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Objective

This study aimed to investigate differences in mind-reading abilities between children with autism and typically developing children across various tasks.





Methods

Sixteen children with autism (aged 5-8 years) were compared to 16 typically developing children matched in language ability. The unexpected location task and unexpected content task were used to assess implicit and explicit mind-reading abilities using an eye tracker and illustrated storybooks.





Results

For implicit mind, using differential looking scores shows a no significant difference between the scores of children with autism and typically developing children in the implicit tasks (P=0.399). However, the pupil size show some significant difference between two groups. Second, for the explicit, a significant difference between the scores of children with autism and typically developing children in the explicit tasks (P=0.006). Additionally, only a significant correlation between implicit and explicit mind-reading abilities in children with autism in the unexpected location task was found.





Conclusion

The mechanism of implicit mind-reading still not very clear. Pupil-Linked arousal response can be consider as a further tool. Further research on implicit and explicit mind-reading abilities is warranted.
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1 Introduction

Theory of mind (ToM), also known as mind-reading, refers to the ability to perceive one’s own and others’ mental states (thoughts, intentions, emotions, beliefs, etc.) and to make consequential predictions as well as explanations of corresponding behaviors (1). It involves understanding others’ mental states and plays a vital role in social interactions and communication (2). Apperly and Butterfill (3) proposed a “two-systems theory” of mind, which argues that mind-reading involves an implicit system and an explicit system. Implicit theory of mind is a rapid, unconscious, automated way of processing others’ mental states that operates without direct words or instructions (4). Reseachers also think implicit mind-reading may also a promising account for autism and highly link with the contexts for implicit mentalizing (5). Conversely, the ability to consciously recognize one’s own or another person’s mental state and to causally explain and predict behavior based on this cognition is referred to as explicit theory of mind (6). Research on children’s explicit mind-reading has found that typically developing children can understand false beliefs around the age of 4, while infants and toddlers exhibit the capacity for implicit mind-reading by approximately 7-18 months of age (7).

The most common method for assessing children’s ToM is the false belief test, which evaluates a child’s ability to realize that others can hold different or false ideas or beliefs (8). Testing specifically encompasses paradigms such as unexpected location tasks and unexpected content tasks (9). An initial exploration of children’s understanding of false beliefs involved elicited-response tasks, where children were asked to verbalize answers regarding false beliefs (10). It has been shown that typically developing children can successfully complete explicit elicited-response tasks around age 4, while children with autism complete the task without considering the protagonist’s false beliefs, a finding confirmed across different false belief tests (11).

Non-verbal spontaneous-response tasks are increasingly used to assess implicit mind-reading. Unlike elicited-response tasks, these tasks do not directly ask whether the subject will engage in certain behaviors but rather record spontaneous behaviors such as gaze shifts, differences in gaze duration, and gaze preferences after observing performers’ behaviors (12). Senju et al. (13) examined the implicit ToM of autistic children aged 6-8 years using a spontaneous-response unexpected location task and found that, even when controlling for language, children with autism struggled to maintain predictive gaze at the correct location as typical children do, indicating impairment in implicit ToM. Hirshkowitz and Rutherford (14) use eye tracking procedure as an evidence of an appreciation of FB at 7 months.

However, only eye tracking seems not enough to explain how implicit mind happen and how it works with explicit mind. Recently, not only gaze also pupillometry holds potential as an unobtrusive way to measure the cognitive effort associated with a given task (15–17). Pupillometry may even be more reliable than behavioral measures in perception and other mental responses. Tortelli et al. (18) found that higher Autism-Spectrum Quotient(AQ)’s pupillary modulation was larger for human participants, with attention focused on the front surface. Per Bækgaard et al. (19) using an assembly task found that children who were least productive and asked for assistance more often had a significantly different pupil pattern than the rest. Prochazkova et al. (20) thought human pupil mimicry modulates trust decisions through the activation of the theory-of-mind network. However, how pupillometry can exactly explain different groups cognitive still needs more discussion as the pupil size will affected by the light in a fence and task complicacy. A meta-analysis of Autism spectrum disorder and pupillometry show that pupillometry reveals differences between people with and without ASD. The evidence on baseline pupil size and amplitude change is conflicting, the exact meaning of these differences remains unknown. So future studies should align research designs and investigate a possible effect of maturation (21).

