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Abstract

The relationship between autistic traits and gaze-oriented attention to fearful and happy faces was 

investigated at the behavioral and neuronal levels. Upright and inverted dynamic face stimuli were 

used in a gaze-cueing paradigm while ERPs were recorded. Participants responded faster to gazed-

at than to non-gazed-at targets and this Gaze Orienting Effect (GOE) diminished with inversion, 

suggesting it relies on facial configuration. It was also larger for fearful than happy faces but only 

in participants with high Autism Quotient (AQ) scores. While the GOE to fearful faces was of 

similar magnitude regardless of AQ scores, a diminished GOE to happy faces was found in 

participants with high AQ scores.

At the ERP level, a congruency effect on target-elicited P1 component reflected enhanced visual 

processing of gazed-at targets. In addition, cue-triggered early directing attention negativity and 

anterior directing attention negativity reflected, respectively, attention orienting and attention 

holding at gazed-at locations. These neural markers of spatial attention orienting were not 

modulated by emotion and were not found in participants with high AQ scores. Together these 

findings suggest that autistic traits influence attention orienting to gaze and its modulation by 

social emotions such as happiness.
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1. INTRODUCTION

Gaze direction is a powerful nonverbal cue, which informs us about others’ attention focus. 

The ability to orient one’s attention to the location indicated by others’ gaze to determine 

their object of focus is called Joint Attention. Research on joint attention often employs gaze 

cueing paradigms (Friesen & Kingstone, 1998), in which a central face looking to the side is 

followed by a lateral target. Participants typically respond faster to gazed-at (congruent) 

targets than to non-gazed-at (incongruent) targets, regardless of the task. This reliable effect, 
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known as the Gaze Orienting Effect (GOE), reflects our propensity to attend to the location 

indicated by another’s gaze (see Frischen, Bayliss & Tipper, 2007 for an in depth review on 

the GOE).

While gaze direction provides information regarding the location of the viewer’s attention, 

facial expressions provide information regarding the viewer’s feelings toward the object of 

focus and allow for inferences regarding the nature of that object. For instance, observing a 

fearful face looking to the side should provide a strong incentive to orient to the gazed-at 

location because it indicates the presence of a possible danger. In accordance with this idea, 

many studies found a larger GOE for fearful than neutral and happy faces, which was 

interpreted as reflecting a boost in attention-orienting toward a threat (Bayless, Glover, 

Taylor, & Itier, 2011; Fox, Mathews, Calder, & Yiend, 2007; Graham, Friesen, Fichtenholtz, 

& LaBar, 2010; Lassalle & Itier, 2013; Mathews, Fox, Yiend, & Calder, 2003; Neath, 

Nilsen, Gittsovich, & Itier, 2013; Pecchinenda, Pes, Ferlazzo, & Zoccolotti, 2008; Putman, 

Hermans, & Van Honk, 2006; Tipples, 2006). However, some studies did not find this GOE 

enhancement for fearful faces (e.g., Bayliss, Frischen, Fenske, & Tipper, 2007; Fichtenholtz, 

Hopfinger, Graham, Detwiler, & LaBar, 2007, 2009; Galfano et al., 2011; Hietanen & 

Leppänen, 2003). Although the reasons for those discrepant findings are not entirely clear, 

several factors might influence the emotional modulation of the GOE. The first one is the 

Stimulus Onset Asynchrony (SOA), as Graham et al. (2010) reported that the GOE was 

modulated by emotions when the SOA was 475 to 575 ms but not when it was 275 ms. 

Another potentially influential factor is the task, as localization tasks seem more relevant 

than other tasks, given that the direction of another’s gaze indicates where the object of 

interest is located in the environment (Lassalle & Itier, 2013). Whether the cue is static or 

dynamic could also impact the GOE emotional modulation, as emotions are processed better 

when presented dynamically (Sato, Kochiyama, Yoshikawa, Naito, & Matsumura, 2004). 

Finally, participants’ anxiety could affect the emotional modulation of the GOE, since some 

previous studies reported a GOE enhancement for fear only in highly anxious participants 

(e.g., Fox et al., 2007; Mathews et al., 2003). More recent studies, however, reported a GOE 

increase for fear even in non-anxious participants (Bayless et al., 2011; Lassalle & Itier, 

2013; Neath et al., 2013). Following up on those recent findings, the present study included 

only nonclinically anxious participants and used a 500 ms SOA, a localization task and a 

dynamic face cue. This dynamic face cue averted its gaze prior to expressing an emotion, in 

accordance with previous studies (Graham et al., 2010; Neath et al., 2013). This sequence 

allows the gaze shift to be dissociated from the size of the eyes that varies with emotion 

(larger for fearful than for happy faces) thus avoiding any GOE modulation by emotion to be 

due to eye size alone.

The neural processes underlying gaze-oriented attention and its modulation by emotions are 

poorly understood but Event Related Potentials (ERPs) have been used to track their time 

course during cue and target presentations, allowing for a better characterization of the 

cognitive stages involved in attention orienting than response times alone. Attention shift is 

usually indexed by the amplitude of the P1 ERP component recorded to the target. P1 is a 

positive deflection occurring at parieto-occipital sites around 100ms after target presentation 

and reflects the early visual processing of the target. P1 is known to be sensitive to attention 

(Mangun, 1995; Luck, Woodman, & Vogel, 2000) and in cueing paradigms P1 amplitude is 
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enhanced for congruent relative to incongruent targets, reflecting a facilitation of visual 

processing for the cued targets. This effect has been shown in both arrow (Eimer, 1997; 

Mangun & Hillyard, 1991) and gaze cue (Hietanen, Leppänen, Nummenmaa, & Astikainen, 

2008; Schuller & Rossion, 2001, 2004, 2005).

While the congruency effects observed on P1 amplitude reflect the impact of attention 

orienting on subsequent processes such as the visual processing of the target, the ERPs 

associated with cue presentation are a direct measure of attention-orienting itself and include 

the Early Directing Attention Negativity (EDAN) and the Anterior Directing Attention 

Negativity (ADAN) (Praamstra, Boutsen, & Humphreys, 2005; Simpson et al., 2006). 

EDAN is an ERP component occurring at posterior locations between 200 and 300ms after 

cue presentation and is thought to reflect actual attention-orienting to the cued location. In 

contrast, ADAN ERP component occurs anteriorly between 300 and 500ms after cue 

presentation and reflects attention holding at the cued location. Although most previous 

studies found that EDAN and ADAN were triggered by arrow cues, Lassalle & Itier (2013) 

recently reported their presence in response to gaze cues as well. This new finding opens the 

door to further investigation of the processes involved in gaze-triggered attention prior to 

target and response onsets.

