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Abstract

Research on Autism Spectrum Disorder (ASD) has focused on processing of socially-relevant stimuli, such as faces. None-
theless, before being ‘social’, faces are visual stimuli. The present magnetoencephalography study investigated the time
course of brain activity during an implicit emotional task in visual emotion-related regions in 19 adults with ASD (mean age
26.3+4.4) and 19 typically developed controls (26.4 +4). The results confirmed previously-reported differences between
groups in brain responses to emotion and a hypo-activation in the ASD group in the right fusiform gyrus around 150 ms.
However, the ASD group also presented early enhanced activity in the occipital region. These results support that impaired

face processing in ASD might be sustained by atypical responses in primary visual areas.
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Autism Spectrum Disorder (ASD) is a neurodevelopmental
disorder characterized by two major groups of behavioural
symptoms. The first includes difficulties in the social and
communication area and the second is defined by restricted
interests and stereotyped behaviours. However, atypicalities
in all sensory modalities are now considered as core symp-
toms of autism (APA 2013; Marco et al. 2011). In the visual

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s10803-018-3787-3) contains
supplementary material, which is available to authorized users.

P4 Klara Kovarski
klara.kovarski@gmail.com

Rocco Mennella
Rocco.mennella@gmail.com

Simeon M. Wong
simeon.wong @sickkids.ca

Benjamin T. Dunkley
ben.dunkley @sickkids.ca

Margot J. Taylor
margot.taylor @sickkids.ca

Magali Batty
magali.batty @univ-tlse2.fr

UMR 1253, iBrain, Université de Tours, Inserm, Centre
Universitaire de PédoPsychiatrie, Tours, France

Published online: 29 October 2018

domain, hyper and hypo-responsiveness to external stim-
uli, as well as unusual visuo-motor behaviours, including
abnormal scanning or auto-stimulation, are often observed
from infancy (Mottron et al. 2007; Simmons et al. 2009).
Enhanced perception of details, as well as difficulties in pro-
cessing the global picture, are often reported to account for
such atypical strategies and behaviours (Happé and Frith
2006; Mottron et al. 2006).

In line with general difficulties for ASD in processing
the significant flow of sensory information in the environ-
ment (Gomot and Wicker 2012), facial expressions are
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particularly challenging stimuli containing both low-level
and social features. Due to the holistic configuration of
faces and their constantly changing features, it is difficult
for those with ASD to automatically extract the information
from faces and to rapidly understand the meaning of changes
in facial expression (Clark et al. 2008; Lozier et al. 2014).
Thus, investigating early face processing in autism is cru-
cial to improve our understanding of both visual and social
aspects of these atypical processes.

Facial expressions are critical to understand others” men-
tal states and for successful social interactions (Haxby et al.
2002). The importance of emotional expressions is sup-
ported by the fact that emotional processing is prioritized
even when attention is required in a concurrent task (John-
son 2005; Vuilleumier 2005). Several methods exist to inves-
tigate implicit processing of emotions. While one way is to
manipulate the time exposure of emotional stimuli (Koupt-
sova et al. 2017), another way is to involve the participant in
a concurrent task where explicitly processing the emotional
content of faces is not necessary (e.g. gender detection task,
Critchley et al. 2000). In line with this, tasks demands impli-
cating face perception are known to differently modulate
regions such as the inferior occipital and the fusiform gyri
(FG) (Cohen Kadosh et al. 2010).

Both explicit and implicit social cognitive processes are
often atypical in ASD, as supported by behavioural (Cal-
lenmark et al. 2014) and neuroimaging studies (Critchley
et al. 2000; Johnson et al. 2005; Kana et al. 2016; Wong
et al. 2008). Learning strategies can compensate for diffi-
culties in explicit emotional understanding, while this is not
the case when emotions are implicit and processed rapidly
and automatically (Frith 2004). Early automatic processing
of emotional faces involves bilateral posterior and temporal
cortical areas in addition to activation of limbic regions such
as the amygdalae (Bernstein and Yovel 2015; Johnson 2005;
Rossion 2014). Threat-related stimuli are particularly sali-
ent for the attentional system and elicit enhanced activity
in the visual cortex (Vuilleumier 2005; Vuilleumier et al.
2004). While increased activation in visual areas including
the inferior and middle occipital gyri, the lingual gyri and
the FG has been associated with face processing, responses
to the emotional content have been related to brain activity
in the temporal cortices, such as the superior temporal sulcus
and the inferior temporal gyri (Fusar-Poli et al. 2009a, b;
Vuilleumier and Pourtois 2007).

With their excellent, millisecond time resolution, elec-
troencephalography (EEG) and magnetoencephalography
(MEG) are of particular value in investigating the earliest
responses in visual emotional processing (Liu et al. 2002;
Rossion 2014). MEG also provides a fine spatial resolution
which enables the investigation of the earliest brain activ-
ity with accurate spatial localization (Dumas et al. 2013).
The event-related potentials (ERPs) and their magnetic
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field equivalent (event-related fields, ERFs) P/M1 and N/
M170 components are usually investigated as the first indi-
ces of perceptual and attentional face processing. These
components are then followed by attention reorienting
and memory processes both modulated by face features
and emotions (Batty and Taylor 2003; Bentin et al. 1996;
Olivares et al. 2015). Furthermore, neural activity within
the first 100-300 ms is modulated by facial expressions,
in particular by negative emotions over the occipital and
temporal cortices (Bailey et al. 2005; Braeutigam et al.
2001; Pourtois et al. 2004).

In ERP studies, the P1 and N170 components have been
described as atypical in ASD (Batty et al. 2011; Dawson
et al. 2005; Hileman et al. 2011; McPartland et al. 2004,
O’Connor et al. 2007). However, conflicting results exist,
as other studies did not find group differences in latency
and/or amplitude within these components (for discussion,
Feuerriegel et al. 2015; Wong et al. 2008). Of interest,
Wong et al. (2008) did not find atypical ERPs (P1 nor
N170) in children with ASD; however, significant differ-
ences emerged with the neural sources of these two com-
ponents during implicit and explicit emotional processing.
In the occipital cortex, brain activation was delayed during
implicit emotional processing and larger in the left com-
pared to the right hemisphere in the ASD group only, in
both explicit and implicit conditions. Importantly, around
the P1 and N170 latencies, the activity in the bilateral FG
was reduced in the implicit emotional condition only.

Taken together, these results suggest a potential role for
MEG in elucidating previous conflicting results, due to
the greater spatial resolution compared to EEG, in inves-
tigations of atypical face processing in ASD. Two MEG
studies reported that responses to faces differed between
ASD adults and controls around 140 ms in the extrastriate
cortices (Bailey et al. 2005) and starting before 100 ms in
temporal regions in adolescents with ASD (Leung et al.
2015), confirming very early atypical face processing in
ASD. These results are in line with broader disrupted vis-
ual responses (Samson et al. 2012; Simmons et al. 2009),
which should also be considered while investigating emo-
tional processing in ASD.

The present MEG study investigated early and auto-
matic responses to emotional faces in adults with and
without ASD within the first stages of the visual emotional
processing at brain source level. Regions of interest (ROI)
critical to the implicit emotional processing were selected
for analyses including areas involved in the early visual
activity and face-sensitive regions. In addition to disrupted
responses in areas related to social cognitive processing,
such as decreased activity in the FG, we expected to see
atypical early responses in visual areas in the adults with
ASD compared to typically developped (TD) controls.
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Materials and Methods
Participants

Twenty-two adults in each group (ASD and controls) par-
ticipated to the study. However, three in each were not
included due to MEG data that were too noisy. For analy-
ses, the 19 adults with autism (7 females, age range 20-36,
mean =+ standard deviation: 26.3 +4.4) were matched by
age to 19 TD adults (8 females, age range: 20-34, mean:
26.4+4;t(36)=—-0.13, p=.69). To ensure that partici-
pants did not present a developmental delay (intelligence
quotient, IQ <70), two subtests (vocabulary and matrix
reasoning) of the Wechsler Abbreviated Scale of Intel-
ligence (WAIS, Wechsler 1999) were administered. A ¢
test showed that the groups did not differ on IQ (ASD
IQ=115.5+16,TD=114.7+9.8; t(36)=0.19, p = .85).

ASD participants were diagnosed based on expert clini-
cal judgment supported by the Autism Diagnostic Obser-
vation Schedule-Generic, ADOS-2 (ADOS-2, Lord et al.
2000) and/or by the Autism Diagnostic Interview-Revised,
ADI (ADI, Lord et al. 1994). The average ADOS-2 sever-
ity score was 6.2 +2.5 (Corbetta and Shulman 2002;
Gotham et al. 2009). In both groups, exclusion criteria
included a history of neurological disorders, neurodevel-
opmental disorders (other than autism for the ASD group),
acquired brain injury, and standard contraindications to
MEG and MRI; all participants had normal or corrected-
to-normal vision. As it is typical for adults with ASD, nine
participants were taking medications at the time of the
testing (e.g. SSRIs, anxiolytics); given their long half-life,
it was not ethical to ask participants to be without clini-
cally prescribed medications for many weeks for a short
research study. The research was approved by The Hospital
for Sick Children Research Ethics Board. Informed written
consent was obtained from all the participants.