Research suggests that social interaction and communication difficulties in children with autism may stem from impairments in mind-reading (22). And separately investigate often got controversial conclusions (23). Though some researchers have been consider about the relationship between implicit and explicit mind-reading, most design for adults (24, 25). And implicit mentalizing is more strongly associated with objectively measured correlates. These findings underscore the importance of an integrative approach considering both implicit and explicit mentalizing (26). Accordingly, this study aims to use more eye tracking characterizes and explore the relationship between implicit and explicit mind-reading abilities in children with autism using two false belief tests: the unexpected location task and the unexpected content task. This research aims to inform theoretical studies and clinical practice regarding the mind-reading abilities of children with autism.




2 Methods



2.1 Participants

Autistic children and typically developing children matched in language skills were randomly selected from a kindergarten in Jiaxing City. The inclusion criteria for autistic children were: (1) having an autism identification report issued by a hospital; (2) having a common language of Mandarin Chinese, being able to communicate simply with the tester, and having a language age of 4 years or older as assessed by the Peabody Picture Vocabulary Test Revised (PPVT-R); (3) no significant emotional or behavioral problems and the ability to sit peacefully for more than 10 minutes; (4) no other impairments such as hearing impairment or visual impairment. Eventually, 16 children with autism participated in the study: 11 boys (69%) and 5 girls (31%). The inclusion criteria for typical children were: (1) common language was Mandarin Chinese, and the language age matched that of the autistic child subjects as assessed by the PPVT-R; and (2) exclusion of other types of disorders such as hearing impairment and autism. Eventually, 16 typically developing children participated in the study: 8 boys (50%) and 8 girls (50%). There was no significant difference in PPVT-R scores between the two groups by independent samples t-test (t=1.988, P=0.056). Consent for participation was obtained from the parents and teachers of the subjects. The basic information of the subjects is shown in Table 1.


Table 1 | Subject’s basic information.






2.2 Materials and equipment

Video material was filmed with reference to Kulke’s modified unexpected location video task as well as Song’s unexpected content video task, and subjects’ implicit mind-reading abilities were assessed using an eye tracker. The experimental phase was divided into two conditions: correct and false beliefs. The experimental paradigm for the unexpected location task is the anticipatory gaze paradigm (25); differential looking scores (DLS) were calculated by recording the duration of subjects’ gaze on the target area. The DLS is calculated as the ratio of the subject’s gaze duration looking at the belief-consistent box minus the gaze duration looking at the belief-inconsistent box to the total gaze duration looking at the two boxes, which ranges between -1 and 1. A higher value indicates a better ability to understand false beliefs, as shown in Figures 1, 2. The experimental paradigm for the unexpected content task is the violation of expectation paradigm (27); the average pupil size of the subjects was counted while watching the paused frame of the video, as shown in Figures 3, 4. Participants’ gaze duration within 25 seconds in the two conditions of the correct belief that the actress had witnessed the situation and false belief that she had not witnessed the situation was measured, and also calculated the average pupil size within 25 seconds. Additionally, a standard false-belief task adapted to the unexpected location and unexpected content tasks examined subjects’ explicit mind-reading ability, referencing Baron-Cohen et al., where subjects’ responses to questions about false beliefs were scored on a scale of 0 to 1 (9).




Figure 1 | Unexpected location task - witnessed phase.






Figure 2 | Unexpected location task - unwitnessed phase.






Figure 3 | Unexpected content task - witnessed phase.






Figure 4 | Unexpected content task - unwitnessed phase.



The video was captured using a Huawei cell phone and edited in Adobe Premiere Pro 2022. Eye movement data were recorded by an eye tracker (Tobii Pro Fusion Eye Tracker Unit 250Hz), sampling gaze position at a frequency of 250 Hz using Tobii Pro Lab software (version 1.207). The stimulus video was presented on a Hewlett-Packard (HP) laptop (i5-11400H 16G 512GSSD RTX3050Ti) with a 16.5-inch (42cm, 1920 x 1080 pixels) screen. Subjects were approximately 60-70 cm from the monitor.




