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Abstract Event-related potentials offer evidence for face
distinctive neural activity that peaks at about 170 ms following the onset of face stimuli (the N170 effect). We
investigated the role of the perceptual mechanism reflected
by the N170 effect by comparing the adaptation of the
N170 amplitude when target faces were preceded either by
identical face images or by different faces relative to when
they were preceded by objects. In two experiments, we
demonstrate that the N170 is equally adapted by repetition
of the same or different faces. Thus, our findings show that
the N170 is sensitive to the category rather than the identity
of a face. This outcome supports the hypothesis that the
N170 effect reflects the activity of a perceptual mechanism
which discriminates faces from objects and streams face
stimuli to dedicated circuits, specialized in encoding and
decoding information about the face.
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The modulation of the human ERP response by presentation
of faces or face components over and above any other
stimulus peaking at N170 ms post-stimulus (the N170
effect) has become one of the hallmarks of face processing
in the visual system (Bentin et al. 1996). Yet, nearly
15 years since the initial descriptions of this effect, there are
still arguments about the particular perceptual mechanism it
reflects. One view is that the N170 effect reflects the
detection of physiognomic information in the visual field,
which streams the input to face-specific structural encoding
processes (Bentin et al. 1999; Sagiv and Bentin 2001; ZionGolumbic and Bentin 2007). Importantly, according to this
‘‘streaming’’ view, the N170 does not reflect the process of
structural encoding per se. That is, it is not involved in the
formation of individual face representations containing
diagnostic features which allow the putative Face Recognition Units (Bruce and Young 1986) to determine the
familiarity of the face. This view is a revision of the original
position suggested by Bentin et al. (1996) and is based on
more recent findings showing that: (a) The N170 is insensitive to face familiarity (e.g., Bentin and Deouell 2000;
Eimer 2000a; Jemel et al. 2003; Schweinberger et al. 2002b;
for a similar pattern see also Rossion et al. 1999 albeit the
term N170 was not used in that paper; similar results were
found in MEG: see Ewbank et al. 2008); (b) A robust N170
is elicited by schematic faces (like ‘‘smiley’’ faces) whose
physiognomic value is determined entirely by canonic
global organization (Sagiv and Bentin 2001; Bentin et al.
2006) and are typically not discriminated individually; (c) A
robust N170 is elicited by individual face components
(Bentin et al. 1996; Itier et al. 2007) even if they are
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presented in isolation and scrambled, thus destroying the
global structure of a face and preventing configural computations, which are a major aspect of the face individuation
process (Zion-Golumbic and Bentin 2007).
A different view is that the N170 does reflect the facespecific configural structural encoding process leading to
face individuation (Jacques and Rossion 2006) albeit it is
not related to the activation of semantic knowledge that is
typically linked to a familiar face (Eimer 2000b). Importantly, according to this view, the N170 effect is process—
rather than stimulus—specific. The sensitivity of the N170
to configural processes (used for face individuation)
derived from studies showing that (a) the N170 peak is
delayed when faces are inverted, thus impeding recognition
(e.g., Bentin et al. 1996; Jacques et al. 2007; Rossion and
Gauthier 2002); (b) albeit significantly reduced, modulation of the N170 was found in response to objects of
expertise which were not faces, such as birds and dogs
(Tanaka and Curran 2001); (c) Simultaneous presentations
of a face and another object, which the subject is an expert
in recognizing, reduces the N170, suggesting competition
over similar processing resources (Rossion et al. 2004).
Since both views are supported by different sets of data,
a resolution of this controversy is presently difficult. To
shed more light on the perceptual mechanism reflected by
the N170 effect, we need an experimental manipulation
that would lead to different results depending on whether
this effect is associated with face individuation or with face
detection at the categorical level only. Recent studies
suggested that the adaptation of the N170 when faces are
repeated might be used for such a purpose.
