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Abstract

Scarce previous data on how the location where an emotional stimulus appears in

the visual scene modulates its perception suggest that, for functional reasons, a per-

ceptual advantage may exist, vertically, for stimuli presented at the lower visual field

(LoVF) and, horizontally, for stimuli presented at the left visual field (LeVF). However,

this issue has been explored through a limited number of spatial locations, usually in

a single spatial dimension (e.g., horizontal) and invariant eccentricities. Event-related

potentials (ERPs) were recorded from 39 participants perceiving brief neutral

(wheels) and emotional stimuli (spiders) presented at 17 different locations, one

foveal and 16 at different peripheral coordinates. As a secondary scope, we explored

the role of the magnocellular (M) and the parvocellular (P) visual pathways by pre-

senting an isoluminant/heterochromatic (P-biased) and a heteroluminant/iso-

chromatic version (M-biased) of each stimulus. Emo > Neu effects were observed in

PN1 (120 ms) for stimuli located at fovea, and in PN2 (215 ms) for stimuli located

both at fovea and diverse peripheral regions. A factorial approach to these effects

further revealed that: (a) emotional stimuli presented in the periphery are efficiently

perceived, without evident decrease from para- to perifovea; (b) peripheral

Emo > Neu effects are reflected 95 ms later than foveal Emo > Neu effects in ERPs;

(c) LoVF is more involved than UVF in these effects; (d) our data fail to support the

LeVF advantage previously reported, and (e) Emo > Neu effects were significant for

both M and P stimuli.
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1 | INTRODUCTION

Due to a number of differences from the photoreceptor level,

where the presence of cones decreases as eccentricity increases

(Strasburger, Rentschler, & Jüttner, 2011), to the visual cortex level,

where foveal vision is overrepresented (Azzopardi & Cowey, 1996;

Hubel & Wiesel, 1972), acuity of nonfoveal vision is much lower than

foveal. Despite this, evolution has favored the nervous system to effi-

ciently detect salient stimuli such as dangerous, appetitive or novel

events even when they appear at nonfoveal areas of the visual field.

Thus, these emotional events (they inherently trigger physiological,

subjective, and/or behavioral emotional responses), such as threaten-

ing scenes or facial expressions, elicit differential neural responses

with respect to neutral stimuli when they appear in the periphery

(Bayle, Henaff, & Krolak-Salmon, 2009; Calvo, Nummenmaa, & Hyönä,

2008; Carretié, Albert, et al., 2013; Rigoulot, D'Hondt, Defoort-

Dhellemmes, Despretz, & Honoré, 2011; Rigoulot, D'hondt, Honore, &

Sequeira, 2012; but see De Cesarei, Codispoti, & Schupp, 2009).

However, this “peripheral capability” to detect emotional elements of

the visual context could not be homogeneous: the exact location in

the periphery where the emotional stimulus appears could be a crucial

factor determining the brain mechanisms involved in its processing

and, ultimately, our response to it. Indeed, whereas this issue has not

been directly explored yet, some lines of research suggest that verti-

cality (whether the stimulus appears in the upper or in the lower visual

hemifields) and horizontality (left vs. right hemifields) may influence

the perception of emotional stimuli.

This influence may be exerted at two levels, the first of which is

of anatomical nature and the second of functional nature. In the first

place, the human (and other species) visual system is retinotopic and

contralateral—in terms of left-right hemifields—from the thalamic lat-

eral geniculate nuclei (Schneider, Richter, & Kastner, 2004) to visual

cortices (Tootell, Hadjikhani, Mendola, Marrett, & Dale, 1998). This is

especially well defined in V1 or primary visual cortex, where left and

right primary visual cortices process the information from the contra-

lateral hemifield, while dorsal cuneus (the part above the calcarine

fissure) processes the lower part of the visual scene and the ventral

cuneus (the bank below the calcarine fissure) processes the upper

part (Jeffreys & Axford, 1972a, 1972b). To different extents,

retinotopy extends to the visual extrastriate cortices and ventral and

dorsal visual pathways (Sereno & Tootell, 2005). This retinotopy is

reflected in event-related potentials (ERPs), where the spatial

location of the stimulation has a clear and direct reflection in the

amplitude and polarity of visual components, particularly in the

80–250 ms interval: C1, P1, N1, and P2 (e.g., Capilla et al., 2016;

Clark, Fan, & Hillyard, 1995). This stimulus location-related variability

of ERPs has been observed in response to nonemotional (checker-

boards) stimuli, so it is independent of emotional load. Therefore, any

ERP study on the differential processing of emotional stimuli as a

function of the location in which they appear should take into

account this level of variability (e.g., by employing nonemotional

stimuli as control that allow to subtract this nonemotional retinotopic

variability).

Second level, of functional nature, and more relevant to our

scopes, would consist of a differential cognitive, and potentially affec-

tive, response to each vertical or horizontal hemifield: upper (UVF)

and lower (LoVF), or left (LeVF) and right fields (RVF). Thus, UFV and

LoVF (i.e., the part of the visual scene which is above and below our

fixation point, respectively) have been proposed to be evolutionarily

associated with different functional implications and, consequently,

with different visual neural circuits. The UVF is usually linked to

extrapersonal or “far” space and, consequently, to scanning and recog-

nition of relevant stimuli, whereas the LoVF is often linked to “near”

or peripersonal space and, therefore, to physical interaction with our

close environment (Previc, 1990, 1998). Ultimately, this (nonabsolute)

dichotomy would explain the differential involvement of dorsal and

ventral visual processing systems, traditionally related to vision for

action and vision for perception, respectively (Goodale & Milner,

1992; Milner & Goodale, 1995), and later confirmed (e.g., Brown,

Halpert, & Goodale, 2005). Indeed, the LoVF is mostly processed by

the dorsal visual/viso-motor system and the UFV by the ventral visual

system (Gallivan, Cavina-Pratesi, & Culham, 2009; Hadjidimitrakis

et al., 2011; Pitzalis, Fattori, & Galletti, 2013; Previc, 1990, 1998;

Rossit, McAdam, Mclean, Goodale, & Culham, 2013). Importantly to

our scopes, some clues suggest a processing advantage of emotional

stimuli presented at the LoVF, since an enhanced capability of angry

faces to capture attention has been detected when presented in this

hemifield, this bias reflecting an enhanced LoVF vigilance to protect

peripersonal space according to authors (Petrova & Wentura, 2012).

