
  1 

Autism. 2020;1362361320949721. doi:10.1177/1362361320949721 

Accepted version 

 

Running Head: Gaze Perception in ASD 

 

Eye Contact Perception in High-functioning Adults with Autism 

Spectrum Disorder 

 

Shota Uono 1, 2, Sayaka Yoshimura 1, 2, 3, Motomi Toichi 2, 3 

  

1 Department of Neurodevelopmental Psychiatry, Habilitation and Rehabilitation, 

Graduate School of Medicine, Kyoto University, Kyoto, Japan. 

2 Organization for the Promotion of Neurodevelopmental Disorder Research, Kyoto, 

Japan 

3 Faculty of Human Health Science, Graduate School of Medicine, Kyoto University, 

Kyoto, Japan. 

 

Correspondence concerning this article should be addressed to Shota Uono, Department 

of Neurodevelopmental Psychiatry, Habilitation and Rehabilitation, Faculty of Human 

Health Science, Graduate School of Medicine, Kyoto University, 53 Shogoin 

Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan.  

Tel: +81- 75-751-3966; Fax: +81-75-751-3966; E-mail: uonoshota1982@gmail.com  



  2 

Autism. 2020;1362361320949721. doi:10.1177/1362361320949721 

Accepted version 

 

 

Acknowledgments: We thank Emi Yokoyama for her help of recruiting participants. 

 

Funding: This study was supported by the Japan Society for the Promotion of Science, 

Grant-in-Aid for JSPS Fellows (11J0500). The funding sources had no involvement in 

study design; in the collection, analysis and interpretation of data; in the writing of the 

report; and in the decision to submit the article for publication. 

 

Author contributions: SU designed and performed the experiments. SY and MT 

diagnosed and/or evaluated participants. SU analysed the data and wrote first draft of 

the manuscript. All authors contributed to the revision of the manuscript. 

 

Compliance with ethical standards 

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

 

Ethical approval: All procedures performed in this study involving human participants 

were in accordance with the guidelines of the Declaration of Helsinki 1964 and its later 

amendments. The experimental procedure was approved by the local ethics committee 

of Kyoto University Graduate School and Faculty of Medicine. 

 

Informed consent: All participants included in the study provided written informed 

consent following an explanation of the procedures.  



  3 

Autism. 2020;1362361320949721. doi:10.1177/1362361320949721 

Accepted version 

 

Lay Abstract 

The detection of a self-directed gaze is often the starting point for social interactions and 

a person who feels as if they are being watched can prepare to respond to others’ actions 

irrespective of the real gaze direction because the other person may likely be motivated 

to approach. Although many studies demonstrated that individuals with autism spectrum 

disorder (ASD) have difficulty discriminating gaze direction, it remains unclear how the 

perception of self-directed gaze by individuals with ASD differ from that of age-, sex-, 

and IQ-matched typically developing (TD) individuals. Participants observed faces with 

various gaze direction and answered whether the person in the photograph was looking 

at them or not. Individuals with and without ASD were just as likely to perceive subtle 

averted gazes as self-directed gazes. The frequency of perceiving a self-directed gaze 

decreased as gaze aversion increased in both groups and, in general, individuals with 

ASD showed a comparable ability to perceive a self-directed gaze as that of TD 

individuals. Interestingly, considering face membership of photographs (ingroup or 

outgroup faces), TD individuals, but not individuals with ASD, were more likely to 

perceive self-directed gazes from ingroup faces than from outgroup faces. However, 

individuals with ASD had different affective experiences in response to ingroup and 

outgroup faces. These results suggest that individuals with ASD did not show an 

ingroup bias for the perception of a self-directed gaze, and raise a possibility that an 

atypical emotional experience contributes to the diminished ingroup bias. 

 

Abstract 

The present study investigated how the eye contact perception of ingroup and outgroup 

faces by Japanese adults with high-functioning autism spectrum disorder (ASD) 
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differed from that of age-, sex-, and IQ-matched typically developing (TD) individuals. 

The ASD and TD individuals were equally likely to perceive subtly averted gazes as 

self-directed gazes. In both groups, the frequency with which self-directed gazes were 

perceived decreased as gaze aversion increased. In general, individuals with ASD were 

equally capable of perceiving a self-directed gaze as TD individuals. However, TD 

individuals, but not individuals with ASD, were more likely to perceive self-directed 

gazes from ingroup faces than from outgroup faces. Stimuli ratings revealed that 

individuals with ASD, but not those with TD, gave higher warmth ratings to ingroup 

faces with averted gazes and outgroup faces with direct gazes compared to other types 

of face stimuli, suggesting atypical affective experiences in response to ingroup and 

outgroup faces in ASD. These results suggest that individuals with ASD did not show 

an ingroup bias for the perception of a self-directed gaze, and raise the possibility that 

an atypical emotional experience contributes to the diminished ingroup bias for the 

perception of a self-directed gaze. 