Previous studies have shown that the neural response
following the presentation of repeated stimuli is attenuated,
and this attenuation may occur at multiple temporal and
spatial scales. As noted by Grill-Spector et al. (2006), this
stimulus-specific reduction in neuronal firing has been variously referred to as mnemonic filtering (Miller et al. 1993),
repetition suppression (Desimone 1996), decremented
responses (Brown and Xiang 1998), neural priming (Maccotta and Buckner 2004; Grill-Spector et al. 2006), or
adaptation (Sobotka and Ringo 1994; Ringo 1996; GrillSpector and Malach 2001), which is the term we will use
here. Adaptation is being extensively exploited to investigate
the response characteristics of neurons using non-invasive
measures such as fMRI and EEG. It is surmised that adaptation should manifest in neurons that are excited by the
second of two successive stimuli if the neurons are insensitive to differences that might exist between the two stimuli
(Krekelberg et al. 2006). Neurons that show such adaptation
can be described as ‘generalizing’ across such differences.
Within this context, since the neurons responsible for
the N170 effect are sensitive to faces more than to nonfaces, a smaller N170 effect should be elicited by a face
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following a face than by a face following a non-face
stimulus. In other words, we should expect category-specific adaptation. However, the question remains open
regarding face identity. By the account suggesting that the
N170 effect is involved in individuation, neurons should be
sensitive to individual differences, and thus, the N170
effect should be larger (less adapted) in response to a face
preceded by a different face than in response to a face
preceded by the same face. In contrast, according to the
‘streaming’ account, individual differences are immaterial
at this stage, and thus, the two responses should be similar,
reflecting similar levels of adaptation.
Surprisingly, only a few studies investigated categoryspecific adaptation of the N170 potential, as observed when
a face is preceded by another face as opposed to a non-face
object (i.e., basic-level category adaptation), and none
explored directly the possible modulation of the N170
effect (that is, the difference between faces and objects) as
a result of adaptation. All these studies revealed adaptation
of the N170 elicited by a face preceded by another face,
and some showed similar adaptation effects for non-face
stimuli. For example, using a gender categorization task,
Kovacs et al. (2006) observed an attenuation of the N170
when faces were shown after participants had been previously exposed to an adaptor face in comparison with when
they were previously exposed to an oval image containing
a spatial-frequency scrambled version of the same stimulus. This effect occurred despite the fact that the identity of
the two faces was different. However, a similar N170
adaptation effect was found in this study for hands, suggesting that the N170 effect may not have been modulated.
Moreover, in a more recent study, Kloth et al. (2010) report
that the N170 elicited by faces in a gender classification
task was adapted when preceded by a face adaptor but not
when preceded by a gender-biasing human-voice adaptor.
Consequently, they conclude that the N170 is adapted by
faces as a category but not by subordinate information. In
another face adaptation study, Maurer et al. (2008) found
adaptation effects when they compared the N170 elicited
by faces preceded by other faces to that of faces preceded
by words. Note, however, that since different words as well
as different faces were presented in both sequences, a
possible account for this categorical difference is that while
faces form a distinguished basic-level category, words are
considered, at most, a supraordinate category. Hence, this
study does not speak directly to the question of categoryspecific adaptation of the N170. Interestingly, there was no
adaptation of the N170 amplitude elicited by repetition of
words suggesting that the N170 effect was also adapted. A
categorical face adaptation effect was found in an MEG
study (Harris and Nakayama 2007). Presenting pairs of
house–face or face–face stimulus-pairs, these authors
demonstrated an adaptation of the face distinctive M170
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when the S1–S2 stimulus onset asynchrony (SOA) was
shorter than *650 ms, with higher adaptation in the face–
face than in the house–face condition even though different
faces were presented at S1 and S2. However, since the