Other clue on the differential processing of emotional stimuli in both

hemifields is the perceptual performance for stimuli presented at

LoVF and UVF. Since certain critical stimuli in evolutionary terms,

such as threats, tend to appear in the LoVF (Isbell, 2006), stimuli

appearing at this hemifield should present certain perceptual advan-

tage (in terms of detection and recognition). Indeed, several studies

confirm this LoVF advantage in target detection tasks (e.g., Blini

et al., 2018; Losier & Clane, 2004). Other studies exploring several

visual attributes show the LoVF advantage is limited to parameters

such as of motion, contrast and hue, whereas others, such as distance/

depth, would be better perceived for UFV stimuli (e.g., Levine &

McAnany, 2005).

Still at this second, functional level, and with respect to the hori-

zontal dimension, a bias in perception and attention to the LeVF have

been reported in response to nonemotional stimuli (see reviews in

Brooks, Della Sala, & Darling, 2014; Jewell & McCourt, 2000; but see

Hatin, Sykes Tottenham, & Oriet, 2012; this bias is named pseudo-

neglect due to the relative “neglect” of RVF). Interestingly, when stim-

uli are emotionally loaded, a LeVF bias has been also reported, as

revealed by reaction times in emotional perception/recognition tasks

(Alves, Aznar-Casanova, & Fukusima, 2009): performance is reported

to be significantly better when emotional stimuli appear in the LeFV.

These results are interpreted at the light of the two main theoretical

proposals claiming that an asymmetry exists at the cortical level

in emotional processing (Alves et al., 2009). On the one hand, some

classical proposals suggest that the right hemisphere is more involved

in emotional processing—and expression—than the left (Borod, Koff,
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Lorch, & Nicholas, 1986; Etcoff, 1986) and, on the other hand, others

theorize that the right hemisphere is more involved in negative

affect and the left hemisphere in positive emotional processes

(Davidson, 1984; Heller, 1993). Since Alves and colleagues found a

relative LeVF superiority for both positive and negative stimuli,

their data are presented as further supporting the former pro-

posal. Convergently, an earlier emotion discrimination (emotional

vs. neutral stimuli differences), as revealed by ERPs, has been

reported when emotional stimuli, positive and negative, are pres-

ented in the LeVF (Pizzagalli et al., 1999). In sum, this line of

research suggests a LeVF advantage in emotional processing.

Since scarce previous data were obtained employing a limited

number of spatial locations (usually two), we consider that a system-

atic exploration of this issue is necessary by increasing the number of

coordinates in which emotional stimuli are presented. The main scope

of this study is, therefore, to explore how the brain reacts to neutral

and emotional stimuli presented at 17 different locations (one foveal

and 16 at different peripheral para- and perifoveal coordinates). The

ERP components sensitive to the spatial location of visual stimuli

mentioned above have all been reported to be sensitive to their emo-

tional content. Thus, C1 (Pourtois, Grandjean, Sander, & Vuilleumier,

2004), P1 (Carretié et al., 2009), N1 (Keil et al., 2001), and P2

(Delplanque, Lavoie, Hot, Silvert, & Sequeira, 2004) have variable

amplitudes in response to different facial expressions or affective

scenes. Importantly, the polarity of these components recorded at a

particular scalp point changes depending on the spatial location of the

visual scene where the stimulus appears. For example, C1 and P1 pre-

sent opposite polarity for stimuli appearing in LoVF and UVF, and N1

also varies its polarity for LeVF and RVF locations (Capilla et al.,

2016). Therefore, the label “N” or “P” becomes arbitrary when these

components are evoked by stimuli presented at different spatial loca-

tions, as in the present study. Consequently, the label “PN” will be

employed here for those components presenting this space-related

positivity/negativity concurrence. Our main hypothesis is that the

emotional sensitivity of these visual components appearing in the

80–250 ms interval (labeled here, according to their temporal order,

as PN1, PN2, etc.) will be significantly modulated by the spatial loca-

tion of stimulation. More specifically, we would like to test the pro-

posed LoVF and LeVF advantage in emotional perception previously

described.

A secondary scope we considered worth exploring is whether the

parvocellular (P) versus magnocellular (M) balance of stimulation mod-

ulate the emotional effects that may be observed. Retinal projec-

tions to P and M layers of the lateral geniculate nucleus decline to

a greater extent in the former case with eccentricity (Brown et al.,

2005), resulting in a magnocellular bias for peripheral vision.

Thus, peripheral effects (including emotional peripheral effects) on

visual perception would be more pronounced for stimuli especially

designed to be better processed by the M system than those

designed to be better processed by the P system. With the idea of

testing this hypothesis in mind, we presented emotional and neutral

stimuli under two modalities: isochromatic/heteroluminant stimuli

and heterochromatic/isoluminant. These parameters have been

reported to be M and P balanced, respectively (e.g., Livingstone &

Hubel, 1988), enhancing the involvement of one visual system (P or

M) over the other (but not completely suppressing any, since P and

M systems may respond similarly to isoluminant stimuli under cer-

tain circumstances: see a review in Skottun, 2013). A recent study

(not exploring spatial location) reported that isochromatic/hetero-

luminant (i.e., M balanced) emotional stimuli presented in the

periphery captured attention to a greater extent than both P bal-

anced emotional stimuli and M balanced neutral stimuli (Carretié

et al., 2017).

