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Abstract: A face-selective neural signal is reliably found in humans with functional MRI and event-
related potential (ERP) measures, which provide complementary information about the spatial and
temporal properties of the neural response. However, because most neuroimaging studies so far have
studied ERP and fMRI face-selective markers separately, the relationship between them is still
unknown. Here we simultaneously recorded fMRI and ERP responses to faces and chairs to examine
the correlations across subjects between the magnitudes of fMRI and ERP face-selectivity measures.
Findings show that the face-selective responses in the temporal lobe (i.e., fusiform gyrus—FFA) and
superior temporal sulcus (fSTS), but not the face-selective response in the occipital cortex (OFA), were
highly correlated with the face-selective N170 component. In contrast, the OFA was correlated with
earlier ERPs at about 110 ms after stimulus-onset. Importantly, these correlations reveal a temporal dis-
sociation between the face-selective area in the occipital lobe and face-selective areas in the temporal
lobe. Despite the very different time-scale of the fMRI and EEG signals, our data show that a correla-
tion analysis across subjects may be informative with respect to the latency in which different brain
regions process information. Hum Brain Mapp 00:000–000, 2010. VC 2010 Wiley-Liss, Inc.
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INTRODUCTION

A comprehensive account of the neural basis of any
function must identify not only the brain regions involved

but also when each of these regions contributes to infor-
mation processing. Functional MRI (fMRI) is the most
common noninvasive method for studying the spatial
properties of the neural response in the human brain,
whereas event-related potential (ERP) is the most common
means to examine its temporal properties. Numerous
fMRI and ERP studies have reported robust and selective
neural responses to faces in occipito-temporal cortex. Spe-
cifically, fMRI typically reveals three occipito-temporal
face-selective regions (Fig. 1A), one in the inferior lateral
occipital cortex (the occipital face area—OFA), a second in
the mid-fusiform gyrus (the fusiform face area—FFA), and
a third in the posterior superior temporal sulcus [STS face
area—fSTS, see Fig. 1A; Haxby et al., 2000; Kanwisher and
Yovel, 2006]. Similarly, a face-selective ERP component
that peaks at about 170 ms after stimulus onset (the
N170—see Fig. 1B) is consistently found at temporal-
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occipital electrodes [Bentin et al., 1996; for review see, Ros-
sion and Jacques, 2008]. Although less robust than the
N170, several studies have reported an earlier face-selec-
tive component at the 100-ms latency. This earlier face-
selective component, however, does not consistently
appear across all ERP studies and less is known about its
role in face processing [for review see, Rossion and
Jacques, 2008].

Whereas ERP and fMRI studies often employ similar
paradigms to assess the latency or the location of a given
function in the brain, respectively [e.g., Bentin et al., 1996;
McCarthy et al., 1997; Paller et al., 1987; Puce et al., 1998,
2000; Wagner et al., 1998], ERP and fMRI responses to
faces have been mostly examined in separate studies by
different research groups and very few studies have inves-
tigated the relationship between them [Henson et al., 2003;
Horovitz et al., 2004]. Henson et al. reported similarities or
differences between ERP and fMRI effects of face repeti-
tion or familiarity between subjects. A more direct way to
study the relationship between electrophysiological and
BOLD signals is by examining the correlations between
these measures across subjects. Such a procedure was

employed by Horovitz et al. in an auditory oddball experi-
ment [Horovitz et al., 2002], and later with faces [Horovitz
et al., 2004], for ERP and fMRI responses recorded in sepa-
rate sessions. Specifically, Horovitz et al. [2004] measured
the N170 and fMRI responses to faces at different levels of
visual noise. Results showed high correlations between the
N170 amplitude and the fMRI response across five subjects
and five noise levels in the predefined FFA. A voxel-wise
correlation analysis revealed that the N170 response also
correlated with the response to faces in the middle frontal
gyrus, anterior cingulate, and superior temporal gyrus. To
the best of our knowledge this is the only study that
reported correlations between the N170 and the FFA
response to faces. Importantly, no study has directly exam-
ined whether the N170 and fMRI face-selectivity (i.e., the
difference between the response to faces and nonface stim-
uli) are correlated, which was the main goal of the current
study.

A correlation between fMRI and ERP may potentially
inform us about the latency in which a given brain region
processes information, in particular if a temporal dissocia-
tion between different regions is found. Recent transcranial

Figure 1.

