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Children with autism spectrum disorder (ASD) exhibit abnormal visual attention, such as diminished attention to eyes and enhanced attention to high-autism-interest objects. We tested whether high-autism-interest objects would modulate the attention to eyes in boys with ASD and typically developing (TD) boys. Twenty-two ASD and 22 TD children were presented simultaneously with human eyes and high/low-autism-interest objects (HAI/LAI) while their eye movements were recorded. We found that visual preference for eyes was influenced by competing objects in children with and without ASD. Specifically, both children with and without ASD showed reduced overall and first looking preference when eyes were paired with HAI objects relative to LAI objects. Children with ASD also showed reduced sustained viewing preference to the eyes after first looking at the eyes and late looking preference to the eyes after first looking at the objects in the HAI condition than the LAI condition, but these effects were absent in the TD group. Our study not only helps us understand some factors that impact attention to eyes, but also has implications for interventions aiming at improving eye contact in children with ASD.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by two main core symptoms—social communication deficits and restricted interests and repetitive behaviors (1). Most previous work has focused on one of these two symptoms, while only a few studies have focused on the relation between these two core symptoms (2). Of these studies, some found an intrinsic link between social communication deficits and repetitive behaviors (3–6), while others claimed independence of the two symptoms (7–9). Considering that there are distinctive subtypes of social communication deficits and repetitive behaviors in ASD, the question that whether the two core symptoms are related is not clear (10). The current study aims to explore this relationship in children with ASD using eye movements, viewed from the visual attention point.

The two core symptoms of ASD may be reflected in the visual looking time. For instance, along with socio-communicational deficits, many eye-tracking studies have explored whether people with ASD look less at eyes than typically developing (TD) people. Although findings from these studies are mixed (11–13), a recent meta-analysis of eye-tracking studies found a significant reduction in attention to eyes in individuals with ASD than TD people (14). On the other hand, people with ASD are found to be interested in certain types of objects, referenced to circumscribed interests (CI), or high-autism-interest (HAI) stimuli (e.g., vehicles, computers, and repetitive movements) (14–17). These stimuli have been found to attract visual attention (15, 16, 18), activate neural reward circuitry (19), and induce pleasure responses (20) in people with ASD. Based on these findings, HAI objects are proposed to negatively affect the social development of people with ASD by occupying their visual attention and depriving them of sufficient social interaction experiences (16, 21). However, the relationship between visual attention to eyes, which plays an essential role in social interaction, and visual attention to HAI objects has received almost no empirical attention. From both theoretical and practical perspectives, there are significant implications of knowing whether attention to eyes in people with ASD would be improved if some factors are manipulated, such as presenting HAI or low-autism-interest (LAI) objects. Therefore, the current study aimed to investigate how HAI objects would modulate the attention to eyes in children with ASD.

In order to examine this modulation effect, we used the preferential looking paradigm by pairing human eyes with two types of competing stimuli, that is HAI or LAI objects, to explore visual preferences for eye region in children with and without ASD. Some studies have already used a similar paradigm to study the modulation effect of competing non-social objects on social stimuli like faces [e.g., (15, 16)]. However, this has been achieved via a less fine distinction between the early and late attentional components. As a result, it remains unclear whether the modulation effect is due to the consistent impacts over time or from local effects confined to particular times.

Our study expected that including HAI objects would increase the general interest level to this type of object and reduce the total looking time to eyes in children with ASD. This overall eye-preference index could reflect some combinations of initial orienting to and subsequent maintenance with stimuli, as well as looking time after initial orienting. In order to separate these components, we calculated prioritization index, sustained index, and late eye-preference index (see Data Analysis section for details) to test whether the influence of HAI on the attention to eyes was mainly driven by different mechanisms of attention. Rather than focusing simply on which object receives the greater amount of viewing time, the prioritization index indicates which object receives attentional priority in the scene. In daily life, the social meaning of eyes should be perceived very rapidly. Therefore, prioritizing for processing eyes is helpful for a successful social interaction. Additionally, the sustained index examines a sustained viewing time in the initial detection of an object. This index can reflect a general interest in an object. If people are interested in an object, they examine it longer after looking at it. Finally, the late eye-preference index examines total eye-looking time after first looking at or initial orienting to objects, but not total eye-looking across time. It may reflect a late attentional component, which is less likely to be influenced by low-level stimulus properties than an early component like prioritization index (see detailed discussions in the Discussion section). Therefore, this late eye-preference index is better than the overall eye-preference index to reflect top-down attention to the eyes.



