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Background: Visual atypicalities in autism spectrum disorder (ASD) are a well documented phenomenon, beginning as early as 2–6 months of age and manifesting in a significantly decreased attention to the eyes, direct gaze and socially salient information. Early emerging neurobiological deficits in perceiving social stimuli as rewarding or its active avoidance due to the anxiety it entails have been widely purported as potential reasons for this atypicality. Parallel research evidence also points to the significant benefits of animal presence for reducing social anxiety and enhancing social interaction in children with autism. While atypicality in social attention in ASD has been widely substantiated, whether this atypicality persists equally across species types or is confined to humans has not been a key focus of research insofar.

Methods: We attempted a comprehensive examination of the differences in visual attention to static images of human and animal faces (40 images; 20 human faces and 20 animal faces) among children with ASD using an eye tracking paradigm. 44 children (ASD n = 21; TD n = 23) participated in the study (10,362 valid observations) across five regions of interest (left eye, right eye, eye region, face and screen).

Results: Results obtained revealed significantly greater social attention across human and animal stimuli in typical controls when compared to children with ASD. However in children with ASD, a significantly greater attention allocation was seen to animal faces and eye region and lesser attention to the animal mouth when compared to human faces, indicative of a clear attentional preference to socially salient regions of animal stimuli. The positive attentional bias toward animals was also seen in terms of a significantly greater visual attention to direct gaze in animal images.

Conclusion: Our results suggest the possibility that atypicalities in social attention in ASD may not be uniform across species. It adds to the current neural and biomarker evidence base of the potentially greater social reward processing and lesser social anxiety underlying animal stimuli as compared to human stimuli in children with ASD.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is a pervasive developmental disorder emerging in the first three years of life and characterized by significant deficits in social functioning and repetitive patterns of interest and behavior (American Psychiatric Association, 2013). Atypical visual attention has been widely identified as a key behavioral hallmark in the autism diagnosis (Jones et al., 2008). From infancy, typical individuals show a preference for social stimuli, including faces (Haith et al., 1977; Brosch et al., 2007), face-like configurations (Farroni et al., 2005; Johnson, 2005; Frank et al., 2009, 2014), and biological motion (Simion et al., 2008). Further, typical individuals also show a greater visual attention to the eyes, with a greater preference for direct gaze, thus demonstrating a greater sensitivity to eye contact and a greater capacity to decode information derived through it (Farroni et al., 2002; Dubey et al., 2015). Evidence suggests that these social preferences may be phylogenetically preserved (Emery, 2000; Rosa Salva et al., 2011), enabling the systematic specialization of social brain networks that orient infants toward social signals (Decasper and Fifer, 1980; Klin et al., 2002, 2009; Simion et al., 2008).

Children with ASD on the contrary, show atypical visual processing patterns as early as from 2 to 6 months of age (Jones and Klin, 2013), with differences becoming clearly discernible toward the end of the first year of life (Osterling and Dawson, 1994; Osterling et al., 2002). Studies employing static (e.g., Dalton et al., 2005), dynamic (e.g., Klin et al., 2003) and interactive stimuli (e.g., Campbell et al., 2014) have evidenced a significantly decreased attention to the eyes and direct gaze in children with ASD when compared to typical controls. This was also accompanied by an increased attention to typically less salient parts of the face including the nose, mouth and other facial regions along with an increased attention to the body and other objects (Joseph and Tanaka, 2002; Klin et al., 2002; Dalton et al., 2005). The visual atypicalities in individuals with ASD form part of an overall reduced social inclination as seen in deficits in pointing, showing objects, looking at others, orienting to name, social smiling, shared affect and social vocalizations (Dawson et al., 1998; Zwaigenbaum et al., 2005; Ozonoff et al., 2010; Wan et al., 2013). Early emerging neurobiological deficits in perceiving social stimuli and direct gaze as rewarding (e.g., Osterling et al., 2002; Scott-Van Zeeland et al., 2010; Kohls et al., 2013), or an active avoidance of direct gaze due to the potential threat perceived and the anxiety it entails (e.g., Kliemann et al., 2010; Tanaka and Sung, 2013; Tottenham et al., 2013), have been widely purported as potential reasons for the atypicality in visual gaze patterns in individuals with ASD. While a majority of studies point to atypical visual attention, a few studies also report near normal attentional preferences in individuals with ASD, both in terms of overall preferences to social stimuli as also the preferences to salient regions within a social stimulus (e.g., Bar-Haim et al., 2006; Fletcher-Watson et al., 2009). However studies also report that an employment of more sensitive measures reveals subtle differences in social attention in ASD, which may have important implications (e.g., Fletcher-Watson et al., 2009).

While the initial evidence base for atypical visual processing in ASD has emerged from retrospective studies of home video tapes (e.g., Osterling and Dawson, 1994; Zwaigenbaum et al., 2005), more recent studies using eye tracking measures have also substantiated these findings that were initially obtained through observational and naturalistic paradigms (Papagiannopoulou et al., 2014; Chita-Tegmark, 2016). For instance Chawarska and Shic (2009) using an eye tracking paradigm on 2- and 4-year-old children with ASD, not only revealed atypical attention patterns in young children, but also an intensification of the symptoms with age, with a lesser attention to core internal features of the face, like the eyes and a greater attention to external features such as hair, cheeks and other aspects of the image such as the body and screen (Chawarska and Shic, 2009). While the atypicality in social attention in ASD has been well-documented, whether this atypicality persists equally across species types or is confined to humans has not been a key focus of research insofar.

The benefit that animal companionship can provide to human wellbeing is a field of growing enquiry and the focus of the multidisciplinary field of human animal interaction (HAI). The HAI theory suggests that humans seek out contact with animals as they represent a source of social support that is calming, accepting and patient (Norris et al., 1999; Kruger and Serpell, 2010). In fact a key benefit that companion animals provide across population groups is their capacity to enhance social functioning. Animals can act as social facilitators, motivating positive social participation and reducing social withdrawal which can be crucial for vulnerable population groups such as those with disabilities, particularly when the possibilities for human social support are uncertain and/or deficient (Eddy et al., 1988).

Research evidence reports similar robust social functioning benefits of animal companionship for children with ASD, with the presence of animals leading to increased social skills, positive affect, and positive social behaviors along with lower levels of negative affect and social anxiety (Bass et al., 2009; Prothmann et al., 2009; Beetz et al., 2012; O’Haire et al., 2013; Funahashi et al., 2014). For instance, in a study involving social interaction situations between ASD and TD (typically developing) children, unique anxiolytic effects with a 43% decrease in skin conductance responses was observed in children with ASD when guinea pigs were present compared to toys, indicative of significantly lesser social anxiety and consequently enhanced social functioning (O’Haire et al., 2015). A key hormone implicated in these positive effects is oxytocin, with studies pointing to the potential of interactions with animals in increasing oxytocin levels in humans (Odendaal, 2000; Odendaal and Meintjes, 2003; Gordon et al., 2011; Handlin et al., 2011). This can have important implications considering that oxytocin pathways are critically implicated in social reward processing deficits in ASD (Modi and Young, 2012) and hence also atypical visual attention (Kanat et al., 2017). The social benefits that animals provide may also emerge from the fundamental morphological and behavioral characteristics that animals possess which can effectively engage with the low arousal levels that characterize children with ASD. For instance, animals such as dogs represent a multisensory stimulus, have simpler movements that are easier to interpret and may possess a higher level of behavioral and structural neoteny emerging from selective breeding (Redefer and Goodman, 1989; Rogers, 1998; Solomon, 2010; Silva et al., 2011) and these factors may also operate for several other domesticated animal species. The biophilia hypothesis (Wilson, 1984) proposes another interesting possibility of enhanced attention in the presence of animals, which can be crucial to social interactions. It suggests that humans are genetically predisposed with an innate tendency to focus on life and life-like processes (Wilson, 1984; Kellert and Wilson, 1993) due to the evolutionary benefits it provided in terms of procuring food and ensuring species survival. Several research studies also support this possibility and report that the presence of an animal leads to a heightened social awareness in children with ASD (Martin and Farnum, 2002).

Research evidence of the greater social benefits that animals provide becomes extremely significant as social impairments and accompanying social isolation are key deficit areas that characterize the ASD diagnosis (e.g., Carter et al., 2005; American Psychiatric Association, 2013). The capacity for animals to elicit greater social motivation and lesser social anxiety also points to the interesting possibility of a greater social reward value or a lesser gaze aversion for animal stimuli thereby potentially evoking a lesser level of atypicality in its visual processing.