2 | METHODS

2.1 | Participants

Forty-five individuals participated in this experiment, although data

from only 39 of them could eventually be analyzed, as explained later

(33 women, age range of 18–35 years, mean = 20.21, SD = 3.12). The

study had been approved by the Universidad Autónoma de Madrid's

Ethics Committee. All participants were students of Psychology, pro-

vided their informed consent, and received academic compensation

for their participation. They reported normal or corrected-to-normal

visual acuity.

2.2 | Stimuli and procedure

Participants were placed in an electrically shielded, sound-attenuated

room. They were asked to place their chin on a chinrest maintained at

a fixed distance (60 cm) from the screen (VIEWpixx®, 120 Hz)

throughout the experiment. Four types of stimuli were presented to

participants (Figure 1): 20 emotional (spiders or S) and 20 neutral

(wheels or W), which were either parvocellular—P (red figure over

green ground: heterochromatic/isoluminant condition), or mag-

nocellular balanced—M (black figure over gray background: iso-

chromatic/heteroluminant condition). Spiders are among the top five

most feared animals (Gerdes, Uhl, & Alpers, 2009), and they cause the

most prevalent phobia related to animals (Jacobi et al., 2004). Indeed,

spiders are assessed as negatively valenced stimuli by relatively large

samples in emotional picture databases (e.g., International Affective

Picture System (IAPS): Lang, Bradley, & Cuthbert, 2005; EmoMadrid:

Carretié, Tapia, López-Martín, & Albert, 2019). In order to test

whether spider silhouettes were also efficient as negatively valenced

stimuli, and wheels as neutral, these stimuli were submitted to a ques-

tionnaire in which an independent sample of 447 participants

(397 women, mean age = 19.51, SD = 1.46) rated their emotional

valence through a 7-point Likert scale that ranged from “very nega-

tive” (1) to “very positive” (7). Spiders were rated as negative

(mean = 1.704, SEM = 0.038) and wheels as neutral (i.e., in the inter-

mediate values of the scale: mean = 3.918, SEM = 0.030). Differences

between both stimuli were strongly significant (F(1,446) = 2,557.289,

p < .001, η2p = 0:852).
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The size of stimuli (figure + ground) was 4.5� × 4.5� width. Details

on the physical characteristics of the spiders and the wheels

(i.e., figure-ground luminosities—theoretical/graphical and real as mea-

sured through a TES-137® luminance meter—RGB saturations, figure

surface against background and spatial frequencies), as well as stimuli

themselves, are provided in http://www.psicologiauam.es/CEACO/

sup/SpatLoc19.htm. Differences between S and W stimuli regarding

both spatial frequencies and figure versus ground surface were not

significant (see details in the link above).

Each individual P-mode and M-mode spider and wheel appeared

three times in random order in each of the 17 locations depicted in

Figure 2. In other words, each stimulus category (SP, SM, WP and

WM) was presented 60 times in each location (3× 20 stimuli per cate-

gory). This resulted in 1,020 trials per category (60 × 17 locations),

and the total number of trials was 4,080 (1,020 × 4 categories). Each

stimulus, whatever its location, was displayed on the screen for

150 ms, and stimulus onset asynchrony was 450 ms. Participants

were instructed to look at the fixation dot at the center of the screen

all the time (position 17 of Figure 2), which was marked with a gray

circle (0.5� radius) during the interstimulus intervals. Participants were

instructed to permanently direct their gaze to the fixation dot and to

avoid any ocular movement. Total duration of the stimulus sequence

was 40.8 min, so it was divided into 10 blocks to provide brief rest

periods. In order to facilitate constant attention to stimulation, the

inter-stimulus fixation dot randomly changed its color from gray to

blue in 60 trials (0.014%), and the participants were instructed to

count these changes and report the total number after each block (this

sum was different from block to block).

2.3 | Recording and preprocessing

Electroencephalographic (EEG) activity was recorded using an elec-

trode cap (ElectroCap International) with tin electrodes. Fifty-nine

F IGURE 1 Stimuli employed in this experiment. One exemplar per category is presented at the left, and thumbnails of all stimuli are
illustrated at the right side

F IGURE 2 Stimulus size and visual locations where stimuli were
presented. A single stimulus was presented in one of these
17 locations in each trial. Fixation point was placed over position 17
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electrodes were placed at the scalp following a homogeneous distri-

bution and the international 10-20 system. All scalp electrodes were

referenced to the nosetip. Electrooculographic (EOG) data were

recorded supra- and infraorbitally (vertical EOG) as well as from the

left versus right orbital rim (horizontal EOG) in order to detect

blinkings and ocular deviations from the fixation point. An online ana-

log high-pass filter was set to 0.03 Hz; analog low-pass filtering was

not applied. Recordings were continuously digitized at a sampling

rate of 420 Hz. An offline digital Butterworth bandpass filter

(order: 4, direction: zero phase forward and reverse—twopass—filter)

of 0.3–30 Hz was applied to continuous (preepoched) data using the

Fieldtrip software (http://fieldtrip.fcdonders.nl; Oostenveld, Fries,

Maris, & Schoffelen, 2011). The continuous recording was divided

into 600 ms epochs for each trial, beginning 100 ms before stimulus

onset.

