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Fearful facial expressions are prioritized across different information processing stages, as

evident in early, intermediate, and late components of event-related brain potentials

(ERPs). Recent studies showed that, in contrast to early N170 modulations, mid-latency

(Early Posterior Negativity, EPN) and late (Late Positive Potential, LPP) emotional modula-

tions depend on the attended perceptual feature. Nevertheless, several studies reported

significant differences between emotional and neutral faces for the EPN or LPP components

during distraction tasks. One cause for these conflicting findings might be that when faces

are presented sufficiently long, participants attend to task-irrelevant features of the faces.

In this registered report, we tested whether the presentation duration of faces is the critical

factor for differences between reported emotional modulations during perceptual

distraction tasks. To this end, 48 participants were required to discriminate the orientation

of lines overlaid onto fearful or neutral faces, while face presentation varied (100 msec, 300

msec, 1,000 msec, 2,000 msec). While participants did not need to pay attention to the

faces, we observed main effects of emotion for the EPN and LPP, but no interaction between

emotion and presentation duration. Of note, unregistered exploratory tests per presenta-

tion duration showed no significant EPN and LPP emotion differences during short dura-

tions (100 and 300 msec) but significant differences with longer durations. While the

presentation duration seems not to be a critical factor for EPN and LPP emotion effects,

future studies are needed to investigate the role of threshold effects and the applied an-

alytic designs to explain conflicting findings in the literature.

© 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Rapid detection of potential threats, even when irrelevant for

the current task, is important for humans to react adequately.

The reaction to threat varies greatly between people, while the

increased attention to threatening stimuli and attentional

capture by threat-related stimuli are reported in clinical and

non-clinical populations (for views and reviews, see Bar-Haim,

Lamy, & Glickman, 2005; Cisler & Koster, 2010). Some theo-

retical accounts suggest that emotional information is, at least

to a certain extent, immune to attentional manipulations

(Vuilleumier & Huang, 2009; see also Carreti�e, 2014). Such ac-

counts are based on findings that differential emotion pro-

cessing during distraction tasks or limited stimulus exposure

has been interpreted as an automatic response to emotional

information. This assumed rapid and automatic processing of

emotional information, for example, demonstrated for

subliminally presented fearful faces (e.g., see Pegna, Landis, &

Khateb, 2008; Smith, 2012), has been suggested to be better

captured by electrophysiological methods due to the high

temporal sensitivity (e.g., see Brosch & Wieser, 2011; Straube

et al., 2011). Other views propose that the processing of

emotional stimuli strongly depends on available resources

(e.g., see Pessoa, 2009; Pessoa, Oliveira, & Pereira, 2013). Ac-

cording to this view, available resources can be limited by

conflicting goal-relevant attention tasks or perceptual infor-

mation that has to be discriminated (see also Lavie, 2005; Lavie,

Beck, & Konstantinou, 2014), reducing the ability to process

task-irrelevant features, such as emotional information. In line

with this latter view, Lim, Padmala, and Pessoa (2008) found

that threat stimuli are processed in the same fronto-parietal

areas as the attention network and concluded that attention

tasks and threat processing require at least partly the same

cognitive resources. Pessoa (2009) reasoned that perceptual

competition takes place in the visual cortex and emotional

stimuli have an advantage in these competitions. However,

this advantage for processing emotional stimuli depends on

available processing resources (Pessoa, 2009).

Fearful faces are highly relevant for humans because they

provide information about danger, eliciting a processing

advantage compared to neutral faces concerning specific

event-related potentials (ERPs; e.g., see Eimer & Holmes, 2007;

Hinojosa, Mercado, & Carreti�e, 2015; Schindler & Bublatzky,

2020). This is typically reflected in an increase of the N170

(for a meta-analysis, see Hinojosa et al., 2015), the Early Pos-

terior Negativity (EPN; e.g., see Frühholz, Fehr, & Herrmann,

2009; Walentowska & Wronka, 2012), and the Late Positive

Potential (LPP; e.g., see Frühholz et al., 2009; Santos, Iglesias,

Olivares, & Young, 2008). A recent review shows that

emotion effects can be reliably observed for all three ERP

components, while especially late emotion effects depend

stronger on the used task properties (Schindler & Bublatzky,

2020). Furthermore, emotional modulations of the N170 have

also been influenced by preprocessing characteristics, showing

smaller emotion effects when using a reference close to the

electrodes of interest (mastoid reference) compared to an

average reference (Rellecke, Sommer, & Schacht, 2013). These

three ERP components index different processing stages of the

face and emotional expression. The N170 is a structural and
configural encoding component, being increased by faces in

contrast to objects (Eimer, 2011). The EPN is a mid-latency

component and indexes early attentional selection, where

task and emotion processing have been found to co-occur

(Jungh€ofer, Bradley, Elbert, & Lang, 2001; Schupp et al., 2007).

The LPP indicates more elaborate stimulus evaluation and

controlled attention processes and is most vulnerable towards

competing tasks or goals (Hajcak, Dunning, & Foti, 2009b;

Schupp, Flaisch, Stockburger, & Jungh€ofer, 2006).

In line with the notion of the above-outlined idea of the

mandatory processing of emotional information, ERP studies

showed increased N170 amplitudes for fearful expressions,

neither affected by attention task nor by load manipulations

(e.g., see Itier & Neath-Tavares, 2017; Neath-Tavares & Itier,

2016; Rellecke, Sommer, & Schacht, 2012; Schindler,

Bruchmann, Steinweg, Moeck, & Straube, 2020; Schindler,

Bruchmann, Gathmann, Moeck, & Straube, 2021). Further,

studies reported increased EPN or LPP amplitudes for

emotional expressions during perceptual distraction tasks

(e.g., see Frühholz, Jellinghaus, & Herrmann, 2011a; Hudson,

Durston, McCrackin, & Itier, 2021; Durston & Itier, 2021;

Vald�es-Conroy, Aguado, Fern�andez-Cahill, Romero-Ferreiro,

& Di�eguez-Risco, 2014; Wu, Müller, Zhou, & Wei, 2019).

