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Abstract

Event-related potential (ERP) studies have highlighted an occipito-temporal potential, the N170, which is larger for faces than for other
categories and delayed by stimulus inversion of faces, but not of other objects. We examined how high-pass and low-pass filtering
modulate such early differences between the processing of faces and objects. Sixteen grey-scale pictures of faces and cars were filtered to
preserve only relatively low (LSF) or high (HSF) spatial frequencies and were presented upright or upside-down. Subjects reported the
orientation of the faces and cars in broad-pass and filtered conditions. In the broad-pass condition, we replicated typical N170
face-specific effects of amplitude and delay with inversion. These effects were also present in the LSF condition. However, a completely
different pattern was revealed by the HSF condition: (1) a similar N170 amplitude for cars as compared to faces and (2) an absence of
N170 latency delay with face inversion. These results show that the source of early processing differences between faces and objects is
related to the extraction of information contained mostly in the LSF, which conveys coarse configuration cues particularly salient for face
processing.
   2003 Elsevier Science B.V. All rights reserved.
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1 . Introduction the N170. The N170 appears to be a crucial step in face
perceptual processing since its amplitude is larger for faces

The question of whether face recognition depends on a than for other object categories [2,5,27] and a consistent
domain-specific module has motivated numerous studies latency delay is observed on the N170 with upside-down

1using behavioral, neuropsychological, ERP, single-unit inversion of faces only [2,10,27,28]. These findings
recordings in animals and humans, and neuroimaging corroborate the view that the presentation of a face to the
methodologies [16,34]. In the last few years, a relatively visual system automatically activates early category-spe-
early ERP component differentiating between faces and cific mechanisms. However, modulations of the N170 have
other objects has been described in the normal human also been observed in response to non-face stimuli when
brain [2,5,27]. This brain signature consists of a large subjects were extensively trained to discriminate between
bilateral negative occipito-temporal potential, peaking individual objects: the N170 amplitude increases (in
around 170 ms following the onset of the stimulus, called

1Behavioral studies have consistently demonstrated that inversion of a
face disrupts its configuration, i.e. spatial relationships between features
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natural dogs and bird experts [33]) and its latency is independently of visual information available to the system
delayed with upside-down inversion (in Greebles experts [2,30].
[29]). These results favor the view that faces per se are not To test this hypothesis, we compared N170 evoked by
handled by an early special processor. Instead, extensive faces and cars presented upright and upside-down when
expertise and the resulting perceptual tuning toward con- the stimuli were presented in broad-pass, in LSF and in
figural cues [9,12] are likely candidates contributing to the HSF.
emergence of so-called face-specific effects on the N170.

The coarse and fine scales (or LSF and HSF, respective-
ly) supply the visual system with different visual cues 2 . Materials and methods
about a face. LSF only preserve configuration, particularly
important in face processing, whereas HSF provide the 2 .1. Subjects
visual system with discrete facial features and other fine
details such as wrinkles [7,8,21,31,32]. We therefore Thirteen naive paid subjects took part in the experiment
examined how SF filtering modulates the face-specific (five female; mean age 25; 11 right-handed).
effects typically observed on the N170. Given the preval-
ence of LSF in face configural processing, we hypoth- 2 .2. Stimuli
esized that the early differences described for broad-pass
faces and objects would be mainly supported by LSF. In Sixteen pictures of faces (half male, half female) and 16
this case, the differences between faces and objects at the pictures of cars were used in the experiment (Fig. 1). All
level of the N170 should be viewed as reflecting the stimuli were presented in 3/4 views. Viewed at a distance
different perceptual processing at stake in the two of 70 cm, they subtended 5.3/4.88 of visual angle. Each
categories rather than the activation of a module exclusive- stimulus set was filtered, preserving either the HSF (above
ly dedicated to detection of a face per se, operating 32 cycles per image, or 6.5 cycles per degree) or the LSF

