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Abstract

In everyday life, emotional information is often conveyed by both the face and the voice.
Consequently, information presented by one source can alter the way in which information from
the other source is perceived, leading to emotional incongruence. Here, we used functional
magnetic resonance imaging (fMRI) to examine neutral correlates of two different types of
emotional incongruence in audiovisual processing, namely incongruence of emotion-valence and
incongruence of emotion-presence. Participants were in two groups, one group with a low
Autism Quotient score (LAQ) and one with a high score (HAQ). Each participant experienced
emotional (happy, fearful) or neutral faces or voices while concurrently being exposed to
emotional (happy, fearful) or neutral voices or faces. They were instructed to attend to either the
visual or auditory track. The incongruence effect of emotion-valence was characterized by
activation in a wide range of brain regions in both hemispheres involving the inferior frontal
gyrus, cuneus, superior temporal gyrus, and middle frontal gyrus. The incongruence effect of
emotion-presence was characterized by activation in a set of temporal and occipital regions in
both hemispheres, including the middle occipital gyrus, middle temporal gyrus and inferior
temporal gyrus. In addition, the present study identified greater recruitment of the right inferior
parietal lobule in perceiving audio-visual emotional expressions in HAQ individuals, as
compared to the LAQ individuals. Depending on face or voice-to-be attended, different patterns
of emotional incongruence were found between the two groups. Specifically, the HAQ group
tend to show more incidental processing to visual information whilst the LAQ group tend to
show more incidental processing to auditory information during the crossmodal emotional
incongruence decoding. These differences might be attributed to different attentional demands

and different processing strategies between the two groups.
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1. Introduction

Autism  spectrum  disorder (ASD) defines an early-onset, heterogeneous
neurodevelopmental condition, characterized by the presence of difficulties with social
interactions and communication together with restricted or repetitive interests and behaviors
(American Psychiatric Association, 2013). As the core feature of ASD, difficulties in social
communication are often linked to differences in emotion processing, leading to difficulties in
understanding and appreciating social information in real-life situation. Previous studies using
unimodal stimuli have demonstrated that individuals with ASD tend to show abnormalities in
attending to and extracting salient information from social cues including facial expressions,
voice prosody and eye gaze, compared to typical developing population (Dawson et al., 1998;
Hobson et al., 1989; Klin, 1991; Rutherford, 2007). At the neurobiological level, these atypical
patterns of emotion recognition have been linked to processing differences in brain areas such as
fusiform gyrus (FG) (e.g., face processing), superior temporal sulcus (STS) (e.g.,voice
processing) and medial prefrontal cortex (mPFC) (Bozikas et al., 2006; Gervais et al., 2004; Hall
et al., 2003; Happé et al., 1996; Nieminen-von Wendt et al., 2003). Consequently, individuals
with ASD often experience difficulty in understanding social information in situations of daily
life.

In natural social interactions, emotions are generally expressed and perceived through
multiple domains. Appreciating multi-sensory information is likely to require both attending and
extracting relevant information from different sources and integrating this with the context of the
situation at hand (Campanella and Belin, 2007). A few studies have looked into the localisation
of brain regions involved in audio-visual processing in ASD and tend to report functional

neurological differences underlying this process. For example, there is research suggesting that



ASD individuals tend to show hypo activation in emotion and integrative regions in frontal and
temporal lobes, such as inferior frontal cortex (IFC) (Hall et al., 2003), mPFC (Wang et al.,
2007), fronto-limbic areas (Loveland et al., 2008), superior temporal gyrus (STG) (Loveland et
al., 2008; Wang et al., 2007), and FG (Hall et al., 2003). Notably, despite successful behavioral
performance on an audiovisual emotion matching task, Doyle-thomas et al. (2013) reported that
in contrast to more involvement of frontal and temporal associative cortices in neurotypicals,
individuals with ASD show more activation in the parietofrontal network. Notably increased
parietal activation (BA39 and BA7), which have been implicated in attention modulation, goal-
directed behaviours and semantic processing (Silk et al., 2005). The increased activation in the
parietofrontal network is interpreted to indicate that ASD individuals rely more heavily on this
network for attentional and integrative purposes, suggesting an alternate compensatory strategy
(Silk et al., 2005; Cohen, 2009). Similarly, there is research reporting that when task demands
allow for more cognitive or explicit processing, ASD individuals tend to show more typical-like
brain activation in regions that are implicated in emotion processing (Critchley et al., 2000;
Piggot et al., 2004; Wang et al., 2004). For example, Wang, Lee, Sigman, and Dapretto (2007)
reported that when explicitly instructed to attend to certain social cues, ASD individuals showed
increased activation of the inferior frontal cortex and temporal regions bilaterally compared to
the task when they are not explicitly instructed to do so.

Understanding multi-sensory information becomes even more complicated when the
information from different sources conflict with the other. A number of studies have sought to
elucidate the neural underpinnings of audio-visual incongruence processing in the typical
population (e.g., Carter and Van Veen, 2007; Haas et al., 2006; Kerns et al., 2004; Ochsner et

al., 2009). This line of research has emphasized the significant role of the anterior cingulate



cortex (ACC) and the prefrontal regions, such as the dorsolateral prefrontal cortex (dIPFC) and
posterior medial frontal cortex (pMFC) in detecting and resolving incongruence. There is
research investigating congruence or incongruence processing in audiovisual emotional
processing (e.g., Klasen et al., 2011; Miiller et al., 2011), in which brain regions that respond
more to incongruent than to congruent audiovisual stimulation would be presumed to be
involved in a conflict process. For example, Watson et al. (2013) examined the neural correlates
of audiovisual emotional incongruence processing and reported that incongruent compared to
congruent emotions evoked increased activity in the superior temporal region, implying the
detection of mismatching information in this region.