2.3 Procedures

The implicit unexpected location task was divided into a familiarization phase and two experimental phases. The familiarization phase was designed for subjects to build the belief that the actress intended to take the snack, and the experimental phase was divided into two conditions: correct beliefs when the actress witnessed the event, and false beliefs when the actress did not (the video was approximately 60-73 seconds long). The implicit unexpected content task was divided into a familiarization phase, a box orientation phase, and four experimental phases. The familiarization phase was designed for subjects to build the belief that the actress liked the doll and wanted to hold it, while the box orientation phase confirmed that a strand of the doll’s braid was attached to the lid of one of the boxes. The experimental phase was similarly divided into correct and false belief conditions (the video lasted approximately 62 seconds), with each condition featuring a normal box and a camouflaged box event. To ensure accurate baseline pupil size measurements, participants were instructed to fixate on a central point on a blank screen for 60 seconds under uniform lighting conditions. The average pupil diameter during this period was calculated for each participant and used as their baseline measure. During the experimental phase, the average pupil size recorded in the last 25 seconds of video viewing was determined. Pupil size recordings were aligned to the materials each type of perceptual phase (corresponding to zero time), from which the average pupil size in the last 6 seconds immediately following stopped. The change in pupil size was computed as the difference between this average and the baseline value. This differential measure was then used for subsequent analyses.

The explicit unexpected location task required subjects to predict where the storyteller would look for an item after being informed of its relocation, despite the storyteller’s ignorance of this change. The explicit unexpected content task involved presenting subjects with a container whose outward appearance suggested specific contents, then revealing the actual different contents, and subsequently asking subjects to predict others’ assumptions about the container’s contents. Sally-Anne test paradigm was used as unexpected location task and Smarties box test was used as unexpected content task. For Sally-Anne test mode, we use bunny and panda as the characters. And for the Smarties box, we use a candy box with a pen. All the materials are painted, and printed as a story book.

Both implicit and explicit test use “one-on-one” administration method. The tester selected a specified video and instructed, “Today, let’s watch a few small videos together, and keep quiet while watching them.” After the video, the subjects were shown picture cards and instructed, “Let’s watch two stories together, and after the teacher has finished, please come and answer a few questions from the teacher.” Upon completing the test, subjects received social reinforcement or stickers as a reward. The entire test took approximately 45-55 minutes.




2.4 Data analysis

Descriptive statistics, independent samples t-test, chi-square test and correlation analysis were performed using SPSS 23.0.





3 Results



3.1 Results of eye movement analysis during an implicit task in two groups of children



3.1.1 Behavior in the implicit unexpected location task

The results of an independent samples nonparametric test with subject types and experimental conditions as independent variables, and DLS as the dependent variable, are shown in Table 2. The DLS was significantly higher in typically developing children than in children with autism in the implicit unexpected location task under the correct belief condition (P=0.020). However, there was no significant difference in DLS between the two groups under the false belief condition (P=0.705). The mean DLS for typically developing children was greater than 0 and greater than that of children with autism.


Table 2 | A test of differences in implicit unexpected location task between two groups.






3.1.2 Behavior in the implicit unexpected content task

An independent samples t-test was conducted with subject types and experimental conditions as independent variables, and the mean pupil size of subjects gazing at the paused video screen as the dependent variable. The results are shown in Table 3. There was a significant difference in the mean pupil size of typically developing children when they gazed at the normal box event and the camouflaged box event in the implicit unexpected content task under the correct belief condition (P=0.035). The pupil size was larger when they gazed at the camouflaged box event video. In the false belief condition, there was a significant difference in the mean pupil size of typically developing children when they gazed at the normal box event video and the camouflaged box event video (P=0.026), with the pupil size being larger for the normal box event video. However, there was no significant difference in the mean pupil size of children with autism when viewing the two event videos in either the correct or false belief conditions (P>0.05).


Table 3 | A test of differences mean pupil size in implicit unexpected content task between two groups.






3.1.3 Total scores for implicit tasks

To examine the overall differences in implicit mind-reading abilities between children with autism and typically developing children on different tasks, subjects were scored on a 0 to 1 scale based on their gaze discrepancy scores on the implicit unexpected location task and their mean pupil size on the implicit unexpected content task. The scores were summed to give the subject’s total score on the implicit tasks. A chi-square test was conducted with subject types and experimental conditions as independent variables and the total score of the implicit tasks as the dependent variable. The results are shown in Table 4, indicating no significant difference between the scores of children with autism and typically developing children in the implicit tasks (P=0.399).