These studies required participants to monitor fixation cross

changes (Frühholz et al., 2011a), or had participants to

discriminate overlaid symbols (Vald�es-Conroy et al., 2014),

numbers (Wu et al., 2019), or the length of overlaid lines

(Müller-Bardorff et al., 2016). Other studies used working-

memory-related distraction tasks, having participants

memorize either six- or two-letter arrays (MacNamara,

Schmidt, Zelinsky, & Hajcak, 2012). In contrast to these find-

ings, more recent studies showed that mid-latency (EPN) ef-

fects depend on attention directed to the face. These studies

used either a peripheral letter identification task, or required

participants to discriminate the orientation of overlaid lines

(horizontal vs vertical), or asked participants to detect color

changes from peripherally rotating dots (Schindler,

Bruchmann, et al., 2020; Schindler et al., 2021; Schindler,

Caldarone, Bruchmann, Moeck, & Straube, 2020; Schindler

et al., 2021). EPN differences between fearful and neutral

faces are absent when attention was directed to perceptual

overlaid lines (Schindler, Bruchmann, et al., 2020), or when

faces follow shortly (i.e., 100, 300, or 600 msec) after a

demanding preceding perceptual load task (Schindler,

Caldarone, et al., 2020). In addition, late effects (LPP) were

found to depend even on attention to the emotional expres-

sion (e.g., see Rellecke et al., 2012; Schindler, Bruchmann,

et al., 2020; but absent interactions are also reported, see

Hudson et al., 2021). Based on these findings, it might be

concluded that later ERP components are increasingly

dependent on attention to emotionally relevant information

for significantly increased amplitudes. This can be explained

by the assumed different functions of these ERP components,

where early, face-sensitive, and reflexive N170 modulations

seem almost not constrained by attention tasks (also beyond

facial expressions, see Schindler et al., 2021; Baum & Abdel

Rahman, 2021). The subsequent EPN index early salience

detection and thus might share features with other similar

negativities of early attention-related components, such as

the Visual Awareness Negativity (VAN, Koivisto & Revonsuo,
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2010) or the N2PC (e.g., see Eimer & Kiss, 2007). Differential

processing at the EPN stage might be a prerequisite for addi-

tional, emotion-related, evaluative, and elaborate stimulus

processing during later processing stages (LPP), recently

leading to the notion of the EPN as a bottleneck for emotional

awareness of stimuli and further selective attention processes

(e.g., see Schindler, Caldarone, et al., 2020).

We identified that variations in the stimulus presentation

duration best discriminate between studies reporting present

or absent emotional EPN or LPP differences. All of the studies

discussed above that report neither EPN nor LPP emotion ef-

fects presented faces very briefly (100 msec) during the

perceptual distraction task (Schindler, Bruchmann, et al.,

2020; Schindler et al., 2021; Schindler, Caldarone, et al., 2020;

Schindler et al., 2021). A study using an exposure time of 150

msec reports EPN but no LPP emotion effects (Müller-Bardorff

et al., 2016). Studies using 300e500 msec report either EPN or

LPP, or even both ERPs to be increased for emotional expres-

sions (Frühholz et al., 2011a; Vald�es-Conroy et al., 2014; Wu

et al., 2019). Finally, a 2,000 msec face presentation study re-

ported relatively large emotion differences during the LPP

window (MacNamara et al., 2012). Therefore, we suggest

another factor to be relevant: The duration of stimuli being

presented, enabling different perceptions and processing of

emotion-related features of the face. Here, Nobre and van Ede

(2018) highlighted the importance of temporal expectation.

Temporal expectation, especially for the stimulus onset and

the stimulus duration, can lead to the enhanced processing of

specific features, in this case, emotional features of the

anticipated stimuli presented. We suggest that when partici-

pants expect presentation duration to be short, attention will

be focused to the task-relevant feature to resolve the task at

hand. When the presentation duration exceeds the time

necessary to resolve the task, processing resources become

available for the processing of emotional features, not

necessary in serial order (i.e., when participants are aware

that a perceptual task can be solved even when attending to

facial features, these might be processed already at stimulus

onset). The latter point might be crucial in also explaining the

heterogeneity of reported emotion effects during distraction

tasks, as switches between the task and emotion-related

stimulus features are likely divergent and depend further on

the task difficulty.

Following our idea that face presentation duration is crit-

ical to observe conflicting emotion effects during the EPN and

LPP time window, we aim to test if the increasing duration of

face presentation is the critical factor of EPN and LPP ampli-

tude enlargements for fearful faces. We choose the four most

commonly used presentation durations (100 msec, 300 msec,

1,000 msec, and 2,000 msec, see Schindler & Bublatzky, 2020)

to investigate whether this affects emotional differences

during the EPN and LPPwindow. Participantswill be presented

with fearful and neutral faces and instructed to respond to

thin lines displayed above the faces. This task has been shown

to effectively abolish EPN and LPP emotional modulations for

a presentation duration of 100 msec (Schindler, Bruchmann,

et al., 2020; Steinweg, Schindler, Bruchmann, Moeck, &

Straube, 2021). Crucially, fearful-neutral differences are ex-

pected to interact with the presentation duration for the EPN

and LPP (see Table 1).
Precisely, we expected increasing emotion effects with

increasing presentation duration, while block-order was

counterbalanced across conditions. As secondary analyses,

we tested presentation duration and emotion interactions for

the N170 for completeness. Here, we did not expect in-

teractions. We included further control and explorative ana-

lyses. First, we tested for interactions between emotion and

presentation duration for accuracy and reaction times. Sec-

ondly, we used an online evaluation of eye gaze behavior. The

experimental presentation stopped whenever participants'
gaze deviated more than 3� at a radius around the fixation

mark. Finally, we carried out explorative analyses and used

group ICAs to explore possible different processes during the

late positive potential and compared these findings to unre-

stricted ERP component analyses. The approved Stage 1

manuscript associated with this Registered Report may be

accessed at https://osf.io/ry5s6.
2. Methods

2.1. Participants

In total, the data sampling plan was designed to examine 48

participants, for which power calculations using G*Power

3.1.7 (Faul et al., 2009) show a power of >95% to detect the

smallest effect size of interest in our pilot study (hp
2 ¼ .038).

