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Abstract: A hemispheric asymmetry for the processing of global versus local visual information
is known. In this study, we investigated the existence of a hemispheric asymmetry for the visual
processing of low versus high spatial frequency gratings. The event-related potentials were recorded
in a group of healthy right-handed volunteers from 30 scalp sites. Six types of stimuli (1.5, 3 and
6 c/deg gratings) were randomly flashed 180 times in the left and right upper hemifields. The
stimulus duration was 80 ms, and the interstimulus interval (ISI) ranged between 850 and 1000 ms.
Participants paid attention and responded to targets based on their spatial frequency and location.
The C1 and P1 visual responses, as well as a later selection negativity and a P300 component of
event-related potentials (ERPs), were quantified and subjected to repeated-measure analyses of
variance (ANOVAs). Overall, the performance was faster for the right visual field (RVF), thus
suggesting a left hemispheric advantage for the attentional selection of local elements. Similarly,
the analysis of the mean area amplitude of the C1 (60–110 ms) sensory response showed a stronger
attentional effect (F+L+ vs. F−L+) at the left occipital areas, thus suggesting the sensory nature of
this hemispheric asymmetry.

Keywords: ERPs; selective attention; global and local; cerebral hemispheres; VEPs; spatial frequency;
attentional tuning; left hemisphere

1. Introduction

The issue of a hemispheric asymmetry in the perceptual processing of visual informa-
tion has been largely debated [1–10]. The main lines of research and theoretical discussions
have led to the conclusion that there might be a hemispheric asymmetry (1) in the way
the left and right hemispheres process information in an analytic vs. holistic manner,
or (2) in the way they select object features as opposed to paying sustained attention in
space, and (3) it was argued that, probably, the two hemispheres possess functional and
neuroanatomical differences that render them more able to process information, based on a
low vs. high spectrum of spatial frequency (magno- vs. parvo-cellular content). These three
approaches, and the experimental evidence supporting them, are briefly discussed below.

1.1. The Role of the Right vs. Left Hemisphere in Global and Local Processing

Robertson et al. [11] theorized that a hemispheric asymmetry existed for the processing
of the global versus local content of visual information, with a left hemispheric advantage
for the local analysis and a right hemispheric advantage for the global analysis. In an
interesting neuropsychological study, Robertson et al. [12] found that a left temporoparietal
lesion compromised the patients’ ability to reproduce the local elements of both geometrical
and linguistic hierarchical stimuli (so-called Navon configurations [13]), while a right-sided
lesion compromised the patients’ ability to reproduce their global form.

These findings are consistent with the existence of a right-sided neural circuit devoted
to the precession of global (versus local) information [14–16]. For example, Yamaguchi
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et al. [6] found that the local versus global elements of compound stimuli in an attention
task were associated with enlarged N2 deflections (250–350 ms) over the left versus the
right hemispheric areas. Again, Proverbio et al. [17] found a greater amplitude in the N2
responses to subtle illusory contours over the left occipital areas. These findings hint at the
view of a left hemispheric dominant role in the ability to process and select visual stimulus
details and local information [16,18].