Functional MRI and event-related potential (ERP) face-selective

responses. A. Regions that show a face-selective response in

one representative subject (face > chairs, P < 0.001). These

regions were individually identified in each subject. Face-selective

voxels in the mid fusiform gyrus were defined as the fusiform

face area (FFA), in the posterior part of the superior temporal

sulcus as the fSTS and in the lateral occipital cortex as the

occipital face area (OFA). B. ERP responses to faces and chairs

averaged across all subjects in channels P7 and P8. A larger neg-

ative potential is revealed in response to faces than chairs at

170 ms after stimulus onset (N170). C. Subjects were presented

with grayscale images of faces and chairs in a pseudo-random-

ized order. A stimulus was presented for 250 ms. Each trial

lasted 2 s.
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magnetic stimulation (TMS) studies allow us to make pre-
dictions with respect to the latency of face processing in
face-selective areas. Pitcher et al. [2007] examined the la-
tency in which the occipital face area (OFA) contributes to
face processing, and found that TMS to the OFA disrupts
face discrimination abilities at 60–100 ms after stimulus
onset, but not at latencies around the timing of the face-
selective N170 component [Pitcher et al., 2007, 2008]. These
findings suggest that the OFA face-selectivity may be asso-
ciated with earlier face-selective ERPs (around 100 ms)
whereas face processing at around 150–200 ms after stimu-
lus onset, which underlies the face N170, may not be asso-
ciated with the OFA, but with the more anterior face areas
in the mid fusiform gyrus (FFA) and/or the posterior
fSTS. Source localization ERP studies have suggested
either the superior temporal cortex [e.g., Itier and Taylor,
2004b] or the fusiform gyrus [e.g., Deffke et al., 2007; Ros-
sion et al., 2003; Shibata et al., 2002] as possible sources of
the N170. Because of the diversity in source localization
models and the uncertain nature of inverse solutions, other
sources have also been proposed [e.g., posterior inferior
temporal gyrus, Schweinberger et al., 2002]. Notably,
source localization analyses can only crudely point to ana-
tomical locations, and cannot directly assess the associa-
tion of the face-selective N170 with functionally defined
face-selective brain areas revealed with fMRI.

The goal of the current study was to specifically exam-
ine the association between the well-established face-selec-
tive ERP and fMRI measures. By simultaneously recording
the fMRI and ERP face-selective signals to faces and
objects (chairs, Fig. 1C), we tested the correlation between
face-selective ERPs and fMRI regions across subjects. Our
first question was whether face-selectivity at the N170
peak is associated with face-selectivity in the FFA and/or
fSTS but not in the OFA. Second, we asked whether face-
selectivity at the OFA is associated with ERPs at latencies
earlier than the N170 component.

MATERIALS AND METHODS

Subjects

Twelve subjects (age: 22–30, eight females, two left-
handed) participated in a simultaneous recording of ERP
and fMRI. Two right-handed subjects, one female and one
male, were excluded due to technical problems in record-
ings. All subjects gave informed consent to participating in
the study, which was approved by the Helsinki committee
of the Tel Aviv Sourasky Medical Center.

Apparatus and Recording Parameters

Functional MRI Recording

MRI data was collected with a GE Signa 3T MRI scan-
ner. We used an echo planar imaging sequence with TR ¼

2 s, TE ¼ 35 ms, flip angle: 90�, 30 slices of 4 mm with no
gap, matrix 64 � 64, FOV ¼ 20 cm.

EEG recording

EEG was recorded with an MR-compatible 32-channel
battery-operated amplifier located at the back of the MRI
scanner (Brain Products, GmBH, Germany). The signal
was amplified and sampled at 5,000 Hz, a rate necessary
for gradient artifact removal. The exact timing of stimulus
onset and MRI scanner gradient switching was transmitted
to the EEG amplifier and recorded together with the EEG
signal. Thirty Ag/AgCl nonmagnetic electrodes were posi-
tioned on an elastic cap according to the standard 10/20
system, with a fronto-central reference electrode. The wires
were braided and connected to the amplifier. One elec-
trode was placed on the upper-left part of the back for
EKG recordings. The EKG data were used to detect the
ballistocardiogram (BCG) artifacts in the EEG signal,
which were removed offline.

Stimuli

Grayscale images of four faces and four chairs were pre-
sented with Matlab Psychtoolbox [Brainard, 1997]. Stimuli
were projected to the center of a screen located in the
scanner’s bore. The subjects viewed the stimuli through a
mirror that was placed on the upper part of the head coil.

Procedure

Three simultaneous EEG-fMRI runs were recorded. Each
run included 48 face and 48 chair trials, and 24 null events
that were presented in a pseudo-randomized order (http://
surfer.nmr.mgh.harvard.edu/optseq/), which allowed the
deconvolution of fMRI signal time locked to the rapidly
presented stimuli [Dale, 1999; Dale et al., 1999]. Each trial
lasted 2 s, during which one stimulus was presented for
250 ms. The stimulus onset was shifted by a jitter that was
randomly sampled from a uniform distribution between
0 and slice duration time (66.67 ms), to prevent time-locking
of the evoked response to the gradient switching. The ERP
signal was time-locked to the onset of the stimulus. The
fMRI signal was sampled every 2 s for each stimulus pre-
sentation. The subjects were asked to press a key each
time an image was repeated twice in a row (a one-back
task), which occurred every eight trials on average and
total of 12 times per session (six for faces and six for
chairs). This task was chosen because EEG recorded in a
high magnetic field is particularly sensitive to head move-
ments, which can be elicited by the hand movement [Deb-
ener et al., 2008]. Our 1-back task minimizes hand
responses but still ensures that subjects remain attentive
throughout the session. Each scan lasted 4:12 min and
comprised 126 volumes. The first six volumes of each scan
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were acquired during presentation of a blank screen and
discarded from the analysis.