Keywords: Autism spectrum disorder; Eye contact; Emotion; Gaze direction; Ingroup 

bias; Social anxiety 
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Eye Contact Perception in Adults with High-functioning Autism Spectrum 

Disorder 

Autism spectrum disorder (ASD) is primarily characterized by qualitative 

impairments in social communication and the presence of repetitive behaviors and 

restricted interests (American Psychiatric Association [APA], 2013). Another salient 

feature of ASD is atypical attention to eye gaze (Frazier et al., 2017). Researchers have 

demonstrated that less attention to (Jones et al., 2008; Klin et al., 2002) and a reduced 

understanding of eye gaze (Bedford et al., 2012; Elsabbagh et al., 2012) predict social 

impairments and a later diagnosis of ASD. Eye gaze provides crucial cues for 

understanding the attentional focus and mental state of others (Baron-Cohen, 1997) as 

well as maintaining social relationships (Kleinke, 1986). For typically developing (TD) 

individuals, eye contact enhances several cognitive functions, including joint attention 

(Senju & Johnson, 2009), which is an indispensable skill for social development 

(Baron-Cohen, 1997). Thus, research in the field of eye contact perception is 

theoretically and practically important in terms of understanding and improving the 

social difficulties associated with ASD. 

Many studies have examined whether individuals with ASD can accurately 

discriminate the gaze directions of others. One procedure to assess this phenomenon 

involves the simultaneous presentation of two faces with a direct or averted gaze after 

which the participants are asked to choose the face with the direct gaze. In studies that 

have used this paradigm, individuals with ASD are poorer at identifying a direct gaze 

than TD individuals (Gepner et al., 1996; Howard et al., 2000), particularly young 

participants (Webster & Potter, 2011). Other paradigms require participants to 

determine the gaze directions (direct [straight], left, and right) of face stimuli, and most 
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of these studies have found that the accuracy of individuals with ASD for recognizing 

gaze direction is lower than that of TD individuals (Ashwin et al., 2009; Campbell et al., 

2006; Lawson et al., 2017; Pellicano et al., 2013; Wallace et al., 2006; Wallace et al., 

2010; however, see Kylliäinen & Hietanen, 2004). Furthermore, individuals with ASD 

are worse at identifying the object and location looked at by face stimuli than TD 

individuals (Forgeot d'Arc et al., 2016; Pantelis & Kennedy, 2017; Riby & Doherty, 

2009; Webster & Potter, 2011). These findings indicate that individuals with ASD have 

difficulty discriminating gaze direction and further suggest that they have an atypical 

understanding of the attentional focus and mental state of others during dyadic and 

triadic interactions. 

The tendency to detect a self-directed gaze rather than the ability to discriminate 

gaze direction might be a more important explanatory factor for the presence of social 

difficulties in individuals with ASD. Humans are likely to accept considerable 

deviations from a straight gaze as a self-directed gaze when judging whether another 

person’s gaze is directed at them (Gibson & Pick, 1963; Mareschal et al., 2013). The 

detection of a self-directed gaze is often the starting point for social interactions and a 

person who feels as if they are being watched can prepare to respond to others’ actions 

irrespective of the real gaze direction because the other person may likely be motivated 

to approach. In fact, eye contact during a live interaction elicits electroencephalographic 

changes that reflect positive affect and approach motivation (Hietanen et al., 2008; 

Pönkänen et a., 2011) and also enhances self-awareness and the tendency to associate 

incoming information with the self (i.e., self-referential processing; Hietanen & 

Hietanen, 2017). Individuals with ASD exhibited reductions in approach-related 

electrophysiological and autonomic nervous activity in response to a direct gaze 
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(Helminen et al., 2017; Lauttia et al., 2019), and in self-referential processing in an 

implicit memory task (Toichi et al., 2002; Yoshimura & Toichi, 2014). Thus, these 

individuals may have a reduced tendency to detect and/or perceive self-directed gazes.  

Several studies have investigated the perception of self-directed gaze in 

individuals with ASD. Vida et al. (2013) presented upright and inverted faces with 

emotional expressions that had various gaze directions and asked participants to 

determine whether the face was looking directly at them. Both TD individuals and 

individuals with ASD exhibited a greater bias to the perception of a self-directed gaze in 

response to a subtly averted gaze under angry stimulus conditions compared to other 

emotional face conditions. Additionally, there were no group differences regarding the 

perception of a self-directed gaze from an upright face, although TD individuals were 

more likely to perceive a self-directed gaze from an inverted face compared to 

individuals with ASD. Dratsch et al. (2013) presented a virtual character that moved 

their averted gaze (15–25°) toward participants (0° or 1–7°) and found that individuals 

with ASD are more likely to perceive a subtly averted gaze (1–7°) as a self-directed 

gaze compared to TD individuals. However, Matsuyoshi et al. (2014) found a 

significant negative correlation between scores on the Autism-Spectrum Quotient (AQ) 

and the threshold for the looking-at-me response in TD males, which indicates that 

males with a high AQ score are less likely to perceive an averted gaze as self-directed 

than those with a low AQ score. These conflicting results suggest that there are many 

potential factors that can modulate the perception of a self-directed gaze in individuals 

with ASD. 

Studies of TD individuals have revealed several factors that can induce the 

perception of self-directed gaze. First, observers with high levels of social anxiety tend 
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to perceive averted gazes as self-directed gazes (Chen et al., 2017; Gamer et al., 2011). 