Fig. 1. Illustration of the stimuli used in the experiment. For cars (top row) and faces (bottom row), broad-pass, LSF and HSF versions are displayed.
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(below 8 cycles per image, or 1.6 cycles per degree) (Fig.
1). In HSF cars and faces, a LSF texture background was
added; in LSF stimuli, the same background was displayed
in its HSF version. Hence, LSF and HSF stimuli were
identical with respect to their SF content and controlled for
spectral energy. The face and car images were also rotated
in the picture plane by 1808, resulting in 12 stimulus
conditions: Category (faces–cars)3Spatial frequency
(broad-pass-LSF-HSF)3Orientation (upright–inverted).
The ‘broad-pass’ condition refers to the unfiltered stimuli.

2 .3. Design and procedure

Subjects were seated in a comfortable chair in a dimly
lit and electrically shielded room. They received 64
randomized trials of each stimulus condition (each stimulus
repeated four times, 768 trials in total). The stimuli
appeared one by one at the centre of the screen, on a blackFig. 2. Scalp locations of the 64 EEG electrodes distributed at the
background, for 400 ms. The mean inter-trial interval was standard 10–20 system locations and additional intermediate positions.

Amplitude and latency of P100 and N170 were measured at occipito-1500 ms (randomized between 1400 and 1600 ms). Sub-
temporal electrodes on left and right hemispheres (PO8 and PO7, largejects reported as quickly and accurately as possible the
black dots).orientation of each stimulus by pressing the right (in-

verted) or left (upright) key on a response pad. The
orientation decision was not aimed at precisely tapping the
face inversion effect. It was used, as in previous studies
[27,28], to maintain the subject’s attention constant repeated-measures ANOVA on the behavioral and electro-
throughout the experiment. Response times and accuracy physiological data with factors of Category (cars–faces),
were recorded. Every 50 trials, subjects marked a pause. Spatial frequency (broad-pass-LSF-HSF), Orientation (up-
The experiment lasted for about 40 min. right–inverted) and electrode Laterality (left–right). Poly-

nomial contrasts were used for post-hoc comparisons. All
2 .4. EEG recordings effects with two or more degrees of freedom in the

numerator were adjusted for violations of sphericity ac-
EEG was recorded by 64 electrodes mounted in an cording to the GreenHouse–Geisser correction [35]. To

electrode cap (Quickcap, Neuromedical Supplies). Elec- ascertain that effects on N170 amplitude and latency did
trode positions included the standard 10–20 system loca- not stem from earlier effects, i.e. P100 modulations, we
tions and additional intermediate positions (see Fig. 2). performed analyses on P100 values as well on relative
Horizontal and vertical EOG were monitored using four N170 values, which were corrected using P100 as baseline.
facial bipolar electrodes placed on the outer canthi of the P100 amplitude and latency were automatically extracted
eyes and in the inferior and superior areas of the orbit. at the peak maximum (with regard to a2200 ms baseline)
EEG was continuously recorded, digitized at a rate of 500 on PO8 and PO7 electrodes. Relative N170 amplitude and
Hz with a linked mastoids reference. The signal was latency were corrected by subtracting the P100 amplitude
amplified by SYNAMPS (Neuroscan) amplifiers with a and latency from initial N170 values. For sake of clarity,
gain of 30 K and band-pass filtered at 0.01–40 Hz, and and since our main focus was on N170 modulations,
stored on a disk for off-line analysis. We performed results of these analyses are reported in Appendix A.
epoching 200 ms prior to and 800 ms after stimulus onset.
After VEOG correction and rejection of artifacts (250/50
mV threshold), a common average reference was recom-3 . Results
puted for all electrodes. Finally, the averages were band-
pass filtered between 1 and 30 Hz. 3 .1. Behavioral data

2 .5. Data analysis Table 1 summarizes the mean accuracy and response
times (and standard deviations) in all experimental con-