EEG epochs corresponding to trials in which the fixation dot

changed its color (see previous section) were eliminated, as well as

those corresponding to the subsequent two trials, in order to avoid

the effect of this control, irrelevant (to our scopes) task. Trials in

which ocular horizontal or vertical movements were detected (EOG

deviations over 100 μV) were automatically removed. Additionally,

blinking-derived artifacts were removed through an independent com-

ponent analysis (ICA)-based strategy (Jung et al., 2000), as provided in

Fieldtrip. After the ICA-based removal process, a second stage of

visual inspection of the EEG data was conducted in order to manually

discard trials in which any further artifact, ocular (horizontal or vertical

motion) or other type, was present. This automatic and manual rejec-

tion procedure led to the average admission of 843.5 (SD = 54.6) SP,

844.5 (53.9) WP, 839.9 (59.2) SM, and 840.4 (54.8) WM trials, the dif-

ference among stimulus categories being nonsignificant (F(3,114)

< 1.395, Greenhouse–Geisser ε corrected p = .25, η2p = 0:342 ). The

minimum number of trials accepted for averaging was 43 trials per

participant and condition (i.e., each category presented in each loca-

tion). Data from one participant were eliminated since they did not

meet this criterion. The rest of nonanalyzed participants (five) pres-

ented non solvable anomalies in the recordings of one or more EEG

leads (the integrity of all channels was necessary for spatial analyses

described later).

2.4 | Data analysis

2.4.1 | Detection, spatiotemporal characterization,
and quantification of relevant ERP components

Data reduction preserving most part of the variance resulted neces-

sary to further analyze our Emotion (two levels: S or W) × Visual

Manipulation (two levels: M or P) × 17 Locations design, taking also

into account that recordings consisted of a 59 EEG channels × 253

digitized voltages or “time points” × 4,080 trials matrix (this matrix is

openly available at https://osf.io/85nu3/). Thus, data reduction was

carried out via three-step principal component analysis (PCA), a facto-

rial procedure that, in brief, groups variables which tend to covary,

forming a single “factor” that retains most of the variance of the indi-

vidual variables that form it. Therefore, PCA reduces the original

amount of variables to a smaller one which keeps most of the original

variability. The decision on the number of factors to select in the three

PCAs was based on the scree test (Cliff, 1987), and extracted factors

were submitted to promax rotation also in all cases (Dien, 2010). This

three-step procedure is summarized in Figure 4, which also shows its

main results.

Data reduction in the time domain: temporal PCA

First, detection and quantification of prominent perception-related

temporal components was carried out through a covariance-matrix-

based temporal PCA (tPCA), a strategy that has repeatedly been rec-

ommended for these purposes (e.g., Chapman et al., 2004; Chapman &

McCrary, 1995; Dien, 2010). In brief, tPCA computes the covariance

between all ERP time points, which tends to be high between those

involved in the same component and low between those belonging to

different components. The matrix submitted to tPCA was formed by

voltages as variables (i.e., 252 voltages corresponding to 500 ms at

420 Hz: see Section 2.3) and participants × stimulus category ×

stimulus location × channels (i.e., 39 × 4 × 17 × 59 = 156,468) as

cases. Among the resulting temporal factors (TFs) selected through

the scree test previously mentioned, only those comprised in the

80–250 ms interval (see Section 1) were selected and, among them,

those most prominent in grand averages. As later explained in

Section 3, these components were PN1 and PN2. The TF scores,

which consist of a single value per TF (involving several time points)

and are linearly related to amplitudes, were submitted to the

next PCA.

Data reduction in the topography domain: scalp map PCA

Second, both PN1 and PN2 TF scores resulting from the previous

tPCA were submitted to scalp map PCA (sPCA). This PCA provides a

reliable division of the scalp into the different regions or scalp factors

(SFs) in which each TF is distributed. Basically, each scalp map factor

(e.g., a frontal or a posterior factor) is formed with the scalp points

(i.e., electrode locations) where recordings tend to covary. Each input

matrix (one for PN1 and another for PN2) consisted of 59 variables

(i.e., EEG channels) and 2,652 cases (i.e., participants × stimulus

category × stimulus location). In this case, no restrictions were intro-

duced for factor selection besides the scree test, since some relevant

components may present both anterior and posterior scalp maxima

for different stimulus locations (e.g., P2: Capilla et al., 2016). PN1 and

PN2 SF scores, which consist of a single value per SF (involving sev-

eral electrodes) and are linearly related to amplitudes, were then sub-

mitted to a subsequent PCA.

Data reduction in the stimulus location domain: visual location PCA

Third, a visual location PCA (vPCA) was performed in order to detect

the stimulus locations in which PN1 and PN2 SF amplitudes (or SF

scores) covaried, grouping these locations into a reduced number of

“visual location factors” (VFs) explaining most of the original variance.

Each matrix introduced in vPCAs (one for each SF in which PN1 and
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PN2 were decomposed) consisted of 17 variables (stimulus locations)

and 156 cases (participants × stimulus category). Regarding the selec-

tion criteria, the scree test was used except if it did not include a

foveal VF. If this occurred, the number of selected factors was

increased up to the first foveal factor to ensure that subsequent ana-

lyses (see next section) allowed to test both foveal and peripheral

effects in every relevant ERP temporal and SF. The resulting VF

scores consist of a single value per VF (involving several stimulus loca-

tions) and are linearly related to amplitudes, were those submitted to

the analyses described in the next section.