A recent study by Whyte et al. (2016) examined this possibility providing neurobiological evidence that children with ASD may perceive greater social reward from animal faces, compared to human faces, as indicated by greater activation in the amygdala and putamen. Additional evidence on the same lines has emerged from eye tracking studies. A study comparing face scanning in children with ASD, ADHD (attention deficit hyperactivity disorder) and typical controls, revealed that while ASD children showed atypical patterns of face processing, they also looked at dog images the most, as compared to human faces. This preference for animal images was also shared by TD children and those with ADHD in the study (Muszkat et al., 2015). Another study comparing children with ASD and TD children, revealed among other findings that ASD children looked significantly longer at the eyes than other face and body parts in animal pictures, whereas no particular area of interest was significantly focused on in human pictures (Grandgeorge et al., 2016). The results thus indicate differences in visual gaze exploration by children with ASD depending on whether a picture represented a human or an animal face, and a potentially lesser atypicality in the viewing of animal faces by children with ASD as compared to when they viewed human faces.

Against this backdrop, the present study attempts a comprehensive examination of the differences in visual attention to human and animal stimuli among children with ASD, overcoming limitations of existing studies in terms of a lack of consistent stimulus dimensions and characteristics across human and animal images (Muszkat et al., 2015; Grandgeorge et al., 2016) and an absence of the examination of gaze patterns to direct and averted gaze images. Based on the well-documented phenomenon of atypical visual attention in ASD and existing evidence of the greater social inclination toward animals in children with ASD, our primary hypothesis is that while typical children will show greater overall social attention to all images when compared to children with ASD, the latter will show a greater visual preference for animal images when compared to human images.



METHOD


Ethics

All protocols to be adopted in the study, including the procedures for obtaining informed consent were approved by the Institutional Ethics Committee of Andhra University and the Ethical Review Board of LV Prasad Eye Institute, Visakhapatnam. Informed consent was obtained in writing from the principals of three special schools and one regular school participating in the study. Informed consent was also obtained in writing from the parents/caregivers for the inclusion of the individual participants along with verbal assent from the participants. To ensure a complete understanding of the protocols involved, informed consent forms were provided in both English and Telugu (local language) languages where required.



Participants


Recruitment and Eligibility

Participants in the study were recruited from three special education schools and one regular school in the city of Visakhapatnam, India. Inclusion criteria for participants with ASD included: (a) age between 5 and 12 years, (b) parent and/or teacher reported diagnosis of ASD, and (c) normal or corrected to normal vision (essential for valid observations on the eye tracker), as examined by a certified optometrist. Inclusion criteria during data analysis included (a) a score of ≥11 on the Social Communication Questionnaire (SCQ) and ≥70 on the Social Responsiveness Scale (SRS-2) (detailed descriptions of the SCQ and the SRS-2 provided in section Screening Measures), to indicate a diagnosis of ASD. Exclusion criteria for participants with ASD included (a) a co-morbid diagnosis of congenital deafness, mental retardation, seizure disorder and any acute medical, genetic conditions or psychiatric conditions such as schizophrenia, (b) an inability to follow instructions, (c) visual issues amounting to a lack of normal or corrected to normal visual capacity, and (d) an inability to achieve calibration on the eye tracker.

Inclusion criteria for typically developing (TD) participants included (a) age between 5 and 12 years, (b) no parent and/or teacher reported diagnosis of ASD, and (c) normal or corrected to normal vision as examined by a certified optometrist. Inclusion criteria during data analysis included a score of ≤10 on the Social Communication Questionnaire (SCQ) and ≤69 on the Social Responsiveness Scale (SRS-2), to indicate the absence of an ASD diagnosis and social deficits.



Sample Characteristics

A total of 54 children with ASD and 47 typical children participated in the study. During the process of data collection 33 children with ASD were excluded from the sample for the following reasons: (a) 2 did not meet the criteria for ASD diagnosis on the SCQ and the SRS-2, (b) 26 participants with ASD did not meet the criteria for normal or corrected to normal vision due to previously undiagnosed refractive errors and strabismus, (c) 3 participants were unable to follow instructions during the process of eye tracking, and (d) 2 could not achieve calibration on the eye tracker. Similarly, 24 typical children were excluded from the sample as they did not meet the criteria for normal or corrected to normal vision due to previously undiagnosed refractive errors. The final sample of participants with ASD consisted of 21 children (M = 16, F = 5) between 6 and 12 years of age (mean age 10.03 years). In addition to the existing diagnosis (psychiatrists, clinical psychologists, pediatrician reports), all 21 participants met the criteria for a diagnosis of ASD on the SCQ and the SRS-2. The final sample of typical participants consisted of 23 children (M = 9, F = 14) between 6 and 12 years of age (mean age- 9.34 years) and without a diagnosis of ASD in terms of either prior parent and/or teacher reports or scores on the SCQ and SRS-2. Table 1 summarizes the demographic, IQ and ASD screening data for the participants in this study.


TABLE 1. Demographic details of the participants.
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Measures


Visual Gaze Fixation Measure

Participants’ visual gaze fixation patterns were captured using non-invasive Tobii X3-120 eye tracker and the Tobii Pro Studio Software (Tobii, Stockholm, Sweden). The Tobii X3-120 eye tracker uses infrared light emitting diodes (LEDs) to detect corneal reflection patterns and these along with other visual data are collected by the image sensors and processed to situate the participant’s gaze point on the screen at a sampling rate of 120 hz per second. The Tobii X3-120 provides highly accurate and precise data with a high freedom from head movement rate (19.7″× 15.7″− width × height), making it suitable for use with children with developmental disabilities (Tobii, Stockholm, Sweden) and has been widely used in research with children diagnosed with ASD and other developmental disabilities (e.g., Riby and Hancock, 2009; Sasson et al., 2011; Pierce et al., 2016).



Screening Measures

Two standardized measures were used for the purpose of autism screening. These include:


The Social Communication questionnaire (SCQ).

The SCQ is a brief and widely used ASD screening tool based on the Autism Diagnostic Interview-Revised (Lord et al., 1994). It is a 40 item questionnaire to be completed by the parent or caregiver. Each item is answered as “yes/no” and is scored either as 0 or 1 with 1 endorsing the presence of the autism symptom (Rutter et al., 2003). The SCQ is an extremely well validated screening instrument (Norris and Lecavalier, 2010) and has a high agreement with ADI-R scores (Le Couteur et al., 2003). It shows excellent autism screening properties in discriminating between ASD and non-ASD cases with a reported sensitivity and specificity of 0.85 and 0.75 (Berument et al., 1999) and 0.88 and 0.72 (sensitivity and specificity) respectively (Chandler et al., 2007). While the current form of the SCQ asks for the presence of behaviors in the past three months, the lifetime version assesses presence of symptoms across the child’s entire developmental history (Marvin et al., 2017) and hence is more suitable for screening. The SCQ can be used with children above 4 years of chronological age, on condition that their mental age is above 2 years (Rutter et al., 2003). The lifetime version of the SCQ was used in the current study. Scores on the SCQ- Lifetime version range from 0 and 33 for non- verbal and 0–39 for verbal children. A cut-off score of ≥11 was used for the screening of ASD (Norris and Lecavalier, 2010).



The Social Responsiveness Scale (SRS).

The Social Responsiveness Scale (SRS-2) (Constantino and Gruber, 2012), formerly known as the Social Reciprocity Scale is a 65- item rating scale completed by a parent, teacher or other adult informant that uses a continuum approach to assess the severity of ASD symptoms in children aged 2.5–18 years. The SRS-2 provides a continuous measure of the severity of the child’s social impairments on a 4-point Likert scale scored from 0 (never true) to 3 (almost always true), yielding an overall severity score with a higher score corresponding to greater impairment. Scores on the SRS-2 can range from 0 to 195 with a higher score indicating greater impairment and corresponding T scores representative of the levels of autism severity. The subscales of the SRS-2 assess five domains namely, social awareness, social motivation, social communication and interaction, social cognition and autistic preoccupations as seen in restricted and repetitive behaviors (RRB) with the social communication and interaction subscale and the RRB subscale corresponding to the two main symptom domains of the DSM-5 (Constantino and Gruber, 2012; American Psychiatric Association, 2013). The SRS is a highly valid and quantitative measure and in addition to its use as a clinical diagnostic tool and a screening measure of autism severity (Constantino and Todd, 2005; Duvall et al., 2007; Frazier et al., 2014), it can also be used for assessing intervention efficacy, in terms of the response to intervention (Pine et al., 2006; Constantino et al., 2009). The SRS-2 has a high reliability (internal consistency reliability alpha 0.95 for all gender and age ranges) and inter-rater agreement validity coefficients ranging from 0.72 to 0.82. The present study used a cut-off score of ≥70 for ASD screening purposes (Constantino and Gruber, 2005).



IQ Assessment


Raven’s Colored Progressive Matrices (RCPM).