In addition, Miiller et al. (2011, 2014) distinguished between two types of conflicts: one is
the incongruence of emotion-valence in which the emotion-valence in two sensory channels of
audiovisual presentations are different; the other is the incongruence of emotion-presence in
which one of the two sensory channels in an audio-visual stimulus has a neutral stimulus and the
other channel has an emotional stimulus. By comparing emotional incongruence conditons to
emotional congruence conditions, Miiller et al. (2011) reported an incongruence effect of
emotion-valence in the middle cingulate cortex, right superior frontal cortex, right supplementary
motor area as well as the right temporoparietal junction, suggesting a role of these regions in
bimodal conflict processing. By comparing emotion-presence conditions with emotion-absence
conditions, this study identified greater activation in the left lingual gyrus, left middle temporal
gyrus, right calcarine and the right superior temporal gyrus.

Despite this evidence in the neurotypical population, the neural correlates of conflict
processing still remain a relatively open question in ASD. There is one study by Watanabe et al.

(2012) that assessed the neural correlates when adults with and without ASD were processing



non-matching cues between verbal and nonverbal information and reported a significant decrease
in brain activation in a number of regions in individuals with ASD, including the right inferior
frontal gyrus (rIFG), bilateral anterior insula (AIC), ACC/ventral medial prefrontal cortex
(vimPFC), and dorsal medial prefrontal cortex (dmPFC). Anomalies of brain activation were also
observed in children/adolescents with ASD when dealing with conflict arising from different
information sources. Specifically, Wang et al. (2007) reported a decrease in activation in the
mPFC and right superior temporal gyrus (rSTG) in children/adolescents with ASD during an
irony comprehension task, though the level of activation in mPFC was modulated by an explicit
instruction phase. These results may suggest less automatically integrative reasoning about intent
in the ASD population.

The heterogeneity of severity and the varying extent of the symptoms that individuals with
ASD exhibit has led researchers to suggest that these disorders lie on a continuum of social-
communication difficulties which extend into the general population (Baron-Cohen, 1995). The
autism-spectrum quotient (AQ) was developed to measure the degree to which individuals with
normal intelligence demonstrate traits of the core autistic phenotype (Baron-Cohen et al., 2001).
There is evidence suggesting that autistic traits as measured by the AQ predict autistic-like
behavioral performance, including decreased global processing (Grinter et al., 2009; Neufeld et
al., 2020), difficulties in mental state reading from eyes (Baron-Cohen et al., 2001), and local-
biased attention towards gaze orientation (Bayliss and Tipper, 2005). Additionally, von dem
Hagen et al. (2011) showed an effect of autism spectrum traits on both the structure and function
of posterior superior temporal sulcus, a region that is thought to be implicated in ASD regarding

social cognition.



There is research reporting that individuals with significant autistic traits exhibited elevated
levels of loneliness in relation to lack of social skills and understanding, relative to those with
low levels of autistic traits (Austin, 2005; Jobe and White, 2007). It is possible that even mild
traits of autism, if common, may lead to considerable social difficulties in real-life situations and
cost for public health. Considering that some authors consider ASD to be at the extreme end of a
quantitative variation of autistic traits (Constantino and Todd, 2003), investigating the
incongruence effect in autism traits would enhance our understanding of audiovisual emotion
processing with autistic traits and this could motivate further study in people with a diagnosis of
ASD. Moreover, improving our understanding of the relationship between subclinical traits,
neural function and multisensory processing of emotion in the general population will help to
provide information about - potential behavioural and neurobiologicalcorrelates of autistic traits.
Accordingly, the first aim of the present study was to examine the neural correlates by which the
brain detects and resolves emotional conflict, and how these process change with autistic traits.
Considering that an incongruence also arises from concurrent presentation of an emotional
stimulus in one sensory channel and a neutral one in the other (Miiller et al., 2011), we also
investigated the brain correlates of incongruence regarding the presence and absence of emotion,
by contrasting audiovisual stimulus where two sensory channels were both emotional (emotion-
presence conditions) with audiovisual stimulus where an emotional cue in one channel and a
neutral cue in the other (emotion-absence conditions). In line with previous findings on
incongruence processing in ASD (e.g., Wang et al., 2007; Watanabe et al., 2012), we predicted
that individuals with substantial autistic traits would present with reduced activation in regions

that were engaged in incongruence processing (e.g., ACC or prefrontal regions).



2. Materials and methods

2.1 Participants

A total of 34 right-handed participants, as determined by the Edinburgh Handedness
Inventory Questionnaire (Oldfield, 1971), were involved in this study. Written informed consent
was obtained for each participant according to a protocol approved by the ethics committee of
the College of Science and Engineering, University of Glasgow. All participants completed the
Autism Spectrum Quotient (AQ) (Baron-Cohen et al.,, 2001), a common measure to assess
autism spectrum traits in both the general population and the autism spectrum community.
Individuals with a diagnosis of an autism spectrum disorder or clinically significant autistic

symptoms (AQ=32) were assigned to the high autism-spectrum quotient score (HAQ) group,
ymp

while participants who scored at 18 or lower on the AQ were assigned to the low autism-
spectrum quotient score (LAQ) group (Robertson and Simmons, 2013). This led that our HAQ
group consisted of those who scored 31 or more on the AQ (High: 31-50) as one person with a
formal diagnosis of Asperger Syndrome scored at 31 and our LAQ consisted of those who score
at 18 or lower on the AQ (Low: 0-18). All participants were reported to have normal or corrected
to normal visual and hearing acuity. Five participants were excluded from the analysis due to full
scan incompleteness or run-time errors. Therefore, 16 individuals (11 females, 5 males) with
HAQ and 13 individuals (10 females, 3 males) with LAQ were included in the final analysis, as
shown in Table 1.