Individuals with ASD generally exhibit high levels of social anxiety (Bejerot et al., 

2014) and are likely to have comorbid social anxiety disorder (Hollocks et al., 2019). 

Therefore, studies assessing the perception of self-directed gaze by individuals with 

ASD should consider the possibility that group differences in social anxiety may 

explain differences in the perception of a self-directed gaze. Second, recent studies have 

suggested that feelings of membership with face stimuli could affect one’s sensitivity to 

perceiving self-directed gazes. Uono and Hietanen (2015) demonstrated that Finnish, 

but not Japanese participants had a smaller bias toward judging slightly averted gazes as 

self-directed gazes when assessing ingroup faces compared to outgroup faces. Collova 

et al. (2017) observed a greater detection sensitivity for direct gazes from ingroup faces 

compared to outgroup faces in both Caucasian and Asian participants using a 

discrimination task for direct and left- and right-averted gazes. Although previous 

studies have reported a typical ingroup advantage in terms of face recognition and 

cross-racial face scanning patterns in individuals with ASD (Wilson et al., 2011; Yi et 

al., 2016; Yi et al., 2015), other studies have reported that these individuals do not show 

ingroup advantages for face recognition (Chien et al., 2014) or face discrimination 

(Hadad et al., 2019). Given that individuals with ASD show reduced attention to eye 

gaze (Frazier et al., 2017), and a less-marked experience-dependent perceptual 

advantage with respect to the processing of ingroup faces (Hadad et al., 2019), it is 

reasonable to predict that individuals with ASD do not differentially process the eye 

gazes of ingroup and outgroup faces.  

The present study examined differences in the perception of a self-directed gaze 

between Japanese adults with ASD and age-, sex-, and IQ-matched TD controls. The 
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participants observed ingroup and outgroup faces with neutral expressions and various 

gaze directions (0° and 2°, 4°, 6°, 8°, and 10° to the left and right; Figure 1) and were 

asked to determine whether the face stimuli were looking at them or not. First, this 

study aimed to determine whether individuals with ASD would be more or less likely to 

perceive self-directed gazes than TD controls irrespective of social anxiety levels. 

Second, it was explored whether individuals with or without ASD would show a 

different bias for the perception of self-directed gazes from ingroup versus outgroup 

faces. To assess whether individuals with ASD and TD individuals would interpret 

neutral faces in the same or a different manner, the participants evaluated face stimuli in 

terms of affect-related dimensions of subjective experience and emotion.  

Material and methods 

Participants 

The participants’ demographic information is shown in Table 1. This study 

included 20 Japanese adults with ASD (5 females and 15 males; age: mean [M] = 24.9 

years, standard deviation [SD] = 4.8 years) who were recruited from people who visited 

the Faculty of Human Health Science of xxxx University Graduate School of Medicine 

for consultation. Diagnoses of ASD were based on the criteria of the Diagnostic and 

Statistical Manual of Mental Disorders, 4th Edition, Text Revision (APA, 2000) and 

each diagnostic criterion for ASD was carefully assessed during intensive interviews 

with the participants and their parents by psychiatrists with expertise in 

neurodevelopmental disorders. The ASD group consisted of 12 individuals with 

Asperger’s disorder (three females and nine males) and eight individuals with pervasive 

developmental disorders that were not otherwise specified (PDD-NOS; two females and 
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six males). Both diagnoses are also included within the ASD category of the DSM-5 

(APA, 2013). 

The severity of symptoms in each of the 18 ASD participants was assessed using 

the Childhood Autism Rating Scale (CARS; Schopler et al., 1986), which consists of 15 

items that assess autistic behaviors and general impressions. Each item is assigned a 

score from 1.0 to 4.0 in increments of 0.5, and a higher score is indicative of more 

severe symptoms. The total CARS score in the ASD group (M = 24.9, SD = 3.3) in the 

present study was higher than those reported by previous studies investigating 

participants with Asperger’s disorder or PDD-NOS (Koyama et al., 2007; Uono et al., 

2011). The IQ levels of the participants were measured using the Japanese version of 

the Wechsler Adult Intelligence Scale, third edition. None of the participants with ASD 

had any intellectual disabilities (full-scale IQ: M = 116.9, SD = 9.7), or neurological or 

psychiatric problems other than those derived from ASD, nor were receiving any 

medication during the study period. 

The TD group included 31 Japanese adults who were first recruited from among 

undergraduate and graduate students. The participants in both groups completed the 

Japanese version of the AQ (Wakabayashi et al., 2006) and the Social Interaction 

Anxiety Scale (SIAS; Kanai et al., 2004). TD participants with an AQ score above the 

clinical cut-off (> 32) were excluded from all subsequent analyses (n = 3). Next, the TD 

participants were matched with the ASD participants, in terms of sex, age and IQ, prior 

to analyzing their task performance. For both sexes, younger participants and those with 

higher IQs were excluded. Ultimately, 20 Japanese TD adults were selected for the 

analysis (five females and 15 males; age: M = 23.2, SD = 2.0; full-scale IQ: 115.9 ± 9.7). 