2.4.2 | Analyses of experimental effects

Experimental effects on PN1 and PN2 were tested by introducing

Emotion (two levels: S and W) and Visual Manipulation (two levels: P

and M) as within-subject factors in repeated-measures analysis of

variances (ANOVAs) carried out for VF scores. As explained above,

each VF score summarizes the amplitude of a particular PN1 or PN2

spatial factor in response to a group of visual locations which tend to

elicit similar (covariating) responses. Effect sizes in these ANOVAs

were computed using the partial eta-square (η2p ) method. Post hoc

comparisons to determine the significance of pairwise contrasts in

potential interactions were performed using the Bonferroni correction

procedure.

3 | RESULTS

3.1 | Detection, spatiotemporal characterization
and quantification of ERP components

Figure 3 shows a selection of grand averages after subtracting the

baseline (prestimulus) activity from each ERP. These grand averages

correspond to medial and lateral parieto-occipital areas, where the

experimental effects, discussed later, were most prominent. An impor-

tant pattern of response already observable in the grand averages is

worth mentioning at this point: PN1 and PN2 are the most prominent

components within the 80–250 ms window in most grand averages

and are those that appear to be sensitive to the experimental manipu-

lation. They are labeled “PN” since they present opposite polarity at

parieto-occipital areas in response to stimuli presented in UVF and

LoVF, being therefore “both” positive and negative.

Figure 4 summarizes main results (see also Section 2.4). First ana-

lytical step consisted in detecting and quantifying these components

through a tPCA. Seven TFs were extracted by tPCA and submitted to

promax rotation. Factor peak-latency and topography characteristics

revealed TF6 and TF4 as the critical components, since the former

was associated with PN1 (peak latency ’ 120 ms) and the latter with

PN2 (’215 ms). Next, sPCAs applied to these two relevant TFs

decomposed PN1 into five SFs or regions and PN2 into three SFs. In

all cases, the SF scores (equivalent to the global amplitude of a scalp

F IGURE 3 Grand averages at two anterior (F5 and F6) and two posterior (P5 and P6) electrodes in response to stimuli presented at fixation
and at four peripheral positions (UVF-LeVF, UVF-RVF, LoVF-LeVF, LoVF-RVF). “Shadows” surrounding lines represent the standard error of
means
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region, as previously explained) were extracted per subject and condi-

tion in each SF. Finally, SF scores from these eight SFs (five

corresponding to PN1 and three to PN2) were submitted to vPCAs,

which reduced the 17 scalp locations to a range of 2–7 VFs,

depending on the SF (Figure 4 and Table 1). VF scores were those

finally submitted to ANOVAs to test experimental effects, as

explained in Section 2.

3.2 | Experimental effects

Table 1 shows the mean and the standard error of means of all VF fac-

tor scores (linearly related to amplitudes, as indicated) derived from

each PN1 and PN2 SFs. These factor scores were submitted to

repeated-measures ANOVAs introducing Emotion (S, W) and Visual

Manipulation (M, P) as factors. In those VFs in which Emotion yielded

significant effects, main effects of Visual Manipulation and the

Emotion × Visual Manipulation interaction are also relevant to test

whether Emotion effects are modulated by the P/M balance of stim-

uli. Table 2 shows the results of all ANOVA contrasts, which will be

summarized next.

3.2.1 | PN1 (120 ms)

ANOVAs yielded significant results only for a SF with bilateral occipi-

tal distribution (SF2, Figure 4 and Table 2). Concretely, this posterior

PN1 (PN1p) SF showed significant main effects of Emotion in VF6,

F IGURE 4 Three-step principal component analysis (PCA) analysis structure. First, the temporal PCA (tPCA) extracted temporal factors
(TF) or components from original recordings, being PN1 and PN2 those relevant to our study. Second, these PN1 and PN2 TF scores were
submitted to scalp PCAs (sPCA), which decomposed them into two and four scalp factors (SFs) respectively (only those finally yielding significant
effects are shown). And third, visual location PCA (vPCA) grouped the 17 visual locations in a reduced set of visual location factors (VFs; only
those finally yielding significant effects are shown). Significant differences in square brackets: I = Spiders > Wheels, II = Magno > Parvo,
III = Parvo > Magno
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corresponding to responses to stimuli presented at fovea (F(1,38) =

4.198, p = .047, η2p = 0:099 ), an S >W difference being observed

(Figure 4). Main effects of Emotion did not reach significance in any

peripheral VF. With respect to the main effect of Visual Manipulation

and the Emotion×Visual Manipulation interaction in VF6, effects

were all nonsignificant (Table 2).

3.2.2 | PN2 (215 ms)

Significant effects of Emotion were more spread in PN2 according to

ANOVAs, S > W differences being observed at all the three SFs

extracted for this temporal component (Figure 4b and Table 2): ante-

rior PN2 (PN2a), at mid-left posterior (PN2p-ml), and right posterior

PN2 (PN2p-r). In the case of PN2a, significant S > W differences were

observed in both VFs extracted for this spatial factor: VF1, which was

a “global periphery” VF with similar load in peri- and parafoveal loca-

tions (Figure 4c), and VF2, eminently foveal: F(1,38) = 12.224,

p = .001, η2p = 0:243 and F(1,38) = 6.694, p = .014, η2p = 0:150, respec-

tively. Main effects of Visual Manipulation reached significance in

both location factors, but in different directions: M>P in response to

peripheral stimuli (VF1) and P>M in response to foveal stimuli (VF2):

F(1,38) = 7.996, p = .007, η2p = 0:174 and F(1,38) = 13.718, p = .001,

η2p = 0:265, respectively. No significant Emotion×Visual Manipulation

interactions were observed in any ANOVA on these two location

factors.

With respect to PN2p-ml, main effects of Emotion were signifi-

cant only in response to peripheral presentations. Concretely, S > W

differences were observed in VF2, a peripheral factor involving

responses to the lower hemifield with maximal loads both at para-

and perifoveal coordinates: F(1,38) = 6.689, p = .014, η2p = 0:150

(Figure 4c). Visual Manipulation and the Emotion×Visual Manipula-

tion interaction resulted not significant in this VF.

