
ORIGINAL RESEARCH
published: 31 January 2017

doi: 10.3389/fnins.2017.00014

Frontiers in Neuroscience | www.frontiersin.org 1 January 2017 | Volume 11 | Article 14

Edited by:

Marco Tamietto,

Tilburg University, Netherlands

Reviewed by:

Robert D. Rafal,

University of Delaware, USA

Carlo Alberto Marzi,

University of Verona, Italy

*Correspondence:

Alan J. Pegna

a.pegna@uq.edu.au

Specialty section:

This article was submitted to

Systems Biology,

a section of the journal

Frontiers in Neuroscience

Received: 31 October 2016

Accepted: 09 January 2017

Published: 31 January 2017

Citation:

Framorando D, Bapst M, Vuille N and

Pegna AJ (2017) Naso-Temporal

Asymmetries: Suppression of

Emotional Faces in the Temporal

Visual Hemifield.

Front. Neurosci. 11:14.

doi: 10.3389/fnins.2017.00014

Naso-Temporal Asymmetries:
Suppression of Emotional Faces in
the Temporal Visual Hemifield
David Framorando 1, Mylène Bapst 1, Nathalie Vuille 1 and Alan J. Pegna 1, 2*

1 Laboratory of Experimental Neuropsychology, Faculty of Psychology and Educational Sciences, University of Geneva,

Geneva, Switzerland, 2 School of Psychology, The University of Queensland, Brisbane, QLD, Australia

An ongoing debate exists regarding the possible existence of a retino-tectal visual

pathway projecting to the amygdala, which would rapidly process information involving

threatening or behaviorally-relevant stimuli. It has been suggested that this route might

be responsible for the involuntary capture of attention by potentially dangerous stimuli.

In separate studies, anatomical evidence has suggested that the retino-tectal pathway

relies essentially on projections from the nasal hemiretina (temporal visual field). In this

study, we chose to take advantage of this anatomical difference to further investigate

whether emotional facial expressions are indeed processed through a subcortical

pathway. Using EEG, participants performed a monocular spatial attention paradigm in

which lateralized, task-irrelevant distractors were presented, followed by a target. The

distractors were fearful faces that appeared either in nasal or temporal visual hemifield

(by virtue of their monocular presentations), while the neutral face was presented

simultaneously on the opposite side. Participants were asked to identify a target letter

that appeared subsequently in the nasal or temporal visual hemifield. Event-related

potentials (ERPs) results revealed that fearful faces appearing in the temporal visual

hemifield produced a strong inhibitory response, while a negative deflection reflecting

attentional capture followed presentations of fear in the nasal hemifield. These effects

can be explained by a greater sensitivity of the subcortical pathway for emotional stimuli.

Fearful faces conveyed through this route are processed more effectively, consequently

necessitating more vigorous suppression in order for targets to be dealt with adequately.

Keywords: naso-temporal asymmetries, emotion, subcortical route, attentional capture, amygdala, superior

colliculus, ERP, N2pc

INTRODUCTION

Over two decades ago, LeDoux (1996) suggested the existence of rapid subcortical pathway
that conveyed information regarding threatening stimuli directly to amygdala. This route was
hypothesized to bypass cortical structures, allowing these stimuli to be processedmore rapidly. This
phylogenetically older visual pathway may have endured in humans as it could have provided an
evolutionary advantage, allowing them to respondmore rapidly to stimuli that jeopardized survival.
It is this pathway that is thought to be responsible for the attentional attraction of stimuli such as
snakes and spiders (Öhman et al., 2001; Lipp and Waters, 2007), or emotional faces (Mogg and
Bradley, 1999; Pourtois et al., 2004, 2005; Eimer and Kiss, 2007; Bannerman et al., 2009), and to
be at the basis for affective blindsight (de Gelder et al., 1999; Pegna et al., 2005). A number of
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observations suggest that this subcortical visual pathway,
running in parallel with the principal, geniculostriate route,
projects information to the superior colliculus and pulvinar, and
ultimately to the amygdala, which then processes emotionally
significant stimuli (LeDoux, 1996; Johnson, 2005; Tamietto and
de Gelder, 2010).

One interesting and potentially useful anatomical particularity
of the visual system is the fact that the number of fibers
connecting the retina and the superior colliculi differs depending
on the hemi-retina. Indeed, lesion and autoradiographic studies
in monkeys have shown that the retinotectal pathway contains
an increasing number of fibers from the contralateral eye at
peripheral retinal locations as one proceeds postero-medially in
the colliculus, with a progression in the projections from the
contralateral nasal hemiretina (Wilson and Toyne, 1970; Hubel
et al., 1975). On the basis of these observations, one would expect
information presented to the temporal visual hemifield (i.e., the
left visual hemifield of the left eye and the right visual hemifield
of the right eye) to reach the superior colliculus more readily than
information presented to the nasal hemifield.