Even fewer studies have investigated how these ERPs are modulated by the emotion of the 

face cue, and most reported null findings at the ERP and behavioral levels (Fichtenholtz et 

al., 2007, 2009; Holmes et al., 2010; Galfano et al., 2011). Lassalle and Itier (2013) found 

no evidence for an emotional modulation of EDAN or ADAN components. In addition, a 

congruency effect on P1 amplitude was observed for fearful, surprised and happy facial 

expressions but not for angry or neutral expressions, while the GOE was enlarged for fearful, 

surprised and angry emotions compared to neutral and happy emotions. The difference 

between the ERP and behavioral results suggests that additional cognitive processes 

involved in integrating emotion and gaze signals occurred between the target presentation 

and the behavioral response for some emotions. Together, the findings of this study suggest 

that emotions impact attention orienting rather late, between 600–800ms after cue onset, and 

differently depending on the emotion.

The importance of studying joint attention is highlighted by research on Autism Spectrum 

Condition (ASC), a neurodevelopmental condition characterized by deficits in social 

interactions and communication (Diagnostic and Statistical Manual of Mental Disorders, 

DSM V, 2013). Individuals with ASC present with many abnormalities related to human 

face processing, including a lack of focus on the eye region and a difficulty with identity 

recognition from faces (Itier & Batty, 2009; Tanaka & Sung, 2013 for reviews). Although 

those with autism do not seem to have difficulty discriminating others’ gaze directions and 

facial expressions per se (Harms, Martin, & Wallace, 2010; Nuske, Vivanti, & Dissanayake, 

2014; Pelphrey, Morris, & McCarthy, 2005), they could be impaired in the interpretation of 

these cues as indicating others’ intentions and state of mind (Pelphrey et al., 2005). 

Importantly, infants later diagnosed with ASC exhibit a clinical deficit in joint attention 

(Dawson et al., 2004). This deficit has been linked to later impairment in the ability to 

understand others’ mental states or theory of mind (ToM), making joint attention an 

important building block in the normal development of ToM and social cognition (Baron-
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Cohen, 1995). A full understanding of these mechanisms is necessary to develop effective 

and targeted interventions to alleviate the social deficits of individuals with ASC. However, 

the behavioral and neural mechanisms underlying this joint attention deficit are currently 

unclear. Specifically, studies that have used the GOE as an experimental proxy for joint 

attention have reported mixed results with most failing to show a clear GOE deficit in 

participants with ASC (see Nation & Penny, 2008 for a review). These null findings might 

be attributed, in part, to the high heterogeneity of ASC, and GOE impairments might be 

typical of only some subtypes of ASC.

Autistic-like traits exist in the general population as a continuum and can be indexed using 

the Autism-Spectrum Quotient (AQ) questionnaire (Baron-Cohen et al., 2001). The AQ test 

is composed of five subscales, each indexing a domain of behavioral particularity in autism 

(increased attention to details, decreased social skills, imagination, communication and 

ability to switch attention). Studying the links between the GOE and these specific 

behavioural domains in the general population could provide new insight into the joint 

attention deficits seen in ASC. In addition to the behavioural response (GOE), monitoring 

ERP components associated with attention orienting and exploring their relationship to 

autistic traits might also provide additional hints regarding the neural processes underlying 

joint attention and the way in which they break down in ASC.

To the best of our knowledge, only one study so far has reported a negative correlation 

between AQ scores and the magnitude of the GOE (Bayliss, Di Pellegrino and Tipper, 

2005), indicating that the more an individual exhibits autistic traits, the less she orients 

attention towards gaze direction. That study, however, only tested neutral faces and it 

remains unknown whether the GOE could be modulated by facial expressions differentially 

depending on individuals’ autistic traits. This question is pertinent given that the emotional 

component of joint attention appears important to evaluate the stimuli present in the 

environment and to understand others’ mental states (Bayliss et al., 2007; Mundy & Sigman, 

1989; Shamay-Tsoory, Tibi-Elhanany & Aharon-Peretz, 2007). Perhaps, individuals with 

ASC are able to orient their attention to others’ gaze, but have difficulty modulating their 

gaze-oriented attention with facial expression, which is critical in social contexts. In 

accordance with this idea, Uono, Sato and Toichi (2009) showed that, contrary to typical 

individuals, those with ASC do not exhibit a larger GOE for fearful than neutral faces (Uono 

et al., 2009). To orient their attention, people with ASC might thus not integrate gaze and 

emotion cues to the same extent as neurotypicals, which could be linked to their deficits in 

ToM and social skills.

Here, we investigated further the relationship between AQ score and the GOE in the general 

population, and whether it varied with the facial expression of the cue (fearful or happy). We 

also investigated whether the ERP correlates of attention to gaze reviewed above were 

differentially modulated by gaze and emotion cues depending on autistic traits. Finally, we 

used inverted faces to determine whether the larger GOE for fearful relative to happy faces 

could be due to a difference in the type of processing engaged by the two emotions. 

Configural processing is disrupted by face inversion (e.g. Tanaka & Farah, 1993; Rossion, 

2009), which also hinders emotion recognition (e.g., Derntl et al., 2009) and decreases the 

GOE (Langton & Bruce, 1999; Kingstone et al., 2000; Graham et al., 2010). However, some 
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studies found that the recognition of fear is more impaired by inversion than the recognition 

of happiness (e.g., McKelvie et al., 1995; Prkachin et al., 2003), suggesting that the 

processing of fearful faces may be more configural than the processing of happy faces, 

which could impact the GOE. Based on previous literature, we expected a larger GOE for 

fearful than happy expressions, and a general decrease in GOE with inversion (Langton & 

Bruce, 1999; Kingstone et al., 2000; Graham et al., 2010). However, if the two emotions 

were processed differently, we expected a larger impact of inversion on the GOE for the 

emotion processed most configurally (fear). Lastly, we expected a negative correlation 

between the AQ score and the overall GOE (Bayliss et al., 2005), and based on Uono et al. 

(2009), a stronger negative correlation between the AQ score and the GOE for fearful 

compared to happy faces. For ERPs, we expected to reproduce Lassalle & Itier (2013) 

results with a congruency effect for P1 and the presence of EDAN and ADAN. Given the 

lack of clear emotion effect on these ERPs in that study, we did not expect them to be 

influenced by emotion in the present study. However, we hoped to see overall correlations 

between the ERP components and AQ scores, reflecting an abnormal processing of gaze 

cues in participants with high autistic traits.

METHODS

2.1. Participants

Three hundred and forty-six (346) Math students from the University of Waterloo (UW) 

were pre-screened based on the completion of three questionnaires for which they received 

$5 and a chocolate bar.

The first questionnaire assessed emotion recognition. Eight faces (four females) from the 

MacBrain Face Stimulus set1 (Tottenham et al., 2009), each displaying fearful, surprised, 

angry, happy, and neutral expressions, were presented printed on paper2. Participants had to 

recognize the five presented emotions above chance level to rule out any emotion 

recognition impairment.