Table 4 | Results of the chi-square test for the total scores on the implicit task in two groups.







3.2 Results of the scores on picture stories during an explicit task in two groups of children



3.2.1 Behavior in the explicit unexpected location task

Using the type of subjects and experimental conditions as independent variables, the subjects’ responses to the question “When the bunny comes back to the room, where does it go to look for candy?” were scored on a 0 to 1 scale as the dependent variable for the chi-square test. The results are shown in Table 5. There was a highly significant difference between the scores of children with autism and typically developing children on the explicit unexpected location task (P=0.004). Thirteen typically developing children were correct, significantly more than the 4 correct children with autism.


Table 5 | Results of the chi-square test for scores on the explicit task in both groups.






3.2.2 Behavior in the explicit unexpected content task

Using the type of subjects and experimental conditions as independent variables, the subjects’ responses to the question “What does the little panda think is in the box?” were scored on a 0 to 1 scale as the dependent variable for the chi-square test. The results are shown in Table 5. There was a highly significant difference between the scores of children with autism and typically developing children on the explicit unexpected content task (P=0.001). Sixteen typically developing children were correct, significantly more than the 7 correct children with autism.




3.2.3 Total scores for explicit tasks

To examine the overall differences between children with autism and typically developing children’s explicit mind-reading abilities on different tasks, the subjects’ scores on the explicit unexpected location task and the explicit unexpected content task were summed to produce their total explicit task scores. A chi-square test was conducted with subject types and experimental conditions as independent variables and the total number of explicit task scores as the dependent variable. The results are shown in Table 5. There was a significant difference between the scores of children with autism and typically developing children in the explicit tasks (P=0.006). In both tasks, more typically developing children were correct than children with autism.





3.3 The relationship between implicit and explicit mind-reading in children with autism

To investigate the relationship between implicit and explicit mind-reading in children with autism, Kendall’s correlation analyses were conducted on the subjects’ total scores on the implicit task and total scores on the explicit task. The results are shown in Table 6. There was a significant positive correlation between scores on the implicit unexpected location task and scores on the explicit unexpected location task for children with autism (r=0.560, P=0.024). There was not a significant positive correlation between scores on the implicit unexpected content task and scores on the explicit unexpected content task (r=0.492, P=0.057), but the p-value was close to 0.05. These results suggest that implicit mind-reading ability is positively correlated with explicit mind-reading ability in an unexpected location task for children with autism.


Table 6 | Results of correlation analysis of scores on different tasks in children with autism.







4 Discussion

In this study, we found that children with autism exhibit varied performance in mind-reading ability across different task contents (unexpected location task and unexpected content task) and task levels (implicit and explicit), all of which significantly lag behind typically developing children.



4.1 Implicit tasks

First, in the implicit unexpected location task, children with autism had significantly lower gaze discrepancy scores than typically developing children in the correct belief condition. This suggests that children with autism had more difficulty gazing at the box after the snack had been shifted, whereas typically developing children were able to comprehend that when the actress returned to the scene, she would seek the snack based on its known new location. In contrast, in the false belief condition, there was no significant difference in gaze discrepancy scores between typically developing children and children with autism. This may be because, in this experimental condition, actress 2 first transferred the snack to the other box and then took it away from the scene without being witnessed by actress 1. There was no snack in either box, and this higher memory load posed challenges that may impair children’s ability to follow actors (13). Additionally, subjects may have been influenced by the video of the correct belief condition, as their learning effects interfered with spontaneous responses in the false belief condition. Future research could further improve experimental design by randomizing the experimental arrangement.

In the implicit unexpected content task, we instead focus on the simpler concept of averaged means of the pupil size. Some research noticed that the averaged means can reflects not only phasic responses but rather a combination of the current tonic level (arousal) and any phasic activations that take place. Hyönä et al. (28) considered it can be a concept as an index into a combined level of cognitive effort, as global processing load or the pupillometric estimate of mental load. Similar ideas have also been proposed elsewhere (29, 30). Typically developing children showed a significant pupil enlargement response when they saw outcomes that violated their expectations, as indicated by the mean pupil size. Under the correct belief condition, the actress should have opened the normal box to get her favorite doll toy, but unexpectedly, she opened the camouflaged box with the hair attached to it. In the false belief condition, the actress didn’t see the doll toy being placed in the normal box, but still opened the normal box unexpectedly. Erstenyuk administered a free-viewing joint attention task designed to elicit gaze following in 39 autistic children aged 3-9 years. Findings showed a negative correlation between pupil dilation and parent-reported subclinical symptoms of autism. This means that children with higher levels of autism-related symptoms exhibited less pupil dilation on a joint attention task when gaze cues did not correspond to the target location, which was positively correlated with Social Responsiveness Scale (SRS) summary scores. These results suggest that children with fewer autism-related symptoms allocate more cognitive resources (31). This data analysis of mean pupil change could be added to future implicit studies to better identify the mind-reading abilities of impaired groups.