Data Analysis

Functional MRI

We extracted the hemodynamic responses to faces and
chairs for each of the face-selective areas. Face-selective
areas were defined individually for each subject as areas
that responded significantly more to faces than chairs,
with P < 0.001, uncorrected (T > 3.11). Face-selective vox-
els in the mid fusiform gyrus were defined as the FFA, in
the posterior part of the superior temporal sulcus as the
fSTS and in the lateral inferior occipital cortex as the OFA
(Fig. 1A). All 10 subjects showed a face-selective response
in the right fusiform gyrus (FFA), 8 subjects showed a
face-selective response in the left FFA, 8 subjects showed a
face-selective response in the right occipital face area
(OFA), 6 subjects showed a face-selective response in the
left OFA, 7 subjects showed a face-selective response in
the posterior part of the right superior temporal sulcus
(fSTS), and 7 subjects showed a face-selective response in
the left fSTS. Individuals who showed no face-selective
response in a given ROI were given a score of 0 in the
face-selective index. Correlations were computed with and
without these subjects (see below).

Face-selectivity index. A normalized face-selective index
was calculated by subtracting the peak of the hemody-
namic response to chairs from the response to faces and
dividing by their sum: face�chair

faceþchair

Event related potentials

Gradient and ballistocardiogram artifact removal. To
remove MR and ballistocardiogram (BCG) artifacts, we
used the FMRIB plug-in for EEGLAB provided by the Uni-
versity of Oxford Centre for Functional MRI of the Brain
(FMRIB) [Iannetti et al., 2005; Niazy et al., 2005]. Artifacts
related to MR gradient switching were removed from all
EEG datasets using the FASTR, which first corrects for
possible minor jitters of gradients by slightly shifting the
slice artifacts to obtain the optimized correlation between
each of them and the first artifact. Then, an average tem-
plate of the artifact is computed and subtracted from the
signal [Allen et al., 2000]. Subsequently, an optimal basis
set (OBS) constructed of first most meaningful PCAs is
used to eliminate residual artifacts.

Ballistocardiogram artifacts were removed in two stages:
artifact detection was performed on the EKG channel
using the Teager energy operator [Kim et al., 2004] and
combined adaptive thresholding [Christov, 2004], followed
by a correction algorithm, which aligns all events and cor-
rects for false positives and negatives and computes an av-
erage artifact template. In the pulse artifact removal stage
an artifact template is subtracted from the signal. The tem-

plate for subtraction is constructed with the optimal basis
algorithm, similar to the one used to remove the gradient
residuals. For some subjects Gaussian-weighted mean arti-
fact subtraction was used to remove the artifacts, due to
failure of the optimal basis algorithm to operate on them.

ERP averaging. Following artifact removal, the EEG signal
was down-sampled to 250 Hz. The data were then filtered
with a 0.5–45 Hz bandpass filter. Epochs of 100 ms before
stimulus onset to 600 ms after stimulus onset were aver-
aged separately for faces and chairs. The N170 amplitude
to faces and chairs was measured at the maximum nega-
tive peak of the ERP for faces and chairs within 140–200
ms. For analysis of the occipital-temporal electrodes we
utilized the built-in fronto-central reference channel (FCz).
For the face-selective VPP component, which is maximal
at Cz, a channel adjacent to FCz, we rereferenced the data
offline to the average scalp potential. As reported below,
face-selectivity at Cz (VPP) and at the temporal occipital
electrodes 170 ms after stimulus onset were highly
correlated.

Face-selectivity Index. Similar to the fMRI face-selective
index, for each subject we computed a normalized face-se-
lectivity index of the ERP response to faces and chairs at
the peak amplitude within 140–200 ms faceN170�chairN170

faceN170þchairN170.
Unlike the amplitude of the hemodynamic response that
was positive for faces and chairs for all subjects, for a few
subjects the amplitudes of the N170 to faces and chairs
had opposite signs (negative for faces and a low positive
value for chairs). Calculation of the index score in such
cases generates a deviant value that is larger than 1,
whereas a ratio index of selectivity scores is meaningful
only within the -1 to 1 range. We therefore subtracted a
fixed value that was slightly higher than the larger posi-
tive amplitude in our sample such that all amplitude
scores of the N170 had a negative value smaller than �1,
which results in indices ranging from -1 to 1 [see also Sim-
mons et al., 2007 for a similar baseline correction of a ratio
index of fMRI response]. To make sure that the magnitude
of the particular chosen factor did not affect our results,
we computed the correlations between face-selective indi-
ces that were computed with different factors. The correla-
tions between these face-selective indices were very high
(r > 0.9), which suggests that the magnitude of the factor
does not significantly alter the pattern of variance across
individuals.

In addition to this standard selectivity ratio, which
should be separately computed for each ERP latency based
on its range of positive and negative amplitudes, we also
computed another type of normalized index where the dif-
ference between the response to faces and chairs was di-
vided by the difference between the P1/N1 peak-to-peak
amplitude for faces: faceN170�chairN170

faceP1�faceN1 . The advantage of the
P1-N1 normalized index is that it provides a fixed value
that reflects the overall amplitude of the signal for each
subject. Therefore, unlike the former index, it does not

r Sadeh et al. r

r 4 r



require the computation of a specific factor for each la-
tency. Importantly, the correlations between the two types
of face-selective indices were very high (r > 0.9), which
indicates that both indices are equally valid to be used in
the correlational analysis with fMRI selectivity indices.
Indeed, the correlations between the ERP and fMRI signals
reported below were very similar with the two types of
indices. For the correlation analysis with the N170 peak
amplitude, we report results with both selectivity indices:
the standard ratio index, which is similar to the index we
used for the fMRI data, and the P1-N1 index. To calculate
the correlations across different time bins (see Fig. 4) the
P1-N1 index was used so all latencies are normalized
based on the same value for a given subject.