Fifty-nine participants were examined, from which 11 par-

ticipants were excluded due to the EEG exclusion criteria of

the number of bad electrodes or rejected trials. Participants

were given written informed consent and received 10 Euros

per hour for participation. The remaining 48 participants (36

female, 11 male, 1 diverse) were 18 to 34 years old (M ¼ 23.67,

SD ¼ 3.93), had normal or corrected-to-normal vision, were

right-handed, and with no reported history of neurological or

psychiatric disorders. Exclusion criteria concerning EEG data

were defined as more than two interpolated electrodes within

the sensor clusters of interest formain analyses (i.e., EPN, LPP)

or more than ten interpolated sensors in total. Further EEG

exclusion criteria were less than 50% kept trials in a single

condition, ensuring sufficient trials for ERP analyses. Behav-

ioral exclusion criteria were a mean performance lower than

80% correct responses, ensuring that participants followed the

task instructions.

2.2. Stimuli

The facial stimuli were taken from the Radboud Faces Data-

base (Langner et al., 2010) and from the Jena3D face database

(J3DFD, see Itz, Golle, Luttmann, Schweinberger, & Kaufmann,

2017). Greyscale photographs of 16 males and 16 females from

the Radboud and from the J3DFD database with cropped hair,

ears, and neck were used (see Fig. 1), depicting 64 different

identities (32 male and 32 female) with either neutral or

fearful expressions. This reduced stimulus repetition effects

that are reported to elicit habituation in the amygdala from

fMRI (Breiter et al., 1996; Ishai, Pessoa, Bikle, & Ungerleider,

2004) and intracranial recordings (Guex et al., 2020). Lumi-

nance was matched for the face stimuli using the SHINE

toolbox (Willenbockel et al., 2010). Each face stimulus had a
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Table 1 e Research questions, hypotheses, analysis, and interpretation.

Question Hypothesis Sampling plan Analysis Plan Interpretation given
different outcomes

Main analysis I: We predict that emotional

ERP effects interact with

presentation duration for

the EPN. Emotion

differences will increase

with presentation duration.

Sampling of 48 results in

>95% power to detect

the interaction effect

(hp2 ¼ .038)

Two (emotion:

fearful, neutral) by

four (presentation

duration: 100 msec,

200 msec, 300 msec,

1000 msec) repeated

measure ANOVA for

the EPN ROI (see

methods). In case of

a significant

interaction, we

calculate post-hoc

comparisons

between fearful and

neutral faces for

each duration. To

test increasing

differences, we will

calculate simple

contrast of emotions

differences (duration

1 vs 2, duration 1 vs 3,

duration 1 vs 4).

No interaction of

emotion and duration:

Does stimulus duration

interact with mid-

latency (EPN)

emotional

differentiation?

This would imply no

evidence for an

interaction of

presentation duration

on fearful-neutral

effects. This absence

might be a power

problem. However, if a

power problem, we find

it then unlikely that

duration account for

mixed findings in the

literature. We expect

other factors causing

conflicting findings (e.g.,

the efficacy of

perceptual distraction

tasks; participants'
adherence to

instructions; differences

in EEG preprocessing;

type-I errors).

Main analysis II: Does

stimulus duration

interact with late (LPP)

emotional

differentiation?

We predict that emotional

ERP effects interact with

presentation duration for

the LPP. Emotion

differences will increase

with presentation duration.

Sampling of 48 results in

>95% power to detect

the interaction effect

(hp2 ¼ .042)

Two (emotion:

fearful, neutral) by

four (presentation

duration: 100 msec,

200 msec, 300 msec,

1000 msec) repeated

measure ANOVA for

the LPP ROI (see

methods). In case of

a significant

interaction, we

calculate post-hoc

comparisons

between fearful and

neutral faces for

each duration. To

test increasing

differences, we will

calculate simple

contrast of emotions

differences (duration

1 vs 2, duration 1 vs 3,

duration 1 vs 4).

No interaction of

emotion and duration:

This would imply no

evidence for an

interaction of

presentation duration

on fearful-neutral

effects. This absence

might be a power

problem. However, if a

power problem, we find

it then unlikely that

duration account for

mixed findings in the

literature. We expect

other factors causing

conflicting findings (e.g.,

the efficacy of

perceptual distraction

tasks; participants'
adherence to

instructions; differences

in EEG preprocessing;

type-I errors).

Secondary analyses: We predict no significant

interactions of emotion and

presentation duration for

the N170. While this shows

no evidence for absence,

there are no large emotion

differences across duration

levels.

Sampling of 48 results in

>95% power to detect a

medium sized

interaction effect

(hp2 ¼ .06)

Two (emotion:

fearful, neutral) by

four (presentation

duration: 100 msec,

200 msec, 300 msec,

1000 msec) repeated

measure ANOVA for

the N170 ROI (see

methods). In case of

a significant

interaction, we

calculate post-hoc

comparisons

between fearful and

neutral faces for

each duration.

Interaction of emotion

and duration:Does stimulus duration

interact with early

(N170) emotional

differentiation?

This would indicate that

presentation duration

influence already stages

of processing related to

configural and

structural face

perception. In contrast

to task demands, the

exposure to a face

allows a more elaborate

sampling of face

features, contributing to

larger fearful-neutral

differences.
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Table 1 e (continued )

Question Hypothesis Sampling plan Analysis Plan Interpretation given
different outcomes

Control analyses We will control for possible

interactions of emotion and

presentation duration for

the accuracy or reaction

times.Wewill also carry out

ANOVAs restricted to trials

without gaze deviations

from the fixation cross

Two (emotion:

fearful, neutral) by

four (presentation

duration: 100 msec,

200 msec, 300 msec,

1000 msec) repeated

measure ANCOVAs

with accuracy or

reaction time as a

covariates. Two by

four repeated

measure ANOVAs

limited to trials

without gaze-

deviations from the

fixation cross

No interaction of

emotion and duration

when controlling for

accuracy, reaction time,

or eye-gaze behavior.

