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Abstract

Children with autism spectrum disorder (ASD) have difficulties with social cognition
compared to neurotypical children. Several studies have suggested that eye gaze
abnormalities characterize social cognition deficits in children with ASD, and are related
to specific differences in their brain activity. To examine the characteristics of perception
of social situations, we compared eye gaze, cerebral blood flow, and the understanding
of the social communication movies in Japanese children with and without ASD. The
participants included 20 children with ASD, 18 children without ASD, and 16 adults
without ASD. Their eye gaze and cerebral blood flow responses while watching the stimuli
from four social communication situations movies were measured using an eye-tracker
and functional near-infrared spectroscopy. We compared the differences in social
cognitive abilities between children groups using Mann—-Whitney's U tests. There were
no significant differences between the two groups with respect to language tasks, gaze
values, or changes in cerebral blood flow after Bonferroni correction. No statistically
significant correlations were observed between the variables. Further research is
required to characterize behavioral and cerebral activation towards social stimuli in

children with ASD.
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INTRODUCTION

Autism spectrum disorder (ASD) is characterized by qualitative impairment in
interpersonal interactions [1]. Previous studies have shown that people with ASD have
difficulty in interpreting intentions of people in complex social situations [2]. Difficulty in
interpreting other people has been investigated in various experimental studies [3]. The
impairment in interpretation of others' intentions may be related to difficulties in extracting
essential information from their interactions, which suggest deficit in understanding of
social cues (e.g., facial emotion, body action, and prosody) [4-7]. In addition to the
evaluation of child behavior, recent studies have applied various devices, such as eye
tracker and functional near-infrared spectroscopy, to detect more subtle
neurophysiological differences between children with and without ASD.

Recently, cumulative evidence has suggested that abnormalities in eye gaze while
viewing social stimuli are associated with impairment of social cognition in ASD [8-11].
People perceive and process verbal (e.g., verbal content) and nonverbal messages (e.g.,
facial expressions, physical signs, and tone of voice) during social interactions. These
messages are important cues in inferring the emotional state of others, which are called
social cues [12]. An option to investigate the process of social cognition is to analyze the
behavior of individuals while watching movies involving social interactions. In dynamic
social interactions, the situation changes continuously, whereas static stimuli (e.g.,
pictures) do not have such properties. Therefore, video stimuli may better detect the
cognitive characteristics of people with ASD than static stimuli [12,13]. For example,
Lonnqgvist et al. [14] examined the association between eye gaze and context
comprehension in adults with and without ASD using movies as they involve social
communication. The stimulus movie had the following script: four women were chatting
around a table. One woman offered the others sandwiches; however, she dropped the
last sandwich while offering the fourth lady. This woman whose sandwich was dropped

was briefly apologized to. While verbally she said, “It’'s okay,” nonverbal messages
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indicated that she did mind it. The study found that adults with ASD showed worse
performance in understanding the situation of the stimulus movie, and their eye gaze on
social cues in the stimulus and comprehension of the situation were positively correlated.
[14]. Thus, understanding social communication may be influenced by gaze behaviors in
individuals with ASD. Although children are often faced with situations involving
communication that include both verbal and nonverbal messages, research on such

social communicative situations in school-aged children is limited.

Functional near-infrared spectroscopy (fNIRS) is a non-invasive method for measuring
oxy- and deoxy-hemoglobin (oxy-Hb and deoxy-HDb) levels in cerebral blood flow using near-
infrared light. It is a useful instrument for examining brain activity during cognitive tasks in
children [15-18]. A previous study in children with ASD reported differences in the response
pattern of cerebral blood flow measured by fNIRS [19], although the findings are inconsistent

[19-22].

While previous studies showed children with ASD show different patterns of eye
gaze and brain activity while performing social cognition tasks compared to children
without ASD, most of the studies did not investigate the characteristics using both eye-
tracker and fNIRS. It would be worthwhile examining both patterns simultaneously and
investigating the relationship between them. The aims of the present study was to
investigate difference in eye gaze behavior and responses in cerebral blood flow, the
association between verbal comprehension and eye gaze, and the association between
eye gaze and cerebral blood flow while watching movies involving social interactions in

children with and without ASD.