For all ERP-fMRI correlation analyses we used Cook’s
Distance score to exclude outlier data points. Cook’s Dis-
tance score for a given observation reflects the change in
the magnitude of the correlation that results from exclud-
ing this observation [Cook, 1979]. An outlier was defined
as Cook’s Distance score larger than 3 standard deviations
(excluding the outlier score). The only data point that was
excluded based on this criterion was in the correlations
between the N170 and the rfSTS face-selectivity measure
of one of the subjects who showed no face-selective
response in the superior temporal sulcus and highly devi-
ant Cook’s score (Cook’s D score was 12 standard devia-
tions above mean).

RESULTS

Correlations Between Face-Selective fMRI

Regions and the N170 Face-Selectivity

A face-selective index was computed for each subject
(see methods) for the N170 peak amplitude at the right
and left temporal-occipital electrodes (P8 and P7, respec-
tively) where face-selectivity is typically reported to be
maximal with a 32-channel system [Rossion and Jacques,
2008] and was also maximal in our data. The N170 ampli-
tude to faces and chairs was �7.1 and �4.3, respectively
(t(9) ¼ 2.35, P < 0.05) at right temporal electrode (P8) and
�6.6 and �2.6, respectively (t(9) ¼ 4.23, P < 0.01) at left
electrode (P7). For scalp topographies of the electrophysio-
logical response to faces and chairs see Supporting Infor-
mation Figure 1.

A face-selective index was also computed for each of the
three face-selective brain regions of each subject (see meth-
ods). As shown in the scatter plots displayed in Figure 2,
we found that the N170 face-selectivity index over the
right temporal-occipital site (P8) was highly correlated
across subjects with face-selectivity in the right FFA [r(8)
¼ 0.79, P ¼ 0.007] and the right fSTS [r(7) ¼ 0.87, P ¼
0.002]. Consistent with our prediction, the N170 face-selec-
tivity was not correlated with the right OFA face-selectiv-
ity (P(8) ¼ �0.11, P ¼ 0.76). This dissociation suggests that
the correlations of the N170 with the FFA and fSTS do not
reflect a general association between fMRI and ERP face-

selectivity, but a specific association of face-selectivity at the
posterior part of the temporal lobe with scalp-recorded
face-selective potentials at around 170 ms after stimulus
onset. Examination of the scatter plot of the correlation
between the N170 and the fSTS may suggest that the high
correlation is primarily mediated by the two individuals
who showed nonsignificant face-selective response in the
rfSTS. However, when these two subjects were excluded
the correlation between the N170 and rfSTS remained very
high and significant (r(5) ¼ 0.82, P < 0.05), which is consist-
ent with the fact that Cook’s analysis did not point out that
these two observations were outliers. This finding suggests
that the two subjects who had no significant face-selective
response in the rfSTS and a minimal N170 face-selectivity
are not outliers, but show a reliable low face-selectivity
response in both measures. A similar analysis was done
also for the OFA. The correlation between the N170 and the
OFA excluding the two subjects who showed non-signifi-
cant face-selective occipital response also yielded very
similar results of no correlation with the N170 r(6) ¼ �0.15,
P ¼ 0.72., as the complete sample of 10 subjects.

To make sure that the correlations reported above are
not restricted to the specific selectivity ratio-index that we
used (which requires a baseline correction) we computed
the same correlations with a second index that is normal-
ized to the P1-N1 peak-to-peak difference (see Data Analy-
sis above). The correlations between the N170 face-
selectivity was again very high with the rFFA (r(8) ¼ 0.78,
P ¼ 0.008) and the rfSTS (r(7) ¼ 0.85, P ¼ 0.004), but not
with the rOFA (r(8) ¼ �0.05, P ¼ 0.89).

In contrast to the high correlations that we revealed in
the right hemisphere, N170 face-selectivity in the left tem-
poral-occipital site (P7) did not correlate with the left face-
selective fMRI regions r(8) ¼ 0.03, P ¼ 0.94 with lFFA, r(8)
¼ 0.21 P ¼ 0.57 with lfSTS, and r(8) ¼ �0.38, P ¼ 0.28
with lOFA) (see scatter plots in Supporting Information
Fig. 2). These null correlations may be due to the relatively
low reliability of the N170 face-selectivity in the left occipi-
tal electrode [Sadeh et al., 2008] and are consistent with
the well-established right hemisphere superiority in face
processing [Yovel et al., 2008]. Finally, the N170 and fMRI
face-selectivity markers in contralateral hemispheres (right
N170 with left fSTS, FFA, OFA and vice-versa) were not
correlated, which highlights the specificity of the ERP-
fMRI correlations over the right hemisphere.