Raven’s Colored Progressive Matrices (RCPM) is a non-verbal test of intelligence and measures general cognitive and clear-thinking ability. The 36 items are arranged in three sets -A, Ab, and B consisting of 12 items each, and assess the chief cognitive processes of which children between 4 and 11 years of age, are usually capable. It can also be used with populations beyond this age range including adolescents and adults with mental or physical impairments and the elderly (Raven et al., 1996). The Raven’s CPM items seek to gauge cognitive development up to the point when an individual is satisfactorily and consistently able to engage in reasoning by analogy. The CPM produces a single raw score which can be converted to a percentile (Raven et al., 1996).



Visual Stimuli

Stimuli presented to the participants consisted of static color photographs of humans and animals against a constant gray backdrop (29.5 × 32.5 degrees of visual angle). A total of 40 images were used in the study (humans = 20 images, males = 10, females = 10; animals total = 20 images, dogs = 8 cats = 8, horses = 2, and cows = 2) divided into an equal number of front facing and averted facing images (averted to the participant’s right). The human consisted of adult Indian male and female faces, obtained by the principal investigator with informed consent of the individuals who were photographed, whereas the animal images were procured from internet sources. All images were edited using Adobe Photoshop 7.0 to replace the background with uniform gray color (code#B6B5B5).



Data Capture Procedures

The static human and animal images were presented to the participants on a 21.5″ high definition LCD monitor (with screen resolution 1920 × 1080 pixel) using Tobii Pro studio software. Participants were seated on a height adjustable chair either individually or in the lap of a caregiver or a research assistant, at an approximate distance of 60 cm from the screen. After a comfortable seating position was achieved, a manual five-point infant calibration was used for each participant wherein each child was instructed to follow an animated stimulus around the screen. In case of poor calibration, recalibration was conducted and the study was continued only for those participants who achieved a successful calibration as verified by the Tobii X3-120. After successful calibration, each target image was presented for 5 s and separated by a screen showing a tumbling teddy bear at the center of the screen, jittered at 1, 1.5, or 2 s, so as to re-center attention and to reduce the effect of possible distracters. The order of presentation of the stimuli was randomized across participants to counterbalance possible sequence effects. The total run time of the experiment was 260 ± 20 s (see Figure 1). The testing procedures for all participants were conducted in the same setting, free from distracters (e.g., noise and movement) and with optimal and constant illumination. Two research assistants were present in the room during the eye tracking procedure. One research assistant controlled the computer with the help of an extended screen and was seated behind a curtained panel invisible to the participant, while the other research assistant handled other logistics pertaining to the eye tracking process (e.g., handling the required seating adjustments for the participants and caregivers, seating participants in the lap if needed) without interfering with the procedure.


[image: image]

FIGURE 1. Diagram illustrating stimulus presentation within the eye tracking paradigm. Each target stimulus was displayed for a period of 5 s (5000 ms) followed by an inter-stimulus image displayed for a variable period of 1, 1.5, or 2 s. Permissions and image licenses have been obtained from the copyright holders (Source: ©Eric Isselee/Shutterstock.com).




Data Analysis

Regions of interest (ROIs) were drawn using interfaces provided by Tobii Studio©. ROI boxes encompassed the face including human hairline as well as ear or nose tips as applicable. Images were resized using Adobe Photoshop 7.0 so that ROI boxes were as near as possible to 600 × 850 pixels which would then correspond to 29.5 × 32.5 degrees of visual angle. Prior to testing the primary hypotheses, post hoc raw data export was done using Tobii Studio© software (Tobii, Stockholm, Sweden). The data export also included a fixation classification step that detected fixations based on the velocity of directional shifts of the eye (I-VT algorithm implemented in Tobii Studio). Custom scripts written in MATLAB© were used to extract and tabulate fixation related statistics. ROI-wise fixation statistics were tabulated in custom data structures as were dwell statistics obtained by collating fixations at different locations within an ROI, over a single presentation of an image. Fixations that did not land on face or face-part ROIs were assigned to a control “Screen” ROI. Image presentations, for which no fixation was made in any ROI, were not used for further analysis.

An initial examination of the data involving a computation of the Anderson- Darling test of normalcy and the Levene’s test for homogeneity of variances revealed a non-normal distribution with heterogeneous variances (p ≤ 0.05). To obtain a strong measure of the effects on the outcome variable while accounting for the data characteristics, the study used a regression analysis using the unbiased recursive binary partitioning approach (Hothorn et al., 2006) as a model for testing the a priori hypotheses. The recursive binary partitioning approach (BRP) and resulting tree models provide a robust and easily interpretable measure of all possible interaction effects across the variables of interest on the outcome measures with the flexibility of fewer assumptions regarding the data and evidence growing application and promising utility in psychological research (King and Resick, 2014). Unbiased binary recursive partitioning models use the algorithmic process of recursive partitioning in a binary fashion to create homogenous clusters of the data based on the outcome variables, in ways that maximize the differences between the clusters. The stepwise splitting process involves (a) a search for all possible splits across all variables, (b) identification of the most optimal split based on some criterion, (c) splitting the sample at this limit resulting in two daughter nodes, and (d) repeating steps 1–3 on the resulting daughter/intermediary nodes till terminal nodes are reached and no further partitioning is possible based on the predefined termination criteria (Martin, 2015). Unbiased binary recursive partitioning models are most suited for conditions where all possible interactions of independent variables for the data as a whole become the focus of interest, when the data satisfies fewer assumptions such as that of normality and homoscedasticity and the variables are measured categorically (Doove et al., 2014), as is the case in the present study.

The present study attempted an analysis of all existing interaction effects of the independent variables –ROI (face, left eye, right eye, eye region, mouth and screen), stimulus type (human, animal), stimulus orientation (front facing, averted facing) and diagnosis (TD, ASD) on the dependent variable of fixation duration using the BRP approach. Fixation duration was defined with respect to the dwell timings falling within each ROI and data analysis focused on the fixation time in milliseconds for each independent observation event for every participant at the ROI level within each image presented, comprising a total number of 10362 valid observations. An observation was defined as the total dwell time within an ROI of an image shown to the participant. Figure 2 shows the conditional inference tree derived from this data. The most statistically significant split generated, partitioned ROIs as the root nodal point with a further binary branching down of the nodes by largest differences across possible groupings, till no more splits were possible with respect to the termination criteria, which was specified a priori as a p value exceeding 0.05. Data was analyzed using the R 3.4.3, Partykit version 3.2-2 which is a highly functional and flexible toolkit for summarizing, displaying and modifying recursive partitions and their tree based depictions (Hothorn and Zeileis, 2015).


[image: image]

FIGURE 2. Conditional Inference Tree showing statistically significant interactions of the independent variables.




RESULTS

Results obtained were examined at the level of the primary hypotheses (see Figure 2). Tables 2, 3 provide Mean and SD values for gaze fixation durations.


TABLE 2. Mean and SD values of gaze fixation duration on all ROIs of human and animal images for ASD participants.

[image: Table 2]
TABLE 3. Mean and SD values of gaze fixation duration on all ROIs of human and animal images for TD participants.

[image: Table 3]Results indicated a significant interaction effect of diagnosis and ROI with typical children showing significantly greater visual attention to the face and eye region (node 2), left eye (node 18), right eye (node 35) (all p ≤ 0.001), and mouth (node 30, p ≤ 0.01) ROIs of all social images (human and animal images combined) as compared to children with ASD. Children with ASD showed a greater visual attention to the screen ROI (node 18, p ≤ 0.001) in all social images when compared to typical controls. No significant differences in visual attention were observed within typical children to any of the ROIs of human images when compared to animal images. However, within children with ASD, findings revealed a significant interaction between ROI and stimulus type, with ASD children showing a significantly greater visual attention to the face (node 9, p ≤ 0.001) and eye region (node 4, p ≤ 0.01) ROIs in animal images when compared to human images. Also, a significantly greater visual attention was seen to the mouth (node 30, p ≤ 0.01) and screen (node 18, p ≤ 0.001) ROIs in human images when compared to animal images in children with ASD.