METHOD


Participants

After excluding children with ASD who had a low IQ (IQ <70, measured by Wechsler Intelligence Scale), 22 high-functioning boys with ASD and 22 age and IQ-matched TD boys from China were included in the current study. Sample size was determined by availability and was greater than or equal to that of other studies using a similar paradigm [e.g., (15, 16, 22)]. Furthermore, when we opted for a moderate effect size ([image: image] = 0.06), 0.8 power, an alpha of 0.05, and 0.5 as correlation among repeated measures to perform power analysis by using G*Power software (23), a total sample of at least 34 individuals is required by a repeated measures analysis of variance (ANOVA) with Group (ASD and TD) as the between-subjects factor, and Condition (HAI and LAI) as the within-subjects factor.

We recruited boys only in our study to control for gender differences in interest in objects (22). The children with ASD were all previously diagnosed by professional pediatricians in licensed hospitals according to the criteria of ASD in DSM-V (1), and were further confirmed by using the Autism Diagnostic Observation Schedule [ADOS; (24)] and the Autism Diagnostic Interview-Revised [ADI-R; (25)]. The TD children were recruited from a typical primary school, and the teachers and parents reported no concern about any potential developmental or psychiatric disorder. All participants had normal or corrected to normal vision with no color-blindness. Table 1 shows the participants' characteristics.


Table 1. Characteristics of the participants.
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This research was conducted according to the ethical standards laid down in the 1964 Declaration of Helsinki and was approved by the Ethical Committee of the sponsoring university. We obtained all of the children's oral consent and their parents' written consent before the onset of the experiment.



Materials

The stimuli consisted of 24 images depicting the eye region cropped from different faces displaying fear expressions, which were extracted from the NimStim Face Stimulus Set (29), a free and widely used database [e.g., (30, 31)]. Fearful eyes were used as stimuli, given previous evidence that eye avoidance in ASD was most likely to occur when scanning threatening facial expressions (18). HAI object images included 12 different cars, and LAI object images included 12 different vegetables (15, 16). There were a total of 24 trials presented on a 21″ monitor. In each trial, one eye image was randomly paired with one HAI or one LAI image, resulting in 12 paired eyes and HAI object images (HAI condition), and 12 paired eyes and LAI object images (LAI condition) (Figure 1). The allocation (left/right) of stimuli within a trial was counterbalanced. Each image subtended a visual angle of 12×4° to the children.


[image: Figure 1]
FIGURE 1. Sample stimuli in the HAI condition.




Procedure

Children sat ~60 cm away from a monitor. Eye movements were recorded by a Tobii Pro X3-120 eye tracker (Tobiitech Technology, Stockholm, Sweden; sampling rate: 120 Hz) during the whole experiment. Before the formal experiment, children were asked to pass a five-point calibration procedure. The calibration process was repeated when necessary until both eyes achieved good mapping on all five test positions (smaller than 1° visual angle).

In each trial, an attention-getter (a cartoon character subtending a visual angle of 4×4°) was first presented in the center of the screen, which disappeared when children's gaze was detected within the cued region. Then, one of the 24 paired images was presented for 3,000 ms, and children were asked to view it freely. The stimuli were presented in a randomized order with the constraint that the same condition and same eye position could not occur more than three in a row.