Face-Selective Vertex Positive Potential (VPP)

A face-selective positive response is typically found also
in central electrodes (Cz) [Jeffreys and Tukmachi, 1992;
Joyce and Rossion, 2005; Rossion et al., 2003]. This positiv-
ity is believed to reflect the same dipoles that generate the
negative face-selective response in occipital-temporal elec-
trodes [Joyce and Rossion, 2005]. Our data also revealed a
significantly higher response to faces than chairs at Cz,
where VPP is maximal. Mean response to faces and chairs
of the VPP was 3.9 and 1.9 lV, respectively (t(9) ¼ 2.45,
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P < 0.05) (see Supporting Information Fig. 3). We first
computed a face-selectivity index for the VPP and exam-
ined the correlations with the N170 face-selectivity. Con-
sistent with the idea that the VPP and N170 reflect the
same face-selective neural response we found a high corre-
lation between face-selective measures of the two compo-
nents (r(8) ¼ 0.89, P ¼ 0.001). Interestingly, the VPP face-
selectivity was less correlated with face-selectivity at P7
(r(8) ¼ 0.45, P ¼ 0.20). These findings either reflect the low
reliability of the N170 at P7 [Sadeh et al., 2008] or that the
VPP is more influenced by face processes in the more
dominated right hemisphere. We next assessed the correla-
tion of the face-selective VPP with face-selective fMRI
responses. Results were similar to findings in the right
temporal occipital electrode P8. The correlation of the face-
selective VPP index was marginally significant with the
rFFA [r(8) ¼ 0.59, P ¼ 0.07], and significant with the rfSTS
[r(7) ¼ 0.72, P ¼ 0.03], but not with the rOFA [r(8) ¼
�0.41, P ¼ 0.24]. Face-selectivity in the VPP was not corre-
lated with face-selective regions in the left hemisphere
(lFFA ¼ �0.16, P ¼ 0.65; lfSTS ¼ �0.18, P ¼ 0.61; lOFA ¼
0.05, P ¼ 0.89). Thus, the VPP seems to be associated more

with face-selective neural responses in the right than the
left hemisphere. (See Supporting Information Fig. 3 for
scatter plots of the correlations between the VPP and the
three ROIs).

Occipital Electrodes

Some studies also report N170 face selectivity in occipi-
tal electrodes [for review see, Rossion and Jacques, 2008].
We therefore also examined the N170 to faces and chairs
in the right occipital electrode O2, which revealed a mar-
ginally significant category effect (faces: �5.9 lV chairs:
�3.2 lV, t(9) ¼ 2.09, P ¼ 0.07, see Supporting Information
Fig. 4). The N170 face-selectivity at O2 was highly corre-
lated with face-selectivity at P8 (r ¼ 0.93, P < 0.0001). It is
therefore not surprising that the pattern of correlations
with the face-selective regions was very similar for the
two electrodes. The correlation with the rFFA was r(8) ¼
0.78, P ¼ 0.007, with the rfSTS r(7) ¼ 0.93, P < 0.0003, and
there was no correlation with the rOFA r(8) ¼ �0.11, P ¼
0.77, despite the proximity of the OFA and the location of
the O electrode.

Figure 2.

The face-selective N170 is strongly correlated with face-selec-

tive brain areas in the temporal cortex but not in the occipital

cortex. A. Percent signal change to faces and chairs in the FFA

of a single representative subject. An fMRI face-selective index

(see methods) was computed for each subject based on the am-

plitude of the hemodynamic response to faces and chairs in the

OFA, FFA and fSTS. B. An ERP to faces and chairs of a single

representative subject. An ERP face-selective index was com-

puted for each individual based on the peak amplitude of the

N170 to faces and chairs. C. Scatter plots display the correla-

tions between fMRI and ERP face-selective indices across sub-

jects. Each dot represents one individual. Strong correlations

were found between the N170 face-selectivity and the face-

selectivity of the FFA and fSTS but not with the face-selectivity

of the OFA over the right hemisphere.
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The N170 is not Correlated With Face

Responsive Regions in the Fusiform Gyrus

Outside the FFA

To assess the extent to which the N170 face-selectivity is
specifically associated with face-selective fMRI regions, we
defined a cluster of voxels that showed a higher response
to faces than to blank trials in the fusiform gyrus exclud-

ing face-selective voxels (FFA) and computed a face-selec-
tivity index of this face responsive control region for each
subject. The mean percent signal change to faces and
chairs in this region was 0.45 and 0.40, respectively. The
weak face-selectivity in this region was correlated with
face-selectivity in the near-by FFA across subjects (r(8) ¼
0.59, P ¼ 0.07), which suggests that despite its low mean
value (0.05), it is reliable. To assess the unique contribution

Figure 3.

The face-selective N170 is not associated with face-responsive voxels in the fusiform gyrus out-

side the FFA: A. A partial correlation between the N170 face-selectivity and face-selectivity in

the FFA, when face response outside the FFA is held constant shows a strong correlation. B. A

partial correlation between the N170 face-selectivity and face response outside the FFA, when

face-selectivity in the FFA is held constant, shows no correlation.

Figure 4.