If control analyses show

that interactions

become insignificant

when including

accuracy/reaction time

as a covariate, or are

insignificant when

limiting trials only to

those without gaze

deviations, these

differences in

responding or gaze

behavior could drive the

observed ERP

differences. While this

would the cause of

possible confounds, this

would not question that

differently used

presentation durations

lead to different ERP

effects.
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width (bizygomatic diameter) of 6.3 degrees of visual angle

(deg) and a height of 8.3 deg. Faces were always displayedwith

an overlay of five horizontal or vertical thin lines within the

boundaries of the face (horizontal lines 4.0 deg; vertical lines

5.2 deg; thickness .03 deg; centered around x ¼ .1, y ¼ �.1),

which were overlaid to the faces during the presentation.
1 Initially, a 2� radius around the fixation cross was used but
increased due to heavy trial losses and lengthened experimental
procedures of the first six measured participants.
2.3. Procedure

The experiment was programmed and run with Matlab

(Version R2019b; Mathworks Inc., Natick, MA; http://www.

mathworks.com), the Psychophysics Toolbox (Version 3.0.15;

Brainard, 1997; Kleiner, Brainard, & Pelli, 2007), and the Eyelink

Toolbox (Cornelissen, Peters, & Palmer, 2002). Participants

responded to a demographic questionnaire. Meanwhile, they

were prepared for the EEG. The stimuli were presented on a

Gamma-corrected display (Iiyama G-Master GB2488HSU), with

a background displayed in medium grey (RGB 128, 128, 128)

running at 60 Hz with a Michelson contrast of .9979 (Lmin-

¼ .35 cd/m2; Lmax ¼ 327.43 cd/m2), while participants were

seated 60 cm in front of the display. Participants always had to

decide whether the lines above the stimuli were horizontal or

vertical (see Fig. 1). The stimulus duration varied between

blocks. We used eight different presentation orders, which

were pseudo-randomized between participants (i.e., order will

be A-B-C-D, D-A-B-C, C-D-A-B, BeC-D-A, D-C-B-A, A-D-C-B, B-

A-D-C, CeB-A-D). The trial structure was the same in each

block: First, a fixation cross was presented for 800e1000 msec.

Then a face was shown for 100, 300, 1,000, or 2,000 msec fol-

lowed by a fixation cross presented for 1,500 msec. Responses
were recorded in this time window. Participants were

instructed to respond by pushing either X or M (on a keyboard

with QWERTZ-layout) for horizontal or vertical lines, using one

finger of each hand. Response keys were counterbalanced be-

tween participants. Further, participants were instructed to

reduce eye movements and movements during stimulus pre-

sentation asmuch as possible and constantly fixate the central

fixation cross. Eye-gaze position was tracked using an eye

tracker (see paragraph 2.5). Online evaluation of the gaze po-

sitionwas used to abort trials whenever the gaze fell out of a 3�

radius around the fixation cross.1 Moreover, participants were

instructed to blink on the fixation cross and avoid blinking

during stimulus presentation. Participants were instructed to

respond as quickly and accurately as possible. Each face was

shown in each presentation duration condition, leading to a

total of 64 fearful and 64 neutral faces presented in each pre-

sentation duration, summing up to a total of 512 trials.

2.4. EEG recording and preprocessing

EEG data were recorded with a sampling rate of 512 Hz from 64

BioSemi active electrodes, which are aligned according to the

10e20 system. The Biosemi's Actiview software (www.

biosemi.com) was used to record the EEG data. Biosemi uses

two additional electrodes (CMS and DLR) as online references,

while offline, the datawere re-referenced to average reference.

Further, four external eye-electrodes measured vertical and
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horizontal eyemovements. EEG preprocessingwas done using

BESA (Ille, Berg, & Scherg, 2002). Eye movements and blinks

were corrected using the automatic eye-artifact correction

method implemented in BESA (Ille et al., 2002). Therefore, a

predefined source model was applied to the data, combining

three topographies accounting for EOG activities, consisting of

horizontal and vertical eye movement and blinks (HEOG,

VEOG, blink) with 12 regional sources modeling the different

brain regions. A principal component analysis (PCA) was per-

formed for segments where the correlation between data and

artifact topography exceeded the HEOG (150 mV) or VEOG

(250 mV) thresholds. All PCA components explainingmore than

the minimum variance were maintained. The recorded data

was decomposed using all topographies into a linear combi-

nation of brain and artifact activities (Ille et al., 2002). EEG data

were filtered offline with a low-cutoff filter of .01 (6 dB/oct) and
Fig. 1 e Schematic overview of a) the used four presentation dur

orientation discrimination in four blocks with different face pre

overlaid to fearful and neutral facial expressions. Stimulus pro
a 40 Hz low-pass zero-phase filter (24 dB/oct). The remaining

artifacts were rejected based on an absolute threshold

(>120 mV), signal gradient (>75 mV/vT), and low signal (i.e., the

SD of the gradient, <.01 mV/vT). Thereby, 50 percent of trials per

condition had to be accepted, otherwise, the data-set was

excluded. Noisy EEG sensors were interpolated using a spline

interpolation procedure. Due to the delay of the LCD screen for

stimulus presentation of 29 msec, measured with a photo-

diode, stimulus timing were corrected during epoching.

Filtered data were segmented from 200 msec before stimulus

onset until 1000 msec after stimulus presentation. A baseline

correction was performed using inhouse Matlab functions and

will subtract the average voltage of the 200 msec before

stimulus onset from the epoch. Further, trials during which

recording stopped due to gaze deviations and trials with

incorrect responses were excluded from ERP analyses.
ations and b) the attention task. Participants performed line

sentation durations. Line orientation were randomly

perties are manipulated to increase visibility.