adaptation of houses (following houses) was not assessed,
this study does not reveal whether the M170 effect was or
was not modulated by adaptation.
The studies reviewed above support a categorical
adaptation effect which is, indeed, predicted by both
accounts for the N170 effect. We turn now to N170
adaptation studies, in which the effect of identical face
repetition was compared to that of categorical (non-identical) face repetition. Finding larger adaptation for identical
faces as opposed to repetition of non-identical faces (categorical repetition) should support the possibility that the
N170 effect reflects face individuation processes. Unfortunately, the outcomes of these experiments have thus far
been inconclusive. Some studies found attenuation of N170
in response to the presentation of the same face (as opposed
to different faces) in succession (Caharel et al. 2009;
Campanella et al. 2000; Itier and Taylor 2002, 2004;
Martens et al. 2006; Heisz et al. 2006; Jacques et al. 2007;
Jacques and Rossion 2006). In all these studies, however,
the effect was very small, and other studies had not found
this effect to occur at all (Schweinberger et al. 1995, 2002a,
b). Furthermore, an MEG study showed that whereas the
M170 elicited by identical face repetitions is reduced relative to that elicited by faces preceded by different faces,
this occurs only if the two faces are presented from the
same viewpoint. This pattern suggests that the adaptation
effect is viewpoint dependent (Ewbank et al. 2008). It
extends a previous EEG study from the same group also
showing viewpoint dependence for the adaptation of the
N170 (Ewbank and Andrews 2006) and is in sharp contrast
to a recent study which reported viewpoint independence
of the N170 adaptation effect (Caharel et al. 2009). On the
other hand, comparing the M170 elicited by an upright
target face with that elicited by the adapting face (upright
and inverted alike) Harris and Nakayama (2008) found that
across the orientation of the adapting faces, the adaptation
of the M170 was larger when the adaptor and target faces
were of the same person as opposed to different persons.
As the above review shows, current N170 adaptation
data are still indecisive. Whereas the categorical adaptation
effect seems to be convincing, it is not clear whether this
effect is different for faces and for other stimulus categories, and therefore, it is not clear whether face adaptation
reduces the N170 effect. Furthermore, whereas some
studies suggest that adaptation is larger when the adaptor
and the test face are identical, other studies did not find
such effects. Moreover, conflicting data about viewpoint
dependence of the identical-face-adaptation effect does not
permit an unequivocal dismissal of the possibility that the
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larger adaptation induced by identity relative to categorical
repetition is explained by low-level vision factors. Finally,
a complete assessment of the characteristics of the face
adaptation effects on the N170 would benefit from direct
comparisons between the effects of categorical and identical face adaptation on the N170. The present study provides a step toward achieving this goal.
The present design enabled us to directly compare the
effects of categorical and identical face adaptation withinsubjects. In two experiments, the N170 adaptation induced
by repetition of one or two identical faces was compared with
that induced by repetitions of different faces. Importantly,
both effects were measured relative to a baseline where the
N170 was elicited by faces preceded by two painted Easter
eggs, hence, not adapted. Higher N170 adaptation in the
identical relative to the different faces condition would
support the hypothesis that neurons that contribute to this
potential are sensitive to perceptual differences between
individual faces. By contrast, similar adaptation in the two
conditions relative to the baseline N170 would support the
hypothesis that these neurons generalize across individual
identities and, therefore, are not involved in the individuation
process. In addition, we examined whether high-level visual
adaptation is peculiar to faces by comparing the N170 elicited by eggs preceded by eggs (either identical or different)
with the N170 elicited by eggs preceded by faces. Similar
patterns of adaptation for eggs and faces should not reduce
the N170 effect, indicating that the perceptual mechanism
which is adapted is not selective for faces. Such an outcome
would raise caveats about using adaptation designs in studies
of face processing.

