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Abstract—Stimulus exposure duration in emotion percep-

tion research is often chosen pragmatically; however, little

work exists on the consequences of stimulus duration for

the processing of emotional faces. We utilized the spa-

tiotemporal resolution capabilities of magnetoencephalog-

raphy (MEG) to characterize early implicit processing of

emotional and neutral faces in response to stimuli pre-

sented for 80 and 150 ms. We found that the insula was

recruited to a greater degree within the short (80 ms) condi-

tion for all face categories, and this effect was more pro-

nounced for emotional compared to neutral faces. The

orbitofrontal cortex was more active in the 80-ms condition

for neutral faces only, suggesting a modulation of task diffi-

culty by both the duration and the emotional category of the

stimuli. No effects on reaction time or accuracy were

observed. Our findings caution that differences in stimulus

duration may result in differential neural processing of emo-

tional faces and challenge the idea that neutral faces consti-

tute a neutral baseline. � 2016 IBRO. Published by Elsevier

Ltd. All rights reserved.
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INTRODUCTION

Studies utilizing visual presentation of emotional stimuli,

especially those wanting to minimize eye movement or

increase task difficulty, often employ short stimulus

durations below 100 ms. The results of these studies

are compared with results from studies utilizing much

longer durations, on the order of several hundred

milliseconds. Although the threshold for accurate

stimulus detection falls much below 100 ms (Batty and

Taylor, 2002; Rousselet et al., 2002; Bar et al., 2006;

Rømer Thomsen et al., 2011), little work has been done

to date on the effects of stimulus duration variation in

the suprathreshold range, largely due to the difficulty in

accurately characterizing the spatiotemporal profile of

rapid cognitive processing. To determine the impact of

stimulus duration manipulation on early emotional face

processing, we utilized magnetoencephalography

(MEG), which is uniquely suited to answer this question

due to its excellent spatiotemporal resolution. Emotional

content is known to initiate rapid attentional and sensory

processing, as evident by its modulation of early sensory

EEG components occurring prior to 150 ms post stimulus

onset. Early processing has been suggested to involve a

specialized pathway for preferential and rapid emotional

information processing (see Vuilleumier, 2005, for a

review). Additionally, areas involved in emotion process-

ing may be particularly sensitive to the availability of emo-

tional information within the stimulus, as modulated by

stimulus duration (Pessoa, 2005). As no direct investiga-

tion of stimulus duration on rapid emotional face process-

ing has been done to date, the present study represents a

first foray into this question. Focusing on the early range

of <150 ms post-stimulus onset, we investigated whether

the quick and preferential identification of emotional infor-

mation is sensitive to stimulus exposure manipulation and

undertook an exploratory whole-brain analysis to identify

regions, relevant to emotion processing, that would be

sensitive to a manipulation of stimulus duration.

Our group has established MEG protocols capable of

identifying activation specific to early emotional

processing within the first 50–150 ms post-stimulus

onset (Bayle and Taylor, 2010; Hung et al., 2010, 2012;

Leung et al., 2015). Our hypotheses regarding the influ-

ence of stimulus duration concerned two domains: the

availability of emotion information, and task difficulty. Pre-

vious work has shown robust behavioural effects of stim-

ulus duration on emotion processing and identification

(O’Toole et al., 2011; Ikezawa et al., 2014; Maeshima

et al., 2015). This work implicates the availability and

complexity of emotion information as key factors, and

suggests that varying stimulus duration may result in dif-

fering neural processing of emotional stimuli, although a

direct demonstration of this is lacking. Large differences

in stimulus duration near the perceptual threshold can

modulate behavioural and cortical EEG responses to
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emotional stimuli (Codispoti et al., 2009). Additionally, a

reduction in the availability of visual information via per-

ceptual degradation can result in more effortful high-

level perceptual processing, as evident by an increase

in fusiform activation, while reducing activation in low-

level visual processing areas (Bokde et al., 2005). We

anticipated that the short duration condition in our exper-

iment would result in an increase in task difficulty specifi-

cally pertaining to implicit emotion processing by reducing

the availability of emotion information from the stimulus.

We hypothesized that this would result in greater effort

expended by regions known to play a role in early emotion

processing, such as the insula, and that this increase in

processing effort would be reflected in increased activa-

tion in these regions.