N170 latency and amplitude values (with regard to a ditions.
2200 ms baseline) for the different conditions were The orientation judgment was an easy task as evidenced
automatically extracted at the peak maximum electrodes by near ceiling performance (mean 96.661.1%). The
located in occipito-temporal areas over the right and left three-way Category3Spatial frequency3Orientation inter-
hemispheres (PO8 and PO7, see Fig. 2). We computed action was significant,F(1.9;20.74)5 5.9, P,0.01. Better
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Table 1 When computed on response times, the three-way
Mean (6standard deviation) accuracy and response times across ex-ANOVA showed main effects of Spatial frequency,
perimental conditions

F(1.9;22.4)516.9, P,0.001, and Orientation,F(1;12)5
Accuracy (%) Response times (ms) 9.7, P,0.01. The interaction between the two factors was
Upright Inverted Upright Inverted significant, F(1.7;20.4)526.1, P,0.001. Upside-down

inversion delayed the responses in the broad-pass con-Cars Normal 97.162.3 9862.3 551.7653 628.3662
dition, P,0.001, while it led to faster responses in theLSF 95.863.3 96.165 585.1667 583.4636

HSF 97.162.6 95.864.7 638.2652 591.3645 HSF condition,P,0.001. In the LSF condition, upside-
down inversion did not significantly affect the responseFaces Normal 97.162.7 97.661.4 551.9642 626.9678

LSF 98.361.9 96.463.2 574.2658 600.3640 times, P50.2 (P50.06 for faces).
HSF 94.563.5 96.962.6 650.2654 603.7652

3 .2. Electrophysiological results
accuracy was observed for inverted than upright HSF
faces,P,0.034. Cars were significantly better processed In the broad-pass condition, the presentation of both
than faces in the HSF condition,P,0.02. Neither inver- faces and cars elicited a N170, which was maximal on PO7
sion nor category differences were significant in broad- and PO8, peaking at 184 ms (broad-pass faces) and 179 ms
pass and LSF conditions,P.0.08. HSF and LSF stimulus (broad-pass cars) post-stimulus onset (when PO7 and PO8
conditions led to overall similar accuracy rates,P50.37. are collapsed, see Fig. 3). Inspection of N170 recorded in

Fig. 3. Top panel: Grand-average (n513) waveforms recorded for faces (thick line) and cars (thin line) on left (PO7, left panel) and right hemispheres
(PO8, right panel) in the broad-pass, LSF and HSF conditions separately. Around 170 ms post-stimulus onset, a large negative N170 component (indicated
by the arrow) was observed. Note the large N170 amplitude difference between cars and faces observed for the broad-pass and LSF conditions on both
hemispheres. In the HSF condition, this difference is greatly reduced. Bottom panel: Scalp topography of faces–cars subtraction curve in a time interval
ranging from 160 to 220 ms after onset of stimulation.



V. Goffaux et al. / Cognitive Brain Research 16 (2003) 416–424420

the broad-pass condition revealed the kinds of face-specific3 .2.1. N170 amplitude
effects previously reported: a larger N170 amplitude for The overall four-way ANOVA revealed significant ef-
faces as compared to cars (Fig. 3) and a N170 latency fects of Spatial frequency,F(1.5;17.5)544.33, P,

delay with face inversion (mainly on PO7), but no 0.0001, and Category,F(1;12)5 50.8, P,0.001. These
inversion effect for cars (Fig. 4). Overall, these effects factors interacted significantly,F(1.6;19.9)543.43, P,

were still present in the LSF condition (Figs. 3 and 4). 0.001, since the N170 amplitude was larger for faces than
However, a completely opposite pattern was revealed in cars in broad-pass,P,0.001, and LSF conditions,P,

the HSF condition: (1) a slightly larger N170 amplitude for 0.001, but not in the HSF condition in which the N170
cars as compared to faces and (2) a reduced latency for amplitude was significantly larger for cars,P,0.05. The
inverted faces on PO7. Thus, the HSF condition abolished effect of Spatial frequency was significant for both faces,
the face-specific N170 effects. F(1.4;17)568.52,P,0.001, and cars,F(1.5;18.6)5 5.29,