Experiment 1
Methods
Participants
The participants were 19 undergraduate students from the
Hebrew University of Jerusalem (mean age = 21.2, 11
female) who participated for payment or credit toward a
course requirement. Of these, 3 subjects were not considered in our analysis, since they did not show a clear N170
effect for faces. They all had normal or corrected-to-normal vision. The participants signed an informed consent as
required by the Hebrew University committee for ethics in
human experiments.
Stimuli
The stimuli used were 177 grayscale photographic images
of faces and 177 grayscale images of Easter eggs, presented
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Fig. 1 Experimental Design. Faces (left panels) and eggs (right panels) were preceded by two, one, or no repetitions of other faces/eggs. These
repetitions were either of different stimuli (‘‘categorical’’ adaptation: top row) or of the same stimulus (‘‘same-image’’ adaptation: bottom row)

over a random pattern of black and white ‘‘clouds’’ background1 (Fig. 1). Stimuli were 5.27 9 6.33 cm and occupied a visual angle of 5.17 9 4.31° around fixation.

design, with half the subjects starting with categorical adaptation and half with the same-image adaptation condition.
Procedure

Task and design
ERPs were recorded in four successive experimental blocks
of 240 trials each. Each trial consisted of three successive
images of either faces or eggs, followed by a question
mark. The participants were instructed to remember the
sequence of stimuli presented and, when cued by the
question mark, to respond with three button presses
according to the sequence of the stimuli that were presented in that trial, with one button indicating ‘face’ and
another ‘egg’. For instance, if three faces were shown in
succession, the participant was instructed to press the ‘face’
button three times consecutively. This task was designed so
that attention would be equally allocated to all three stimuli
in a sequence. Participants received auditory feedback
contingent on accuracy in each trial.
Six different triad sequences were presented with equal
probability: I. Face–Face–Face; II. Egg–Face–Face; III. Egg–
Egg–Face; IV. Egg–Egg–Egg; V. Face–Egg–Egg; VI. Face–
Face–Egg. There were two Adaptation-type conditions
(Fig. 1). In the categorical adaptation condition, all stimuli
within and across trials were different. In the same-image
adaptation condition, repeated stimuli within a trial were
identical, but there were no repetitions across trials. The
Adaptation-type conditions were blocked, with two blocks
per conditions. The order of the blocks followed an ABBA

The experiment was conducted in a Faradically isolated and
sound-attenuated chamber. After the electrode cap was
mounted, the subjects performed one practice block, preceding all four experimental blocks. The practice presented
all 6 triad sequences (1 trial per each of the 6 sequences),
and the subjects were encouraged to repeat the practice
block until they felt comfortable with the task and performed at a reasonable accuracy (a hit rate of at least 67%).
The practice block consisted either of the categorical or the
same-image condition, counterbalanced by subject). In the
experimental blocks, the trial sequence was randomized.
Each trial began with a fixation cross presented for
100–400 ms, followed by the three images that were presented for 14 ms each2 (one refresh cycle of the monitor run
at 70 Hz), and an inter-stimulus interval (ISI) of 557 ms. An
interval of 557 ms also separated the offset of the third
stimulus from the onset of a question mark, at which time
subjects were required to report the preceding sequence by
three consecutive button presses, with a time limit of 1 s for
each press in the response sequence (Fig. 2). A new trial
began immediately following the response.
Importantly, since the exposure time was very short
(*14 ms), one could question whether participants were
able to distinguish between identical repetition and repetition of different faces. Although a previous study from

1

2

As with the presentation duration, this background was chosen
because this study was done in preparation for a masking experiment,
for which such backgrounds are beneficial.
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Very short presentation times were chosen because this study was
done in preparation for a masking experiment, in which short
presentation times were crucial.
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Fig. 2 Experimental procedures. After a short fixation, three successive images appeared, followed by a question mark. The task was to
indicate via button presses which three images appeared, which could

have been either faces or eggs. The exposure time for each image was
14 ms in Experiment 1 and 500 ms in Experiment 2

our laboratory demonstrated that participants are able to
identify previously learned faces at an exposure time
similar to the one used in the present study (R. AlbeckElimelech 2004, unpublished doctoral dissertation), we
investigated the validity of this caveat in a control experiment. Twelve undergraduate students who did not participate (mean age = 27.75, 6 female) in the main experiment
were presented with a random mixture of 24 pairs of
identical faces and 24 pairs of different faces and instructed
to distinguish between the two conditions. Using the same
time course and presentation procedures as in the main
experiment and allowing only one second to respond, we
found that the participants were well above chance in this
task (overall correct responses = 75%, SD = 6.9%;
d’ = 1.64, SD = 0.65).

starting 100 ms before and ending 400 ms after the onset
of the third stimulus in each triad. ERPs were obtained by
averaging these segments. The minimum number of segments per condition in any participant was 41 with the
exclusion of one condition in one participant which
included only 21 trials. Exclusion of this subject from the
analysis did not change the pattern of results.
Based on previous studies and observing a classical
distribution of the N170 component, the N170 amplitude
was determined as the most negative amplitude peak
occurring between 140 and 220 ms from stimulus onset at
the P9 and P10 sites.3 The baseline was adjusted by subtracting the mean amplitude of the 400 ms prestimulus
period of the first stimulus in each series, for each ERP
from all the data points in the epoch.
The N170 amplitudes elicited by the third stimulus in
each triad were initially analyzed by a within-subject
ANOVA with repeated measures. The factors were Stimulus type (face, egg), Adaptation type (categorical, sameimage), Repetition level (none, one, two), and Hemisphere
(left, right). Further, we calculated a measure of the N170
effect separately in each condition by calculating the ratio
(face - egg)/(face ? egg).4 This ratio weights the face–
egg difference by the absolute N170 amplitudes in each
participant. It is distributed from -1 to 1 with positive
values indicating higher amplitudes for faces than for eggs.
In order to assess how adaptation influences this measure,
we tested the effects of Adaptation-type, Repetition-level
and Hemisphere factors by within-subjects ANOVA.
Lastly, although we focused on the N170, we also
analyzed the N250r component, which has been previously
shown to be affected by adaptation of both familiar and
unfamiliar faces (Schweinberger et al. 1995). The dependent variable was the mean amplitude between 230 and

