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Lateralization in emotional processing is a matter of ongoing debate. Various factors
can influence lateralized emotional processing, including stimulus location, emotional
valence, and gender. In the present study, we aim to elucidate how unattended emotional
facial expressions shown at different locations in the visual field influence behavioral
responses, eye movement, and neural responses in a sample of healthy women.
Our female participants viewed fearful, happy and neutral faces presented at central
and peripheral (left or right) locations while keeping their gaze locked on a central
fixation crosshairs and indicating stimulus location via button presses. Throughout the
experiment, we monitored fixation and gaze shifts by means of eye tracking. We analyzed
eye movements, neural and behavioral responses from n = 18 participants with excellent
tracking and task performance. Face stimuli presented in the left hemifield entailed the
fastest reactions irrespective of face valence. Unwarranted gaze shifts away from central
fixation were rare and mainly directed at peripherally presented stimuli. A distributed
neural network comprising the right amygdala, left temporal pole, left middle temporal
gyrus, right superior frontal gyrus, and right posterior putamen differentially responded
to centrally presented fearful faces, and to peripherally presented neutral and happy
faces, especially when they appeared in the left hemifield. Our findings point to a visual
field bias on the behavioral and neural level in our female sample. Reaction times, eye
movements and neural activations varied according to stimulus location. An interactive
effect of face location with face valence was present at the neural level but did not
translate to behavioral or eye movement responses.

Keywords: visual hemifield presentation, emotion, emotional face processing, fearful face, happy face, functional
magnetic resonance imaging

INTRODUCTION

On a general level, the ability to discern relevant from irrelevant information entering
one’s sensory system is a crucial skill for any living organism. In humans, there is
a large body of literature suggesting that the processing of task-relevant stimuli is
prioritized over the processing of task-irrelevant stimuli (Lavie, 2005, 2010), while emotional
stimuli tend to be attention-capturing cues even if they are not task-relevant (see also
Pessoa, 2008). In fact, fear-related responses mediated by the amygdala might even be
hard-wired and take place irrespective of attentional resources (Morawetz et al, 2010).
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Selective attention is capable of enhancing the processing of
attended relative to unattended information. The enhanced
processing of emotionally significant stimuli seems to rely
on two attentional mechanisms: (i) “automatic” processing
including a preattentive evaluation of emotional significance
and (ii) “elaborate” processing preferentially allotting attentional
resources to relevant stimuli.

The amygdala responds to unattended fearful faces presented
peripherally both under low (Vuilleumier et al, 2001) and
high (Williams et al., 2005) attentional load. Unattended fearful
faces presented centrally elicit amygdala activation only under
low attentional load (Anderson et al., 2003; Pessoa et al,
2005), but not high attentional load (Pessoa et al., 2002, 2005).
The amygdala is one of the neural substrates of an enhanced
processing mechanism for emotionally significant stimuli as it
creates coarse, rapid, and automatic responses to emotional
cues based on inputs from subcortical pathways (e.g., via the
superior colliculus and pulvinar). A more fine-grained perceptual
evaluation subsequently takes place e.g., in the occipital and
temporal visual cortices (LeDoux, 2000, 2007; Adolphs, 2002;
Phan et al., 2002).

Behavioral evidence for a visual field bias in emotional
processing started to emerge about three decades ago. Split-field
studies in healthy subjects pointed to the existence of a left visual
field superiority in the perception of emotional facial expressions
(Ley and Bryden, 1979; Strauss and Moscovitch, 1981; Mandal
and Singh, 1990). These findings were matched by results from
brain-damaged patients with lesions in the right hemisphere who
showed significantly greater impairments in the identification
and/or recognition of emotional facial expressions (Cicone et al.,
1980; Borod et al., 1986; Mandal et al., 1991).

Results from various studies using brain imaging techniques
corroborated and expanded these findings: a hemispheric
bias for face processing in general was found in the right
hemisphere in regions such as the occipital and the fusiform
face area (Kanwisher and Yovel, 2006). Moreover, the perceptual
discrimination of emotional faces from neutral faces was better if
faces with positive valence were presented in the right hemifield
and faces with negative valence were presented in the left
hemifield (Jansari et al., 2000). Sung et al. (2011) suggest that a
static circuit similar to passive information filtering is responsible
for the involvement of low-level visual areas. Depending on
the task, higher areas might dynamically modulate these neural
circuits, as a right hemispheric (i.e., left visual field) superiority
for facial processing differs with respect to stimulus content such
as the orientation of faces in the picture (upright or inverted).

Previous work from our group also finds evidence for a visual
field bias of neural activation in response to potential threat
signals in a group of male subjects (Preibisch et al., 2009).
The left lateral amygdala, bilateral inferior and middle frontal
gyrus, left insula, right anterior cingulate cortex (ACC) and
dorsomedial prefrontal cortex (dmPFC) as well as the bilateral
superior temporal gyrus (temporal pole) responded to centrally
presented neutral faces and to peripherally presented fearful
faces, especially when they appeared in the right hemifield.

In the present combined eye tracking and functional imaging
study, our aim was (i) to replicate the previously described

visual field bias for peripherally presented fearful faces and
centrally presented neutral faces in our sample of healthy females,
and (ii) to compare these findings across stimulus valences by
including faces with a positive emotional expression. Extending
the approach of our previous study (Preibisch et al., 2009) we
used concomitant eye tracking not only for monitoring task
compliance but also for evaluating whether gaze deviations show
a pattern of visual field bias.

MATERIALS AND METHODS

Participants

Twenty-eight  right-handed  healthy  female  subjects
participated in the study after exclusion of acute or past
neurological, psychiatric, or endocrine illness and use of
psychotropic/endocrine medication. This study was carried out
in accordance with the recommendations of Hannover Medical
School’s Ethics Committee with written informed consent
from all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol was
approved by the internal Ethics Committee of Hannover Medical
School. We analyzed functional imaging data, eye tracking data
and behavioral data from 18 participants (mean age (£SD)
24.8 + 3.5 years) after excluding 10 participants due to either
technical problems during functional imaging (n = 2), above
cut-off depression scores (>14 in the Beck Depression Inventory
(BDI); n = 1), low overall eye tracking rates (<80%; n = 6) or
non-compliance with the instruction to fixate the center of the
screen (gaze shifts on 47.5% of hit trials; n = 1).