Table 1. Demographic characteristics of the HAQ group and LAQ group

Characteristic HAQ(N=16) LAQ(N=13)
Autism Quotient** 38.67 (5.73) 12.15(4.1)
Age 31.88 (10.29) 23.23(4.38)
Gender 11F, 5SM 10F,3M

Notes. **p<.01, *p<.05



2.2 Stimuli

The stimuli were face-voice pairs. The face information, selected from the Binghamton-
Pittsburgh 4D Spontaneous Facial Expression Database (Zhang et al., 2014), consisted of facial
behaviors of 5 males and 5 females, each showing happy, neutral, and fearful expressions,
resulting in 30 different facial behaviors. The voice information consisted of 10 audible yawns,
10 laughs and 10 screams (5 males and 5 females for each), selected from Montreal Affective
Voices (MAV; Belin et al., 2008). The pairing was done by presenting emotional voices (e.g.,
happy, fearful) during expressive facial movements in the clip, and presenting neutral voices
during non-expressive facial movements in the middle of the clip, resulting in a total of nine
types of emotion-congruent face-voice stimulus (con-FV) and emotion-incongruent face-voice
stimulus (incon-FV): a happy face paired with a happy voice (H/H), a happy face paired with a
fearful voice (H/F), a happy face paired with a neutral voice (H/N), a fearful face paired with a
fearful voice (F/F), a fearful face paired with a happy voice (F/H), a fearful face paired with a
neutral voice (F/N), a neutral face paired with a neutral voice (N/N), a neutral face paired with a
happy voice (N/H), a neutral face paired with a fearful voice (N/F). In addition, the pairing was
matched with regard to gender, in the sense that a female face was always paired with a female
voice and vice versa. All face-voice pairs were 3s in duration with a frame rate of 25 frames per
second and were presented on a black background. The voice information was presented
binaurally via electrostatic earphones (NordicNeuroLab, Norway) with an average sound

intensity of 80dB.
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2.3 Procedure

Two functional runs were performed during a fMRI session. Each run consisted of 9 blocks
of face-attend condition and 9 blocks of voice-attend condition presented in a pseudorandomized
order using Presentation 14.9, designed by NeuroBehavioral Systems (NBS). Each block
consisted of 5 face-voice pairs, lasting 16s. Each run began with 20 seconds of a black screen
before the stimulus trials began and ended with 12 seconds of a black screen. In order to avoid
any possible order effects, three different pseudo-random sequences were created, and each
sequence was shown to a third of the participants (the third sequence was shown to 12
participants). Before the onset of each block, participants viewed a white color fixation cross on
a black background. In order to ensure that participants were alert and attentive, on one-third of
the trials the white color fixation cross was replaced by a red color fixation cross. Participants
indicated with a button press when they saw a red color fixation cross. For the face-attend
conditions, participants were asked to attend to the face and ignore the voice. For the voice-
attend conditions, participants were asked to attend to the voice and ignore the face.
2.4 fMRI data acquisition

All fMRI data were acquired on a 3T Tim Trio MRI scanner (Siemens, Erlangen, Germany).
Functional T2 weighted images were recorded with an EPI sequence (TR=2000msec,
TE=30msec, interleaved, flip angel 90°, spatial resolution = 3.0 x 3.0 x 3.0 mm), using a 32-
channel head coil. A whole brain anatomical scan was performed using a TI1-weighted
magnetization prepared rapid gradient echo imaging (MPRAGE) acquisition (192 contiguous
Imm axial slices, dimensions: 256mm*256mm, TR= 1900ms, TE=2.52ms, inversion time=
900ms, flip angle=9°), lasting 5 minutes, TR= 2300ms, TE = 2.91 ms, flip angle = 9° , spatial

resolution 1.0 X 1.0 x 1.2 mm resolution).
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2.5 Data analysis

Both fMRI data pre-processing and analysis were performed using Brainvoyager QX(2.8)
(Brain Innovation). Structural data were transformed into Talairach space (Talairach and
Tournoux, 1988). Functional images were slice scan-time corrected, motion corrected and
temporally filtered at 2 cycles across the time-course. Spatial smoothing with a Gaussian kernel
of 6 mm FWHM was also applied. After this, the functional runs were aligned to the anatomical
data sets, transformed into a Talairach space and converted into 4D volume time-course data.

A random-effects general liner model (RFX GLM) was used to caculate the first-level time-
series analysis on the z-normalized BOLD signal for each subject. Each experimental condition
was separately modelled in the first-level (single-subject) time-series analysis. Three rest blocks
were also modeled in the first-level time-series analysis and regarded as condition of no interest.
Head motion correction parameters were included in the GLM model as nuisance predictors.
These individual first-level time-series were then entered into second-level random effects
analysis to construct statistical parametric maps at the group level. Specifically, in order to
investigate the incongruence effect of emotion-valence, a 2 (group: LAQ, HAQ) x 2(attend:
face-attend, voice-attend) %2 (inconsistency: emotion-valence incongruent, emotion-valence
congruent) ANOVA was undertaken, with factors of attend and inconsistency as within-subject
variables, and factor of group as the between-group variable. Similarly, a 2 (group: LAQ, HAQ)
x 2 (attend: face-attend, voice-attend) x2 (inconsistency: emotion-presence, emotion-absence)
ANOVA was performed to determine effect of group, attend and emotion-presence inconsistency
on percentage BOLD singal change per voxel, with factors of attend and emotion-presence
inconsistency as within-subject variables, and factor of group as the between-group variable.

Significant results of the ANOVA were followed with post-hoc t-test by extracting beta values
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from the activated brain regions. All created F-maps were thresholded at a significance level
P<0.001(uncorrected). The resulting statistical maps were then submitted to a whole-brain
correction criterion based on the estimate of the map’s spatial smoothness and on an iterative
procedure (Monte Carlo simulation) for estimating cluster-level false-positive rate. After 1000
iterations of a Monte Carlo simulation, the minimum cluster size threshold that yielded a cluster-

level false-positive rate of 5% was applied to the statistical maps.

Results

3.1 Incongruence effect of emotion-valence

Results for the main effects of group, emotion-valence inconsistency and attend, as well as
their interactions, obtained in the whole-brain analysis are shown in Table 2.

Main effects

A significant main effect of group was observed in the right inferior parietal lobule (IPL),
with a cluster size threshold of p<0.001, 9 contiguous functional voxels (Fig.1A and Table 2a).
Activity extracted from this cluster was significantly greater for the HAQ group than the LAQ
group (t=4.42, p=0.0001).