Recording procedures and ERP analysis
The EEG was recorded continuously using a Biosemi
Active 2 system (http://www.biosemi.com) via 64 Ag–
AgCl pin-type active electrodes mounted on an elastic cap
according to the extended 10–20 system (American
Encephalographic Society 1994) and from 2 additional
electrodes placed at the right and left mastoids and one
placed on the tip of the nose. Eye movements, as well as
blinks, were monitored using two pairs of electrodes, one
pair attached to the left and right external canthi and the
other to the infraorbital and supraorbital regions of the right
eye. Both EEG and EOG were sampled at 256 Hz. A
67-Hz low-pass filter was used during recording to avoid
aliasing of high frequencies. All electrodes were referenced
during recording to a common-mode signal (CMS) electrode between POz and PO3 and were subsequently
re-referenced digitally. The digitized EEG was saved and
processed off-line.
The EEG was re-referenced off-line to the tip of the
nose and digitally filtered using a band-pass of 0.8–17 Hz
(24 dB/octave, zero-phase Butterworth filter). Artifacts
were removed by excluding from the data analysis epochs
of 200 ms equally placed before and after events where the
EEG or the EOG exceeded ± 100 lV. Artifact-free EEG
was segmented separately for each of the 12 trial types

3

Similar analysis including the additional sites P7/8, P07/8, yielded a
similar pattern of adaptation (Supplementary Figure 1). For the sake
of clarity, we present here only the P9/P10 analysis. The full analysis
is available from the corresponding author upon request.
4
Since in some participants the amplitudes elicited by eggs were
positive and in order to avoid ratios larger than 1 (which would be
meaningless), we elevated the baseline by subtracting the maximum
positive amplitude observed across eggs and faces and participants
from all individual ERPs.
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Fig. 3 Experiment 1: the
overall effect of faces (black
line) and eggs (red line),
collapsed over all experimental
conditions, along with the N170
scalp distribution for faces

330 ms. For this analysis, we collapsed across repetition
levels. Hence, the independent factors were Stimulus (face,
eggs), Repetition (same-image, category, unrepeated), and
Hemisphere.

Results
Performance
The participants were very accurate at the experimental
task, performing at a rate of 92.81% (standard error =
0.88%) in the same-image-adaptation condition, and at a
rate of 92.88% (standard error = 1.17%) in the categorical
adaptation condition.
ERP results
Given the very high accuracy, we did not exclude trials
from the ERP analysis. Demonstrating once again the
special tuning of the N170 to faces, ANOVA of Stimulus
type (face, egg), Adaptation type (categorical, sameimage), Repetition level (none, one, two), and Hemisphere
(left, right) showed that across all conditions the N170
elicited by faces was significantly larger [F(1,15) = 37.2,
MSe = 15.3, p \ 0.001] than that elicited by eggs (Fig. 3).
The potentials were larger at the right than at the left
hemisphere [F(1,15) = 20.6, MSe = 9.2, p \ 0.001] but
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since the Hemisphere effect did not interact with any other
factor, it will not be addressed further. There was no
Hemisphere effect on N170 latency.
A main effect of Repetition level on the N170 amplitude
[F(2,30) = 8.2, MSe = 3.6, p \ 0.01] demonstrated adaptation, but this effect was modulated by an interaction with
Stimulus type [F(2,30)5 = 19.6, MSe = 2.3, p \ 0.001].
Importantly, there was no main effect of Adaptation type
[F(1,15) = 1.6, MSe = 2.7, p [ 0.2], and no first-order or
second-order interactions between Adaptation type and any
other factor [for all these interactions, p [ 0.1]. The N170
elicited in the same-image-adaptation condition peaked
somewhat faster than that which was elicited in the category
adaptation condition [F(1,15) = 15.5, MSe = 88.6,
p \ 0.05], but this difference was very small (3 ms), at the
threshold of the temporal resolution (*3.91 ms) at 256 Hz.
In any case, this latency effect did not interact with either
Stimulus type or Repetition level. Therefore, we conclude
that in the present study, same-image adaptation was equal to
categorical adaptation in all aspects (Fig. 4 and Supplementary Figure 1).
The interaction between the Repetition level and Stimulus
type on the N170 amplitude was further investigated by
ANOVAs administrated separately for faces and eggs. These
analyses demonstrated a significant adaptation effect for
5