METHODS

Participants



Participants were recruited between July 2017 and August 2018. Thirty children
diagnosed with ASD by experienced pediatricians based on the Diagnostic and Statistical
Manual of Mental Disorders criteria were recruited from the Department of Pediatrics of
the Osaka University Hospital. Eighteen typically developing children aged 6-12 years
were recruited through community advertisements, and 20 typically developed adults
were recruited from the Osaka University using online advertisements (Table 1). Adult
participants were included to provide information about the response to the tasks in line
with a previous study [21]. Participants who satisfied the following criteria for the Autism-
Spectrum Quotient (AQ) were included: a) AQ = 25 for children with ASD; b) AQ < 25 for
children without ASD; and ¢) AQ < 33 for adults without ASD. Participants with an
intelligence quotient (1Q) of less than 75, as assessed by the Wechsler Intelligence Scale
for Children-Third and Fourth Edition or Wechsler Adult Intelligence Scale-Third Edition
were excluded from the study. Written informed consent was obtained from the parents
after the study's purpose and procedures were explained to them. This study was
approved by the Research Ethics Review Committee of Osaka University Hospital (Ref:

14408) and conducted in accordance with the Declaration of Helsinki.

[Table 1]

Stimuli

Four video stimuli were prepared for this experiment : chatting scene (54 s),

leaving out scene (30 s), stress-provoking scene (16 s), and class-disturbing scene (25
s). For the video of “chatting scene,” four children were sitting around a table and chatting,

then a sandwich meant for a girl was dropped by another girl (Table 2).

[Table 2]



For the chatting scene, the content of the video stimulus was intended to replicate the
social communication scene in the study by Lonngvist et al. [14], but the performers were
changed from adults to children in order to reduce the difference in age between the
performers and the current participants. Three targets were prepared for the video similar
to the previous study: Person 1, a person who felt negative emotions (a girl); Person 2,
who evoked negative emotions in Person 1 (another girl); and Object, that interested the
viewers (sandwich). The movie was divided into two parts: Period 1 was the time between
29.4 to 30.4 s from the start of Movie 1 (Person 2 dropped Person 1’s sandwich) and
Period 2 was the time between 30.4 to 40.0 s (Person 1 shows verbal and nonverbal
messages in response to the event that occurred in Period 1).

Three other movies were prepared because the scene involving the four children
might not be familiar to children. The scenes of these movies were developed to meet
the following criteria: 1) Person 1 showed negative emotions, such as sadness or
frustration through their facial expression and 2) the situation was an everyday situation
for children in elementary school. Based on a pilot survey on 261 elementary school
children (aged 7-11), three movies were selected that evoked negative emotions in 80%
or more of the school children (leaving out the stress-provoking and class-disturbing
scenes).

Three targets were prepared for the video similar to the one with the chatting
scene: Person 1, a person who felt negative emotions; Person 2, who evoked the
negative emotions in Person 1; and an Object that interested the viewers. The details of

the stimuli are presented in Table 2.

Procedures



Participants were presented with the four video clips. Eye gaze and cerebral blood flow
were measured using an eye tracker and fNIRS, during the experiment. Before viewing
the movies, the participants were informed that they would be asked to answer questions
about the video clips after watching each video clip. The experiment was conducted in a
soundproof room, and the participants were seated in front of a monitor that presented
the video stimuli. We asked the participants to maintain a stable posture, as far as
possible, during the measurement to avoid artifacts. Four video clips were presented in
random order. Each stimulus was preceded by at least a 30 s resting period (fixation)
until the blood flow returned to baseline. The average total time of the experiment was

approximately 15 min. The timeline of the experiment is shown in Appendix Figure Al.