The second questionnaire assessed participants’ trait anxiety using the State-Trait Inventory 

for Cognitive and Somatic Anxiety questionnaire (STICSA; Ree, French, Macleod & Locke, 

2008). Only students with scores below the high trait anxiety score of 433 were selected, as 

high trait anxiety affects the emotional modulation of the GOE (e.g., Matthew et al., 2003) 

and we aimed at replicating previous studies showing an emotional modulation of gaze-

oriented attention in non-anxious participants (e.g., Lassalle& Itier, 2013).

The Autism-spectrum Quotient test (AQ; Baron-Cohen et al., 2001) assessed participants’ 

autistic traits (see see the “AQ calculation and correlations” section for details). A score of 

26 indicates a clinical diagnosis of ASC in 83% of the respondents (Woodbury-Smith et al., 

1Development of the MacBrain Face Stimulus Set was overseen by Nim Tottenham and supported by the John D. and Catherine T. 
MacArthur Foundation Research Network on Early Experience and Brain Development. Please contact Nim Tottenham at 
tott0006@tc.umn.edu for more information concerning the stimulus set.
2The faces were the exact same as the ones presented in the ERP experiment; see section “Reaction times” for a full description of the 
face stimuli used.
3According to Van Dam et al. (2013) a cut-off of 43 should be used in research settings to indicate probable cases of clinical anxiety 
(sensitivity=.73, specificity=.74, classification accuracy=.74)
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2005)Hhere, the AQ score was used to assess its possible effect on the GOE (see Data 

Analysis section). Recruitment in the Faculty of Mathematics ensured finding individuals 

with high autistic traits but male-biased the gender ratio (Hango, 2013).

To be further eligible for the EEG experiment, participants had to be free of neurological or 

psychiatric illness. Of the 346 math students tested, 224 were eligible but 78 ended up 

participating in the EEG study. Ten participants were rejected, one for attempting to 

participate twice and scoring inconsistently on the AQ questionnaire, two for uncertain 

scores on the AQ (questionnaires with missing values or unclear responses) and seven 

because of too few trials per condition for the P1 ERP component after artifact rejection 

(<40 trials).

The final sample included 68 right-handed participants (21 females) with normal or 

corrected-to-normal vision, between 18 and 29 years old (mean=20.90, SD=2.07), with 

anxiety scores in the normal range (mean=33.51, SD=6.10) and AQ scores ranging from 7 to 

37 (mean=21.31, SD=7.40). Twenty-two participants scored 26 or above on the AQ (see 

Table 1a for more details), although the exact number of individuals with a formally 

diagnosed ASC was unknown. In the remaining of the manuscript, we thus talk about 

individuals with high AQ rather than individuals with ASC, but we do include discussion on 

ASC. The study was approved by the University of Waterloo Research Ethics Board; 

participants gave informed written consent and received $20 for their participation in the 

EEG study.

2.1. EEG experiment

2.1.1. Stimuli and procedure—The fearful and happy faces of the emotion recognition 

questionnaire were used in this computer task. Eye gaze was manipulated using Photoshop 

(Version 11.0). The iris was cut and pasted in the corners of the eyes to obtain leftward or 

rightward gaze. We applied an elliptical mask to hide hair, ears, and shoulders. Contrast and 

luminance were equated using the SHINE toolbox (Willenbockel et al., 2010). The face 

pictures subtended a visual angle of 8.02° horizontally and 12.35° vertically. They were 

presented at the center of the monitor, on a white background.

Participants sat 67cm in front of a monitor in a quiet, dimly-lit and electrically shielded 

room, with their head restrained by a chin-rest. Each trial started with a centered fixation 

cross (1.28°×1.28°), presented for a jittered amount of time (800–1200ms). A neutral face 

with straight gaze was then shown for 500ms, followed by the same face with a rightward or 

leftward gaze for 200ms. Next, the same individual expressing either happiness or fear was 

presented for 300ms while gaze remained averted (Figure 1). This sequential presentation 

induced the perception of a face averting gaze to the side and dynamically expressing an 

emotion. The face sequence was presented upright or inverted. A black asterisk target (.

85°×.85°) then appeared on either side of the fixation cross at 7.68° eccentricity and 

remained on the monitor until the response or for a maximum of 500ms. The centered 

fixation cross remained for the entire trial time, superimposed onto the face.

The experiment was programmed using Experiment Builder and consisted of 10 blocks of 

128 trials separated by a self-paced break, resulting in a total of 1280 trials, with 80 trials for 
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each of the 16 basic conditions. A condition consisted of a combination of a particular 

Emotion (happy, fearful) with a specific Orientation (upright, inverted), a particular Gaze 

Direction (rightward, leftward) and a Congruency type (congruent, incongruent). There were 

an equal number of congruent and incongruent trials, and they were presented in a random 

order in each block.

Throughout the experiment, participants had to maintain fixation on the central cross and 

remain still. Initial fixation on the cross was ensured using an eye-tracking device (Eyelink 

1000), which was calibrated between blocks. Twenty practice trials were run before the start 

of the first block. Participants were told gaze direction did not predict target location and 

were required to press, using both hands, the keyboard left key “C” when the target was on 

the left and the right key “M” when it was on the right, as accurately and as fast as possible.

2.1.2. Electrophysiological recordings—The EEG was recorded with an Active two 

Biosemi system, using a 66-channel elastic cap (extended 10/20 system) plus 3 pairs of extra 

electrodes, for a total of 72 recording sites. Horizontal and vertical eye movements were 

monitored from the outer canthi and infra orbital ridges, respectively, using two pairs of 

ocular sites (LO1, LO2, IO1, IO2). A third pair of electrodes was situated over the mastoids 

(TP9/TP10). EEG was acquired using a 516Hz sampling rate, a Common Mode Sense 

(CMS) active electrode and a Driven Right Leg (DRL) passive electrode serving as ground. 

Offline, an average reference was computed and used for data analysis.

2.2. Data analysis

2.2.1. Reaction times (RTs)—Responses were considered correct if the key matched the 

side of the target and if RTs were above 100ms and below 1200ms. Mean RTs for correct 

answers were calculated according to facial expressions and congruency, with left and right 

target conditions averaged together. For each subject, only RTs within 2.5 standard 

deviations from the mean of each condition were kept in the mean RT calculation (Van Selst 

& Jolicoeur, 1994). On average, 7% of trials were excluded.

Mean RTs were analyzed using a 2 (Emotions: fearful, happy) by 2 (Congruency: congruent, 

incongruent) by 2(Orientation: upright, inverted) repeated measures Analysis Of Variance 

(ANOVA). When the Emotion by Congruency interaction was significant, further analyses 

were conducted separately for congruent and incongruent trials, using the factors Emotion 

and Orientation.