1.2. Object-Based vs. Space-Based Hemispheric Asymmetry

On another side, other evidence has been offered for the existence of a hemispheric
asymmetry for space-based (as opposed to object-based) selective attention, in favor of the
right vs. left hemisphere [9,19–21]. In an electrophysiological investigation by Proverbio
et al. (2004), participants were shown pictures of animals and objects, either in their
prototypical color or in an unassociated color (e.g., pink vs. blue piglets). The target stimuli
associated with the prototypical combination of color and shape triggered enhanced N2
potentials (or selection negativity (SN)) over the occipitotemporal areas, compared with
the unassociated combination. This color-specific effect was observed only over the left
hemisphere, as it was also observable from the topographic distribution of the N2 difference
voltage (prototypical minus non-prototypical color). These findings seem to suggest the
predominant role of the left occipitotemporal cortex in the processing of object features.
Similarly, Orlandi and Proverbio [22] showed a left-hemispheric selectivity in the ability to
discriminate object shapes, as indexed by the amplitude of the SN response. Subjects were
shown tridimensional pictures of schematic bodies, familiar objects such as chairs, and
Shepherd cubes, which were displayed in standard or rotated views. The results showed a
left hemispheric advantage for the attentional selection, resulting in an enhanced SN to the
targets, over the left occipitotemporal sites. The standardized weighted Low-Resolution
Electromagnetic Tomography (swLORETA) performed on EEG signals in the SN time range
showed left lateralized neural sources, including the left superior-middle temporal (BA
22) and the left inferior frontal-precentral gyri. On the other side, many different studies
support the view of right hemispheric control and dominance for the visuospatial orienting
of attention, such as [23–25].

1.3. The Spatial Frequency Hypothesis

According to some researchers [10,18,26,27], asymmetry in perceptual strategy would
be grounded on a lower level (sensory) hemispheric asymmetry for processing the spatial
frequency content of visual information. There would be a right hemispheric advantage
for processing the low spatial frequency range, and a greater left hemispheric ability for
processing finer details, such as the high spatial frequency spectrum. Dos Santos et al. [28]
investigated the hemispheric specialization for spatial frequency processing by measuring
the contrast sensitivity curves of sinusoidal gratings in 30 patients with left or right brain
damage. The results showed that patients with left brain damage were selectively impaired
in high-frequency processing, while patients with right brain damage were more impaired
in low-frequency processing. These findings can be interpreted in terms of a hemispheric
asymmetry for spatial frequency discrimination.

Furthermore, the electrophysiological investigation by Martínez et al. [27] reported
a larger SN component in response to target than non-target checkboard patterns. The
attentional selection of high spatial frequencies elicited larger SN responses over the left
hemisphere, while the attentional selection of low spatial frequencies elicited larger SN
responses over the right hemisphere, thus indicating a hemispheric asymmetry for spatial
frequency processing. Similarly, Proverbio et al. [26] recorded visual evoked potentials to
spatial frequency gratings and found that the N80 and P1 responses were differentially
modulated by spatial frequency content. The N80 potential exhibited a negative focus
over mesial occipital sites, whereas the P1 component exhibited a positive focus, which
was maximal over the lateral occipital sites. Moreover, the positive peak was larger
over the right hemisphere, while the negative peak (N80) shifted from the right to the
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left hemisphere as the spatial frequency increased. Therefore, early visual potentials
elicited by low vs. high spatial frequencies showed a differential polarity and topographic
distribution, which might reveal the activity of topographically segregated and functionally
distinct neural sources (possibly reflecting a prevalence of magnocellular vs. parvocellular
information), as a function of the spatial frequency.

These results of a hemispheric asymmetry for sensory processing are also consistent
with those reported by Zani and Proverbio [29] in their event-related potential (ERP) study
on selective attention to check size. In that study, relevant checks elicited larger ERP
components at both the occipital (N165 and P3b) and frontal (long latency positivity (LP))
scalp sites over the left—but not the right—hemisphere, as compared to the irrelevant ones.
Moreover, right- and left-sided hemispheric asymmetries were found, being consistent
with a P90 right-sided specialization for low spatial frequencies and an N115 left-sided
specialization for high spatial frequencies, respectively.

Notwithstanding the bulk of evidence of left-sided attentional ERP components (such
as selection negativity or N2 responses), the evidence of lateralized attention effects indexed
by sensory potentials is quite scarce. In the present study, visual ERPs were recorded in
healthy participants during the perception and attentional selection of non-square or wave
spatial frequency gratings. The C1 and P1 sensory responses were measured to obtain data
about a possible hemispheric asymmetry in attentional selection. This was made possible
by the comparison of the attentional effects measured on left and right hemispheric sites of
recording. The longer-latency selection negativity and P300 responses were also measured,
and an increase in their amplitude as result of attentional selection was expected, based on
the previous investigations of Harter’s research group [30–32].

