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			Childhood autism spectrum disorder (ASD) can easily be misdiagnosed, due to the nonspecific social and communicational deficits associated with the disorder. The present study attempted to profile the mental development and visual attention toward emotion among preschool children with mild or moderate ASD who were attending mainstream kindergartens. A total of 21 children (17 boys and 4 girls) diagnosed with mild or moderate ASD selected from 5,178 kindergarteners from the Xi’an city were recruited. Another group of 21 typically developing (TD) children who were matched with age, gender, and class served as controls. All children were assessed using the Griffiths Mental Development Scales–Chinese (GDS-C), and their social visual attention was assessed during watching 20 ecologically valid film scenes by using eye tracking technique. The results showed that ASD children had lower mental development scores in the Locomotor, Personal-Social, Language, Performance, and Practical Reasoning subscales than the TD peers. Moreover, deficits in recognizing emotions from facial expressions based on naturalistic scene stimuli with voice were found for ASD children. The deficits were significantly correlated with their ability in social interaction and development quotient in ASD group. ASD children showed atypical eye-gaze pattern when compared to TD children during facial emotion expression task. Children with ASD had reduced visual attention to facial emotion expression, especially for the eye region. The findings confirmed the deficits of ASD children in real life multimodal of emotion recognition, and their atypical eye-gaze pattern for emotion recognition. Parents and teachers of children with mild or moderate ASD should make informed educational decisions according to their level of mental development. In addition, eye tracking technique might clinically help provide evidence diagnosing children with mild or moderate ASD.
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			Introduction

			Autism spectrum disorder (ASD) is a neurodevelopmental disorder which is characterized by pervasive social communication and social interaction deficits, as well as restricted interests and/or repetitive behavior (1). A number of children with mild or moderate ASD attend mainstream kindergartens with their healthy peers. However, failing to recognize the hyperactivity, inattention, noncompliance with instructions, and repetitive and inappropriate behavior associated with ASD, these preschoolers are often labeled as “problem children” (2). As such, their teachers and parents often adopt preaching or corporal punishment as an attempt to correct their behavior. However, this often fails and results in and volatile and aggressive emotion, and sometimes violent behavior in these children. Understanding how they are different from others could greatly help teachers and parents better them and accommodate and educate ASD children. In particular, after knowing the clinical differences between mild/moderate ASD kids from their healthy peers, teachers or parents could comprehend them better and adopt a more appropriate approach to cope with their behavior problem.

			Intellectual disability is a common deficit associated with ASD, and it is considered an important predictor of intervention (3–6). Examining the intelligence profile of children with mild or moderate ASD can significantly support the accurate clinical identification of the disease and design of an effective intervention regime. Intelligence tests such as Gesell Developmental Diagnosis Schedule and the Chinese Wechsler Young Children Scale of Intelligence (C-WYCSI) are commonly used in China. However, Gesell Developmental Diagnosis Schedule was revised for the Chinese population in 1981 based on an earlier version established in 1974 which was designed for children from 4 weeks to 3 years (7). C-WYCSI was made available in China in 1986 based on the 1967 version, which was used for children of 4 to 6 years old (8). Both assessments are apparently outdated and appear not suitable for preschoolers of 3–7 years old who are attending kindergarten. The Griffiths Mental Development Scales (GDS) are used to assess the development of children from birth to 8 years and is currently widely used worldwide (9). While GDS mainly focus on the social cognitive development of the child, it taps into all major aspects of a child’s development, including the physical, cognitive, social, and emotional aspects (10). The Griffiths Mental Development Scales–Chinese (GDS-C) is based on the 2006 version and revised for the Chinese population in 2016. Since then, GDS-C has been proven to be an accurate and effective test to assess the development of young children (11). Moreover, the GDS-C is also a useful assessment for evaluating the development deficits for neurodevelopment disorders involved with ASD children.

			In addition to mental development, difficulty in understanding others’ emotional and mental states is considered as a core characteristic of ASD, and it is recognized as part of their social communicative impairments (1). Cognitive, behavioral, and neuroimaging studies have reported that individuals with ASD tend to have difficulties in emotion recognition across different sensory modalities (12–14). Recognition of others’ emotions and mental states relies on the processing of different emotional cues, such as facial expression, vocal intonation, body language, content of verbalization, and the complex integration of them in a dynamic context (15, 16). In TD children, emotion recognition emerges gradually throughout childhood and becomes more accurate and efficient with time. With the ability of expression recognition continuing to develop, TD children gradually become “emotion detection experts,” relying on facial emotion recognition by the age of 3–5 years (16). However, the development of emotion recognition ability is hampered in children with ASD, and ASD children have impaired discrimination and recognition of facial features, and they tend to use atypical strategies for processing facial characteristics (14, 17). Recent research findings revealed that difficulty in emotion recognition by individuals with ASD is cross-cultural, indicating the universality of facial emotion recognition deficit in this population (15).

			Seeing the importance of the ability to understand other’s emotion expression in social interaction and communication, the majority of research on emotion recognition among ASD children focused on examination of facial expression during social interaction. However, many of them reported inconsistent findings (13). The inconsistencies may have originated from discrepancies in participant demographics (such as age, intelligence, ability level, and subtype), emotion type (basic or complex), and task stimuli (static or dynamic) (18). Primarily, heterogeneity and different ASD severity levels may have contributed to the varied findings. For example, low-functioning ASD children predominately showed deficits in basic emotion expression (19–22). In contrast, some studies reported no difficulties in high-functioning ASD individuals when performing facial emotion recognition tasks (23). In fact, few studies focused on children with mild or moderate ASD in mainstream educational setting (24), despite the fact that the importance of these studies as children with mild-to-moderate ASD are prone to be misdiagnosed due to the associated diversity of clinical manifestations, as well as the nonspecific manifestations of social communication during preschool age.

			In addition to the heterogeneity of ASD, the type of experimental stimuli also played a determining role in studying emotion recognition in ASD children. Although there have been extensive research examining emotion recognition through facial expression in children with ASD, most relied on static photographs of different facial expressions as visual stimuli (25–27), but rarely made use of dynamic video stimuli (28–31), or ecologically valid film scenes (32, 33). Static pictures of facial expressions may not be ecologically valid (34, 35), as the details of spontaneous communication that occur during real-life social interaction may not be well captured (28). Meanwhile, real-life facial expressions are usually more subtly displayed than those depicted in standard stimuli of “prototypical” facial emotion expressions. The video scenes or scenarios from films depicting naturalistic facial expressions may be more ecologically valid with regard to expression of emotions and mental states.

			Atypical visual processing underlies poor eye contact, and joint attention during social interaction is considered another core characteristic in individuals with ASD (36). Eye contact serves as an important early social function with abilities in recognizing and expressing emotions (37), regulating face-to-face interactions (38, 39) and fostering emerging social skills (40). While ASD individuals may exhibit impairments in facial emotion recognition and abnormalities in visual processing, analyzing their visual processing during facial emotion expression could provide crucial insights into the mechanism of facial emotion recognition impairments in children with ASD. Eye tracking is a valuable objective and quantitative technique in elucidating the underlying visual processing strategies. As eye tracking is noninvasive, with high ecological validity, and it does not require advanced motor responses or any language skills, it is particularly suitable for children with ASD. Previous studies have demonstrated that different eye gaze patterns were expressed in identifying different emotions among TD children. They exhibited different visual attention patterns in relation to the valence of emotions: individuals fixated more on the eyes of negative emotions but on the mouth of positive emotions (41, 42). Yet, eye-tracking studies of children with ASD revealed inconsistent findings (43). The inconsistencies may in part be due to the varied stimuli or tasks used, and their inability to adequately capture their attention. For example, no different eye gaze patterns were found in ASD children using static “prototypical” facial emotion expressions (26, 27, 44), whereas other studies reported a reduced number of fixations or duration of time spent on looking at the faces or eyes’ regions when viewing dynamic stimuli in children with ASD when compared with TD children (28, 45). These discrepant results seem to imply that the static stimuli may not be suitable to engage children in the study and thus were not capable of eliciting information on expected gaze behavior. In addition, the film scene stimuli have been demonstrated to be a valuable form of stimuli to quantify the emotion recognition skills that can distinguish high-functioning children with ASD from the matched controls (32, 33). Unfortunately, to our knowledge, there is a lack of study investigating the different social visual attention patterns in children with ASD using ecologically valid emotion stimuli. An eye tracking study of ASD individuals during presentation of dynamic and naturalistic stimuli could reveal the behavioral and neuropsychological characteristics of children’s recognition strategies of real-life emotions, and allow comparison and reveal the possible differences between ASD and TD children. Therefore, characterizing their eye gaze trajectory may quantitatively reveal the pattern and severity of expression recognition deficits, which could be used in the accurate and effective assessment of children with mild or moderate ASD.