2.2.2. ERP to targets—ERPs were time-locked to target onset (−100ms to +500ms). 

Based on previous literature and data inspection, we selected PO7/PO8 and O1/O2 as the 

electrodes of interest for P1 analysis and only the side contralateral to the target was 

analyzed.

P1 peak was measured between 70 and 130ms after target onset, using an automated 

procedure. Individual data were then inspected to check that the correct peak was measured 

and manual peak measures were performed if necessary. P1 amplitudes and latencies were 

analyzed using a 2(Emotions: fear, happy) by 2(Congruency: congruent, incongruent) by 
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2(Orientations: upright, inverted) by 2(Electrodes: Parietal-Occipital or Occipital) by 

2(Hemisphere: right, left) repeated measures ANOVA.

2.2.3. ERPs to gaze cue—ERPs were time-locked to the gaze shift (from −100ms to 

+500ms). In accordance with previous studies (e.g., Holmes et al., 2010; Lassalle & Itier, 

2013) and after data inspection, EDAN was measured at posterior electrodes (P7, P8, PO7, 

PO8) between 200 and 300ms after cue onset (i.e. between 0 and 100ms after emotion onset) 

while ADAN component was measured at anterior electrodes (F5, F6, F7, F8, FC5, FC6, 

FT7, FT8) between 300 and 500ms after cue onset (i.e. between100 and 300ms after 

emotion onset). For each component, the mean amplitude across the defined time window 

was averaged across the electrodes for a given hemisphere.

For each hemisphere we tested whether amplitudes were more negative for gaze directed 

toward the contralateral side than for gaze directed toward the ipsilateral side, indicating the 

presence of EDAN or ADAN components (e.g. Holmes et al., 2010). Mean amplitudes for 

the ipsilateral and contralateral conditions were calculated for each emotion and hemisphere 

and analyzed using a 2(Emotion) by 2(Gaze laterality: contralateral, ipsilateral) by 

2(Orientation) by 2(Hemisphere) repeated measure ANOVA.

For all analyses, statistical tests were set at α<.05 significance level. Greenhouse-Geisser 

correction for sphericity was applied when necessary and Bonferroni corrections were used 

for multiple comparisons.

2.2.4. AQ calculation and correlations—The AQ score is a 50-item questionnaire and 

comprises five different subscales assessing i) social skills, ii) attention to details, iii) 

attention switching, iv) communication, and v) imagination. For each subscale, participants 

were presented with 10 statements and indicated whether they definitely agreed, slightly 

agreed, slightly disagreed, or definitely disagreed. AQ scores were computed using the two-

point scoring method as used in Baron-Cohen et al. (2001): half of the statements received a 

1 for “agree” answers and the other half received a 1 for “disagree” answers, regardless of 

whether it was “slightly” or “definitely”. High AQ scores indicate a high number of autistic 

traits, such as high attention to details, low social skills, little communicative and 

imaginative abilities, and difficulty with attention switching.

Pearson correlations were performed between AQ scores and i) the GOE (for happy upright, 

happy inverted, fearful upright, and fearful inverted separately) as well as ii) the ERP 

components (congruency effect on P1 and laterality effect on EDAN/ADAN). For each 

subject and emotion, the congruency effect on P1 was calculated as the difference in P1 

amplitude between congruent and incongruent conditions, and the laterality effect on 

EDAN/ADAN as the difference in amplitude between ipsilateral and contralateral 

conditions. Correlations were done using the overall AQ score (which is the sum of the 5 

subscale scores) and each subscale score. Only significant effects are reported unless 

otherwise stated.

We also computed Pearson correlations between STICSA scores and i) the GOE and ii) AQ 

scores, as the enhancement of the GOE for fear relative to neutral/happy faces has been 
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linked to anxiety levels (e.g. Fox et al., 2007; Matthews et al., 2003; Putman et al., 2006), 

and anxiety is often comorbid with autism (Van Steensel et al., 2011). Finally, we computed 

partial correlations between AQ scores and GOE, controlling for STICSA scores.

3. RESULTS

3.1. Behavioral results

A main effect of Orientation (F (1, 67) =75.85, MSE=36.20, p< .01, ηp
2= .53) was due to 

longer RTs for inverted than upright faces. The main effect of Congruency (F (1, 67) 

=235.59, MSE=228.92, p< .01, ηp
2= .78) reflected faster responses to congruent than to 

incongruent targets (Figure 2a). This congruency effect was larger for upright than inverted 

faces (Figure 2b), as revealed by a significant Orientation by Congruency interaction (F (1, 

67) =22.59, MSE= 42.79, p< .01, ηp
2= .25). An Emotion by Congruency interaction (F (1, 

67) =14.07, MSE=30.16, p< .01, ηp
2= .17) was due to a larger GOE for fearful than happy 

faces (Figure 2b). A separate analysis for the congruent and incongruent conditions showed 

a significant effect of Emotion in both conditions (F (1, 69)= 4.53, MSE=24.11, p= .04, 

ηp
2=.06 and F (1,67)= 11.80, MSE=29.58, p<.01, ηp

2=.15, respectively). This Emotion 

effect was due to slightly faster RTs for fearful than happy faces in the congruent condition 

and to slightly longer RTs for fearful than happy faces in the incongruent condition, making 

the incongruent-congruent difference in RT larger for fearful than happy faces. The three-

way interaction of Orientation by Congruency by Emotion was not significant (F=1.61, p=.

21).

There was a significant negative correlation between the GOE for happy upright faces and 

the overall AQ (r=−.25, p=.04), the Attention to Detail subscale (r=−.33, p<.01) and the 

Imagination subscale (r=−.25, p=.04). Thus the higher the autistic traits (particularly strong 

attention to detail and weak imagination), the smaller the GOE to happy upright faces (Table 

2, Figure 3). No correlations were found for fearful faces. AQ and STICSA scores were 

correlated (r=.25, p=.04) such that participants with many autistic traits also tended to be 

more anxious, in accordance with previous research (Van Steensel et al., 2011). However, 

the STICSA scores did not correlate with any of the GOEs (fear upright, fear inverted, happy 

upright, happy inverted).

Given that AQ and STICSA scores were correlated, we also calculated the partial correlation 

between the AQ scores and the GOEs controlling for participants’ anxiety (results reported 

in Table 3)4. A trend remained toward a significant partial correlation between the GOE to 

happy upright faces and the overall AQ score (r=−.24, p=.06). The relationships between the 

GOE for happy upright faces and the Attention to Detail subscale (r=−.33 p<.01) as well as 

the Imagination subscale (r=−.24, p=.05) both remained significant. In addition, a significant 

negative partial correlation emerged between the GOE to happy inverted faces and the score 

on the Imagination subscale (r=−.24, p=.05).