A main effect of emotion-valence inconsistency was observed in several brain regions.
These brain regions centered on the bilateral inferior frontal gyrus (IFG), right cuneus, superior
occipital gyrus (SOGQG), inferior parietal lobule (IPL), precuneus, anterior cingulate, the left
medial frontal gyrus (MFG) and the superior temporal gyrus (STG) (p<0.001, 24 contiguous
functional voxels) (Table 2b). Examination of the direction of the effect indicated that the greater

incongruence effect of emotion-valence, as defined by emotion-valence incongruence conditions
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contrasted with emotion-valence congruence conditions, was found in regions of the bilateral
IFG (right IFG [t=3.89, p=0.0003; left IFG [t=3.11, p=0.003]), right cuneus (t=5.48, p<0.0001),
left MFG (t=3.35, p=0.001) and STG (t=4.82, p<0.0001) (Fig. 2.A). The regions of right SOG
(t=3.77, p=0.0004), IPL (t=3.90, p=0.0003), precuneus (t=5.17, p<0.0001), and anterior cingulate
(t=4.09, p=0.0001) showed greater response to the emotion-valence congruence conditions than

the emotion-valence incongruence conditions.

(A) right inferior parietal lobule (48, -28, 43)

X=48

(B) left caudate (-6, 20, 10)

T

Fig.1. Main effect of group and interation effect of group * attend* emotion-valence
inconsistency. (A) Brain activation in the right inferior paretal lobule for the main effect of group
(p<0.001 uncorrected, with a cluster size threshold of 9 contiguous functional voxels). (B) Brain
activation in the left caudate for the three-way interaction of group * attend *emotion-valence

inconsistency (p<0.001, with a cluster size threshold of 13 contiguous functional voxels).
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Interaction effects of attend and/or emotion-valence inconsistency by group

There was no two-way interaction effect of group-by-emotion-valence inconsistency.
However, the two way interaction effect of group-by-attend activated the regions of right medial
frontal gyrus (MFG) and the left anterior cingulate (ACC) although this did not satisfy the
cluster-size threshod criteria (p<<0.001, 11 contiguous functional voxels). Notebly, these two
regions were the same clusters as revealed from the ANOVA for the incongruence effect of
emotion-presence. Later post-hoc t-tests did not find significant differences between the two
groups in both face-attend conditions and voice-attend conditions.

The three-way interaction of group*attend*emotion-valence inconsistency was observed in
the left caudate (p<0.001, with a cluster size threshold of 13 contiguous functional voxels),
indicating that the effect of emotion-valence inconsistency differentially influenced face-attend
and voice-attend conditions for the two groups (Fig.1B and Table 2e). In order to understand this
effect, the cluster’s beta values were extracted and further analyzed for two levels of attend
(face-attend, voice-attend) at the emotion-valence incongruence conditions as well as emotion-
valence congruence conditions. Of most interest in this analysis was the incongruence effect of
emotion-valence (defined by emotion-valence incongruence contrasted with emotion-valence
congruence) between groups. This produced the result that, when instructed to attend to the
visual track, the LAQ group exhibited greater caudate response to the incongruence effect of
emotion-valence, compared to the HAQ group (t=2.91, p=0.007). When instructed to attend to
the auditory track, the HAQ group exhibited greater response to the incongruence effect of

emotion-valence, as compared to the LAQ group (t=3.19, p=0.004).
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Table 2. The incongruence effect of emotion-valence. Clusters showing significant activations

for: (a) main effect of group, (b) main effect of emotion-valence inconsistency, (c) group by

attend interaction, (d) group by emotion-valence inconsistency interaction (e) group *attend *

emotion-valence inconsistency interaction

Talairach
Hemisphere Anatomical region coordinate of BA F-value P-value No. of
peak voxel (X, voxels
Y. Z)
(a) Group (LAQ, HAQ)
R Inferior Parietal Lobule (48,-28,43) 40 25.93 <0.0001 311
(b) Emotion-valence inconsistency (incongruence, congruence)
R Cuneus (20, -96, 3) 18  211.695969 <0.00001 91,080
R Inferior Frontal Gyrus (44, 28, 6) 13 43.495922  <0.00001 8419
R Superior Occipital Gyrus (35, -77,27) 19 45.206665 <0.00001 2232
R Inferior Parietal Lobule (38,-44,39) 40 36.651894  <0.00001 2108
R Precuneus (14, -65, 18) 31 113.35891 <0.00001 125,019
R Anterior Cingulate (11,43,9) 32 83.832161 <0.00001 54,671
L Medial Frontal Gyrus (-10, 52, 39) 6 37.367836 <0.00001 2641
L Superior Temporal Gyrus (-43, -29, 6) 41 222.232941 <0.00001 24,715
L Inferior Frontal Gyrus (-40, 31, -3) 47  45.645294  <0.00001 8919
(c) Group (LAQ, HAQ) * attend (face-attend, voice-attend)
R Medial Frontal Gyrus (12,41, -9) 10 2145 0.0002 185
L Anterior Cingulate (-15,44,-2) 32 19.32 0.0001 159
(d) Group (LAQ, HAQ) *emotion-valence inconsistency (incongruence, congruence)
non-significant
(e) Group (LAQ, HAQ) * attend (face-attend, voice-attend) * emotion-valence inconsistency
(congruence, incongruence)
L Caudate (-6, 20, 10) - 32.53 <0.00001 388

X, V, z, Talairach coordinates of voxel with peak-activation. L=left hemisphere, R= right hemisphere. BA =

Brodmann's area. All the reported regions were thresholded at p<0.001, (uncorrected).
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(A) (2)

right inferior frontal gyrus (44, 28, 6) right inferior temporal gyrus (44, -68, -3)

& & B @

X=44 Y=28 X=44 =

left inferior frontal gyrus (-40, 31, -3) left middle occipital gyrus (-46, -68, 3)

@z, e

X=-40

cuneus (20, -96, 3)

X=20

medial frontal gyrus (-10, 52, 39)

Cy‘:’

X=-10 Y=52

left superior temporal gyrus (-43, -29, 6)

Fig 2. Sagittal (SAG) and Coronal (COR) views showing significant greater BOLD signal for
main effect of emotion-valence inconsistency and main effect of emotion-presence inconsistency
at Talairach coordinates. Significant clusters are circled in white. (A) Brain regions showed
greater response for the emotion-valence incongruence contrasted with emotion-valence
congruence conditions (incongruence effect of emotion-valence) (p<0.001 uncorrected, with a
cluster size threshold of 24 contiguous functional voxels). (B) Brain regions showed greater
response for the emotion-presence contrasted with emotion-absence conditions (incongruence of
emotion-presence) (p<0.001 uncorrected, with a cluster size threshold of 23 contiguous
functional voxels).
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3.2 Incongruence effect of emotion-presence

Results for the main effects of group, attend, and emotion-presence inconsistency, as well as

their interactions, obtained in the whole-brain analysis are shown in Table 3.