Data Analysis


Data Preprocessing

Trials with more than 30% missing gaze data (i.e., low-quality data defined as validity codes > 1 from Tobii raw data) were considered unreliable and excluded from the analysis [e.g., (32)] to ensure the quality of data, which was stricter than some previous studies (33, 34). Missing gaze data that had a gap shorter than 75 ms in the other trials were filled in using linear interpolation based on the last valid sample before the missing gap and the first valid sample after the gap. Average gaze positions of the left and right eyes were used to calculate fixations based on I-VT fixation filter (35) with the following parameters settings: (1) the velocity threshold was set at 30°/s; (2) Fixations close spatially and temporally (<0.5°, <75 ms) were merged to prevent longer fixations from being separated into shorter fixations because of data loss or noise; (3) Fixations shorter than 60 ms were discarded. Areas of interest (AOIs) were defined around the eyes and objects. In our analysis plan, trials would be further discarded if no fixations were detected in the two AOIs. However, no trials were discarded according to this criterion. The valid trial number was similar for the ASD (M = 22.50, SD = 2.44) and TD (M = 23.55, SD = 1.47) groups, p > 0.05.



Main Eye Movement Indices

Preliminary analysis revealed that the ASD group (M = 1.52 s, SD = 0.48 s) looked less at the two AOIs than the TD group (M = 2.07 s, SD = 0.52 s), t(42) = −3.62, p = 0.001, Cohen's d = 1.09. Thus, in our primary analysis, in order to quantify the overall visual preference to the eye image relative to the object image, we converted total fixation data into proportion data. Using proportion data was also consistent with previous studies using the preferential looking paradigm (15–17). We calculated the overall eye-preference index, defined as the proportional total looking time on the eye AOI against the total looking time on both the eye and object AOIs. A well-above-chance level (50%) eye-preference index represents an overall looking preference for the eyes over the objects. We further calculated a prioritization index—frequencies of the first look at the eyes against the total valid trials as an initial orienting component of attention. A well-above-chance level of prioritization index represents a first preference for the eyes over the objects. Besides, we calculated the sustained index. First, we calculated the sum of the duration of all fixations of the first entry to the eye or object AOI, until a child shifted attention away from the AOI (sustained duration). The sustained index is defined as sustained duration on the eye AOI against the sum of sustained duration on the eye and object AOIs. This index represents maintaining of engagement with eyes after initial orientation relative to the object. Finally, the late eye-preference index was very similar to the overall eye-preference index. It was calculated as the proportional total looking time on the eye AOI against the total looking time on both the eye and object AOIs after first looking at an object AOI, but not the whole trial duration. The calculation of these eye movement indices can be referred to Holmqvis et al. (36).





RESULTS


Overall Eye-Preference Index

A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI) repeated measures ANOVA was conducted. Only the main effect of Condition was significant, F(1, 42) = 13.05, p = 0.001, [image: image] = 0.24. Both groups showed decreased attention to eyes when HAI objects were present compared to when LAI objects were present (Figure 2A). The main effect of Group and the Group × Condition interaction effect were all not significant, F(1, 42) = 0.54, p = 0.466, [image: image] = 0.013, and F(1, 42) = 0.02, p = 0.876, [image: image] < 0.001, respectively.


[image: Figure 2]
FIGURE 2. Eye movement results. (A) Overall eye-preference index; (B) Prioritization Index; (C) Sustained index; (D) Late eye-preference index. Dashed lines represent the chance level and error bars represent standard error.


We also compared the eye-preference index to the chance level by using a one-sample t-test with Bonferroni correction (alpha level = 0.0125 for four times comparison). Children with ASD showed a decreased looking preference for the eyes over the HAI objects, t(21) = −3.03, p = 0.006, Cohen's d = 0.65, but not LAI objects, t(21) = −1.13, p = 0.272, Cohen's d = 0.24. TD children showed no significant results, t(21) = −1.45, p = 0.162, Cohen's d = 0.31, and t(21) = −0.12, p = 0.907, Cohen's d = 0.03, for HAI and LAI objects, respectively.