4Note that anxiety could not be used as a covariate in the ANOVA as it would violate the assumption of linear relationship between 
the covariate and the dependant variable given that anxiety and the GOEs do not correlate (Owen & Froman, 1998).
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To better compare with Bayliss et al. (2005), we also analyzed the RT data grouping the 25 

participants with the lowest AQ scores (9 females) and the 25 participants with the highest 

AQ scores (8 females). The Low AQ group (Age: mean=21.28 [SD=2.54]) and the High AQ 

group (Age: 20.44 [2.27]) were contrasted using a 2 (Groups) by 2 (Emotions) by 2 

(Congruency) by 2(Orientation) mixed ANOVA on RTs. This analysis revealed a main effect 

of Orientation (F (1, 48) =62.58, MSE=37.45, p<.01, ηp
2= .57) with faster responses for 

upright than inverted faces, and a main effect of Congruency (F (1, 48) =195.61, 

MSE=242.29, p<.01, ηp
2= .80) with faster responses to congruent than incongruent trials. 

The interaction between Emotion and Congruency was significant (F (1, 48) =17.55, 

MSE=28.80, p<.01, ηp
2= .27) but was modulated by the three way interaction between 

Group, Congruency and Emotion (F (1, 48) =4.36, MSE=28.80, p=.04, ηp
2= .08). Each 

group was thus analyzed separately. An interaction between congruency and emotion was 

found in the High AQ Group (F (1, 24) =40.53, MSE=14.00, p=.01, ηp
2= .63), characterized 

by larger GOE for fearful faces than for happy faces but not in the Low AQ group (F=1.46, 

p=.24) for which the GOE was similar between emotions, as seen in Figure 4. The larger 

GOE for fearful than happy faces in the high AQ group was due both to faster RT for fearful 

than happy faces in the congruent condition (F (1, 24) =9.52, MSE=9.52, p<.01, ηp
2= .28) 

and to slower RT for fearful than happy faces in the incongruent condition (F (1, 24) =18.11, 

MSE=24.25, p<.01, ηp
2= .43). A follow-up ANOVA revealed that the GOE to fearful faces 

did not differ between groups (F (1, 48) = .24, MSE=54.29 p=.63, ηp
2<.01), while the GOE 

to happy faces was smaller in the High AQ compared to the Low AQ group (F(1,48)=4.30, 

MSE=225.65, p=.04, ηp
2=.08). The four-way interaction of group by orientation by 

congruency by emotion was not significant.

As indicated by Table 1b, the low and high AQ groups differed on AQ scores (t(48)=−17.34, 

p<.01) and anxiety scores (t(48)=2.74, p<.01), but not on age (t(48)=1.23, p=.22). Thus, the 

high AQ group was more anxious than the low AQ group, which was to be expected 

according to the overall correlation we observed between STICSA and AQ scores5. This 

limitation is addressed in more details in the discussion.

3.2. ERP to the target (P1)

The average number of trials per condition for P1 component was 67.56 (SD=.56). Analysis 

of P1 amplitude showed the expected main effect of Congruency (F (1, 67) =7.48, MSE= .

14, p<.01, ηp
2=.10) with larger amplitude in the congruent than in the incongruent condition 

(Figure 5). In addition there was a main effect of Hemisphere (F (1, 67) =12.07, 

MSE=26.57, p<.01, ηp
2= .15) with larger amplitudes in the right than in the left hemisphere, 

as well as a main effect of Electrode (F (1,67)=6.00, MSE=11.21, p=.02, ηp
2= .08) with 

larger amplitudes at Occipital than at Parieto-Occipital sites. In addition, the interaction 

between Hemisphere and Congruency was significant (F(1,67)=3.84, MSE=.36, p=.05, 

ηp
2= .05) such that the Congruency effect was significant in the right hemisphere 

(F(1,67)=10.88, MSE=.26, p=.03, ηp
2= .14) but interacted with Electrode in the left 

hemisphere (F(1,67)=3.88, MSE=.10, p=.05, ηp
2= .06) as it was only present at PO7.

5Note, however, that anxiety cannot be used as a covariate in this analysis, as the groups were non-randomly selected (see Miller & 
Chapman, 2011, for a detailed explanation).
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No significant correlations (Pearson or partial) with AQ scores were found for P1 

congruency effect when the whole group was used (Table 2 and 3). When the High and Low 

AQ groups were contrasted using a 2 (Groups) by 2 (Emotions) by 2 (Congruency) by 

2(Orientation) by 2 (Hemisphere) by 2 (Electrodes) mixed ANOVA, a main effect of 

Congruency was also found (F(1,48)=4.28, MSE=2.08, p=.02, ηp
2=.11). However, although 

no group by congruency interaction was found, planned analyses for each group revealed 

that the effect of Congruency was significant in the Low AQ group (F (1,24)=4.99, MSE=.

74, p=.04, ηp
2=.22) but not in the High AQ group (F (1,24)=1.22, MSE=.62, p=.28, ηp

2=.

05), as seen in Figure 6.

3.3. ERP to the gaze cue

ERPs were time locked to the onset of gaze shift and thus included the onset of facial 

expression 200ms later. The average number of trials per condition for EDAN/ADAN 

components was 131.98 (SD=1.01).

3.3.1. Early Directing Attention Negativity (EDAN)—A main effect of Hemisphere (F 
(1, 67) =6.32, MSE=26.39, p=.01, ηp

2=.09) was due to more negative amplitudes in the right 

than the left hemisphere. As expected, there was a main effect of Gaze laterality (F (1, 67) 

=7.70, MSE=.86, p< .01, ηp
2= .12) such that amplitudes were more negative for 

contralateral than ipsilateral gaze (Figure 7), indicative of EDAN. No other significant 

effects were found.

No significant (Pearson or partial) correlations with AQ scores were found with the whole 

group (Table 2 and 3). When the Low and High AQ groups were analyzed using a 2 

(Groups) by 2(Orientation) by 2(Emotion) by 2(Hemisphere) by 2(Gaze laterality: 

contralateral, ipsilateral) mixed ANOVA, EDAN analysis revealed a main effect of laterality 

(F (1, 48)=4.53, MSE=.99, p=.04, ηp
2=.09). However, planned analyses for each group 

revealed no effect of Laterality in either the Low (F=2.50, p=.13) or High AQ Group 

(F=2.09, p=.16), probably due to a lack of power.

3.3.2. Anterior Directing Attention Negativity (ADAN)—A main effect of Orientation 

(F (1, 67) =17.35, MSE=8.52, p< .01, ηp
2= .21) reflected larger amplitudes for upright than 

inverted faces. The Orientation by Hemisphere interaction (F (1, 67) =5.03, MSE=5.45, p=.