Stimuli and Task

The stimuli consisted of photographs of emotional faces
(angry, happy or neutral) presented on the right or left
side of a central fixation cross, and scrambled versions of
the same faces presented concurrently on the other side
(Leung et al. 2014; Mennella et al. 2017). Twenty-five
faces (13 males) for each of the three facial expressions
were selected from the NimStim Set of Facial Expressions,
with a minimum of 80% of categorization accuracy for
emotional expressions (Tottenham et al. 2009). Scram-
bled patterns were created from each face by dividing the
images into 64 cells that were then randomized. A mosaic
(15x 15 px per tile) and a Gaussian blur (10.0 px) were

applied using Adobe Photoshop. The face-pattern pairs
were matched for luminance and colour. Images were
back-projected through mirrors onto a screen at a distance
of 79 cm, with a visual angle of 9° (wide) x 11° (high), 7°
from the central fixation cross (i.e., within the parafoveal
region, see Fig. 1).

A total of 300 trials (100 per emotional expression)
were randomly presented using Presentation software
(Neurobehavioral Systems, Berkley, CA). Each emo-
tional face appeared four times, two times in the left and
two times in the right visual field with equal probability.
Stimuli were presented for 80 ms followed by a fixation
cross with an ISI of 1300-1500 ms; stimuli were presented
very briefly to avoid visual scanning. Participants were
instructed to identify whether the scrambled pattern was
on the left or right as quickly as possible by pressing a
button with the left or right hand, respectively. Thus, emo-
tions were implicit to the task, allowing investigation of
rapid and automatic brain responses to emotional faces.

Behavioural Analysis

Mixed ANOVAs were conducted on reaction time (RT)
and accuracy to examine group (ASD vs. control) and
emotion (angry vs. neutral. vs. happy) effects during the
task.

I'd

1300-1500 ms

Y

Fig.1 Schematic of the task: a fixation cross is displayed on the
center of the screen with an emotional face (angry, happy or neutral)
presented in the right or left hemifield, while a scramble pattern of
the same face is presented in the other hemifield. The stimuli had
a visual angle of 9° (wide)x 11° (high) with a distance of 7° from
the central fixation cross (parafoveal view). The participants were
instructed to detect the position of the scrambled pattern by pressing
a button
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MEG and MRI Data Acquisition

MEQG data were recorded using a 151-channel CTF MEG
system (CTF, Coquitlam, BC, Canada) at a sampling rate
of 600 Hz in a magnetically shielded room at the Hospi-
tal for Sick Children. A third-order spatial gradient and an
offline bandpass filter of 1-150 Hz were applied. All par-
ticipants were supine in the MEG while they completed the
task. Fiducial coils were placed on the left and right pre-
auricular points and the nasion to monitor head position and
movement within the helmet. These were replaced by radio-
opaque markers for MRI coregistration. All the participants
also had a T1-weighted MR image (3D SAG MPRAGE:
PAT, GRAPPA =2, TR/TE/FA =2300 ms/2.96 ms/90°,
FOV =28.8%19.2 cm, 240 X 256 matrix, 192 slices, slice
thickness = 1.0 mm isotropic voxels) obtained from a 3T MR
scanner (MAGNETOM TimTrio, Siemens AG, Erlangen,
Germany), with a 12-channel head and neck coil.

Brain Responses at Source Level

For source reconstruction notch filters at 60 Hz and 120 Hz
were applied to MEG data. Epochs were extracted from
— 1500 ms before stimulus presentation to 3000 ms and
were rejected when intra-trial head motion exceeded 5 mm.
The head position was corrected to the median head posi-
tion during the remaining trials. A realistic single-shell head
model was constructed using each participant’s MRI. The
source time course for the 90 seeds placed at the centre of
mass of each Automated Anatomical Labeling region (AAL
Atlas, Tzourio-Mazoyer et al. 2002) were transformed into
subject-space then estimated through a linearly constrained
minimum variance beamformer (Van Veen et al. 1997).
Beamformers project the recorded data from the sensors

through a spatial filter to extract timeseries at ROI while
suppressing sources outside the target region (Quraan and
Cheyne 2010). Due to the minimization of the contribution
of the sources outside the seeds of interest, MEG beamform-
ers are a powerful method to suppress ocular and non-ocular
artefacts (i.e. eye-blinks, saccades, cardiac and muscle activ-
ity), replacing artefact rejection based on visual inspection
(Muthukumaraswamy 2013).

MEG source activity was estimated for each participant
of the ASD and TD groups and for each condition (angry,
happy, neutral), and was filtered off-line with a band pass
filter of 1-30 Hz with a 200 ms pre-stimulus baseline. Data
from each seed were squared to determine the evoked power
in each condition for all locations. Data were time-locked to
trial onset and averaged by emotion type across subjects. For
each condition the number of averaged trials (+ SD) in the
ASD group were 94.6 +13.9 (angry), 94.6 + 14.5 (neutral),
94.9 +13.9 (happy) and in the TD group were 99.8 +0.9
(angry), 99.3 £20.75 (neutral), 99.6 + 1.6 (happy). A
repeated measures ANOVA on trial numbers did not reveal
any significant effect concerning condition or group (all
ps>0.14).

Preliminary Data Visualization

Ten bilateral occipital and temporal ROIs (see Table 1),
known to be recruited in emotional face processing and
spatial attention, were selected to compare implicit emo-
tional processing in the ASD and control groups. Each ROI
corresponded to a specific seed, as shown in Table 1. The
selection was based on functional criteria, including regions
involved in face processing and spatial attention described
in previous studies on face and emotional face processing
in typical development and autism (Fusar-Poli et al. 2009b;

Table 1 List of the ROI selected from visualization for six time-windows of 30 ms

ROI Time windows (ms) MNI coordinates (X, y, z)

90-120 105-135 135-165 155-185 200-230 225-255 Left Right
Calcarine v v v -8 -79 6 15 -73 9
Cuneus v v v -7 —-80 27 13 -79 28
Lingual v v v —16 —68 -5 15 —-67 -4
Occipital Sup v v v v —18 -84 28 23 —81 31
Occipital Mid v v v v -33 —-81 16 36 —-80 19
Occipital Inf v 4 v v -37 -78 -8 37 —-82 -8
Fusiform v 4 v -32 —-40 -20 33 -39 -20
Temporal Sup v v v -54 =21 7 57 -22 17
Temporal Mid v/ v v -57 =34 =2 56 =37 -1
Temporal Inf v v v =51 -28 -23 53 -31 -22

Only ROI and time-windows indicated by v/ were considered for statistical analyses. Left and right MNI coordinates (x, y, z) are reported for

each ROI
Sup superior, Mid middle, Inf inferior
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Schultz et al. 2003; Wong et al. 2008). In a first exploratory
phase, the sources’ evoked power were visually inspected
and six peaks of activity were clearly identifiable in the first
300 ms in each ROL

Mean power was measured in six time windows of 30 ms
over the ROIs where the peaks were identified (see Fig. 2).
Table 1 shows the selected ROIs and the time windows in
which the mean amplitude was measured for statistical anal-
ysis. To investigate specific responses to the emotions, bilat-
eral ROIs were considered and data were compared between
groups and across conditions.

Fig.2 Grand average evoked
power for angry, happy and
neutral faces at two ROI (left
inferior occipital gyrus and right
fusiform gyrus); the ASD group
is displayed with a blue color
line and the TD group with a
red line. Five time windows of
the six selected are shown in
coloured frames

Left Inferior Occipital gyrus
L

Statistical Analysis

Repeated measures ANOVAs were performed at each ROI
for the selected time windows (see Table 1). Analyses
included group (ASD vs. control) and Emotion (angry vs.
happy vs. neutral) and Hemisphere (left vs. right). ANOVA
results were corrected with the Greenhouse—Geisser pro-
cedure and a Tukey HSD test was performed for post-hoc
analyses.

Selection of the ROIs and of the time-windows

Right Fusiform gyrus
R

200

400 ms

300

400 ms -5
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300
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2 4
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1
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Brain—-Autism Severity Correlations

Based on the previous ANOVAs, we also related the clinical
characterization of the ASD participants to their occipital
brain activity. Thus, according to our hypothesis that the
severity of autism is influenced by social deficits as well as
by sensory atypicalities, we predicted a relation between
evoked activity in the visual ROIs (mean activity of the two
hemispheres) and behavioural symptoms.