The Mauchly’s test of sphericity was insignificant throughout;
therefore, the degrees of freedom were not corrected.
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Fig. 4 Experiment 1: the effect of categorical (green line) and same-image (red line) adaptations relative to no adaptation (black line), for faces
(top row) and eggs (bottom row). The scalp distribution for the three face adaptation conditions is displayed

faces [F(2,30) = 32.6, MSe = 2.0, p \ 0.001], but no
adaptation for eggs [F(2,30) = 2.6, MSe = 3.9, p = 0.09].
The Repetition level factor did not interact with Adaptation
type either for faces or for eggs (both F’s \ 1.0). Post hoc
pairwise contrasts showed that the N170 amplitude was
larger when the third face was preceded by eggs (-5.93 lV)
than when it was preceded by either one face (-4.04 lV) or
two faces (-4.44 lV), with no difference between the latter
two conditions (Supplementary Table 1; for all significant
pairwise comparisons, p \ 0.05, Bonferroni corrected).
As expected, the normalized N170 effect was positive in
all conditions confirming a robust face preference (Supplementary Table 2). In addition, like the N170 amplitude,
the N170 effect was reduced by repetition, suggesting
adaptation.
ANOVA showed a significant effect of Repetition level
[F(2,30) = 13.3, MSe = 0.02, p \ 0.001] on the normalized N170 effect, showing that the N170 effect was larger
for faces following eggs than for faces following faces
(p \ 0.01) with no significant difference between faces
preceded by one or two faces (p [ 0.5). Consistent with the
differential effects found for faces and eggs above, this

demonstrates that the normalized difference between faces
and eggs was adapted by repetition.
There were no other significant main effects or interactions (all p values [ 0.2). That is, like for the absolute
N170 amplitude, the adaptation of the N170 effect was not
increased when identical face images were shown relative
to when different faces were shown.
The N250r analysis yielded a significant Stimulus 9 Repetition interaction [F(2,30) = 7.7, MSe = 0.63,
p \ 0.01]. Separate ANOVAs for faces and eggs showed a
significant effect of Repetition for faces [F(2,30) = 5.2,
MSe = 1.2, p \ 0.05] but not for eggs [F(2,30) \ 1.0].
Pairwise comparisons revealed that the N250r elicited by
unrepeated faces was more negative than for repeated faces
and no difference between same-image and categorical
repetition.

Discussion
The present results join previous studies in demonstrating a
significant adaptation of the N170’s absolute amplitude

123

200

Exp Brain Res (2011) 209:193–204

Fig. 5 Experiment 2: the
overall effect of faces (black
line) and eggs (red line),
collapsed over all experimental
conditions, along with the N170
scalp distribution for faces