However, several researches has been noticed that more complex visual stimuli, which can contain social emotional information, compare familiar and unfamiliar information (32) require local or global processing, and may involve active processing strategies. It’s a limitation for the pupil size lack a check of the differences in baseline pupil dilation, which might affect the main results. In the future, baseline and more critical frame need to be consider.

In summary, children with autism scored significantly lower than typically developing children under the correct belief condition of the implicit unexpected location task and under both correct and false belief conditions of the implicit unexpected content task, regardless of the box the actress was expected to check for the snack or the doll toy. This reflects that children with autism do have difficulties in social interaction and communication and have difficulty in understanding the psychological state of others.




4.2 Explicit tasks

Huang (33) measured autistic children’s performances in six tasks, including appearance-reality, conflict-true beliefs, and unexpected location. The results showed that autistic children’s abilities in different tasks and the overall tasks significantly lagged behind typically developing children. The present study also found that children with autism performed significantly lower than typically developing children on explicit tasks such as predicting where the bunny would look for candy and what items the panda thought were in the box. These findings are consistent with previous research and further suggest that the development of mind-reading abilities may be delayed or abnormal in the autism population.




4.3 The relationship between implicit and explicit mind-reading abilities

Finally, in the correlation comparison between implicit and explicit tasks, there was a significant positive correlation between the scores of children with autism on the implicit unexpected location task and the scores on the explicit unexpected location task. This suggests that children with autism show a correlation between their implicit mind-reading ability and their explicit mind-reading ability on the unexpected location task. This is similar to previous findings that implicit theories of mind are significantly correlated with explicit theories of mind and that both systems are influenced by commonly required cognitive resources (6). Low (34) tested the same subjects’ performance on an explicit unexpected location task, an explicit unexpected content task, and a deception-appearance task, finding that performance on implicit tasks predicted performance on explicit tasks. These studies consistently show a correlation between implicit and explicit mind-reading abilities in children with autism, providing a theoretical basis for subsequent interventions in mind-reading abilities. However, researchers still need to be cautious self-report and behavioral measures of the same construct were weakly correlated (35). More recently, people think what others’ know, hear, see, are more likely candidates for implicit ToM representations.





5 Conclusion

Based on the teaching and developmental needs of children with autism, this study centered on the relationship between implicit and explicit mind-reading in children with autism across different tasks from a new perspective, comparing them to typically developing children with matched language age. It was found that five out of six experimental tasks showed that children with autism lagged behind typically developing children with matched language skills in their mind-reading abilities. Regarding implicit mind-reading ability, three of the four experiments showed significant or highly significant differences between the performance of children with autism and typically developing children. The exception was the false-belief condition of the unexpected location task, where no significant difference was observed. Regarding explicit mind-reading ability, the scores of children with autism differed significantly from typically developing children in both the unexpected location and unexpected content tasks. There was also a significant positive correlation between scores on the implicit unexpected location task and scores on the explicit unexpected location task in children with autism.

This study also has some shortcomings and limitations. First, regarding the number of subjects, due to the specificity of the autism disorder group and the complexity of the task, the sample size is not large enough, which may influence the final results. Future studies can further increase the sample size. Secondly, for the pupil size, should consider more light and baseline in the future. And at the task level, this study focuses on the different performance of children with autism and typically developing children on the unexpected location and unexpected content tasks. Subsequent studies may further explore the effects of task difficulty, individual language level, and age on children’s mind-reading ability. Lastly, regarding impairment categories, this study was limited to comparing the mind-reading abilities of two groups: typically developing children and children with autism. Other groups, such as those with hearing impairments and intellectual disabilities, could be added for comparison in future experiments.
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