Supporting this assumption, behavioral effects of these
asymmetries have been observed in studies using monocular
paradigms. For example in a monocular perimetry test, babies
tested between birth and 6 months responded to more
peripherally located stimuli with increasing age, but differences
in nasal and temporal fields were found. Indeed, the temporal
field extended farther in the periphery and showed a greater
sensitivity with more saccades oriented toward stimuli appearing
in the temporal field than in the nasal one (Lewis and Maurer,
1992). Furthermore, this tendency remains present in adults,
albeit to a lesser degree (Posner and Cohen, 1980; Lewis and
Maurer, 1992). Evidence also indicates that in simple detection
tasks, humans detect stimuli better when they are presented
in the temporal hemifield (Osaka, 1978), suggesting that visual
information is processed faster in the retinotectal than the
geniculostriate visual route. Similar results were obtained with
a hemianopic patient (Dodds et al., 2002) who was shown to
be above chance when guessing the distance (“near” vs. “far”)
of a stimulus presented in the blind temporal hemifield, while
accuracy was at chance level for the blind nasal hemifield.
Additionally, naso-temporal differences have been investigated
in attentional capture paradigms, measured using oculomotor
responses and manual reaction times in healthy controls, and
have shown greater attentional capture for cues presented in the
temporal, compared to the nasal hemifield (Rafal et al., 1991).
Moreover, in a study with hemianopic patients, Rafal et al. (1990)
found that distractors presented in the blind visual field reliably
inhibited saccades toward targets in the unimpaired visual field,
but only when they were presented in the blind temporal field
and not the nasal one. A similar finding was later reported in 3
patients with pulvinar damage using a covert attention-shifting
paradigm (Sapir et al., 2002). Here, the authors observed that
orientation of attention was slower in the contralesional temporal
field than the contralesional nasal field, while the reverse was
found in the ipsilesional visual field.

Finally, naso-temporal differences have also been confirmed
using high-density fMRI. Sylvester et al. (2007) examined the

brain responses to visual stimulation in the temporal and
nasal visual fields using reversing checkerboards. A significantly
greater BOLD response was measured in the colliculus when
stimuli were presented in the temporal field compared to the
nasal field whereas no differences were found in the lateral
geniculate nucleus (LGN) and in early visual cortical areas.

Interestingly, several lines of evidence have also reported
naso-temporal differences using stimuli of higher biological
significance, such as faces. For instance, newborns have been
shown to orient their gaze preferentially to faces in the temporal
compared to the nasal hemifield (Simion et al., 1998; Johnson
et al., 2000). In the temporal hemifield, schematic faces were
also found to be preferentially selected by 6 week-old newborns
relative to non-faces, while no such difference was found in
the nasal hemifield (Simion et al., 1998). Similar results were
obtained with 4-month old babies (paradoxically the reverse
effect was found in the nasal hemifield in this study, with inverted
faces being preferred over upright faces; Johnson et al., 2000).

The orienting bias for faces presented in the temporal
hemifield was also found with adults using schematic faces
(Tomalski et al., 2009). In this straightforward upright/inverted
schematic face detection task, saccades to upright face-like
stimuli were faster relative to inverted face-like stimuli for
temporal presentations, but no such difference was found for the
nasal hemifield. This result can be interpreted as the consequence
of an attentional capture by faces presented in the temporal
hemifield.

This evidence strongly suggests that the structures involved
in the rapid subcortical visual pathway (LeDoux, 1996) may be
relayed mainly from the nasal hemi-retina, and may therefore
rely on input essentially from the temporal visual hemifields of
each eye (Rafal et al., 1990, 1991; Dodds et al., 2002; Sapir et al.,
2002; Sylvester et al., 2007).

In order to test attentional deployment and its time course,
one useful approach is to investigate the event-related potential
(ERP) response to lateralized presentations of targets and
distractors. In such procedures, a specific component has been
identified, called the N2pc, which is now assumed to reflect
selective spatial attention processing (Luck and Hillyard, 1994;
Eimer, 1996; Woodman and Luck, 1999). The N2pc generally
appears 200–300 ms after the onset of the display and is
defined as an increased negative activity over occipito-parietal
sites contralateral to the location of a visual stimulus. This
component is observed by subtracting the values of the ipsilateral
from those of the contralateral electrodes. The N2pc typically
emerges during attentional selection of task-relevant stimuli
(Eimer, 1996; Mazza et al., 2009). For example, in a task involving
the discrimination of target letters among distractors presented
above, below and to the left or right to the left of a fixation point,
Eimer (1996) reported an N2pc for targets appearing laterally,
suggesting that it did indeed reflect visual-spatial attention for
the target. Of particular interest here, the N2pc has been also
reported for fearful facial expressions revealing that the N2pc
also arises during attentional attraction toward the location of
biologically relevant stimuli (Eimer and Kiss, 2007).

On the basis of these findings, we reasoned that if fearful
faces attract attention through a subcortical pathway, and that
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this pathway relies on input from the nasal hemiretina, fearful
faces should therefore attract attentionmore efficiently when they
appear in the temporal visual field. Consequently, differences in
theN2pc component should be observed in spatial attention tasks
when emotional faces are presented in the nasal and temporal
visual field under conditions of monocular viewing.

In our task, emotional and neutral distractor faces were
therefore presented in the temporal and nasal visual hemifields
and were followed by a target letter on one side. The task of
the participants was to discriminate the target letter that was
either an “n” or an “m.”We hypothesized that fearful faces would
attract attention more effectively when presented in the temporal
visual hemifield due to its projections to the amygdala and would
therefore produce an N2pc, which wouldn’t be observed for
presentations of emotional faces in the nasal hemifield.

METHODS

Participants
Eighteen students (12 women and 6 men) from the University
of Geneva took part in this study (age range: 22–28, mean =

23.93, SD = 1.8). Four subjects were removed due to excessive
saccadic eye movements or eye blinks. Except one participant,
all participants were right-handed as measured on the Oldfield-
Edinburgh scale (Oldfield, 1971; mean laterality index: 14.6,
range: 6–20) with normal or corrected-to-normal vision and had
no self-declared neurological or psychological difficulties. The
experiment was approved by the local ethics committee and
participants gave their informed written consent prior to the
procedure.

