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Most evidence suggested that individuals with autism spectrum disorder (ASD) experienced gaze avoidance when looking at the eyes compared to typically developing (TD) individuals. Children with ASD magnified their fears when received threatening stimuli, resulting in a reduced duration of eye contact. Few studies have explored the gaze characteristics of children with ASD by dividing emotional faces into threatening and non-threatening pairs. In addition, although dynamic videos are more helpful in understanding the gaze characteristics of children with ASD, the experimental stimuli for some of the previous studies were still emotional pictures. We explored the viewing of dynamic threatening and non-threatening faces by children with ASD in different areas of interest (AOIs). In this study, 6–10 years old children with and without ASD viewed faces with threatening (fearful and angry) and non-threatening (sad and happy) expressions, respectively, with their eyes movements recorded. The results showed that when confronted with threatening faces, children with ASD, rather than TD, showed substantial eye avoidances, particularly non-specific avoidances in the fixation time on the mouths and significantly less time gazing at the mouths in any emotions, which was not observed for non-threatening faces. No correlations were found between the severity of symptoms and characteristics of gaze at the eyes and mouths in children with ASD. These results further enhance the understanding of the gaze characteristics of children with ASD on threatening and non-threatening faces and possibly provide additional evidence for their social interaction improvements.
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Introduction

As the prevalence of autism spectrum disorder (ASD) has been considerably increasing in the past few years, accumulating research is being conducted to investigate the symptoms and causes of ASD (1). The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (2) indicates that the impaired social interaction and communication skills are core deficits in ASD. Currently, “the Intense World Theory” makes a point that individuals with ASD are overly sensitive and subsequently overreact to specific environmental stimuli, such as threatening faces, menacing behaviors, and potentially harmful interactions (3, 4). Neuroimaging studies have also demonstrated that when children with ASD are exposed to external stimuli, the amygdala is over-activated, which may lead to an amplified fear of threatening information, resulting in gaze avoidances (5). However, as yet, the processing features of threatening information have not been well studied.

The behavioral characteristics of autistic symptoms are mainly reflected in diminished orientation to faces and reduced eye contacts (6). In the past decade, researchers have generally categorized emotions as positive, neutral and negative, and have explored the gaze characteristics of children with ASD through eye movements (7–9). The majority of studies reported that children with ASD showed impaired recognitions of negative emotional faces (anger, fear, and sadness) (10–12). Yet further research into negative emotions has revealed inconsistent results. For example, Wang et al. found that children with ASD spent less time gazing at pictures of angry faces compared to typically developing (TD) children, while no reductions in orientation were observed for either sad or fearful faces (13). However, other researchers expressed a different view that individuals with ASD performed significantly worse when identified fearful faces, but rarely differed from children with TD when observed other emotions (14, 15). In fact, unlike sadness, fear and anger can be considered as emotions that contain threatening messages. Currently few studies have presented these two emotions as a class of experimental stimuli and it is still unclear whether children with ASD show reduced attention to faces when observe threatening emotional faces. Therefore, in this study, we further explored the gaze characteristics of children with ASD by classifying emotional faces as threatening (i.e., fear, anger) and non-threatening (i.e., sadness, happiness), respectively, building on previous research.

Emotional informations are generally conveyed through the core areas of the face (eyes and mouth) (16, 17), and more specifically, most of the social messages expressed by threatening emotions are conveyed by the eyes (18). One study found that when viewed pictures of angry faces, children with ASD showed an avoidance of the eyes compared to children with TD (19). Other researchers studying on images of angry and fearful faces inconsistently found that the ASD group did not show any eye avoidances and spent a similar duration of time gazing at the eyes as the TD group (20, 21). Most experimental materials used in previous studies were found to be static emotional face pictures which may not provide sufficiently detailed emotional expressions, probably accounting for the inconformity of the results. Contrary to static emotional faces, dynamic emotional faces can convey richer stimulus information, which is ecologically relevant and closer to daily life (22, 23). To our knowledge, few studies have chosen dynamic threat emotional faces as stimulus materials. In summary, in this study we sought to examine the gaze characteristics of children with ASD and TD in more detail by presenting dynamic threatening and non-threatening emotional faces in order to explore the differences of the patterns of areas when viewed emotional faces between the two groups of children.