Temporal dissociation between occipital and temporal face-selec-

tive areas: Correlations between face-selective ERP responses

for each 4-ms bin within 80–180 ms after stimulus onset, and

the face-selectivity of the OFA (purple), FFA (green) and fSTS

(orange). High correlations between the ERP face-selectivity and

the OFA, but not the FFA and fSTS, are found around the

110ms latency. A reversed pattern is found around the 160ms

range of latencies where the FFA and fSTS, but not the OFA,

are highly correlated with the ERP face-selectivity signal. At the

80–100 ms latency range we revealed nonsignificant negative

correlations of similar magnitude across all face-selective

regions.
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of face responsive regions in the fusiform gyrus outside
the FFA to the N170 face-selectivity, we computed a par-
tial correlation between the face-responsive region outside
the FFA and the N170, when FFA face-selectivity is held
constant. This analysis revealed no correlation r(7) ¼ 0.01,
P ¼ 0.97 (Fig. 3A). In contrast, the partial correlation
between the FFA and the N170, when the face responsive
area outside the FFA is held constant, was very high r(7)
¼ 0.72, P < 0.05 (Fig. 3B). These findings suggest that the
face-selectivity of the N170 is specifically associated with
face-selective response in the fusiform gyrus (FFA) and
not with nearby face responsive regions.

In summary, correlational analyses between face-selec-
tive ERP and fMRI markers reveal a strong association
between the N170 face-selectivity and face-selective areas
in the temporal lobe, but not in the occipital lobe.

Temporal Dissociation Between Occipital and

Temporal Face-Selective Regions

Is face-selectivity in the OFA associated with earlier
latencies of the ERP signal? Similar to many previous face-
selective ERP studies [Bentin et al., 1996; Rossion and
Jacques, 2008], our data do not reveal a higher amplitude
for faces than objects in the average group ERPs at the
100-ms latency. Because we were unable to preselect a spe-
cific face-selective peak response at these earlier latencies
as we did for the N170, we explored the difference
between the ERP amplitudes to faces and chairs at each
sampled time point (at 4-ms intervals) across the range of
latencies of the P1 component (80–140 ms), to assess
whether individual differences in face-selectivity at these
earlier latencies would co-vary with the OFA face-selectiv-
ity. Similar analyses were also performed on the range of
latencies around the N170 component (140–180 ms).

Figure 4 shows the correlations between face-selectivity
at the right temporal-occipital electrode (P8) and each of the
three face-selective regions in the right hemisphere for each
4-ms bin within the P1 latency range (80–140 ms) as well as
the N170 latency range (140–180 ms). Because the polarity
of face-selectivity changes across the early latencies (80–140
ms) and the later latencies (140–180 ms), we multiplied the
selectivity index by the polarity of the component so that
positive correlations between ERP and fMRI face-selectivity
markers would convey the same type of association for the
positive and negative ERPs. In other words, regardless of
the polarity of the signal, positive correlations reflect that a
larger N170 face-selectivity effect is associated with a larger
face-selectivity of the hemodynamic response, whereas neg-
ative correlations suggest that a smaller N170 advantage for
faces (or a reversed effect of a larger amplitude to chairs
than faces) is associated with a larger difference in hemody-
namic response in favor of faces.

Correlational analyses reveal a strong positive correla-
tion between the OFA face-selectivity and the ERP face-se-
lectivity at earlier latencies (�110 ms). In contrast, no

correlations were found with the rFFA and rfSTS at these
early latencies. In particular, a positive correlation for the
rOFA was found around 112 ms (r(8) ¼ 0.68, P ¼ 0.03).
Neither the rFFA (r(8) ¼ 0.06, P ¼ 0.87) nor the rfSTS (r(7)
¼ �0.05, P ¼ 0.89) correlated with the ERP at this latency
(see scatter plots in Fig. 5A). It is noteworthy that one data
point may specifically contribute to the absence of correla-
tions with rFFA and rfSTS, although Cook’s D score did
not indicate that this data point is an outlier (Cook’s D
score is less than 3STDs from mean). Our data therefore
suggest that the dissociation between temporal and occipi-
tal areas may be less robust at the earlier latencies than at
the 170-ms latencies, probably due to the less robust face-
selectivity at the 100-ms time window.

Consistent with the correlations that we reported for the
peak amplitude of the N170, which slightly vary in latency
across subjects, we found strong correlations between the
fMRI face-selectivity and the ERP face-selectivity around
150–180 ms, peaking at 160 ms for the right FFA (r(6) ¼
0.77, P ¼ 0.009) and at 164 ms for the right fSTS (r(7) ¼ 0.95,
P ¼ 0.0001). The OFA was not correlated with the ERP face-
selectivity at the 160-ms latency (r(8) ¼ 0.13, P ¼ 0.73), nor
at any time-point around these latencies (see Fig. 5B).

Finally, correlational analyses of the early range at 80–
100 ms revealed negative nonsignificant correlations
between ERP and fMRI face-selectivity markers of a simi-
lar magnitude across all three face-selective regions. Thus,
our data do not reveal any evidence for an association
between face-selectivity at this latency and any of the face-
selective fMRI regions, nor a temporal-based dissociation
between these three face-selective regions.