Materials and Apparatus
Eprime Professional 2.2 (Psychology Software Tools, Inc.) was
used for the stimuli presentation. The stimuli were made up of
8 different identities with four male faces and four female faces.
For each stimulus, two emotional expressions were used: neutral
and fearful, producing a total of 16 different stimuli. Stimuli
measured 6.9◦ by 10.2◦ in visual angle. Pairs of stimuli were
presented on the left or right of a central fixation cross. Each pair
was composed of different identities but the same gender. There
were 3 conditions for the face pairs: (1) in the “nasal” condition
fearful faces were presented in the nasal and neutral faces in the
temporal visual field, (2) in the “temporal” condition, fearful faces
appeared in the temporal visual field and neutral ones in the
nasal field, finally (3) in the “control” condition, neutral faces
were presented in both in the temporal and nasal visual fields.
Letters “m” and “n” were used as targets and appeared either in
the temporal or nasal visual hemifield.

Procedure
Subjects were placed in a soundproof room, sitting comfortably at
50 cm from the screen. They completed the Oldfield-Edinburgh
laterality questionnaire prior to the task. In order to test the nasal
and temporal hemifields, we used an ocular patch placed on one
eye. In this manner, by placing a patch on the left eye, the right
visual half field corresponded to the temporal hemifield and the
left visual half field to the nasal hemifield. Both the right and the

left eyes were submitted separately to the same procedure. Half of
the participants began with the right eye and the other half with
the left eye.

The participants’ goal in this study was to determine if the
letter presented on the screen was an “n” or “m” and to answer
by pressing the corresponding key on a keyboard. First a fixation
cross appeared in the middle of the screen for a random duration
between 1000 and 2000 ms and was followed by a pair of faces
that briefly (200 ms) appeared on either side of the fixation
cross, centered at 9.2◦. Following the disappearance of faces (0
ms), a letter (m or n), was presented at one of two positions
previously occupied by the faces, also centered at 9.2◦ (see
Figure 1). The letter remained on the screen until the participant
answered. The experiment consisted of 3 conditions for face-pair
presentations (temporal, nasal, and control) × 2 conditions for
target presentations (temporal and nasal). Targets could therefore
be validly cued (i.e., appearing at the location of a previous fearful
face), invalidly cued (i.e., appearing at the opposite location of the
previous fearful face) or uncued (target followed the presentation
of 2 neutral faces), used here as a control condition. Thus, targets
appeared in one of the 6 experimental conditions: valid temporal
condition (temporal target preceded by a temporal fearful face);
invalid temporal condition (temporal target preceded by a
nasal fearful face); temporal control condition (temporal target
preceded by 2 neutral faces face) as well as these 3 conditions
for nasal target presentations. For each eye, a total of 384 trials,
presented in 8 blocks of 48 trials, were delivered randomly
with an equal number of trials in each of the 6 conditions.
Participants were asked to maintain their gaze on the fixation
cross throughout the experiment in order to avoid saccades. A
48-trial practice session was presented prior to the task in order
to familiarize the subjects with the task.

EEG Recording
Continuous EEG was acquired at 1024 Hz using an AD-Box
ActiveTwo amplifier (Amsterdam, The Netherlands) and 64
equally-spaced scalp electrodes referenced to the vertex. Six
external electrodes EOG were placed on the face in order to
monitor eye blinks and saccades (2 on the earlobes, 2 on the outer
canthi of the eyes and 2 above each eyebrow).

For the EEG signal analysis, we used BrainVision Analyzer
2.1 (Brain Products, Gilching Germany). The signal was
filtered between 1 and 40 Hz (Lehmann and Skrandies, 1980).
Impedances were kept below 50 k�. Periods containing blinks,
vertical eye movements (70 µV), horizontal eye movements
(HEOG 50µV) andmuscular or electrical artifacts were removed
from further analysis.

Behavioral Analysis
The behavioral analysis focused on reaction times and accuracy
to the targets. We used the median and the mean for the analysis
of respectively the reaction times and the accuracy. The temporal
hemifields and the nasal hemifields of the right and the left eyes
were collapsed. We ran a 3 (face location) × 2 (target location)
analysis of variance (ANOVA) for repeated measures in order to
determine the effect of the fearful face on the target. Additionally,
post-hoc comparisons were performed using Tukey’s HSD test.
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FIGURE 1 | Schematic representation of the experimental paradigm. Procedure was carried out monocularly, such that when gaze was maintained on the

fixation point, one face appeared in the temporal visual half field, and the other in the nasal visual field. After presentation of the two task-irrelevant distractor faces, a

letter appeared in the temporal or nasal field to which participants were asked to respond (see text for details).

ERP Processing
Trials with an incorrect behavioral response, as well as trials
with reaction times below 200 ms and above 2000 ms were
eliminated. Epochs were established from 100 ms before stimulus
onset to 800 ms after stimulus onset and were baseline corrected
using the 100 ms pre-stimulus period. ERPs for each of the
face-pairs (nasal, temporal and control) were computed in every
participant for each eye separately. In addition, ERPs for the
targets were computed in each of the 6 target conditions.
Grand mean ERPs were obtained by averaging the ERPs of all
participants for each of these conditions in the right and left eye
separately.

The peak amplitudes of the N2pc, P1, and N1 components
were established by visually determining the groups of electrodes
(regions of interest, or ROIs) displaying the maximum voltage
and their temporal occurrence in the grand means.