Most “attention span” eye-tracking investigations focused on overall observation time, lacking a detailed analysis of time course. Yet a study found that individuals with ASD displayed active gaze avoidances at an early stage of perceiving emotional faces (24, 25). Another study gave the opposite outcome, namely that the ASD and TD groups performed similarly in the early stages of staring at emotional faces, whereas the gaze impairment in people with ASD occurred in the later stages of perception (26, 27). Consequently, we added a temporal-course analysis of the two groups of children gazing at different AOIs of threatening and non-threatening emotional faces, with the aim of examining when eyes avoidances occurred during the process of looking at diverse AOIs of different emotional faces in both groups and whether these eyes avoidances were moderated by different types of emotional faces or different AOIs.

There have been studies exploring the correlation between the severity of ASD and the gaze characteristics of eye movement. It was found that the less time they spent gazing at faces, the more severe their symptoms were in ASD in the view of the social scenes (28–30). Liu et al. also came to the same conclusion (31). Even so, relationship between the severity and the threatening faces in children with ASD were still unclear. In order to explore the role of symptom severity of children with ASD in focusing on different AOIs of different emotional faces, we further examined the correlation between the total Childhood Autism Rating Scale (CARS) scores and the gaze characteristics of the different AOIs of emotional faces.

In summary, the current study aimed to investigate firstly whether there were differences in gaze characteristics of different AOIs in dynamic threatening (i.e., fear and anger) and non-threatening emotional faces (i.e., sadness and happiness) between ASD and TD and secondly whether there were associations between the symptom scores of children with ASD and certain AOIs of each of the four emotional faces. This study proposed three hypothetical points: (1) In children with ASD, eyes avoidances appeared to be on the eyes of threatening emotion faces and mouth fixation time was lower for all four emotions compared to TD. (2) During the whole film, children with ASD avoid looking into the eyes of threatening emotional faces, and avoid gazing at the mouth of any emotional faces. (3) More severely symptomatic children with ASD were less likely to gaze at the eyes and mouth of threatening emotions.



Materials and methods


Participants

A total of 36 children with ASD aged between 5 and 10 years were recruited among children diagnosed with ASD by pediatric psychiatrists according to the diagnostic criteria for ASD in DSM-5 (2). All subjects can understand the instructional language and correct it by eye movements. Five children with ASD were excluded due to failed eye-tracking calibration or looking at the screen less than 50% of the time during the eye movement test. The TD group was collected from a public primary school in Hefei, Anhui Province. Thirty-six TD children aged between 7 and 10 years were recruited in total. Participants in both groups were matched for gender and age. All participants were right-handed, with normal vision and hearing and no history of other psychiatric or physical illnesses, and can understand the instructional language and correct it by eye movements.

Ultimately, a total of 31 people with ASD, ranging in age from 6 to10 years, and 36 TD controls participated and completed the study. For the quantification of data collection, parents of 28 children with ASD enrolled completed the CRAS. As shown in Table 1, the total scale score based on the CRAS was (31.79 ± 7.41). All participants voluntarily participated in the study. Before starting the experiment, we obtained written consent from all the children’s parents. This study was approved by the Ethics Committee of Anhui Medical University (approval number: 2019H024).


TABLE 1    The general information of ASD and TD participants (Mean ± SD).
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Materials


Childhood autism rating scale

The CARS test widely used in the diagnostic assessment of children with ASD, consists of 15 items covering areas such as interpersonal relationships, emotional responses and visual reactions and is scored on a four-point scale from 1to 4, with a score of 1 indicating age-appropriate behavior and a score of 4 indicating severe abnormal behavior. A total score greater than or equal to 30 is judged to be autistic. A total score of 30–36 and 37–60 are, respectively considered as moderate and severe autism.



