each block were from the same identity, whereas, in Experiment 3,
the images were from different identities. (c) Examples of the 2-image condition in
Experiment 2 (left) and Experiment 3 (right).

Table 1
Mean change in intensity (standard error) between successive images for each condition in
Experiments 2 and 3

1 2 4 8 Different
image images images images

Experiment 2

Table 1 shows that there was a similar mean intensity change in the Familiar 0 (0.0) 16.1 (0.3) 16.2 (0.6) 16.1 (0.5) 16.2 (0.9)
corresponding familiar and unfamiliar conditions. Unfamiliar 0 (0.0) 17.0 (0.4) 16.4 (0.4) 16.8 (0.5) 17.7 (0.5)
A blocked design was used to present the stimuli. Each stimulus Experiment 3
block consisted of 8 images. In each block, images were shown for 1 s Barfmha_? 8 tggi 1‘21? :88; gg :ég} }g; :88; -
followed by a 125 ms fixation cross, resulting in 9 s stimulus blocks, mamiar i - C - _
familiar unfamiliar
same
image
different
image
different
identity

Figure 1. Design and images used in Experiment 1. Successive images were either the same, different images of the same person (different image) or images of different

identities. Pairs of images were either familiar or unfamiliar faces.
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An additional 64 faces (32 male, 32 female) were presented in the
“different-identities” condition. Each scan was repeated for each
participant with familiar and unfamiliar faces in separate runs. The
task during the scan was to press a button to indicate the presence of
a target familiar face (Hugh Grant or Marilyn Monroe).

Experiment 3

To address whether the pattern of response in Experiment 2 was due
to repetition of identity rather than repetition of image, we used
a similar design but instead used images with different identities.
Twenty participants took part in Experiment 3 (13 females; mean age,
22). There were 4 image conditions: (1) 1-image with the same identity;
(2) 2-images with different identities; (4) 4-images with different
identities; (8) 8-images with different identities. Each condition was
repeated 8 times in a counterbalanced order giving a total of 32 blocks
per scan. Eight face images (a subset of those presented in Experiment
2) were used in this experiment, with each image being presented
a total of 32 times across the experiment. Each scan was repeated for
each participant with familiar and unfamiliar faces in separate runs. The
block length, image timings, and task were identical to Experiment 2.

JMRI Analysis
fMRI data was collected with a GE 3-T HD Excite MRI scanner at the YNiC
at the University of York. An 8-channel phased-array head coil (GE,
Milwaukee) tuned to 1274 MHz was used to acquire MRI data. A gradient-
echo EPI sequence was used to collect data from 38 contiguous axial
slices. (time repetition [TR] = 3 s, time echo [TE] = 25 ms, field of
view = 28 x 28 cm, matrix size = 128 x 128, slice thickness = 3 mm).
Statistical analysis of the fMRI data was carried out using FEAT (http://
www.fmrib.ox.ac.uk/fsl). The initial 9 s of data from each scan were
removed to minimize the effects of magnetic saturation. Motion
correction was followed by spatial smoothing (Gaussian, full-width
at half-maximum 6 mm) and temporal high-pass filtering (cut off, 0.01 Hz).
To identify regions responding selectively to faces in the visual
cortex, a localizer scan was carried out for each participant. There were
5 conditions: faces, bodies, objects, places, or Fourier-scrambled images
from each category. All images were presented in gray scale.
Participants viewed images from each category in stimulus blocks that
contained 10 images. Each image was presented for 700 ms followed by
a 200 ms fixation cross. Stimulus blocks were separated by a 9 s fixation
gray screen. Each condition was repeated 4 times, in a counterbalanced
block design, giving 20 stimulus blocks. For the localizer scan, face-
selective regions of interest (ROIs) were determined by the averaged
contrasts of “face > places, faces > objects, faces > places, and faces >
scrambled,” thresholded at P < 0.001 (uncorrected). This analysis
revealed 3 face-selective regions: FFA, occipital face area (OFA), and
posterior temporal sulcus (pSTS) that were identified for each
individual (Fig. 3). Data from the left and right hemisphere were
combined for each participant for each ROL The time series of each
voxel within a region was converted from units of image intensity to
percentage signal change. All voxels in a given ROI were then averaged
to give a single time series in each ROI for each participant. The peak
response was calculated as an average of the response at 9 and 12 s
after the onset of a block. Repeated-measures analyses of variance
(ANOVA) were used to determine differences in response to each
stimulus condition.

coronal

sagittal

Figure 3. Location of face-selective regions (FFA, OFA, STS).