Attentional attraction by the emotional face was measured
on the N2pc component. The N2pc was computed using linked
earlobes as the reference. The mean amplitude of two ROIs
situated over the parietal leads were obtained (left ROI: PO7,
P7, and P9; right ROI: PO8, P8, P10, see Figure 2 for electrode
placement) in the time window of maximum activity and the
amplitude contralateral to the side of appearance of the fearful
face was then subtracted from the ipsilateral value. We computed
this analysis separately for the left and the right presentation.
We then averaged the differences of left and right presentations,
creating a unique waveform for the nasal and another for
the temporal conditions. As no fearful face was presented in
the control condition, two control N2pcs were obtained, one
“temporal” and one “nasal,” by separating the trials into odd
and even segments. Odd trials were arbitrarily taken as the

“temporal” conditions and even trials as “nasal” conditions. The
computation was then pursued as above for the temporal and
nasal conditions with fearful faces. The peak amplitudes values
of the components were compared using repeated-measures
ANOVAs. Additionally, post-hoc comparisons were performed
using the of Tukey’s HSD test. Violations of sphericity and
p-values were corrected according to the epsilon of Greenhouse-
Geisser or Huynh–Feldt.

For the target analysis, we measured the value of the P1
and the N1 components against the average reference on
electrodes contralateral to the target only (see for example
Carlson and Reinke, 2010 for a similar approach). For both these
components the peak amplitudes were computed on four pairs
of electrodes (for P1: PO3/PO4, PO7/PO8, P5/P6, and P7/P8; for
N1 PO7/PO8, P7/P8, P9/P10, and TP7/TP8; see Figures 2A,B

for electrode placement). Next, we merged the presentations of
the left and the right eyes for each of the conditions, resulting
in 6 ERPs per participant, one for each of our experimental
conditions. The peak amplitudes values of the components were
compared using repeated-measures ANOVAs. Additionally,
post-hoc comparisons were performed using Tukey’s
HSD test.

RESULTS

Behavioral
A repeated-measures ANOVA 3× 2 was run in order to compare
the variables related to the position of the fearful face (3:
temporal, nasal and control) and the position of the letter (2:
temporal and nasal). No significant differences were observed for
RT (490 ms± 48) and accuracy (92.1%± 5) across conditions.
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FIGURE 2 | Grand average ERP waveforms of the 14 participants. Time zero (t0) represents the onset of the face. ERPs are shown at 8 different regions of

interest (ROIs) computed by averaging the groups of electrodes contained within the red and black circles. The two ROIs used for the computation of the N2pc/Pd

were composed of the 3 pairs of electrodes circled in red. Electrodes used to compute the P1 are shown in blue in (A) and those used to compute the N1 are shown

in blue in (B). ERPs are represented for left eye (A) and right eye (B) stimulation separately. Black traces correspond to presentations of fearful faces in the nasal visual

hemifield and neutral faces in the temporal field; red traces correspond to presentations of fearful faces in the temporal field and neutral faces in the nasal field. The

control condition in which two neutral faces were presented is indicated in blue.

Electrophysiological Results
Grand mean ERPs for right and left eye presentations
are shown in Figures 2A,B for the 3 face pair
conditions.

N2pc (200–230 ms)
For the N2pc component, the time window of the amplitude
analysis was 200–230 ms. Figure 3 shows the amplitude of the
contralateral minus the ipsilateral ROI over time, in the control
condition, as well as when fearful expressions appear in the
temporal and nasal visual fields. As can be observed, the negative
deflection (N2pc) is present for the nasal condition but not for the
control condition. Interestingly, the temporal condition shows
an opposite effect with a positive going deflection. A repeated-
measures single level ANOVA was run comparing the nasal,
temporal and control conditions, on the mean amplitudes in this
time window, that proved to be significant [F(2, 26) = 10.911,
p = 0.003, η

2p = 0.459]. Post-hoc comparisons using Tukey’s
HSD test revealed that the fearful faces presented in the temporal
hemifield (0.34 µV ± 0.16) elicited a greater amplitude than
fearful faces presented in the nasal hemifield (−0.616 µV ±

−154) or in the control (−0.172 µV ± 0.048) condition (both
ps < 0. 05; see Figure 3). The difference between the nasal and
control conditions was marginally significant (p= 0.09).

P1 Onset of the Target Letter (140–170 ms)
The 3 × 2 (3: Fear Nasal, Fear Temporal, Control; 2: Letter
Nasal, Letter Temporal) ANOVA revealed a main effect of target
location [F(1, 13) = 9.423, p = 0.009, η

2p = 0.42]. The P1 was
significantly larger (p = 0.009) when the letter appeared in
the nasal hemifield (3.031 µV ± 0.506) than in the temporal
hemifield (2.377 µV ± 0.474) independently of the location of
the fearful face (Figure 4).

No other significant differences were observed for the P1
across conditions.

N1 Onset of the Target Letter (210–240)
No significant differences were observed for the N1 across
conditions.

DISCUSSION

In the present study, we investigated the time course of cerebral
processing using ERPs in an attentional capture task with
emotional faces. Neutral and fearful faces were presented in
the temporal and nasal visual hemifields and were followed
by the target letters. We found that the N2pc was modulated
by the visual hemifield of presentation of the emotional face.
However, contrary to our hypothesis, the results revealed a
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FIGURE 3 | Grand average lateralized ERP waveforms from the 14

subjects. Time zero (t0) represents the onset of the face. The lateralized

waveforms are obtained by subtracting the amplitude of the ROI contralateral

to the side of presentation of the fearful faces from the ROI ipsilateral to the

presentation of fearful faces. The three experimental conditions (Fear Nasal,

Fear Temporal, Control) are represented, respectively in black, red and blue.

For the nasal condition, a negative deflection appeared between 200 and 230

ms (indicated by the box with dashed lines). This negative deflection

corresponds to the N2pc. For the temporal condition, a positive deflection

appeared within the same time window, while the wave remains relatively flat in

the control condition.