姜sir
高亮

姜sir
高亮

姜sir
下划线

姜sir
高亮
主成分分析


姜sir
下划线

姜sir
下划线

姜sir
下划线
信号梯度


姜sir
下划线

姜sir
下划线
使用样条插值程序对有噪声的EEG传感器进行插值。


姜sir
曲线
由于用光电二极管测量的刺激呈现的LCD屏幕延迟为29 msec，因此在划时期间校正了刺激定时。


姜sir
高亮

姜sir
下划线
内部Matlab函数


姜sir
下划线
减去


姜sir
下划线
注视偏差


姜sir
下划线

姜sir
高亮
预定义源模型


姜sir
下划线
0.01的低截止滤波器


姜sir
下划线
40 Hz低通零相位滤波器


https://doi.org/10.1016/j.cortex.2022.12.011
https://doi.org/10.1016/j.cortex.2022.12.011


c o r t e x 1 6 0 ( 2 0 2 3 ) 9e2 3 15
2.5. Eye-tracking recording

We used an eye-tracker to explore differences in eye move-

ment patterns for fearful and neutral faces. We used the

Eyelink 1000 eye-tracker from SR research to track eye-gaze

behavior (EyeLink 1000, SR Research Ltd., Mississauga, Can-

ada). Participants were asked to place their heads on a chin

rest, and the right eye was recorded. Recording sampling rate

was 1000 Hz. Before each presentation duration block, an eye-

tracker calibration procedure was automatically initiated

using a nine-point calibration procedure. Gaze position was

tracked continuously during the experiment and online eval-

uated, stopping experimental presentationwhenever the gaze

deviated more than 3� at a radius around the fixation mark.

These trials were discarded from further analyses.

2.6. Data analyses

2.6.1. Main analyses
We examined interactions of emotion and presentation

duration for the EPN and LPP components. To this end, we

used two (emotion: fearful, neutral) by four (presentation

duration: 100 msec, 300 msec, 1000 msec, 2000 msec)

repeated measure ANOVAs. Statistical analyses for ERP and

behavioral data will be done using JASP (Love et al., 2019).

JASP is an open-source statistic software based on the pro-

gramming languages R and Cþþ. JASP allows calculations of

frequentist and Bayesian statistics (Love et al., 2019). The

effect size were indicated by using Partial eta-squared (hp
2)

and Cohen's d. Greenhouse-Geisser correction of degrees of

freedom were done when a violation of Mauchly's test of

Sphericity was detected. We calculated post-hoc compari-

sons between fearful and neutral faces for each duration for

significant interaction effects using the Bonferroni-Holm

correction. Further, simple contrasts for differences tested

the expected increase of fearful-neutral differences. We

identified the time windows and electrodes by visually

inspecting the collapsed ERPs of the pilot data (see Luck &

Gaspelin, 2017) and on previous studies using similar tasks

and stimuli (e.g., see Schindler, Bruchmann, et al., 2020). To

this end, using the pilot data, we collapsed ERPs across all

fearful compared to all neutral faces to identify the EPN and

LPP components. According to this identification approach

based on the pilot data, time windows were segmented from

200 to 350 msec to investigate EPN effects and from 400 to

1000 msec to investigate LPP effects. The analysis used the

average amplitudes across all sensors over the full-time

windows. We measured the EPN component from a sym-

metrical occipital cluster (P9, P7, PO7, O1, P10, P8, PO8, O2)

and the LPP component from a centro-parietal cluster (CP3,

CP1, CPz, CP2, CP4, P3, P1, Pz, P2, P4). For ERPs, we displayed

confidence intervals generated via the bootstrap method

(Efron & Tibshirani, 1994). To this end, for N subjects, ERPs

were calculated, resulting in an N-by-T (time points) matrix.

Randomly drawing N times with replacement, a new N-by-T

matrix were generated. Thematrix was then averaged across

the subject dimension. This procedure was repeated 1000

times, resulting in a 1000-by-T matrix. For each sample,

the 2.5- and 97.5-percentile was calculated, resulting in a

95% confidence interval around the mean ERP. The same
procedure were applied to differential ERPs, i.e., the initial N-

by-T matrix consists of fearfuleneutral difference ERPs.

2.6.2. Secondary analyses
Weexamined emotion and presentation duration interactions

for the N170 component using the above-described repeated

measure ANOVAs. Based on the pilot data, we identified the

N170 time windows and electrodes by visual inspection of the

collapsed ERPs across all conditions. We segmented time

windows from 120 to 170 msec and averaged from a sym-

metrical occipital cluster (P9, P7, PO7, P10, P8, PO8).

2.6.3. Control analyses
For behavioral data, the accuracy and reaction times were

examined as control variables. We considered correct re-

sponses during trials with reaction times between 200 and

1,500 msec. We tested for significant interactions in accuracy

or reaction times between presentation duration and

emotion. Given that there no significant interactions were

observed, we did not perform Analyses of Covariance

(ANCOVAs) with reaction times, or accuracy, as a covariate.

We tested if the average absolute activity of the HEOG and

VEOG channels differs between conditions using above-

described repeated measure ANOVAs.

2.6.4. Explorative analyses
Finally, we explored if separate different subcomponents of

the late positivity can be separated by using an Independent

Component Analysis (ICA) at the group level. To this end, we

used the group ICA toolbox EEGIFT (V1.0; Eichele, Rachakonda,

Brakedal, Eikeland, & Calhoun, 2011). For this purpose, single-

trial data were sorted by experimental condition for each

subject. A principal component analysis (PCA) was applied

first to reduce the data to 20 components, as the top 20 com-

ponents were suggested to typically explain more than 95% of

the variance (Eichele et al., 2011). Then ICA was performed

using the Infomax algorithm and the default settings as

implemented in EEGIFT. From the resulting 20 components,

we selected two components by visual inspection, given that

we typically observe a clear differentiation between noisy and

clean components. We uploaded all component identification

results to the OSF framework. For each of these components

and for each duration, we compared fearful and neutral con-

ditions using cluster-based permutation tests (Maris &

Oostenveld, 2007) using the complete post-stimulus interval

and correcting for multiple testing.