			As discussed above, the current study aimed to assess the profile of intelligence and the ability of facial emotion recognition in children with mild or moderate ASD in urban kindergartens of Xi’an, China. GDS-C and eye tracking were used to describe the intelligence profile and eye movement during emotion recognition, and to correlate intelligence with eye movement characteristics, as an attempt to provide theoretical basis for educational decision for children with mild or moderate ASD. Findings could also contribute to a more effective diagnosis for children with mild-to-moderate ASD using eye movement technique in the clinical setting.

			Material and Methods

			Participants

			The study was carried out in 12 urban kindergartens of Xi’an city from December 2017 to January 2018. Thirty-six children were diagnosed with ASD among a total of 5,178 kindergarten children by practicing pediatricians who were experienced in children developmental behavior based on the Diagnostic and Statistical Manual of Mental Disorders-V (DSM-V) criteria (1) and Autism Behavior Checklist (ABC) (7). All ASD children were subsequently assessed by using the Childhood Autism Rating Scale (CARS), and 21 who were diagnosed with mild-to-moderate ASD (17 males and 4 females) based on CARS were recruited for the present study. The 21 ASD children were of ages from 46 to 83 months (M = 61.10 months, SD = 11.37 months). Twenty-one TD children were matched for birthday (within 6 months) and gender, and they were recruited from same class and kindergartens. The chronological age of the TD group was 45.83–80.67 months (M = 59.31 months, SD = 10.79 months). There were no statistically significant differences in the age of the two groups (t = 0.525, P = 0.602). All TD children had no psychiatric diagnoses or special educational needs, and none had a family member diagnosed with ASD, as reported by their parents. The CARS was also used to identify the TD children who have normal social and behavioral ability. The basic characteristics of participants were illustrated in Table 1. All participants were native Mandarin speakers and passed all screening criteria detailed below. No participants had any visual problems or were in need of corrective eyeglasses. Informed consent was obtained from all parents of participants, and the study was approved by Xi’an Jiaotong University Health Science Center Ethics Committee.


		
			
				
					
							
							Table 1 | The basic characteristics of participants.

						
					

					
							
							Characteristics

						
							
							ASD group

						
							
							TD group

						
							
							t

						
							
							P

						
					

					
							
							Gender (male/female)

						
							
							17/4

						
							
							17/4

						
							
							
					

					
							
							Age range (months)

						
							
							45.97–83.00

						
							
							45.83–80.67

						
							
							
					

					
							
							Age in months (M ± SD)

						
							
							61.10 ± 11.37

						
							
							59.31 ± 10.79

						
							
							0.53

						
							
							0.602

						
					

					
							
							ABC score range

						
							
							36–77

						
							
							0–10

						
							
							
					

					
							
							CARS score range

						
							
							25–35

						
							
							15

						
							
							
					

				
			

		


			The Griffiths Mental Development Scales for China

			The intelligence profile of each participant was assessed using the GDS-C (3–8 years), administered by a certificated developmental pediatrician. The Griffiths’ test consists of six subscales, including Locomotor subscale (gross motor development such as balance and coordination of movements), Personal-Social subscale (self-skills of daily activities, social skills of interaction and communication), Language subscale (receptive and expressive language), Eye–Hand Coordination subscale (fine movements including drawing and writing), Performance subscale (visuospatial skills, imitation and processing speed), and Practical Reasoning scales (logical thinking). The combination of all six subscale scores was assigned as the General Quotient (GQ).

			Percentile rank (PR) was calculated for all neurodevelopmental scores in order to compare the intelligence level within the same age. Neurodevelopmental outcome was classified as normal (PR ≥ 15), mildly delayed (2.5 ≤ PR < 15), or severely delayed (PR < 2.5).

			Both ASD and TD participants were assessed using GDS-C and CARS by two developmental behavior pediatricians, and every assessment was under the supervision of an MD/PhD professor in kindergartens. The CARS and parents’ report content scoring in Griffiths test were based on information gathered from teachers as well as from field observations.

			Facial Emotion Expression Tasks

			Materials

			Twenty short film scenes (3.48–6.14s long, M = 4.27 s, SD = 1.25 s) were selected from CASIA Chinese Natural Emotional Audio-Visual Database (CHEAVD) (46). This database provides basic Chinese emotion expression resources for research on multimodal and multimedia interactions (47). All short scenes in this database have been labeled with its corresponding emotion expression. The selected scenes involved socio-emotional interaction ranging from 1 to 2 characters, and the expression of two basic emotions and mental states (happiness and sadness). In each scene, a frontal face protagonist was identified on the center of screen and their emotion or mental state during scenes had been labeled. The selected scenes involved 11 samples with only women characters, 5 samples with only man characters and 4 samples of two characters’ communication. The scenes were selected from TV drama made at least five years’ ago from now and played by nonfamous actors/actresses to decrease the probability that participants had seen them or were familiar with the actors/actresses. Figure 1 depicts, for example, showing a scene with a sadness young lady leaning against the wall, complaining that she had tons of work to do at the end of the year and will be fired soon.
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			Figure 1 | An example of a film scene from the experiment task.

		


			Apparatus

			To collect and quantify the eye-gaze data, a contactless eye-tracker SensoMotoric Instruments (SMI) RED 250 (SMI Technology, Germany) was used. The eye-tracker system is composed of an eye tracker hardware, a 22-inch monitor with a resolution of 1280 × 1024 pixels, and a stimuli presentation and control computer. The sampling rate was set at 120 Hz with an accuracy of 0.4°. The freedom of head movement was 40 cm × 20 cm at 70 cm distance. The experiment was prepared and presented in SMI Experiment Center™. Fixation detection was performed through the SMI BeGaze™ using Dispersion-Threshold (DT) algorithm. Eye-gaze data was recorded online with the software of Experiment Center 2.0 and analyzed offline with SMI BeGaze analysis software.

			Procedure

			Participants were tested individually in a quiet and well-lit room in the childcare center, which had no external light stimulus. Before the start of the testing session, participants were trained to get familiar with positive and negative emotions. Typical questions, such as how do you feel when eating your favorite food/when your pet ills, were asked to test if participants understand the two emotions. Besides, pictures and videos that describe various emotions were played by a tablet (Samsung ST800), and participants were instructed to choose a card, each of which correspond to a different emotion. Participants were praised for correct responses. The purpose of this training is to familiarize the participants with the emotions.

			After completing the training session, participants were adjusted to sit 60–80 cm from the eye-tracking monitor. The experimenter first calibrated the participant’s eye movements with the built-in five-point SMI calibration procedure, in which the participant had to track a moving dot across the screen with their eyes. Recalibration was required if the calibration results were poor. After calibration, each participant passively watched the video stimuli and was told to concentrate on the speech and actions of the actor/actress. Videos could be played for multiple times if the participant could not understand what was shown in it. After watching the videos, participants were asked to choose a card, which corresponds to the emotion of the actor/actress. The cards were shuffled while the participant watched the videos to prevent them from choosing the same one without consideration. The testing session included 20 videos, which were played randomly.

			Data Analysis

			To avoid possible effect of gender, multicharacters model, the scenes expressed by only woman characters were chosen to further analysis, and thus 10 scenes were used in eye gaze analysis. In addition, to quantify visual gaze patterns, three areas of interest (AOIs) (i.e., eye, mouth, and face excluding eyes and mouth) were selected for further analysis (see Figure 2).
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			Figure 2 | Example of film scene and the delimiting of each area of interest (AOI) boundaries for eye tracking analysis.

		


			The eye region included, in the horizontal direction, the area ranging from the leftmost corner of the left eye to the rightmost corner of the right eye, and in the vertical direction, the area between the lower side of the eyebrow and the middle nose. The mouth region included, in the horizontal direction, the area between the upmost lip to the bottommost lip, and in the vertical direction, the area ranging from the leftmost lip corner to the rightmost lip corner. The face region included the face except the rest of the eyes and mouth. When identifying emotions, the key regions included the eyes, mouth, and face (excluding the eyes and mouth), which constitute the overall AOI. In addition, the visual fixation of body gesture of protagonist compared to face was also analyzed.