With regard to stimulus orientation, a significant interaction between ROI and stimulus orientation was observed within TD children with significantly greater visual fixation duration to the left eye and screen ROIs in averted social images (human and animals combined) when compared to front facing social images (node 26, p ≤ 0.001) and greater fixation to the right eye ROI in front facing social images (node 39, p ≤ 0.001). Similarly children with ASD also showed a greater visual fixation to the left eye ROI in averted facing images (node 20, p ≤ 0.01) and a greater visual fixation to the right eye ROI in front facing images (node 36, p ≤ 0.001). A significant interaction between ROI, stimulus type and stimulus orientation was observed within ASD children with a significantly greater visual attention allocation to the eye region (node 5, p ≤ 0.05) and face (node 10, p ≤ 0.05) ROIs of animal front facing images when compared to animal averted facing images. No significant differences were observed within TD and ASD groups for the mouth ROI on front and averted facing human and animal images. Figures 3–6B show heatmap images of the significant findings obtained.
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FIGURE 3. Heat Diagram illustrating the most attended areas of the human face by Typical and ASD participants and the lesser attention to salient regions of the human face in ASD. (Gradients of most attended areas on the heat maps range from red through yellow to green).
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FIGURE 4. Heat Diagram illustrating the most attended areas of the animal face by Typical and ASD participants and the lesser attention to salient regions of the animal face in ASD. Gradients of most attended areas on the heat maps range from red through yellow to green).
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FIGURE 5. Heat Diagram illustrating the most attended areas of the human and animal faces by ASD participants and indicating the greater visual attention to salient regions of the animal face in ASD. (Gradients of most attended areas on the heat maps range from red through yellow to green).
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FIGURE 6. (A,B) Heat Diagrams illustrating the most attended areas of the human and animal front and averted faces by ASD participants and indicating the greater visual attention to direct gaze in the animal face in ASD (Gradients of most attended areas on the heat maps range from red through yellow to green). Permissions and image licenses have been obtained from the copyright holders (Source: ©Ermolaev Alexander/Shutterstock.com).




DISCUSSION

The present study attempted a comparative examination of visual attention to animal and human faces in children with ASD and typical controls through an examination of six ROIs namely- face, left eye, right eye, eye region, mouth and screen. Results obtained reported a greater visual attention to faces in typical children when compared to children with ASD. Typical children showed significantly greater attention to the face, left eye, right eye and eye region ROIs and a lesser visual attention to the screen ROI indicative of a greater attention to the salient aspects of the images. Children with ASD on the contrary allocated comparatively greater attention than typical peers to the screen or the part of the image that did not contain socially significant information across all the images.

The results obtained are consistent with the bulk of previous eye tracking literature reporting atypical and lesser visual attention to social stimuli in children with ASD when compared to typical controls (Papagiannopoulou et al., 2014; Chita-Tegmark, 2016) and can be explained in terms of the marked deficits that children with ASD exhibit from an early age in preferentially orienting to social information and stimuli that are socially salient such as the face and the eyes (Klin et al., 2002; Jones and Klin, 2013; Campbell et al., 2014). Mixed results have been reported with regard to the mouth ROI with meta-analytic studies reporting greater, (Asberg Johnels et al., 2014; Grossman et al., 2015), lesser (Sterling et al., 2008; Rice et al., 2012) or no significant difference in attention allocation to the mouth in children with ASD when compared to typical controls (Wagner et al., 2013; Tenenbaum et al., 2014; Auyeung et al., 2015). Results in the present study revealed a significantly lesser visual fixation to the mouth in children with ASD when compared to typical children. Similar results have been found in earlier studies. For instance, Rice et al. (2012) found that in response to naturalistic social stimuli in a free viewing eye tracking paradigm, children with ASD showed a lesser attention to the mouth along with lesser attention to other regions of the face such as the eyes (Rice et al., 2012). Studies also suggest that the reduced attention allocation to the face in ASD is generalized, may not be specific to the eyes and may impact all salient areas of the face including the mouth, with the mouth not acting as a compensatory source of social information (Chita-Tegmark, 2016).

A key aim of the present study was to examine possible biases in social attention to animal faces in children with ASD when compared to human faces. Results obtained revealed a significantly greater attention allocation to animal faces and eye region and lesser attention to the animal mouth in children with ASD when compared to human faces, indicative of a clear attentional preference to socially salient regions of animal stimuli. These results are in line with previous research reporting a greater preference and more positive appraisal of animal stimuli over human and inanimate stimuli in children with autism and developmental disabilities. For instance preference studies in experimental settings using either images (Celani, 2002) or live stimuli (Prothmann et al., 2009) have reported an enhanced preference for animals in children with ASD over inanimate objects and human stimuli. Supportive research evidence has also emerged in the form of enhanced social functioning and reduced social stress in the presence of animals in children with ASD as revealed in both observational paradigms and through an examination of biomarker indices including salivary cortisol and skin conductance (O’Haire, 2013, 2017). A third line of supportive evidence has most recently emerged from brain imaging paradigms with sMRI and fMRI recordings reporting a greater activation in social reward and emotional arousal-specific areas of the brain in response to animal but not human stimuli (Whyte et al., 2016). Studies using eye tracking methods have also reported a greater visual attention to animal faces over human faces in children with ASD (Muszkat et al., 2015; Grandgeorge et al., 2016). The present study sought to substantiate these findings through a comprehensive eye tracking examination of visual gaze patterns to human and animal stimuli. It also aimed to extend these findings through an examination of gaze orientation in addition to stimulus type.

The positive attentional bias toward animal images was also seen in gaze orientation, in terms of a significantly greater visual attention to the face and eye region of front facing animal images when compared to animal images with averted eyes. However, no such preference for a direct gaze orientation was seen for human faces in children with ASD. Earlier research has reported that while typical children show an advantage with direct gaze and a disadvantage with averted gaze in visual tasks, this is not evident in children with ASD (Senju et al., 2003, 2005). Further children with ASD also showed gaze aversion effects in terms of an exaggerated stress response to direct gaze (Kylliäinen and Hietanen, 2006). Findings in the present study also showed no significant preference among children with ASD for direct gaze in human faces. However a preferential attention to direct gaze emerged for animal faces indicating the possibility of a significantly lesser amount of gaze aversion and social stress or a greater social reward in the presence of animal stimuli.

The greater attention to direct gaze in animals and a greater attention to the eye region in animal faces when compared to human faces can be cumulatively suggestive of that fact that children with ASD have a greater capacity to derive information from the eyes in animal stimuli – a capacity that is significantly impaired in the case of human stimuli. Verbal reports obtained from the participants and caregivers prior to the start of the experiment revealed that while none of the participants had pets, all of them had a history of positive interactions with the animal species whose images comprised the visual stimuli in the eye tracking procedure. There were no reports of aversive incidents with animals experienced by any of the participants. Considering that all children had a positive familiarity toward the animal species whose images were used as visual stimuli, the increased attention toward the salient parts of the animal images cannot be better explained in terms of curiosity or fear experienced when viewing the animal image. While typically developing children in the present study did not show a significantly greater attention to front facing stimuli across all the images, the significantly lesser attention to the screen in front facing images may be indicative of a greater focus on more salient locations of the face within the image, as compared to the relatively non-significant portions of the screen.

Possible explanatory paradigms for the enhanced interest in animals in children with ASD primarily include the biophilia hypothesis and the possible roles of oxytocin and neoteny. The biophilia hypothesis refers to the instinctive urge that we are hardwired with, to connect and affiliate with nature and other life forms including animals (Wilson, 1984). Another powerful explanation for the enhanced social interest to animal stimuli in typical individuals emerges from research evidence of the enhanced activation of key oxytocin and glutamatergic pathways in the presence of animals (Odendaal and Meintjes, 2003; Beetz et al., 2012). Increase in the secretion of these key neuropeptides has a direct modulatory effect on the enhancement of social reward perception, social bonding, reduced social anxiety, increased social behaviors and eye contact (Uvnäs-Moberg et al., 2000; Kosfeld et al., 2005; Uvnas-Moberg and Petersson, 2005). Because of its role in so many aspects of social functioning, researchers have considered the oxytocinergic system to be a principal point of treatment for disorders involving atypical social behavior and functioning (Fineberg and Ross, 2017). The fact that children with ASD share similar social benefits in the presence of animals as do typical individuals, places the possibility of an enhanced activation in these pathways as a potential explanation for the enhanced visual attention to animals in children with ASD. Research with typical individuals including children has also assigned neoteny a partial role in the human attraction and affinity toward animals. Neoteny refers to the presence of structural and/or behavioral infantile features in animals into adulthood due to their conscious or unconscious selective preference during domestication and breeding (Belyaev, 1979; Frank and Frank, 1982; Archer and Monton, 2011; Beck, 2014). Considering that children with ASD often show similar positive responses to animals as typical children, the impact of neoteny can be seen as a possible explanatory factor in the preferential visual attention toward animal stimuli in this study. However it should also be considered as a limited explanatory factor as not all animal images used in the study had high levels of morphological/structural neoteny (e.g., cows and horses) although the element of behavioral neoteny may have played a role since all children had a limited yet positive familiarity with the animal species whose images were incorporated in the visual stimuli.

Earlier eye tracking literature, though limited, has reported a comparatively increased visual attention to animal images when compared to human images in typical children (Muszkat et al., 2015; Grandgeorge et al., 2016), explained through the possible impact of biophilia and neoteny. However findings in the present study did not report any similar significant increases in the attention allocation to animal faces in typical children. However an examination at the trend levels indicated a relatively greater attention allocation to the face and lesser attention allocation to the screen in animal stimuli when compared to human stimuli indicative of partially higher, though non-significant attentional preference to animal faces in typical children.