Study Design

Participants attended one session of functional imaging with
concomitant eye tracking. Before and after the scanning
session, participants filled in questionnaires to assess changes
in state anxiety (STAI-S) and positive and negative affect
(PANAS) related to the experimental procedure. Furthermore,
participants completed versions of the BDI, the State Trait
Anxiety Inventory (STAI-T) and the Toronto Alexithymia Scale
(TAS-20) to rule out effects of altered mood states or emotional
perception.

To assess the processing of unattended emotional facial
expressions in the left, central, or right visual field, we used
an event-related design presented in Figure 1. Photographs of
fearful, happy and neutral faces taken at a straight angle were
taken from the Karolinska Directed Emotional Faces database
(KDEF; Lundqyvist et al., 1998), transformed into grayscale and
clipped by an oval shape to reveal the face. Within each of the nine
experimental conditions (3 valences x 3 locations), 22 stimuli
were presented containing equal proportions of male and female
faces. In total 231 trials were shown, including 33 null events.
Stimulus presentation was randomized and different for each
participant. Each stimulus appeared for 1 sec followed by an
inter-stimulus interval of 2,500 £ 750 ms. A white crosshairs
was shown at the center of the screen throughout the entire
experiment. Participants were instructed to look only at the
fixation cross and not let their gaze be diverted by any of
the stimuli. To ensure a continuously high level of attention,
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FIGURE 1 | Experimental paradigm. Fearful, neutral, and happy faces from the KDEF picture set (shown here left to right: AFO1AFS, AMO7NES, and AM21HAS)
appeared centrally or in the left/right hemifield for 1 s. A fixation cross appeared after each picture which remained on the screen for 2.5 + -0.75 s. Participants kept
their gaze locked to the central crosshairs throughout the experiment and pressed one of three buttons to indicate stimulus location.

participants indicated the position of each stimulus by pressing
a response button corresponding to the left (left index), center
(right thumb), or right (right index) of the screen. Before
functional imaging, participants performed a training session
outside of the scanner where they viewed a different set of
emotional faces.

By tracking movements of the participants’ right eye, we
validated compliance with the fixation instruction during
scanning. For this purpose, a built-in eye tracker attached to
the right ocular of the binocular video goggles (both Nordic
NeuroLab, Bergen, Norway) continuously tracked the gaze
direction of the participants at a rate of 60 Hz. Button presses
were recorded using MR-compatible response grips (Nordic
NeuroLab). For stimulus presentation and feedback recording,
we used Presentation® (Neurobehavioral Systems, Inc.). Eye
movement data were recorded using iView X MRI-SV (SMI,
Potsdam, Germany).

Functional Image Acquisition

For functional image acquisition we used a 1.5 T Siemens
Avanto (Siemens, Erlangen, Germany) equipped with a 12-
channel array head coil. By means of a T2x-weighted gradient-
echo echo-planar imaging sequence, we acquired 26 axial 3 mm
slices with a gap of 40% resulting in an in-plane resolution of
3 x 3 x 42mm3 (TR/TE = 1530/30 ms, FA = 90°, FOV = 192
mm, 64 X 64 matrix). We employed the in-built Siemens iPat
mode (integrated parallel acquisition technique) and accelerated
the sequence by a factor of 2 using GRAPPA [generalized
autocalibrating partially parallel acquisition (Griswold et al.,
2002)]. The slices were tilted by about —45° along the line
from the lower boundary of the orbitofrontal cortex (BA 11)
to the lower boundary of the cerebellar nodule to ameliorate
susceptibility artifacts and limit partial volume effects due to
tissue borders in the amygdala and temporal cortex (Merboldt
et al., 2001; Weiskopf et al., 2006). Subsequent visual inspection
of all data sets confirmed good coverage of the amygdala
and temporal regions. We collected additional high-resolution

anatomical images from each participant using a T1-weighted
MPRAGE sequence (176 sagittal slices, 1 mm slice thickness,
GRAPPA acceleration factor 2).

DATA ANALYSES

Behavioral Data

Reaction times of hit trials (ms) and error rates (percent) were
calculated for each participant and each experimental condition
and compared in a repeated-measures ANOVA with factors face
valence (fearful, happy, neutral) and face location (left, central,
right) using SPSS 17.0 and a significance level of p < 0.05 two-
sided. We calculated post-hoc tests for significant main effects and
interactions at a one-sided threshold of p < 0.025.

Eye Movement

We assessed task compliance during hit trials using BeGaze
3.0 (SMI) by analyzing means and standard deviations for the
frequency of gaze shifts and location of fixations away from
the central crosshairs along the horizontal axis (i.e., to the left
or right). Frequencies of gaze deviations during hit trials were
then binned into four categories (Figure 2A) corresponding to
fixations falling into the space between (1) the fixation cross and
the center of the inner eye of centrally presented faces (bin 1: >20
to 40 pixels), (2) the center of the inner eye and the inner border
of peripherally presented faces (bin 2: >40-80 pixels), (3) the
inner border and the center of peripherally presented faces (bin
3: >80 to 200 pixels) and (4) beyond the center of peripherally
presented faces (bin 4: >200 pixels). The percentage of hit trials
during which the eye tracker registered gaze deviations along the
horizontal axis were compared across experimental conditions
by means of a repeated-measures ANOVA with the factors gaze
direction (left, right), stimulus valence (fearful, happy, neutral),
stimulus location (left, central, right), and gaze distance (binl,
bin2, bin3, bin4) using SPSS 17.0 at a two-sided threshold of
p < 0.05.
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FIGURE 2 | Binning of gaze deviations and visual field bias in behavioral responses. (A) We classified gaze deviations in along the horizontal axis in four different bins
containing fixations falling within 20-40 pixels, 40-80 pixels, 80-200 pixels, and >200 pixels to the left or right of the central crosshairs. (B) Reaction times for pictures
presented in the left hemifield, at the center of the screen and in the right hemifield representing the main effect of location.