Fig. 4. Top panel: Grand-average waveforms recorded in response to upright (thick line) and inverted (thin line) faces on left (PO7, left panel) and right
hemispheres (PO8, right panel) are presented for the broad-pass, LSF and HSF conditions. Note the N170 latency delay and amplitude reduction for
inverted faces in the broad-pass and LSF conditions on PO7. In HSF, we observed a latency decrease in response to face inversion on PO7. Bottom panel:
Grand-average waveforms recorded in response to upright (thick line) and inverted (thin line) cars on left (PO7, left panel) and right hemispheres (PO8,
right panel) are presented for the broad-pass, LSF and HSF conditions. No inversion effect characterized this category. However, in the HSF condition,
inverted cars induced significantly larger N170 amplitudes on the right hemisphere.
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P,0.012. However, for faces, the N170 amplitude sig- caused a mean 15.6 ms latency delay on the left PO7,
nificantly decreased from broad-pass to LSF,P,0.001, P,0.001, but not on the right PO8,P50.57.
and from the LSF to the HSF conditions,P,0.001, P100 analyses did not reveal any of the critical effects
whereas the amplitude of N170 to cars slightly decreased observed on N170, i.e. abolition of the faces–cars am-
from broad-pass to LSF conditions,P,0.023, but did not plitude difference in the HSF condition and absence of the
decrease further for the HSF condition,P50.55. The inversion effect on the latency of N170 to HSF faces. In
effects of Laterality, F(1;12)55.04, P,0.04, and the contrast, these critical effects emerged from analyses
Category3Laterality interaction,F(1;12)5 6.67,P,0.02, performed on relative N170 latency and amplitude, con-
were significant but were qualified by a significant three- firming the N170 as the functional locus of the observed
way Category3Spatial frequency3Laterality interaction, modulations of the differences between faces and cars
F(1.5;18.3)515.4, P,0.001. The N170 amplitude to across SF.
faces was larger than cars on both hemispheres in broad-
pass (PO8,P,0.001; PO7,P,0.001) and LSF (PO8,
P,0.001; PO7,P,0.001) conditions. In the HSF con- 4 . Discussion
dition, however, cars and faces elicited similar N170
amplitudes on PO7,P50.68, whereas the N170 to cars Do the so-called face-specific effects typically observed
was larger than faces on PO8,P,0.006. The N170 on the N170 amplitude (larger for faces) and latency
recorded for faces was largest on the right hemisphere in (delayed by face inversion) automatically arise once a face
broad-pass,P,0.011, and LSF conditions,P,0.012, but picture is provided to the visual system? Here we tested
not in the HSF condition,P50.293. For cars, there was no the hypothesis that these effects are highly dependent on
significant difference between PO7 and PO8 electrodes, the type of low-level visual information that is provided to
P50.096. Finally, the three-way Spatial frequency3 the visual system. In broad-pass images, we replicated
Orientation3Laterality interaction was significant, typical face-specific N170 markers: the N170 amplitude
F(1.4,16.5)54.95, P,0.03. Stimulus inversion decreased was larger for faces than for cars and the N170 latency was

2the N170 amplitude marginally in the broad-pass con- delayed for inverted faces but not for inverted cars .
dition, P,0.058, and significantly in the LSF condition, Interestingly, SF filtering greatly modulated these N170
P,0.028; in the HSF condition, the N170 amplitude was face-specific effects (Figs. 3 and 4). On the one hand, the
larger for inverted stimuli, but only on the right PO8, LSF condition produced the typical pattern obtained for
P,0.007 (PO7,P50.27). faces, as the N170 to LSF faces was larger than to LSF

cars, and inversion delayed the N170 latency for LSF
3 .2.2. N170 latency faces, but not for LSF cars. On the other hand, the HSF