There is much evidence in the psychophysiological literature that the morphology of
the visual sensory components (C1 and P1) is strongly modulated by a series of stimulus
physical characteristics, such as the orientation, the spatial frequency and the visual field
of presentation of the gratings and checkerboards [33–36]. On the basis of the previous
literature, we expected that C1 would be larger at the ipsilateral sites, whereas P1 would be
larger at the contralateral sites. Moreover, C1 would have a mesial occipital distribution and
P1 a lateral occipital distribution [26]. Finally, an early object-based attention modulation
of both the C1 and P1 responses, such as in [37], was expected.

2. Materials and Methods
2.1. Participants

Eight healthy students (4 females and 4 males) with normal or lens-corrected vision
took part in the study. Their mean age (ranging between 24 and 33 years) was 28.5 years,
and their socioeconomic and cultural levels were similar. All participants were psychically
and neurologically healthy. Half of the women were in the premenstrual phase, and the
other half were in the postmenstrual phase of their cycles. Before the EEG recording, they
were asked to fill in the informed consent to the research and the documentation regarding
the minimum risk. They were then administered the Edinburgh Inventory to assess their
right-handedness. The experiments were conducted with the understanding and written
consent of each participant, according to the Declaration of Helsinki (BMJ 1991; 302: 1194)
and the approval of the local ethical committee (University of Trieste). One subject was
discarded in subsequent statistical analyses for excessive ocular artifacts.

2.2. Stimuli

The stimuli were three spatial frequency gratings, whose contrast was degraded to
obtain a quasi-sinusoidal luminance variation. Their spatial frequencies were 1.5, 3 and
6 cycles per degree (c/deg) at the viewing distance of 114 cm, respectively. The gratings
were briefly flashed in the upper left visual hemifield (ULH) or right visual hemifield
(URH) with respect to the center of the screen, where a small cross acted as fixation point
(see Figure 1a).
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Figure 1. (a) Sketch of the experimental procedure, showing the viewing distance and the stimulus
eccentricity. (b) Example of task manipulation for a 6 c/deg spatial frequency grating presented in
the upper right hemifield (URH). The dashed, tilted cones symbolize the focus of the covert orienting
of attention toward one spatial location. Therefore, in the upper left, the grating is relevant both in
location and in frequency, because its spatial frequency is a target (as indicated by the gray, shadowy
grating depicted outside the circular base of the focus of attention) and spatial attention is directed
toward the URH, as indicated by the tilted cone. Conversely, in the upper right, the same grating
is irrelevant in frequency, but relevant in location (i.e., L+F−). The other two cases are relevant in
spatial frequency but not in location (lower left) and irrelevant in both features (lower right). (c) EEG
recording set-up: (1) 17 in IBM monitor with STIM software, (2) head of the subject wearing an
Electro-Cap, (3) response keys, (4) an EEG connection plate, (5) 32 channel amplifiers, (6) 22 in IBM
monitor with SCAN and RESPWIN software, (7) a color printer and (8) a soundproof cabin.

The background was gray and isoluminant with respect to the gratings to avoid
perceptual aftereffects or consecutive image phenomena. Within each quadrant, the stimu-
lation started at 0◦30′ at a visual angle above the fixation point and extended up to 4◦30′
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above it, while laterally the stimulus started from 2◦ and went up to 6◦03′. The stimulus
duration was 80 ms. The interstimulus interval (ISI) ranged randomly between 850 and
1000 ms. Since the participants had to keep their gaze on the fixation point, the decentral-
ization of the stimuli allowed the stimulation of the extrafoveal retinal areas. The gratings
presented to the left or to the right with respect to the fixation point were reversed by
180◦ in order to obtain specular stimuli that provided an identical cortical representation,
whether they were projected to the right or left of the hemiretinas.