Across social stimuli, both children with ASD and typical controls showed a significantly greater visual attention to the left eye in averted images and the right eye in front facing images. The bias to the left eye (from the side of viewer and the right eye of the image) can be explained in terms of the significantly greater exposure that the left eye received as compared to the right eye in averted images due to the image orientation, hence leading to greater fixation durations. However, an interesting finding is the significantly enhanced visual attention to the right eye (the right eye from the viewer’s perspective and the left eye of the image) in all front facing social images in both children with ASD and typical controls. Several research studies have reported the existence of a left gaze bias in both humans and other species including rhesus monkeys and dogs (Guo et al., 2009). The left gaze bias indicates a quicker and longer direction of attention to the right side of the person’s face toward whom attention is focused which also comprises the left side or the left hemifield from the perspective of the viewer (Grega et al., 1988; Burt and Perrett, 1997; Philips and David, 1997; Butler et al., 2005; Butler and Harvey, 2006). It is often considered the natural outcome of hemispheric lateralization of face perception functions (Guo et al., 2012). However, an opposite phenomenon was observed in the present study and would merit further investigation in subsequent research.

The study revealed a small number of outliers to the total gaze time of 5 s or 5000 ms. Several reasons may have led to this effect. During image presentation in the Tobii software, transition effects are observed in the close of an object and the start of the interstimulus interval, which here consisted of a movie with a centered tumbling teddy bear. Fixation events were counted if they started when the social stimulus was still present although some part of it may have extended into the interstimulus interval duration and resulted in outliers.

Also, unintentional technological inconsistencies may operate, thereby increasing the chances of error, such as the possibility of undetected background applications, or the computer being able to detect an eye tracker whereas Tobii studio being unable to (Tobii Error Codes, (n.d); Tobii Pro X3-120 Eye Tracker User Manual, (n.d)). These errors in technology, beyond the control of the investigator may also have contributed to the outlier effects. The outliers were, however, very few when compared to the number of valid observations obtained on the experiment.

While this study reveals differences in visual gaze patterns to animal and human stimuli in children with ASD and offers possible explanations for this phenomenon, it is limited in its capacity to identify the exact factors within the stimuli or the viewer that may underlie this difference. However, the principal aim of the present study was to examine possible differences in eye gaze patterns and based on the findings obtained herein, future studies can attempt a replication of these findings to assess its reliability across contexts and focus on possible causative elements that may trigger these differences. Although visual atypicalities in autism are evident as early as 6–12 months of age and clearly distinguishable by 12 months of age, (e.g., De Giacomo and Fombonne, 1998; Chawarska and Volkmar, 2005; Werner and Dawson, 2005; Zwaigenbaum et al., 2005), we focused primarily on participants in the middle and late childhood period. The present study was part of a larger project that also looked at the efficacy of animal-assisted intervention (AAI) for children with autism and considering the AAI component to be involved, selection of this age group was more appropriate. It would be interesting to examine if the patterns of gaze allocation seen in this study also hold for children at an earlier developmental level. The sample of children with ASD in this study also consisted of those with moderate-to-severe autism and whether the preferential attention to animals as seen in this study is also evident across differing levels of autism severity, merits investigation. Further while the children in both the groups were matched in terms of chronological age, the mental age of children with ASD was lower than their typical counterparts. Recent research suggests that lower mental age and intellectual disability may be more common than estimated in children with autism and that lower mental age with ASD may form a more severe diagnostic criteria that merits more specific intervention (e.g., Hinnebusch et al., 2017; Thurm et al., 2019). In another line of research, studies involving individual with autism with normal to high intelligence have revealed social functioning benefits including lesser stress in the presence of an animal (e.g., Wijker et al., 2019). The enhanced gaze allocation to animal stimuli even if emerging from a lower mental age may then signify patterns that may be widely shared among children with autism with important implications for intervention. Future research can also examine the implications of heterogeneity in mental age as a modulating factor in visual attention to animals in children with autism.

While the number of males was higher among children with ASD which is also reflective of the clinical presentation of ASD in a general population (Fombonne, 2009), the group of typical controls consisted of a higher number of females. Research on sex differences in visual attention to social stimuli with typical populations including children and infants have put forward mixed results with some studies reporting heightened attention to faces in females (Lutchmaya et al., 2002; Gluckman and Johnson, 2013; Harrop et al., 2019) whereas other studies have put forward contrary findings (Escudero et al., 2013). Recent research involving children with ASD has reported a comparatively greater attention to social stimuli in females as compared to males (e.g., Harrop et al., 2019). The sex differences in the composition of the two groups in the present study may have contributed to the between group differences in visual attention across social stimuli in children with ASD and typical controls. However the prime focus of the present study was to investigate whether differences exist in the visual attention to human and animal social stimuli and a fundamental finding is of the existence of these differences within children with ASD. It would be interesting for subsequent research to expand on the findings obtained herein so as to include an examination of the possible sex differences that may also exist. It would also be interesting to examine the possibilities of the enhanced visual attention and attraction to animals resulting in potential social facilitation effects.



CONCLUSION

Overall the present study suggests that animal faces may elicit greater visual attention in children with ASD. It also suggests the possibility that the deficits in social functioning and related deficits in visual attention that children with ASD experience may not be uniform across species. The study adds to the current neural and biomarker evidence base of the potentially greater social reward processing and lesser social anxiety underlying animal stimuli as compared to human stimuli. Social impairments being a key area of autistic symptomatology, and considering the detrimental role of atypical visual attention in triggering, fostering and consolidating social deficits in ASD individuals, the evidence of enhanced visual attention to animals can have important implications in the planning of early interventions for children with ASD. It can also provide a strong evidence base for the use of AAI for autism that focuses on incorporating animals in the treatment process for children with ASD. Incorporation of animals may lead to an enhanced visual attention and preference to the context and activities involved, and thereby potentially lead to an overall enhancement in social attention.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Andhra University Institutional Ethics Committee, LV Prasad Eye Institute (LVPEI) Institutional Ethics Committee. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this manuscript.



AUTHOR CONTRIBUTIONS

GV conceptualized and designed the project, conducted the review of relevant literature, carried out the experiments, participated in the analysis and interpretation of the data, and drafted the manuscript. HK participated in the design of the project, in the carrying out of experiments, in the analysis and interpretation of the eye tracking data, and in the writing of the manuscript. VC participated in the analysis and interpretation of the data, the collection of relevant literature and in the writing of the manuscript. MO’H participated in the conceptualization of the project and reviewed the manuscript. VS designed and conducted the ophthalmologic assessments and reviewed the manuscript. All authors contributed to and have approved the final manuscript.



ACKNOWLEDGMENTS

The Fulbright-Nehru doctoral grant provided by the United States-India Educational Foundation, New Delhi to the primary author enabled a more intensive training in the field which greatly informed the conceptualization and design of this project.


ABBREVIATIONS

ASD, Autism Spectrum Disorder; TD, Typically Developing; BRP, Binary Recursive Partitioning; ROI, Region of Interest; sMRI, Structural Magnetic Resonance Imaging; fMRI, Functional Magnetic Resonance Imaging.


REFERENCES

American Psychiatric and Association, (2013). Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5). Washington, DC: American Psychiatric Publishing.

Archer, J., and Monton, S. (2011). Preferences for infant facial features in pet dogs and cats. Ethology 117, 217–226. doi: 10.1111/j.1439-0310.2010.01863.x

Asberg Johnels, J., Gillberg, C., Falck-Ytter, T., and Miniscalco, C. (2014). Face-viewing patterns in young children with autism spectrum disorders: speaking up for the role of language comprehension. J. Speech Lang. Hear Res. 57, 2246–2252. doi: 10.1044/2014_JSLHR-L-13-0268

Auyeung, B., Lombardo, M. V., Heinrichs, M., Chakrabarti, B., Sule, A., Deakin, J. B., et al. (2015). Oxytocin increases eye contact during a real-time, naturalistic social interaction in males with and without autism. Transl. Psychiatry 5:e507. doi: 10.1038/tp.2014.146

Bar-Haim, Y., Shulman, C., Lamy, D., and Reuveni, A. (2006). Attention to eyes and mouth in high-functioning children with autism. J. Autism. Dev. Disord. 36, 131–137. doi: 10.1007/s10803-005-0046-1

Bass, M. M., Duchowny, C. A., and Llabre, M. M. (2009). The effect of therapeutichorseback riding on social functioning in children with autism. J. Autism Dev. Disord. 39, 1261–1267. doi: 10.1007/s10803-009-0734-3

Beck, A. M. (2014). The biology of the human-animal bond. Anim. Front. 4, 32–36. doi: 10.2527/af.2014-0019