A General Linear Model to predict brain activation was
performed including Sites (calcarine fissures, cuneus, lin-
gual gyri and in the inferior, middle and superior occipital
gyri) and emotion (angry, happy and neutral) as categorical
predictors and ADOS scores as continuous variable. This
allowed us to identify the brain regions where the relation
between ASD severity and brain activation differed statisti-
cally as a function of emotion. Finally, in regions where the
interaction between emotion and symptom severity in pre-
dicting brain activity was significant, Pearson correlations
were performed (p <.05).

Results
Behavioural Results

Both groups performed the task close to ceiling, with accu-
racy > 96% for both groups, and average RTs across all
emotions of 385 +60 ms for ASD and 366 +40 ms for TD
(Table 2). Neither main effects nor interactions between
group and emotion were significant for RT or accuracy (all
ps>0.07).

MEG Results

Details of ANOVA significant results are presented in
Tables 3 and 4 for the occipital and the temporal regions
respectively. Effects involving the between factor Group

Table 2 RTs and accuracy in the behavioural task for ASD and TD group

were found in four time-windows (90-120 ms, 105-135 ms,
135-165 ms and 225-255 ms); no significant between Group
effects were found in the 155-185 ms and 200-230 ms time-
windows. Tables 3 and 4 contain a summary of all signifi-
cant effects and their directionality (e.g., TD > ASD) and
Fig. 3 explains the directionality of significant interactions.
All effects, significant and non-significant are reported as
electronic supplementary material (see Supp. 1 and Supp. 2).

From 90 to 120 ms, angry faces elicited stronger activa-
tion than neutral faces in both groups in the FG (FDR cor-
rected). However, only the controls showed larger responses
to angry compared to both happy and neutral faces in the
inferior temporal gyrus.

In the 105-135 ms time-window, in the occipital region
the ASD group had enhanced neural activity compared to
controls for all the facial expressions. In the ASD group, we
found a left-hemisphere dominance and an emotion-specific
response in the inferior occipital gyrus with happy faces
eliciting a stronger activity than angry and neutral faces.
After FDR correction these results were no longer signifi-
cant. However, the effect of Group reached p,..., <.05 on all
three occipital sites, suggesting that it was not due to chance.
In the lingual gyrus, happy faces elicited stronger activation
in the right hemisphere in controls and in the left hemisphere
for the ASD group.

In the following time-window (135-165 ms) coincid-
ing with the face-sensitive activity peaking around 150 ms,
the ASD group showed a hypo-activation in the right FG,
irrespective of emotion, which survived FRD correction.
At this latency only controls presented a right-hemisphere
dominance in the inferior occipital gyrus. No emotion effects
were seen in this time-window. Emotion-sensitive responses
were observed at 225-255 ms: neutral faces elicited a
stronger response than happy faces in the middle occipital
gyrus in the ASD group only.

Therefore, differences in neural activity between adults
with ASD and matched controls were observed in several
regions implicated in emotion-face processing as discussed
below.

Facial expressions (ms) ANOVAs
Angry Happy Neutral Group Emotion Group X Emotion
RT (ms)
ASD 384 +64 385+65 385+65 F(1,36)=1.09, F(2,72)=0.48, p=.62, nPZ:.OI F(2,72)=0.08, p=.92, np22.002
TD  366+43 366442 36742 P=30.n=.03
Accuracy (%)
ASD 97+3 97+3 98+3 F(1,36)=0.19, F(2,72)=0.01, p=.99, np2<.001 F(2,72)=2.81, p=.07, npzz.07
D 965 96+4 96+5 p=.67,
n,°=.005

On the right, the ANOVA results
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Fig.3 A Post-hoc contrasts
from the thee-way interactions
(Group X Hemisphere X Emo-
tion). B The two-way interac-
tions (Group X Hemisphere)

A Interaction Group x Emotion x Hemis

Inferior Temporal gyri (90-120 ms) Inferior Occipital gyri (105-135 ms)

phere

Lingual gyri (105-135 ms)

2 2 2 -
and C the two-way interactions nT nT - nT .
(Group X Emotion). The ASD 25 4 10
group is displayed in blue and 2 3 8
the TD group in red. Error bars 15 6
are standard errors of the mean. 1 2 4
Significant planned differences 05 1 2
are indicated by asterisks:
* Hok koksk
p<.05, #*p<.01, p<.001. v N N v N N v N QN R
i > & O S S @@ SIS NG
L left, R right S OE@ S Q@ S &
RN G \23;2 &o eel\» R G Q\-‘bQ & D NG Q@Q & ézo
B Interaction Group x Hemisphere
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Brain-Autism Severity Correlations

Analyses showed a significant interaction between
Site, Emotion and ADOS (F(10,150)=1.95, p=.042,
np2= .115). To determine which areas drove this inter-
action, General Linear Model analyses were performed
separately for each site with Emotion as the dependent
variable and ADOS severity score as the continuous vari-
able. A significant effect of the Emotion and a signifi-
cant interaction between Emotion and ADOS were found
for the middle occipital gyri (F(2,30)=4.99, p=.013,
n,>=.250; F(2,30)=4.60, p=.018, n,>=.235, respec-
tively) and a trend for the interaction between Emotion
and ADOS for the inferior occipital gyri (F(2,30)=3.18,
p=.056, nP2 =.175). Pearson correlations (FDR corrected)
were performed on these two sites and significant correla-
tions between evoked activity occurring in the 105-135 ms
time-window and Autism Severity scores (ADOS) were
confirmed in the middle occipital gyri for angry faces only
(r(17)=.56, p=.019) and in the inferior occipital gyri for
angry (r(17)=.60, p=.011; see Fig. 4) and for happy
faces (r(17)=.64, p=.006). For all correlation results,
see Supp. 3.

Discussion

The present MEG study investigated the time course of
brain activity during an implicit emotional task in ten bilat-
eral posterior ROIs, including visual and emotion-related
areas. Differences between ASD and controls were found
in both the occipital and temporal cortices, suggesting the
potential role for MEG in consolidating existing findings
and clarifying previous conflicting results, through a more
accurate timing description of activity from the underlying
brain sources.

Temporal Regions

The FG is a region responding preferentially to faces com-
pared to other stimuli such as objects (Halgren et al. 2000;
Haxby et al. 2000; McCarthy et al. 1999). Face-related
responses in the FG (Halgren et al. 2000; Itier and Batty
2009; Morris et al. 2007) have often been described around
150 ms, and are affected by changes in facial expressions
(Fox et al. 2009; Ganel et al. 2005; Harry et al. 2013) with
the modulation depending on emotional valence (Batty and
Taylor 2003; Nomi et al. 2013, but see also Harry et al.
2013; Pourtois et al. 2010).

In the present study, we found enhanced FG responses
for angry faces in both groups at an early (90—120 ms) time
window, in agreement with prior work reporting emotional
sensitivity not only in the time window of the N170/M 150,
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but also earlier and later (Hadjikhani and de Gelder 2003;
Pizzagalli et al. 2002; Wong et al. 2008). Our results suggest
that the analysis of the whole time course of emotional face
processing provides additional information on the extent of
emotional modulations in the FG, and should be further con-
sidered in models of emotional face processing. Moreover,
these results are also supported by the fact that the magno-
cellular pathway, solicited by parafoveal stimulation, is char-
acterized by a dual route pathway, with one rapid pathway
reaching the ventro-occipital regions and the fusiform gyri
via the amygdalae, which respond preferentially to threat
stimuli (see Corradi-Dell’acqua et al. 2014; Vuilleumier
et al. 2003).

The mixed findings in the literature on the emotional
response in the FG may depend on attention to the emotion,
which is found to be responsible for modulations of specific
emotions (Etkin et al. 2004; Pourtois et al. 2010). However,
as suggested by ERP and fMRI studies, the implicit/explicit
nature of the task plays an important role in the modulation
of early face-sensitive and emotional responses (Kana et al.
2016; Wronka and Walentowska 2011). In particular, while
explicit emotional processing seems particularly to affect
the FG, activity within this region responds to broader face
processing when emotions are processed implicitly (Pourtois
et al. 2010).

While specific responses modulated by emotion were
similar between groups in the FG, we observed a hypo-
activation of the right FG in ASD, as described in many
other neuroimaging studies (Critchley et al. 2000; Hall et al.
2003; Humphreys et al. 2008; Schultz 2005). This suggests
that hypo-activation of the FG might play a critical role in
atypical face processing in ASD, especially when attention
is not directed towards the emotional content of the stimuli.

In our study only controls presented emotion-sensitive
activity in the inferior temporal gyrus in the earliest time-
window, aligning with a previous MEG study reporting
modulations of the temporal regions in processing pleas-
ant and unpleasant pictures (Peyk et al. 2008). Conversely,
the ASD participants showed a similar effect in the infe-
rior occipital gyrus (see below), suggesting distinct spatio-
temporal emotional processing rather than an absence of
emotional processing per se.