when faces are repeated in succession (Jacques and Rossion 2006). This adaptation was assessed relative to a
baseline condition in which faces followed painted eggs.
Painted eggs were preferred as baseline as they share with
faces the oval shape, and like faces, have internal detail and
depth cues (unlike simple ovals that were previously used).
In addition, we found similar adaptation of the N170 effect,
that is, the normalized difference between the response to
faces and to eggs. These effects were found despite the
very brief stimulus exposure and rather long ISIs. However, in contrast to some previous studies, we did not find a
difference in the adaptation induced by identical or different faces. It is also worth noting that the adaptation
effect was limited to faces: The N170 elicited by eggs was
not adapted either in the categorical or in the same-image
repetition conditions. Finally, the size of the adaptation was
similar for one and for two repetitions.
Importantly, although our control behavioral experiment
(see Sect. Methods) showed that participants are capable of
distinguishing between facial identities under our experimental design, their performance was not perfect. Moreover, 14 ms presentation durations differ from those used
in previous studies that did find identity effects, leaving
open the concern that the lack of identity effect stems from
insufficient presentation times. Therefore, we replicated the
procedures of this experiment with a new group of participants using 500 ms stimulus exposure durations.
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Experiment 2
Methods
The experiment was identical to Experiment 1 except that
each stimulus was exposed for 500 ms instead of *14 ms,
while maintaining the ISI as in Experiment 1 (*557 ms).
Thus, the SOA in this experiment was *1,057 ms. Sixteen
naive participants were tested in this experiment (mean
age = 20.94, 13 female).
Performance
Subjects were accurate in 93.01% (standard error =
1.24%) of the trials in the same-image-adaptation condition
and at a rate of 94.27% (standard error = 1.11%) in the
categorical adaptation condition. The difference between
the performances in the two conditions was not significant
(p [ 0.2).
ERP results
As in Experiment 1, all trials were included in the ERP
analysis. The ANOVA of Stimulus type (face, egg),
Adaptation type (categorical, same-image), Repetition
level (none, one, two), and Hemisphere (left, right) showed
that across all conditions the N170 elicited by faces was
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Fig. 6 Experiment 2: The effect of categorical (green line) and same-image (red line) adaptations relative to no adaptation (black line), for faces
(top row) and eggs (bottom row). The scalp distribution for the three face adaptation conditions is displayed

significantly larger [F(1,15) = 93.1, MSe = 8.0, p \
0.001] and peaked earlier [F(1,15) = 9.0, MSe = 208.2,
p \ 0.01] than that elicited by eggs (Fig. 5). There was a
significant interaction between Stimulus type and Adaptation type on the latency of the N170 [F(2,30) = 6.5,
MSe = 50.4, p \ 0.05], suggesting a larger peak-latency
difference between faces and eggs in the same-image than
in the categorical repetition condition. There was no effect
of Hemisphere, and no interaction between Hemisphere
and Adaptation type (Fig. 6).
As in Experiment 1, we found a main effect of Repetition
level on the N170 amplitude [F(2,30) = 7.6, MSe = 3.6,
p \ 0.01] and an interaction of Repetition level with Stimulus type [F(2,30) = 6.4, MSe = 3.4, p \ 0.01]. Again,
there was no main effect of Adaptation type [F(1,15) \ 1.0],
and no first-order or second-order interactions between
Adaptation type and any other factor on the amplitude of the
N170 (p [ 0.05 for all interactions).
The interaction between the Repetition level and Stimulus type on the N170 amplitude was further investigated