Understanding of the situations

The verbal tasks were in the Japanese-translated version developed by Lonnqvist et
al.[14], and included four questions on the comprehension of the internal state of the
persons in the movies and a control question to check whether participants watched the
movie. Participants who failed to answer the control question (for example, “What was
the thing that fell?” for the chatting scene) were excluded from the analysis because they
did not remember the movie's content. Similar questions were developed for the other
three videos.

Responses for the verbal task were scored on a three-point scale (0-2) for each
guestion based on the scoring criteria of the original study [14]. Two raters scored the
responses. The inter-rater reliability of the two independent raters was estimated using
intraclass correlation coefficients (ICC). The ICCs were sufficiently high for the current
study (ICC = .78 for chatting scene; ICC = .87 for leaving out scene; ICC = .87 for stress-

provoking scene; ICC = .68 for class-disturbing scene). The average rating scores were



used as verbal task scores. The total scores ranged from 0 to 8, with higher scores

indicating a better understanding of the social interaction in the stimuli by the participant.

Measurement of eye gaze

A Tobii TX300 eye tracker (Tobii Technology K.K., Tokyo, Japan) and Tobii Studio 3.3
software (2014, Tobii Technology, Tokyo, Japan) were used to measure the eye gaze.
Participants were seated such that their eye movements were measured 60 cm from the
screen. The screen size was 1920 x 1080 pixels (23 inches) and the background of the
monitor was black. The monitor's sound level was set to 50—-60 dB constant level using
a sound-level meter.

The sampling rate (binocular) for the noise measurement was 300 Hz. Calibration
was performed before the experiments. The Stim Tracker (Cedrus, CA, USA) sensor
connected to a Tobii TX300 eye tracker was used to synchronize event-related time.
Data processing
Participants with a gaze rate of less than 40% while watching the movies were excluded
from the analysis. We used data from the period when the most relevant events occurred
to understand the context (Table 2). The gaze values were calculated as described in a
previous study [14]. The Euclidean distances between the center coordinate of each
target (e.g., Person 1, Person 2, and the Object) and the gazing point were calculated.
We then transformed the distances into gaze values. The transformation of gaze values
was performed using a Gaussian distribution defined with a mean of 0 and a standard
deviation of 50 (pixels). The probability value obtained based on the Gaussian distribution
was defined as the gaze value. At zero distance (X = 0, the peak of the Gaussian
distribution), the gaze value was transformed to be 1. As the distance increased, the
gaze value of a target decreased according to the values based on the Gaussian

distribution. When the distance between a participant’s gaze point and a particular target



is small, the gaze value for that target is close to 1. Therefore, the gaze value is an index
that quantifies the distance from a target [14].

The average of the gaze values in the time frame of interest of each participant
were used in the analyses. Only the gaze value scores of Person 1, who showed negative
emotions by their face, were used because understanding the facial and behavioral
responses of Person 1 was the primary target of this study. For the chatting scene, the
Object (sandwich) was also added to the analysis to compare the results with the findings
of a previous study [14]. Data processing and transformation were performed using the
image processing toolbox (MathWorks, Inc., Tokyo, Japan), statistics and machine
learning toolbox (MATLAB 2017, MathWorks, Inc., Tokyo, Japan), and an automated

analysis program (BRSystems Inc., Kanagawa, Japan).

Measurement of cerebral blood flow

The optical imaging brain function measurement system, Spectratech OEG-16
(Spectratech Inc., Tokyo, Japan), measured the temporal changes in the blood flow in
the right and left prefrontal regions during the task. The device has a 16-channel probe.
Two near-infrared light sources with different wavelengths (840 nm and 770 nm) were
used to measure the cerebral blood flow dynamics in 650 ms units. The distance between
the light-transmitting and receiving probes was 3 cm. The probe holder used was 469
mm x 60 mm in size and was mounted from the frontal to the temporal area so that the
lowest probe was placed on the Fp1-Fp2 line according to the International 10-20 system,
as in a previous study [21]. Calibration was performed before each participant was
measured. Three indices were calculated to measure the cerebral blood flow: change in
oxygenated hemoglobin concentration (oxy-Hb, mMmm), change in reduced hemoglobin
concentration (deoxy-Hb, mMmm), and change in total hemoglobin concentration (total-

Hb, mMmm).