FIGURE 4 | Grand average ERP waveforms from the 14 subjects. The

P1 of the target letter is shown on the contralateral ROI for nasal (black) and

temporal (red) visual field presentations. Valid and invalid conditions are

collapsed.

greater N2pc when fearful faces were presented in the nasal
hemifield, while a positive deflection was observed in the
same time window when they were presented in the temporal
hemifield. Additionally, we found that the visual ERP in response
to the target letter, the contralateral P1, was increased for
targets appearing in the nasal visual hemifield independently of
condition.

Lateralized Event Related Potentials
As noted above, attentional shifting tasks using ERPs have
reported that emotional faces attract attention more efficiently
when competing with neutral faces (Pourtois et al., 2004,
2005; Eimer and Kiss, 2007). Eimer and Kiss (2007) presented
simultaneous left and right-lateralized fearful and neutral faces,
while participants attempted to detect changes in luminance at
the center of the screen. They observed an N2pc contralateral
to the fearful face on trials when no luminance change had
occurred, suggesting that these emotional expressions captured
attention, at least when no other action was required (Eimer
and Kiss, 2007). The presence of an N2pc in our procedure was
therefore expected. However, its manifestation for nasal field
presentations of fearful faces was not. Indeed, as highlighted
in the introduction, one current influential hypothesis suggests
that attentional capture by emotional faces occurs via a rapid
subcortical route to the amygdala (LeDoux, 1996; Johnson, 2005;
Tamietto and de Gelder, 2010). Considering that this pathway
relies more heavily on input from the temporal visual half field,
monocular viewing should have resulted in a stronger attentional
capture for fearful faces presented in the temporal field with
an associated heightened N2pc. Yet the opposite effect emerged
appearing to suggest that attentional capture arises for emotional
faces in nasal field. An alternate explanation arises if one
considers the presence of the positive deflection that arose in the
same time period as the N2pc, when fearful faces were presented
in the temporal field. Relatively recently, positive deflections have
been described within the same time window as the N2pc, which
have been shown to reflect the inhibition of attention toward a
distractor. This component is known as the distractor positivity
or Pd (Kerzel et al., 2011; Sawaki and Luck, 2011, 2013; Corriveau
et al., 2012; Kiss et al., 2012; Burra and Kerzel, 2013, 2014;
Feldmann-Wüstefeld and Schubö, 2013; Jannati et al., 2013), was
evidenced by Hickey et al. (2009). In this study, the authors
compared the ERP response to central targets and lateralized
distractors, or the reverse (central distractors and lateralized
targets). In this manner, they were able to distinguish the
electrophysiological components reflecting orientation to lateral
targets and suppression of lateral distractors. They observed
that lateralized distractors produced a contralateral positivity in
the same time period as the N2pc and hypothesized that the
N2pc is actually composed of a distractors positivity associated
with a target negativity. Another demonstration of the Pd was
provided by Sawaki and Luck (2010) who investigated attentional
deployment vs. suppression by salient singletons. In their first
experiment, four letters were displayed above and below a
fixation cross, extending horizontally. Before each block, one of
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the letters was defined as the target and either the upper or lower
visual hemifield was designated as the area to attend. Participants
were asked to respond to a target appearing in the attended area,
however, in some trials, a salient distractor (i.e., a letter with
a different color) was presented in the upper or lower visual
hemifield. Results revealed an N2pc for targets presented in the
attended area and a Pd for the trials in which a salient distractor
appeared. The positivity observed for temporal presentations in
our study thus appears to reflect a distractor positivity induced by
fearful faces in this condition.

In line with this interpretation, a very recent study
investigating differences in nasal and temporal field presentations
for color digits reported a similar effect of distractor suppression
(Huber-Huber et al., 2015). Huber-Huber et al. (2015)
investigated if nasal or temporal presentations produced an
attentional bias by simultaneously displaying a target color digit
and a distracting digit on each side of a fixation cross. Their
data yielded similar results, namely that the N2pc was greater
for targets presented in the nasal visual hemifield. In a second
experiment, the authors explored the role of the distractors
in each visual hemifield. The distractor positivity, related to
attentional suppression, was greater for temporal than nasal
distractors, suggesting that temporal distractors were more
actively suppressed. Since the N2pc is the subtraction of the
amplitudes in the ipsilateral from the contralateral parieto-
occipital electrodes on either side, an increased N2pc is the result
of either an increased contralateral negativity or an increased
ipsilateral positivity. In the basis of their findings, they concluded
that the increased N2pc for nasal distractors did not reflect a
greater attraction of attention for nasal distractors, but in fact a
greater suppression for temporal distractors.

This interpretation applies equally to our study. In line
with Huber-Huber et al. (2015), we argue that fearful faces
are processed more efficiently when processed presented to the
nasal hemiretina. These distractors are potentially more prone
to interfering with target processing and thus necessitate a more
active suppression though top-down inhibition. This is indexed
by a distractor positivity arising over contralateral sites. On the
other hand, fearful faces presented in the nasal field are likely to
be processed to a lesser extent though the retino-tectal route, and
therefore lead to less automatic and involuntary distraction, thus
necessitating less suppression.

In our experiment the two faces that preceded the appearance
of the letters were irrelevant to the task, as they provided
no advance information regarding the subsequent location of
the target. They were therefore only distractors that potentially
interfered with attentional orientation toward the targets.

Recently, Hilimire et al. (2011) examined the ERP responses
to targets and salient distractors presented simultaneously.
They observed that targets and distractors elicited an N2pc
indicating an initial selection of the stimuli, while only salient
distractors elicited a positive deflection, reflecting distractor
suppression. This corroborates our explanation of a stronger
distractor positivity for temporal fearful faces compared to nasal
presentations.