Finally, as regards PN2p-r, Emotion factor yielded significant

S > W differences in VF2 and VF3, both peripheral and showing maxi-

mal loads both at para- and perifoveal coordinates. As illustrated in

Figure 4c, the former included responses to stimuli presented in the

right hemifield and the latter including those presented in the lower

visual hemifield: F(1,38) = 5.705, p = .022, η2p = 0:131 and F(1,38) =

10.692, p = .002, η2p = 0:220 , respectively. Main effects of Visual

TABLE 2 Main outputs (F, probability—f—and effect size—η2p) yielded by the two-way ANOVA for factor Emotion (two levels: S, W)

PN1 (120 ms) PN2 (215 ms)

SF1 SF2 SF3 SF4 SF5 SF1 SF2 SF3

Anterior Mid-occip Post-right Post-left Central Anterior Post-mid left Post-right

VF1 F 0.359 3.511 2.199 0.001 3.191 12.224 (7.996) [2.766] 2.164 0.137

p .553 .069 .146 .974 .082 .001 (.007) [.104] .15 .714

η2p 0.009 0.085 0.055 <0.001 0.077 0.243 (0.174) [0.068] 0.054 0.004

VF2 F 0.102 1.14 2.176 0.001 0.507 6.694 (13.718) [0.180] 6.689 (2.917) [1.275] 5.705 (1.875) [0.455]

p .751 .292 .148 .982 .481 .014 (.001) [.673] .014 (.096) [.226] .022 (.179) [.504]

η2p 0.003 0.029 0.054 <0.001 0.013 0.150 (0.265) [0.005] 0.150 (0.071) [0.032] 0.004 (0.075) [0.012]

VF3 F 0.918 0.01 0.961 2.452 2.841 1.211 10.692 (0.376) [1.592]

p .344 .921 .333 .126 .1 .278 .002 (.544) [.215]

η2p 0.024 <0.001 0.025 0.061 0.07 0.031 0.220 (0.010) [0.040]

VF4 F 0.038 1.222 0.378 0.001 3.333 2.23

p .846 .276 .542 .982 .076 .144

η2p <0.001 0.031 0.01 <0.001 0.081 0.055

VF5 F 0.162 0.818 1.412 2.05

p .688 .371 .242 .16

η2p 0.001 0.021 0.036 0.051

VF6 F 0.468 4.198 (0.352) [0.042] 2.806 2.962

p .495 .047 (.556) [.001] .102 .093

η2p 0.003 0.099 (0.009) [0.001] 0.069 0.072

VF7 F 1.668 1.491

p .204 .23

η2p 0.042 0.038

Note: Significant results are shown in bold letters. Where Emotion resulted significant, Visual Manipulation (M, P) results are of relevance and provided in

brackets (in square brackets, results of the Emotion × Visual Manipulation interaction). Degrees of freedom were 1 and 38 for main effects of both factors

and for their interaction. SF, scalp factor; VF, visual location factor.
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Manipulation, and the Emotion×Visual Manipulation interaction, did

not reach significance in any of both VFs.

In order to analyze the weight of LoVF, UVF, LeVF, and RVF on

the observed effects, as well as those of parafoveal and perifoveal

locations, the vPCA loads for each visual location in those PN2p

factors showing Emo > Neu (S>W) effects described in previous

paragraphs (PN2p-ml and PN2p-r), were quantified. Table 3 shows

the average load of LoVF, UVF, LeVF, RVF, parafoveal, and peri-

foveal positions in these factors as well as the results of Student's

T contrasts for the horizontal dimension (LeVF vs. RVF), the vertical

dimension (LoVF vs. UVF), and the eccentricity (para- vs. perifovea).

Significant differences were observed in the horizontal dimension

(LeVF > RVF, t(5)= −4.804, p = .005), in the vertical dimension

(LoVF > UVF, t(5)= −3.161, p = .025), but not in the eccentricity

dimension (t(7) = 0.363, p = .727).

4 | DISCUSSION

The main scope of this study was exploring neural responses to emo-

tional stimuli, as compared to neutral, presented at a wide range of

locations within the visual field (one foveal and 16 at different periph-

eral peri- and parafoveal coordinates). In other words, our aim was

testing a sort of emotional retinotopy, disentangling whether emo-

tional effects are modulated by the coordinates of the visual field in

which they appear. As indicated, the distribution of visual ERP compo-

nents as a function of the stimulus location irrespective of emotional

effects was out of our focus, and has been previously and exhaus-

tively covered (e.g., Capilla et al., 2016; Clark et al., 1995; Di Russo

et al., 2005; Di Russo, Martinez, Sereno, Pitzalis, & Hillyard, 2002). A

main, initial result is that ERP perception-related temporospatial com-

ponents PN1 and PN2 show an “Emo > Neu effect” (i.e., they are sen-

sitive to the emotional load, showing greater amplitudes to

emotional—spiders—than to neutral stimuli—wheels) even when stim-

uli are presented at the periphery of the visual field. This result is in

line with previous studies showing efficient detection of emotional

stimuli presented out of fixation and at different eccentricities

(Bayle et al., 2009; Calvo et al., 2008; Carretié, Albert, et al., 2013;

Carretié, Kessel, et al., 2013; Rigoulot et al., 2011, 2012). Next, the

spatial modulation of the Emo > Neu effect is described.