In summary, examination of the correlations between
the occipital and temporal face-selective regions across the
range of latencies of the P1 and N170 components reveals
a temporal dissociation between the occipital and temporal
face-selective regions. The occipital face area was associ-
ated with face processing around 110 ms but not 170 ms
after stimulus onset, whereas the FFA and fSTS were
strongly associated with face processing around 170 ms,
and less so around 110 ms after stimulus onset.

DISCUSSION

Despite the fact that ERP and fMRI measures of cate-
gory selectivity in general and face-selectivity in particular
have been extensively studied, only few studies so far
have attempted to assess whether these two very different,
yet complementary neurophysiological measures, are asso-
ciated. The current study not only shows that the face-
selective ERP and fMRI responses are highly correlated
but also show that these correlations are specific for dis-
tinct ERP latencies and distinct brain regions. First, the
N170 face-selectivity was highly correlated with face-selec-
tive responses in temporal cortex. In contrast, the N170
peak amplitude was not correlated with the face-selective
area in the occipital cortex. Second, the N170 face-selectivity
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was not associated with face-responsive areas in the fusi-
form gyrus outside the FFA, suggesting that the N170 is
specifically correlated with face-selective cortex. Third, the
face-selective response in the occipital cortex that was not
associated with face-selectivity at 170 ms after stimulus
onset, was associated with face-selective responses at earlier
latencies (�110 ms). Fourth, fMRI face-selectivity in tempo-
ral cortex was not correlated with ERP face-selectivity at
earlier latencies, although these findings were less robust
than the dissociation we found at the 170-ms latency.
Finally, these correlations were found only in the right
hemisphere, which may be consistent with the well-estab-
lished right hemisphere superiority in face processing.

The present study reveals that the fSTS and the FFA
face-selectivity are associated with the N170 face-selectiv-
ity. These findings are in line with Horovitz et al., [2004]
who revealed a positive correlation between the modula-
tion of the N170 and FFA response to faces at different
visual noise levels within and across subjects. The FFA
and fSTS have been shown to play very different roles in
face processing. Whereas the FFA is believed to be primar-
ily associated with early stages of face identity processing

[Gilaie-Dotan and Malach, 2007; Yovel and Kanwisher,
2005], the fSTS is not sensitive to identity of faces [Grill-
Spector et al., 2004; Yovel and Kanwisher, 2005], but rather
to the changeable aspects of the face such as gaze and
expression [Allison et al., 2000; Hoffman and Haxby, 2000;
Puce et al., 1998]. Examination of the functional profiles of
the N170 reported in different studies reveal similarities
with both the fSTS and the FFA, depending on the task.
For example, similar to the fSTS, the N170 is affected by
eye gaze manipulations [Carrick et al., 2007; Puce et al.,
1998, 2000]. Similar to the FFA, the N170 is correlated with
the behavioral face inversion effect [Jacques and Rossion,
2007; Mazard et al., 2006; Yovel and Kanwisher, 2005] and
associated with face identity discrimination [Campanella
et al., 2000; Rotshtein et al., 2005]. It is possible that both
face-selective regions contribute to the N170 but that their
relative contribution varies according to task or stimuli
that may differently activate each of the two regions.
Future studies that manipulate task demands may be able
to modulate the correlations between each of the regions
and the N170 according to the task manipulation. Further-
more, findings reported in this study are restricted to very

Figure 5.

Scatter plots of the correlation coefficients between the face-

selective ERP index at 112 and 160 ms and the OFA, FFA and

fSTS. A. The distribution of face-selectivity ERP and fMRI indices

across subjects at an earlier latency (112 ms). Examination of

the scatter plots shows that the two subjects who had no face-

selectivity at the OFA also showed no face-selectivity at the

112-ms latency. The majority of the subjects who did show a

face-selective OFA also showed a positive ERP face-selectivity

that co-varied with the magnitude of the hemodynamic face-se-

lectivity. B. The distribution of face-selectivity ERP and fMRI

indices across subjects at 160ms. The two individuals who did

not have face-selective activation in the fSTS showed negative

face-selective ERP scores at this latency. All subjects showed

face-selective activation in the fusiform gyrus that co-varied with

the magnitude of face-selectivity at the N170 range of latencies

(e.g., 160 ms). These findings suggest that the correlations

between the N170 and the FFA or fSTS are not specific to the

peak latency of each individual (see Fig. 2) but are found for a

range of latencies around the 170 ms latency.
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early stages of face processing but do not rule out the pos-
sibility of feedback from higher regions that may influence
processing in these regions at later latencies, as well as the
participation of more anterior face regions in the temporal
lobe or the frontal lobe [Kriegeskorte et al., 2007; Tsao
et al., 2008].

Our data show that face-selectivity in the temporal lobe
was also associated with face-selectivity in central and
more right occipital electrodes. In particular, a face-selec-
tive positive component at 170 ms is also robustly found
in central electrodes [Jeffreys and Tukmachi, 1992] and is
believed to reflect the same dipole that generates the N170
at temporal occipital electrodes [Joyce and Rossion, 2005].
Our correlational analyses support this claim and show
that the VPP face-selectivity is also associated with face-
selectivity in the right temporal lobe (rFFA and rfSTS) but
not with the occipital face-selective area (see Supporting
Information Fig. 3). A similar pattern of correlation with
temporal but not occipital face-selective areas was found
with the N170 at the more occipital electrode (O2), which
also showed a face-selective N170 response. Thus, the elec-
trical activity measured over the scalp reflects activations
that may not be generated right under the location of the
electrode, and is also sensitive to strong signals that are
generated in more distal locations.