The four-way ANOVA performed on N170 latencies condition revealed a completely different pattern: the N170
revealed significant main effects of Spatial frequency, amplitude was similar for HSF cars as compared to HSF
F(1.2;14.3)518.1, P,0.0001, Category,F(1;12)510.1, faces and no latency delay was observed for inverted HSF
P,0.008, and Orientation,F(1;12)511.6, P,0.005. The faces. For broad-pass and LSF faces, the N170 amplitude
two-way interactions of Category3Orientation,F(1;12)5 was larger on the right as compared to the left occipito-
5, P,0.04, and Spatial frequency3Orientation, temporal hemisphere, replicating previous observations
F(1.2;14.9)58.11, P,0.01, were significant, but were (e.g. Ref. [2]), whereas no right hemisphere advantage was
qualified by a three-way interaction between Category, found for N170 amplitude to cars. This category by
Spatial frequency and Orientation,F(1.8;21.1)57.31, P, laterality interaction was not observed in the HSF con-
0.005. In the broad-pass condition, upside-down inversion dition where faces and cars no longer differed in terms of
delayed the N170 latency for faces only,P,0.0001 (cars, their lateralization patterns.
P50.112), thus confirming the face-specificity of the The modulations caused by SF filtering cannot be
N170 inversion effect. In the LSF condition, the inversion accounted for by differences in the mere presence of
effect was again restricted to faces,P,0.026 (cars,P5 energy in a particular band of spatial frequencies, since
0.25). No significant inversion effect emerged from the LSF and HSF stimuli covered an identical SF spectrum.
HSF condition, nor for faces,P50.077, nor for cars,
P50.57. The effects of Laterality,F(1;12)56.05, P, 2To our knowledge, all ERP investigations of the N170 face inversion
0.03, and the Spatial frequency3Laterality interaction, effect report bilateral effects [2,10,15,23,26–28,30]. In the present study,
F(1.5;18.1)55.28, P,0.02, were significant, as was the however, the face inversion effect on N170 latency was only observed on
Orientation3Laterality interaction. However, these effects the left PO7 electrode. Our use of 3/4 views of faces and cars could have

led to a slight bias of salient information being more abundant in the rightwere qualified by a three-way interaction between
visual field, and might account for the larger effect in the left hemisphere.Category3Orientation3Laterality, F(1;12)511.6, P,
Other data from our group favor this view [25,29]. Nevertheless, the bias

0.005. For cars, a slight (1 ms) but significant latency delay related to the use of 3/4 views was comparable for both categories and
was observed on the right PO8,P,0.049, but not on the identical for all spatial frequencies. Thus, it did not interfere with the SF
left PO7, P50.17. For faces, upside-down inversion modulations observed on the N170 differences between faces and cars.
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Nor can these effects be reduced to differences in overall use by Sagiv and Bentin [30] of less contrasted sketches of
visibility between LSF and HSF; as indicated by similar faces, which contained far more edges and details than
and good performance levels, both LSF and HSF stimuli schematic stimuli. When compared to the natural face
were effortlessly processed. Moreover, if the modulations condition, sketched faces led to significant N170 amplitude
of the difference between faces and cars in N170 am- reduction and a latency increase, mimicking the N170
plitude and inversion delay were to reflect differences in response to HSF faces. It thus seems that removal of LSF,
the basic physical properties of LSF and HSF stimuli, either by filtering or line drawing, causes a decrease in
these should arise at earlier processing steps than the N170 N170 amplitude. Evidence from developmental research
component. However, the absence of these effects on the also confirms the close relation existing between LSF,
P100 (see Appendix A)—a component which is sensitive configuration and face processing. Indeed, Le Grand and
to the low-level visual properties determining the overall colleagues [17] observed that visual deprivation during the
stimulus visibility—rather supports that they reveal differ- very first months of life prevents normal exposure to LSF
ences in how different scales of information are used by and results in permanent deficits in face configural process-
observers looking at faces and cars. ing. Moreover, several studies have demonstrated that a