Prioritization Index

Like the eye-preference index, only the main effect of Condition was significant, F(1, 42) = 8.65, p = 0.005, [image: image] = 0.171. Both groups showed a reduction in the first preference for the eyes when HAI objects were present compared to when LAI objects were present (Figure 2B). The main effect of Group and the Group × Condition interaction effects were all not significant, F(1, 42) = 0.07, p = 0.787, [image: image] = 0.002, and F(1, 42) = 0.74, p = 0.395, [image: image] = 0.017, respectively.

We then compared the prioritization index to the chance level, and found that both groups showed a decreased first looking preference for the eyes over the HAI objects, t(21) = −3.80, p = 0.001, Cohen's d = 0.81, and t(21) = −3.70, p = 0.001, Cohen's d = 0.79, for the ASD and TD groups respectively, but not LAI objects, t(21) = −2.36, p = 0.028, Cohen's d = 0.50, and t(21) = −1.42, p = 0.171, Cohen's d = 0.30, for the ASD and TD groups, respectively.



Sustained Index

A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI) repeated measures ANOVA was conducted. Note that one TD child's first looks were all directed to the object in the HAI condition, thus the sustained index in the HAI condition was not available for this child. The main effect of Group was not significant, F(1, 41) = 0.17, p = 0.680, [image: image] = 0.004. The main effect of Condition was significant, F(1, 41) = 7.90, p = 0.008, [image: image] = 0.162. Importantly, the Group × Condition interaction was also significant, F(1, 41) = 7.22, p = 0.010, [image: image] = 0.150. Simple effect analysis revealed that children with ASD had lower sustained index in the HAI condition than that in the LAI condition, F(1, 41) = 15.48, p < 0.001, [image: image] = 0.274, but TD children had a similar sustained index in the HAI and LAI conditions, F(1, 41) = 0.01, p = 0.931, [image: image] <0.001 (Figure 2C).



Late Eye-Preference Index

A 2 (Group: ASD and TD) × 2 (Condition: HAI and LAI) repeated measures ANOVA was conducted. Note that one ASD child and one TD child did not look at the eye and object AOIs after initial orientation to the object in the LAI or HAI condition. Thus, the late eye-preference index was not available for these two children. The main effect of Group was not significant, F(1, 40) = 0.01, p = 0.930, [image: image] < 0.001. The main effect of Condition was marginally significant, F(1, 40) = 3.81, p = 0.058, [image: image] = 0.087. Importantly, the Group × Condition interaction effect was significant, F(1, 40) = 4.55, p = 0.039, [image: image] = 0.102. Simple effect analysis revealed that children with ASD had lower late eye-preference index in the HAI condition than that in the LAI condition, F(1, 40) = 8.35, p = 0.006, [image: image] = 0.173, while TD children had a similar late eye-preference index in the HAI and LAI conditions, F(1, 40) = 0.02, p = 0.898, [image: image] < 0.001 (Figure 2D).



Correlations Between Autism Symptoms and Eye Movement Indices

We correlated the ADOS total severity of children with ASD with the main eye-movement indices. No significant correlations were found, all ps > 0.05.




DISCUSSION

The primary aim of the present study was to test whether attention to eyes in children with ASD depended on the type of competing non-social stimuli (HAI vs. LAI objects) that were also present. Using the preferential looking paradigm, we revealed that attention to eyes was influenced by competing objects in both children with ASD and TD children, such that a decreased visual preference for the eyes when they were paired with HAI objects compared to LAI objects was observed. However, the modulation effects were different for the two groups in the early and late attention.

First, we found a reduced overall preference for the eyes when eyes were paired with HAI objects relative to LAI objects in both children with ASD and TD children. Second, with regard to the early and late attentional components, it was observed that all groups showed an initial higher probability of attending to the eyes when LAI objects were presented than High objects. After first initiating to the eyes, children with ASD showed higher sustained viewing preference to the eyes when LAI objects were presented, whereas this effect was absent in the TD group. After first looking at the objects, children with ASD were also more likely to show a higher probability of attending to the eyes when LAI objects were presented. In contrast, this trend was not significant for TD children.