The TD group had a significantly lower AQ than the ASD group (ASD: M = 29.6, SD = 
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5.4; TD: M = 21.8, SD = 4.8; t [38] = 4.83, p < .001). There was no significant group 

difference in age (t [25.6] = 1.47, p = 0.15), IQ (t [38] ≤ 0.84, p ≥ .41), or SIAS score 

(ASD: M = 43.2, SD = 11.9; TD: M = 36.4, SD = 12.7; t [38] = 1.77, p = .09).  

All procedures were in accordance with the guidelines of the Declaration of 

Helsinki 1964 and its later amendments. The experimental procedure was approved by 

the local ethics committee of **** University Graduate School and Faculty of Medicine 

and, written informed consent was obtained from all participants.  

 

Stimuli 

Face photographs of eight Japanese (four females) and eight Finnish (four 

females) were presented as an ellipse (10.2° width × 13.8° height) and consisted of 

faces with direct gazes and averted gazes of 2°, 4°, 6°, 8°, and 10° to the left and right 

(Figure 1); a total of 176 face photographs were used. The face models were asked to 

keep their facial expressions neutral and to change their gaze direction without making 

any other movements (e.g., head and body orientation). It was confirmed that the degree 

of gaze aversion at each gaze angle did not differ with respect to face group. Detailed 

explanations of stimulus development and properties have been provided in a previous 

report (Uono & Hietanen, 2015). 

 

Design 

The gaze direction judgment task included three factors: group (ASD and TD) as 

an independent measure, and face group (ingroup [Japanese] and outgroup [Finnish]) 

and gaze angle (0°, 2°, 4°, 6°, 8°, and 10°) as repeated-measures factors. 
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Apparatus 

Stimulus presentation and data acquisition were controlled using Presentation 

software (Neurobehavioral Systems, Berkeley, CA, USA) running on a Windows 

computer (Microsoft, Redmond, WA, USA). The face stimuli and rating scales were 

presented on a 17-inch CRT monitor (Mitsubishi, Tokyo, Japan) with a screen 

resolution of 1024 × 768 pixels and a refresh rate of 75 Hz. A headrest was used to keep 

the distance between the monitor and the participant (~ 57 cm) and the eye level 

constant. 

 

Procedure 

Gaze direction judgment task: A white fixation cross on black background was 

presented at the center of the screen for 500 ms and then a face (10.2° vertical and 13.8° 

horizontal) with either a direct (0°) or averted gaze (2°, 4°, 6°, 8°, or 10°) appeared for 

150 ms. Subsequently, the participants were asked to answer whether the person in the 

photograph was “looking at me” or “not looking at me” as accurately as possible using 

two response buttons. The instructions for the assigned buttons for each response 

remained on the screen until the participant gave a response. The combination of the 

assigned buttons was counterbalanced across participants. If no response was acquired 

within 5000 ms, the next trial started. The task consisted of 176 trials separated into two 

blocks and the trial order was randomized for each participant. The participants 

completed five practice trials and were familiar with the task procedure prior to testing. 

Rating tasks: The participants evaluated ingroup (Japanese) and outgroup (Finnish) 

faces with direct and averted gazes using a nine-point Likert scale. First, the participants 

were asked to rate the subjective pleasantness of (1 = very unpleasant; 9 = very 
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pleasant) and their arousal level in response to (1 = very calm; 9 = very aroused) each 

face stimulus. For faces with an averted gaze, half of the faces (both Japanese and 

Finnish) had a 10° left-averted gaze, whereas the other half had a 10° right-averted gaze. 

Second, the participants observed the same face stimuli and evaluated how dominant (1 

= submissive; 9 = dominant) and warm (1 = cold; 9 = warm) the person looked. Finally, 

the participants assessed how intensely the faces with a direct gaze reflected each 

emotion in the following order: anger, disgust, fear, neutrality, happiness, sadness, and 

surprise (1 = not at all; 9 = very much). In each trial, a given face and the named scale 

remained on the screen until a response was provided. The order of presentation the 

blocks was the same across participants, whereas the order of presentation of the faces 

was randomized for each rating task.  

 

Data analysis 

For the gaze direction judgment task, trials with no response and those with a 

response prior to the response stage were excluded from the analyses. Consistent with 

previous studies (Lobmaier et al., 2008; Uono & Hietanen, 2015), the data were 

collapsed across the left and right gaze directions to calculate the percentages of 

looking-at-me responses. The percentages of the looking-at-me responses were 

subjected to a 2 (participant group: ASD and TD) × 2 (face group: ingroup and 

outgroup) × 6 (gaze angle: 0°, 2°, 4°, 6°, 8°, and 10°) mixed-design analysis of variance 

(ANOVA).  

For the rating tasks of the affect-related dimensions, the average scores for each 

condition were calculated for each participant and analyzed using a 2 (participant group: 

ASD and TD) × 2 (face group: ingroup and outgroup) × 2 (gaze direction: direct and 
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averted) mixed-design ANOVA. For the emotion rating task, each participant’s average 

scores were analyzed using a 2 (participant group: ASD and TD) × 2 (face group: 

ingroup and outgroup) × 7 (emotion type: anger, disgust, fear, neutrality, happiness, 

sadness, and surprise) mixed-design ANOVA.  