Further, we performed unregistered exploratory post-hoc

comparisons for each duration for the examined ERPs and

ICs. All recorded data, paradigm, and participant information

were uploaded to the Open Science Framework project

(https://osf.io/ax297/).
3. Results

3.1. Main ERP results

Amain effect of emotion was found for the EPN (F(1,47) ¼ 8.493,

p ¼ .005 hP
2 ¼ .153) with greater amplitudes for fearful than

neutral faces (see Fig. 2). The interaction of emotion and
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presentation duration was insignificant (F(3, 141) ¼ .854,

p ¼ .467, hP
2 ¼ .018).

Unregistered exploratory tests showed that EPN effects

were absent during the presentation durations of 100 msec

(t(47) ¼ �.63, p ¼ .534), 300 msec (t(47) ¼ �1.36, p ¼ .181) or 1000

msec (t(47) ¼ �.54, p ¼ .593), but present during the long pre-

sentation duration of 2000 msec (t(47) ¼ �2.95, p ¼ .005).

For the LPP a main effect of emotion was observed

(F(1,47)¼ 7.322, p¼ .009, hP
2¼ .135). Here, fearful faces showed a

higher positivity than neutral faces (see Fig. 3). The interaction

of emotion and presentation duration was insignificant

(F(3,141) ¼ .758, p ¼ .520, hP
2 ¼ .016).

Unregistered exploratory tests showed that LPP effects

were absent during the brief presentation durations of 100

msec (t(47) ¼ .90, p¼ .371) and 300msec (t(47) ¼ .34, p¼ .737), but

present for the long durations of 1000 msec (t(47) ¼ 2.49,

p ¼ .016) and 2000 msec (t(47) ¼ 2.40, p ¼ .022).

3.2. Secondary ERP results

A main effect of emotion was found for the N170

(F(1,47) ¼ 44.309, p < .001, hP
2 ¼ .485) with higher negativity for

fearful than neutral faces (see Fig. 4). The interaction between

emotion and duration was insignificant (F(3, 141) ¼ .148,

p ¼ .931, hP
2 ¼ .003).

Unregistered exploratory tests showed that N170 effects

were present during all durations: For the 100 msec
Fig. 2 e Effect of presentation duration on emotion differences

between fearful and neutral faces. b) ERP waveforms show the ti

display the mean microvolt value for the highlighted interval. E

Respective difference plots contain 95% bootstrap confidence in
(t(47) ¼ �3.09, p ¼ .003), 300 msec (t(47) ¼ �3.61, p < .001), 1000

msec (t(47) ¼ �2.97, p ¼ .005), and 2000 msec duration

(t(47) ¼ �3.35, p ¼ .002).

3.3. Planned explorative tests: group ICA results for
different subcomponents of the late positive potential

The group ICA algorithm relies on complete data sets, and for

four participants, ICA failed since recordings were split or

single trials were missed due to eye-tracking recalibration

throughout the course of the experiment. Therefore, we

performed a group ICA for 44 participants. We identified 2 ICs

with very distinct time courses and topographies that re-

flected the late positivity component of interest (see Fig. 5). IC

5 showed a remarkably stable positivity over trials from

approximately 300 to 600 msec. IC 17 showed a more variable

positivity from 600 to 900 msec. All other ICs were charac-

terized by markedly worse signal-to-noise ratios and topog-

raphies without discernible positive or negative poles. For IC

5, no main effect of emotion was observed (F(1,43) ¼ .58,

p ¼ .450, hP
2 ¼ .013). The interaction of emotion and pre-

sentation duration was significant (F(3,129) ¼ 3.59, p ¼ .015,

hP
2 ¼ .077). Post-hoc comparisons showed a larger positivity

for fearful faces for the 100 msec presentation duration

condition (t ¼ 2.16, p ¼ .036, Cohen's d ¼ .326), while in the

other presentation durations, no emotion effect occurred

(ts < 1.50, ps > .140; see Fig. 5). For IC 17, a main effect of
for the EPN. a) Scalp topographies depict the differences

me course over highlighted left and right sensors. Bar plots

rror bars show 95% confidence intervals of the mean. c)

tervals of intra-individual differences.
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emotion was observed (F(1,43) ¼ 4.611, p ¼ .037, hP
2 ¼ .097).

Here, fearful faces showed a higher positivity than neutral

faces (see Fig. 5). The interaction of emotion and presenta-

tion duration was insignificant (F(3,129) ¼ .85, p ¼ .472,

hP
2 ¼ .019). Exploratory post-hoc tests showed a similar

pattern as observed during the LPP. For the 100 msec dura-

tion (t(43) ¼ .33, p ¼ .746), the 300 msec duration (t(43) ¼ .80,

p ¼ .429), and the 1000 msec duration (t(43) ¼ 1.56, p ¼ .126), no

differences were observed, while an increased positivity for

fearful faces was observed for the duration of 2000 msec

(t(43) ¼ 2.35, p ¼ .023).

3.4. Behavioural results

Neither a main effect of emotion (F(1,47) ¼ .033, p ¼ .857,

hP
2 ¼ .001), nor an interaction of presentation duration and

emotion (F(2.438, 114.571)¼ 2.259, p¼ .098, hP
2¼ .046) occurred for

the accuracy (see Table 2). Regarding reaction times, no main

effect of emotion (F(1,47) ¼ .607, p ¼ .440, hP
2 ¼ .013) and no

interaction was found (F(2.037, 95.724) ¼ .301, p ¼ .745, hP
2 ¼ .006).