03, ηp
2= .07) revealed that the effect of orientation was significant only in the left 

hemisphere (F (1, 67) =21.48, MSE=7.04, p< .01, ηp
2= .24). The expected effect of Gaze 

Laterality was also significant (F (1, 67) =8.62, MSE=2.70, p< .01, ηp
2=.11) with less 

positive amplitudes in the contralateral than in the ipsilateral condition, indicative of ADAN 

(Figure 8). The Gaze laterality by Hemisphere interaction (F (1, 67) =3.86, MSE=2.54, p=.

05, ηp
2= .06) revealed that the Gaze Laterality effect was significant only in the left 

hemisphere (F (1, 67) =11.09, MSE=2.85, p<.01, η2= .14).

No Pearson or partial significant correlations with AQ scores were found for ADAN 

laterality effects when the whole group was used (Table 2 and 3). When the High and Low 

AQ groups were contrasted using a 2(Groups) by 2(Emotion) by 2(Gaze laterality: 

contralateral, ipsilateral) by 2(Orientation) by 2(Hemisphere) mixed ANOVA, a main effect 

of Laterality was found (F (1, 48)=7.79, MSE=2.71, p<.01, ηp
2=.14). Although no 
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interaction with group was seen, planned analyses for each group revealed that the effect of 

Laterality was present in the Low AQ group (F(1,24)=6.99, MSE=2.82, p=.01, η2=.23) but 

not in the High AQ group (F(1,24)=1.63, MSE=2.61, p=.21, η2=.06) as seen in Figure 9.

4. DISCUSSION

We investigated the behavioral and ERP correlates of the modulation of gaze-oriented 

attention by fearful and happy faces using a localization task in a non-anxious sample. We 

also examined the relationship between these correlates and autistic traits as indexed by the 

AQ score. We used a dynamic sequence in which the facial expression occurred after the 

gaze shift, as in real life one usually orients gaze toward a stimulus before reacting to it. This 

sequence also ensured an identical eye aperture at gaze shift across conditions, preventing 

the larger eye size of fearful faces from facilitating gaze shift and thus contributing to the 

larger GOE observed.

4.1. Influence of facial expressions and autistic traits on the Gaze Orienting Effect

We found the traditional GOE with faster responses to congruent than incongruent trials 

(Driver et al., 1999; Friesen & Kingstone, 1998). We also found a smaller GOE for inverted 

than upright faces, in line with previous studies (e.g., Graham et al., 2010; Hori et al., 2005; 

Kingstone et al., 2000; Langton & Bruce, 1999). These results confirm that the efficiency of 

gaze cues is decreased when configural processing of faces is disrupted by inversion. The 

lack of orientation by congruency by emotion interaction also revealed that inversion 

impacted fearful and happy faces to the same extent, suggesting the two emotions were 

processed similarly (in this particular task), as also found by previous studies (e.g., Derntl et 

al., 2009; Fallshore & Bartholow, 2003).

Across our large sample, the GOE was larger for fearful than happy faces, reproducing 

previous findings in non-anxious individuals (e.g., Bayless et al., 2011; Neath et al., 2013). 

However, this emotional difference was dependent on individuals’ autistic traits. We found 

an inverse correlation between the size of one’s GOE for happy faces and one’s score on the 

AQ such that higher levels of autistic traits were associated with smaller GOEs to happy 

facial expressions. This finding was contrary to what we initially expected. Given the lack of 

enhancement of the GOE by fearful faces for autistic individuals reported by Uono and 

colleagues (2009), we expected an inverse relationship between autistic traits and the size of 

the GOE to fearful faces, not happy faces. In contrast, our result suggests that individuals 

with high autistic traits orient their attention less when looking at upright happy faces 

compared to individuals with low autistic traits. This finding was apparent in the correlation 

analyses with happy upright faces as well as when low AQ and high AQ groups were 

contrasted. Importantly, this resulted in a lack of GOE difference between fearful and happy 

faces in individuals with low AQ, while a clearly larger GOE for fearful than happy faces 

was seen in individuals with high AQ.

Although the mean anxiety scores in our low and high AQ groups were below the clinical 

cutoff score and thus within the normal range, individuals with high AQ were slightly more 

anxious than individuals in the low AQ group. This is not surprising, given that a large 

proportion of individuals with ASC also suffer from anxiety (Van Steensel et al., 2011). 
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However, this raises the concern that the difference in GOE between facial expressions seen 

only in high AQ participants could be due to their higher anxiety rather than their higher 

autistic traits, given previous reports of GOE modulation by emotion in high but not in low 

anxious participants (e.g. Fox et al., 2007; Mathews et al., 2003). This possibility is, 

however, unlikely for two reasons. First, significant correlations between AQ subscores and 

GOE remained when STICSA scores were controlled for. Second, previous experiments 

showed an impact of anxiety level on the GOE to fearful faces (Fox et al., 2007; Mathews et 

al., 2003; Putman et al., 2006) while the AQ scores in the present experiment are correlated 

with the GOE to happy faces (the GOE of the two groups differs only for happy faces). 

Nevertheless, we acknowledge that anxiety might play some role in our analysis and that 

future studies should try to disentangle these factors. It would be especially important to 

assess social anxiety given that 17% of individuals with ASC are diagnosed with social 

anxiety (Van Steensel et al., 2011) and that some of the social deficits exhibited by 

individuals with autism appear to be mediated by their comorbid social anxiety (Kleinhans 

et al., 2010).

A negative correlation between AQ scores and the GOE for neutral faces was also reported 

by Bayliss et al. (2005), suggesting that gaze-oriented attention to neutral faces could also be 

sensitive to autistic traits. The lack of difference between fearful and neutral or happy faces 

reported previously (e.g., Holmes et al., 2006; Tipples, 2006) could thus be due, at least in 

part, to participants’ low autistic traits as AQ was not monitored in previous studies. 

However, in another study, the GOE to fearful and neutral faces did not differ in a group of 

individuals with Asperger syndrome with presumably high autistic traits (Uono et al., 2009). 

Thus, the extent to which the GOE to neutral faces can be modulated by autistic traits 

remains unclear.

Participants in the present study were mostly males due to their recruitment in a Mathematic 

Department (Hango, 2013). Because males tend to have higher autistic traits than females 

(Baron-Cohen et al., 2001), one concern was that the correlations with AQ scores were 

driven by participants’ gender, with low AQ scores seen in females and high AQ scores in 

males. However, an equal number of female was found in the low and high AQ groups, 

ruling out this possibility. Bayliss et al. (2005) showed that the GOE (to neutral faces) was 

larger for female than for male participants. It is thus remarkable that in our male dominant 

sample, with likely smaller overall GOE, the correlations with AQ emerged for happy faces. 

Although we cannot be sure that the same correlations would be seen in a female dominant 

sample, we can at least be sure that the difference between our AQ groups was not due to a 

different gender ratio.