It has been argued that the mere presentation of a face is bandwidth of relatively low SF (centered around 11 cycles
sufficient to trigger a normal N170, whether or not the face per face) is important for conveying face identity (re-
contains a lot of detailed textural information, for instance viewed in Ref. [22]).
[1–3,20,30]. Consequently, some authors have proposed Nevertheless, the small decrease of N170 amplitude to
that the N170 represents the occurrence of a face process- LSF compared to broad-pass faces also supports a role of
ing module, the function of which is to detect the presence HSF information in triggering the N170 response to faces.
of a face [3,6,30] (but see Ref. [26]). However, the present This observation is in agreement with a previous be-
evidence supports the idea that the dissociation between havioral study showing that face recognition performance
face and object processing at this early stage of processing benefits from the presence of both analytical and configural
strongly relies on the differential perceptual extraction of cues [7]. In addition, the LSF versus HSF contribution to
LSF and HSF cues. More precisely, our results show that early face processing might depend on the context of the
the visual information leading to a N170 difference specific task to be solved [14,31]. For example, a recent
between faces and objects is mostly contained in the LSF. ERP study demonstrated that the task to perform on faces

In the present study, several facts pinpointed LSF as (gender versus familiarity categorization) modulates the
playing a dominant role in early visual face processing, in N170 amplitude to LSF faces [13]. The task used in the
contrast to object processing. First, the N170 amplitude present experiment did not require the extraction of fine
was larger for faces than for cars as long as subjects were stimulus details. A task requiring a more detailed analysis
provided with LSF (in broad-pass and LSF conditions). of the stimulus, such as individual face identification,
Second, another interesting finding is that the typical might reduce the LSF prevalence over HSF observed for
inversion effect on N170 latency was obtained with LSF, face processing in the present study.
but not with HSF faces. As upside-down inversion is In summary, we found that early processing differences
known to disrupt configural processing [7,8,11,19,24], the between faces and objects are highly dependent on the LSF
LSF face inversion effect confirms that this scale conveys processing of faces. The sources of differences between
configural cues crucial to face perception, in contrast to faces and other categories at this early processing stage
HSF information. Third, the observation of a larger N170 remain to be clarified, but our study suggests that most
amplitude for LSF faces as compared to HSF faces, may be contained in LSF, which, among other information,
whereas no such difference was observed for cars, indi- support configural cues. Our results thus corroborate the
cates LSF/configural tuning of face processing. view that LSF are important for face perception because

The prevalence of LSF in face configural processing is their early processing provides configural cues to the
consistent with the behavioral literature. For example, perceptual system. Overall, our work emphasizes the
Leder [18] observed that the use of line drawings, known importance of considering the observer’s processing
to alter coarse cue representation [4,18,32], impairs con- biases, which may develop through experience, in order to
figural encoding of faces. Sagiv and Bentin [30] also gain understanding of category-specific effects. Future
reported a small reduction of N170 amplitude for studies should examine if LSF tuning of face processing
schematic faces and a reduction of the inversion delay of originates from the extensive expertise we develop for the
the N170. Line drawings are a special case of stimuli, fine and fast inter-individual discrimination of faces.
mainly characterized by HSF at a particularly high level of
contrast (higher than photographs). On the contrary, our
study controlled the basic visual properties of the signal A cknowledgements
provided in the different SF conditions, the difference
being about the SF band that conveyed face or car The authors are grateful to Celine Cornet and Corentin
information. More comparable to our HSF condition is the Jacques for their help during EEG data acquisition and
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P,0.003, and from the LSF to the HSF condition,P,

0.0001. For cars, there was no significant effect of Spatial
frequency,P50.4, but there was a significant interaction

A ppendix A between Spatial frequency and Orientation,F(1.7;20.9)5
3.65, P,0.05. In the upright condition, the amplitude of

 P100 analyses the N170 to broad-pass cars was marginally larger than for
LSF and HSF cars,P50.06. The effects of Laterality,

 P100 amplitude F(1;12)512.7, P,0.004, the Category3Laterality inter-
When computed on P100 amplitude values, the four- action,F(1;12)55.7, P,0.034, and the Orientation3

way ANOVA revealed a significant effect of Category, Laterality interaction,F(1;12)525.4, P,0.001, were
F(1;12)519.7, P,0.001. The Category3Orientation, significant and qualified by a three-way Category3