Functional Imaging

Before functional data analysis in SPM 8 (http://www. fil.ion.
uclac.uk/spm) we discarded the first three volumes of each
data set to allow T1 saturation to reach a stable level. Data
were realigned to the eighth slice of each volume containing
the center of the amygdala as our primary region of interest
and then slice timed to reduce variance attributable to motion
and differences in slice acquisition time. We coregistered the
high-resolution anatomical image to the functional mean image
and segmented the coregistered structural image using the gray
and white matter tissue probability maps provided in SPMS.
Subsequently, we normalized the functional data at a voxel size
of 3 X 3 x 3mm using the normalization parameters from the
segmentation procedure. Spatial smoothing with an isotropic
Gaussian kernel of 9 mm FWHM reduced high-frequency
noise. For each participant, t-statistics for the nine experimental
conditions [fearful left (FL), fearful central (FC), fearful right
(FR), happy left (HL), happy central (HL), happy right (HR),
neutral left (NL), neutral central (NC), neutral right (NR)] were
calculated in a first-level fixed effects model corrected for serial
autocorrelations (AR1) and low frequency signals (high-pass
filter of 128 s). To this end, we modeled boxcar regressors
for hit trials from the experimental conditions according to
the actual length of the stimuli and convolved these with
the canonical hemodynamic response function implemented in
SPMS8. Regressors of no interest included error trials, as well
as the individual realignment parameters. A random effects
group level analysis compared interactions of the experimental
factors face valence (fearful, happy, neutral) and face location
(left, central, right) in a full-factorial within-subject GLM at an
intensity threshold of p < 0.001 (uncorrected) with an extent
cluster threshold of k = 4 as calculated by SPMS8. Peak
coordinates of activated clusters are reported in Table2 in
MNI space along with their corresponding anatomical labels
according to the AAL database within the WFU pickatlas
3.0.3 (Tzourio-Mazoyer et al., 2002; Maldjian et al, 2003,
2004).

We extracted contrast estimates for each experimental
condition from clusters showing sensitivity to both valence
and location and performed post-hoc tests on these values for
further exploration of the neural activation patterns. In SPSS 17.0
we compared experimental conditions by means of one-sided
t-Tests for dependent samples at an uncorrected p < 0.025 and
at p < 0.0028 Bonferroni-corrected.

RESULTS

Participants scored normally with respect to depression (BDI
M = 2.6, SD = 2.4), trait anxiety (STAI-T M = 36.0, SD = 8.8),
and alexithymia (TAS-20 M = 37.2, SD = 11.7). Positive and
negative affect ratings from the PANAS questionnaire did
not differ before and after functional imaging [positive affect
pre-scan M = 2294, SE = 1.88, post-scan M = 23.28,
SE = 178, t(7y=—0.75 p = 0.462; negative affect pre-
scan M = 27.11, SE = 1.13, post-scan M = 27.28, SE = 1.28,
ta7) = 0.85, p=0.852]. Comparing state ratings from the
STAI-S questionnaire we found that participants were more
anxious before compared to after the scanning session [pre-scan
M = 50.5, SE = 1.14, post-scan M = 48.8, SE = 1.27, f(;7) = 2.33,
p=0.032].

Behavioral Data
The average error rate was 1.49% (SD = 1.32). A 3 x 3 ANOVA
with factors face valence (afraid, happy, neutral) and face location
(left, center, right) yielded a main effect of location [Figure 2B;
F, 34y = 134, p < 0.001, npz = 0.440]. Post-hoc comparisons
of mean RT with respect to location show faster responses
to stimuli presented in the left hemifield both compared with
stimuli presented centrally [t(53y = 7.36, p < 0.001] and in the
right hemifield [#(53) = 4.74, p < 0.001]. Moreover, RT to stimuli
presented in the right hemifield were faster compared with RT to
centrally presented stimuli [#(53) = 2.49, p = 0.016].

The main effect of face valence was non-significant
[Fo, 3y =0.450, p = 0.641, n,> = 0.026]. The main effect
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of face location was not qualified by an interaction between
face valence and face location [Fy ¢35y = 2.22, p = 0.076,
np2 = 0.115]. Means and standard deviations for error rates and
RT for each of the nine experimental conditions are reported in
Table 1. Means and standard deviations for the analysis of RT
are also given in the Supplementary Material.

Eye Movement Data

The average tracking rate of hit trials was 97.4% (SD = 5.3).
The average percentage of trials with gaze deviations away from
the central crosshairs was 10.8% (SD = 11.8). Eye movement
data were also analyzed using a within-subjects ANOVA with
factors gaze direction (left, right), face location (left, center,
right), face valence (afraid, happy, neutral) and gaze distance
(binl, bin2, bin3, bin4). Degrees of freedom were corrected using
Greenhouse-Geisser estimates of sphericity when Mauchly’s test
indicated that the assumption of sphericity had been violated.
Asterisks mark the respective contrasts.

This analysis revealed a main effect of face location
[F, 30y =481, p = 0.014, 1> = 0.221]. More gaze shifts
occurred during trials with peripherally presented stimuli
compared with centrally presented stimuli (left vs. center
p = 0.015; right vs. center p = 0.037).

We also found a main effect of gaze distance [F3 51) = 3.95,
p =0.013, 1p> = 0.168]. More gaze shifts fell into the first three
bins compared with the most distal bin (bin 1 vs. 4 p = 0.030, bin
2vs.3 p=0.010, bin 3 vs. 4 p = 0.002).

These effects were qualified by two-way interactions of face
location x gaze distance [F(27 4520 = 5.01, p = 0.006%,
np2 = 0.228] and gaze direction x face location [F(j 4 238y =
9.82, p = 0.002*, np,?> = 0.366], as well as by a three-way
interaction of gaze direction x face location x gaze distance
[F(2.4, 39.9) = 7.29, p = 0.001%, n,* = 0.300].

There was no significant main effect or interaction with
stimulus valence (all F < 1.78, p > 0.150, np2 < 0.093)
or any other main effects and interactions (all F < 0.39,
p > 0.668, np2 < 0.023). All means and standard deviations for
gaze deviations along the horizontal axis are reported in Table 1.
Means and standard deviations for the analysis of eye movements
are also given in the Supplementary Material.

Functional Imaging

Focussing on the interaction of face location x face valence on
the whole brain level, we found activation in the left temporal
pole, left middle temporal gyrus, right amygdala, right posterior
putamen and the right superior frontal gyrus (uncorrected
p <0.001, k = 4). In a post-hoc analysis we compared mean
contrast estimates from the activated clusters using one-sided
t-Tests with a statistical threshold of p < 0.025 (comparisons
that are also significant at a Bonferroni-corrected p < 0.0028
are marked by asterisks; see Figure 3). In this analysis, we found
a subset of the above-mentioned regions to be sensitive to the
central presentation of fearful faces. This subset includes the left
temporal pole [Figure 3A; FC>FL: t(17) =4.91, p < 0.0001*], the
right amygdala [Figure 3B; FC>FR: t(17) = 3.36, p =0.0019"%;
FC>FL: t(17) = 2.75, p = 0.0069] and the left middle temporal
gyrus [Figure 3C; FC>FL: t;7y = 2.70, p = 0.0075]. The

TABLE 1 | Behavioral and eye tracking results.