Results

Experiment 1

To determine the degree to which the identity of the familiar
and unfamiliar faces used in this study could be discriminated
across different images, we used a behavioral paradigm in
which participants were presented with pairs of images (see
Fig. 1). There were 3 conditions: same image (identical face
images), different images (of the same person), or different
identities (different images of different people). Participants
were asked to indicate by a button press whether the 2 faces
were of the same person or 2 different people. The accuracy
and reaction time (RT) for correct responses to familiar and
unfamiliar faces are shown in Figure 4.

A 2 x 3 ANOVA (familiarity, condition) was carried out to
examine the effect of familiarity on accuracy RT. For RT, there
was a significant effect of familiarity (19 = 75.55, P < 0.001)
and condition (Fr3s = 29.10, P < 0.001). A significant
interaction between familiarity x condition was also found
for RT (F5 38 = 22.92, P < 0.001). A similar pattern was observed
for the error rates (ERs), with significant effects of familiarity
(Fy10 = 114.27, P < 0.001), condition (F 35 = 20.11, P < 0.001),
and an interaction between familiarity and condition (F»3g =
33.77, P < 0.001).

To examine the difference between familiar and unfamiliar
faces, we compared the response times and ERs for each
condition. The shortest RT and lowest ERs occurred when the
same face image was repeated. There was no difference
between familiar and unfamiliar faces (RT: #;9 =-1.23, = 0.03,
P = 0.24; ER: 9 = 0.18, = 0.02, P = 0.86). However, when
different images of the same person were shown (different
image), participants were significantly slower (9 =-7.10, r =
0.35, P < 0.001) and made more errors (t,9 = -7.56, r = 0.74,
P <0.001) with unfamiliar faces compared with familiar faces.
Indeed, the ER for judging whether 2 images of an unfamiliar
person was the same or different was 31 * 4% (chance = 50%
errors). In the different identities condition, participants
responded slower and made more errors for unfamiliar faces
as compared with familiar faces (RT: t;9 = 3.92, = 0.09, P <
0.001; ER: tj9 = -3.90, r=0.26, P < 0.001), but the differences
were less marked compared with the different image
condition. Together, these results are consistent with pre-
vious findings of a behavioral advantage for the recognition of
familiar faces compared with unfamiliar faces across changes
in appearance (Hancock et al. 2000; Davies-Thompson et al.
2009).

Experiment 2

To determine image invariance in face-selective regions, the
images from Experiment 1 were incorporated into a block
design fMR-adaptation paradigm. The number of different
images in each block was varied systematically across
conditions. The response to the different image blocks was
compared with the response when either one image was
repeated or when different images of different identities were
shown. If a region is invariant to changes in the image, there
should be no significant difference between the responses to
one repeated image and the multiple images of the same
person. In addition, the response to stimulus blocks with the
same identity should be lower than the response to blocks in
which different identities are presented.

Cerebral Cortex Page 3 of 8
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Figure 4. Experiment 1: RTs and Errors to images of familiar and unfamiliar faces. Participants were asked to indicate whether a pair of successively presented images was from
the same or a different identity. The images were either identical (same image), different images of the same person (different image), or images of different people (different
identity). The largest difference between familiar and unfamiliar faces occurred when participants responded to different images of the same person. Error bars represent

+standard error across participants, *P < 0.05, **P < 0.01.