Visual processing occurring after the presentation of the face-
pairs, in particular the initial steps of target processing reflected
by the P1 and N1, can also provide information regarding
attentional availability (Clark and Hillyard, 1996; Pourtois et al.,
2004). In particular, the P1 reflects the response to a stimulus
at an attended spatial location (Luck et al., 1990; Vogel and
Luck, 2000). In our experiment, we found a greater P1 for letters
presented in the nasal visual hemifield independently of the
position of the emotional face. This stronger P1 for nasal relative
to temporal letters indirectly confirms the N2pc/Pd results.
Indeed, if emotional faces presented in the temporal field produce
a stronger suppression, this is likely to allow subsequent targets
to be processed more efficiently. We could therefore assume that
the increased P1 for nasal targets is the results of a more efficient
inhibition of distractors in the temporal field. This would lead to
a relatively smaller P1 for temporal stimuli than nasal stimuli due
to inhibition of this location immediately after presentation of the
distractors.

CONCLUSION

In summary, emotional information is processed differently
depending on whether it appears in the nasal or temporal
visual hemifields. Fearful faces presented in temporal visual
hemifield produce a contralateral positivity suggestive of a strong
inhibition, while a negativity follows presentations in the nasal
hemifield compatible with attentional capture. We suggest that
this difference is due to the sensitivity of the subcortical pathway
for emotional faces, which processes emotional stimuli more
effectively in the temporal visual field, leading to a more efficient
suppression of this information by the cortical structures.

AUTHOR CONTRIBUTIONS

AP provided the idea for the study, set up the experimental
procedure, and wrote the paper. DF contributed to developing
the procedure, analyzed the data, and wrote the paper. MB and
NVperformed the recordings and participated in the analysis and
in writing up the paper.

REFERENCES

Bannerman, R. L., Milders, M., de Gelder, B., and Sahraie, A. (2009). Orienting
to threat: faster localization of fearful facial expressions and body postures
revealed by saccadic eye movements. Proc. R. Soc. B Biol. Sci. 276, 1635–1641.
doi: 10.1098/rspb.2008.1744

Burra, N., and Kerzel, D. (2013). Attentional capture during visual
search is attenuated by target predictability: evidence from the N2pc,
Pd, and topographic segmentation. Psychophysiology 50, 422–430.
doi: 10.1111/psyp.12019

Burra, N., and Kerzel, D. (2014). The distractor positivity (Pd) signals
lowering of attentional priority: evidence from event-related potentials
and individual differences. Psychophysiology 51, 685–696. doi: 10.1111/psyp.
12215

Carlson, J. M., and Reinke, K. S. (2010). Spatial attention-related modulation
of the N170 by backward masked fearful faces. Brain Cogn. 73, 20–27.
doi: 10.1016/j.bandc.2010.01.007

Clark, V. P., and Hillyard, S. A. (1996). Spatial selective attention affects early
extrastriate but not striate components of the visual evoked potential. J. Cogn.
Neurosci. 8, 387–402. doi: 10.1162/jocn.1996.8.5.387

Frontiers in Neuroscience | www.frontiersin.org 7 January 2017 | Volume 11 | Article 14

https://doi.org/10.1098/rspb.2008.1744
https://doi.org/10.1111/psyp.12019
https://doi.org/10.1111/psyp.12215
https://doi.org/10.1016/j.bandc.2010.01.007
https://doi.org/10.1162/jocn.1996.8.5.387
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive


Framorando et al. Naso-Temporal Asymmetries

Corriveau, I., Fortier-Gauthier, U., Pomerleau, V. J., McDonald, J.,
Dell’Acqua, R., and Jolicoeur, P. (2012). Electrophysiological evidence of
multitasking impairment of attentional deployment reflects target-specific
processing, not distractor inhibition. Int. J. Psychophysiol. 86, 152–159.
doi: 10.1016/j.ijpsycho.2012.06.005

de Gelder, B., Vroomen, J., Pourtois, G., andWeiskrantz, L. (1999). Non-conscious
recognition of affect in the absence of striate cortex.Neuroreport 10, 3759–3763.
doi: 10.1097/00001756-199912160-00007

Dodds, C., Machado, L., Rafal, R., and Ro, T. (2002). A temporal/nasal asymmetry
for blindsight in a localisation task: evidence for extrageniculate mediation.
Neuroreport 13, 655–658. doi: 10.1097/00001756-200204160-00024

Eimer, M. (1996). The N2pc component as an indicator of attentional selectivity.
Electroencephalogr. Clin. Neurophysiol. 99, 225–234. doi: 10.1016/001
3-4694(96)95711-9

Eimer, M., and Kiss, M. (2007). Attentional capture by task-irrelevant fearful
faces is revealed by the N2pc component. Biol. Psychol. 74, 108–112.
doi: 10.1016/j.biopsycho.2006.06.008

Feldmann-Wüstefeld, T., and Schubö, A. (2013). Context homogeneity
facilitates both distractor inhibition and target enhancement. J. Vis. 13:11.
doi: 10.1167/13.3.11

Hickey, C., Di Lollo, V., andMcDonald, J. J. (2009). Electrophysiological indices of
target and distractor processing in visual search. J. Cogn. Neurosci. 21, 760–775.
doi: 10.1162/jocn.2009.21039

Hilimire, M. R., Mounts, J. R., Parks, N. A., and Corballis, P. M. (2011). Dynamics
of target and distractor processing in visual search: evidence from event-related
brain potentials. Neurosci. Lett. 495, 196–200. doi: 10.1016/j.neulet.2011.03.064

Hubel, D. H., LeVay, S., and Wiesel, T. N. (1975). Mode of termination of
retinotectal fibers in macaque monkey: an autoradiographic study. Brain Res.