Geday et al. (2007) suggested a modulation of the

attentional control network by the emotional content of

stimuli. They used implicit face processing and manipu-

lated stimulus duration on a scale of seconds; shorter

durations recruited greater prefrontal cortex (PFC) activity

than long durations. Bokde et al. (2005) similarly reported

increased BOLD response in dorsolateral PFC when par-

ticipants were engaged in a face matching task using

visually degraded stimuli. Thus, we further hypothesized

PFC modulation by task difficulty would be preserved

even at sub-second stimulus durations, in that the 80-

ms duration condition would elicit greater PFC activation

than the 150-ms condition.

EXPERIMENTAL PROCEDURES

Participants and task

Twenty-one young adults (10 female, aged 24.9

± 3.5 years) completed an implicit emotional processing

paradigm (previously described in Leung et al., 2015).

Participants were screened for uncorrected vision impair-

ments and standard MRI or MEG contraindications. On

each trial, subjects were presented with two colour

images, which consisted of a face (happy, angry or neu-

tral, taken from the NimStim facial expressions database

(Tottenham et al., 2009)) and a scrambled version of the

face, matched for colour and luminosity. The images

appeared on either side of a central fixation cross; the

order of left–right presentations was randomized, with

the constraint that in total each face was presented twice

in each hemifield. Twenty-five faces were selected for

each facial expression, for a total of 75 images, 300 trials

per condition, and 600 trials total. Scrambled stimuli were

created by sectioning each face image into 64 cells, which

were then randomized, after which mosaic and Gaussian

blur effects were applied in Adobe Photoshop.

Participants indicated the location (left or right of the

fixation cross) of the scrambled pattern by pressing left

or right buttons as quickly as possible; they fixated on

the central cross throughout the task. Emotion

processing was thus implicit. Our paradigm included two

conditions that differed in stimulus presentation duration.

In the ‘‘short duration” condition, the stimuli appeared on

screen for 80 ms, while in the ‘‘long duration” condition,

they remained for 150 ms. Inter-stimulus interval varied

between 1300 and 1500 ms. Each block lasted

approximately 10 min. To determine differences in

neural processing specific to stimulus exposure

duration, each participant completed both conditions, in

counterbalanced order, for a within-subject comparison.

Stimuli were projected onto a screen at a viewing

distance of 79 cm, subtending a visual angle of 6.9�,
while participants lay supine with their head inside the

MEG helmet. The study was approved by the Research

Ethics Board at the Hospital for Sick Children

(SickKids), and written informed consent was obtained

from all participants.

Neuroimaging

MEG data were collected with a 151 channel CTF system

(MISL, Coquitlam, BC), located in a magnetically shielded

room at SickKids. Recordings were acquired using a

sampling rate of 600 Hz, a third-order spatial gradient,

and bandpass of 0–150 Hz. Head motion was tracked

continuously via fiducial coils placed on the nasion and

bilateral preauricular points; participants lay supine

throughout the recording. A T1-weighted MRI scan

(Siemen’s 3T Trio) was also acquired for each

participant for coregistration with the MEG recording.

Analyses

Behavioural analyses were conducted using R

(R Development Core Team, 2015). MEG analyses were

completed using the SPM12 (Wellcome Department of

Imaging Neuroscience, London, UK) package for

MATLAB R2013a (The Mathworks, Natick, MA). Follow-

ing bandpass filtering at 1–50 Hz, data were baseline cor-

rected and epoched into windows of 800 ms, starting

200 ms prior to stimulus onset. Only trials with a correct

behavioural response, and where head motion did not

exceed 5 mm from initial head position, were retained

for analysis. No participant had more than 30% of trials

within each condition (and not more than 30% of trials

overall) rejected due to motion artefact. On average,

fewer than 6% of trials were rejected per participant. Inde-

pendent component analysis (ICA) was used to reject eye

movement and heartbeat artefacts. For each participant,

trials were averaged within emotion, separately for each

timing condition, and MEG data were coregistered with

the individual’s MRI scan. A single-shell head model

was used for the forward model (Nolte, 2003). Source

activity estimation was performed using Empirical Bayes

Beamformer (EBB; Friston et al., 2006; Mattout et al.,

2006) for a single time window 50–150 ms after stimulus

onset. Images were smoothed using a Gaussian kernel

with a full-width-half-maximum of 12 mm. Following pre-

processing, an ANOVA and follow-up t-tests were con-

ducted to determine significant differences in neural activ-

ity between conditions. Results are presented as

significant at p 6 0.007, uncorrected. This p value was

chosen to achieve a balance between minimizing both

Type I and Type II error, in keeping with the exploratory

nature of the study. Resulting images of significant differ-

ences were rendered using MRIcron software (Rorden

and Brett, 2000).
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