			In percent study, three eye-tracking parameters were calculated. The first parameter was the fixation duration time (FDT), defined as the total time of fixation lasting more than 100 ms, reflected the time taken by the participants to think. The second parameter was fixation count (FC), which evaluated the length of fixation lasting more than 100 ms, reflected the absolute attention played by the participants during the process of the experiment. The third parameter was the proportion of AOIs in the overall videos (PA), which was considered as the proportion of FDT and FC in AOI in the whole videos, reflected the degree of dispersion of the subject while watching. The minimum fixation duration was chosen as eye-tracking data of 100 ms (48). Since the videos were of unequal durations, all parameters were normalized by using proportion of AOI in the total videos times. Average fixation duration percentage and FC percentage were calculated across the presentations of each emotion for each region. All data analyses were done in MATLAB and statistical tests (a level = .05 unless otherwise stated) were calculated using Statistical Product and Service Solutions (SPSS) (SPSS Inc., Chicago, IL). Finally, the correlation between the accuracy of emotion recognition, the scores of GDS-C and eye-gaze parameters were analyzed by utilizing Spearman’s rank correlations.

			Statistical Analysis

			Matched case–control design was used in the study, in which each ASD-TD children pair was matched by age (within 6 months) and gender, and both were originated from the same class. As GQ and subscales scores of GDS-C and accuracies of emotion recognition are independent and normally distributed with homogeneous variance, paired-sample t-tests were used to evaluate possible group difference in GQ, subscales scores of GDS-C, and accuracies of emotion recognition. A two-way repeated-measures ANOVA (two groups × two emotions) was conducted to compare the different patterns of eye-gaze model between children with ASD and TD children. Two-way repeated-measures Multivariate analysis of variance (MANOVA) were used to compare the different eye-gaze patterns in the three AOIs of the face. Pearson correlation analysis was used to evaluate the correlation among Griffiths Scale, eye movement modes, and the ability of emotion recognition. All statistical analyses were performed using SPSS Version 17.0 (IBM Corp). An alpha level of p = .05 was used to determine for significant results.

			Results

			Neurodevelopmental Assessment

			The paired sample t-tests revealed that there was a significant difference in the GQ score, which is 65.78 ± 13.75 for the ASD group and 76.70 ± 12.30 for the TD group (t = −3.711, p = 0.01). On the subscale scores, except for Eye-Hand Coordination subscale, there were statistically significant differences between two groups in the Locomotor, Personal-Social, Language, Performance, and Practical Reasoning subscales and GQ. The subscales and GQ scores of the GDS-C are summarized in Table 2.


		
			
				
					
							
							Table 2 | The subscale and GQ scores between ASD group and TD group in the GDS-C.

						
					

					
							
							The subscale and GQ scores

						
							
							ASD group

							n = 21

							(M ± SD)

						
							
							TD group

							n = 21

							(M ± SD)

						
							
							t

						
							
							P

						
					

					
							
							Locomotor

						
							
							63.05 ± 13.81

						
							
							76.10 ± 12.61

						
							
							−3.659

						
							
							0.002*

						
					

					
							
							Personal-Social

						
							
							71.60 ± 16.20

						
							
							80.76 ± 8.04

						
							
							−2.851

						
							
							0.010*

						
					

					
							
							Language

						
							
							67.71 ± 18.05

						
							
							80.76 ± 12.42

						
							
							−2.913

						
							
							0.009*

						
					

					
							
							Eye–Hand Coordination

						
							
							57.69 ± 22.11

						
							
							65.43 ± 21.43

						
							
							−1.693

						
							
							0.106

						
					

					
							
							Performance

						
							
							63.24 ± 17.83

						
							
							73.81 ± 15.44

						
							
							−2.977

						
							
							0.007*

						
					

					
							
							Practical Reasoning

						
							
							69.24 ± 16.52

						
							
							83.33 ± 12.54

						
							
							−3.884

						
							
							0.001*

						
					

					
							
							GQ

						
							
							65.78 ± 13.78

						
							
							76.70 ± 12.30

						
							
							−3.711

						
							
							0.001*

						
					

					
							
							GDS-C, Griffiths Mental Development Scales for China; GQ, General Quotient; ASD, Autism spectrum disorder; TD, typical developing.

							*p<0.05.

						
					

				
			

		


			By comparing the structural mode of each subscale (3–8 years) scores between the two groups, we found statistical differences in the following areas including physical strength, gross body coordination, gross visual motor coordination, social skills for communication, receptive language, basic conception, semantic reasoning, expressive language, imitation, social reasoning, sequence reasoning, and conception. The other structural mode scores between the two groups didn’t have statistical differences. The detailed statistical difference structural mode of each subscale scores between ASD group and TD group are shown in Table 3.


		
			
				
					
							
							Table 3 | The statistical difference structural mode of each GDS-C subscale scores between ASD group and TD group.

						
					

					
							
							Subscale

						
							
							Structural mode

						
							
							ASD

							n = 21

							(M ± SD)

						
							
							TD

							n = 21

							(M ± SD)

						
							
							t

						
							
							P

						
					

					
							
							Locomotor

						
							
							Physical strength

						
							
							4.48 ± 2.522

						
							
							6.48 ± 2.182

						
							
							−2.898

						
							
							0.009*

						
					

					
							
							Gross body coordination

						
							
							3.43 ± 4.154

						
							
							6.38 ± 5.005

						
							
							−2.444

						
							
							0.024*

						
					

					
							
							Gross visual motor coordination

						
							
							3.33 ± 2.852

						
							
							6.10 ± 3.974

						
							
							−2.711

						
							
							0.013*

						
					

					
							
							Personal-Social

						
							
							Social skills for communication

						
							
							4.10 ± 2.406

						
							
							5.62 ± 1.359

						
							
							−3.344

						
							
							0.003*

						
					

					
							
							Language

						
							
							Receptive language

						
							
							15.24 ± 9.088

						
							
							21.81 ± 9.119

						
							
							−2.502

						
							
							0.021*

						
					

					
							
							Basic conception

						
							
							15.24 ± 9.088

						
							
							21.81 ± 9.119

						
							
							−2.502

						
							
							0.021*

						
					

					
							
							Semantic reasoning

						
							
							14.86 ± 8.284

						
							
							20.67 ± 8.422

						
							
							−2.343

						
							
							0.030*

						
					

					
							
							Expressive language

						
							
							40.19 ± 15.961

						
							
							49.14 ± 16.206

						
							
							−2.124

						
							
							0.046*

						
					

					
							
							Performance

						
							
							Imitation

						
							
							5.90 ± 2.931

						
							
							7.90 ± 3.064

						
							
							−2.789

						
							
							0.011*

						
					

					
							
							Practical Reasoning

						
							
							Social reasoning

						
							
							4.00 ± 2.098

						
							
							5.81 ± 2.089

						
							
							−3.189

						
							
							0.005*

						
					

					
							
							Sequence reasoning

						
							
							3.33 ± 4.211

						
							
							6.00 ± 5.477

						
							
							−2.87

						
							
							0.009*

						
					

					
							
							Conception

						
							
							15.71 ± 5.226

						
							
							18.86 ± 5.237

						
							
							−2.271

						
							
							0.034*

						
					

					
							
							GDS-C, Griffiths Mental Development Scales for China; ASD, autism spectrum disorder; TD, typical developmental.

							*p < 0.05.

						
					

				
			

		


			Accuracy of Emotion Recognition

			To examine whether groups were different in accuracy of emotion recognition, accuracy variable was generated by averaging the identification accuracy across all scenes within each emotion. The details of identification accuracy in multimodal emotion perception were described in Figure 3. The perceptual accuracies of children with ASD were significantly less than those of TD children on both happiness emotion (t = −2.52, p = 0.021) and sadness emotion (t = −3.444, p = 0.003). Among which, the performance of happiness emotion was significantly better than those of sadness emotion in children with ASD (t = 2.22, p = 0.04). The children with ASD were seemingly easier to distinguish happiness than sadness emotion. In addition, to evaluate whether severity of the social deficits measured by the Griffiths Development Scales (GDS) was related to accuracy to recognize emotions, Pearson correlations were calculated between the scores of Developmental Quotient, Personal-Social subscale, and the mean identification accuracy on each emotion. Significant relationships were found only in the ASD group between accuracy and the GDS Developmental Quotient in total emotion(r = 0.581, p = 0.009) and sadness emotion (r = 0.531, p = 0.019), indicating that children with high Developmental Quotient T-scores (i.e., less severe deficits) made less emotion recognition errors. In addition, the significant correlations were found between Personal-Social subscale score and accuracy on total emotion (r = 0.479, p < 0.05) and sadness emotion (r = 0.421, p < 0.05).
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			Figure 3 | Emotion accuracy of the perceptual judgment in children with autism spectrum disorder (ASD) and typically developing (TD) groups.