Eye-tracking paradigm

The eye-tracking stimulus adapted from a previous study (30) was used in the present study of gaze characteristics of children with ASD and TD, on the basis of its application in our previous study of gaze characteristics of first-degree relatives of ASD and TD (32). The experimenters showed each participant four colorful films expressing four different emotions, namely, sad, fearful, angry and happy, respectively. The films all had the same scene—a girl dressed in black standing in front of a black background, with only the actress’ head and shoulders appearing in the films. Each film is silent, with the actress not speaking, but simply conveying different emotions dynamically and naturally to the camera (see Figure 1).
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FIGURE 1
Four emotional films and AOIs.




Apparatus

Eye movements were recorded by SMI’s iView X high-speed eye-tracking device (Senso Motoric Instruments, Germany). Experiment software was used to present films of facial emotions on a 30-inch monitor with a screen resolution of 1,680*960 pixels with 250 Hz. After the experiments were completed, we analyzed the eye-tracking data using BeGaze software (Gaze intelligence, Paris, France).



Procedure

The children were taken into a softly light and silent room. Their primary caregivers were asked to quietly stand beside them in order to give them a sense of security to complete the test. The children sat approximately 60 cm away from the monitor, facing it and gazing at it. Before starting the experiment, we performed the five-point calibration method of the SMI-red on each child. The calibration was accepted only when all five points of both eyes of the participants were captured by the SMI and the average error of each calibration point was less than 1° of visual angle. Children successfully calibrated will be included in the follow-up experimental study, and those not successfully calibrated will be excluded from the study.

At the beginning of the experiment, the command “Please watch the following movie carefully” appears in the display for 5,000 ms. Four films in a fixed order (sad, fearful, angry, and happy) were then played on the monitor and participants were asked to watch the films freely. Each film is presented for 20 s, and the whole paradigm is presented for about 80 s in total. At the end of the film, a “Thank you for watching” message appears on the monitor.



Data Analysis

After the experiment, we manually delineated the AOIs for each film using SMI-red eye-tracking software. We defined four AOIs on the actress’ face, namely, the full face, eyes, nose, and mouth (see Figure 1). The size of the AOI was consistent for all four films. We used BeGaze software to collect and store the eye-tracking data, which was finally exported and analyzed for each AOI.

Data of this study was statistically analyzed using SPSS 21.0 software. Demographic data and eye-tracking data were normally distributed, and a 2 (Group: ASD, TD) × 4 (Emotion: sad, fearful, angry, and happy) repeated measures analysis of variance (ANOVA) was used to compare the differences between ASD and TD groups in the characteristics of AOI gaze time for the four facial emotions. If there was an interaction between “group” and “emotion,” the post hoc test was continued. To further explore how the pattern of gaze on emotion changed over time for children with ASD vs. children with TD, the results of the experiment were analyzed for time course again. Each 20-s film of facial emotion was subdivided into twenty 1-s intervals. We used Pearson correlation analysis to examine the correlation between gaze duration and symptom severity.





Results


Fixation time on areas of interest

In this study, a 2 (Group: ASD, TD) × 4 (Emotion: sad, fearful, angry and happy) repeated measures ANOVA was used to test for differences in the time spent gazing at different AOIs between the two groups. As shown in Figure 2, for eyes fixation time, there was a significant main effect of emotion [F(3, 256) = 21.91, p < 0.001, η2 = 0.51], a significant main effect of group [F(1, 64) = 7.41, p < 0.001, η2 = 0.10] and an interaction between emotion and group [F(3,256) = 3.811, p < 0.05, η2 = 0.15]. Post hoc comparisons (after Bonferroni correction) showed that children with ASD spent significantly less time gazing at the eyes than those with TD when gazed at the emotional faces of fear and anger (fear: p = 0.009, anger: p = 0.009). However, no differences were found in the timing of gazing at the eyes of sad and happy emotional faces (see Figure 2B). The same approach can be used for the analysis of mouth fixation time. The results showed a significant emotion main effect [F(3, 256) = 21.93, p < 0.001, η2 = 0.51] and a significant group main effect [F(1, 64) = 37.97, p < 0.001, η2 = 0.37], with an interaction between emotion and group [F(3, 256) = 3.94, p < 0.05, η2 = 0.16]. Post hoc test analysis revealed that children with ASD had significantly shorter mouth gaze time for all emotions than those with TD (p < 0.001) (see Figure 2D). Otherwise, no differences were found between the two groups in terms of the duration of gaze on the full face and nose. Children with ASD and children with TD had similar gaze time for the full face and nose (see Figures 2A,D).
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FIGURE 2
Gaze durations of the ASD and TD groups for the whole face (A), eyes (B), nose (C), and mouth (D) in different emotional faces. **Denotes p < 0.01 and *** denotes p < 0.001.