First, PN1p, peaking at 120 ms, has revealed to be a “foveal com-

ponent” with respect to its sensitivity to the emotional load of stimu-

lation, showing the Emo > Neu effect only when stimuli appear at

fixation. P1p has previously shown to be sensitive to affective content

of negatively valenced stimulation presented at fixation (e.g., Carretié

et al., 2004; Holmes, Nielsen, & Green, 2008; Luo, Feng, He, Wang, &

Luo, 2010), but these studies did not present additional stimuli at

peripheral locations. This study reveals that affective-related pro-

cesses reflected in P1p are biased towards cone-dependent and, con-

sequently, parvocellular-dependent visual processing. This in line with

previous studies showing that P1p reflects cone-biased exogenous

attention to salient events (Carretié & Ruiz-Padial, 2016). However,

this bias may not occur in certain circumstances, as P1p enhanced

responses to emotionally negative stimuli appearing out of fixation

have also been reported in attentional tasks (Carretié et al., 2009),

although these peripheral stimuli were not compared with stimuli

presented at fixation since visual location was not explored. Future

experiments are needed to further characterize P1p as a function of

emotional and spatial location manipulations. Interestingly, the fact

that P1p did not show Emo > Neu effects in response to peripheral

stimuli, and that these peripheral effects are observed later, as we are

about to see, suggests that foveal emotional recognition is faster than

peripheral, at least as reflected by ERPs. To the best of our knowl-

edge, latencies of emotional effects in foveally versus peripherally

projected stimuli have not been previously explored, and even

research on nonemotional recognition speeds for stimuli presented at

fixation or at the periphery is very scarce. The main clues on this issue

proceed from studies on reading speed, which indicate that peripheral

processing is indeed slower than foveal vision (Chung, 2002; Latham &

Whitaker, 1996). Present results suggest that this foveal temporal

advantage could extend to emotion perception.

Later, PN2 (215 ms) was also sensitive to the emotional load of

pictures. On the one hand, PN2a, showed the Emo > Neu effect both

when stimuli were presented at fixation and at the periphery. With

respect to the periphery, the most relevant to our scopes, the

Emo > Neu effect was observed in all coordinates, and both at peri-

foveal and at parafoveal locations. Therefore, PN2a seems not to be

modulated by the horizontal or vertical dimensions. On the other

hand, PN2p also showed Emo > Neu significant differences, but in this

case only if they were presented in the periphery, both at para- and

perifoveal areas. Importantly, these effects did not show clear contra-

laterality, since right and left PN2p (PN2p-ml and PN2p-r, respec-

tively) showed Emo > Neu effects mainly in response to stimuli

presented in ipsilateral locations, or similar Emo > Neu effects to stim-

uli presented contra- and ipsilaterally. This may seem to conflict previ-

ous data on N2pc, an ERP component showing similar latency and

distribution to present PN2p, but showing greater Emo > Neu effects

to contralateral stimuli (e.g., Holmes, Bradley, Kragh Nielsen, & Mogg,

2009). However, these data were obtained in tasks where two differ-

ent facial expressions simultaneously presented at the left and right

TABLE 3 Mean and standard error of means of loadings of each
LoVF (locations 6–8 and14–16 in Figure 1), UVF (2–4 and 10–12),
LeVF (1, 2, 8–10 and 16), RVF (4–6 and 12–14), parafoveal (9–16)
and perifoveal locations (1–8)

Mean SEM T df p

LeVF 0.090 0.050 −4.804 5 .005

RVF 0.312 0.060

LoVF 0.077 0.037 −3.161 5 .025

UVF 0.362 0.054

Para 0.202 0.048 −0.363 7 .727

Peri 0.218 0.078

Note: Student's T contrasts for the horizontal dimension (LeVF vs. RVF),

the vertical dimension (LoVF vs. UVF), and the eccentricity (para-

vs. perifovea) are also presented (df = degrees of freedom).
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hemifields, conditions that are far from those employed here.

According to present data, and at least in response to nonfacial emo-

tional stimuli, the Emo > Neu effect is not contralateral.

The peripheral Emo > Neu effect observed in PN2p pointed

against the LeFV bias suggested in previous literature. Rather, this

effect was observed to a greater extent for stimuli presented at the

RVF: responses to stimuli presented at the set of right hemifield loca-

tions loaded higher than those presented at the left in visual factors

showing the Emo > Neu effects observed in PN2p. This finding appar-

ently fails to support the “right hemisphere hypothesis” of emotional

perception (Alves et al., 2009; Pizzagalli, Regard, & Lehmann, 1999),

which suggests faster and more accurate recognition of emotional

stimuli presented at the LeFV as compared to the RFV, a bias inter-

preted as an index of right hemisphere preferential involvement in

emotional processing—and expression (Borod et al., 1986; Etcoff,

1986), or in negative affect (Davidson, 1984; Heller, 1993). Our

results suggest that, at least in response to nonfacial stimuli (both

Alves et al., 2009 and Pizzagalli et al., 1999, presented emotional

expressions to their participants), this right hemisphere advantage is

not evident at the ERP level. At this respect, it is important to note

that significant ERP differences in early components are appreciated

in response to facial vs nonfacial emotional stimuli presented to the

same subjects and under the same experimental paradigm (Carretié,

Kessel, et al., 2013). This finding is in line with meta-analyses failing to

report a right hemisphere advantage at least in response to negative

stimuli (Kober et al., 2008; Murphy, Nimmo-Smith, & Lawrence, 2003;

Phan, Wager, Taylor, & Liberzon, 2004). Taking into account that the

scarce available data yield inconsistent results, additional research

seems necessary employing different kinds of emotional stimuli and

experimental paradigms in order to further define possible horizontal

biases in emotional processing.