		


			Eye-Gaze Analysis

			Analysis of the Overall Videos

			The total numbers of FC and the total FDTs spent on the whole video screen in ASD group and TD group were shown in Figure 4. To determine whether the groups differed on positive and negative emotion, the two-way ANOVA (two groups × two emotions) was conducted on FDT and FC, respectively. No significant effects were found in emotion [F (1,124) = 4.90, p = 0.57], group [F (1,124) = 5.832, p = 0.52], and effect interaction [F (1,124) = 0.65, p = 0.949) for FDT. Similarity results were also found in the statistical analysis for FC [group: F (1,124) = 4.53, p = 0.542; emotion: F (1,124) = 6.26, p = 0.975]. These results implied that there were similar attention to whole video in children with ASD and TD when they watched the experiment scenes.
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			Figure 4 | Distribution of fixation duration time and fixation count of the whole videos.

		


			Ration of Face Expression and Body Gesture

			However, when we divided the scenes into face area and body area, the two-way ANOVA (Group* Emotion) on FDT ratio of face and body yielded an overall main effect for group [F (1, 36) = 17.034, p < 0.01], but there was no significant difference for emotion [F (1, 36) = 0.101, p = 0.752] and interaction effect [F (1, 36) = 0.744, p = 0.394].The duration of fixation time on face region in ASD group (M = 0.757, SD = 0.047) was overall significantly less compared to the duration of fixation time in the TD group (M = 0.482, SD = 0.047).The two-way ANOVA (Group* Emotion) on ratio of face and body on FT also found similar results. There was an overall main effect for group [F (1, 36) = 12.520, p < 0.01], but there was no significant difference for emotion [F (1, 36) = 2.380, p = 0.132] and interaction effect [F (1, 36) = 0.113, p = 0.132].The number of FCs on face region in ASD group (M = 0.437, SD = 0.47) was overall significantly less compared to the duration of fixation time in the TD group (M = 0.670, SD = 0.47). In addition, as illustrated in Figure 5, the heat maps were also shown the same tendency of this attention distribution in ASD group and TD group. The children with ASD seemed to pay more attention to the neck, breast, and hands of the actor, rather than to face of the actor.
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			Figure 5 | Example of heat map in each emotion expression (A: Happiness; B: Sadness).

		


			Analysis of the Three Areas of Interest of the Face

			Due to its centrality in emotional expression, we emphatically analyzed the eye-gaze patterns in face emotion expression. The values of FDT and FT of each AOI in each emotion were illustrated in Figure 6 and Figure 7, respectively. To determine whether the groups differed on emotion (happiness and sadness) and AOI (face, mouth, and eye) in FDT and FC, two MANOVA analyses with repeated measures were conducted, with AOI (face, eye, mouth), and emotion (happiness, sadness) as within subject variables, and group (ASD, TD) as the between-subject variable.
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			Figure 6 | Percentage of fixation duration time and fixation count in each AOI with whole scene on happiness emotion expression.
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			Figure 7 | Percentage of fixation duration time and fixation count in each AOI with whole scene on sadness emotion expression.

		


			Fixation Duration Time

			The MANOVA yielded a significant main effect for group [F (1,119) = 8.897, p < 0.01]. The duration of fixation time in ASD group (M = 667.187, SD = 42.891) was overall significantly less compared to the duration of fixation time in the TD group (M = 839.116, SD = 38.508). Meanwhile, the main effect of region was significant [F (2.238) = 42.174, p < 0.01], and was also significant effect for emotion [F 1,119) = 14.105, p < 0.01], which was driven by significant interaction between effect and AOI [F (2,238) = 4.433, p < 0.05]. However, there was no significant interaction effect on the three-way interaction between group, AOI, and emotion [F (2,238) = 1.902, p = 0.115] and interaction between emotion and group [F (1,119) = 0.005, p = 0.944].

			In order to explore the those effects, a simple main effect analysis was conducted with emotion as within subject variable and group as the between-subject variable was conducted for average FDT in each AOIs, respectively.

			For mouth region, the main effect of emotion was not significant (p = 0.752) and the main effect of group was also not significant (p = 0.901). Therefore, the fixation time of mouth region had no significant differences in ASD and TD children for each emotion expression.

			For eye region, significant effects were identified for group [F (2.238) = 42.174, p < 0.01] and emotion [F (1,119) = 14.105, p < 0.01]. We then explored the simple effects of group (adjusting for multiple comparisons using Bonferroni) in each emotion separately. The results showed that for both emotion expressions, the fixation times spent on eye region were significantly decreased in ASD group compared to TD group. In order to explore the sample emotion effect, we compared the pairs of emotions in each group and found that both ASD and TD children had more FDT on negative emotion than positive emotion in the eye region [F (1,119) = 14.11, p < 0.01).

			For face region, the significant effect of emotion was found (p < 0.01), and post hoc comparisons revealed both ASD and TD children had more FDT on negative emotion than positive emotion in the face region. As illustrated in Figure 8, the ASD group displays a tendency to look less at the face region than the control group in each emotion. However, probably due to the small sample sizes, the statistical power was too low to detect a group effect.
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			Figure 8 | The total fixation duration time of AOI in each emotion expression (A: Happiness; B: Sadness).

		


			Fixation Count

			Similar to FDT, the MANOVA yielded a significant main effect for group: (F (1,107) = 5.800, p < 0.05). As illustrated in Figure 9, the number of FCs in ASD group (M = 1.715, SD = 0.14) were overall significantly less compared to the FCs in the TD group (M = 2.154, SD = 0.122). We also found the main effect of AOIs (F (2, 214) = 44.285, p < 0.01), and emotion (F (1,107) = 5.620, p < 0.01), which was driven by significant region*emotion interaction (F (2, 214) = 4.406, p < 0.05). But no significant of interaction effect on the three-way interaction between group, AOI and emotion (F (2,238) = 1.902, p = 0.115), interaction between AOIs and group, and interaction between emotion and group (F (1,119) = 0.005, p = 0.944). Then, the repeated-measures ANOVAs were performed to examine group differences and interactions for each region. The Huynh-Feldt correction was used to adjust for sphericity violations when necessary.
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			Figure 9 | The total fixation count of AOI in each emotion expression (A: Happiness; B: Sadness).

		


			For mouth region, no group and emotion differences were found. For other region, significant effects were identified for group (eye, F (1,107) = 5.800, p < 0.05, and face, F (1,107) = 5.800, p < 0.05) and emotion (eye, F (1.107) = 5.620, p <0.05, and face, F (1,107) = 5.620, p <0.05).As evidence in Fig.6, pairwise t-test revealed ASD children had less FCs on eyes and face region than TD children in each emotion condition. Both ASD and TD children had more FCs on negative emotion than positive emotion in the face region.

			Correlation Analysis

			Correlations Between Eye Gaze Pattern and Emotion Recognition

			To examine whether eye gaze pattern was related to accuracy of recognize emotions, Pearson correlations were calculated between accuracy of emotion recognition and the percentage of FDT and FCs on the whole face region and each AOIs. In the ASD group, significant relationships was found between accuracy of recognize emotions and the percentage of FDT on whole face region (r = 0.702, p = 0.001), the percentage of FCs on whole face region (r = 0.492, p = 0.032). These correlations indicated that looking longer and more attention at the face region was related to more accurate detections of emotion. However, there were no significant correlations were found in AOIs.

			Correlations Between Eye Gaze Pattern and the Severity of Development Deficits

			To examine whether eye gaze pattern was related to the severity of development deficits in children with ASD, Pearson correlations were calculated between GQ, Personal-Social subscale score and the percentage of FDT and FCs on the whole face region and each AOIs. The percentage of FDT and FCs on whole face region were both moderately positively associated with GQ (r = 0.619, p = 0.005 and r = 0.606, p = 0.006) in sadness emotion. The percentage of FDT and FCs on whole face region were both moderately positively associated with Personal-Social subscale score (r = 0.577, p = 0.010 and r = 0.503, p = 0.013). However, no significant correlations were found in AOIs.

			Discussion

			The present study examined the possible differences in mental development, recognition of emotions, and eye-gaze pattern between children with mild or moderate ASD who were attending regular kindergarten, in comparison with the TD children using GDS-C score and ecologically valid facial expressions task. The relationship among these measures and severity of social impairments in ASD measured by the GDS-C were also explored.

			Children with ASD had lower mental development scores in the Locomotor, Personal-Social, Language, Performance, and Practical Reasoning subscales than their TD peers. Moreover, ASD children also showed emotion recognition deficits in facial expressions with naturalized scenes even with contextual vocal expressions integrated. The deficits were significantly correlated with the ability of child interaction and development quotient in ASD group. Eye-gaze analysis also revealed that children with ASD had atypical eye-gaze pattern when compared to TD children in facial emotion expression task. Children with ASD had reduced visual attention to the facial expression, especially for eye regions. Our findings shed light on the deficits of children with ASD to conduct naturalize multimodal emotion recognition, and on the nature of their atypical eye-gaze pattern in terms of emotion recognition.