Gaze deviations along the horizontal axis

Bin 2 (>40 to 80 pixel) Bin 3 (>80 to 200 pixel) Bin 4 (>200 pixel)
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Reaction times
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following regions responded to neutral faces presented in the
periphery, especially in the left hemifield: the right amygdala
[NL>NC: t7 = 3.08, p = 0.0034 NR>NC: f(7) = 2.12,
p = 0.024], the left middle temporal gyrus [NL>NR: t(j9) = 5.01,
p < 0.0001%*], the right posterior putamen [Figure 3D; NL>NC:
ta7) = 3.88, p = 0.0006%; NL>NR: f(7 = 2.34, p = 0.0159],
and the right superior frontal gyrus [Supplementary Figure 1;
NL>NC: f(7 = 3.02, p = 0.0039; NL>NR: ;7 = 211,
p = 0.025]. Happy faces presented in the left hemifield activated
the right posterior putamen [HL>HR: t;7) = 2.27, p = 0.0183]
and the left temporal pole [HL>HC: t(;7y = 4.67, p = 0.0001%;
HL>HR: t(;7) = 3.86, p = 0.0006"]. Main effects of face location
and face valence are shown in the Supplementary Material.

DISCUSSION

The central goal of the present study was to replicate behavioral
and neural response patterns indicating a visual field bias for face
processing in our female sample. In particular, we were interested
in identifying brain regions that are specifically sensitive both
to the (attended) location and the (unattended) valence of
emotional facial expressions.

The overall tracking rate of eye movements was excellent.
Participants accurately performed the task as indicated by low
error rates and a high compliance with the instruction to keep
their gaze locked on the central crosshairs.

The percentage of hit trials during which participants shifted
their gaze along the horizontal axis varied with respect to the
location of stimuli and the distance from the central crosshairs.
Gaze shifts were mostly directed at peripherally presented
pictures. The greatest percentage of gaze shifts occurred during
peripherally presented faces and fell into the range between 80
and 200 pixels away from the center of the screen. In the range
between 20 and 80 pixels away from the central crosshairs, gaze
shifts to the left and right occurred for all stimulus locations. In
the range from 80 pixels upwards, gaze shifts were directed at
peripheral stimuli.

We found a visual field bias on the behavioral level:
participants responded faster to pictures presented in the left
hemifield compared with faces presented in the right hemifield
or at the center of the screen. However, behavioral responses did
not differ with respect to stimulus valence.

Our present results also indicate a complementary visual
field bias in neural processing that is valence sensitive.
The neural activation pattern in response to fearful, neutral
and happy faces in brain regions commonly associated with
face processing varies with respect to stimulus location
(Figures 3A-D, Supplementary Figure 1). The left temporal
pole, the left middle temporal gyrus and the right amygdala
showed a sensitivity to both valence category and stimulus
location as they responded to fearful faces presented at the center
of the screen. Processing of peripherally presented neutral faces
(especially when they appeared in the left hemifield) involved
the right amygdala, the left middle temporal gyrus, the right
posterior putamen and the right superior frontal gyrus (frontal
eye field). Happy face stimuli presented outside foveal perception

TABLE 2 | Brain regions showing interaction effects of facial valence and stimulus

location.
Region Right/ MNI-coordinates Cluster Z- score
Left size
(voxels)
X y z

INTERACTION “FACE LOCATION X FACE VALENCE”
Temporal Pole L —45 8 —-32 15 4.36
Middle temporal L 57 —40 -5 5 3.56
gyrus
Amygdala R 15 —4 —26 14 3.65

R 12 2 —20 3.27
Putamen R 33 —-19 1 4 3.63
Superior frontal gyrus R 24 38 49 5 3.35

(frontal eye field)

The whole-brain analysis was thresholded at an uncorrected p < 0.001 with a cluster
extent threshold of k = 4 voxels. FC, fearful center; FL, fearful left; FR, fearful right; HC,
happy center; HL, happy left; HR, happy right; NC, neutral center; NL, neutral left; NR,
neutral right.

elicited responses in the left temporal pole and the right posterior
putamen; again, these regions were particularly responsive to
happy faces appearing in the left hemifield.

Unattended Threat Signals

In the present study, the right amygdala was sensitive to centrally
presented fearful faces and to neutral faces presented in the
left hemifield. The amygdala has a well-documented role in the
processing of emotional and neutral facial expressions (Haxby
etal., 2002; Platek et al., 2006; Olson et al., 2007) even when they
are unconsciously perceived (Vuilleumier, 2005). The ability to
rapidly detect potentially relevant stimuli signaling the need for
withdrawal are, at least in part, related to a subcortical circuit
comprising of the amygdala, the superior colliculus and the
pulvinar nucleus of the thalamus (Morris et al., 1999; LeDoux,
2000, 2007; Tamietto and de Gelder, 2010). Behavioral studies
of unconscious emotional processing using masked stimuli
also revealed enhanced autonomic responses to fearful faces
presented in the left visual field compared with fearful faces
presented in the right visual field or neutral faces presented in
either field (Kimura et al., 2004).

Several authors found different neural correlates for explicit
vs. implicit threat processing (Critchley et al., 2000; Habel et al.,
2007; Tamietto and de Gelder, 2010; Almeida et al., 2013).
While the brainstem and temporal regions such as the superior
temporal gyrus were especially responsive during explicit tasks
(Critchley et al., 2000), the amygdala was involved in both explicit
(Habel et al., 2007) and implicit tasks (Critchley et al., 2000).

Complex perceptual inputs and visceral responses are
integrated e.g., in the temporal pole (Olson et al., 2007). The
present results corroborate the proposed involvement of the
amygdala/temporal pole complex in the perception of (potential)
threat signals, such as centrally perceived fearful faces and
peripherally perceived neutral faces.
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FIGURE 3 | Brain regions sensitive to both face valence and stimulus location. The left temporal pole (A), the right amygdala (B), the left middle temporal gyrus (C),
the right posterior putamen (D), and the right superior frontal gyrus (not shown, see Supplementary Figure 1) exhibit differential activation patterns with respect to
both stimulus location and face valence (mean contrast estimates and 90% confidence intervals from each cluster showing an interaction of location x valence, p <
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Studies directly comparing central and peripheral vision point
to a central bias for both human and animal faces (Liu and
Toannides, 2010; Morawetz et al., 2010; Almeida et al., 2013). As
defined by Strasburger et al. (2011) central/foveal vision refers
to the perception of objects within 2° of eccentricity, while
the perception of objects presented beyond 2° of eccentricity
is classified as peripheral vision. In a functional imaging study
Almeida et al. (2013) systematically manipulated spatial location
(central or peripheral) and stimulus type (face, real or fake snake
shape) as a main outcome measure while using both implicit and
explicit threat tasks. This study found foveal representations in
subcortical structures such as the amygdala, the pulvinar nucleus
of the thalamus and the superior colliculus. As these regions
played distinct roles in the central and peripheral processing
of snake shapes the authors concluded that there are multiple
phylogenetic fingerprints in the subcortical responses to fear-
relevant stimuli. In the present study, a distributed network
including the amygdala, posterior putamen, temporal cortex and
superior frontal cortex was sensitive to face valence of stimuli
presented at foveal, and peripheral locations. These findings are
in line with the view that stimuli such as faces demand detailed
processing whereas peripheral object processing is based on a
rather coarse identification (Kanwisher, 2001; Levy et al., 2001).
In this context, the amygdala receives direct input from ventral
areas that show a known bias toward foveal (central) input.