10



Data Processing

To reduce the movement noise, the raw data from fNIRS were corrected as follows: a
moving average filter with a window size of seven samples to reject artifacts emerging
from the minor movement of participants was employed, which corresponded to the use
of a 0.1 Hz low-pass filter by a fast Fourier transform. The mean value during 10 s
intervals before the task started was corrected to zero to determine the baseline values.
The data from the participants who showed the waveforms of oxy-Hb and deoxy-Hb that
changed by more than 0.2 mMmm within 1 s or waved in the same phase in the
experiment were excluded from the analysis because they were considered to be caused
by body motion.

The median oxy-Hb value while watching the movies in each channel was
calculated and used as the dependent variable. In this study, similar to a previous study,
the regions of interest (ROIs) were set as the right inferior frontal gyrus (R-ROI; chl, 2,
3, 4) and left inferior frontal gyrus (L-ROI; ch13, 14, 15, 16) [21]. The median change in
the oxy-Hb concentration during the period of interest in each ROl was used as an index.
The fNIRS data analysis was performed using MATLAB R2013a (MathWorks, Inc., Tokyo,

Japan) with the Brain Analyzer software (BRSystems Inc., Kanagawa, Japan).

Statistical analysis

To focus on the differences in social cognitive difficulties between children with and
without ASD, Mann—Whitney’s U tests was used to compare the groups for each measure.
We did not include adult participants in the statistical comparisons because adults were
only included to provide information about the study tasks. The dependent variables were
the verbal task scores, gaze value scores, and fNIRS oxy-Hb values. Bonferroni
correction was applied for multiple comparisons in verbal task, eye gaze, and fNIRS,

dividing the significance threshold by the number of comparisons for each variable
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(verbal task: 4, eye gaze: 7, fNIRS: 32). In addition, Kendall's rank correlation coefficients
were calculated to examine the relationship between the performance in verbal tasks and
gaze values, as well as the relationship between gaze values and fNIRS oxy-Hb values.
For correlational analyses, we only examined data of the chatting scene, which was used
in a previous study [14], to reduce the number of significance testing and false positives.
Statistical analyses were performed using SPSS Statistics Ver. 26.0 (IBM, Armonk, USA).

The significance level was set at p < 0.05.

RESULTS

The final number of participants included in the analyses was 20 children with ASD (aged
7-11 years, 18 boys), 18 children without ASD (aged 6—11 years, 6 boys), and 16 adults
without ASD (aged 20-25 years, 7 men). The characteristics of the participants in each

group are presented in Table 1.

Verbal task
The Mann-Whitney U test revealed no significant difference between the children with

and without ASD (Figure 1).

[Figure 1]

Eye gaze

We have illustrated the time course of the gaze values for the chatting scene in Appendix
Figure 2, showing the trajectory of gaze values during the target periods. Changes in
gaze value were observed in response to the occurrence of the events in the movie

(Period 1 and 2). However, the gaze values did not show significant differences between

12



the children with and without ASD, while watching the four movies, including the chatting

scene (p > 0.05; Figure 2).

[Figure 2]

fNIRS

The response of oxy-Hb was higher in children with ASD compared to children without
ASD in R-ROI (chl; Z = -2.01, p = .045) in the leaving-out scene (Figure 3). Conversely,
Oxy-Hb response was lower in children with ASD compared to that in children without
ASD in ch15 (L-ROI, Z = -2.01, p = .045) in the stress-provoking scene and lower in ch2
(R-ROI, Zz=-2.16, p =.031) and ch15 (L-ROI, Z = -2.32, p =.021) in the class-disturbing
scene. However, these differences were not significant after applying the Bonferroni

correction (significant threshold: 0.0016).