When the sphericity assumption was violated, probability values were evaluated 

with Greenhouse–Geisser adjustments for degrees of freedom, and significant 

interactions were followed up with using simple effects analyses. Finally, although there 

were no significant group differences in social anxiety as measured using the SIAS, the 

scores of the SIAS were entered as a covariate into the ANOVA assessing the gaze 

direction judgment task and each rating task.  

 

Results 

Gaze direction judgment task 

The percentages of looking-at-me responses for each condition are shown in 

Table 2 and Figure 2. An ANOVA revealed a significant main effect of gaze direction 

(F [5, 190] = 369.47, p < .001, ηp
2 = .907). All pairwise comparisons between each gaze 

direction condition were significant (t [38] > 4.42, Bonferroni corrected p < .002). The 

results indicated that the proportion of looking-at-me responses gradually decreased as 

gaze angle increased. There was also a significant main effect of face group (F [1, 38] = 

4.16, p = .048, ηp
2 = .099), such that the proportion of looking-at-me responses was 

higher for ingroup faces than for outgroup faces. However, there was no significant 

main effect for participant group (F [1, 38] = .019, p = .892, ηp
2 = .001).  

Importantly, there was a significant interaction between participant group and 

face group (F [1, 38] = 4.10, p = .0499, ηp
2 = .097). A follow-up analysis revealed that 
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the TD group gave more looking-at-me responses when presented with ingroup faces 

than with outgroup faces (F [1, 19] = 11.19, p = .003, ηp
2 = .371), whereas the ASD 

group gave similar numbers of looking-at-me responses when presented with ingroup 

and outgroup faces (F [1, 19] = 0.01, p = .993, ηp
2 < .001). There were no significant 

simple effects of participant group for either ingroup faces (F [1, 38] = 0.71, p = .403, 

ηp
2 = .018) or outgroup faces (F ([1, 38] = 0.24, p = .625, ηp

2 = .006). 

There was also a significant interaction between gaze direction and face group 

(F [5, 190] = 5.76, p < .001, ηp
2 = .132). A follow-up analysis revealed that ingroup 

faces induced more looking-at-me responses than outgroup faces when gazes were 

subtly averted at 2° (F [1, 38] = 13.55, p < .001, ηp
2 = .263) and 4° (F [1, 38] = 9.94, p 

= .003, ηp
2 = .207).  

 

Rating tasks 

The results for the ratings of affect-related dimensions and emotion types are 

shown in Tables 3 and 4, respectively. 

Pleasantness: There were no significant main effects or interactions (F [1, 38] < 0.87, p 

> .358, ηp
2 < .023).  

Arousal: There was a significant main effect of face group (F [1, 38] = 15.41, p < .001, 

ηp
2 = .289), which indicated that the participants gave higher arousal ratings to outgroup 

faces than to ingroup faces. There was also a significant main effect of gaze direction (F 

[1, 38] = 6.75, p = .013, ηp
2 = .151), and a significant interaction between participant 

group and gaze direction (F [1, 38] = 5.08, p = .030, ηp
2 = .118). A follow-up analysis 

revealed that the ASD (F [1, 19] = 15.05, p = .001, ηp
2 = .442) but not the TD group (F 

[1, 19] = 0.05, p = .828, ηp
2 = .003) reported higher arousal ratings for direct gazes 
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compared to averted gazes. There was no significant simple effect of participant group 

for direct (F [1, 38] = 2.81, p = .102, ηp
2 = .069) or averted gazes (F [1, 38] = 0.01, p 

= .905, ηp
2 < .001). 

Dominance: There were significant main effects of face group (F [1, 38] = 21.29, p 

< .001, ηp
2 = .358) and gaze direction (F [1, 38] = 7.65, p = .009, ηp

2 = .168), which 

indicated that the participants gave higher dominance ratings to outgroup faces and 

direct gazes than to ingroup faces and averted gazes, respectively. There were no other 

significant main effects or interactions (F [1, 38] < 2.67, p > .110, ηp
2 < .007). 

Warmth: There was a significant interaction for the participant group × face group × 

gaze direction analysis (F [1, 38] = 9.20, p = .004, ηp
2 = .195). A follow-up ANOVA 

that included face group and gaze direction as factors was conducted for each group. 

The analysis did not reveal any significant main effects or interactions in the TD group 

(F [1, 19] < 3.72, p > .069, ηp
2 < .164). In the ASD group, there was a significant 

interaction between face group and gaze direction (F [1, 19] = 5.88, p = .025, ηp
2 

= .236). Although the ASD group was more likely to give higher warmth ratings to 

ingroup faces with an averted gaze and outgroup faces with a direct gaze than to other 

face stimuli, the follow-up analyses did not reveal any clear simple effects of face group 

(F [1, 19] < 2.64, p > .121, ηp
2 < .122) or gaze direction (F [1, 19] < 2.26, p > .149, ηp

2 

< .107). 