Behavioral studies suggest that parafoveal and peripheral
locations entail relatively sound performance in stimulus
recognition and categorization (Malach et al., 2002; Calvo and
Lang, 2005). This is especially true for faces which can be
efficiently processed and detected when presented outside of
the fovea (Carreti¢, 2014). Investigating how the amount of
stimulus eccentricity influences behavioral and neural responses,
Rigoulot et al. (2011) created an experimental setup comparing
the categorization of fearful and neutral faces at four peripheral
locations (15° and 30° to the right and left) in a female sample.
Less eccentricity as well as more negative emotional valence
detrimentally influenced performance in that reaction times were
shorter for fearful faces and for faces presented at 15° eccentricity.
Fearful faces also entailed greater N170 amplitudes, even at far
eccentric locations, further corroborating the notion that the
preferential neural coding of fearful expressions persists even in
far peripheral vision.

The behavioral substrate of a visual field bias in the present
study is in line with split-field and lesion studies reporting a
left visual field superiority for the perception of emotional facial
expressions in general (e.g., Mandal and Singh, 1990; Mandal
et al.,, 1991). Our results corroborate the view that the evaluation
of emotional facial expressions happens automatically even when
this feature is task-irrelevant (Pessoa, 2008). This automatic
evaluation does not necessarily seem to entail a detrimental effect
on task performance as suggested by the lack of valence-specific
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effects on both response times and eye movements in the present
study.

Valence Specificity

In addition to the neural responses to threat-related stimuli,
we also found specific responses to neutral and/or approach-
related stimuli. When faces appeared in the left hemifield, the
left temporal pole and the right posterior putamen responded to
happy faces; the left middle temporal gyrus, the right amygdala,
the right posterior putamen and the right superior frontal
gyrus responded to neutral faces. These results complement
previous research finding that salient face stimuli activate
the middle temporal gyrus (Haxby et al, 2002; Platek et al,
2006), putamen (Leveroni et al., 2000; Fu et al, 2007) and
superior frontal gyrus (Ebner et al, 2012). Our results also
corroborate previous evidence regarding the endogenous (top-
down) attention capturing quality of emotional stimulation when
subjects perceive emotional stimulation outside their attention
focus (Carretié, 2014).

Our functional imaging results yielded an activation pattern
that is different from the “valence hypothesis” stating that the
right hemisphere is specialized in processing negative emotions
whereas the left hemisphere is specialized in processing positive
emotions (Davidson, 1992, 1995). In humans, lateralization
seems to be quite strict at the primary sensory level (e.g.,
contralateral processing of visual input in the primary visual
cortex) but less obvious when it comes to more complex cognitive
functions such as face processing (see Phan et al., 2002; Murphy
et al., 2003; Wager et al., 2003 for review). Sung et al. (2011)
suggest that a static circuit similar to passive information filtering
is responsible for the involvement of low-level visual areas.
Depending on the task, higher areas might dynamically modulate
these neural circuits, as a right hemispheric (i.e., left visual field)
superiority for facial processing differs with respect to stimulus
content such as the orientation of faces in the picture (upright or
inverted). Based on others” as well as our own previous findings
(Preibisch et al., 2009) we suggest that functional hemispheric
specialization in face processing does not necessarily require
lateralization to one hemisphere. Rather, preferred pathways for
emotional contents are required which may depend, among other
factors, on the side of input and the emotional content of the
stimuli. This claim is supported by the fact that we found the
network that processes potential threat signals to be sensitive to
both valence category and stimulus location. A set of regions
including the right amygdala, left temporal cortex, right posterior
putamen and right superior prefrontal cortex responded to
centrally presented fearful faces and/or peripherally presented
happy and neutral faces especially in the left visual hemifield
suggesting a neural substrate of a visual field bias (Asthana and
Mandal, 2001; Vauclair and Donnot, 2005; Proverbio et al., 2006).

CONCLUSION

Taken together, the pattern of findings observed in the present
study suggests the presence of a sensitive functional network

underlying both central and peripheral perception of unattended
emotional facial expressions. This network prominently involves
the amygdala, temporal pole and posterior putamen whose role
in face processing is backed by a large body of literature (Ekman,
1993; Adolphs et al., 1994; Olson et al., 2007; Pessoa, 2008). The
specifics of behavioral and neural responses seem to differ with
respect to the location, and in the case of neural responses also
the valence, of facial expressions (Killgore and Yurgelun-Todd,
2001; Sabatinelli et al., 2004). Although, we cannot claim gender
specificity as no formal statistical comparison was calculated,
the results of the present study are overlapping yet distinct
from our previous findings on a neural visual field bias in men
(Preibisch et al., 2009). Future research in this direction thus
warrants a direct comparison between male and female subjects
within the same study to clarify how the central vs. peripheral
perception of unattended emotional facial expressions relates to
gender.

AVAILABILITY OF DATA AND MATERIALS

The datasets used and/or analyzed during the current study are
available in the Mendeley Data repository, https://doi.org/10.
17632/fpzp4df5nc.2

AUTHOR CONTRIBUTIONS

DW designed the study based on a previous study designed by
CP. DW conducted the experiments and analyzed the data. DW
drafted the manuscript, CP and HL provided critical revisions.

ACKNOWLEDGMENTS

We thank Dr. Harald Werthebach for his valuable help with
recruiting and data acquisition. All appropriate permissions
for the reproduction of the KDEF pictures in this manuscript
have been obtained from Karolinska Institutet, Department
of Clinical Neuroscience, Section of Psychology, Stockholm,
Sweden.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fnins.
2017.00443/full#supplementary-material

Supplementary Figure 1 | Mean contrast estimates and 90% confidence

intervals from the right superior frontal gyrus showing an interaction of location x
valence, p < 0.001 uncorrected, cluster extent threshold k > 4.