[Figure 3]

Correlation

The correlation coefficient between verbal comprehension and gaze value of children

with ASD on Person 1 was 0.393 and did not reach a significant threshold (p = 0.058)

(Table 3). No significant correlation was detected between gaze values and activation of

oxy-Hb (Appendix Table Al).

[Table 3]

DISCUSSION
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The present study investigated the differences in comprehension of social
communication, eye gaze, and prefrontal cerebral blood flow responses while watching
movie clips in children with and without ASD. We did not find significant differences in
these indices between the two groups of children. Furthermore, the associations between
the variables were not significant due to limited statistical power.

The results of the current study did not confirm that children with ASD had greater
difficulty in understanding the social scenes of our video stimuli. A possible factor
explaining the similar performances by children with and without ASD in the
comprehension task could be due to the characteristics of the verbal tasks. The task
difficulty or the child’s immature linguistic ability may have caused the lack of group
difference in the verbal task scores as even children without ASD were within the low
range (median = 0.75 for the chatting scene). Such an interpretation may be supported
by a distribution of adult participant’s scores with little overlap with those of children
(Figure 1). Additionally, the task may not have been sensitive enough to capture the
difference in children since it was originally developed for adults [14].

We found no significant difference in gaze values between children with and
without ASD. Several studies have suggested that children with ASD show weaker
preference for facial or social cues than those in the children without ASD [9] and have
reported a wide variation in the gaze patterns of children with ASD [23-25], suggesting
that the time for which the children with ASD gaze at faces is highly variable. In addition,
the study did not detect differences in gaze patterns between children with ASD and
typically developing children in age- and sex-matched comparisons. Therefore, to
characterize the gaze behavior of children with ASD, we need to include other
components of eye movement abnormalities or clinical variables. In addition, multiple
measurements, stimuli, and analytic approaches may also be essential for evaluating

children’s gaze patterns[26]. The adults looked at Person 1’s face when the target object

14



(sandwich) fell, while most children did not (Figure 2). Because the fall occurred during
a short period (1 s), such a difference in gazing pattern may be explained by expectations
or predictions about the situation. Such a prediction may be related to the higher gaze of
adults in this short period. This difference may be related to differences in search
strategies between developmental stages [27].

Contrary to our expectation, the oxy-Hb activation during watching movies did not
show significant differences between the two groups of children. Four comparisons
showed differences between children’s groups (p < 0.05); however, these differences did
not survive after applying the Bonferroni correction for multiple outcome comparisons.
Although the findings of this study were limited by the small number of participants, the
previous fNIRS studies have reported controversial findings on task-related oxy-Hb
activation in the prefrontal cortex in Japanese children [19-22,28]. While one study
reported a significant difference between the children with and without ASD [19], other
studies [20-22,28] did not find any differences in the activation in the prefrontal regions
in children. These inconsistencies may be due to the differences in task-evoked neural
responses (e.g., watching and inhibitory control) in addition to the variability observed in
children with ASD and nature of the stimuli used (e.g., eyes facial expressions, and social
movies). Further, prefrontal cortex regions are related to social brain network and the
measurement of functional connectivity may clarify the characteristics of the brain activity

while watching social stimuli in children with ASD [29,30].

The correlation between understanding of the condition and eye gaze on Person 1 did
not reach a significant threshold, although the strength of association was not small (1 = 0.393).
Therefore, limited statistical power affected the lack of significance. A previous study
suggested that the activation of the cerebral blood flow was not associated with the eye gaze
pattern, as observed through facial morphing detection tasks [22]. Because the studies that

examined the association between gaze and activation in cerebral blood flow are limited, we
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cannot reach a meaningful conclusion. Further investigations, including the temporal
association between eye gaze and activation in the social brain network [13,31], would
contribute to further understanding the neural mechanisms of atypical gaze behaviors in

children with ASD.