Emotion types: An ANOVA revealed significant main effects of face group (F [1, 38] 

=5.70, p = .022, ηp
2 = .131) and emotion (F [6, 228] = 28.34, p < .001, ηp

2 = .427), as 

well as a significant interaction between these two factors (F [6, 228] = 4.16, p < .001, 

ηp
2 = .099). Follow-up analyses revealed that the participants gave a higher neutral 

rating to ingroup faces than to outgroup faces (F [1, 38] = 6.55, p = .015, ηp
2 = .147) but 
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higher sadness (F [1, 38] = 4.81, p = .034, ηp
2 = .113) and surprise (F [1, 38] = 10.06, p 

= .003, ηp
2 = .209) ratings to outgroup faces than to ingroup faces. There were no 

significant effects involving participant group (F [1, 38] < 3.55, p > .067, ηp
2 < .086). 

 

Effects of social anxiety 

Analysis of covariance tests with the SIAS score as a covariate revealed that 

there were no significant main effects or interactions involving the SIAS score in any 

analyses (p > .10), which suggests that the group differences in the gaze direction 

judgement task and the rating tasks could not explained by high social anxiety levels in 

the ASD group. 

Discussion 

The present results showed that, in general, individuals with and without ASD 

perceived self-directed gazes to the same degree. The ASD group did not report higher 

levels of social anxiety than the TD group. The results did not identify an influence of 

social anxiety on the perception of self-directed gazes. In both groups, looking-at-me 

responses were recorded most frequently when true eye contact was made (0°), with the 

frequency gradually decreasing as the gaze deviation (2–10°) increased. Consistent with 

previous studies (Dratsch et al., 2013; Vida et al., 2013), the present results suggest that 

adults with and without ASD perceived considerable gaze deviations as self-directed 

gazes. 

More importantly, the present results indicate that face group differentially 

affected looking-at-me responses in the ASD and TD groups. Ingroup faces were more 

likely than outgroup faces to induce the perception of a self-directed gaze in the TD 

group but not the ASD group. Although some studies have reported a typical ingroup 
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advantage for face recognition and cross-racial face scanning patterns in individuals 

with ASD (Wilson et al., 2011; Yi et al., 2016; Yi et al., 2015), other studies did not 

observe an ingroup advantage for face recognition (Chien et al., 2014) or discrimination 

(Hadad et al., 2019). The present findings indicate that individuals with ASD did not 

show an ingroup bias for the perception of a self-directed gaze. Because individuals 

with ASD exhibit atypical social attention, such as lower degrees of attention to faces 

and gazes (Jones et al., 2008; Klin et al., 2002), the reduced exposure of faces might 

have prohibited the differentiation of ingroup faces from outgroup faces. However, the 

perception of gazes by the ASD group in the present study cannot be solely explained 

by less expertise in processing ingroup faces because the facilitated perception of a 

self-directed gaze does not indicate a superior ability to discriminate gaze direction. 

Thus, several potential causes that could have induced the effects of face group on 

looking-at-me responses in the TD group, but not in the ASD group, will be discussed. 

Previous studies have reported that TD individuals exhibit facilitated perception 

of self-directed gazes under specific conditions. Some studies have demonstrated that 

the perception of a self-directed gaze is enhanced by facial expressions indicating anger 

(Ewbank et al., 2009) and happiness (Lobmaier & Perrett, 2011); these expressions 

signal the motivation of observers to approach when accompanied by a direct gaze 

(Adams & Kleck, 2003). A study using multisensory stimuli reported that participants 

accept a wide range of averted gazes as self-directed gazes when self-relevant auditory 

information (i.e., one’s own name) is presented simultaneously (Stoyanova et al., 2010). 

These findings suggest that information relevant to the self or information that induces 

self-referential processing may facilitate the perception of a self-directed gaze. Ingroup 

faces that might resemble one’s own face and subsequently evoke an interaction could 
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be more self-relevant than outgroup faces. Individuals with ASD have an atypical sense 

of self as well as difficulties with self-referential processing (Frith, 2003; Toichi et al., 

2002; Yoshimura & Toichi, 2014). Therefore, ingroup faces (i.e., relatively highly 

self-relevant but not apparent faces) may be more likely to induce the perception of a 

self-directed gaze relative to outgroup faces in TD individuals but in not individuals 

with ASD. However, it has been reported that TD and ASD groups are more likely to 

perceive self-directed gazes on angry faces (Vida et al., 2013), which are threatening 

and highly self-relevant, than on neutral faces. 

There are other possible explanations for the lack of a modulatory effect of face 

group on the perception of a self-directed gaze in individuals with ASD. Although we 

did not find a significant group difference in the perception of self-directed gaze under 

any gaze angle condition, a visual inspection of the present data indicated that 

individuals with ASD were less likely to perceive a self-directed gaze when gazes were 

subtly averted (2–4°) than TD individuals, which suggests that the ASD group had a 

superior ability to discriminate gaze direction (Table 2). Previous studies have shown 

that individuals with ASD have enhanced perceptual abilities during low-level visual 

processing (Mottron et al., 2006). Additionally, Matsuyoshi et al. (2014) observed that 

TD males with a high AQ score were less likely to perceive an averted gaze as a 

self-directed gaze than those with a low AQ score. In the present study, the TD group, 

but not the ASD group, was less likely to perceive averted gazes on Japanese faces than 

on Finnish faces when the faces were subtly averted. In general, Japanese faces have 

dark irises and, thus, small changes in pupil position may be less visible. As a result, the 

enhanced visual processing abilities of individuals with ASD might have contributed to 
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the ability to discriminate gaze direction on Japanese faces and might have obscured a 

small effect from face group membership.  