There was no difference in the neural responses of face-
selective regions to the different conditions in the right and left
hemispheres (OFA: Fj gy = 0.40, P = 0.81; FFA: F;5, = 0.50, P =
0.74). Consequently, we combined the data across hemisphere.
The peak responses of face-selective regions were analyzed
using a 3-way ANOVA (condition, familiarity, region). There
was a significant effect of image condition (F; 45 = 33.30, P <
0.001) and region (F»»s = 34.63, P < 0.001), but no effect of
familiarity (F; ;> = 0.03, P = 0.87). There was no interaction
between familiarity x image condition (F; 45 = 1.15, P = 0.34)
suggesting a similar pattern of response to familiar and
unfamiliar faces. However, there was a significant interaction
between region x image condition (Fgos = 5.63, P < 0.001),
suggesting that different regions responded differently to the
image conditions.

Fusiform Face Area

Figure 5 (top) shows the response in the FFA to familiar and
unfamiliar faces across all image conditions in Experiment 1. To
determine invariance to different images of the same identity,
we compared the response of each condition with the
corresponding 1-image and different-identity conditions. We
found no difference in the response to the 1-image condition
compared with the 2-images condition for familiar (4 = 0.84,
r=0.07, P=041) or unfamiliar (f,o = 0.13, 7= 0.01, P = 0.90)
faces. There was a small but significant increased response to
the 4-images condition compared with the 1-image condition
for familiar (#;9 = 2.85, r = 0.26, P < 0.05), but not unfamiliar
(t19=0.12, r=0.01, P=0.90) faces. The response to the 8-image
condition was larger than the 1-image condition for both
familiar (49 = 4.30, = 0.38, P < 0.001) and unfamiliar (#9 =
449, r=0.24, P < 0.001) faces.

Compared with the different identities condition, the
response was lower in the 1-image (familiar: #o = 5.02,
=041, P < 0.001; unfamiliar: ¢, = 4.37, r=0.23, P < 0.001),
2-images (familiar: ;9 = 6.02, r=0. 38, P < 0.001; unfamiliar: ;9 =
3.63, r=0.23, P < 0.005), and 4-images (familiar: t;5 = 2.91, r=
0.25, P < 0.05; unfamiliar: ;9 = 4.93, » = 0.23, P < 0.001)
conditions. However, the response to the 8-images condition
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was not significantly different to the different-identities
condition (familiar: o = 1.13, » = 0.12, P = 0.28; unfamiliar:
to = 046, r=0.02, P = 0.65).

Occipital Face Area

There was a similar pattern of response to the FFA in the OFA
(Fig. 5, middle row). We found no difference in response
between 1-image and 2-images (familiar: #5 = 0.73, r = 0.06,
P = 047; unfamiliar: £ = 0.40, = 0.02, P = 0.70) or between
1-image and 4-images (familiar: #- = 1.36, r = 0.12, P = 0.19;
unfamiliar: ;- = 0.98, = 0.05, P = 0.34) conditions. However,
there was an increased response in the 8-images condition for
both familiar (f;7 = 3.56, r = 0.33, P < 0.005) and unfamiliar
(ti7 = 3.29, r = 0.23, P < 0.01) faces relative to the 1-image
condition. Compared with the different-identities condition,
the response was lower in the 1-image (familiar: ;5 = 4.38,
r=0.33, P < 0.001; unfamiliar: #- = 2.60, r = 0.19, P < 0.05),
2-images (familiar: ¢, = 3.48, = 0.30, P < 0.01; unfamiliar: - =
4.16, r=0.22, P < 0.005), and 4-images (familiar: ¢, = 2.68, r =
0.25, P < 0.05; unfamiliar: £+ = 5.53, » = 0.27, P < 0.001)
conditions. However, the response to the 8-images condition
was not significantly different to the different-identities
condition (familiar: 45 = 0.76, » = 0.08, P = 0.46; unfamiliar:
7 =092, r=0.04, P= 0.37).