Temporal-course analysis

Based on the results of the above analyses that the two groups differed in the fixation time of the eyes, we further investigated how the gaze characteristics of the different participants changed over time when watching different films. The results are shown in Figure 3. For the sad face, the group main effect was not significant (t = –1.94, p > 0.05). The comparison revealed that in the fifteenth second after the starting of the gazing children with ASD had a significantly shorter gaze to the eyes than those with TD (p < 0.05). For the fearful face, the group main effect was significant (t = –2.68, p < 0.01). In comparison, children with ASD spent significantly less time gazing at the eyes than those with TD, respectively, during the period from the third to the seventh second and in the fifteenth second after the starting of the gazing (p < 0.05). For angry face, the group main effect was significant (t = –2.68, p < 0.05). The comparison revealed that children with ASD spent significantly less time gazing at the eyes than those with TD, respectively, in the second second, during the period from the tenth to the eleventh second and in the thirteenth second (p < 0.05). However, for happy face, the group main effect was not significant and no significant differences were found between the two groups (t = 0.11, p > 0.05).
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FIGURE 3
Proportional eye-looking time of the ASD and the TD groups for different expressions over time (shaded area indicates standard error). The gray shading indicates the cluster of time epochs when the group differences of face-looking time are significant.


In a way, we examined how the time spent gazing at different emotional mouths varied over time for both groups. The results are shown in Figure 4. For the sad face, the group main effect was significant (t = –4.53, p < 0.001). In contrast, children with ASD were found to gaze at the mouth for significantly shorter periods of time (p < 0.05) than those with TD, respectively, during the period from the eighth to the sixteenth second and in the nineteenth second. For the fearful face, the group main effect was significant (t = –3.68, p < 0.001). A significant difference in the duration of mouth gaze between the two groups was constantly found between the first and the twentieth second (p < 0.05). For the angry face, the group main effect was significant (t = –4.87, p < 0.001). Comparisons revealed that children with ASD spent significantly less time gazing at the eyes than those with TD between the first and sixth second, in the ninth second and between the eleventh and the twentieth second, respectively. For the happy face, a group main effect was significant (t = –5, 79, p < 0.001). The comparisons showed a significant difference of time gazing between the two groups during the period from the third to the twentieth second.
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FIGURE 4
Proportional mouth-looking time of the ASD and the TD groups for different expressions over time (shaded area indicates standard errors). The gray shading indicates the cluster of time epochs when the group differences of face-looking time are significant.


Correlations of eye-tracking variables and symptom traits

On all emotional face films, no correlations between eyes gaze time and total CARS scores were found for children with ASD (happy: r = 0.10, p = 0.601, sad: r = –0.05, p = 0.814, fearful: r = –0.17, p = 0.396, anger: r = –0.25, p = 0.196). We concluded that there was no association between symptom severity and emotional face-eye gaze characteristics in children with ASD. In addition, the outcome of the data analyses indicated that the time spent gazing at happy and fearful mouths by children with ASD was, respectively, negatively correlated with the total CARS score (happy: r = –0.42, p = 0.027, fearful: r = –0.39, p = 0.042). No significant correlations between symptom severity and face-eye gaze characteristics were found for either sad or angry faces (sad: r = –0.21, p = 0.290, angry: r = –0.23, p = 0.233) in children with ASD.