These findings suggested that attention to eyes was somewhat contextually dependent in children with ASD, so that presence of HAI relative to LAI objects would reduce the relative salience of eyes to a greater degree. There are two types of salience that will attract social attention (37). One is social salience, which will drive the top-down volitional attention. The other one is physical salience (e.g., color, contrast, and motion), which will reflexively trigger the attention in a bottom-up way. In general, we may expect physical salience to primarily influence initial orienting to eyes, whereas top-down control will dominate the late attention phase [e.g., (38)]. In the current study, low-level stimulus properties (e.g., contrast, color, luminance, shape, and size) were not controlled across different objects (i.e., HAI and LAI objects), like many previous studies (15, 16, 22). Thus, it is difficult to conclude whether the object content alone or content and low-level physical properties best explains the modulation effect of CI on initial attention to eyes. However, late attention, especially the late eye-preference index, is more likely to reflect children's motivation or interest in viewing the eyes because the physical salience of objects may lose its control in guiding attention in the late phase after viewing the objects. Furthermore, if the physical salience of objects plays a role in biasing the attention in the late phase, we would expect the non-social objects to modulate the late eye-preference index in TD children like the results of the prioritization index. Together, our study implies that HAI objects can occupy visual attention in both early and late attention phases, therefore depriving visual experiences with eyes in children with ASD. Future studies with a sophisticated design could further test the contribution of bottom-up and top-down attention to eyes. Greater care should also be taken to control the low-level stimulus properties in the future.

Our data from the TD group indicated that the modulation effects of CI on attention to the eyes were not specific to children with ASD—TD children also showed some similar effects. Previous studies presenting a single face or a face embedded in a social context have found that children with ASD always showed less eye-looking time than TD children (39, 40). In contrast to these studies, we only included eye regions to control other facial features' impact on eye-preference. Besides, we only used one type of emotion (fear) in eyes, which removed social salience conveyed by human expression. These manipulations might significantly reduce the social significance of the eyes, resulting in a reduced motivation to process the eyes in TD children and thus the absence of group differences in the eye preference. Another possibility is that we only included one competing object to pair with the eyes, whereas in previous studies, multiple competitive objects [e.g., mouth and nose within a face, or toys and body within a social scene; (39, 40)] were present, which may exacerbate the eye avoidance in children with ASD. Finally, the chosen HAI objects (i.e., cars) might also be highly attractive to TD boys, which reduced the group difference. Future studies exploring how the attention to eyes in girls might be modulated by CI are recommended.

The modulation of HAI objects on gaze behavior is still informative for future clinical research and the development of interventions focusing on improving eye contact in ASDs. A number of interventions have tried to enhance the attention of individuals with ASD for socially relevant elements in a scene (41–43). Our study, from another perspective, suggests that in an intervention situation, making the non-social objects less salient could be used to increase social preference as a complementary approach. The presence of LAI objects could increase ASD children's propensity to look at the eyes first, heighten their interest in maintaining engagement with eyes after first looking at them, and improve their late looking preference to the eyes after first looking at the objects. However, it should be noted that we only used fearful eyes as stimuli, which was a limitation of our study. In reality, we usually look at a child in a non-fearful way. These settings could limit the generalizability of the current findigns. Thus, the implications for intervention should be taken with care, and future studies should test the generality of our findings to other expressions.

Another limitation in our study is that HAI objects we chose for children with ASD might also be interesting to TD children. Usually, HAI objects in ASD tend to be less attractive to TD children and are often idiosyncratic. Future studies using idiosyncratic HAI objects can replicate and extend our results.

In conclusion, we found that visual preference for eyes is influenced by competing objects in children with ASD—visual preference for eyes was reduced when HAI objects were present compared to when LAI objects were present. Our study not only helps us understand some factors that impact attention to eyes but also has implications for interventions aiming at improving eye contact in children with ASD.
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