			The GDS allows examination of the main aspects of a child’s development, namely, physical, cognitive, social, and emotional. It is also useful for evaluating the developmental deficits in individuals with neurodevelopmental disorders. In the present study, the preschool ASD children showed lower intelligence scores in the Locomotor, Personal-Social, Language, Performance, and Practical Reasoning subscales than the typical developmental peers, despite the fact that they were attending normal kindergartens. These findings are consistent with Pan (49) and Hedvall’s researches (50), in which a weaker intelligence profile in ASD children than TD peers was also reported. Although children with ASD in the present study were able to communicate with others in simple sentences and generally could cope with their daily life in the kindergartens, they still showed weaker ability in Personal-Social subscale because of the insufficient social and communication skills. Social deficits were considered by Kanner to be central to the pathogenesis of ASD (51). Plenty studies have shown that ASD children lack the abilities in social reciprocity and in developing meaningful relationships on the basis of interpersonal interactions (52–54). Moreover, they also showed reduced ability in understanding, expressing, and forming concepts, achieving semantic reasoning, and imitating behaviors. These deficits are consistent with the core symptoms of ASD, which can be explained by the “broken mirror theory” (55). According to the theory, ASD individuals suffer a hypoactivity of mirror neurons and they are not able to embody in themselves in others’ mental states (intentions, beliefs, expectations, etc)., or the “Theory of Mind.” Moreover, as previous reports suggested, the language function area of an ASD brain overlaps with the mirror neuron system, resulting in concomitant impairment of their language ability (56).

			As reported in the literature, more difficulties in emotion recognition based on facial expressions in ecologically valid condition were found for the ASD children, when compared with the TD counterparts, even after controlling for chronological age. Our finding is in line with what was previously reported regarding the difficulties in individuals with ASD on recognizing emotion and mental state from dynamic or multimodel stimuli (15, 57). However, the finding is contradictory to the previous finding from Lacroix’s study (58), in which recognition of facial emotion in ASD participants with similar demographics (high function, age range: 4–8 years, and educated in mainstream schools) was not different from TD individuals. The inconsistent results may be due to the use of different stimuli type: the static “prototypical” stimuli in Lacroix’s study vs. naturalistic film stimuli in the current study. In fact, the discrepant findings reported in the literature could be explained by three possible reasons: 1) stimulation intensity, 2) dynamic expression, and 3) multimodal integration. The prototypical stimuli mostly presented the maximum intensity expression of each emotion and video clips showed smooth transition of each emotion during the whole video, thus that may be the soft expression. Children with ASD are limited to implicit expressions with low intensity levels (59) and that may cause the children with ASD to have poor performance in video clips task. Further studies should investigate the intensity effect on sensitivity for recognition of film emotion expressions in individuals with ASD. Moreover, previous study reported there have specific deficits in processing of dynamic stimuli for ASD (60), noted that all of our stimuli used video clips present by dynamic stimuli, our stimuli may be more challenging to children with ASD, in comparison to static images. Finally, cross-modal integration seems more difficult for individuals with ASD (57, 61); ecologically valid audiovisual stimuli used in the present study might hamper the ability of children with ASD to recognize emotions and mental states. Further studies should reveal the ability of children with ASD on recognition presenting emotional cues in different channels of ecologically valid condition.

			In addition, a moderate correlation was found between emotion recognition ability and mental development of children with ASD, especially during social personal interaction. ASD individuals who had poor social personal interaction also showed lower accuracy of facial emotion recognition, particularly in happiness and sadness emotions. These findings suggest that the altered development of emotion recognition in ASD children may be related to deficits in more complex social functions (62). Research has indicated that for TD children of about 4 years of age, their ability in recognizing happiness, sadness, and anger is maturing (16, 63). This is in line with the current findings regarding TD children who had matured emotion recognition in real-life environment. However, despite the use of only two facial stimuli of happiness and sadness emotions considering participants’ age range, deficits in emotion recognition were still observed in our 3–7-year-old ASD children. The deficits were related to risking the ability to represent and communicate one’s own internal states and feelings, and cause deficits in the self-regulation of behavior and social interactions (64, 65). Taken together, our findings reveal a comprehensive deficit in emotion recognition among our 3–7-year-old children with ASD.

			As hypothesized, the ASD children showed atypical visual social attention under a naturalistic environment. First, the children with ASD spent less attention and time looking at the face and more attention to the bodies and other objects, although both groups spent similar attention to the entire video. The present finding is consistent with previous studies using similar stimuli (66, 67) in which 5 year-old children with ASD were found to spend less time looking at faces in comparison to TD children and children with specific language impairment (Geraldine Dawson et al.). With careful analyses of scanning gaze pattern of each stimulus, children with ASD seemed to change attention to face quickly. This might imply that children with ASD had social sustained attention deficits during complex social situations involving eye contact and speech (68, 69). The deficits may correspond to hypo-activation in the face processing cortical system including amygdala, fusiform face area (FFA), superior temporal sulcus (STS), and the occipital face area (70, 71), which might result in increased autonomic arousal and trigger self-regulatory strategies such as gaze aversion. The correlation analysis also indicated that the limited ability in sustaining attention on the face was associated with the diminished ability of emotion recognition, and personal-social interaction and intelligence development deficits. Given that visual social attention plays a crucial role in the development of more sophisticated patterns of the basis for cognitive and social development (72), atypical face processing in ASD individuals could arise from socio-cognitive factors and be exacerbated by the complex visual information conveyed by human faces in social interactions, and further compound by social-cognitive impairments. As a matter of fact, some studies have posited that social-cognitive impairments in ASD individuals could primarily result from a failure to orient and engage attention to socially relevant stimuli such as faces early in life (17, 25, 73, 74).

			More specifically, our ASD children exhibited significantly diminished visual social attention in eyes and no-core face regions but no significant difference in mouth region during watching both emotion perceptions. These findings are somewhat consistent with the previous study (30) which reported reduced visual fixations to the eyes region in face familiarity on neutral emotion perception. However, our results regarding the mouth region are inconsistent with Nuske’s, in which TD children were found to fixate more to the mouths of neutral expressions than children with ASD when viewing familiar and unfamiliar faces (30). Because our stimuli were visual with audio signals integrated, and mouth movement in the visual stimuli carried audiovisual information that might help process emotion language information, children with ASD seemed to focus more on the mouth region as a compensatory strategy that might help them to achieve better recognition when facing complex social situations. That may partly explain why our ASD children showed greater accuracy on happiness emotion recognition than sadness condition as the mouth region was core characterization of “happiness” expression, whereas eye region is characterization of “sadness” expression.

			Analyzing the entire visual stimuli of the actress, attention distribution pattern of children with ASD seemed to display a “downward laterality” pattern and pay more attention to the area below the eyes, such as the neck, breast, and hands of actress, rather than to the face of actress. Diminished visual social attention in the eye region and the “downward laterality” pattern can be explained using the “eye avoidance hypothesis” (75). The hypothesis postulates that individuals with ASD may present with over-arousal of the amygdala and hyper-physiological arousal in response to social stimuli. As a result, reduced gaze to the eyes in individuals with ASD may be an attempt to self-regulate and mediate the level of threat perceived from the eyes (70, 75). In the present study, ASD children explored the self-regulatory strategies of gaze aversion and consciously avoided actress’s eyes. However, correlation between visual attention and accuracy of emotion recognition was only found for the entire face region, but not found for all AOI areas. That implies that children with ASD utilized a compensatory strategy on the entire face to achieve better recognition when facing complex social situations, and made use of core characteristic to recognize emotion expression, particularly for negative emotion. Future studies should investigate the ability of young children with ASD to modulate their attention in response to different emotion expression systematically varying in their communicative intent.

			Limitations

			Some limitations can be identified from the current study. The first limitation relates to the small sample size. This is due to the difficulty associated with identifying the appropriate children participants. There are very few ASD children in mainstream schools. As revealed in a recent survey of three cities of China, only 9 cases of ASD were identified from a total population of 6,240 aged 6–10 years old in mainstream schools in Jilin City, and 35 cases of ASD were identified from 21,420 children in Shenzhen City, and 10 cases of autism were identified from 16,358 children In Jiamusi City (76). In the present study, 36 children diagnosed with ASD were selected from a total of over 5,000 kindergarteners based on formal assessments (DSM-V and ABC). The ASD children were further shortlisted as mild-to-moderate grade based on CARS. As such, interpretation of results has been made with caution. Future studies are suggested to include more homogeneous participants to warrant more representative findings. In addition to the small sample size, gender difference associated with emotion recognition was not examined due to the small number of female ASD participants. The present study started by recruiting unidentified ASD participants from mainstream kindergartens, and thus gender distribution could not be controlled. Previous studies reported contradictory finding on gender difference in adults of ASD (32, 77). Future studies should expand the sample size in order to include sufficient samples to examine gender effect on emotion recognition in ASD children. Since ASD is a heterogeneous condition of varying severity and nature, future studies should employ a larger sample, allowing examination of emotion recognition between subgroups within ASD individuals of different verbal mental age.