Occipital Regions

In contrast to temporal regions, such as the FG which
responds to both feature-based and configural information,
the inferior occipital gyri respond preferentially to face fea-
tures, and several visual regions in the occipital cortex have
been associated with emotional processing (Fusar-Poli et al.
2009b). In particular, in the first 150 ms, emotion-sensitive
visual activity has been reported, demonstrating a rapid
emotional response (Batty and Taylor 2003; Pourtois et al.
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2004). The present study provided insight on the timing of
atypical visual responses to emotional faces in adults with
ASD (see Fig. 3) in the occipital region and in the lingual
gyri, previously reported in fMRI studies (Hadjikhani et al.
2004; Pierce et al. 2001).

Emotion-sensitive responses were observed only in the
ASD group at 105-135 ms in the inferior occipital gyrus
(Kim et al. 2015), where happy and angry faces presented
stronger activity than neutral faces, and happy faces elic-
ited stronger activity than angry faces. Interestingly, the
ASD group presented the opposite emotion-response in the
225-255 ms time-window as neutral faces elicited greater
neural activity than happy faces in the middle occipital
gyrus.

In our study, the stimuli were presented in the parafo-
vea, thus rapidly stimulating the magnocellular pathway
(Bayle et al. 2011) through the direct subcortical route via
the amygdalae and feedback projections to the visual areas
(Liddell et al. 2005; Pourtois and Vuilleumier 2006; Vuil-
leumier et al. 2004). Thus, specific emotional responses over
the occipital region seen in the ASD participants suggest an
atypical early threat response, as supported by both connec-
tivity (Kana et al. 2016) and behavioural studies (Deruelle
et al. 2008). In particular, previous MEG studies reported
reduced connectivity between limbic and paralimbic regions
and posterior face-sensitive areas in response to threatening
(i.e., angry) faces, in both adolescents and adults with ASD
compared to controls (Leung et al. 2014; Mennella et al.
2017).

Here both groups presented emotion-specific responses
though with different spatial distribution and with differ-
ent emotional prioritization. Taken together these results
suggest that implicit face processing is atypical from the
earliest visual responses (Batty et al. 2011; Samson et al.
2012). Notably, this aligns with the hypotheses that those
with ASD prefer feature-based strategies during behavioural
tasks involving faces (Deruelle et al. 2008) and not global/
configural information. Although in line with our results,
this interpretation is speculative at the present time, since
configural versus feature-based processing were not directly
compared in the present study.

An increasing number of studies have focused on the
sensory domain of atypical visual processing in autism. In
investigations of low-level processes, atypical visual activity
has been reported (Constable et al. 2012; Milne et al. 2009;
Pei et al. 2014), suggesting that disrupted sensory process-
ing might impact later processes, and contribute to atypi-
cal social cognition (Kornmeier et al. 2014; Kovarski et al.
2016; Thye et al. 2017). These considerations are supported
by a positive correlation between the occipital region acti-
vation to emotional stimuli and the autism severity score in
the ASD group (see Fig. 4), strengthening the importance of

relating early sensory neural responses to clinical symptoms
in populations with neurodevelopmental disorders.

Face and Emotional Processing

Emotional processing in ASD represents an important func-
tion to understand social difficulties in these participants.
In the present study, specific emotion modulations were
observed as early as 90—120 ms; prior studies have also
shown early activity in the FG. The rapid involvement of
the FG through the amygdala pathway has been suggested
by fMRI (Berchio et al. 2016), but also by electrophysi-
ological evidence. For instance, an MEG study by Hung
et al. (2010) has shown a peak of activation of the left FG as
early as 85 ms in response to faces presented parafoveally.
Other studies have described multiple stages of activation
of the FG (Barbeau et al. 2008; Cornwell et al. 2008). By
using intracerebral recording Barbeau et al. (2008) reported
two stages of activation of the FG at 110 ms and 160 ms
in response to face stimuli. During a matching face task,
a similar two-step processing of the FG was suggested by
Cornwell et al. (2008) in an MEG study applying beam-
forming analysis. This is in accordance with a recent EEG
source study reporting that the right FG was implicated in
the processing of gaze direction at 100-120 ms (Berchio
et al. 2016), suggesting an early dissociation of implicit gaze
detection. Finally, in the study by Wong et al. (2008) the
source analysis of the ERPs revealed that the FG were dif-
ferently modulated between the ASD and the TD children
around the P1 time-window.

Similar to the emotional modulation in the FG, an
enhancement for angry faces was found in the inferior tem-
poral gyri in controls only, suggesting broader emotional
responses to threat-related stimuli in typical adults in this
early time-window. However, in a later time-window a com-
parable emotion-sensitive response was found in the ASD
group, in the inferior occipital gyri. These novel results are
important in demonstrating that ASD and controls both have
common responses in occipito-temporal areas indexing early
emotional processing, but with spatio-temporal differences
in the modulation of the emotional information of faces,
rather than a simple hypo-activation. The analyses of several
ROIs that are key to faces and emotional processes allowed
these significant effects to be identified.

To integrate evidence from the impairment/enhancement
dichotomy (Simon and Wallace 2016) into a unique model,
accounts such as the weak central coherence hypothesis
(WCC, Happé and Frith 2006) and the enhanced perceptual
functioning (EPF, Mottron et al. 2006) have been proposed
to explain the atypical perceptual functioning in autism.
The WCC hypothesis proposes that perception in autism is
characterized by a bias for local information coupled with
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difficulty in processing global information. The EPF states
that rather than a failure in global processing, ASD individu-
als present enhancement for details and low level processing.
A third account proposed a perceptual integration deficit
in ASD, due to a failure in the integration of sensory infor-
mation into a ‘big picture’ (Dakin and Frith 2005). Taken
together, these approaches to autistic perceptual function-
ing are founded on evidence of superior sensory processing
(Mottron et al. 2006) as well as atypical brain activity in
sensory regions such as the extrastriate cortex (Milne et al.
2009), rather than a lack of “expertise” for faces (Bolte et al.
2006; Perlman et al. 2011).

A recent meta-analysis (Samson et al. 2012) found a spa-
tial overlap in activations in the face sensitive regions sug-
gesting that the methodological choices might be responsible
for different activation patterns in the face network, includ-
ing the FG. However, in line with our study, greater bilateral
activity in the extrastriate and striate regions was found in
the ASD group compared to controls, demonstrating that
faces are processed atypically in those with ASD within the
visual face network.

Only adults with high functioning autism participated in
this study, which required high compliance from the partici-
pants, to remain still and concentrate throughout the task;
thus, the full autistic spectrum was not represented. Future
studies, possibly relying on passive viewing designs, could
be used to try to include a larger range of the spectrum.

Our study suggests that atypical visual processing in the
occipital cortex is identifiable from the earliest visual stages.
It is important to note, though, that contrary to the hypo-
activation in the right fusiform gyrus, group differences in
occipital sites did not survive multiple comparison correc-
tion. This suggests that, although uncorrected differences
were present in three out of three occipital sites considered,
they were not as large as the effect found in the right fusi-
form, in line with the fact that fusiform hypo-activation in
ASD is a well replicated result in the literature. In a neurode-
velopmental perspective, perceptual or sensory difficulties
could undermine the development of face and emotional
processing via a cascade mechanism, eventually triggering
compensatory mechanisms or strategies (Baum et al. 2015;
Cascio et al. 2016).

Conclusions

These findings support the existence of a distinct spatio-
temporal neural organization in the ASD group during the
processing of implicit emotional faces. According to the
perceptual and sensory theories of autism, stronger visual
responses in ASD compared to controls in an early time-
window (105-135 ms) was found; interestingly, the response
was reduced at longer latencies. Thus, atypical facial
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expression processing seems to be not only characterised by
hypo-activation of the FG, but by a broader atypical process-
ing of the emotional face network, including atypical visual
processing and emotion-sensitive responses (Critchley et al.
2000; Pierce et al. 2001; Wong et al. 2008). Considering
the directions of these differences in the activations and the
time windows, stronger early visual responses may be partly
responsible for impairment in subsequent face-sensitive pro-
cesses in the FG.

The present study strengthens the hypothesis that early
visual hyper-reactivity plays a role in social disturbances
in ASD. Importantly, to investigate the specificity of this
response, further studies are needed to compare early visual
responses to social and non-social stimuli. Nonetheless, in
light of the correlation with the severity of ASD symptoms,
atypical early visual responses ought to be considered when
studying social cognition in autism.

Finally, from a clinical perspective, these findings could
have profound implications. The present results highlight the
importance of properly assessing basic perceptual atypicali-
ties in autism, which could underlie deficits in higher-order
cognitive processes, such as social cognition. Treatment
might need to focus not only on strengthening individuals’
social skills, but also on promoting strategies to better pro-
cess the stimuli in the environment, at a more basic percep-
tual level.

Acknowledgments The authors thank the participants for their involve-
ment in the study. We also thank Anne Keller, Veronica Yuk and Rachel
Leung for helping in data analyses and data collection.