Supplementary Figure 2 | Brain regions showing a main effect of valence, p <
0.001 uncorrected, cluster extent threshold k > 4.

Supplementary Figure 3 | Brain regions showing a main effect of location, p <
0.05 FEW-corrected.

Supplementary Table 1 | Means, standard deviations, and results from the
ANOVA on reaction times.

Supplementary Table 2 | Means, standard deviations, and results from the
ANOVA on eye movements.

Frontiers in Neuroscience | www.frontiersin.org

August 2017 | Volume 11 | Article 443


https://doi.org/10.17632/fpzp4df5nc.2
https://doi.org/10.17632/fpzp4df5nc.2
http://journal.frontiersin.org/article/10.3389/fnins.2017.00443/full#supplementary-material
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

Wittfoth et al.

Visual Field Bias in Women

REFERENCES

Adolphs, R. (2002). Neural Systems for Recognizing Emotion. Curr. Opin.
Neurobiol. 12, 169-177. doi: 10.1016/S0959-4388(02)00301-X

Adolphs, R., Tranel, D., Damasio, H., and Damasio, A. (1994). Impaired
Recognition of emotion in facial expressions following bilateral damage to the
human amygdala. Nature 372, 669-672. doi: 10.1038/372669a0

Almeida, 1., Van Asselen, M., and Castelo-Branco, M. (2013). The role of
the Amygdala and the Basal Ganglia in Visual Processing of Central
vs. Peripheral Emotional Content. Neuropsychologia 51, 2120-29.
doi: 10.1016/j.neuropsychologia.2013.07.007

Anderson, A. K., Christoff, K., Panitz, D., De Rosa, E., and Gabrieli, J. D. (2003).
Neural correlates of the automatic processing of threat facial signals. J. Neurosci.
23, 5627-5633.

Asthana, H. S, and Mandal, M. K. (2001). Visual-Field Bias in the
judgment of facial expression of emotion. J. Gen. Psychol. 128, 21-29.
doi: 10.1080/00221300109598895

Borod, J. C., Koff, E., Perlman Lorch, M., and Nicholas, M. (1986). The expression
and perception of facial emotion in brain-damaged patients. Neuropsychologia
24, 169-80.

Calvo, M. G., and Lang, P. J. (2005). Parafoveal semantic processing of
emotional visual scenes. J. Exp. Psychol. Hum. Percept. Perform. 31, 502-519.
doi: 10.1037/0096-1523.31.3.502

Carreti¢, L. (2014). Exogenous (Automatic)
stimuli: a review. Cogn. Affect. Behav.
doi: 10.3758/s13415-014-0270-2

Cicone, M., Wapner, W., and Gardner, H. (1980). Sensitivity to emotional
expressions and situations in organic patients. Cortex 16, 145-158.
doi: 10.1016/S0010-9452(80)80029-3

Critchley, H. D., Daly, E., Phillips, M., Brammer, M., Bullmore, E,
Williams, S., et al. (2000). Explicit and implicit neural mechanisms for

emotional
1228-1258.

attention to
Neurosci. 14,

processing of social information from facial expressions: a functional
magnetic resonance imaging study. Hum. Brain Map. 9, 93-105.
doi: 10.1002/(SICI)1097-0193(200002)9:2<93::AID-HBM4>3.0.CO;2-Z

Davidson, R. (1992). Anterior cerebral asymmetry and the nature of emotion.
Brain Cogn. 20, 125-151. doi: 10.1016/0278-2626(92)90065-T

Davidson, R. (1995). Cerebral asymmetry, emotion, and affective style. Brain
Asymmetry, 361-387.

Ebner, N. C., Johnson, M. K., and Fischer, H. (2012). Neural mechanisms of
reading facial emotions in young and older adults. Front. Psychol. 3:223.
doi: 10.3389/fpsyg.2012.00223

Ekman, P. (1993). Facial expression and emotion. Am. Psychol. 48, 384-392.
doi: 10.1037/0003-066X.48.4.384

Fu, C. H., Williams, S. C., Brammer, M. J., Suckling, J., Kim, J., Cleare, A. J., Walsh,
N. D, et al. (2007). Neural responses to happy facial expressions in major
depression following antidepressant treatment. Am. J. Psychiatry 164, 599-607.
doi: 10.1176/ajp.2007.164.4.599

Griswold, M. A,, Jakob, P. M., Heidemann, R. M., Nittka, M., Jellus, V., Wang,
J., et al. (2002). Generalized autocalibrating partially parallel acquisitions
(GRAPPA). Magn. Reson. Med. 47, 1202-1210. doi: 10.1002/mrm.10171

Habel, U., Windischberger, C., Derntl, B., Robinson, S., Kryspin-Exner, L,
Gur, R, et al. (2007). Amygdala activation and facial expressions: explicit
emotion discrimination versus implicit emotion processing. Neuropsychologia
45, 2369-2377. doi: 10.1016/j.neuropsychologia.2007.01.023

Haxby, J. V., Hoffman, E. A., and Gobbini, M. L. (2002). Human neural systems
for face recognition and social communication. Biol. Psychiatry 51, 59-67.
doi: 10.1016/S0006-3223(01)01330-0

Jansari, A., Tranel, D., and Adolphs, R. (2000). A valence-specific lateral bias
for discriminating emotional facial expressions in free field. Cogn. Emot. 14,
341-353. doi: 10.1080/026999300378860

Kanwisher, N. (2001). Faces and places: of central (and Peripheral) interest. Nat.
Neurosci. 4, 455-456. doi: 10.1038/87399

Kanwisher, N., and Yovel, G. (2006). The fusiform face area: a cortical region
specialized for the perception of faces. Philos. Trans. R. Soc. Lond. B Biol. Sci.
361, 2109-2128. doi: 10.1098/rstb.2006.1934

Killgore, W. D. S, and Yurgelun-Todd, D. A. (2001). Sex differences in amygdala
activation during the perception of facial affect. Neuroreport 12, 2543-2547.
doi: 10.1097/00001756-200108080-00050

Kimura, Y., Yoshino, A., Takahashi, Y., and Nomura, S. (2004). Interhemispheric
difference in emotional response without awareness. Physiol. Behav. 82,
727-731. doi: 10.1016/j.physbeh.2004.06.010

Lavie, N. (2005). Distracted and confused?: selective attention under load. Trends
Cogn. Sci. 9, 75-82. doi: 10.1016/j.tics.2004.12.004

Lavie, N. (2010). Attention, distraction, and cognitive control under load. Curr.
Dir. Psychol. Sci. 19, 143-148. doi: 10.1177/0963721410370295

LeDoux, J. (2007). The Amygdala. Curr. Biol. 17,
doi: 10.1016/j.cub.2007.08.005

LeDoux, J. E. (2000). Emotion circuits in the brain. Annu. Rev. Neurosci. 23,
155-184. doi: 10.1146/annurev.neuro.23.1.155

Leveroni, C. L., Seidenberg, M., Mayer, A. R,, Mead, L. A., Binder, J. R., and Rao,
S. M. (2000). Neural systems underlying the recognition of familiar and newly
learned faces. J. Neurosci. 20, 878-886.