Limitations

This study has several limitations. First, the sample size was small due to the exclusion
criterion for gaze value (less than 40% of the measurements were valid); we excluded
35-50% of the participants across stimulus videos. Based on the similar criterion for
fNIRS, we excluded 50-86% of the participants. In particular, the major cause of
exclusion were the body movements in children with ASD. In addition to the increased
sample size, developing methods to reduce noise from body movement are required.
Second, differences in movies were not quantified in this study. The characteristics of
the stimulus naturally affect gaze behavior and neural activation. Third, sex and age
variability between groups may have affected the findings. Boys comprised 90% of all
the children with ASD, while boys comprised 33% of the children without ASD. The
difference in ratio of boys may have been a confounding factor for the findings of this

study.

Conclusion

In the present study, we examined the eye gaze, cerebral blood flow, and degree of
understanding of the context of social movie clips to investigate the characteristics of
social cognitive difficulties in children with and without ASD. The results did not show
significant group differences in children, which may have been affected by the limited
statistical power and other confounding factors. Further investigations are required to

detect gazing and neurophysiological characteristics of children with ASD.
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Table 1. Characteristics of the participants

Children with ASD Children without ASD  Adults without ASD

(n = 20) (n =18) (n=16)

Median IQR Median IQR Median IQR
Age 9.9 1.5 8.8 4.0 21.5 1.8
IQ 90.0 28.3 106.5 19.5 114.0 9.5
AQ 33.5 7.5 15.5 7.3 19.0 6.5

ASD: autism spectrum disorder, IQR: interquartile range, 1Q: intelligence quotient,
AQ: autism-spectrum quotient
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Table 2. Details of each stimulus

Movie Contents Time period for
(Time) analysis (sec)
Chatting Four children are sitting around a table, relaxing, Period 1: 29.4-30.4
scene and chatting. A girl (Person 2) hands out Period 2: 30.4-40.0
(54 s) sandwiches (Object) to everyone by turn. When she

presents the sandwich to the last girl (Person 1),
she drops it (Period 1) and apologizes to Person 1.
The girl (Person 1) replies, "Don't care about it”.
While the tone of her voice, posture, facial
expression, and her stopping to talk in the latter half
of the video while the other three continued to chat
and laugh (Period 2) indicates that she was actually
bothered by it and felt sad.
Leaving out Person 1 tries to talk to Person 2 about joining their 28.0-29.0
scene group (Person 2 and other children), but Person 2
(30 s) refuses Person 1's request, saying she will meet
other friends. Person 1 has a regretful look and
goes back to her seat in the classroom.
Stress- Person 1 and Person 2 are wiping the window. 13.0-14.0

provoking  While Person 1 is wiping the window carefully,

scene Person 2 persistently complains the way Person 1

(16 s) is wiping. Finally, Person 1 gives a disgusted look.

Class- During class, Person 1 is studying hard. Person 2 11.0-12.0
disturbing  repeatedly disturbs Person 1 by talking to Person 1.

scene Person 1 silently looks at Person 2 with a disgusted

(25 s) look, but Person 2 doesn't care and keeps talking to

Person 1. Thereafter, Person 2 sticks out her
tongue at Person 1, who does not respond, and

goes back to her work.
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Table 3. Correlation between verbal task scores and gaze scores in chatting scene

(Kendall's rank correlation)

Event (Time) Children with Children without Adults without
ASD (n = 15) ASD (n = 11) ASD (n = 13)
T p T p T p
Period 1:
Sandwich
dropped (29.4— -0.109 0.598 0.141 0.57 -0.248 0.243
30.4 s)
Period 2: Person
1’'s response 0.393 0.058 -0.221 0.372 -0.248 0.243

(30.4-40.0 s)

ASD: autism spectrum disorder
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Figure 1 Boxplot of the verbal task score in each condition

The boxplots show an overlap in the performance of the verbal task in children with and
without autism spectrum disorder. Adults score higher in these tasks.