Author Contributions RM, SMW and BTD participated in the pre-
processing of the data; KK, RM, SMW and BTD participated in the
analysis of the data; KK, RM, BTD, MJT and MB contributed to inter-
pretation of the data; MJT designed the protocol; KK, MJT and MB
wrote the first draft of the manuscript. All authors participated in revis-
ing it critically for important intellectual content and have given final
approval of the version to be published.

Funding This work was funded by the Canadian Institutes of Health
Research (CIHR) 654 (Grants: MOP-119541 and MOP-142379) to
MIJT. The data analyses and the preparation of this article were sup-
ported by the Fondation Thérese Planiol to KK.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in this study were in
accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.



Journal of Autism and Developmental Disorders

References

APA. (2013). Diagnostic and statistical manual of mental disorders
(DSM-5). Washington, DC: American Psychiatric Association.

Bailey, A. J., Braeutigam, S., Jousmaki, V., & Swithenby, S. J.
(2005). Abnormal activation of face processing systems at early
and intermediate latency in individuals with autism spectrum
disorder: A magnetoencephalographic study. European Jour-
nal of Neuroscience, 21, 2575-2585. https://doi.org/10.111
1/j.1460-9568.2005.04061.x.

Barbeau, E. J., Taylor, M. J., Regis, J., Marquis, P., Chauvel, P., &
Liegeois-Chauvel, C. (2008). Spatio temporal dynamics of
face recognition. Cerebral Cortex, 18, 997-1009. https://doi.
org/10.1093/cercor/bhm140.

Batty, M., Meaux, E., Wittemeyer, K., Roge, B., & Taylor, M. J.
(2011). Early processing of emotional faces in children with
autism: An event-related potential study. Journal of Experimen-
tal Child Psychology, 109, 430-444. https://doi.org/10.1016/j.
jecp.2011.02.001.

Batty, M., & Taylor, M. J. (2003). Early processing of the six basic
facial emotional expressions. Cognitive Brain Research, 17,
613-620.

Baum, S. H., Stevenson, R. A., & Wallace, M. T. (2015). Behavioral,
perceptual, and neural alterations in sensory and multisensory
function in autism spectrum disorder. Progress in Neurobiology,
134, 140-160. https://doi.org/10.1016/j.pneurobio.2015.09.007.

Bayle, D. J., Schoendorff, B., Henaff, M. A., & Krolak-Salmon, P.
(2011). Emotional facial expression detection in the peripheral
visual field. PLoS ONE, 6, €21584. https://doi.org/10.1371/journ
al.pone.0021584.

Bentin, S., Allison, T., Puce, A., Perez, E., & McCarthy, G. (1996).
Electrophysiological studies of face perception in humans.
Journal of Cognitive Neuroscience, 8, 551-565. https://doi.
org/10.1162/jocn.1996.8.6.551.

Berchio, C., Rihs, T. A., Piguet, C., Dayer, A. G., Aubry, J. M.,
& Michel, C. M. (2016). Early averted gaze processing in the
right Fusiform Gyrus: An EEG source imaging study. Biologi-
cal Psychology, 119, 156—170. https://doi.org/10.1016/j.biops
ycho.2016.06.008.

Bernstein, M., & Yovel, G. (2015). Two neural pathways of face
processing: A critical evaluation of current models. Neuro-
science & Biobehavioral Reviews, 55, 536-546. https://doi.
org/10.1016/j.neubiorev.2015.06.010.

Bolte, S., Hubl, D., Feineis-Matthews, S., Prvulovic, D., Dierks, T., &
Poustka, F. (2006). Facial affect recognition training in autism:
Can we animate the fusiform gyrus? Behavioral Neuroscience,
120, 211-216. https://doi.org/10.1037/0735-7044.120.1.211.

Braeutigam, S., Bailey, A. J., & Swithenby, S. J. (2001). Task-
dependent early latency (30-60 ms) visual processing of human
faces and other objects. Neuroreport, 12, 1531-1536.

Callenmark, B., Kjellin, L., Ronnqvist, L., & Bolte, S. (2014).
Explicit versus implicit social cognition testing in autism
spectrum disorder. Autism, 18, 684—-693. https://doi.
org/10.1177/1362361313492393.

Cascio, C. J., Woynaroski, T., Baranek, G. T., & Wallace, M. T.
(2016). Toward an interdisciplinary approach to understanding
sensory function in autism spectrum disorder. Autism Research,
9, 920-925. https://doi.org/10.1002/aur.1612.

Clark, T. F., Winkielman, P., & MclIntosh, D. N. (2008). Autism
and the extraction of emotion from briefly presented facial
expressions: Stumbling at the first step of empathy. Emotion,
8, 803-809. https://doi.org/10.1037/a0014124.

Cohen Kadosh, K., Henson, R. N., Cohen Kadosh, R., John-
son, M. H., & Dick, F. (2010). Task-dependent activation of
face-sensitive cortex: An fMRI adaptation study. Journal of

Cognitive Neuroscience, 22, 903-917. https://doi.org/10.1162/
jocn.2009.21224.

Constable, P. A., Gaigg, S. B., Bowler, D. M., & Thompson, D. A.
(2012). Motion and pattern cortical potentials in adults with high-
functioning autism spectrum disorder. Documenta Ophthalmolog-
ica, 125,219-227. https://doi.org/10.1007/s10633-012-9349-7.

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and
stimulus-driven attention in the brain. Nature Reviews Neurosci-
ence, 3,201-215. https://doi.org/10.1038/nrn755.

Cornwell, B. R., Carver, F. W., Coppola, R., Johnson, L., Alvarez, R.,
& Grillon, C. (2008). Evoked amygdala responses to negative
faces revealed by adaptive MEG beamformers. Brain Research,
1244, 103-112. https://doi.org/10.1016/j.brainres.2008.09.068.

Corradi-Dell’acqua, C., Schwartz, S., Meaux, E., Hubert, B., Vuille-
umier, P., & Deruelle, C. (2014). Neural responses to emotional
expression information in high- and low-spatial frequency in
autism: Evidence for a cortical dysfunction. Frontiers in Human
Neuroscience, 8, 189. https://doi.org/10.3389/fnhum.2014.00189.

Critchley, H. D., et al. (2000). The functional neuroanatomy of social
behaviour: Changes in cerebral blood flow when people with autis-
tic disorder process facial expressions. Brain, 123, 2203-2212.

Dakin, S., & Frith, U. (2005). Vagaries of visual perception in
autism. Neuron, 48, 497-507. https://doi.org/10.1016/j.neuro
n.2005.10.018.

Dawson, G., Webb, S. J., & McPartland, J. (2005). Understanding the
nature of face processing impairment in Autism: Insights from
behavioral and electrophysiological studies. Developmental Neu-
ropsychology, 27, 403-424.

Deruelle, C., Rondan, C., Salle-Collemiche, X., Bastard-Rosset, D.,
Da, D., & Fonseca (2008). Attention to low- and high-spatial fre-
quencies in categorizing facial identities, emotions and gender in
children with autism. Brain and Cognition, 66, 115-123. https://
doi.org/10.1016/j.bandc.2007.06.001.

Dumas, T., Dubal, S., Attal, Y., Chupin, M., Jouvent, R., Morel, S.,
et al. (2013). MEG evidence for dynamic amygdala modulations
by gaze and facial emotions. PLoS ONE, 8, €74145. https://doi.
org/10.1371/journal.pone.0074145.

Etkin, A., Klemenhagen, K. C., Dudman, J. T., Rogan, M. T., Hen,
R., Kandel, E. R., et al. (2004). Individual differences in trait
anxiety predict the response of the basolateral amygdala to
unconsciously processed fearful faces. Neuron, 44, 1043-1055.
https://doi.org/10.1016/j.neuron.2004.12.006.

Feuerriegel, D., Churches, O., Hofmann, J., & Keage, H. A. (2015).
The N170 and face perception in psychiatric and neurological
disorders: A systematic review. Clinical Neurophysiology, 126,
1141-1158. https://doi.org/10.1016/j.clinph.2014.09.015.

Fox, C. J., Moon, S. Y., laria, G., & Barton, J. J. (2009). The cor-
relates of subjective perception of identity and expression in
the face network: An fMRI adaptation study. Neuroimage, 44,
569-580. https://doi.org/10.1016/j.neuroimage.2008.09.011.

Frith, U. (2004). Emanuel Miller lecture: Confusions and contro-
versies about Asperger syndrome. Journal of Child Psychol-
ogy and Psychiatry, 45, 672—686. https://doi.org/10.111
1/j.1469-7610.2004.00262.x.

Fusar-Poli, P., Placentino, A., Carletti, F., Allen, P., Landi, P.,
Abbamonte, M., et al. (2009a). Laterality effect on emotional
faces processing: ALE meta-analysis of evidence. Neurosci-
ence Letters, 452, 262-267. https://doi.org/10.1016/j.neule
t.2009.01.065.