3.5. Control analyses

Control analyses tested differences between conditions for

horizontal or vertical eye-related activity. There were no sig-

nificant effects of emotion, duration, and no interaction be-

tween emotion and duration for all examined time windows

for ERPs of interest (see Table 3).
Fig. 3 e Effect of presentation duration on emotion differences

between fearful and neutral faces. b) ERP waveforms show the

mean microvolt value for the highlighted interval. Error bars sh

difference plots contain 95% bootstrap confidence intervals of in
4. Discussion

In this registered report, we investigated the influence of the

presentation duration on emotional differences during a

perceptual distraction task. We presented fearful and neutral

faces with four commonly used presentation durations, while

participants were instructed to respond to overlying lines

only. In addition, we used an eye tracker to ensure that par-

ticipants fixated on the center of the face. We expected an

influence of the presentation duration on EPN and LPP dif-

ferences, namely, that longer exposure time would lead to

larger fearful-neutral differentiation.

Our registered analyses showedmain effects of emotion for

the EPN and LPP components, yet no significant interaction

between duration and emotion occurred. The overall accuracy

was very high, showing that participants were able to perform

the task as requested. Our results alignwith theories that argue

emotional processing is automatic and independent of avail-

able processing resources (Vuilleumier & Huang, 2009). This

assumption is supported by studies with presentation dura-

tions from 300 msec to 2,000 msec, which found emotional

modulation ofmid-latency (EPN) and late (LPP) ERPs evenwhen

attention was directed to a different perceptual or working

memory task (Durston & Itier, 2021; Frühholz, Jellinghaus, &

Herrmann, 2011b; MacNamara et al., 2012; Vald�es-Conroy

et al., 2014; Wu et al., 2019). However, our ERP findings are in

contrast to our expectations based on recent findings, showing
for the LPP. a) Scalp topographies depict the differences

time course over highlighted sensors. Bar plots display the

ow 95% confidence intervals of the mean. c) Respective

tra-individual differences.
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an absence of emotional modulations of the EPN and LPP

components under distraction with presentation durations

varying between 50 and 100 msec (Schindler, Bruchmann,

et al., 2020; Schindler et al., 2021; Schindler, Caldarone, et al.,

2020; Schindler et al., 2021). These previous studies follow

theoretical accountswhich argue that emotional stimuli have a

processing advantage but depend on available attentional re-

sources (Pessoa, 2009). Because of these contrary findings, we

suggested presentation duration to be a relevant factor in

explaining the absence or presence of emotion effects under

distraction. Since emotional stimuli are known to modulate

attention (Frischen, Eastwood,& Smilek, 2008; €Ohman, Flykt,&

Esteves, 2001) it was expected that an interaction of emotion

and presentation duration in the EPN and the LPP leading to

enhanced amplitudes for fearful faces only when presentation

duration was extended to 1,000 msec and 2,000 msec, allowing

participants to process emotional information while

completing the perceptual task. To this end, we performed

unregistered exploratory post-hoc comparisons for each pre-

sentation duration separately. These tests showed that during

shorter durations, no significant differences between fearful

faces and neutral faces were observed (100, 300, and 1000msec

for the EPN; 100 and 300 msec for the LPP), but during long

stimulus intervals, significant differences were seen.

Thus, our explorative data may suggest that, indeed,

shorter presentation times lead to a lower probability of sig-

nificant emotion effects in accordance with the hypothesis.
Fig. 4 e Effect of presentation duration on emotion differences

between fearful and neutral faces. b) ERP waveforms show the ti

display the mean microvolt value for the highlighted interval. E

Respective difference plots contain 95% bootstrap confidence in
Both, lower perception and inhibition of distracting informa-

tion might explain this outcome. On the one hand, longer

presentation durations enhance the ability to perceive irrele-

vant information. On the other hand, this may also lead to a

collapse of inhibitory processes (e.g., due to ironic processes,

see Wegner, 1994). The relative frontal positivity in the 1,000

msec duration condition might show (unsuccessful) inhibi-

tory attempts (see Schindler & Kissler, 2018), while this is less

pronounced in the 2,000 msec condition (see Figs. 2e3). This

weak threshold effect, however, does not lead to a significant

interaction. Thus, our sample size and the within-subject

design might be unsuited to reveal statistically relevant in-

teractions between presentation duration and emotion ef-

fects. Future studies have to test this assumption and confirm

whether differences between duration conditions remain

insignificant and if absent and present effects depend on

duration conditions. Future studies might further investigate

differences between analytic strategies.

The insignificant interaction effects might also be

explained by some design changes from the initial pilot data,

on which power analyses were based. We used eye-tracking

gaze control to avoid differences in gaze exploration

behavior. Gaze control might have had a strong impact, as

gaze deviations stopped the experiment and recalibration

procedures, leading to longer testing times. Trials with gaze

deviations were rejected, which led to a rather high trial

rejection rate (28 percent) and fewer trial numbers per
for the N170. a) Scalp topographies depict the differences

me course over highlighted left and right sensors. Bar plots

rror bars show 95% confidence intervals of the mean. c)

tervals of intra-individual differences.
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Fig. 5 e Results of the Independent Component Analysis, showing for IC 5 and IC 17 the effects of emotion and the

interaction between emotion and presentation duration. Scalp topographies depict the grand average of each IC. ERP

waveforms show the time course. Shaded intervals around waveforms display 95% confidence intervals around means. Bar

plots display the mean microvolt value for the highlighted interval. Error bars show 95% confidence intervals of the mean.

Respective difference plots contain 95% bootstrap confidence intervals of intra-individual differences.
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Table 3 e Results from 2 £ 4 repeated measures ANOVAs
for HEOG and VEOG activity.