Discussion

This research found eyes avoidances in children with ASD were more prominent when observed threatening emotional faces. Regardless of whether emotion was threatening or not, children with ASD spent less time viewing the mouths than those with TD. Results of the temporal-course analysis further indicated that children with ASD experienced persistent eyes avoidances of threatening emotions. For the fearful face, eyes avoidances in children with ASD appeared approximately in the third second after the presentation of the face and lasted up to the fifteenth second. For the angry face, children with ASD showed eyes avoidances approximately between the second second and thirteenth second. We rarely found group differences in happy and sad faces at any given period. Furthermore, the correlation analyses revealed no significant association between the severity of the clinical symptoms and the duration of time spent gazing, respectively, at the eyes and mouths in children with ASD, whatever the types of emotion the faces presented. However, the duration of gaze at the mouths of happy and angry faces was associated with symptom scores of children with ASD.

The results of our present study demonstrated that children with ASD spent less time looking at the fearful and angry eyes, but not happy and sad ones, when compared to those with TD. It also suggests that eyes avoidances in children with ASD may relate to threatening emotional stimuli. This specificity of social attention in children with ASD can also be explained by the “Intense World Theory” hypothesis that children with ASD are exposed to threatening sensory stimuli then triggering intense world phenomena, consequently resulting in avoidance of gazing at the relevant threatening information areas (eyes) in order to regulate internal homeostasis. Accordingly, children with ASD have a certain capacity for emotion recognition, however, they are more sensitive to threatening emotional faces, which induces them to show eyes avoidances to threatening stimuli rather than happy or sad stimuli. Researchers such as Kliemann also discovered that although individuals with ASD showed a low preference for fearful, happy and neutral face eyes, their attention to fearful eyes tend to be paid gradually but not quickly, which was found in neither happy nor neutral faces (33). It was also confirmed that children with ASD were more sensitive to the eyes of threatening emotional faces. Fearful and angry faces cause children with ASD to perceive threatening messages and feel discomfort, leading to eyes avoidances in order to alleviate this state (34, 35). Earlier studies have also pointed the possibility that ASD’s idiosyncratic pattern of attention to threatening faces may contribute to triggering their social avoidance behaviors, as well as impacts on the development of communicative interaction skills (36, 37). In clinical settings, eyes avoidance of emotional faces has become an important indicator for the early diagnosis of ASD (38).

In addition, our study also found that children with ASD exhibited a non-specific attention pattern of viewing the mouths, which was different from that of the eyes. For each of the four emotional faces, children with ASD spent fewer moments gazing at the mouths than those with TD. The children with ASD have shown significant avoidances of all emotional mouths. The same conclusion was reached in a previous study where children with ASD spent remarkably less time looking at the mouths in dynamic scenes than those with TD (39). A recent study similarly suggested that children with ASD paid significantly lower levels of attention to the mouths than those with TD control group (40). This may be due to the fact that the expression of emotions in the dynamic films makes the mouth move and change constantly and children with ASD have difficulty in recognizing emotions through the mouths. They are unable to accurately determine the type of emotion and thus experience avoidance across the whole range of emotions. Moreover, a correlation existed between the duration of time people with ASD spent watching the mouths and the level of speech (41, 42). Most people with ASD have a verbal impairment and therefore exhibit a non-specific fixation pattern on the mouths, and hence it is understandable that children with ASD spend significantly less time gazing at the mouths than those with TD.