Beetz, A., Uvnäs-Moberg, K., Julius, H., and Kotrschal, K. (2012). Psychosocial and psychophysiological effects of human-animal interactions: the possible role of oxytocin. Front. Psychol. 3:234. doi: 10.3389/fpsyg.2012.00234

Belyaev, D. K. (1979). Destabilizing selection as a factor in domestication. J. Heredity 70, 301–308. doi: 10.1093/oxfordjournals.jhered.a109263

Berument, S. K., Rutter, M., Lord, C., Pickles, A., and Bailey, A. (1999). Autism screening questionnaire: diagnostic validity. Br. J. Psychiatry 175, 444–451. doi: 10.1192/bjp.175.5.444

Brosch, T., Sander, D., and Scherer, K. R. (2007). That baby caught my eye…Attention capture by infant faces. Emotion 7, 685–689. doi: 10.1037/1528-3542.7.3.685

Burt, D. M., and Perrett, D. I. (1997). Perceptual asymmetries in judgments of facial sattractiveness, age, gender, speech and expression. Neuropsychologia 35, 685–693. doi: 10.1016/s0028-3932(96)00111-x

Butler, S., Gilchrist, I. D., Burt, D. M., Perrett, D. I., Jones, E., and Harvey, M. (2005). Are the perceptual biases found in chimeric face processing reflected in eye-movement patterns? Neuropsychologia 43, 52–59. doi: 10.1016/j.neuropsychologia.2004.06.005

Butler, S. H., and Harvey, M. (2006). Perceptual biases in chimeric face processing: eye- movement patterns cannot explain it all. Brain Res. 1124, 96–99. doi: 10.1016/j.brainres.2006.09.069

Campbell, D. J., Shic, F., Macari, S., and Chawarska, K. (2014). Gaze response to dyadic bids at 2 years related to outcomes at 3 years in autism spectrum disorders: a subtyping analysis. J. Autism Dev. Disord. 44, 431–442. doi: 10.1007/s10803-013-1885-9

Carter, A. S., Davis, N. O., Klin, A., and Volkmar, F. R. (2005). “Social development in autism,” in Handbook of Autism and Pervasive Developmental Disorders: Vol. 1. Diagnosis, Development, Neurobiology, and Behavior, eds F. R. Volkmar, R. Paul, A. Klin, and D. Cohen, (Hoboken, NJ: John Wiley & Sons).

Celani, G. (2002). Human beings, animals and inanimate objects: what do people with autism like? Autism 6, 93–102. doi: 10.1177/1362361302006001007

Chandler, S., Charman, T., Baird, G., Simonoff, E., Loucas, T., Meldrum, D., et al. (2007). Validation of the social communication questionnaire in a population cohort of children with autism spectrum disorders. J. Am. Acad. Child Adolesc. Psychiatry 46, 1324–1332. doi: 10.1097/chi.0b013e31812f7d8d

Chawarska, K., and Shic, F. (2009). Looking but not seeing: atypical visual scanning and recognition of faces in 2 and 4-year-old children with autism spectrum disorder. J. Autism Dev. Disord. 39, 1663–1672. doi: 10.1007/s10803-009-0803-7

Chawarska, K., and Volkmar, F. R. (2005). “Autism in infancy and early childhood,” in Handbook of Autism and Pervasive Developmental Disorders, 3rd Edn, eds F. R. Volkmar, A. Klin, and R. Paul, (Hoboken, NJ: John Wiley & Sons), 223–246. doi: 10.1002/9780470939345.ch8

Chita-Tegmark, M. (2016). Social attention in ASD: a review and meta-analysis of eye- tracking studies. Res. Dev. Disabil. 48, 79–93. doi: 10.1016/j.ridd.2015.10.011

Constantino, J. N., Abbacchi, A. M., Lavesser, P. D., Reed, H., Givens, L., Chiang, L., et al. (2009). Developmental course of autistic social impairment in males. Dev. Psychopathol. 21, 127–138. doi: 10.1017/S095457940900008X

Constantino, J. N., and Gruber, C. P. (2005). The Social Responsiveness Scale. Los Angeles, CA: Western Psychological Services.

Constantino, J. N., and Gruber, C. P. (2012). Social Responsiveness Scale, 2nd Edn. Torrance, CA: Western Psychological Services.

Constantino, J. N., and Todd, R. D. (2005). Intergenerational transmission of subthreshold autistic traits in the general population. Biol. Psychiatry 57, 655–660. doi: 10.1016/j.biopsych.2004.12.014

Dalton, K. M., Nacewicz, B. M., Johnstone, T., Schaefer, H. S., Gernsbacher, M. A., Goldsmith, H. H., et al. (2005). Gaze fixation and the neural circuitry of face processing in autism. Nat. Neurosci. 8, 519–526. doi: 10.1038/nn1421

Dawson, G., Meltzoff, A. N., Osterling, J., Rinaldi, J., and Brown, E. (1998). Children with autism fail to orient to naturally occurring social stimuli. J. Autism Dev. Disord. 28, 479–485.

De Giacomo, A., and Fombonne, E. (1998). Parental recognition of developmental abnormalities in autism. Eur. Child Adolesc. Psychiatry 7, 131–136. doi: 10.1007/s007870050058

Decasper, A. J., and Fifer, W. P. (1980). Of human bonding: newborns prefer their mothers’ voices. Science 208, 1174–1176. doi: 10.1126/science.7375928

Doove, L. L., Dusseldorp, E., Van Deun, K., and Van Mechelen, I. (2014). A comparison of five recursive partitioning methods to find person subgroups involved in meaningful treatment-subgroup interactions. Adv. Data Anal. Classif. 8, 403–425. doi: 10.1007/s11634-013-0159-x

Dubey, I., Ropar, D., and de Hamilton, A. F. C. (2015). Measuring the value of social engagement in adults with and without autism. Mol. Autism 6, 35–43. doi: 10.1186/s13229-015-0031-2

Duvall, J. A., Lu, A., Cantor, R. M., Todd, R. D., Constantino, J. N., and Geschwind, D. H. (2007). A quantitative trait locus analysis of social responsiveness in multiplex autism families. Am. J. Psychiatry 164, 656–662. doi: 10.1176/ajp.2007.164.4.656

Eddy, J., Hart, L. A., and Boltz, R. P. (1988). The effects of service dogs on social acknowledgements of people in wheelchairs. J. Psychol. 122, 39–45. doi: 10.1080/00223980.1988.10542941

Emery, N. J. (2000). The eyes have it: the neuroethology, function and evaluation of social gaze. Neurosci. Biobehav. Rev. 24, 581–604. doi: 10.1016/s0149-7634(00)00025-7

Escudero, P., Robbins, R. A., and Johnson, S. P. (2013). Sex-related preferences for real and doll faces versus real and toy objects in young infants and adults. J. Exp. Child Psychol. 116, 367–379. doi: 10.1016/j.jecp.2013.07.001

Farroni, T., Csibra, G., Simion, F., and Johnson, M. H. (2002). Eye contact detection in humans from birth. Proc. Natl. Acad. Sci. U.S.A. 99, 9602–9605. doi: 10.1073/pnas.152159999

Farroni, T., Johnson, M. H., Menon, E., Zulian, L., Faraguna, D., and Csibra, G. (2005). Newborns’ preference for face-relevant stimuli: effects of contrast polarity. Proc. Natl. Acad. Sci. U.S.A. 102, 17245–17250. doi: 10.1073/pnas.0502205102

Fineberg, S. K., and Ross, D. A. (2017). Oxytocin and the social brain. Biol. Psychiatry 81, e19–e21.

Fletcher-Watson, S., Leekam, S. R., Benson, V., Frank, M. C., and Findlay, J. M. (2009). Eye movements reveal attention to social information in autism spectrum disorder. Neuropsychologia 47, 248–257. doi: 10.1016/j.neuropsychologia.2008.07.016

Fombonne, E. (2009). Epidemiology of pervasive developmental disorders. Pediatr. Res. 5, 591–598. doi: 10.1203/pdr.0b013e31819e7203

Frank, H., and Frank, M. (1982). On the effects of domestication on canine social development and behavior. Appl. Anim. Behav. Sci. 8, 507–525. doi: 10.1016/j.beproc.2008.12.023

Frank, M. C., Amso, D., and Johnson, S. P. (2014). Visual search and attention to faces during early infancy. J. Exp. Child Psychol. 118, 13–26. doi: 10.1016/j.jecp.2013.08.012

Frank, M. C., Vul, E., and Johnson, S. P. (2009). Development of infants’ attention to faces during the first year. Cognition 110, 160–170. doi: 10.1016/j.cognition.2008.11.010

Frazier, T. W., Ratliff, K. R., Gruber, C., Zhang, Y., Law, P. A., and Constantino, J. N. (2014). Confirmatory factor analytic structure and measurement invariance of quantitative autistic traits measured by the social responsiveness scale-2. Autism Int. J. Res. Pract. 18, 31–44. doi: 10.1177/1362361313500382

Funahashi, A., Gruebler, A., Aoki, T., Kadone, H., and Suzuki, K. (2014). Brief report: the smiles of a child with autism spectrum disorder during an animal-assisted activity may facilitate social positive behaviors–Quantitative analysis with smile-detecting interface. J. Autism Dev. Disord. 44, 685–693. doi: 10.1007/s10803-013-1898-4

Gluckman, M., and Johnson, S. P. (2013). Attentional capture by social stimuli in young infants. Front. Psychol. 4:527. doi: 10.3389/fpsyg.2013.00527

Gordon, I., Martin, C., Feldman, R., and Leckman, J. F. (2011). Oxytocin and social motivation. Dev. Cogn. Neurosci. 1, 471–493. doi: 10.1016/j.dcn.2011.07.007

Grandgeorge, M., Degrez, C., Alavi, Z., and Lemonnier, E. (2016). Face processing of animal and human static stimuli by children with autism spectrum disorder: a pilot study. Hum. Anim. Interact. Bull. 4, 39–53.