ERP
component

Effect ANOVA Results

DF F p hP
2

N170 HEOG emotion 1, 47 1.73 .195 .035

duration 2, 141 .32 .808 .007

emotion x duration 2, 141 1.41 .244 .029

N170 VEOG emotion 1, 47 .03 .874 .001

duration 2, 141 .35 .789 .007

emotion x duration 2, 141 2.08 .105 .043

EPN HEOG emotion 1, 47 .72 .400 .015

duration 2, 141 .30 .826 .006

emotion x duration 2, 141 .50 .686 .010

EPN VEOG emotion 1, 47 .15 .701 .003

duration 2, 141 .46 .714 .010

emotion x duration 2, 141 1.42 .238 .029

LPP HEOG emotion 1, 47 .24 .629 .004

duration 2, 141 .45 .719 .009

emotion x duration 2, 141 .21 .889 .004

LPP VEOG emotion 1, 47 .31 .582 .007

duration 2, 141 .13 .942 .003

emotion x duration 2, 141 1.92 .129 .039

Table 2 e Accuracy and reaction time for all presentation duration conditions.

duration 100 msec duration 300 msec duration 1000 msec duration 2000 msec

fearful neutral Fearful neutral fearful neutral fearful neutral

accuracy in percent (SD) 95.6 (4.5) 94.9 (4.9) 95 (6.3) 95.8 (4.4) 97.9 (2) 97.5 (2.5) 98.1 (2.9) 98.6 (1.6)

reaction time in msec (SD) 552 (82) 552 (86) 562 (101) 562 (101) 601 (69) 601 (81) 653 (95) 649 (94)

Notes. Hits are displayed in percent correct. Reaction times are rounded to milliseconds. Standard deviations are presented below means in

brackets and italic. For each presentation duration condition, line discrimination accuracy and reaction time is displayed per emotional

expression.
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participant, and therefore, most excluded participants were

excluded due to the trial number criteria. These changesmade

to the design were intended to avoid confounding and

contamination of our ERP data. The use of online gaze control

was important to prevent differences in gaze behavior (i.e.,

more exploration of more salient fearful faces), particularly

when faces were presented for longer durations. Indeed,

registered control analyses confirmed that horizontal and

vertical EOG activity did not differ between duration and

emotion conditions. Therefore, slight differences in explora-

tion behavior between conditions during the longer presen-

tation durations might have led to bigger differences in our

pilot sample. To our knowledge, only a few studies that

examine emotional face processing report measures of par-

ticipants' gaze behavior and/or try to control or prevent dif-

ferences between conditions.

We also explored whether different late positivities could

be separated from each other bymeans of a group ICA. Indeed,

two components with a stable late positive signature over

parietal regions could be identified. An earlier IC (IC 5) showed

a remarkably stable positivity over trials from approximately

300 to 600 msec. This IC could relate to a parietal P3 and index

the detection and response to the target face. A significant

interaction also showed a significantly larger positivity for

fearful faces during the shortest duration (100 msec). This
might be an advantage in detecting and/or processing fearful

expressions during short stimulus exposure. Nevertheless,

this did not transfer into a reaction time advantage for these

faces. IC 17 showed a more variable positivity from 600 to 900

msec. This seems in line with ideas about the late positive

potential relation to controlled attentional processes and

stimulus evaluation (Hajcak, Dunning, & Foti, 2009a; Schupp,

Flaisch, Stockburger, & Junghofer, 2006), particularly when

the appraisal of affective meaning is involved (Schupp,

Flaisch, Stockburger, & Junghofer, 2006; Wessing, Rehbein,

Postert, Fürniss, & Jungh€ofer, 2013). This advantage for

emotional visual stimuli has been repeatedly observed (e.g.,

see reviews from Compton, 2003; Schindler & Bublatzky, 2020;

Schupp, Flaisch, Stockburger, & Jungh€ofer, 2006). The higher

variability of IC 17 compared to IC 5 might reflect trial-by-trial

differences in the activation of occipito-parietal regions,

subcortical areas, and fronto-parietal attention networks,

which are suggested to contribute to LPP effects (Liu, Huang,

McGinnis-Deweese, Keil, & Ding, 2012; Pourtois, Schettino, &

Vuilleumier, 2013; Sabatinelli, Lang, Keil, & Bradley, 2007,

2014). Of note, similar to the main LPP findings, for IC 17,

fearful-neutral differences increased descriptively with

increasing presentation duration, and separate t-tests per

duration conditions showed a similar pattern of absent dif-

ferences during the presentation durations.

Finally, we replicated the frequently observed increased

N170 for emotional facial expressions independent of dis-

tracting tasks (Schindler & Bublatzky, 2020). For instance, a

meta-analysis showed emotional modulation of the N170 in

direct and indirect tasks that might reflect a highly automatic

encoding of emotional expressions (Hinojosa et al., 2015).

This enhancement of the N170 for emotional expression

might be due to perceptual differences between emotional

and neutral facial expressions. However, increased N170

amplitudes have been observed for neutral faces associated

with negative information, suggesting that at least some

emotional association is processed during the N170 stage

(Baum & Abdel Rahman, 2021; Schindler et al., 2021).

Explorative tests showed larger N170 amplitudes for fearful

than neutral expressions in all duration conditions. This is in

line with the relative insensitivity of the N170 emotion dif-

ferentiation to a variety of tasks, stimulus modifications, or

attention manipulations (Schindler et al., 2021; Schindler,

Bruchmann, Bublatzky, & Straube, 2019, 2022).

Some limitations have to be mentioned. We controlled for

task difficulty by having a task that could be solved easily.

However, only one specific task was used, so we could not test

whether greater task difficulty would prevent emotion effects.
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Also, task-relevant and irrelevant information was presented

simultaneously at the same location. Differences in the face-

distractor temporal or spatial onset relative to the task-

relevant stimuli might lead to smaller or absent EPN or LPP

effects. Further, repetition effects were reduced but could not

be fully excluded since each face was presented four times in

the experiment. However, we counterbalanced the order of

presentation duration, and therefore, this is highly unlikely to

influence the results systematically.

In summary, we observed main effects of emotion for the

EPN and LPP, but no interactions of emotion with the duration

of presented faces. These findings suggest that the duration of

the presented face stimulus is not a major factor explaining

the variability of reported emotion effects in perceptual

distraction tasks, at least for the given experimental and

analytical setup and when eye-gaze is strictly controlled.
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