Main effects

The ANOVA (group * attend* emotion-presence inconsistency) resulted in a main effect of
group (LAQ, HAQ) in the right IPL (p<0.001, with a spatial extent 7 functional voxels) (Fig.3A
and Table 3a). However, this region did not satisfy the cluster-size threshold criteria (p<0.001, 9
contiguous functional voxels). For the sake of completeness, post hoc analysis on the beta values
for this region was further conducted between the two groups over all conditions. This suggested
that the HAQ group showed increased response to the overall conditions compared to the LAQ
group (t=4.40, p=0.0002).

A significant main effect of emotion-presence inconsistency was observed in two large
clusters (p<0.001, with a cluster size threshold of 23 contiguous functional voxels) (Fig.2B and
Table 3b). One cluster was centered on the right inferior temporal gyrus (ITG), extending to
middle temporal gyrus (MTG), superior temporal gyrus (STG) and middle occipital gyrus
(MOG). The other cluster was centered on the left middle occipital gyrus (MOG), extending to
the middle temporal gyrus (MTG) and the inferior temporal gyrus (ITG). Post-hoc t-tests were
conducted using the beta values for emotion-presence conditions and emotion-absence
conditions at the peak coordinates of the two above clusters (x=44, y=-68, z=-3; x=-46, y=-68,
z=3). Results suggested increased activation for the emotion-presence conditions where the
paired face and voice in audio-visual presentations were both emotional (H/H, H/F, F/F, F/H),
compared with emotion-absence conditions where one of the stimuli (face or voice) was neutral

(H/N, F/N, N/H, N/F) (t=3.09, p = 0.003; t = 2.60, p = 0.01, respectively).
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(A) right inferior parietal lobule (48, -28, 43)

X=48

(B) right inferior parietal lobule (54 -34, 41)

2

X=54 Y=-34

left inferior parietal lobule (-52, -43, 46)

.

X=-52 Y=-43

£ {)

right precuneus (6, -64, 49)

0
> @ ¢
Z=4€;

X=6 Y=-64

left superior parietal lobule (-21, -64, 43)

- 0 O

Fig3. Main effect of group and interation effect of group * attend* emotion-presence
inconsistency. (A) Brain activation in the right inferior paretal lobule for the main effect of group
(p<0.001 uncorrected, with a spatial extent 7 functional voxels). (B) Brain activation in regions
of the bilateral inferior parietal lobule, right precuneus and left superior parietal lobule for the
three-way interaction of group * attend *emotion-presence inconsistency (p<0.001, with a cluster

size threshold of 15 contiguous functional voxels).
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Interaction effects of attend and/or emotion-presence inconsistency by group.

Testing for group difference, a group by emotion-presence inconsistency interaction was
found in the left parahippocampal gyrus (PHG) (p<0.001, clustered at 9 contiguous functional
voxels) (Table 3c). Post-hoc analysis revealed that this interaction effect was driven by a greater
response to the emotion-presence conditions in the HAQ group, compared to the LAQ group
(t=2.33, p=0.03). Two groups showed no significant difference in response to the emotion-
absence conditions (t=-0.25, p=0.81).

There were two clusters in the right medial frontal gyrus (MFG) and the left anterior
cingulate (AC) showing significant two-way interaction of group-by-attend (p<0.001, with a
cluster size threshold of 11 contiguous functional voxels). Follow-up analysis of the beta weights
revealed no significant difference in BOLD activity between the HAQ and the LAQ groups in
both the face-attend conditions as well as the voice-attend conditions in these two regions (all
p>0.05).

Finally, a three-way interaction of group* attend* emotion-presence inconsistency was
found in a number of posterior brain regions, involving bilateral inferior parietal lobule (IPL),
right precuneus and left superior parietal lobule (SPL) (p<0.001, 15 contiguous functional voxels)
(Fig.3B and Table 3e). Then post hoc analysis was performed on the beta values for two levels of
attend (face-attend, voice-attend) in the emotion-presence conditions, as well as among those in
the emotion-absence conditions at the peak coordinates of each significant cluster (x=54, y=-34,
7=41; x=6, y=-64, z=49; x=-21, y=-64, z=43; x=-52, y=-43, z=46). We made these comparisons
between groups as we were primarily interested in exploring the incongruence effect of emotion-
presence (defined by emotion-presence conditions contrasted with emotion-absence conditions)

between groups. These results suggest that, for the face-attend conditions, the HAQ group
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exhibited greater activity in response to the incongruence effect of emotion-presence, compared
to the LAQ group (t=3.19, p=0.004; t=3.17, p=0.004; t=3.54, p=0.001; t=2.43, p=0.02,
respectively). However, for the voice-attend conditions, the LAQ group showed a greater
incongruence effect of emotion-presence than the HAQ group (t=2.18, p=0.04; t=2.35, p=0.03;

t=2.65, p=0.01; t=3.55, p=0.001, respectively).