The result of a smaller GOE for happy faces with higher AQ scores could be due to the 

social interaction implied by a happy expression. It has been shown that people experiencing 

pleasant situations are more likely to smile when they are interacting socially than when they 

are alone (Jones, Collins & Hong, 1991; Kraut & Johnston, 1979). A happy face looking 

away might thus be interpreted as smiling at someone else rather than at something. Due to 

the decreased reward associated with social interaction in individuals with high AQ, they 

may orient their attention to a smiling face less than individuals with low AQ. This idea is in 

line with current research suggesting a diminished reward value of happy facial expression 

Lassalle and Itier Page 13

Soc Neurosci. Author manuscript; available in PMC 2017 February 24.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



in individuals with ASC compared to typical individuals (Sepeta et al., 2012). A fearful 

expression, in contrast, reflects the presence of a danger in the environment and our results 

suggest that individuals are sensitive to fearful gaze regardless of their AQ, likely because of 

the evolutionary relevance of threat for survival.

Interestingly, we found a significant inverse correlation between the GOE for happy upright 

faces and the score on the Imagination subscale of the AQ. “Imagination” might be required 

to associate the faces presented in experimental conditions (i.e., grey-scale pictures 

presented on a computer monitor) with real faces sending social signals in a natural context 

(i.e., happy faces smiling at another, fearful faces reacting to a danger in the environment). 

This might be especially true for happy faces since participants were alone in a closed room.

In addition, we also found an inverse correlation between the Attention-to-detail subscale of 

the AQ and the GOE for happy upright faces. Attention-orienting to gaze also seems to 

engage configural processing to a greater extent than featural processing as the GOE is 

diminished with face inversion (e.g., Graham et al., 2010; Jenkins & Langton, 2003; 

Kingstone et al., 2000; Langton & Bruce, 1999). High AQ individuals tend to focus more on 

details and less on the whole, which constitutes a core feature of the weak central coherence 

theory of autism (Happé & Frith, 2006). In accordance with this theory, a decrease in 

holistic processing for faces has been reported in ASC (e.g. Wallace, Coleman, & Bailey, 

2008). Thus upright faces might be processed more featurally than configurally in 

individuals with autism. Their increased attention to the features of the emotional faces in 

the present experiment could have resulted in different visual exploration strategies for 

happy and fearful faces presented upright. Indeed, the salient features, characteristic of 

fearful expressions, are the eyes (Whalen et al., 2004) while the salient feature, characteristic 

of happy expressions, is the mouth (Leppänen & Hietanen, 2007). Given that attention to the 

eye region is also essential to perform a gaze-orienting task, a tendency to process upright 

facial emotions based on their salient features would decrease the gaze-orienting 

performance for happy relative to fearful faces. However, the difference in the type of 

processing engaged by the two groups would not be apparent with inversion given both 

groups would process inverted faces based on their features. Note that this idea explains the 

correlation found for upright faces and the lack thereof for inverted faces but does not 

explain the lack of orientation by congruency by group effect when the low and high AQ 

groups were compared, possibly because of a lack of power.

Weigelt, Koldewyn, and Kanwisher (2012) reported that the face processing abnormalities 

observed in autism are more apparent when information needs to be extracted from the eye 

region. This idea is in line with the social motivation hypothesis of autism (Dawson, Webb, 

& McPartland, 2005) according to which individuals with ASC avoid any social stimuli. 

Recently, Tanaka and Sung (2013) have proposed that the face processing deficits seen in 

ASD could be due to this active avoidance of socially charged stimuli (such as eye contact) 

that is perceived as an invitation for social interaction (Kleinke, 1986) and triggers 

physiological hyperarousal as well as increased amygdala activation in participants with 

autism (Dalton et al., 2005; Kylliäinen & Hietanen, 2006). To avoid negative overarousal, 

individuals with ASC would adopt a compensatory strategy and tend to focus on facial 

features other than the eyes, such as the mouth (Tanaka & Sung, 2013). Because it signals a 
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potential social interaction, a smiling face could also be associated with negative overarousal 

in individuals with ASC. The lack of rewarding value of a happy face and its negative 

overarousal could prompt individuals with ASC or high AQ to actively avoid the eye region, 

which would hinder gaze-oriented attention. Thus, the social motivation hypothesis could 

explain the reduction of gaze-oriented attention to happy faces for individuals with high AQ 

relative to those with low AQ. It remains to be tested, however, whether happy faces trigger 

negative overarousal and eye avoidance in individuals with high autistic traits, more so than 

fearful faces.

4.2. Influence of autistic traits and emotion cues on ERPs associated with gaze-oriented 
attention

P1 amplitude to targets was enhanced in the congruent condition compared to the 

incongruent condition, as previously shown with neutral face cues (Hietanen et al., 2008; 

Lassalle & Itier, 2013; Schuller & Rossion, 2001, 2004, 2005), reflecting an enhancement of 

the target visual processing at the cued location (Hopf & Mangun, 2000). This congruency 

effect did not differ between fearful and happy conditions. To our knowledge, only one study 

investigated the effect of the face cue emotion on this P1congruency effect and found a 

larger congruency effect for targets preceded by fearful and happy faces compared to targets 

preceded by neutral faces (Lassalle and Itier, 2013). Although fearful and happy conditions 

were not directly compared in that study as they were presented in different sessions, the 

results suggested these emotions yielded similar congruency effects on P1, in line with the 

present results. Because a neutral face condition was not employed in the present 

experiment, we cannot claim that emotion did not have any influence. In fact, a comparison 

with Lassalle and Itier’s results (2013) suggests that emotional faces influenced gaze-

oriented attention at target level compared to neutral faces, but similarly for fearful and 

happy expressions. However, it is also possible that the presentation of the facial expression 

was too short in the present design to allow for an emotional modulation of the P1 

congruency effect. According to Lassalle & Itier (2013), emotional modulation of gaze-

oriented attention starts being observed around 600ms after cue and emotion onset. Since the 

emotion was presented for only 300ms after gaze shift in the present study, by the time P1 

occurred only 400ms on averaged had elapsed, which might have not been sufficient to 

integrate emotion and gaze cues.

EDAN and ADAN cue-triggered ERP components, indexing respectively attention orienting 

to the cued location and attention holding at the cued location, were also analyzed. Hietanen 

et al., (2008) found evidence for both components with arrow cues but not with schematic 

neutral face cues. However, using emotional faces and a discrimination task, Holmes et al. 