Levy, I, Hasson, U., Avidan, G., Hendler, T., and Malach, R. (2001). Center-
periphery organization of human object areas. Nat. Neurosci. 4, 533-539.
doi: 10.1038/87490

Ley, R. G, and Bryden, M. P. (1979). Hemispheric
in processing emotions and faces. Brain Lang 7,
doi: 10.1016/0093-934X(79)90010-5

Liu, L., and Ioannides, A. A. (2010). Emotion separation is completed
early and it depends on visual field presentation. PLoS ONE 5:¢9790.
doi: 10.1371/journal.pone.0009790

Lundqvist, D., Flykt, A, and Ohman, A. (1998). The Karolinska Directed
Emotional Faces (KDEF). CD ROM from Department of Clinical Neuroscience,
Psychology Section, Karolinska Institutet, 91-630.

Malach, R., Levy, I, and Hasson, U. (2002). The topography of high-order
human object areas. Trends Cogn. Sci. 6, 176-184. doi: 10.1016/S1364-6613(02)
01870-3

Maldjian, J. A., Laurienti, P. J., and Burdette, J. H. (2004). Precentral gyrus
discrepancy in electronic versions of the Talairach Atlas. Neuroimage 21,
450-455. doi: 10.1016/j.neuroimage.2003.09.032

Maldjian, J. A., Laurienti, P. J., Kraft, R. A., and Burdette, J. H. (2003). An
automated method for Neuroanatomic and Cytoarchitectonic Atlas-
Based Interrogation of fMRI data sets. Neuroimage 19, 1233-1239.
doi: 10.1016/S1053-8119(03)00169-1

Mandal, M. K., and Singh, S. K. (1990). Lateral asymmetry in identification and
expression of facial emotions. Cogn. Emotion 4, 61-69.

Mandal, M. K., Tandon, S. C.,, and Asthana, H. S. (1991). Right brain
damage impairs recognition of negative emotions. Cortex. 27, 247-253.
doi: 10.1016/S0010-9452(13)80129-3

Merboldt, K. D., Fransson, P., Bruhn, H., and Frahm, J. (2001). Functional MRI
of the Human Amygdala? Neuroimage 14, 253-257. doi: 10.1006/nimg.200
1.0802

Morawetz, C., Baudewig, J., Treue, S., and Dechent, P. (2010). Diverting attention
suppresses human amygdala responses to faces. Front. Hum. Neurosci. 4:226.
doi: 10.3389/fnhum.2010.00226

Morris, J. S., Ohman, A., and Dolan, R. J. (1999). A subcortical pathway to the right
amygdala mediating ‘unseen’ fear. Proc. Natl. Acad. Sci. U.S.A. 96, 1680-1685.
doi: 10.1073/pnas.96.4.1680

Murphy, F. C., Nimmo-Smith, I, and Lawrence, A. D. (2003). Functional
neuroanatomy of emotions: a meta-analysis. Cogn. Affect Behav. Neurosci 3,
207-233. doi: 10.3758/CABN.3.3.207

Olson, L. R, Plotzker, A., and Ezzyat, Y. (2007). The enigmatic temporal pole:
a review of findings on social and emotional processing. Brain 130(Pt. 7),
1718-1731. doi: 10.1093/brain/awm052

Pessoa, L. (2008). On the relationship between emotion and cognition. Nature Rev.
Neurosci. 9, 148-158. doi: 10.1038/nrn2317

Pessoa, L., Kastner, S., and Ungerleider, L. G. (2002). Attentional control of the
processing of neural and emotional stimuli. Brain Res. Cogn. Brain Res. 15,
31-45. doi: 10.1016/S0926-6410(02)00214-8

Pessoa, L., Padmala, S., and Morland, T. (2005). Fate of unattended fearful faces
in the amygdala is determined by both attentional resources and cognitive
modulation. Neuroimage 28, 249-255. doi: 10.1016/j.neuroimage.2005.0
5.048

Phan, K. L., Wager, T., Taylor, S. F., and Liberzon, I. (2002). Functional
neuroanatomy of emotion: a meta-analysis of emotion activation studies in PET
and fMRI. Neuroimage 16, 331-348. doi: 10.1006/nimg.2002.1087

R868-R874.

differences
127-138.

Frontiers in Neuroscience | www.frontiersin.org

August 2017 | Volume 11 | Article 443


https://doi.org/10.1016/S0959-4388(02)00301-X
https://doi.org/10.1038/372669a0
https://doi.org/10.1016/j.neuropsychologia.2013.07.007
https://doi.org/10.1080/00221300109598895
https://doi.org/10.1037/0096-1523.31.3.502
https://doi.org/10.3758/s13415-014-0270-2
https://doi.org/10.1016/S0010-9452(80)80029-3
https://doi.org/10.1002/(SICI)1097-0193(200002)9:2<93::AID-HBM4>3.0.CO;2-Z
https://doi.org/10.1016/0278-2626(92)90065-T
https://doi.org/10.3389/fpsyg.2012.00223
https://doi.org/10.1037/0003-066X.48.4.384
https://doi.org/10.1176/ajp.2007.164.4.599
https://doi.org/10.1002/mrm.10171
https://doi.org/10.1016/j.neuropsychologia.2007.01.023
https://doi.org/10.1016/S0006-3223(01)01330-0
https://doi.org/10.1080/026999300378860
https://doi.org/10.1038/87399
https://doi.org/10.1098/rstb.2006.1934
https://doi.org/10.1097/00001756-200108080-00050
https://doi.org/10.1016/j.physbeh.2004.06.010
https://doi.org/10.1016/j.tics.2004.12.004
https://doi.org/10.1177/0963721410370295
https://doi.org/10.1016/j.cub.2007.08.005
https://doi.org/10.1146/annurev.neuro.23.1.155
https://doi.org/10.1038/87490
https://doi.org/10.1016/0093-934X(79)90010-5
https://doi.org/10.1371/journal.pone.0009790
https://doi.org/10.1016/S1364-6613(02)01870-3
https://doi.org/10.1016/j.neuroimage.2003.09.032
https://doi.org/10.1016/S1053-8119(03)00169-1
https://doi.org/10.1016/S0010-9452(13)80129-3
https://doi.org/10.1006/nimg.2001.0802
https://doi.org/10.3389/fnhum.2010.00226
https://doi.org/10.1073/pnas.96.4.1680
https://doi.org/10.3758/CABN.3.3.207
https://doi.org/10.1093/brain/awm052
https://doi.org/10.1038/nrn2317
https://doi.org/10.1016/S0926-6410(02)00214-8
https://doi.org/10.1016/j.neuroimage.2005.05.048
https://doi.org/10.1006/nimg.2002.1087
http://www.frontiersin.org/Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Neuroscience/archive

Wittfoth et al.