96, 25–40. doi: 10.1016/0006-8993(75)90567-3
Huber-Huber, C., Grubert, A., Ansorge, U., and Eimer, M. (2015). Nasotemporal

ERP differences: evidence for increased inhibition of temporal distractors. J.
Neurophysiol. 113, 2210–2219. doi: 10.1152/jn.00344.2014

Jannati, A., Gaspar, J. M., and McDonald, J. J. (2013). Tracking target
and distractor processing in fixed-feature visual search: evidence from
human electrophysiology. J. Exp. Psychol. Hum. Percept. Perform. 39, 1713.
doi: 10.1037/a0032251

Johnson, M. H. (2005). Subcortical face processing.Nat. Rev. Neurosci. 6, 766–774.
doi: 10.1038/nrn1766

Johnson, M. H., Farroni, T., Brockbank, M., and Simion, F. (2000). Preferential
orienting to faces in 4-month-olds: analysis of temporal–nasal visual field
differences. Dev. Sci. 3, 41–45. doi: 10.1111/1467-7687.00097

Kerzel, D., Schönhammer, J., Burra, N., Born, S., and Souto, D. (2011). Saliency
changes appearance. PLoS ONE 6:e28292. doi: 10.1371/journal.pone.0028292

Kiss, M., Grubert, A., Petersen, A., and Eimer, M. (2012). Attentional capture
by salient distractors during visual search is determined by temporal task
demands. J. Cogn. Neurosci. 24, 749–759. doi: 10.1162/jocn_a_00127

LeDoux, J. (1996). Emotional networks and motor control: a fearful view. Prog.
Brain Res. 107, 437–446. doi: 10.1016/S0079-6123(08)61880-4

Lehmann, D., and Skrandies, W. (1980). Reference-free identification of
components of checkerboard-evoked multichannel potential fields.
Electroencephalogr. Clin. Neurophysiol. 48, 609–621.

Lewis, T. L., and Maurer, D. (1992). The development of the temporal and
nasal visual fields during infancy. Vision Res. 32, 903–911. doi: 10.1016/004
2-6989(92)90033-F

Lipp, O. V., and Waters, A. M. (2007). When danger lurks in the background:
attentional capture by animal fear-relevant distractors is specific and
selectively enhanced by animal fear. Emotion 7:192. doi: 10.1037/1528-3542.
7.1.192

Luck, S. J., Heinze, H. J., Mangun, G. R., and Hillyard, S. A. (1990). Visual event-
related potentials index focused attention within bilateral stimulus arrays. II.
Functional dissociation of P1 and N1 components. Electroencephalogr. Clin.
Neurophysiol. 75, 528–542. doi: 10.1016/0013-4694(90)90139-B

Luck, S. J., andHillyard, S. A. (1994). Spatial filtering during visual search: evidence
from human electrophysiology. J. Exp. Psychol. Hum. Percept. Perform. 20:1000.
doi: 10.1037/0096-1523.20.5.1000

Mazza, V., Turatto, M., and Caramazza, A. (2009). Attention selection, distractor
suppression and N2pc. Cortex 45, 879–890. doi: 10.1016/j.cortex.2008.10.009

Mogg, K., and Bradley, B. P. (1999). Orienting of attention to threatening facial
expressions presented under conditions of restricted awareness. Cogn. Emot.

13, 713–740. doi: 10.1080/026999399379050

Öhman, A., Flykt, A., and Esteves, F. (2001). Emotion drives attention: detecting
the snake in the grass. J. Exp. Psychol. 130:466. doi: 10.1037/0096-3445.130.
3.466

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh
inventory. Neuropsychologia 9, 97–113.

Osaka, N. (1978). Naso-temporal differences in human reaction
time in the peripheral visual field. Neuropsychologia 16, 299–303.
doi: 10.1016/0028-3932(78)90023-4

Pegna, A. J., Khateb, A., Lazeyras, F., and Seghier, M. L. (2005). Discriminating
emotional faces without primary visual cortices involves the right amygdala.
Nat. Neurosci. 8, 24–25. doi: 10.1038/nn1364

Posner, M. I., and Cohen, Y. (1980). “Attention and the control of movement,”
in Tutorials in Motor Behavior, ed G. E. Stelmach and J. Requin (Amsterdam:
North-Holland), 243–258.

Pourtois, G., Grandjean, D., Sander, D., and Vuilleumier, P. (2004).
Electrophysiological correlates of rapid spatial orienting towards fearful
faces. Cereb. Cortex 14, 619–633. doi: 10.1093/cercor/bhh023

Pourtois, G., Thut, G., Grave de Peralta, R., Michel, C., and Vuilleumier, P. (2005).
Two electrophysiological stages of spatial orienting towards fearful faces: early
temporo-parietal activation preceding gain control in extrastriate visual cortex.
Neuroimage 26, 149–163. doi: 10.1016/j.neuroimage.2005.01.015

Rafal, R., Henik, A., and Smith, J. (1991). Extrageniculate contributions to reflex
visual orienting in normal humans: a temporal hemifield advantage. J. Cogn.
Neurosci. 3, 322–328. doi: 10.1162/jocn.1991.3.4.322

Rafal, R., Smith, J., Krantz, J., Cohen, A., and Brennan, C. (1990). Extrageniculate
vision in hemianopic humans: saccade inhibition by signals in the blind field.
Science 250, 118–121. doi: 10.1126/science.2218503