Posterior Temporal Sulcus

The response to familiar and unfamiliar faces in the pSTS can be
seen in Figure 5 (bottom row). There was no difference in the
response between 1-image and the 2-images (familiar: 4, =
1.80, » = 0.19, P = 0.10; unfamiliar: ¢, = 0.11, » = 0.01, P =
0.92), 4-images (familiar: ¢, = 0.11, r=0.01, P= 0.91; unfamiliar:
11, =0.89, r=0.09, P=0.39), or 8-images (familiar: #,, = 0.30, r=
0.04, P = 0.77; unfamiliar: #, = 133, » = 0.15, P = 0.21)
conditions for familiar or unfamiliar faces. However, there was
also no difference between the 1-image condition and the
different-identities condition for either familiar (#, = 0.21, r =
0.02, P = 0.88) or unfamiliar (#,, = 041, r = 0.05, P = 0.69)
faces, suggesting that the pSTS is not sensitive to changes in
facial identity.
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Figure 5. Experiment 2: Responses of face-selective regions to different images of
the same identity. Peak responses to the different conditions are shown in the FFA,
OFA, and pSTS, for familiar and unfamiliar faces. There was a gradual increase in
response in the FFA and OFA with increases in the number of different images shown
in a stimulus block for both familiar and unfamiliar faces. However, there was no
difference between any of the conditions in the pSTS. Error bars represent =standard
error across all participants. *P < 0.05, **P < 0.01, indicates an increased response
relative to the 1-image condition.

Experiment 3
To address whether the pattern of response in Experiment 2
was due to repetition of image rather than repetition of
identity, we used a similar design but instead used images with
different identities (see Fig. 2). If the response in face-selective
regions was dependent on image repetition, we would expect
a similar pattern of results to that obtained in Experiment 2.
However, if the response was sensitive to changes in identity,
we would expect a complete release from adaptation when
different identities are presented within a block.

There was no difference in the neural responses of face-
selective regions to the different conditions in the right and left

hemispheres (OFA: F; 45 = 0.25, P = 0.86; FFA: F354 = 0.32, P =
0.81). Consequently, we combined the data across hemisphere.
The peak responses to the different conditions were analyzed
using a 3-way ANOVA (condition, familiarity, region). There
was a significant effect of image condition (Fs 4, = 21.22, P <
0.001) and region (F>,g = 114.13, P < 0.001), but no effect of
familiarity (F; 14 = 0.02, P = 0.88). There was no interaction
between familiarity x image condition (F;4, = 0.14, P = 0.93)
suggesting similar patterns of response for familiar and
unfamiliar faces. However, there was a significant interaction
between region x image condition (Fsgs = 13.66, P < 0.001),
suggesting that different regions responded differently to the
image conditions.

Fusiform Face Area

Figure 6 (top) shows the response in the FFA to familiar and
unfamiliar faces across all image conditions in Experiment 2.
For familiar faces, the effect of image condition is explained by
a larger response (i.e., a release from adaptation) to all
conditions compared with the 1-image condition (2-image:
t9 =5.80, r= 049, P <0.001; 4-images: t,o = 7.70, r=0.55, P <
0.001; 8-images: 49 = 5.88, 7= 047, P < 0.001). The 8-images
condition (equivalent to the different-identities condition in
Experment 1) was not significantly different from the 2-images
(tio = 0.19, = 0.01, P = 0.85) and 4-images conditions (¢ =
0.58, r = 0.01, P = 0.57). The same pattern was found for
unfamiliar faces, with a reduced response to the 1-image
condition compared with all other conditions (2-images: #,¢ =
524, r= 047, P < 0.001; 4-images: o = 801, r= 057, P <
0.001; 8-images: ;9 = 6.10, = 0.52, P < 0.001). There was also
no difference in the response between the 8-images condition
and the 2-images (#;9 = 0.57, r = 0.03, P = 0.58) and 4-images
(ti9 = 0.24, r=0.01, P = 0.82) conditions.

Occipital Face Area

A similar pattern of response was found in the OFA and FFA
(Fig. 6, middle row). For familiar faces, there was a reduced
response (adaptation) to the 1-image condition compared with
all other conditions (2-images: t,o = 6.62, r= 042, P < 0.001; 4-
images: t9 = 4.81, 7= 0.37, P < 0.001; 8-images: t;9 = 5.60, r =
0.38, P < 0.001). There was no difference in response between
the 8-images condition and the 2-images (t;9 = 0.19, = 0.01,
P=0.85) and 4-images (4o = 0.46, 7= 0.04, P= 0.65) conditions.
The same pattern was found for unfamiliar faces, with a reduced
response to the 1-image condition compared with all other
conditions (2-images: ;9 = 4.29, r= 043, P < 0.001; 4-images:
tio = 5.04, r= 049, P < 0.001; 8-images: t;o = 3.90, r = 045,
P <0.001). There was no difference in response between the 8-
images condition and the 2-images (o = 0.39, = 0.03, P=0.70)
and 4-images (#;9 = 0.21, = 0.01, P = 0.84) conditions.