The present results also revealed group differences in the ratings of face stimuli. 

First, individuals with ASD tended to give higher warmth ratings to ingroup faces with 

an averted gaze and outgroup faces with a direct gaze than to other types of face stimuli. 

Positive (happy) faces induce the most significant looking-at-me responses in TD 

individuals (Lobmaier & Perrett, 2011). One study demonstrated that TD individuals, 

but not individuals with ASD, showed increased pupillary diameter in response to 

happy faces with direct gazes versus those with an averted gaze, suggesting a reduced 

reward value for happy faces in individuals with ASD (Sepeta et al., 2012). However, 

the higher warmth ratings for outgroup faces with a direct gaze (i.e., subjectively 

positive faces) and lower warmth ratings for ingroup faces with an averted gaze (i.e., 

subjectively negative faces) in the present study might have obscured an ingroup bias 

for the perception of a self-directed gaze in the ASD group. As mentioned above, some 

studies have demonstrated the effects of face group membership in individuals with 

ASD; these individuals tend to exhibit a typical ingroup bias for face recognition and 

cross-racial face scanning patterns (Wilson et al., 2011; Yi et al., 2016; Yi et al., 2015). 

The warmth rating results in the present study also suggest that individuals with ASD 

can use facial information relevant to face group membership.  

Second, the arousal rating results showed that individuals with ASD, but not TD 

individuals, experienced more arousal in response to a direct gaze than an averted gaze. 

This finding is consistent with the increased autonomic response to (Kylliäinen et al., 

2012), and avoidance of, direct gaze (Madipakkam et al., 2017) in ASD as well as the 

lack of enhanced physiological responses following the perception of a direct gaze 
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during non-live interactions in TD individuals (Hietanen et al., 2008; Pönkänen et al., 

2011). Although the level of social anxiety was not associated with the perception of a 

self-directed gaze in the present study, it is possible that high emotional sensitivity to a 

direct gaze in the ASD group, irrespective of face group, obscured differences in the 

perception of self-directed gazes between ingroup and outgroup faces.  

These two results from the rating tasks in the present study raise the possibility 

that atypical emotional experiences to faces with a direct gaze might have contributed to 

the lack of an ingroup bias for the perception of a self-directed gaze in individuals with 

ASD. However, this interpretation should be treated with caution because the present 

study did not find associations between gaze direction and ratings of affect-related 

dimensions in the TD group. Moreover, the study design made it difficult to directly 

relate ratings to the perception of self-directed gazes, which depends on the difference 

in stimulus duration between the gaze-direction judgement and rating tasks (150 ms vs. 

no time limit). A recent review observed that implicit measures produced more 

consistent results than explicit measures regarding the effects of eye contact (Hietanen, 

2018). In addition to assessing the subjective evaluation of faces, parallel physiological 

recordings could provide insights into the mechanisms underlying the perception of a 

self-directed gaze. 

The present study had other limitations that should be noted. First, the sample 

size of each group was relatively small, although previous studies used similar sample 

sizes. No significant effects of participant group in some rating tasks may be 

attributable to low statistical power. Further studies with large samples will be 

necessary to reveal factors that contribute to the perception of a self-directed gaze in 

individuals with ASD. Second, the participant sex ratio was biased towards males 
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because ASD is more prevalent in males than in females (APA, 2013). A previous study 

that included more TD Japanese adult females than males reported no differences in the 

perception of a self-directed gaze between ingroup and outgroup faces (Uono & 

Hietanen, 2015), as with the ASD group in the present study. Recent studies have 

reported sex differences in social attention and motivation in individuals with ASD 

(Harrop et al., 2018; Sedgewick et al., 2016). Thus, sex may be a potentially important 

factor that modulates the perception of a self-directed gaze from ingroup and outgroup 

faces. Third, the instrument used to assess symptom severity in the present study (i.e., 

the CARS) is not ideal for high functioning and mild ASD cases. Thus, we did not 

investigate the relationship between symptom severity and task performance. Given the 

diversity and varying definitions of ASDs (Constantino & Charman, 2016), a 

standardized measure of symptom severity, such as the Autism Diagnostic Observation 

Schedule (Lord et al., 2012), is valuable for comparing the findings of different studies. 

In addition, studies are needed to confirm whether our findings can be generalized 

to the individuals with severe ASD symptoms, because the participants with ASD 

in the present study had mild symptoms as shown by both CARS and AQ average 

scores. 

In summary, the present study found that individuals with ASD and TD 

individuals were just as likely to perceive subtle averted gazes as self-directed gazes. 

The frequency of perceiving a self-directed gaze decreased as gaze aversion increased in 

both groups and, in general, individuals with ASD showed a comparable ability to 

perceive a self-directed gaze as that of TD individuals. Interestingly, compared to 

outgroup faces, ingroup faces induced more frequent perception of self-directed gazes in 

the TD group but not in the ASD group. The results indicate that individuals with ASD 
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did not exhibit an ingroup bias for the perception of a self-directed gaze. However, the 

results of the rating tasks raise the possibility that an atypical emotional experience in 

response to faces with a direct gaze in the ASD group might have obscured an ingroup 

bias for the perception of a self-directed gaze. 
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Table 1. 