When comparing the eye movements of the two groups of children during both threatening and non-threatening emotional faces scans based on temporal-course analysis, we discovered that children with ASD viewed the eyes in the threatening faces for shorter periods of time than those with TD, approximately from the second second to the fifteenth second after the face appeared, while no differences were found between the two groups in the duration of non-threatening faces eyes gazes. This was consistent with our assumed results that children with ASD showed persistent eyes avoidances of threatening emotional faces in the films. For the sad face, the difference in overall fixation time between the two groups was not significant and temporal-course analysis showed that children with ASD experienced eyes avoidances in the fifteenth second after the emergence of the face. Our analyses of the possible reason for this is that the actress’ expressiveness in the later stages of the sad emotional film was too strong and may have given a threatening message to the children with ASD, resulting in a brief eye avoidance that then disappeared. At the same time, the temporal-course analysis reconfirmed that children with ASD have specific fixation on the eyes and non-specific gaze pattern for the mouth. Throughout all the four emotional films, we found between-group differences in the duration of mouth fixation in both groups. Children with ASD spent shorter periods of time viewing the mouths than those with TD in any emotions. One researcher used static photos to find not only that developing children with ASD spent significantly less time gazing at the mouths compared to those with TD, but also that the fixation pattern was reversed during adolescence. Adolescents with ASD spent longer looking at the mouths than those with TD (43). That result indicated that the difference in mouth gaze patterns between ASD and TD changed with age, which, however, wasn’t reflected in our present study. Thus, combine the existing results, future examinations could explore the corresponding evidence for changes with increasing age in the different AOIs gaze characteristics of dynamic threatening and non-threatening emotion faces in individuals with ASD vs. TD.

Another innovation of this study was that we provided observations of differences in gaze patterns across AOIs of threatening and non-threatening emotional faces in the ASD group and examined their associations with symptom scores. We discovered that there was no correlation between the gazing time at the eyes and the total CARS score. Prior work found that a reduction in face fixation time could be a sensitive indicator of the degree of social functioning deficits in children with ASD (44). More severely symptomatic children with ASD had poorer facial recognition of anger, fear and sadness (45). Other researchers found a correlation between social attention to the mouth and ASD symptoms in the field of social communication (46). Our data did not find that the severity of symptoms in children with ASD was reflected by the time spent gazing at the eyes and mouth. The possible reason is supposedly that the clinical symptom score is one of the external phenotypes, whereas the gaze of the child with ASD is characterized by an internal phenotype. ASD also exhibits behavioral expressions such as stereotyped behaviors and limited interests. All of these appearance-based deficits have the potential to diminish their social motivation, making them spend less time gazing at faces (47, 48). At present, there are no definitive studies investigating the intrinsic link between the behavioral performances of children with ASD and their social attention and the reasons for it, which gives a novel direction for future studies on the correlation of symptoms in ASD.

There are also some limitations in the present study. Firstly, the participants in this study were mainly male and only included school-age children aged from 6 to 10 years in the end. In the future study, we can expand the sample size and age range of participants to explore differences in the gaze characteristics of ASD toward different emotional faces at different ages. Secondly, the experimental material for this study was selected only from female emotional faces and lacked neutral emotions stimuli. It is unclear whether it is easier to explore the differences in gazing at emotional faces for male emotional faces than female emotional faces in children with ASD and TD, and whether ASD still shows eyes avoidances on male threatening emotional faces, which need to be explored in the future study. Finally, we only used the CARS scale to score the symptoms of children with ASD. Future researches could add other scales, such as the Childhood Autism Behavior Scale (ABC), in order to explore the correlation between symptoms and eye movement characteristics of children with ASD in a much more detailed and precise way. These would also provide more insight into the clinical symptoms of children with ASD and offer more possibilities for the rehabilitation of ASD.

To conclude, we observed that children with ASD looked less at other’s eyes, especially the eyes conveying threatening emotional expressions. They spent less time fixating on the mouth of any emotional faces compared to children with TD. We consider that children with ASD have specific fixation on the eyes and non-specific fixation on the mouth, respectively, for threatening and non-threatening faces. Our trial filled the blanks in the study of the gaze characteristics of different AOIs when children with ASD were confronted with threatening faces and provided additional assistance in the early screening of ASD. However, we didn’t find strong evidence to support the association between higher scores on behavioral scales and gaze avoidances in ASD. Our data provided profitable insight into the distribution of gaze of children with ASD when viewing threatening emotional faces. Moreover, the scanning pattern for socially threatening facial expressions can also serve as a potential early marker of ASD. In the near future, it will be possible to combine our research findings with advanced information technology to integrate social attention with artificial intelligence in ASD, consequently offering more rehabilitation evidences for the treatment of social attention deficits in children with ASD.
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