2.3. Procedure

The subjects were provided with written instructions describing the experimental task.
A training phase preceded the experimental session, so that participants might familiarize
with the different types of stimuli and the experimental setting. This training phase ended
when the subject showed an optimal ability to discriminate the various spatial sequences
of the gratings.

The six types of stimuli (3 frequencies for 2 locations) were projected in a random order
180 times (30 repetitions for each type of stimulus). The participants were administered
30 different sequences (of 180 stimuli each), featuring a specific stimulus selection task
requirement. At the beginning of each run, the subjects were given the experimental
instructions of paying attention to the gratings of one specific frequency at one spatial
location (e.g., during this run, pay attention and respond to the high frequency grating to
the right visual field, and ignore all other types of stimuli). The participants were instructed
to press a button with the index finger of one of the two hands as quickly and efficiently
as possible while ignoring non-target stimuli. In half of the trials, the subjects used the
right hand, and in the remaining half, the left hand was used. The order of the hands
was randomized between trials and between subjects. Each sequence was followed by
a short pause, while every 15 min, a longer pause was given to the subjects. The whole
experimental procedure lasted ~1 h. There were four attentional conditions: attention to
the 6/deg spatial frequency gratings on the right, to the 6/deg spatial frequency gratings
on the left, to the 1.5 c/deg spatial frequency gratings on the right and to the 1.5 c/deg
spatial frequency gratings on the left. The 3 c/deg spatial frequency gratings were included
as distractor stimuli, since they were never a target. The stimuli might therefore be targets
in both spatial frequency and location (L+F+), targets only in location (L+F−), targets only
in spatial frequency (L−F+) or non-targets for both dimensions (L−F−) (see Figure 1b).

2.4. EEG Recordings

The participants sat inside a silent cubicle with medium soundproofing and weak
symmetrical lighting in front of a double-glazed window measuring 70 × 55 cm. Outside
the cubicle was a 17 in Macintosh monitor used for the presentation of visual stimuli
which was connected to an IBM PC controlling the stimulus presentation, located outside
the cubicle. A 30 channel Electro-Cap was applied to each subject for recording his or
her EEG waves. Two extra pairs of surface electrodes were applied to record vertical
and horizontal ocular movements via an electrooculogram (EOG). Averaged ears acted
as reference electrodes. All the electrodes were connected to a panel interfaced with a
32 channel SynAmps amplifier (see Figure 1c). The amplification unit was in turn connected
to another IBM PC, in which NeuroScan 3.0 software controlled the continuous recording of
the EEG traces and stimulus–response synchronization. The subjects responded through a
StimPad push-button panel interfaced with NeuroScan 3.0 software, so that the response
signals, recorded on the row traces, might later be analyzed through Respwin software in
order to obtain the data relating to the behavioral performance of the subjects.

The EEG data were continuously recorded from 30 scalp sites, according to the
10–20 International System, at a sampling rate of 500 Hz. Two pairs of bipolar electrodes
were applied to the subject for the detection of horizontal and vertical eye movements.
Two electrodes placed on the earlobes were used as reference electrodes, while the ground
electrode was included in the recording cap in the center frontal position. The EEG and
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electrooculogram (EOG) were filtered with a half-amplitude band pass of 0.016–50 Hz.
The electrode impedance was maintained below 5 kΩ. Computerized artifact rejection
was performed prior to averaging in order to discard epochs in which ocular movements,
blinks or other artifacts occurred. The artifact rejection criterion was a peak-to-peak am-
plitude exceeding 50 µV and resulted in a rejection rate of ~15%. Event-related potentials
(ERPs) going from 100 ms before stimulus onset through 1000 ms after stimulus onset were
averaged offline. The ERP components were measured when in time and where on the
scalp they reached their maximum amplitudes.