(2010) showed the presence of ADAN but not EDAN, while Lassalle and Itier (2013) 

reported both EDAN and ADAN using emotional faces and a localization task. In the current 

experiment, we also used a localization task, which we believe is more relevant than a 

discrimination or a detection task in gaze cuing studies, given the cue indicates a location in 

the environment. While Lassalle & Itier (2013) used a sequence in which both gaze and 

emotion were changed 500ms prior to target onset, we used a sequence in which the face cue 

averted its gaze first for 200ms before expressing an emotion for 300ms (500ms SOA as 

well). Nevertheless, despite using a different sequence, we replicated the findings of Lassalle 
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and Itier (2013) regarding the presence of EDAN and ADAN in response to gaze cues, and 

the lack of a modulation of these components by facial emotion.

These ERP findings reinforce the idea that attention orienting to gaze can be reliably tracked 

during both cue and target presentations using ERPs. The emotional content of the gaze cue 

does not seem to impact these attention stages until at least P1 if we take into consideration 

Lassalle and Itier (2013) results of larger congruency effects for emotional than neutral 

faces, i.e. around 600ms after gaze shift (with an average 100ms latency for P1). However, 

the differences in gaze-oriented attention between fearful and happy faces do not appear 

until the response, i.e. approximately 300ms after target onset given an average response 

time of 300ms. Thus, fear might trigger different processes than happiness between 600 and 

800ms after gaze shift, a similar time interval as suggested by Lassalle and Itier (2013) using 

a different dynamic sequence and design. Alternatively, it is possible that emotion influences 

brain processes devoted to gaze-oriented attention earlier but that this modulation is not 

detectable with scalp ERPs.

Interestingly, although no correlation was found between the ERPs associated with gaze-

orienting and AQ scores across the entire group of participants, the planned analyses for 

each AQ group revealed that P1 congruency effect and ADAN laterality effect were present 

in the low AQ group but not in the high AQ group. That the brain correlates associated with 

gaze-oriented attention could be weaker or completely absent in individuals with high AQ 

scores suggests autistic traits modulate the neural processes associated with attention 

orienting to gaze in the general population. Given that gaze-oriented attention is an 

experimental proxy for joint attention, the present results also suggest a link between autistic 

traits and joint attention in the general population, as predicted by the clinical deficits of 

joint attention observed in individuals with ASC (Dawson et al., 2004; Okada, Sato, Murai, 

Kubota, & Toichi, 2003). Based on the present results, it is possible that the deficit in joint 

attention observed in ASC is rooted in gaze-oriented attention deficits occurring during the 

processing of both the face cue and target. Future studies will need to extend these results, 

comparing the target and cue-triggered ERPs of individuals with and without a formally 

diagnosed ASC in gaze cueing experiments. Studies should also test whether autistic traits 

are linked to the neural processes involved in attention orienting to non-gaze cues or whether 

this relationship is specific to social stimuli.

5. CONCLUSION

While fearful faces seem to trigger a large and mandatory gaze orienting effect, likely due to 

the implied environmental threat they signal, the degree to which attention is oriented by 

happy faces seems to depend on individuals’ autistic traits, with high AQ individuals 

showing less sensitivity to happy faces than individuals with low AQ. Thus, autistic-like 

traits influence the way social signals are processed. Moreover, the presence of P1 

congruency effect and ADAN laterality effect in individuals with low AQ but not in 

individuals with high AQ suggests that overall less attention is allocated to the gazed-at 

direction in individuals with a high prevalence of autistic traits, a finding in line with the 

clinical deficit of joint attention in individuals with ASC. Future studies will have to 

replicate the observed influence of autistic traits on the brain processes devoted to attention 

Lassalle and Itier Page 16

Soc Neurosci. Author manuscript; available in PMC 2017 February 24.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



and on the allocation of attention resources to faces signaling a social interaction. Future 

work should also try to disentangle the relative impact of autistic trait and trait anxiety 

(including social anxiety) on the observed effects.
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Figure 1. 
Example of an incongruent trial in which the cue expresses fear. The arrows indicate the 

stage at which the ERP components are being measured (EDAN/ADAN when the cue is 

presented and P1 when the target is presented).
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Figure 2. 
Behavioral results. (a) Mean RTs to face cues presented in the upright condition (left panel) 

and in the inverted condition (right panel). (b) Mean GOE for fearful and happy faces (GOE 

= RTinc − RTcong). Error bars represent SE.
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Figure 3. 
Correlations between the GOE for happy upright faces (on the y-axis) and a) total AQ scores 

(on the x-axis), (b) AQ Imagination subscale scores and (c) AQ Attention to Detail subscale 

scores.
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Figure 4. 
a) Mean RTs to face cues presented in the congruent and incongruent conditions in a) the 

low AQ group and the high AQ group. (b) Mean GOE for fearful and happy faces in the two 

groups. Error bars represent SE.
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Figure 5. 
Target-triggered ERPs. (a) ERP waveforms featuring the P1 component at PO7 (left 

hemisphere, left panel) and PO8 (right hemisphere, right panel) for the congruent and the 

incongruent conditions (happy and fearful faces averaged together). (b) Mean P1 amplitudes 

to congruent and incongruent targets (averaged across happy and fearful faces).
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Figure 6. 
a) Mean P1 amplitudes to congruent and incongruent targets (averaged across happy and 

fearful faces) in low and high AQ participants. Error bars represent SE. b) P1 waveforms at 

PO7 and PO8 for the congruent and the incongruent conditions (happy and fearful faces 

averaged together), for high and low AQ groups.

Lassalle and Itier Page 26

Soc Neurosci. Author manuscript; available in PMC 2017 February 24.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Figure 7. 
Early Directing Attention Negativity (EDAN). (a) ERP waveforms for contralateral (contra) 

and ipsilateral (ipsi) gaze cues (averaged across emotions, orientation and electrodes: P7 and 

PO7 for the left hemisphere, P8 and PO8 for the right hemisphere). The grey zone indicates 

the time limits of the analysis (200–300ms). (b) Mean amplitudes for contra and ipsi gaze 

directions, between 200 and 300ms, averaged across emotions, hemispheres, electrodes and 

orientations).
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Figure 8. 
Anterior Directing Attention Negativity (ADAN). (a) ERP waveforms for contralateral 

(contra) and ipsilateral (ipsi) gaze cues (averaged across emotions, orientations and 

electrodes: F5, F7, FC5, FT7 for the left hemisphere, F6, F8, FC6, FT8 for the right 

hemisphere). The grey zone marks the time limits of the analysis (300–500ms). (b) Mean 

amplitudes for contra and ipsi gaze directions between 300 and 500ms averaged across 

orientations, emotions, hemispheres and electrodes.
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Figure 9. 
(a) Mean amplitudes for contra- and ipsilateral gaze directions between 300 and 500ms 

averaged across orientations, emotions, hemispheres and electrodes in low AQ and high AQ 

participants. Error bars represent SE. (b) Ipsi- and contralateral ERP waveforms showing 

ADAN component for the two AQ groups and both hemispheres.
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