Participant demographic characteristics 

  TD ASD Statistics p-value Cohen’s d 

Age (Y) 23.2 (2.0) 24.9 (4.8) t (25.6) = 1.47  .15 .46 

Sex 5 F : 15 M 5 F : 15 M - -  

Verbal IQ 120.8 (9.7) 120.0 (11.3) t (38) = 0.25 .80 .08 

Performance IQ 105.7 (11.6) 109.1 (13.7) t (38) = 0.83 .41 .27 

Full-scale IQ 115.9 (9.7) 116.9 (9.7) t (38) = 0.31 .76 .10 

SIAS 36.4 (12.5) 43.2 (11.9) t (38) = 1.77 .09 .56 

AQ 21.8 (4.8) 29.6 (5.4) t (38) = 4.83 <.001 1.53 

CARS - 24.9 (3.3) - -  

Values are provided as means (SD). 

ASD autism spectrum disorder; AQ Autism-Spectrum Quotient; CARS Childhood Autism Rating Scale; IQ 

intelligence quotient; SD standard deviation; SIAS Social Interaction Anxiety Scale; TD typically developing 

individuals.  
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Table 2. 

Percentages of looking-at-me responses under each gaze angle condition 

  0° 2° 4° 6° 8° 10° 

TD       

 In-group 92.50 (12.43) 90.00 (9.15) 70.00 (20.03) 38.13 (24.49) 18.44 (21.33) 10.31 (19.37) 

 Outgroup 88.75 (13.39) 76.88 (17.57) 57.05 (16.49) 35.63 (21.18) 17.19 (21.92) 10.94 (16.46) 

       

ASD       

 In-group 88.75 (12.10) 81.38 (13.51) 65.00 (15.62) 37.50 (20.48) 16.15 (12.22) 10.94 (15.56) 

 Outgroup 86.25 (15.65) 77.01 (15.81) 59.60 (20.53) 41.29 (20.34) 22.32 (18.72) 13.13 (17.55) 

Values are provided as means (SD). 

ASD autism spectrum disorder; SD standard deviation; TD typically developing individuals.  
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Table 3. 

Ratings for the affect-related dimensions 

    Pleasantness   Arousal   Dominance   Warmth 

TD          

In-group Direct 4.33 (0.71)   3.93 (0.89)   5.55 (0.99)   4.35 (0.81) 

 Averted 4.39 (0.66)   3.89 (1.25)   5.14 (0.94)   4.18 (0.81) 

  Outgroup Direct 4.40 (1.03)   4.44 (0.91)   6.11 (0.72)   3.88 (0.91) 

  Averted 4.24 (0.86)   4.39 (1.05)   5.80 (1.09)   4.04 (1.06) 

         

ASD         

In-group Direct 4.34 (0.59)  4.27 (1.21)  5.26 (0.62)  4.38 (0.78) 

 Averted 4.39 (0.78)  3.96 (1.26)  4.87 (0.63)  4.58 (0.81) 

  Outgroup Direct 4.33 (0.68)  5.08 (1.18)  5.76 (0.60)  4.44 (0.96) 

  Averted 4.38 (0.69  4.24 (1.15)  5.53 (0.79)  4.30 (1.07) 

Values are provided as means (SD). 

ASD autism spectrum disorder; SD standard deviation; TD typically developing individuals. 
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Table 4 

Ratings for the six basic emotions and neutrality 

  Anger Disgust Fear Neutrality Happiness Sadness Surprise 

TD        

 In-group 4.26 (1.34) 4.45 (1.52) 3.01 (1.89) 5.64 (1.59) 2.45 (0.93) 3.24 (2.07) 2.71 (1.67) 

 Outgroup 4.49 (1.62) 4.63 (1.83) 3.33 (1.83) 4.93 (1.75) 2.56 (1.07) 3.39 (1.84) 3.21 (1.42) 

        

ASD        

 In-group 3.72 (1.42) 3.84 (1.27) 2.39 (1.11) 4.41 (1.44) 2.21 (1.32) 2.47 (1.11) 2.38 (1.16) 

 Outgroup 4.24 (1.38) 3.82 (1.33) 2.61 (1.09) 4.13 (1.32) 2.23 (1.43) 2.89 (1.41) 2.87 (1.76) 

Values are provided as means (SD). 

ASD autism spectrum disorder; SD standard deviation; TD typically developing individuals.  
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Figure Legends 

 
Figure 1. Examples of Finnish (outgroup) and Japanese (in-group) face stimuli with 

various gaze directions. The figure illustrates a straight gaze (0°) and gazes averted to 

the left and right by 2°, 6°, and 10°. Although not illustrated, the experiment also 

included gazes averted by 4° and 8°. Stimuli are reproduced under the terms of the 

CC-BY (Uono & Hietanen, 2015). 
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Figure 2. Percentages of looking-at-me responses to in-group and outgroup faces as a 

function of gaze angle in the TD and ASD groups. 

 