			Secondly, the present study only examined the first mature basic emotions: happiness and sadness. In order to understand the unique mechanism of facial emotion recognition in children with ASD under naturalistic environment, further studies might include other basic emotions and some complex emotions, especially fear and anger. Deficits in responding fearful expression by ASD children have been documented, which is correlated with amygdala activation (30, 78). If more basic and complex emotion expression is included in future studies, the delay in mental development as well as the deviant pattern of emotion recognition in ASD children could be understood, and that will allow better understanding of facial emotion recognition in children with ASD and cognitive deficits.

			Basic parameters of eye tracking including time and frequency of fixation were analyzed in the study. Yet, the scanner pattern of children with ASD appears to be atypical in heat map. Future studies should utilize more adaptive methodologies for eye tracking data analysis such as saccades analysis, iMAP methods, and scanning paths analysis (79, 80), so as to reveal more information about attention shift between facial features and to better understand the facial pattern processing in individuals with ASD. Further study should also combine eye-tracking with neurophysiological measures such as EEG and functional near-infrared spectroscopy (fNIRS) (43), which could provide greater insights in the understanding of the electrophysiological mechanisms being moderated in relation to specific gaze behaviors.

			In summary, the current study explored retardation of mental development, deficits in emotion recognition, and atypical eye gaze in children with mild or moderate ASD who were attending regular kindergarten. The emotion recognition deficits were significantly correlated with their ability in social interaction and development quotient in ASD group, as well as atypical eye-gaze pattern. The findings confirm the deficits of ASD children in real-life multimodal of emotion recognition, and exhibiting eye avoidance pattern during emotion recognition. The findings suggest the parents and teachers of mild or moderate ASD children should make informed educational decisions according to their level of mental development. In addition, eye tracking technique might clinically help diagnose children with mild or moderate ASD.

			Ethics Statement

			This study was carried out in accordance with the recommendations of consent protocol of Biomedical Research in Xi’an Jiaotong University, Xi’an Jiaotong University Health Science Center Ethics Committee with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Xi’an Jiaotong University Health Science Center Ethics Committee.

			Author Contributions

			YH and QS contributed equally to this work. YC, LW, and NY designed the project; YH, QS, WH, CT, and HZ performed the experiments and collected the data; YH, QS, and NY analyzed the data; YH, QS, YC, LW, MN, and NY interpreted the results and wrote the manuscript. All authors contributed to manuscript revision, read and approved the submitted version. All authors provide approval for publication of the content and agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.

			Funding

			This study was jointly supported by a grant from National Natural Science Foundation of China (NSFC 61771461, NSFC 81371900, and U1736202), The Province Natural Foundation of Shaanxi (2009JM4030), The Province Science and Technology Research Projects of Shaanxi (2013SF2-09), Shenzhen Speech Rehabilitation Technology Laboratory and Health and Health Services Research Fund (HHSRF), Shenzhen Fundamental Research Program JCYJ20170413161611534, JCYJ20160429184226930, and KQJ
SCX20170731163308665.

			Acknowledgments

			We are grateful to the kindergartens, families, and children who participated in the research.

			References

				1.	American Psychiatric Association. Diagnostic and statistical manual of mental disorders (DSM-5). Beijing, China: Peking University Press. (2015). p. 46–7.

				2.	Yang W, Xia H, Wen G, Liu L, Fu X, Lu J, et al. Epidemiological investigation of suspected autism in children and implications for healthcare system: a mainstream kindergarten-based population study in Longhua District, Shenzhen. BMC Pediatr (2015) 15(1):207. doi: 10.1186/s12887-015-0531-4

				3.	Billstedt E, Gillberg C, Gillberg C. Autism after adolescence: population-based 13-to 22-year follow-up study of 120 individuals with autism diagnosed in childhood. J Autism Dev Disord (2005) 35(3):351–60. doi: 10.1007/s10803-005-3302-5

				4.	Fernell E, Hedvall Å., Norrelgen F, Eriksson M, Höglund-Carlsson L, Barnevik-Olsson M, et al. Developmental profiles in preschool children with autism spectrum disorders referred for intervention. Res Dev Disabil (2010) 31(3):790–9. doi: 10.1016/j.ridd.2010.02.003

				5.	Fountain C, Winter AS, Bearman PS. Six developmental trajectories characterize children with autism. Pediatrics (2012) 129(5):e1112–e1120. doi: 10.1542/peds.2011-1601

				6.	Matson JL, Shoemaker M. Intellectual disability and its relationship to autism spectrum disorders. Res Dev Disabil (2009) 30(6):1107–14. doi: 10.1016/j.ridd.2009.06.003

				7.	Yang Y. Rating scales for children’s developmental behavior and mental health. Beijing, China: People’s Health Publishing House (2016).

				8.	Gong X, Dai X. China-Wechslery Yonger Children Scale of Intellingence. Acta Psychol Sin (1988) 20(4):30–42.

				9.	Luiz DM, Foxcroft CD, Stewart R. The construct validity of the Griffiths Scales of Mental Development. Child Care Health Dev (2010) 27(1):73–83. doi: 10.1046/j.1365-2214.2001.00158.x

				10.	Luiz D, Faragher B, Barnard A, Knoesen N, Kotras N, Burns LE, et al. Griffiths Mental Development Scales–Extended Revised. Two to eight years. Administration manual. Oxford,UK: Hogrefe (2006).

				11.	Tso WWY, Wong VCN, Xia X, Faragher B, Li M, Xu X, et al. The Griffiths Development Scales-Chinese (GDS-C): a cross-cultural comparison of developmental trajectories between Chinese and British children. Child Care Health Dev (2018) 44(3):378–83. doi: 10.1111/cch.12548

				12.	Frith UE, Hill EE. Autism: mind and brain. New York, NY, US: Oxford University Press (2003).

				13.	Harms MB, Martin A, Wallace GL. Facial emotion recognition in autism spectrum disorders: a review of behavioral and neuroimaging studies. Neuropsychol Rev (2010) 20(3):290–322. doi: 10.1007/s11065-010-9138-6

				14.	Uljarevic M, Hamilton A. Recognition of emotions in autism: a formal meta-analysis. J Autism Dev Disord (2013) 43(7):1517–26. doi: 10.1007/s10803-012-1695-5

				15.	Fridenson-Hayo S, Berggren S, Lassalle A, Tal S, Pigat D, Bolte S, et al. Basic and complex emotion recognition in children with autism: cross-cultural findings. Mol Autism (2016) 7:52. doi: 10.1186/s13229-016-0113-9

				16.	Herba C, Phillips M. Annotation: development of facial expression recognition from childhood to adolescence: behavioural and neurological perspectives. J Child Psychol Psychiatry (2004) 45(7):1185–98. doi: 10.1111/j.1469-7610.2004.00316.x

				17.	Dawson G, Webb SJ, Mcpartland J. Understanding the nature of face processing impairment in autism: insights from behavioral and electrophysiological studies. Dev Neuropsychol (2005) 27(3):403–24. doi: 10.1207/s15326942dn2703_6

				18.	Kenworthy L, Case L, Harms MB, Martin A, Wallace GL. Adaptive behavior ratings correlate with symptomatology and IQ among individuals with high-functioning autism spectrum disorders. J Autism Dev Disord (2010) 40(4):416–23. doi: 10.1007/s10803-009-0911-4

				19.	Boffetta G, Celani A, Crisanti A, Vulpiani A. Relative dispersion in fully developed turbulence: Lagrangian statistics in synthetic flows. Int J Clin Lab Res (1999) 27(2):135–8. doi: 10.1209/epl/i1999-00242-8

				20.	Celani G, Battacchi MW, Arcidiacono L. The understanding of the emotional meaning of facial expressions in people with autism. J Autism Dev Disord (1999) 29(1):57–66. doi: 10.1023/A:1025970600181

				21.	Deruelle C, Rondan C, Gepner B, Tardif C. Spatial frequency and face processing in children with autism and Asperger syndrome. J Autism Dev Disord (2004) 34(2):199–210. doi: 10.1023/B:JADD.0000022610.09668.4c