Posterior Temporal Sulcus

The response to familiar and unfamiliar faces in the pSTS can be
seen in Figure 6 (bottom row). For familiar faces, there was no
difference in response between the 1-image condition and the
2-images (t;4 = 1.76, r=0.18, P=0.10), 4-images (¢4 = 0.12, r=
0.01, P = 091), and 8-images (#;5 = 1.04, » = 0.09, P = 0.32)
conditions. Similarly, for unfamiliar faces, there was no
difference in response between the 1-image condition and
the 2-images (¢4 = 1.33, r=0.17, P=0.21), 4-images (#,4 = 0.56,
7= 0.06, P =0.59), and 8-images (¢4 = 0.50, = 0.06, P = 1.49)
conditions.
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Figure 6. Experiment 3: Responses of face-selective regions to different images of
different identities. Peak responses to the different conditions are shown in the FFA,
OFA, and pSTS. In contrast to Experiment 2, there was an immediate increase in
response in the FFA and OFA when different images were shown in a block for both
familiar and unfamiliar faces. However, there was no difference between any of the
conditions in the pSTS. Error bars represent =+standard error across all participants.
*P < 0.05, **P < 0.01, indicates an increased response relative to the 1-image
condition.

Occipital Pole

To determine the selectivity of the responses we observed in
face-selective regions, we measured the peak response in an
carly visual region for each condition in Experiments 2 and 3.
An occipital pole mask (http://www.cma.mgh harvard.edu/
fsl_atlas.html) was transformed into each participant’s EPI
coordinates. A 2 x 2 x 4 ANOVA showed no effect of
Experiment (F; o = 0.78, P = 0.39), Condition (F35- = 0.30,
P=0.78), or Familiarity (F; 19 = 3.84, P=0.07). There were also
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no interactions (Experiment x Familiarity [F; ;9 = 095, P =
0.34]; Experiment x Condition [F;35; = 1.27, P = 0.30];
Familiarity x Condition [Fss; = 1.11, P = 0.35]; Experiment x
Familiarity x Condition [F5s- = 0.80, P = 0.50]). These results
show that the significant effects found in some face-selective
regions do not appear to be inherited from responses at early
stages of the visual system.

Discussion

This study used behavioral and fMR-adaptation paradigms to
evaluate differences in the neural representation underlying
familiar and unfamiliar faces. In line with previous studies
(Bruce et al. 1987, 1999; Hancock et al. 2000; Megreya and
Burton 2006; Davies-Thompson et al. 2009), our results show
a clear behavioral advantage for matching familiar faces as
compared with unfamiliar faces across similar image manipu-
lations. We also found clear evidence for some degree of image-
invariant representations of facial identity in face-selective
regions. However, there was no evidence for more image
invariance in the neural response to familiar faces. These
findings suggest that marked differences in the perception of
familiar and unfamiliar faces may not be due to different levels
of image invariance at this level of the face processing network.

Models of face processing predict a more image-invariant
neural representation for familiar faces compared with un-
familiar faces. However, previous neuroimaging studies have
reported mixed results about whether face-selective regions
have an image-invariant representation to identity. Some
studies have reported image invariance (Winston et al. 2004;
Loffler et al. 2005; Rotshtein et al. 2005; Ewbank and Andrews
2008), whereas others have reported image dependence
(Grill-Spector et al. 1999; Andrews and Ewbank 2004; Eger
et al. 2005; Pourtois et al. 2005a, 2005b; Davies-Thompson et al.
2009; Xu et al. 2009). By systematically varying the amount of
image variation within a block, our results are able to show the
level of image invariance in these face-selective regions. In
Experiment 2, we found a gradual release from adaptation. For
example, there was no significant difference between the same
repeated image and repetitions of 2-images of the same
identity. Although this could be explained by image invariance
in face-selective regions, it could also be explained by image
repetition. To differentiate between these explanations, Ex-
periment 3 used the same design but with images of different
identities. In contrast to Experiment 2, there was an immediate
release from adaptation to repetitions of 2 images. Together,
these experiments provide clear evidence for image-invariant
responses in the core face-selective regions of the human brain.