The finding that signal modulation in the OFA is associ-
ated with scalp recorded potentials at around 100 ms but
not 170 ms after stimulus onset is consistent with recent
TMS studies [Pitcher et al., 2007, 2008]. The consistency
between the TMS studies, which provide direct evidence
on the role of the OFA in face processing at earlier laten-
cies than the N170, and our correlational findings, vali-
dates the correlational method used in the current
investigation as a way to assess the latency in which brain
regions process information. The main advantage of the
ERP-fMRI correlational analysis over TMS is that it can be
applied to assess the latency of functions in regions that
are not accessible to surface TMS, such as the more medial
fusiform face area.

The correlations between event-related potential and
functional MRI face-selective signals were found in the
right hemisphere only. Although face-selective markers
are typically seen in both hemispheres, face-selective fMRI
activations are usually larger [Kanwisher and Yovel, 2006;
Kanwisher et al., 1997; Yovel et al., 2008], and scalp
recorded N170 tends to have higher amplitude [Bentin
et al., 1996; Itier and Taylor, 2004a; for discussion see Ros-
sion and Jacques, 2008] over the right hemisphere. The
right hemisphere has been long considered predominant
for human face recognition [Levy et al., 1972; Rhodes,
1985]. The asymmetrical processing of human faces is of-
ten attributed to the role played by the right hemisphere
in global or holistic processing [Jiang et al., 2009; Schiltz
and Rossion, 2006] as well as its sensitivity to specific
stimulus regularities that characterize human faces [Cal-
dara and Seghier, 2009]. This right hemisphere dominance
is further supported by patient studies showing that depri-

vation of visual information to the right hemisphere
results in face recognition impairment, but not so in left
hemisphere deprivation [Le Grand et al., 2003] and that
acquired prosopagnosia is most often caused by lesions to
the right (or bilateral) cortex [Barton et al., 2002; De Renzi,
1997; Rossion, 2008; Schiltz et al., 2006]. Finally, lower cor-
relations of ERP and fMRI face-selectivity in the left hemi-
sphere may be due to the low reliability of the N170 face-
selectivity over the left hemisphere [Sadeh et al., 2008].
Overall, these findings are in line with the strong associa-
tion we found between ERP and fMRI markers of face-
selectivity in the right but not the left hemisphere.

The current study is unique in that ERP and fMRI data
were collected simultaneously. Although the high mag-
netic field and MR gradients generate extensive artifacts in
the ERP signal, we have recently shown that a highly reli-
able N170 face-selective response can be obtained [Sadeh
et al., 2008] when suitable artifact removal algorithms are
applied [Niazy et al., 2005]. A few studies have reported
analyses of simultaneously collected ERP and fMRI data to
various other tasks (e.g., auditory oddball task) examined
the correlations between the two signals within subjects by
correlating the paradigm induced modulation of the ERP
amplitude and the BOLD signal in each voxel [Debener
et al., 2006; Eichele et al., 2005]. Here we show that robust
correlations can be also revealed between the fMRI and
the ERP signal across individuals in simultaneous record-
ing. Thus, individual differences in fMRI and ERP meas-
ures may provide valuable information about the
relationship between the two signals.

Finally, the study of the healthy human brain is limited
to non-invasive methods such as those used in the current
investigation and therefore cannot directly reveal the
underlying neuronal mechanisms that generate the strong
correlations found between the electrophysiological face-
selective signals recorded over the scalp and the face-selec-
tive BOLD signal measured with fMRI. Interestingly,
recent fMRI-single unit recording studies with monkeys
revealed a great proportion of face-selective neurons
within a strongly connected network of face-selective
patches found with fMRI [Moeller et al., 2008; Tsao et al.,
2006]. Tsao et al. showed that the response of these highly
face-selective neurons in the middle face patch peaks at
130 and 200 ms after stimulus onset, which roughly corre-
sponds to the latencies that we revealed. We assume that
the activity of these face-selective neurons at different
latencies and different locations along the occipito-tempo-
ral cortex underlies both the ERP and the BOLD face-selec-
tive signals and may be responsible for the ERP-fMRI
correlations observed with these non-invasive neuroimag-
ing techniques.

CONCLUSIONS

Our study is the first to reveal a clear association
between electrophysiological and fMRI face-selective
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markers in the human brain. Furthermore, our analysis
reveals a temporal dissociation between different regions
and latencies, which may reflect the latency in which dif-
ferent brain regions revealed with fMRI process informa-
tion. Despite the very different time-scale and
neurophysiological sources of the fMRI and EEG signals,
we showed that a correlation analysis across subjects may
reveal a strong association between them. Similar analyses
can be applied to reveal the temporal properties of brain
networks that underlie other perceptual or cognitive
systems.
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