2.5. Statistical Analysis

For each subject, the mean area amplitude values of the C1 (60–110 ms), P1 (110–160 ms),
selection negativity (N2, 165–330 ms) and P300 (330–600 ms) ERP responses were quantified
and subjected to repeated-measures analyses of variance (ANOVAs). The ERP responses
to the target gratings (1.5 c/deg left, 1.5 c/deg right, 6 c/deg left, 6 c/deg right) were
compared to the responses to the same gratings in the other attention conditions (when
irrelevant or when sharing one feature (i.e., either frequency or location) with the target).
The factors were the attentional condition, hemisphere (for the C1 and P1 components) and
the electrode. The attentional condition had 4 levels of variance: target (L+F+), location-
specific (L−F+), frequency-specific (L+F−) and irrelevant (L−F−). The hemisphere had
2 levels of variance (left and right). The electrode had 3 levels of variance: occipital (O1,
O2), lateral occipital (OL-OR) and occipitotemporal (T5-T6) for the sensory components C1
and P1 and 9 levels for later components’ selection negativity and P300 (O1, O2, OL, OR, T5,
T6, Oz, Cz and Pz).

The response times (RTs) and percentage of correct responses (hits) were recorded
and quantified. RTs that exceeded the mean value ±2 standard deviations were discarded,
which resulted in a rejection rate of approximately 5%. Both the RTs and accuracy per-
centages were subjected to separate multifactorial repeated-measures ANOVAs with 3
within-subject factors, whose factors of variability were the visual field of presentation (left
or right), grating spatial frequency (1.5 or 6 c/deg) and response hand (left or right). The
significance acceptance level was p < 0.05.

3. Results
3.1. Behavioral Data

The analysis of variance performed on the response times of the subjects did not result
in any statistical significance, except for a very close to significant visual field factor for
reaction times analyses (F (1,6) = 5.6, p = 0.055). The response times were faster when
the stimuli were presented in the upper right visual hemifield (URH, left hemisphere),
compared with the upper left visual hemifield (ULH, right hemisphere). False alarm
responses incorrectly directed to non-targets (e.g., 3 c/deg gratings) were less than 2% of
the total amount of emitted responses. The omissions (lack of response to 1.5 and 6 c/deg
target gratings) were slightly superior to 3% of the emitted responses. Accuracy analyses
did not yield any statistical significance.

3.2. Electrophysiological Data
3.2.1. C1 Component

The C1 response was much larger in the ipsilateral than contralateral field (see
Figure 2), as shown by the hemisphere × visual field factors interaction (F (1,6) = 14.3,
p < 0.009). Indeed, the C1 responses were much larger over the left hemisphere for the left
visual field (LVF) gratings, and vice versa over the right hemisphere for the RVF ones.
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Figure 2. (A) Mean amplitude values of the C1 responses recorded at ipsilateral vs. contralateral stimuli, regardless of the
attentional condition. (B) Mean amplitude values of the C1 responses recorded in different attentional conditions, regardless
of the spatial frequency of stimulation.

The significance of the electrode x spatial frequency factors (F (2,12) = 16.3, p < 0.001)
showed a larger C1 response over the striate (O1, O2) than extra-striate (OL and OR) and
occipitotemporal sites (T5, T6), especially for the higher spatial frequency.

The C1 response was strongly modulated by attentional factors in interaction with the
cerebral hemisphere (F (4,24) = 3.8, p < 0.01). Post hoc comparisons showed that for both
the 6 c/deg gratings (p < 0.001) and the 1.5 c/deg gratings, the frequency-based attentional
effect (L+F+ vs. L+F−) was much larger over the left hemisphere (irrespective of the visual
field of stimulation), as can be appreciated in Figure 3. In addition, the main effect of the
attentional task (F (4,24) = 3. l, p < 0.03) was significant, with a larger C1 to target (L+F+)
than the location-specific (L−F+) or frequency-specific (L+F−) non-targets, which in turn
were more negative than the C1 to irrelevant stimuli (L−F−), as demonstrated by post hoc
comparisons among the means (p < 0.002), as is visible in Figure 4.