Although our results show some degree of image invariance
in these face-selective regions, the response is not completely
invariant to changes in the image—a complete invariant
representation would predict sustained adaptation across
multiple images of the same identity, whereas we observed
a release of adaptation to 8-images. This suggests that the
neural response to different images of the same person may
involve overlapping rather than identical populations of
neurons. In a recent study, we varied the viewing angle of
successive face images in a similar fMR-adaptation paradigm
(Ewbank and Andrews 2008). Adaptation in the FFA was found
across all changes in viewing angle of familiar faces, but
a release from adaptation with increasing viewing angles for
unfamiliar faces. Although this could suggest a complete image-
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invariant response to familiar faces, the changes in viewing
angle were small. In a subsequent study, we investigated
adaptation to identity across much larger changes in the image
and found a complete release from adaptation for both familiar
and unfamiliar faces (Davies-Thompson et al. 2009). Together,
these findings suggest that there are limits to image invariance
in these regions (Natu and OToole 2011). This conclusion is
consistent with priming studies that show that the repetition
advantage is maximal for the same image and decreases with
changes in the image (Bruce and Valentine 1985; Ellis et al.
1987).

The key finding from this study is that there were similar
levels of response to both familiar and unfamiliar faces in the
OFA and FFA. Indeed, if anything the response to unfamiliar faces
showed a more image-invariant response in Experiment 2. The
lack of a more invariant response to familiar compared with
unfamiliar faces contrasts with the marked differences in the
behavioral responses. In Experiment 1, we found that partic-
ipants were less accurate at identifying unfamiliar faces across
changes in appearance as compared with familiar identities
across similar manipulations. For example, different images of
the same unfamiliar identity were reported as different faces on
over 30% of trials (chance performance is 50%). There was also
a significant increase in RT to different images of the same
unfamiliar identity, showing that participants were taking longer
to respond. This contrasts to the pattern of neural response in
Experiments 2 and 3, which shows that face-selective regions
such as the FFA are able to discriminate that different images
belong to the same facial identity for both familiar and unfamiliar
faces. It is equally clear, however, that participants are not able
to use this information for correct behavioral judgments for
identifying unfamiliar faces. Therefore, it would appear that the
computations that occur in the core face-selective regions are
not sufficient to explain the difference in perception of familiar
and unfamiliar faces.

Neural models of face processing propose that different face-
selective regions represent different aspects of facial informa-
tion. The OFA is suggested to be an early processing region that
has an image-dependent representation. In contrast, the FFA is
thought to have more invariant representations critical for the
perception of identity. In this study, we observed similar
patterns of responses in the OFA and FFA. This fits with other
studies using fMR adaptation (Andrews and Ewbank 2004;
Davies-Thompson et al. 2009; Andrews et al. 2010) and suggests
that both these regions are highly interconnected and may
represent early stages of processing in face perception. In
contrast to the OFA and FFA, the response of the pSTS was not
sensitive to changes in facial identity. This fits with previous
studies that have shown a distinction between inferior
temporal processes involved in facial recognition and superior
temporal processes involved in understanding dynamic aspects
of faces (Haxby et al. 2000; Hoffman and Haxby 2000; Andrews
and Ewbank 2004).

In conclusion, we provide evidence for some degree of
image invariance to facial identity for familiar and unfamiliar
faces in face-selective regions of the human brain. However,
the similarity in response to familiar and unfamiliar faces
contrasts with the marked differences in the way these visual
stimuli are perceived. Taken together, these results suggest
that the clear behavioral difference in the ability to perceive
and recognize familiar and unfamiliar faces may not be due to
differences in the way multiple images of the same face identity

are represented in the core face-selective regions. Together,
these results provide a significant challenge for understanding
the neural basis of face recognition.
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