				22.	Loveland KA, Tunalikotoski B, Chen R, Brelsford KA, Ortegon J, Pearson DA. Intermodal perception of affect in persons with autism or Down syndrome. Dev Psychopathol (1995) 7(3):409–18. doi: 10.1017/S095457940000660X

				23.	Rosset DB, Rondan C, Fonseca DD, Santos A, Assouline B, Deruelle C. Typical emotion processing for cartoon but not for real faces in children with autistic spectrum disorders. J Autism Dev Disord (2008) 38(5):919–25. doi: 10.1007/s10803-007-0465-2

				24.	Ozonoff S, Pennington BF, Rogers SJ. Are there emotion perception deficits in young autistic children? J Child Psychol Psychiatry (1990) 31(3):343–61. doi: 10.1111/j.1469-7610.1990.tb01574.x

				25.	Dawson G, Webb SJ, Carver L, Panagiotides H, Mcpartland J. Young children with autism show atypical brain responses to fearful versus neutral facial expressions of emotion. Dev Sci (2004) 7(3):340–59. doi: 10.1111/j.1467-7687.2004.00352.x

				26.	Jn VDG, Kemner C, Verbaten MN, Van EH. Gaze behavior of children with pervasive developmental disorder toward human faces: a fixation time study. J Child Psychol Psychiatry (2002) 43(5):669–78. doi: 10.1111/1469-7610.00055

				27.	Leung D, Ordqvist A, Falkmer T, Parsons R, Falkmer M. Facial emotion recognition and visual search strategies of children with high functioning autism and Asperger syndrome. Res Autism Spectr Disord (2013) 7(7):833–44. doi: 10.1016/j.rasd.2013.03.009

				28.	Cheung Y, Scheepers H, Swift M, Bal J, Lee V, Cheung Y, et al. A Competence-based Collaborative Network: The West Midlands Collaborative Commerce Marketplace. In: PRO-VE 2010., vol. IFIP AICT 336. Saint-Etienne, France Berlin, Heidelberg: Springer Berlin Heidelberg. (2010). p. 380–7. Paper presented at the PRO-VE. doi: 10.1007/978-3-642-15961-9_45

				29.	Kunz R, Wegscheider K, Fritsche L, Schünemann HJ, Moyer V, Miller D, et al. Determinants of knowledge gain in evidence-based medicine short courses: an international assessment. Open Med (2010) 4(1):e3-e10.

				30.	Nuske HJ, Vivanti G, Hudry K, Dissanayake C. Pupillometry reveals reduced unconscious emotional reactivity in autism. Biol Psychol (2014) 101(1):24–35. doi: 10.1016/j.biopsycho.2014.07.003

				31.	Wong N, Beidel DC, Sarver DE, Sims V. Facial emotion recognition in children with high functioning autism and children with social phobia. Child Psychiatry Hum Dev (2012) 43(5):775–94. doi: 10.1007/s10578-012-0296-z

				32.	Golan O, Baroncohen S, Golan Y. The ‘Reading the Mind in Films’ Task [child version]: complex emotion and mental state recognition in children with and without autism spectrum conditions. J Autism Dev Disord (2008) 38(8):1534–41. doi: 10.1007/s10803-007-0533-7

				33.	Loth E, Garrido L, Ahmad J, Watson E, Duff A, Duchaine B. Facial expression recognition as a candidate marker for autism spectrum disorder: how frequent and severe are deficits? Mol Autism (2018) 9(1):7. doi: 10.1186/s13229-018-0187-7

				34.	Morris JP, Pelphrey KA, Mccarthy G. Controlled scanpath variation alters fusiform face activation. Soc Cogn Affect Neurosci (2007) 2(1):31. doi: 10.1093/scan/nsl023

				35.	Pérezedgar K, Robersonnay R, Hardin MG, Poeth K, Guyer AE, Nelson EE, et al. Attention alters neural responses to evocative faces in behaviorally inhibited adolescents. Neuroimage (2007) 35(4):1538–46. doi: 10.1016/j.neuroimage.2007.02.006

				36.	Leekam S, Baroncohen S, Perrett D, Milders M, Brown S. Eye-direction detection: a dissociation between geometric and joint attention skills in autism. Br J Dev Psychol (1997) 15(1):77–95. doi: 10.1111/j.2044-835X.1997.tb00726.x

				37.	Joseph RM, Ehrman K, Mcnally R, Keehn B. Affective response to eye contact and face recognition ability in children with ASD. J Int Neuropsychol Soc (2008) 14(6):947–55. doi: 10.1017/S1355617708081344

				38.	Amy P, Danielle R, De CHAF. A review of visual perspective taking in autism spectrum disorder. Front Human Neurosci (2013) 7(6):652. doi: 10.3389/fnhum.2013.00652

				39.	Lee K, Eskritt M, Symons LA, Muir D. Children’s use of triadic eye gaze information for “mind reading.” Dev Psychol (1998) 34(3):525–39. doi: 10.1037//0012-1649.34.3.525

				40.	Thye MD, Bednarz HM, Herringshaw AJ, Sartin EB, Kana RK. The impact of atypical sensory processing on social impairments in autism spectrum disorder. Dev Cogn Neurosci (2017) 29:151–167. doi: 10.1016/j.dcn.2017.04.010

				41.	Eisenbarth H, Alpers GW. Happy mouth and sad eyes: scanning emotional facial expressions. Emotion (2011) 11(4):860–5. doi: 10.1037/a0022758

				42.	Messinger DS, Mattson WI, Mahoor MH, Cohn JF. The eyes have it: making positive expressions more positive and negative expressions more negative. Emotion (2012) 12(12):430–6. doi: 10.1037/a0026498

				43.	Black MH, Chen N, Iyer KK, Lipp OV, Bölte S, Falkmer M, et al. Mechanisms of facial emotion recognition in autism spectrum disorders: insights from eye tracking and electroencephalography. Neurosci Biobehav Rev (2017) 80: 488–515. doi: 10.1016/j.neubiorev.2017.06.016

				44.	de Wit TCJ, Falck-Ytter T, von Hofsten C. Young children with autism spectrum disorder look differently at positive versus negative emotional faces. Res Autism Spectr Disord (2008) 2(4):651–9. doi: 10.1016/j.rasd.2008.01.004

				45.	Riediger J, Breckling B, Nuske RS, Schröder W. Will climate change increase irrigation requirements in agriculture of Central Europe? A simulation study for Northern Germany. Environ Sci Eur (2014) 26(1):18. doi: 10.1186/s12302-014-0018-1

				46.	Bao W, Li Y, Gu M, Yang M, Li H, Chao L, et al. Building a Chinese Natural Emotional Audio-Visual Database. Paper presented at the International Conference on Signal Processing IEEE (2015). doi: 10.1109/ICOSP.2014.7015071

				47.	Li Y, Tao J, Schuller B, Shan S, Jiang D, Jia J. MEC 2016: The Multimodal Emotion Recognition Challenge of CCPR 2016. Singapore: Springer (2016). doi: 10.1007/978-981-10-3005-5_55

				48.	Komogortsev OV, Gobert DV, Jayarathna S, Koh DH, Gowda S. Standardization of automated analyses of oculomotor fixation and saccadic behaviors. IEEE Transa Biomed Eng (2010) 57(11):2635–45. doi: 10.1109/TBME.2010.2057429

				49.	Pan N, Wu GH, Zhang L, Zhao YF, Guan H, Xu CJ, et al. Association between intelligence development and facial expression recognition ability in children with autism spectrum disorder. Zhongguo Dang Dai Er Ke Za Zhi (2017) 19(3):275–9.