Table 3. The incongruence effect of emotion-presence. Clusters showing significant
activations for: (a) main effect of group, (b) main effect of emotion-presence, (c) group-by-
attend interaction, (d) group-by-emotion-presence inconsistency interaction (e) group-by-

emotion-presence inconsistency-attend interaction

Talairach
Hemisphere Anatomical region coordinate of BA k- Uncorrected No. of
peak voxel (x, y, value voxels
z)
(a) Group (LAQ, HAQ)
R Inferior Parietal Lobule (48,-28,43) 40  25.1 <0.0001 212
(b) Emotion-presence inconsistency (incongruence, congruence)
R Inferior Temporal Gyrus (44, -68, -3) 37 107.7  <0.00001 16,703
L Middle Occipital Gyrus (-46, -68, 3) 37  66.6 <0.00001 6717
(c) Group (LAQ, HAQ) * attend (face-attend, voice-attend)
R Medial Frontal Gyrus (12,41, -9) 10 2145 <0.001 319
L Anterior Cingulate (-15, 44, -2) 32 19.32 <0.001 339

(d) Group (LAQ, HAQ) * emotion-presence inconsistency (emotion-presence, emotion-absence)
L Parahippocampal Gyrus (-15,-40,7) 30 19.33 <0.001 305

(e) Group (LAQ, HAQ) *attend (face-attend, voice-attend) * emotion-presence inconsistency
(emotion-presence, emotion-absence)

R Inferior Parietal Lobule (54, -34,41) 40 26.34 <0.0001 485
R Precuneus (6, -64, 49) 7 26.65 <0.0001 806
L Superior Parietal Lobule (-21, -64, 43) 7 1993 0.0001 1237
L Inferior Parietal Lobule (-52, -43, 46) 40 21.87 <0.0001 1298

X, V, z, Talairach coordinates of voxel with peak-activation. L=left hemisphere, R= right hemisphere. BA =
Brodmann's area. All the reported regions were thresholded at p<0.001, (uncorrected).
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4. Discussion

Our study investigated how individuals with substantial autistic traits (HAQ) and
individuals with few autistic traits (LAQ) respond to different types of incongruence during
cross-modal processing: 1) incongruence of emotion-valence, where cues from two sensory
channels were either congruent or incongruent to their emotion-valence, 2) incongruence of
emotion-presence, where the paired face and voice in audio-visual presentations were either both
emotional (emotion-presence) or one of the stimuli (voice or face) was neutral (emotion-
absence). To do so, whole brain fMRI data were collected when 16 adults with high autism-
spectrum quotient score and 13 adults with low autism-spectrum quotient score were instructed
to perceive emotional (happy, fearful) and neutral faces or voices while concurrently being
presented with emotional (fearful, happy) voices or faces.

Group effects

Independent of the track participants were told to attend, we found a main effect of group
on brain activation for contrasts involving both emotion-valence and emotion-presence, where
the HAQ group showed greater response compared to the LAQ group in the right IPL. In typical
individuals, the IPL has been associated with multiple functions including attentional selection
and response inhibition (Cai et al., 2014; Kaping et al., 2011), action observation and
representation (Bara et al., 2011), motor imagery (Thinnes-Elker et al., 2012; Tunik et al., 2007)
and integrative sensorimotor processing (Fogassi and Luppino, 2005; Hickok and Poeppel, 2004).
Important for interpreting our findings are recent results in typical individuals that have
emphasized a domain-general role of the IPL in processing emotional information. For example,
a lesion study by (Becker et al., 2012) reported that patients with complete bilateral amygdala

damage showed intact recognition of fearful or negative facial expressions as well as increased
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activation in the premotor cortex and the IPL to fearful faces. Using multi-site transcranial
magnetic stimulation (TMS), Engelen et al. (2015) reported that stimulation of the IPL
selectively led to enhanced fearful body processing selectively, providing the first evidence that
IPL plays a causal role in emotional body processing. Further evidence for this was found by
Mazzoni et al. (2017) who used a state-dependent TMS paradigm to demonstrate that the anterior
intraparietal sulcus was involved in representing affective body movements. Moreover, increased
functional coupling between the amygdala and IPL was reported in a study contrasting emotional
faces with neutral faces, suggesting interaction between these two brain regions (Diano et al.,
2017). Using continuous theta burst stimulation (cTBS)-fMRI, Engelen et al. (2018) reported
increased amygdala activation during the observation of angry stimuli compared to neutral
stimuli after stimulation of IPL/PMC, implying that the IPL communicates with amgydala to
process the emotional content of actions.

Relating these findings about IPL to autism, our results found increased activity in the IPL
for high ASD trait individuals compared to low ASD traits individuals while perceiving
audiovisual emotional stimuli. Previous fMRI studies examining emotional processing in ASD
reported atypical brain response in the IPL. For example, there is research reporting ASD-related
abnormality in response to social (emotional) touch, including decreased neural reactivity to
pleasant touch in IPL and social-emotional brain circuitry compared to typically developed
controls (Kaiser et al., 2016), and reduced connectivity between the parietal operculum and
major pain networks as well as increased connectivity between the semantic and limbic networks
(Masson et al.,, 2020). Related to the processing of human biological, differences in IPL
activation have been found. For example, Freitag et al. (2008) found that compared to the

typically developed indviduals, autistic individuals showed less brain activation for processing
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biological motions in the IPL, IPS, STSp, or FG. Further, despite comparable behavioural
performance on a biological motion perception task, McKay et al. (2012) identified that the
typically developed group engaged the IPL in the network processing biological motion but the
ASD group did not. In addition to these results, several neuroimaging studies observed more
activation in the parietal regions in individuals with ASD compared to typically developed
controls (Dapretto et al., 2006; Jack and Morris, 2014; Su et al., 2020). For example, during
imitating and observing emotional facial expressions, unlike typically developed controls who
showed more bilateral IFG activation, children with ASD showed greater activity in the left
parietal and right visual association cortices but no activity in the IFG (Dapretto et al., 2006).
Increased IPL in the HAQ group in present study extends these past literature of atypical
activation in the IPL to emotional audiovisual displays.