Grega, D. M., Sackeim, H. A., Sanchez, E., Cohen, B. H., and Hough, S. (1988). Perceiver bias in the processing of human faces: neuropsychological mechanisms. Cortex 24, 91–117. doi: 10.1016/s0010-9452(88)80019-4

Grossman, R. B., Steinhart, E., Mitchell, T., and McIlvane, W. (2015). “Look who’s talking!” gaze patterns for implicit and explicit audio-visual speech synchrony detection in children with high-functioning autism. Autism Res. 8, 307–316. doi: 10.1002/aur.1447

Guo, K., Meints, K., Hall, C., Hall, S., and Mills, D. (2009). Left gaze bias in humans, rhesus monkeys and domestic dogs. Anim. Cogn. 12, 409–418. doi: 10.1007/s10071-008-0199-3

Guo, K., Smith, C., Powell, K., and Nicholls, K. (2012). Consistent left gaze bias in processing different facial cues. Psychol. Res. 76, 263–269. doi: 10.1007/s00426-011-0340-9

Haith, M. M., Bergman, T., and Moore, M. J. (1977). Eye contact and face scanning in early infancy. Science 198, 853–855. doi: 10.1126/science.918670

Handlin, L., Hydbring-Sandberg, E., Nilsson, A., Ejdebäck, M., Jansson, A., and Uvnäs- Moberg, K. (2011). Short-term interaction between dogs and their owners – effects on oxytocin, cortisol, insulin and heart rate – an exploratory study. Anthrozoos 24, 301–316.

Harrop, C., Jones, D., Zheng, S., Nowell, S., Schultz, R., and Parish-Morris, J. (2019). Visual attention to faces in children with autism spectrum disorder: are there sex differences. Mol. Autism 10:28. doi: 10.1186/s13229-019-0276-2

Hinnebusch, A. J., Miller, L. E., and Fein, D. A. (2017). Autism spectrum disorders and low mental age: diagnostic stability and developmental outcomes in early childhood. J. Autism Dev. Disord. 47, 3967–3982. doi: 10.1007/s10803-017-3278-y

Hothorn, T., Hornik, K., and Zeileis, A. (2006). Unbiased recursive partitioning: a conditional inference framework. J. Comput. Graph. Stat. 15, 651–674. doi: 10.1198/106186006x133933

Hothorn, T., and Zeileis, A. (2015). partykit: a modular toolkit for recursive partitioning in R. J. Mach. Learn. Res. 16, 3905–3909.

Johnson, M. H. (2005). Subcortical face processing. Nat. Rev. Neurosci. 6, 766–774. doi: 10.1038/nrn1766

Jones, W., Carr, K., and Klin, A. (2008). Absence of preferential looking to the eyes of approaching adults predicts level of social disability in 2-year-olds with autism spectrum disorder. Arch. Gen. Psychiatry 65, 946–954.

Jones, W., and Klin, A. (2013). Attention to eyes is present but in decline in 2-6-month- old infants later diagnosed with autism. Nature 504, 427–431. doi: 10.1038/nature12715

Joseph, R. M., and Tanaka, J. (2002). Holistic and part-based face recognition in children with autism. J. Child Psychol. Psychiatry 44, 529–542. doi: 10.1111/1469-7610.00142

Kanat, M., Spenthof, I., Riedel, A., van Elst, L. T., Heinrichs, M., and Domes, G. (2017). Restoring effects of oxytocin on the attentional preference for faces in autism. Transl. Psychiatry 7:e1097. doi: 10.1038/tp.2017.67

Kellert, S. R., and Wilson, E. O. (1993). The Biophilia Hypothesis. Washington DC: Island Press.

King, M. W., and Resick, P. A. (2014). Data mining in psychological treatment research: a primer on classification and regression trees. J. Consul. Clin. Psychol. 82, 895–905. doi: 10.1037/a0035886

Kliemann, D., Dziobek, I., Hatri, A., Steimke, R., and Heekeren, H. R. (2010). Atypical reflexive gaze patterns on emotional faces in autism spectrum disorders. J. Neurosci. 30, 12281–12287. doi: 10.1523/jneurosci.0688-10.2010

Klin, A., Jones, W., Schultz, R., and Volkmar, F. (2003). The enactive mind, or from actions to cognition: lessons from autism. Philos. Trans. R. Soc. Lond. B Biol. Sci. 358, 345–360. doi: 10.1098/rstb.2002.1202

Klin, A., Jones, W., Schultz, R., Volkmar, F. R., and Cohen, D. J. (2002). Visual fixation patterns during viewing of naturalistic social situations as predictors of social competence in individuals with autism. Arch. Gen. Psychiatry 59, 809–816.

Klin, A., Lin, D. J., Gorrindo, P., Ramsay, G., and Jones, W. (2009). Two-year-olds with autism orient to non-social contingencies rather than biological motion. Nature 459, 257–261. doi: 10.1038/nature07868

Kohls, G., Perino, M. T., Taylor, J. M., Madva, E. N., Cayless, S. J., and Troiani, V. (2013). The nucleus accumbens is involved in both the pursuit of social reward and the avoidance of social punishment. Neuropsychologia 51, 2062–2069. doi: 10.1016/j.neuropsychologia.2013.07.020

Kosfeld, M., Heinrichs, M., Zak, P. J., Fischbacher, U., and Fehr, E. (2005). Oxytocin increases trust in humans. Nature 435, 673–676. doi: 10.1038/nature03701

Kruger, K. A., and Serpell, J. A. (2010). “Animal-assisted interventions in mental health: definitions and theoretical foundations,” in Handbook on Animal- Assisted Therapy: Theoretical Foundations and Guidelines for Practice, 3rd Edn, ed. A. H. Fine, (San Diego: Academic Press), 33–48. doi: 10.1016/b978-0-12-381453-1.10003-0

Kylliäinen, A., and Hietanen, J. K. (2006). Skin conductance responses to another person’s gaze in children with autism. J. Autism Dev. Disord. 36, 517–525. doi: 10.1007/s10803-006-0091-4

Le Couteur, A., Lord, C., and Rutter, M. (2003). Autism Diagnostic Interview-Revised. Los Angeles, CA: Western Psychological Services.

Lord, C., Rutter, M., and Le Couteur, A. (1994). Autism diagnostic interview-revised: a revised version of a diagnostic interview for caregivers of individuals with possible pervasive developmental disorders. J. Autism Dev. Disord. 24, 659–685. doi: 10.1007/bf02172145

Lutchmaya, S., Baron-Cohen, S., and Raggatt, P. (2002). Foetal testosterone and eye contact in 12-month-old human infants. Infant Behav. Dev. 25, 327–335. doi: 10.1016/s0163-6383(02)00094-2

Martin, D. (2015). Efficiently Exploring Multilevel Data with Recursive Partitioning. Unpublished doctoral dissertation, University of Virginia, Charlottesville, VA.

Martin, F., and Farnum, J. (2002). Animal-assisted therapy for children with pervasive developmental disorders. West. J. Nurs. Res. 24, 657–670. doi: 10.1177/019394502320555403

Marvin, A. R., Lipkin, P. H., and Law, J. K. (2017). Analysis of social communication questionnaire (SCQ) screening for children less than age 4. Curr. Dev. Disord. Rep. 4, 137–144. doi: 10.1007/s40474-017-0122-1

Modi, M. E., and Young, L. J. (2012). The oxytocin system in drug discovery for autism: animal models and novel therapeutic strategies. Hormon. Behav. 61, 340–350. doi: 10.1016/j.yhbeh.2011.12.010

Muszkat, M., De Mello, C. B., Munoz Pde, O., Lucci, T. K., David, V. F., Siqueira Jde, O., et al. (2015). Face scanning in autism spectrum disorder and attention deficit/hyperactivity disorder: human versus dog face scanning. Front. Psychiatry 6:150. doi: 10.3389/fpsyt.2015.00150

Norris, M., and Lecavalier, L. (2010). Screening accuracy of level 2 autism spectrum disorder rating scales: a review of selected instruments. Autism 14, 263–284. doi: 10.1177/1362361309348071

Norris, P. A., Shinew, K. J., Chick, G., and Beck, A. M. (1999). Retirement, life satisfaction, and leisure services: the pet connection. J. Park Recreat. Admin. 17, 65–83.