Sapir, A., Rafal, R., and Henik, A. (2002). Attending to the thalamus: inhibition
of return and nasal-temporal asymmetry in the pulvinar. Neuroreport 13,
693–697. doi: 10.1097/00001756-200204160-00031

Sawaki, R., and Luck, S. J. (2010). Capture versus suppression of attention by salient
singletons: electrophysiological evidence for an automatic attend-to-me signal.
Atten. Percept. Psychophys. 72, 1455–1470. doi: 10.3758/APP.72.6.1455

Sawaki, R., and Luck, S. J. (2011). Active suppression of distractors that match
the contents of visual working memory. Vis. Cogn. 19, 956–972. doi: 10.1080/
13506285.2011.603709

Sawaki, R., and Luck, S. J. (2013). Active suppression after involuntary capture of
attention. Psychon. Bull. Rev. 20, 296–301. doi: 10.3758/s13423-012-0353-4

Simion, F., Valenza, E., Umilta, C., and Dalla Barba, B. (1998). Preferential
orienting to faces in newborns: a temporal–nasal asymmetry. J. Exp. Psychol.
Hum. Percept. Perform. 24:1399. doi: 10.1037/0096-1523.24.5.1399

Sylvester, R., Josephs, O., Driver, J., and Rees, G. (2007). Visual fMRI responses
in human superior colliculus show a temporal–nasal asymmetry that is
absent in lateral geniculate and visual cortex. J. Neurophysiol. 97, 1495–1502.
doi: 10.1152/jn.00835.2006

Tamietto, M., and de Gelder, B. (2010). Neural bases of the non-conscious
perception of emotional signals. Nat. Rev. Neurosci. 11, 697–709.
doi: 10.1038/nrn2889

Tomalski, P., Johnson, M. H., and Csibra, G. (2009). Temporal-nasal asymmetry
of rapid orienting to face-like stimuli. Neuroreport 20, 1309–1312.
doi: 10.1097/WNR.0b013e32832f0acd

Vogel, E. K., and Luck, S. J. (2000). The visual N1 component as an
index of a discrimination process. Psychophysiology 37, 190–203.
doi: 10.1111/1469-8986.3720190

Wilson, M. E., and Toyne, M. J. (1970). Retino-tectal and cortico-tectal projections
inMacaca mulatta. Brain Res. 24, 395–406. doi: 10.1016/0006-8993(70)90181-2

Woodman, G. F., and Luck, S. J. (1999). Electrophysiological measurement
of rapid shifts of attention during visual search. Nature 400, 867–869.
doi: 10.1038/23698

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Framorando, Bapst, Vuille and Pegna. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided the

original author(s) or licensor are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use, distribution

or reproduction is permitted which does not comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 8 January 2017 | Volume 11 | Article 14

https://doi.org/10.1016/j.ijpsycho.2012.06.005
https://doi.org/10.1097/00001756-199912160-00007
https://doi.org/10.1097/00001756-200204160-00024
https://doi.org/10.1016/0013-4694(96)95711-9
https://doi.org/10.1016/j.biopsycho.2006.06.008
https://doi.org/10.1167/13.3.11
https://doi.org/10.1162/jocn.2009.21039
https://doi.org/10.1016/j.neulet.2011.03.064
https://doi.org/10.1016/0006-8993(75)90567-3
https://doi.org/10.1152/jn.00344.2014
https://doi.org/10.1037/a0032251
https://doi.org/10.1038/nrn1766
https://doi.org/10.1111/1467-7687.00097
https://doi.org/10.1371/journal.pone.0028292
https://doi.org/10.1162/jocn_a_00127
https://doi.org/10.1016/S0079-6123(08)61880-4
https://doi.org/10.1016/0042-6989(92)90033-F
https://doi.org/10.1037/1528-3542.7.1.192
https://doi.org/10.1016/0013-4694(90)90139-B
https://doi.org/10.1037/0096-1523.20.5.1000
https://doi.org/10.1016/j.cortex.2008.10.009
https://doi.org/10.1080/026999399379050
https://doi.org/10.1037/0096-3445.130.3.466
https://doi.org/10.1016/0028-3932(78)90023-4
https://doi.org/10.1038/nn1364
https://doi.org/10.1093/cercor/bhh023
https://doi.org/10.1016/j.neuroimage.2005.01.015
https://doi.org/10.1162/jocn.1991.3.4.322
https://doi.org/10.1126/science.2218503
https://doi.org/10.1097/00001756-200204160-00031
https://doi.org/10.3758/APP.72.6.1455
https://doi.org/10.1080/13506285.2011.603709
https://doi.org/10.3758/s13423-012-0353-4
https://doi.org/10.1037/0096-1523.24.5.1399
https://doi.org/10.1152/jn.00835.2006
https://doi.org/10.1038/nrn2889
https://doi.org/10.1097/WNR.0b013e32832f0acd
https://doi.org/10.1111/1469-8986.3720190
https://doi.org/10.1016/0006-8993(70)90181-2
https://doi.org/10.1038/23698
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

	Naso-Temporal Asymmetries: Suppression of Emotional Faces in the Temporal Visual Hemifield
	Introduction
	Methods
	Participants
	Materials and Apparatus
	Procedure
	EEG Recording
	Behavioral Analysis
	ERP Processing

	Results
	Behavioral
	Electrophysiological Results
	N2pc (200–230 ms)
	P1 Onset of the Target Letter (140–170 ms)
	N1 Onset of the Target Letter (210–240)

	Discussion
	Lateralized Event Related Potentials

	Conclusion
	Author Contributions
	References