Although the significance of IPL in responding to emotional salient emotional information
in the environment is well established, it is potentially significant that IPL is linked to the
attentional network, especially in the reorienting or shifting of attention (Singh-Curry and
Husain, 2009). This region has also been implicated in cognitive control and mediating the
allocation of attention to task-relevant information (Ciaramelli et al., 2008). Apart from
communicating emotional information in the stimuli, perception of emotions also guide one’s
behavioural responses. This has led to the suggestion that perception of emotions may not
depend on roles of attention or social cognition in IPL in isolation, but on their overlapping
functions of attention and social cognition. As such, current results of increased activity in the
IPL could reflect a distinct perceptual strategy to form audiovisual emotional representations in
individuals with high ASD traits, which may affect their social functioning and communication

ability.
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Incongruence effect of emotion-valence

In this section, the main effect of emotion-valence inconsistency, and significant interaction
towards group * attention * emotion-valence inconsistency are discussed. Across both the LAQ
and HAQ groups, a main effect of emotion-valence inconsistency obtained by contrasting
emotion-valence incongruence conditions with emotion-valence congruence conditions led to
activity primarily in fronto-temporal brain regions, including the bilateral IFG, MFG and STG.
These brain regions have previously been associated with processing of incongruent information
in typical populations (Mitchell, 2006; Watson et al., 2013; Wittfoth et al., 2010) and for the
remainder of the paragraph we discuss these results from the typical population in more detail.
The IFG has been suggested as a region that processes both cognitive and emotional conflict
between stimulus dimensions (Aron et al., 2014; Li et al., 2020). Activity in IFG was reported in
a number of studies of typical populations for interference monitoring and conflict resolution
(Blasi et al., 2006; Dolcos and Mccarthy, 2006). Mitchell (2006) examined the processing of
emotional prosody in a conflicting semantic context with results suggesting a role of left IFG
together with the bilateral STG and MTG and the basal ganglia in decoding incongruence. Our
findings of the involvement of bilateral STG are also consistent with Watson et al. (2013) who
reported that incongruent compared to congruent conditions led to increased activation in the
STG, suggesting a more general role of the STG in multimodal perception (Beauchamp, 2005;
Miller and D’Esposito, 2005) and in the recognition and evaluation of socioemotional
information (Kaiser et al., 2011; Scharpf et al., 2010). Apart from these findings, previous
research has implicated regions in the MFG in response to conflict (Aarts et al., 2009;

Woodward et al., 2006, 2008). Therefore, our results are consistent with a role of frontal-
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temporal regions (including MFG, STG, and IFG) during emotion-valence incongruence
processing over both LAQ and HAQ groups.

Importantly, a group * attend * emotion-valence inconsistency interaction was found in the
left caudate. The caudate is part of the ventral striatum, which is an integral part of the fronto-
striatal circuitry that is implicated in perceptual choices, selective attention (Herman et al.,
2020), and executive cognitive functions (Grahn et al., 2008). Our results further elucidated that
depending on whether participants were instructed to attend to the face or voice, different
patterns of the incongruence effect of emotion-valence were found between the two groups.
Specifically, a greater incongruence effect of emotion-valence occurred when instructed to attend
to the auditory track for the HAQ group. Conversely, the LAQ group revealed a greater
incongruence effect of emotion-valence when they were instructed to attend to the face. It seems
possible that evaluation of emotional prosody with conficting emotional faces was more
attentionally demanding in the HAQ group, while for the LAQ group, evaluation of emotional
faces with conflicting voice prosody was more attentionally demanding. These results, together
with the previous findings, suggest that the two groups may adopt different strategies when
decoding crossmodal emotional incongruence.

Incongruence effect of emotion-presence

In this section, the main effect of emotion-presence inconsistency, and the significant
interactions of group * emotion-presence inconsistency, and group * attend * emotion-presence
inconsistency are discussed. Across both the LAQ and HAQ groups, the main effect of emotion-
presence inconsistency obtained by contrasting emotion-presence conditions with emotion-
absence conditionsa led to activity in a set of temporal and occipital regions in both hemispheres,

including the MOG, extending to ITG, MTG and STG. Our current results of emotion-presence
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incongruence effect recruited similar brain network as a previous fMRI study that demonstrated
increased activation in bilateral occipital and temporal cortex with respect to the emotion-
presence incongruence effect (Miiller et al., 2011). Regions in the temporal cortex, involving
MTG and STG are well documented to be implicated in emotional and social information
processing in typical populations, such as human voice (Belin et al., 2000), audiovisual speech
(Wright et al., 2003), multimodal emotional integration or more generally multisensory
processing (Kreifelts et al., 2007; Park et al., 2010; Peelen et al., 2010). Previous studies
suggested that temporal cortex (e.g, MTG, STG) showed a heightened sensitivity to emotional
cues, with a more pronounced response to emotional than neutral stimulation (Kreifelts et al.,
2007). Using multivoxel pattern analysis, Peelen et al. (2010) suggested two regions of medial
prefrontal cortex and STS in containing modality-independent, abstract representations of
emotion, implying a key role of these regions in perceiving others’ emotions. Via direct
comparisons between emotion-presence conditions and emotion-absence conditions, our results
showed that these occipital and temporal areas of MOG, ITG, MTG and STG maybe engaged in
an emotion-sensitive network, which is specifically responsible for emotion-driven features
during the processing of audiovisual emotional displays over both LAQ and HAQ groups.

In addition to the main effect of the emotion-presence inconsistency, a two-way interaction
of group * emotion-presence inconsisitency showed that the HAQ group demonstrated greater
activity in the PHG in response to the emotion-presence conditions compared to the LAQ group.
The PHG is known to play a critical role in the processing of information with socioemotional
valence (Li et al., 2014), emotional memory encoding, and episodic memory retrieval (Murty et
al., 2010; Nielson et al., 2015). Regarding emotional memory, the PHG has been implicated in

processing negative emotional valence, suggesting that it may have a specific role in emotional
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memory enhancements for scenes and locations (Murty et al., 2010). As such, increased activity
of the PHG in the HAQ group with the current results may therefore reflect emotional memory
enhancements, or the retrieval of socioemotional memories, or a combination of both in
individuals with high autistic traits. If this is the case, such an interpretation would fit the
previously suggested interpretation of our findings in which the increased IPL activity over all
conditions in the HAQ group may be driven by overlapping functions of emotion and attention.
Therefore, our results of increased activity in IPL and the PHG in individuals with HAQ may
also be explained by the allocation of attention to salient emotional information (Rubia et al.,
2010). This could suggest the possibility of different neural mechanisms underlying audiovisual
emotional processing in individuals with high ASD traits, which would lead to more effortful
and analytic processing of stimulus features, task-relevance or salience during the processing of
audiovisual emotional displays. Given the connections of IPL and PHG with regions across
temporal, parietal, and frontal cortices, it would be interesting in future studies to investigate
how these two regions interact with other regions in the cortex and their roles in audiovisual
emotional perception in individuals with high autistic traits or an ASD diagnosis.