F(1;12)55, P,0.045, as well as the Category3Spatial Orientation3Laterality interaction, F(1;12)5 11, P,

frequency3Orientation,F(1.8;22.1)5 4.8, P,0.02, inter- 0.006. On the right PO8, inverted faces elicited a larger
actions were significant. In broad-pass and LSF conditions, N170 amplitude than upright faces,P,0.003, whereas the
faces produced larger P100 amplitude as compared to cars, largest amplitude was observed for upright faces on the left
but only in the inverted condition,P,0.001 andP,0.045, PO7,P,0.005. Inversion of cars only affected the N170
respectively. In HSF, P100 to faces was larger in am- amplitude on the left PO7, which showed a larger am-
plitude than cars independent of orientation,P,0.01. plitude for upright cars,P,0.008. The two-way Spatial
Inversion of faces increased P100 amplitude in broad-pass frequency3Laterality interaction was also significant,
and LSF conditions,P,0.01 andP,0.039, respectively, F(1.9;23.4)55.5, P,0.011. N170 was larger on the right
but not in the HSF condition,P50.46. Cars did not as compared to the left hemisphere for each spatial
display any significant inversion effect on P100 amplitude. frequency condition, but mostly for broad-pass and LSF
Orientation and Laterality factors interacted significantly, stimuli.
F(1;12)531.8, P,0.001, but were qualified by a signifi-
cant three-way Category3Orientation3Laterality interac-
tion, F(1;12)57.14,P,0.02. Inversion of faces increased  Relative N170 latency
the P100 amplitude on the right PO8 electrode only, The four-way ANOVA performed on relative N170
P,0.001, whereas inversion of cars decreased the P100 latencies revealed significant main effects of Category,
amplitude on the left PO7 electrode,P,0.011. F(1;12)56.1, P,0.03, and Orientation,F(1;12)5 6, P,

0.03. The two-way interaction between Spatial frequency
 P100 latency and Orientation was significant,F(1.7;20.5)54.53, P,

Spatial frequency significantly modulated P100 latency, 0.03. It was qualified by a marginal three-way interaction
F(1.7;20.8)516.6,P,0.001. LSF and HSF stimuli led to between Category, Spatial frequency and Orientation,
a similar P100 latency,P50.48, but delayed P100 latency F(1.8;21.9)52.9, P,0.07. In the broad-pass condition,
as compared to broad-pass stimuli (P,0.002 in both upside-down inversion significantly delayed the N170
cases). The Laterality3Category interaction was signifi- latency for faces only,P,0.02 (cars, P50.75), thus
cant,F(1;12)5 4.9,P,0.048. For faces, P100 latency was confirming the face-specificity of the N170 inversion
longer at the right PO8 as compared to the left PO7, effect. In the LSF condition, the inversion effect was again
P,0.01. No difference across hemispheres was observed restricted to faces,P,0.02 (cars,P50.29). No significant
for the latency of P100 to cars,P50.242. inversion effect emerged from the HSF condition for faces,

P50.16, or for cars,P50.75. The Spatial frequency3
 Analyses of relative N170 values (P100 as baseline) Laterality interaction was significant,F(1.8;22.1)5 3.8,

P,0.042. Spatial frequency affected N170 latency on the
 Relative N170 amplitude left PO7 electrode,F(1.7;20.1)5 4, P,0.041, but not on

The overall four-way ANOVA revealed significant ef- the right PO8 electrode,P50.25. On PO7, LSF stimuli
fects of Spatial frequency,F(1.6;19.3)524.97, P, significantly increased the N170 latency as compared to
0.0001, and Category,F(1;12)541, P,0.001, and an broad-pass,P,0.013, and HSF stimuli,P,0.029, whereas
interaction between these two factors,F(1.9;23.02)5 no latency difference was found across broad-pass and
41.89,P,0.001. The N170 amplitude was larger for faces HSF conditions,P50.99.
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