				50.	Hedvall A, Fernell E, Holm A, Asberg Johnels J, Gillberg C, and Billstedt E. Autism, processing speed, and adaptive functioning in preschool children. Scientific World Journal (2013) 2013:1–7. doi: 10.1155/2013/158263

				51.	Kanner L. Autistic disturbances of affective contact. Acta Paedopsychiatr (1943) 35(4):100–36.

				52.	Jin YS, Pae S. Communication profiles of school-aged children with social communication disorder and high-functioning autism. Comm Sci Disord (2014) 19(1):45–59. doi: 10.12963/csd.14102

				53.	Rutter M. Autism research: prospects and priorities. J Autism Dev Disord (1996) 26(2):257–75. doi: 10.1007/BF02172023

				54.	Scheeren AM, Koot HM, Begeer S. Social interaction style of children and adolescents with high-functioning autism spectrum disorder. J Autism Dev Disord (2012) 42(10):2046–55. doi: 10.1007/s10803-012-1451-x

				55.	Williams JHG, Whiten A, Suddendorf T, Perrett DI. Imitation, mirror neurons and autism. Neurosci Biobehav Rev (2001) 25(4):287–95. doi: 10.1016/S0149-7634(01)00014-8

				56.	Fogassi L, Ferrari PF. Mirror neurons and the evolution of embodied language. Curr Dir Psychol Sci (2007) 16(3):136–41. doi: 10.1111/j.1467-8721.2007.00491.x

				57.	Golan O, Gordon I, Fichman K, Keinan G. Specific patterns of emotion recognition from faces in children with asd: results of a cross-modal matching paradigm. J Autism Dev Disord (2018) 48(3):844. doi: 10.1007/s10803-017-3389-5

				58.	Lacroix A, Guidetti M, Rogé B, Reilly J. Facial emotion recognition in 4- to 8-year-olds with autism spectrum disorder: a developmental trajectory approach. Res Autism Spectr Disord (2014) 8(9):1146–54. doi: 10.1016/j.rasd.2014.05.012

				59.	Song Y, Hakoda Y. Selective impairment of basic emotion recognition in people with autism: discrimination thresholds for recognition of facial expressions of varying intensities. J Autism Dev Disord (2017) 48(6):1886–94. doi: 10.1007/s10803-017-3428-2

				60.	Gepner B, Féron F. Autism: a world changing too fast for a mis-wired brain? Neurosci Biobehav Rev (2009) 33(8):1227–42. doi: 10.1016/j.neubiorev.2009.06.006

				61.	O’Connor K. Brief report: impaired identification of discrepancies between expressive faces and voices in adults with Asperger’s syndrome. J Autism Dev Disord (2007) 37(10):2008–13. doi: 10.1007/s10803-006-0345-1

				62.	Matsuda S, Minagawa Y, Yamamoto J. Gaze behavior of children with ASD toward pictures of facial expressions. Autism Res Treat (2015) 2015(617190):1–8. doi: 10.1155/2015/617190

				63.	Durand K, Gallay M, Seigneuric A, Robichon F, Baudouin JY. The development of facial emotion recognition: the role of configural information. J Exp Child Psychol (2007) 97(1):14–27. doi: 10.1016/j.jecp.2006.12.001

				64.	García-Blanco A, López-Soler C, Vento M, García-Blanco MC, Gago B, Perea M. Communication deficits and avoidance of angry faces in children with autism spectrum disorder. Res Dev Disabil (2017) 62:218–26. doi: 10.1016/j.ridd.2017.02.002

				65.	Zadra JR, Clore GL. Emotion and perception: the role of affective information. Wiley Interdiscip Rev Cogn Sci (2011) 2(6):676–85. doi: 10.1002/wcs.147

				66.	Hosozawa M, Tanaka K, Shimizu T, Nakano T, Kitazawa S. How children with specific language impairment view social situations: an eye tracking study. Pediatrics (2012) 129(6):e1453–1460. doi: 10.1542/peds.2011-2278

				67.	Nakano T, Tanaka K, Endo Y, Yamane Y, Yamamoto T, Nakano Y, et al. Atypical gaze patterns in children and adults with autism spectrum disorders dissociated from developmental changes in gaze behaviour. Proc Biol Sci (2010) 277(1696):2935–43. doi: 10.1098/rspb.2010.0587

				68.	Chawarska K, Macari S, Shic F. Context modulates attention to social scenes in toddlers with autism. J Child Psychol Psychiatry (2012) 53(8):903–13. doi: 10.1111/j.1469-7610.2012.02538.x

				69.	Guillon Q, Hadjikhani N, Baduel S, Rogé B. Visual social attention in autism spectrum disorder: insights from eye tracking studies. Neurosci Biobehav Rev (2014) 42(5):279–97. doi: 10.1016/j.neubiorev.2014.03.013

				70.	Dalton K, Nacewicz B, Johnstone T, Schaefer H, Gernsbacher M, Goldsmith H, et al. Gaze fixation and the neural circuitry of face processing in autism. Nat Neurosci (2005) 8(4):519–26. doi: 10.1038/nn1421

				71.	Humphreys K, Hasson U, Avidan G, Minshew N, Behrmann M. Cortical patterns of category-selective activation for faces, places and objects in adults with autism. Autism Res (2010) 1(1):52–63. doi: 10.1002/aur.1

				72.	Hunnius S. The early development of visual attention and its implications for social and cognitive development. Prog Brain Res (2007) 164:187–209. doi: 10.1016/S0079-6123(07)64010-2.

				73.	Johnson MH. Subcortical face processing. Nat Rev Neurosci (2005) 6(10):766. doi: 10.1038/nrn1766

				74.	Walsh P, Elsabbagh M, Bolton P, Singh I. In search of biomarkers for autism: scientific, social and ethical challenges. Nat Rev Neurosci (2011) 12(10):603–12. doi: 10.1038/nrn3113

				75.	Tanaka JW, Sung A. The “Eye Avoidance” Hypothesis of Autism Face Processing. J Autism Dev Disord (2016) 46(5):1538–52. doi: 10.1007/s10803-013-1976-7

				76.	Sun X, Allison C, Wei LP, Matthews FE, Auyeung B, Wu YY, et al. Autism prevalence in China is comparable to Western prevalence. Mol Autism (2019) 10:1–17. doi: 10.1186/s13229-018-0246-0

				77.	Baron-Cohen S, Bowen DC, Holt RJ, Allison C, Auyeung B, Lombardo MV, et al. The “Reading the Mind in the Eyes” Test: complete absence of typical sex difference in ~400 men and women with autism. Plos One (2015) 10(8):e0136521. doi: 10.1371/journal.pone.0136521

				78.	Adolphs R, Tranel D, Damasio H, Damasio A. Fear and the human amygdala. J Neurosci (1995) 15(9):5879–91. doi: 10.1523/JNEUROSCI.15-09-05879.1995

				79.	Caldara R, Miellet S. iMap: a novel method for statistical fixation mapping of eye movement data. Behav Res Methods (2011) 43(3):864–78. doi: 10.3758/s13428-011-0092-x

				80.	Yi L, Fan Y, Quinn PC, Feng C, Huang D, Li J, et al. Abnormality in face scanning by children with autism spectrum disorder is limited to the eye region: evidence from multi-method analyses of eye tracking data. J Vis (2013) 13(10):5, 1–3. doi: 10.1167/13.10.5

			Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

			Copyright © 2019 He, Su, Wang, He, Tan, Zhang, Ng, Yan and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

		

OEBPS/Images/Figure_5.jpg
s e

TD Group ASD Group

TD Grou, ASD Group






OEBPS/Images/Figure_1.png





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/Figure_9.jpg
* *

L 20 [C_JASD
=20 5 ™
3
= S
= =
28 =
E * g *
H
g — S0 =
510 £
z ]
£ 5

0 0
face ‘mouth eye face mouth eye
Area of interest Area of interest

A B






OEBPS/Images/Figure_6.jpg
35
30

25

20
15

Percentage of fixation fime of AOI

1of

*x

CJAsp
™

35
30
25
20
15

10

[ JAsD
[ ™

face mouth

Arca of interests
A

eye

face

‘mouth

eye

Area of interests
B






OEBPS/Images/logo.jpg
, frontiers
in Psychiatry





OEBPS/Images/Figure_3.png
Juow3pn( [emdoorad oy jo Loevinooy

S

positive negative

Emotion category

total





OEBPS/Images/Figure_7.jpg
ASD
™

C_JAsp
1

'

Fe¥BR8882s=

OV JO Ui uonEXy Jo FeIIG

s
0

B
1m
s
H
+4
LR R R
10V g0 1med oy jo SFewadiog
e o
= B

E]
H
g

face

Area of interests

Area of interests

B

A





OEBPS/Images/Figure_8.jpg
Fixation duration time of in AOI (ms)

8000
7000
6000
5000
4000
3000
2000
1000

[ 8000f  wk
[C_JAsD L [EJAsD
ER™ ™
6000
** e
e )
4000
2000
0
Tace ‘mouth oo mouth oye

Area of interest
%

Area of interest






OEBPS/Images/Figure_2.png





OEBPS/Images/Figure_4.jpg
Emotion category

g§gEggsgEgse"

'S09PIA J[OA A1 J0 1UN0D UONEXIY

2
H

|

[CAsD
]

Emotion category

1

N
LI I

2[0Um 31 JO WL UOHBIND UOHEX





OEBPS/Images/fpsyt.2019.00402_cover.jpg
’ frontiers
in Psychiatry

The Characteristics of Intelligence
Profile and Eye Gaze in Facial
Emotion Recognition in Mild and
Moderate Preschoolers With Autism
Spectrum Disorder