Visual Field Bias in Women

Platek, S. M., Loughead, J. W., Gur, R. C., Busch, S., Ruparel, K., Langleben, D.
D. etal. (2006). Neural substrates for functionally discriminating self-face from
personally familiar faces. Hum. Brain Mapp. 27, 91-98. doi: 10.1002/hbm.20168

Preibisch, C., Lanfermann, H., Wallenhorst, T., Walter, H., and Erk, S. (2009).
Neuroanatomical correlates of visual field bias: a sensitive system for detecting
potential threats? Brain Res. 1263, 69-77. doi: 10.1016/j.brainres.2009.
01.051

Proverbio, A. M., Brignone, V., Matarazzo, S., Del Zotto, M., and Zani, A.
(2006). Gender differences in hemispheric asymmetry for face processing. BMC
Neurosci. 7:44. doi: 10.1186/1471-2202-7-44

Rigoulot, S., D’'Hondt, F., Defoort-Dhellemmes, S., Despretz, P., Honore,
J, and Sequeira, H. (2011). Fearful faces impact in peripheral vision:
behavioral and neural evidence. Neuropsychologia 49, 2013-2021.
doi: 10.1016/j.neuropsychologia.2011.03.031

Sabatinelli, D., Flaisch, T., Bradley, M. M., Fitzsimmons, J. R., and Lang, P.
J. (2004). Affective picture perception: gender differences in visual cortex?
Neuroreport 15, 1109-1112. doi: 10.1097/00001756-200405190-00005

Strasburger, H., Rentschler, I, and Jiittner, M. (2011). Peripheral vision and pattern
recognition: a review. J. Vis. 11:13. doi: 10.1167/11.5.13

Strauss, E., and Moscovitch, M. (1981). Perception of facial expressions. Brain
Lang. 13, 308-332. doi: 10.1016/0093-934X(81)90098-5

Sung, Y. W., Someya, Y., Eriko, Y., Choi, S. H., Cho, Z. H., and Ogawa, S.
(2011). Involvement of low-level visual areas in hemispheric superiority for face
processing. Brain Res. 1390, 118-25. doi: 10.1016/j.brainres.2011.03.049

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

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O.,
Delcroix, N,, et al. (2002). Automated anatomical labeling of activations in SPM
using a macroscopic anatomical parcellation of the MNI MRI single-subject
brain. Neuroimage 15, 273-289. doi: 10.1006/nimg.2001.0978

Vauclair, J., and Donnot, J. (2005). Infant holding biases and their relations to
hemispheric specializations for perceiving facial emotions. Neuropsychologia
43, 564-571. doi: 10.1016/j.neuropsychologia.2004.07.005

Vuilleumier, P. (2005). How brains beware: neural mechanisms of emotional
attention. Trends Cogn. Sci. 9, 585-594. doi: 10.1016/j.tics.2005.10.011

Vuilleumier, P., Armony, J. L., Driver, ., and Dolan, R. . (2001). Effects of attention
and emotion on face processing in the human brain: an event-related fMRI
study. Neuron 30, 829-841. doi: 10.1016/S0896-6273(01)00328-2

Wager, T. D., Phan, K. L, Liberzon, I, and Taylor, S. F. (2003). Valence,
gender, and lateralization of functional brain anatomy in emotion: a
meta-analysis of findings from neuroimaging. Neuroimage 19, 513-531.
doi: 10.1016/S1053-8119(03)00078-8

Weiskopf, N., Hutton, C., Josephs, O., and Deichmann, R. (2006). Optimal
EPI parameters for reduction of usceptibility-induced BOLD sensitivity
losses: a whole-brain analysis at 3T and 1.5T. Neuroimage 33, 493-504.
doi: 10.1016/j.neuroimage.2006.07.029

Williams, M. A., McGlone, F., Abbott, D. F., and Mattingley, J. B.
(2005). Differential amygdala responses to happy and fearful facial
expressions depend on selective attention. Neuroimage 24, 417-425.
doi: 10.1016/j.neuroimage.2004.08.017

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 Wittfoth, Preibisch and Lanfermann. 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

10

August 2017 | Volume 11 | Article 443


https://doi.org/10.1002/hbm.20168
https://doi.org/10.1016/j.brainres.2009.01.051
https://doi.org/10.1186/1471-2202-7-44
https://doi.org/10.1016/j.neuropsychologia.2011.03.031
https://doi.org/10.1097/00001756-200405190-00005
https://doi.org/10.1167/11.5.13
https://doi.org/10.1016/0093-934X(81)90098-5
https://doi.org/10.1016/j.brainres.2011.03.049
https://doi.org/10.1038/nrn2889
https://doi.org/10.1006/nimg.2001.0978
https://doi.org/10.1016/j.neuropsychologia.2004.07.005
https://doi.org/10.1016/j.tics.2005.10.011
https://doi.org/10.1016/S0896-6273(01)00328-2
https://doi.org/10.1016/S1053-8119(03)00078-8
https://doi.org/10.1016/j.neuroimage.2006.07.029
https://doi.org/10.1016/j.neuroimage.2004.08.017
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

	Processing of Unattended Emotional Facial Expressions: Correlates of Visual Field Bias in Women
	Introduction
	Materials and Methods
	Participants
	Study Design
	Functional Image Acquisition

	Data analyses
	Behavioral Data
	Eye Movement
	Functional Imaging

	Results
	Behavioral Data
	Eye Movement Data
	Functional Imaging

	Discussion
	Unattended Threat Signals
	Stimulus Location
	Valence Specificity

	Conclusion
	Availability of Data and Materials
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