ASD: Children with autism spectrum disorder, No ASD: Children without autism spectrum

disorder, Adult: Adults without autism spectrum disorder
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Figure 2 Boxplot of the gaze values in each condition

Each panel shows overlap of the performance in the gaze value in children with and without
autism spectrum disorder (ASD). Panel A shows children did not look toward the target
(Person 1) during the Chatting scene event. Other panels show overlap of the gaze values
in children with and without ASD. Periods 1 and 2 refer to 29.4-30.4 s and 30.4-40.0 s

periods of the chatting scene.
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ASD: Children with autism spectrum disorder, No ASD: Children without autism spectrum

disorder, Adult: Adults without autism spectrum disorder
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Figure 3 Boxplots of oxygenated hemoglobin (oxy-Hb) in each condition and channel.

Channels 1-4 were located on the right side and channels 13—-16 on the left. The oxy-Hb
response was higher in children with autism spectrum disorder (ASD) compared to that in
children without ASD in chl (Z = -2.01, p = .045) in the leaving-out scene. Oxy-Hb response
was lower in children with ASD compared to that in children without ASD in ch15 (L-ROI, Z
=-2.01, p =.045) in the stress-provoking scene and lower in ch2 (R-ROI, Z =-2.16, p =.031)

and chl5 (L-ROI, Z =

28

-2.32, p = .021) in the class-disturbing scene. However, these



differences were not significant after applying the Bonferroni correction (significant threshold:

0.0016).

ASD: Children with autism spectrum disorder, No ASD: Children without ASD, Adult: Adults

without ASD
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Appendix

Appendix Table Al. Correlation coefficients between gaze values and oxygenated-

hemoglobin values in chatting scene for each group (Kendall's rank correlation)

Event (Time) Channel Children with Children without Adults without
(fNIRS)  ASD (n = 5) ASD (n = 8) ASD (n = 11)
T p T p T p
Period 1: Sandwich 1 0.20 0.62 0.07 0.81 0.13 0.59
dropped (29.4-30.4 2 -0.20 0.62 -0.14  0.62 0.06 0.82
s) 3 0.00 1.00 0.21 0.46 0.24 0.31
4 0.00 1.00 0.07 0.81 0.13 0.59
13 -0.60 0.14 0.07 0.81 -0.02 0.94
14 -0.40 0.33 0.07 0.81 0.13 0.59
15 0.00 1.00 -0.07 0.81 0.13 0.59
16 -0.40 0.33 0.29 0.32 0.06 0.82
Period 2: Person 1’'s 1 0.40 0.33 -0.07 0.81 0.31 0.19
response (30.4-40.0 2 040 033 -014 062 016  0.48
S) 3 060 014 -021 046 035 0.14
4 0.60 0.14 -0.21  0.46 0.09 0.70
13 0.00 1.00 -0.07 0.81 0.09 0.70
14 0.20 0.62 -0.21 0.46 0.24 0.31
15 0.60 0.14 0.07 0.81 0.24 0.31
16 0.60 0.14 0.00 1.00 0.24 0.31

ASD: autism spectrum disorder; fNIRS: near-infrared spectroscopy
Participants who satisfied the data processing criteria for eye-tracking and fNIRS data

for the chatting scene were included.
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Stimuli timeline
Time course of one trial

< T LGS
| | | | | || |

fNIRS | | | I 2
| | | I Movie 2 |

Baseline Movie 1 Baseline Baseline | Movie 3 || Baseline | Movie 4 || Baseline |

Eye tracking
Verbal tasks A A A A

Appendix Figure Al. Timeline of the experiment

The images are blurred versions of the original movies.
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Appendix Figure A2. Time course of the gaze values in chatting scene for each group

The vertical axis shows the gaze value, and the horizontal axis shows the time course.

Panels A and B show the median gaze value of Person 1 and the sandwich, respectively,

as a function of participant groups. The black arrows indicate the beginning time point of

Period 1 (sandwich dropped) and Period 2 (Person 1’s response).

ASD: Children with ASD (red line); No ASD: Children without ASD (yellow line); Adult:

Adults without ASD (blue line)
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