The evaluation of emotional information depends upon not only emotional processing, but
also executive control (Hart et al., 2010). As such, it is possible that the experimental instructions
of which sensory track to attend could have modulated emotion-absence processing between the
two groups. Such an explanation is relevant to the group * attend * emotion-presence
inconsistency interaction we found in the bilateral IPL, right precuneus and left SPL. This
suggests a different pattern of brain activation regarding an emotion-presence incongruence
effect for the two groups of individuals, depending on which sensory track they were instructed

to attend (face or voice). Specifically, for the HAQ group, a greater incongruence effect of
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emotion-presence was only observed when attending to the visual track. However, for the LAQ
group, a greater emotion-presence incongruence effect was found when participants were
instructed to attend to the auditory modality. Regions in the parietal cortices (including the
precuneus and parietal lobules) serve as an important part of dorsal visual stream and are
implicated in visuospatial processing (Newman-Norlund et al., 2007) and visual attention shifts
(Corbetta and Shulman, 2002). Thus, greater engagement of parietal cortices in face-to-be
attended conditions may reflect a visual processing advantage in the HAQ group. Indeed,
previous research provide evidence of enhanced visual processing in individuals with ASD in a
range of tasks, such as faces, objects and words (for a review, see Samson et al., 2012). Several
studies have observed deficits in multisensory facilitation in ASD. It has been shown that
indivisuals with ASD tend to benefit less from the addition of auditory information to a visual
search task (Collignon et al., 2013). Likewise, Charbonneau et al. (2013) suggested that
individuals with ASD did not benefit as much from crossmodal emotion expressions as did
typical populations. Schelinski et al. (2014, 2017) suggested both the voice identity and speech
recognition are affected in individuals with ASD. There is also evidence of altered audiovisual
modulation in ASD (Jao Keehn et al., 2017). Results for the auditory processing in this study
reported less activiy in the visual cortex for the typical populations, but greater activity in the
ASD group, and linked these findings to autism symptomatology. Our present study examined
the incongruence effect of emotion-presence in face-attend conditions and voice-attend
conditions, this way we could explore the modulation of the to-be-attended sensory track (face or
voice) in the processing of audiovisual emotional displays for the two groups. Our results
suggest subtle processing differences in the parietal regions for the incongruence effect of

emotion-presence in the two groups. Such an interpretation would fit the previously suggested



29

interpretation of a greater emotion-valence incongurnce effect in face-attend conditions in the
HAQ group. However, future work is needed to determine whether these differences in the HAQ
group could be found in individuals with an ASD diagnosis.

There are potential limitations to the current study that need to be considered. First, the
stimuli used in the current study combined dynamic facial behaviors and vocalisation. These
facial behaviors indicated moment-to-moment changes in emotional states, providing a good
approximation of naturalistic interaction. However, the stimuli may still have evoked some
unnatural feelings in the participants due to being out of sync between facial behaviours and
vocalisations. Future studies should attempt to address this limitation. Another possible concern
is that the current study did not include an instruction-free condition, which prohibited us from
making comparisons of regional brain activity between an instruction-free condition and the
face-attend/voice-attend condition. Future investigations could take this into consideration and
include an instruction-free task in the experimental design, in order to clarify the congruence
effect in a more complete way. Additionally, this study was also limited by the small sample
size, making it difficult to generalise the results to the wider population. In addition, although
both groups were adult, the age difference between the groups might have contributed to the
difference, with the older HAQ group potentially having more time to develop compensatory
means to process multisensory emotional signals.

Another possible limitation is that the present study did not find an incongruence effect of
emotion-valence at the ACC, despite previous evidence implicating this region in detecting and
addressing conflicts (e.g., Carter and Van Veen, 2007; Egner et al., 2008; Ochsner et at al.,
2009; Wittfoth et al., 2010), especially when the incentives and/or task demands increased (e.g.,

stimuli changing from congruent to incongruent, or “response conflict”) (e.g., Smith et al., 2013).
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The most likely explanation for this difference is the use of block design in the present study, in
which stimuli of the same type (either congruent or incongruent) were presented for the whole
block of time. This may have decreased the task demands or intensity of conflict, leading to the
absence of involvement of the ACC. Future studies may incorporate an event-related design to

provide additional evidence regarding this issue.

5. Conclusion

An important aspect of crossmodal interactions is the evaluation of crossmodal matching or
conflict. This study examined two different types of emotional incongruence in audiovisual
processing: incongruence of emotion-valence and incongruence of emotion-presence. The
incongruence effect of emotion-valence was characterized by activation in fronto-temporal brain
regions in both hemispheres involving the inferior frontal gyrus, cuneus, superior temporal
gyrus, and middle frontal gyrus. The incongruence effect of emotion-presence was characterized
by activation in a set of temporal and occipital regions in both hemispheres, including the middle
occipital gyrus, middle temporal gyrus and inferior temporal gyrus. In addition, the present study
identified greater recruitment of the right IPL in perceiving audio-visual emotional expressions
in HAQ individuals, as compared to the LAQ individuals. Depending on whether face or the
voice was-to-be attended, different patterns of emotional incongruence were found between the
two groups. Specifically, the HAQ group tended to show more incidental processing to visual
information whilst the LAQ group tended to show more incidental processing to auditory
information during the crossmodal emotional incongruence decoding. These differences might
be attributed to different attentional demands and different processing strategies between the two

groups.
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