Fusar-Poli, P., Placentino, A., Carletti, F., Landi, P., Allen, P., Surgu-
ladze, S., et al. (2009b). Functional atlas of emotional faces pro-
cessing: A voxel-based meta-analysis of 105 functional magnetic
resonance imaging studies. Journal of Psychiatry & Neuroscience,
34,418-432.

Ganel, T., Valyear, K. F., Goshen-Gottstein, Y., & Goodale, M. A.
(2005). The involvement of the “fusiform face area” in processing

@ Springer


https://doi.org/10.1111/j.1460-9568.2005.04061.x
https://doi.org/10.1111/j.1460-9568.2005.04061.x
https://doi.org/10.1093/cercor/bhm140
https://doi.org/10.1093/cercor/bhm140
https://doi.org/10.1016/j.jecp.2011.02.001
https://doi.org/10.1016/j.jecp.2011.02.001
https://doi.org/10.1016/j.pneurobio.2015.09.007
https://doi.org/10.1371/journal.pone.0021584
https://doi.org/10.1371/journal.pone.0021584
https://doi.org/10.1162/jocn.1996.8.6.551
https://doi.org/10.1162/jocn.1996.8.6.551
https://doi.org/10.1016/j.biopsycho.2016.06.008
https://doi.org/10.1016/j.biopsycho.2016.06.008
https://doi.org/10.1016/j.neubiorev.2015.06.010
https://doi.org/10.1016/j.neubiorev.2015.06.010
https://doi.org/10.1037/0735-7044.120.1.211
https://doi.org/10.1177/1362361313492393
https://doi.org/10.1177/1362361313492393
https://doi.org/10.1002/aur.1612
https://doi.org/10.1037/a0014124
https://doi.org/10.1162/jocn.2009.21224
https://doi.org/10.1162/jocn.2009.21224
https://doi.org/10.1007/s10633-012-9349-7
https://doi.org/10.1038/nrn755
https://doi.org/10.1016/j.brainres.2008.09.068
https://doi.org/10.3389/fnhum.2014.00189
https://doi.org/10.1016/j.neuron.2005.10.018
https://doi.org/10.1016/j.neuron.2005.10.018
https://doi.org/10.1016/j.bandc.2007.06.001
https://doi.org/10.1016/j.bandc.2007.06.001
https://doi.org/10.1371/journal.pone.0074145
https://doi.org/10.1371/journal.pone.0074145
https://doi.org/10.1016/j.neuron.2004.12.006
https://doi.org/10.1016/j.clinph.2014.09.015
https://doi.org/10.1016/j.neuroimage.2008.09.011
https://doi.org/10.1111/j.1469-7610.2004.00262.x
https://doi.org/10.1111/j.1469-7610.2004.00262.x
https://doi.org/10.1016/j.neulet.2009.01.065
https://doi.org/10.1016/j.neulet.2009.01.065

Journal of Autism and Developmental Disorders

facial expression. Neuropsychologia, 43, 1645—1654. https://doi.
org/10.1016/j.neuropsychologia.2005.01.012.

Gomot, M., & Wicker, B. (2012). A challenging, unpredictable world
for people with autism spectrum disorder. International Journal
of Psychophysiology, 83, 240-247. https://doi.org/10.1016/].ijpsy
¢ho0.2011.09.017.

Gotham, K., Pickles, A., & Lord, C. (2009). Standardizing ADOS
scores for a measure of severity in autism spectrum disorders.
Journal of Autism and Developmental Disorders, 39, 693-705.
https://doi.org/10.1007/s10803-008-0674-3.

Hadjikhani, N., Joseph, R. M., Snyder, J., Chabris, C. F., Clark, J.,
Steele, S., et al. (2004). Activation of the fusiform gyrus when
individuals with autism spectrum disorder view faces. Neuro-
image, 22, 1141-1150. https://doi.org/10.1016/j.neuroimage
.2004.03.025.

Hadjikhani, N., & de Gelder, B. (2003). Seeing fearful body expres-
sions activates the fusiform cortex and amygdala. Current Biol-
ogy, 13,2201-2205.

Halgren, E., Raij, T., Marinkovic, K., Jousmaki, V., & Hari, R. (2000).
Cognitive response profile of the human fusiform face area as
determined by MEG. Cerebral Cortex, 10, 69-81.

Hall, G. B., Szechtman, H., & Nahmias, C. (2003). Enhanced salience
and emotion recognition in autism: A PET study. Am J Psychia-
try, 160, 1439-1441. https://doi.org/10.1176/appi.ajp.160.8.1439.

Happé, F., & Frith, U. (2006). The weak coherence account: Detail-
focused cognitive style in autism spectrum disorders. Journal
of Autism and Developmental Disorders, 36, 5-25. https://doi.
org/10.1007/s10803-005-0039-0.

Harry, B., Williams, M. A., Davis, C., & Kim, J. (2013). Emotional
expressions evoke a differential response in the fusiform face area.
Frontiers in Human Neuroscience, 7, 692. https://doi.org/10.3389/
fnhum.2013.00692.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2000). The distributed
human neural system for face perception. Trends in Cognitive Sci-
ences, 4,223-233.

Haxby, J. V., Hoffman, E. A., & Gobbini, M. I. (2002). Human neural
systems for face recognition and social communication. Biological
Psychiatry, 51, 59-67.

Hileman, C. M., Henderson, H., Mundy, P., Newell, L., & Jaime, M.
(2011). Developmental and individual differences on the P1 and
N170 ERP components in children with and without autism.
Developmental Neuropsychology, 36, 214-236. https://doi.
org/10.1080/87565641.2010.549870.

Humphreys, K., Hasson, U., Avidan, G., Minshew, N., & Behrmann,
M. (2008). Cortical patterns of category-selective activation for
faces, places and objects in adults with autism. Autism Research,
1, 52-63. https://doi.org/10.1002/aur.1.

Hung, Y., Smith, M. L., Bayle, D. J., Mills, T., Cheyne, D., & Taylor,
M. J. (2010). Unattended emotional faces elicit early lateralized
amygdala-frontal and fusiform activations. Neuroimage, 50, 727—
733. https://doi.org/10.1016/j.neuroimage.2009.12.093.

Itier, R. J., & Batty, M. (2009). Neural bases of eye and gaze pro-
cessing: The core of social cognition. Neuroscience & Biobe-
havioral Reviews, 33, 843—-863. https://doi.org/10.1016/j.neubi
orev.2009.02.004.

Johnson, M. H. (2005). Subcortical face processing. Nature Reviews
Neuroscience, 6, 766—774. https://doi.org/10.1038/nrn1766.
Johnson, M. H., Griffin, R., Csibra, G., Halit, H., Farroni, T., De Haan,
M., et al. (2005). The emergence of the social brain network:
Evidence from typical and atypical development. Development
and Psychopathology, 17, 599-619. https://doi.org/10.1017/S0954

579405050297.

Kana, R. K., Patriquin, M. A., Black, B. S., Channell, M. M., & Wicker,
B. (2016). Altered medial frontal and superior temporal response
to implicit processing of emotions in autism. Autism Research, 9,
55-66. https://doi.org/10.1002/aur.1496.

@ Springer

Kim, S. Y., Choi, U. S., Park, S. Y., Oh, S. H., Yoon, H. W., Koh,
Y. J., et al. (2015). Abnormal activation of the social brain net-
work in children with autism spectrum disorder: An FMRI study.
Psychiatry Investigation, 12, 37-45. https://doi.org/10.4306/
pi.2015.12.1.37.

Kornmeier, J., Worner, R., Riedel, A., Bach, M., & van Elst, L. T.
(2014). A different view on the checkerboard? Alterations in early
and late visually evoked EEG potentials in asperger observers.
PLoS ONE, 9, €90993. https://doi.org/10.1371/journal.pone.00909
93.2001.

Kouptsova, J. E., Leung, R. C., & Taylor, M. J. (2017). Stimulus expo-
sure duration alters implicit processing of neutral and emotional
faces. Neuroscience, 341, 154—159. https://doi.org/10.1016/j.
neuroscience.2016.11.030.

Kovarski, K., Thillay, A., Houy-Durand, E., Roux, S., Bidet-Caulet,
A., Bonnet-Brilhault, F., et al. (2016). Brief report: Early VEPs
to pattern-reversal in adolescents and adults with autism. Journal
of Autism and Developmental Disorders, 46, 3377-3386. https://
doi.org/10.1007/s10803-016-2880-8.

Leung, R. C., Pang, E. W,, Cassel, D., Brian, J. A., Smith, M. L.,
& Taylor, M. J. (2015). Early neural activation during facial
affect processing in adolescents with autism spectrum disorder.
Neurolmage: Clinical, 7, 203-212. https://doi.org/10.1016/j.
nicl.2014.11.009.