3.2.2. P1 Component

The significant electrode factor showed that P1 was more focused over the occipital
(O1, O2, OL and OR) than the inferior temporal scalp areas (F (2,12) = 4.68, p < 0.03), as is
also visible in the topographical maps of Figure 5.

The ANOVA yielded the significant effect of the attention condition (F (4,24) = 4.08,
p < 0.02), with larger P1 responses to the target than the location-specific stimuli (p < 0.025,
L−F+) and, in turn, to location- and frequency-specific rather than irrelevant gratings
(as shown by post hoc comparisons, p < 0.001). The attentional effect was smaller for
the stimuli presented in the LVF (right hemisphere), as shown by the significant triple
interaction of attention x electrode x hemisphere (F (8,48) = 2.2, p < 0.04). Furthermore,
the frequency-specific effects (L+F+ vs. L+F−) were larger (p < 0.01) at the striate and
extra-striate than inferior temporal scalp areas.

3.2.3. Selection Negativity (SN)

The ANOVA performed on the SN mean area amplitude values showed a significant
effect from the attention condition (F (4,24) = 8.3, p < 0.001). Post hoc comparisons showed
large statistical differences between the SN to the targets and all other stimulus types (see
Figure 6a). The significance of the electrode factor (F (2,12) = 5.02; p < 0.02) and relative
post hoc comparisons showed that the SN was of a maximal amplitude over the occipital
scalp sites.
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3.2.4. P300 Component

The ANOVA performed on the P300 amplitude values gave rise to the significance of
the attention factor (F (32,192) = 9.5, p < 0.001). Post hoc comparisons showed that P300
was largely greater to the targets than all other stimulus types (see Figure 6b). The further
interaction of attention × electrode (F (4,240) = 24.8, p < 0.001) showed the P300 was of a
maximal amplitude at the centro-parietal sites, as can be clearly appreciated by looking at
the amplitude data in Figure 7.

1 
 

Figure 2 

 

Figure 3 

 
Figure 4 Figure 3. Effect of spatial frequency-specific attentional selection (L+F+ minus L+F−), regardless of the visual field
of presentation, as well as the temporal series of topographical distribution of the surface voltage (top view) recorded
between 94 and 118 ms of post-stimulus latency (every 2 ms) in the C1 latency range. The data indicate an early enhanced
negativity (larger C1 response) to the target frequencies focused over the mesial occipital scalp areas, which progressively
spread over the scalp in time. A hemispheric asymmetry in the topographical distribution of attentional selection is also
visible. The asymmetry would indicate a greater ability of the left visual cortex in the discrimination of fine differences in
spatial frequency.
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Figure 4. Topographical maps (top view) of the scalp voltage of the C1 component, recorded in response to 1.5 c/deg
gratings in the left visual field in the presence of both the target and the non-target. As can be observed, the response was
ipsilateral to the stimulated field and was modulated by attention, being more negative to the target gratings than the
non-target gratings.

 

2 

 

Figure 5 

 
Figure 6 

Figure 5. Topographical maps (top view) of the scalp voltage of the P1 component, recorded in response to the 1.5 c/deg
gratings presented in the RVF. As can be seen, the elicited positive potential was first contralateral to the stimulated field
(left hemisphere) and then, as time progressed, it propagated to the ipsilateral side.
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Figure 6. (a) Mean amplitude values of the selection negativity (165–330 ms), recorded in response to gratings when
targeted, when sharing one feature with the target or when irrelevant, independent of the spatial frequency of stimulation.
(b) Mean amplitude values of P300 (330–600 ms), recorded in the same attention conditions as for the SN, no matter the
spatial frequency considered.