Regarding the vertical dimension, both PN2pr and PN2pml

showed Emo > Neu effects mainly when stimuli appeared in the LoVF:

responses to stimuli presented at this hemifield loaded to a signifi-

cantly greater extent in visual factors showing the Emo > Neu effects

observed in PN2p. To our knowledge, no previous studies exist com-

paring N2p or P2p (or any other ERP component) amplitudes to emo-

tional stimuli presented at LoVF and UVF. However, as indicated in

the Introduction, previous behavioral—oculomotor—data converge

with present results in that attentional capture is biased towards emo-

tional stimuli presented in the LoVF (Petrova & Wentura, 2012). Ulti-

mately, this bias could reflect the evolutionary advantage of

preferentially directing processing resources to the lower part of the

visual scene, often linked to the peripersonal and more proximal envi-

ronment (Petrova & Wentura, 2012; Previc, 1990, 1998), and to cer-

tain fearful stimuli appearing at close (and dangerous) distances such

as the majority of animals potentially causing harm to humans

(Isbell, 2006).

The vertical and horizontal peripheral Emo > Neu effects

observed in PN2p were similar for stimuli presented at parafovea and

perifovea. Indeed, responses to both para- and perifoveally presented

stimuli loaded similarly in PN2p factors showing these effects. This

finding is in line with studies finding a differential ERP response to

emotional stimuli (with respect to neutral) presented even 15� or

more away from fixation (Carretié, Albert, et al., 2013; Rigoulot et al.,

2011, 2012). Therefore, efficient perception of emotional stimuli

seems not to be significantly modulated by eccentricity.

The secondary scope explored in this study was testing whether

the parvocellular versus magnocellular balance of stimulation modu-

late the observed Emo > Neu effects. This balance yielded significant

main effects in the PN2a component, where M stimuli elicited greater

amplitudes than P when presented in the periphery (regardless the

vertical or horizontal hemifield), and P stimuli elicited greater ampli-

tudes than M when presented at fixation. This confirms a greater

involvement of the magnocellular system in peripheral perception,

and of the parvocellular pathway in foveal vision (Brown et al., 2005).

However, these M/P balance effects were observed for both spiders

and wheels. Therefore, present results suggest that at the perceptual

levels explored here, a main effect of emotion and a main effect of

M/P balance is observed in certain ERP components, but the integra-

tion of both effects in the form of interaction (i.e., enhanced

processing of M-biased emotional stimuli), if produced, would be car-

ried out in postperceptual neural mechanisms. This lack of interaction

at the perceptual level, along with the observation that stimuli projec-

ted to both foveal and peripheral areas of the retina (P and M biased,

respectively) elicited the Emo > Neu effects in PN1p and PN2a, lead

to conclude that both M and P systems are equally efficient in per-

ceiving emotional load in our environment. In a recent experiment

using also isoluminant and heteroluminant stimulation, we observed

an interaction of emotional content and M/P balance in such a way

that M-biased spiders elicited the highest N2p amplitudes (signifi-

cantly greater than both M-biased wheels and S-biased spiders;

Carretié et al., 2017). However, this study (which did not test different

locations) employed an exogenous attention task that required a

response in each trial (spiders and wheels, which were presented

always at the same location, were used as distractors in a digit catego-

rization task), which was not the case in the present study. Therefore,

while parvo- and magnocellular systems appear to be equally involved

in the perception of peripheral static stimuli whatever their emotional

content, attention processes may show enhanced involvement of

magnocellular visual processing (at this respect, see a review in

Carretié, 2014).

A relevant but scarcely explored question related to this study is

which characteristics imbue a stimulus (even a simple representation

of it, such as a silhouette), with emotional load and hence, with

privileged access to perception. Morphological characteristics are

probably among the most relevant (Gerdes et al., 2009). For example,

a slight manipulation of a schematic flower drawing so its petals

remotely resemble legs is enough for spider-phobic participants to

rate them as more negative than control participants (Kolassa et al.,

2007). In the present study, some wheels may resemble spiders

except for the fact that leg tips (i.e., wheel radia) are “joined” by a cir-

cumference, and this is sufficient to neutralize any emotional content

or perceptual advantage. In relation to this, and whereas the emo-

tional content of spider silhouettes was clear and significant as com-

pared to wheels, as explained in Section 2.2, the potential influence of
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other factors contributing to saliency of the former in the observed

effects, such as their animated (or animal) nature, absent in the latter,

may not be discarded. This limitation could be overcome in future

studies by further disentangling potential factors that may modulate

the processing of visual stimuli as a function of their spatial location.

5 | CONCLUSIONS

In sum, several conclusions may be extracted from this study. First,

our data confirm that emotional, salient stimuli presented in the

periphery are efficiently perceived, and this occurs in both parafovea

and perifovea, with not an evident decrease from one to another. Sec-

ond, they suggest that peripheral Emo > Neu effects, which are first

observed in PN2, occur later than foveal Emo > Neu effects, observed

in PN1p. Third, a vertical bias consisting of greater involvement of

LoVF locations than UVF locations in the Emo > Neu effect is

observed. Fourth, and regarding the horizontal dimension, the percep-

tual Emo > Neu effect loaded to a greater extent towards stimuli pres-

ented at RVF than at LeVF, failing to support the “right hemisphere

advantage” hypothesis in the processing of negative emotional stimuli,

at least at the perceptual level. And fifth, the observed Emo > Neu

effects were not modulated by their M/P physical condition (i.e., their

figure-ground luminance or chromatic characteristics), leading to con-

sider both magnocellular and parvocellular systems as equally efficient

to perceive emotional load. This first attempt to explore how the per-

ception of emotional stimuli is modulated by their location in the

visual scene should be followed by further steps exploring more com-

plex processes beyond perception, such as attention, memory or exec-

utive processes, and introduce other types of stimulation representing

different affective loads.
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