Leung, R. C., Ye, A. X., Wong, S. M., Taylor, M. J., & Doesburg, S. M.
(2014). Reduced beta connectivity during emotional face process-
ing in adolescents with autism. Molecular Autism, 5, 51. https://
doi.org/10.1186/2040-2392-5-51.

Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J., Das, P.,
Peduto, A., et al. (2005). A direct brainstem-amygdala-cortical
‘alarm’ system for subliminal signals of fear. Neuroimage, 24,
235-243. https://doi.org/10.1016/j.neuroimage.2004.08.016.

Liu, J., Harris, A., & Kanwisher, N. (2002). Stages of processing in
face perception: An MEG study. Nature Neuroscience, 5, 910-
916. https://doi.org/10.1038/nn909.

Lord, C., Risi, S., Lambrecht, L., Cook, E. H., Leventhal, B. L., DilLa-
vore, P. C., et al. (2000). The autism diagnostic observation sched-
ule-generic: A standard measure of social and communication
deficits associated with the spectrum of autism. Journal of Autism
and Developmental Disorders, 30, 205-223.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism diagnostic
interview-revised: A revised version of a diagnostic interview for
caregivers of individuals with possible pervasive developmental
disorders. Journal of Autism and Developmental Disorders, 24,
659-685.

Lozier, L. M., Vanmeter, J. W., & Marsh, A. A. (2014). Impairments
in facial affect recognition associated with autism spectrum dis-
orders: A meta-analysis. Development and Psychopathology, 26,
933-945. https://doi.org/10.1017/S0954579414000479.

Marco, E. ., Hinkley, L. B., Hill, S. S., & Nagarajan, S. S. (2011).
Sensory processing in autism: A review of neurophysiologic find-
ings. Pediatric Research, 69, 48R—54R. https://doi.org/10.1203/
PDR.0b013e3182130c54.

McCarthy, G., Puce, A., Belger, A., & Allison, T. (1999). Electrophysi-
ological studies of human face perception. II: Response properties
of face-specific potentials generated in occipitotemporal cortex.
Cerebral Cortex, 9, 431-444.

McPartland, J., Dawson, G., Webb, S. J., Panagiotides, H., & Carver,
L. J. (2004). Event-related brain potentials reveal anomalies in
temporal processing of faces in autism spectrum disorder. Journal
of Child Psychology and Psychiatry, 45, 1235-1245. https://doi.
org/10.1111/j.1469-7610.2004.00318..x.

Mennella, R., Leung, R. C., Taylor, M. J., & Dunkley, B. T. (2017).
Disconnection from others in autism is more than just a feel-
ing: Whole-brain neural synchrony in adults during implicit


https://doi.org/10.1016/j.neuropsychologia.2005.01.012
https://doi.org/10.1016/j.neuropsychologia.2005.01.012
https://doi.org/10.1016/j.ijpsycho.2011.09.017
https://doi.org/10.1016/j.ijpsycho.2011.09.017
https://doi.org/10.1007/s10803-008-0674-3
https://doi.org/10.1016/j.neuroimage.2004.03.025
https://doi.org/10.1016/j.neuroimage.2004.03.025
https://doi.org/10.1176/appi.ajp.160.8.1439
https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.1007/s10803-005-0039-0
https://doi.org/10.3389/fnhum.2013.00692
https://doi.org/10.3389/fnhum.2013.00692
https://doi.org/10.1080/87565641.2010.549870
https://doi.org/10.1080/87565641.2010.549870
https://doi.org/10.1002/aur.1
https://doi.org/10.1016/j.neuroimage.2009.12.093
https://doi.org/10.1016/j.neubiorev.2009.02.004
https://doi.org/10.1016/j.neubiorev.2009.02.004
https://doi.org/10.1038/nrn1766
https://doi.org/10.1017/S0954579405050297
https://doi.org/10.1017/S0954579405050297
https://doi.org/10.1002/aur.1496
https://doi.org/10.4306/pi.2015.12.1.37
https://doi.org/10.4306/pi.2015.12.1.37
https://doi.org/10.1371/journal.pone.0090993.g001
https://doi.org/10.1371/journal.pone.0090993.g001
https://doi.org/10.1016/j.neuroscience.2016.11.030
https://doi.org/10.1016/j.neuroscience.2016.11.030
https://doi.org/10.1007/s10803-016-2880-8
https://doi.org/10.1007/s10803-016-2880-8
https://doi.org/10.1016/j.nicl.2014.11.009
https://doi.org/10.1016/j.nicl.2014.11.009
https://doi.org/10.1186/2040-2392-5-51
https://doi.org/10.1186/2040-2392-5-51
https://doi.org/10.1016/j.neuroimage.2004.08.016
https://doi.org/10.1038/nn909
https://doi.org/10.1017/S0954579414000479
https://doi.org/10.1203/PDR.0b013e3182130c54
https://doi.org/10.1203/PDR.0b013e3182130c54
https://doi.org/10.1111/j.1469-7610.2004.00318.x
https://doi.org/10.1111/j.1469-7610.2004.00318.x

Journal of Autism and Developmental Disorders

processing of emotional faces. Molecular Autism, 8, 7. https://
doi.org/10.1186/s13229-017-0123-2.

Milne, E., Scope, A., Pascalis, O., Buckley, D., & Makeig, S. (2009).
Independent component analysis reveals atypical electroen-
cephalographic activity during visual perception in individu-
als with autism. Biological Psychiatry, 65, 22-30. https://doi.
org/10.1016/j.biopsych.2008.07.017.

Morris, J. P., Pelphrey, K. A., & McCarthy, G. (2007). Face process-
ing without awareness in the right fusiform gyrus. Neuropsycho-
logia, 45, 3087-3091. https://doi.org/10.1016/j.neuropsychologi
a.2007.05.020.

Mottron, L., Mineau, S., Martel, G., Bernier, C. S. C., Berthiaume, C.,
Dawson, M., et al. (2007). Lateral glances toward moving stimuli
among young children with autism: Early regulation of locally ori-
ented perception? Development and Psychopathology, 19, 23-36.
https://doi.org/10.1017/S0954579407070022.

Mottron, L., Dawson, M., Soulieres, I., Hubert, B., & Burack, J. (2006).
Enhanced perceptual functioning in autism: An update, and eight
principles of autistic perception. Journal of Autism and Devel-
opmental Disorders, 36, 27-43. https://doi.org/10.1007/s1080
3-005-0040-7.

Muthukumaraswamy, S. D. (2013). High-frequency brain activity and
muscle artifacts in MEG/EEG: A review and recommendations.
Frontiers in Human Neuroscience, 7, 138. https://doi.org/10.3389/
fnhum.2013.00138.

Nomi, J. S., Frances, C., Nguyen, M. T., Bastidas, S., & Troup, L. J.
(2013). Interaction of threat expressions and eye gaze: An event-
related potential study. Neuroreport, 24, 813-817. https://doi.
org/10.1097/WNR.0b013e3283647682.

O’Connor, K., Hamm, J. P., & Kirk, I. J. (2007). Neurophysiological
responses to face, facial regions and objects in adults with Asper-
ger’s syndrome: An ERP investigation. International Journal of
Psychophysiology, 63, 283-293. https://doi.org/10.1016/j.ijpsy
¢h0.2006.12.001.

Olivares, E. 1., Iglesias, J., Saavedra, C., Trujillo-Barreto, N. J., &
Valdes-Sosa, M. (2015). Brain signals of face processing as
revealed by event-related potentials. Behavioural Neurology,
2015, 514361 https://doi.org/10.1155/2015/514361.

Pei, F., Baldassi, S., & Norcia, A. M. (2014). Electrophysiological
measures of low-level vision reveal spatial processing deficits
and hemispheric asymmetry in autism spectrum disorder. Jour-
nal of Vision, 14, 1-12. https://doi.org/10.1167/14.11.3.

Perlman, S. B., Hudac, C. M., Pegors, T., Minshew, N. J., & Pel-
phrey, K. A. (2011). Experimental manipulation of face-evoked
activity in the fusiform gyrus of individuals with autism. Social
Neuroscience, 6, 22-30. https://doi.org/10.1080/1747091100
3683185.

Peyk, P., Schupp, H. T., Elbert, T., & Junghofer, M. (2008). Emotion
processing in the visual brain: A MEG analysis. Brain Topogra-
phy, 20, 205-215. https://doi.org/10.1007/s10548-008-0052-7.

Pierce, K., Muller, R. A., Ambrose, J., Allen, G., & Courchesne, E.
(2001). Face processing occurs outside the fusiform ‘face area’ in
autism: Evidence from functional MRI. Brain, 124, 2059-2073.

Pizzagalli, D. A., Lehmann, D., Hendrick, A. M., Regard, M., Pascual-
Marqui, R. D., & Davidson, R. J. (2002). Affective judgments of
faces modulate early activity (approximately 160 ms) within the
fusiform gyri. Neuroimage, 16, 663-677.

Pourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004). Elec-
trophysiological correlates of rapid spatial orienting towards fear-
ful faces. Cerebral Cortex, 14, 619-633. https://doi.org/10.1093/
cercor/bhh023.

Pourtois, G., Spinelli, L., Seeck, M., & Vuilleumier, P. (2010). Modula-
tion of face processing by emotional expression and gaze direction
during intracranial recordings in right fusiform cortex. Journal of
Cognitive Neuroscience, 22, 2086-2107. https://doi.org/10.1162/
jocn.2009.21404.

Pourtois, G., & Vuilleumier, P. (2006). Dynamics of emotional
effects on spatial attention in the human visual cortex. Progress
in Brain Research, 156, 67-91. https://doi.org/10.1016/S0079
-6123(06)56004-2.

Quraan, M. A., Cheyne, D. (2010). Reconstruction of correlated brain
activity with adaptive spatial filters in MEG. Neuroimage, 49,
2387-2400 https://doi.org/10.1016/j.neuroimage.2009.10.012.

Rossion, B. (2014). Understanding face perception by means of human
electrophysiology. Trends in Cognitive Sciences, 18, 310-318.
https://doi.org/10.1016/j.tics.2014.02.013.

Samson, F., Mottron, L., Soulieres, 1., & Zeffiro, T. A. (2012).
Enhanced visual functioning in autism: An ALE meta-analy-
sis. Hum Brain Mapp, 33, 1553—-1581. https://doi.org/10.1002/
hbm.21307.

Schultz, R. T., Grelotti, D. J., Klin, A., Kleinman, J., Van der Gaag,
C., Marois, R., et al. (2003). The role of the fusiform face area
in social cognition: Implications for the pathobiology of autism.
Philosophical Transactions of the Royal Society of London B:
Biological Sciences, 358, 415-427. https://doi.org/10.1098/
rstb.2002.1208.

Schultz, R. T. (2005). Developmental deficits in social perception in
autism: The role of the amygdala and fusiform face area. Inter-
national Journal of Developmental Neuroscience, 23, 125-141.
https://doi.org/10.1016/j.ijdevnen.2004.12.012.

Simmons, D. R., Robertson, A. E., McKay, L. S., Toal, E., McAleer,
P., & Pollick, F. E. (2009). Vision in autism spectrum disorders.
Vision Research, 49, 2705-2739. https://doi.org/10.1016/j.visre
5.2009.08.005.

Simon, D. M., & Wallace, M. T. (2016). Dysfunction of sensory
oscillations in autism spectrum disorder. Neuroscience & Biobe-
havioral Reviews, 68, 848-861. https://doi.org/10.1016/j.neubi
orev.2016.07.016.

Thye, M. D., Bednarz, H. M., Herringshaw, A. J., Sartin, E. B., & Kana,
R. K. (2017). The impact of atypical sensory processing on social
impairments in autism spectrum disorder. Developmental Cog-
nitive Neuroscience. https://doi.org/10.1016/j.dcn.2017.04.010.

Tottenham, N., Tanaka, J. W., Leon, A. C., McCarry, T., Nurse, M.,
Hare, T. A., et al. (2009). The NimStim set of facial expres-
sions: Judgments from untrained research participants. Psy-
chiatry Research, 168, 242-249. https://doi.org/10.1016/j.psych
res.2008.05.006.

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

Van Veen, B. D., van Drongelen, W., Yuchtman, M., & Suzuki, A.
(1997). Localization of brain electrical activity via linearly
constrained minimum variance spatial filtering. /IEEE Trans-
actions on Biomedical Engineering, 44, 867-880. https://doi.
org/10.1109/10.623056.

Vuilleumier, P. (2005). How brains beware: Neural mechanisms of
emotional attention. Trends in Cognitive Sciences, 9, 585-594.
https://doi.org/10.1016/j.tics.2005.10.011.

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2003). Dis-
tinct spatial frequency sensitivities for processing faces and emo-
tional expressions. Nature Neuroscience, 6, 624—631. https://doi.
org/10.1038/nn1057.

Vuilleumier, P., & Pourtois, G. (2007). Distributed and interactive brain
mechanisms during emotion face perception: Evidence from func-
tional neuroimaging. Neuropsychologia, 45, 174—194. https://doi.
org/10.1016/j.neuropsychologia.2006.06.003.

Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., & Dolan,
R.J. (2004). Distant influences of amygdala lesion on visual corti-
cal activation during emotional face processing. Nature Neurosci-
ence, 7, 1271-1278. https://doi.org/10.1038/nn1341.

@ Springer


https://doi.org/10.1186/s13229-017-0123-2
https://doi.org/10.1186/s13229-017-0123-2
https://doi.org/10.1016/j.biopsych.2008.07.017
https://doi.org/10.1016/j.biopsych.2008.07.017
https://doi.org/10.1016/j.neuropsychologia.2007.05.020
https://doi.org/10.1016/j.neuropsychologia.2007.05.020
https://doi.org/10.1017/S0954579407070022
https://doi.org/10.1007/s10803-005-0040-7
https://doi.org/10.1007/s10803-005-0040-7
https://doi.org/10.3389/fnhum.2013.00138
https://doi.org/10.3389/fnhum.2013.00138
https://doi.org/10.1097/WNR.0b013e3283647682
https://doi.org/10.1097/WNR.0b013e3283647682
https://doi.org/10.1016/j.ijpsycho.2006.12.001
https://doi.org/10.1016/j.ijpsycho.2006.12.001
https://doi.org/10.1155/2015/514361
https://doi.org/10.1167/14.11.3
https://doi.org/10.1080/17470911003683185
https://doi.org/10.1080/17470911003683185
https://doi.org/10.1007/s10548-008-0052-7
https://doi.org/10.1093/cercor/bhh023
https://doi.org/10.1093/cercor/bhh023
https://doi.org/10.1162/jocn.2009.21404
https://doi.org/10.1162/jocn.2009.21404
https://doi.org/10.1016/S0079-6123(06)56004-2
https://doi.org/10.1016/S0079-6123(06)56004-2
https://doi.org/10.1016/j.neuroimage.2009.10.012
https://doi.org/10.1016/j.tics.2014.02.013
https://doi.org/10.1002/hbm.21307
https://doi.org/10.1002/hbm.21307
https://doi.org/10.1098/rstb.2002.1208
https://doi.org/10.1098/rstb.2002.1208
https://doi.org/10.1016/j.ijdevneu.2004.12.012
https://doi.org/10.1016/j.visres.2009.08.005
https://doi.org/10.1016/j.visres.2009.08.005
https://doi.org/10.1016/j.neubiorev.2016.07.016
https://doi.org/10.1016/j.neubiorev.2016.07.016
https://doi.org/10.1016/j.dcn.2017.04.010
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1016/j.psychres.2008.05.006
https://doi.org/10.1006/nimg.2001.0978
https://doi.org/10.1109/10.623056
https://doi.org/10.1109/10.623056
https://doi.org/10.1016/j.tics.2005.10.011
https://doi.org/10.1038/nn1057
https://doi.org/10.1038/nn1057
https://doi.org/10.1016/j.neuropsychologia.2006.06.003
https://doi.org/10.1016/j.neuropsychologia.2006.06.003
https://doi.org/10.1038/nn1341

Journal of Autism and Developmental Disorders

Wechsler, D. (1999). Wechsler abbreviated scale of intelligence. San
Antonio: The Psychological Corporation.

Wong, T. K., Fung, P. C., Chua, S. E., & McAlonan, G. M. (2008).
Abnormal spatiotemporal processing of emotional facial expres-
sions in childhood autism: Dipole source analysis of event-related

@ Springer

potentials. European Journal of Neuroscience, 28, 407-416. https
://doi.org/10.1111/§.1460-9568.2008.06328.x.

Wronka, E., & Walentowska, W. (2011). Attention modulates emo-
tional expression processing. Psychophysiology, 48, 1047-1056.
https://doi.org/10.1111/§.1469-8986.2011.01180.x.


https://doi.org/10.1111/j.1460-9568.2008.06328.x
https://doi.org/10.1111/j.1460-9568.2008.06328.x
https://doi.org/10.1111/j.1469-8986.2011.01180.x

	Enhanced Early Visual Responses During Implicit Emotional Faces Processing in Autism Spectrum Disorder
	Abstract
	Materials and Methods
	Participants
	Stimuli and Task
	Behavioural Analysis
	MEG and MRI Data Acquisition
	Brain Responses at Source Level
	Preliminary Data Visualization
	Statistical Analysis

	Brain–Autism Severity Correlations
	Results
	Behavioural Results
	MEG Results
	Brain–Autism Severity Correlations

	Discussion
	Temporal Regions
	Occipital Regions
	Face and Emotional Processing

	Conclusions
	Acknowledgments 
	References