 

3 

 
Figure 7 

 
Figure 7. Mean area values recorded in response to spatial frequency gratings when targeted and when task-irrelevant at
various central, parietal and posterior scalp sites, regardless of the spatial frequency of stimulation. A maximum distribution
of this event-related potential (ERP) component at the midline centro-parietal scalp areas can be clearly observed.
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4. Discussion

The aim of this study was to explore the existence of hemispheric asymmetries for the
attentional selection of spatial frequency gratings. Overall, the RTs to the target gratings
presented in the RVF (left hemisphere) were faster than those of the stimuli presented in the
LVF (right hemisphere), regardless of the grating’s spatial frequency and the response hand.
This would support the hypothesis, according to which the left hemisphere would have a
greater selective capacity in subtle discrimination tasks [38], a more analytical attentional
strategy [39] and would be dominant in object-based attentional selection [9].

Moreover, the ERP data showed that selective attention modulated the earliest sensory
responses. C1 was larger in negativity in response to the targets (L+F+) than to the
frequency-specific stimuli (L+F−). In turn, C1 elicited by the latter was more negative than
that elicited by spatial frequency gratings irrelevant in both features. These results fit well
with the more recent literature on ERP attentional modulation of the striate cortex during
selective attention to grating spatial frequencies [37,40].

P1 was also modulated by attention, being more positive to targets than location-
specific stimuli. In turn, irrelevant stimuli elicited a smaller P1 than the gratings sharing
only one feature with the target. As predicted by the literature, C1 was larger for the
ipsilateral stimuli [41,42] and was enhanced in negativity by attention [43], while P1,
focused on the lateral occipital sites and enhanced in positivity by attention [37,44], was
larger than the contralateral stimuli.

The attentional effects grew as the post-stimulus processing latency increased and
showed a more focused attentional gating for later latency components. Indeed, selection
negativity, and even more for the P300 responses, were strongly enhanced by spatial
frequency targeting and less responsive to the attentional relevance of one single feature
(either location or the spatial frequency of the gratings). This evidence fits well with the
previous ERP literature on spatial frequency selection [27,30–32,45], demonstrating that the
bandwidth of selective attention effect narrowed during the course of the processing time.

In the present investigation, the most interesting piece of data was the hemispheric
asymmetry in attentional selection, evidenced by the C1 and P1 sensory responses, also
fitting with the behavioral data trend. Indeed, the C1 (60–100 ms) data showed that, for
both the 6 c/deg gratings (p = 0.0008) and the 1.5 c/deg gratings, the frequency-specific
attentional effect (L+F+ vs. L+F−) was stronger over the left hemisphere, irrespective of the
visual field of stimulation. Consistently, at the P1 level (110–16 ms), the attentional effect
was larger for stimuli presented in the RVF (left hemisphere), as shown by the significance
of the triple interaction of attention × electrode × hemisphere.

This evidence of a left hemispheric advantage is consistent with previous ERP studies
on object-based selective attention for shape [22], orientation [46], color [20], as well as local
vs. global stimuli [4] and illusory contour detection [17]. When examined more closely,
these data recall the left-sided attentional effect for the N1 response (100–200 ms) found in
a task in which the orientation of the spatial frequency gratings was the target feature [47].
An N165 attentional modulation was also left-sided in a task requiring the selection of the
check size of checkerboards of different spatial frequencies [29].

Overall, these data (which, to our knowledge, are the earliest latency effects of a hemi-
spheric asymmetry in spatial frequency selection), fully support the theory advanced by
Sergent [48], according to which the left hemisphere would be dominant in the processing
of local elements of visual information, such as small check sizes, subtle bars or multiple
luminance variations. Indeed, regardless of the response hand, we also found in the present
study that targets were more quickly detected when they appeared in the observers’ RVF
(left hemisphere). From a broader perspective, this line of evidence might also account for
the left hemispheric lateralization of the visual word form area (VWFA, namely the fusiform
gyrus of the occipitotemporal cortex) devoted to orthographic processing [49,50], since
letters are characterized by a high spatial frequency content. On the opposite side, the right
hemispheric advantage for low spatial frequencies and global processing would explain
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the right-sided lateralization (at least in the male brain) of the fusiform face area (FFA) for
the holistic recognition of faces [16,51].
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