by ANOVAs administrated separately for faces and eggs.
These analyses demonstrated a significant effect of repetition for faces [F(2,30) = 11.3, MSe = 3.8, p \ 0.01], but
not for eggs [F(2,30) = 2.0, MSe = 3.3, p [ 0.15], again
replicating the results of Experiment 1. Post hoc pairwise
contrasts (Bonferroni corrected) showed that the N170
amplitude was larger when the third face was preceded by
eggs (-5.9 lV) than when it was preceded by either one
face (-4.33 lV) or two faces (-4.72 lV), with no difference between the latter two conditions (for all significant
pairwise comparison p [ 0.05).
The N250r analysis showed only a tendency for a repetition effect [F(2,30) = 2.6, MSe = 2.1, p = 0.09], and
no Stimulus x Repetition interaction [F(2,30) = 1.9,
MSe = 2.2, p = 0.16].
Hence, the longer exposure time did not change the
outcome: Despite a longer SOA, face repetition still
resulted in significant N170 adaptation, and this effect
was the same for repetitions of identical and different
faces.
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General discussion
The outcome of the present study does not lend any
support to the conjecture that the N170 response reflects
the activity of neurons that are sensitive to (and by
extension directly contribute to the processing of) face
identities. Within the context of the models presented in
the introduction, these data support the view that the
N170 effect reflects the activity of a perceptual mechanism that detects faces in the visual field but is not
directly involved in face individuation. Assuming that
face recognition entails a particular perceptual process
tuned to extract exemplar-specific diagnostic features
(e.g., the computation of individual texture and coloration cues and spatial relations between face components),
early detection of stimuli that potentially require this
process is necessary to stream only relevant stimuli via
this type of structural encoding (or trigger it only when
necessary; Bentin et al. 1999). The detection should be
based on visual characteristics of faces as a category,
such as their specific (and universal) global shape (firstorder relations) or specific components, among which the
eyes are most conspicuous. Congruently, the N170 effect
is robust when visual stimuli contain such characteristics,
even if additional structural encoding computations are
not possible (e.g., if natural face components are
scrambled) or not applied (e.g., when uniform schematic
faces are presented). In contrast, the N170 effect is not
elicited by schematic drawings if the inner components
are scrambled so that the stimulus contains neither the
global structure of the face nor the visual characteristics
of inner components, unless the observers are primed to
activate the face detection mechanism (Bentin and Golland 2002; see also Bentin et al. 2002). Interestingly, a
similar conclusion has been reached in a recent study
using different analytic procedures (Kahn et al. 2010).
This study suggests that specific face identity computations are manifested by ERPs later than the P1/N170
complex.
Whereas the present data support the face detection
rather than the structural encoding account for the N170
effect, we should address the discrepancy between these
data and previous studies which supported the opposite
view. First, as reviewed in the introduction, there are a
few studies reporting modulation of N170 amplitude by
face familiarity (e.g., Caharel et al. 2002; Caharel et al.
2006; Marzi and Viggiano 2007). However, these findings were inconsistent. For example, whereas Caharel
and her colleagues found larger N170 amplitudes for
familiar than unfamiliar faces, the opposite pattern was
reported by Marzi and Viggiano (2007). Furthermore,
only a few familiar faces were used in Caharel and
colleagues’ studies, which were repeated many times,
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and familiarity effects were observed only for faces of
people that were personally important to the participants
but not when familiarity was determined by fame
(Caharel et al. 2005). Hence, it is conceivable that the
enhanced N170 in response to familiar faces reflected
factors associated with attention or emotions rather than
simple face processing.
Stronger evidence for the structural encoding view,
which is directly relevant to the present study, came from
studies of adaptation in which, in contrast to our present
findings, adaptation following identical repetition was
larger than following categorical repetition (Caharel et al.
2009; Jacques et al. 2007; Jacques and Rossion 2006).
This contradictory evidence is intriguing and must be
accounted for. There are several ways in which such
studies differed from ours. One difference is that whereas
our present task directed the participants’ attention to the
categorical level of the stimulus, with the exception of
Jacques and Rossion (2006), all previous studies in which
identical face repetition yielded higher adaptation than the
repetition of different faces used tasks that directed the
participants’ attention to the identity of the face. Whereas
it is possible that this difference may explain the contradictory results, we note that several studies showed that
the N170 is robust to task manipulations (e.g. Carmel and
Bentin 2002; Stahl et al. 2010). An important way in
which the study by Jacques and Rossion (2006) differs
from our own is that in their study there was no ISI,
resulting in continuous stimulation of the retina. Hence, it
is possible that the level of adaptation in Rossion and
colleagues’ studies occurred much lower in the visual
hierarchy than in ours, reflecting the effect of perceptual
identity rather than face identity. The low-level adaptation
may modulate the amplitude of the N170 downstream.
This interpretation is supported by studies showing that
retinal position invariance affects the adaptation of the
N170 when the adaptation time is long (*5,000 ms) but
not when it is shorter (*500 ms; Kovacs et al. 2007;
Kovacs et al. 2005). We notice, however, that this
explanation may not hold for Caharel et al.’s study (2009)
in which identical faces induced stronger adaptation
despite presenting the adaptor and the test face in different orientations. However, as mentioned in the introduction, other studies did not find adaptation of the N170
using different views of the same face (e.g., Ewbank and
Andrews 2006).
In conclusion, taking the present and previous evidence together, we believe that the strong position taken
by Jacques and Rossion (2006) about the association of
the N170 to face individuation is premature. The
detection and streaming hypothesis is viable, and at this
time, it is at least as strongly supported by evidence as
its alternative.
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