Odendaal, J. S., and Meintjes, R. A. (2003). Neurophysiological correlates of affiliative behaviour between humans and dogs. Vet. J. 165, 296–301. doi: 10.1016/s1090-0233(02)00237-x

Odendaal, J. S. J. (2000). Animal-assisted therapy–magic or medicine? J. Psychos. Res. 49, 275–280. doi: 10.1016/s0022-3999(00)00183-5

O’Haire, M. E. (2013). Animal-assisted intervention for autism spectrum disorder: a systematic literature review. J. Autism Dev. Disord. 43, 1606–1622. doi: 10.1007/s10803-012-1707-5

O’Haire, M. E. (2017). Research on animal-assisted intervention and autism spectrum disorder, 2012–2015. Appl. Dev. Sci. 21, 200–216. doi: 10.1080/10888691.2016.1243988

O’Haire, M. E., McKenzie, S. J., Beck, A. M., and Slaughter, V. (2013). Social behaviors increase in children with autism in the presence of animals compared to toys. PLoS One 8:e57010. doi: 10.1371/journal.pone.0057010

O’Haire, M. E., McKenzie, S. J., Beck, A. M., and Slaughter, V. (2015). Animals may act as social buffers: skin conductance arousal in children with autism spectrum disorder in a social context. Dev. Psychobiol. 57, 584–595. doi: 10.1002/dev.21310

Osterling, J., and Dawson, G. (1994). Early recognition of children with autism: a study of first birthday home video tapes. J. Autism Dev. Disord. 24, 247–257. doi: 10.1007/bf02172225

Osterling, J. A., Dawson, G., and Munson, J. A. (2002). Early recognition of 1-year old infants with autism spectrum disorder versus mental retardation. Dev. Psychopathol. 14, 239–251. doi: 10.1017/s0954579402002031

Ozonoff, S., Iosif, A. M., Baguio, F., Cook, I. C., Hill, M. M., Hutman, T., et al. (2010). A prospective study of the emergence of early behavioral signs of autism. J. Am. Acad.o Child Adolesc. Psychiatry 49, 256–266.

Papagiannopoulou, E. A., Chitty, K. M., Hermens, D. F., Hickie, I. B., and Lagopoulos, J. A. (2014). A systematic review and meta-analysis of eye-tracking studies in children with autism spectrum disorders. Soc. Neurosci. 9, 610–632.

Philips, M. L., and David, A. S. (1997). Viewing strategies for simple and chimeric faces: an investigation of perceptual bias in normal and schizophrenic patients using visual scan paths. Brain Cogn. 35, 225–238. doi: 10.1006/brcg.1997.0939

Pierce, K., Marinero, S., Hazin, R., McKenna, B., Barnes, C. C., and Malige, A. (2016). Eye-tracking reveals abnormal visual preference for geometric images as an early biomarker of an ASD subtype associated with increased symptom severity. Biol. Psychiatry 79, 657–666. doi: 10.1016/j.biopsych.2015.03.032

Pine, E., Luby, J., Abbacchi, A., and Constantino, J. N. (2006). Quantitative assessment of autistic symptomatology in preschoolers. Autism 10, 344–352. doi: 10.1177/1362361306064434

Prothmann, A., Ettrich, C., and Prothmann, S. (2009). Preference for, and responsiveness to, people, dogs and objects in children with autism. Anthrozoös 22, 161–171. doi: 10.2752/175303709x434185

Raven, J., Raven, J. C., and Court, J. H. (1996). Manual for Raven’s Progressive Matrices and Vocabulary Scales. Oxford: Oxford Psychologists Press Ltd.

Redefer, L. A., and Goodman, J. F. (1989). Pet-facilitated therapy with autistic children. J. Autism Dev. Disord. 19, 461–467. doi: 10.1007/bf02212943

Riby, D., and Hancock, P. J. (2009). Looking at movies and cartoons: eyetracking evidence from Williams syndrome and autism. J. Intell. Disabil. Res. 53, 169–181. doi: 10.1111/j.1365-2788.2008.01142.x

Rice, K., Moriuchi, J. M., Jones, W., and Klin, A. (2012). Parsing heterogeneity in autism spectrum disorders: visual scanning of dynamic social scenes in school-aged children. J. Am. Acad. Child Adolesc. Psychiatry 51, 238–248. doi: 10.1016/j.jaac.2011.12.017

Rogers, S. J. (1998). Neuropsychology of autism in young children and its implications for early intervention. Ment. Retardat. Dev. Disabil. Res. Rev. 4, 104–112. doi: 10.1002/(sici)1098-2779(1998)4:2<104::aid-mrdd7>3.0.co;2-p

Rosa Salva, O., Farroni, T., Regolin, L., Vallortigara, G., and Johnson, M. H. (2011). The Evolution of social orienting: evidence from chicks (Gallus gallus) and human newborns. PLoS One 6:e18802. doi: 10.1371/journal.pone.0018802

Rutter, M., Bailey, A., and Lord, C. (2003). SCQ. The Social Communication Questionnaire. Torrance: Western Psychological Services.

Sasson, N. J., Elison, J. T., Turner-Brown, L. M., Dichter, G. S., and Bodfish, J. W. (2011). Brief report: circumscribed attention in young children with autism. J. Autism Dev. Disord. 41, 242–247. doi: 10.1007/s10803-010-1038-3

Scott-Van Zeeland, A. A., Dapretto, M., Ghahremani, D. G., Poldrack, R. A., and Bookheimer, S. Y. (2010). Reward processing in autism. Autism Res. 3, 53–67.

Senju, A., Hasegawa, T., and Tojo, Y. (2005). Does perceived direct gaze boost detection in adults and children with and without autism? The stare-in-the-crowd effect revisited. Vis. Cogn. 12, 1474–1496. doi: 10.1080/13506280444000797

Senju, A., Yaguchi, K., Tojo, Y., and Hasegawa, T. (2003). Eye contact does not facilitate detection in children with autism. Cognition 89, B43–B51.

Silva, K., Correia, R., Lima, M., Magalhães, A., and de Sousa, L. (2011). Can dogs prime autistic children for therapy? Evidence from a single case study. J. Alter. Complement. Med. 17, 1–5. doi: 10.1089/acm.2010.0436

Simion, F., Regolin, L., and Bulf, H. (2008). A predisposition for biological motion in the newborn baby. Proc. Natl. Acad. Sci. U.S.A. 105, 809–813. doi: 10.1073/pnas.0707021105

Solomon, O. (2010). What a dog can do: children with autism and therapy dogs in social interaction. Ethos 38, 143–166. doi: 10.1111/j.1548-1352.2010.01085.x

Sterling, L., Dawson, G., Webb, S., Murias, M., Munson, J., Panagiotides, H., et al. (2008). The role of face familiarity in eye tracking of faces by individuals with autism spectrum disorders. J. Autism Dev. Disord. 38, 1666–1675. doi: 10.1007/s10803-008-0550-1

Tanaka, J. W., and Sung, A. (2013). The ‘eye avoidance’ hypothesis of autism face processing. J. Autism Dev. Disord. 46, 1538–1552. doi: 10.1007/s10803-013-1976-7

Tenenbaum, E., Amso, D., Abar, B., and Sheinkopf, S. J. (2014). Attention and word learning in autistic, language delayed and typically developing children. Front. Psychol. 5:490. doi: 10.3389/fpsyg.2014.00490

Thurm, A., Farmer, C., Salzman, E., Lord, C., and Bishop, S. (2019). State of the field: differentiating intellectual disability from autism spectrum disorder. Front. Psychiatry 10:526. doi: 10.3389/fpsyt.2019.00526

Tobii Error Codes, (n. d.). Available online at: https://help.tobii.com/hc/en-us/articles/360003914653-Error-codes (accessed July 27, 2017).

Tobii Pro X3-120 Eye Tracker User Manual, (n.d.). Available online at: https://www.tobiipro.com/siteassets/tobii-pro/user-manuals/tobii-pro-x3-120-user-manual.pdf/?v=1.0.7 (accessed July 17, 2017).

Tottenham, N., Phuong, J., Flannery, J., Gabard-Durnam, L., and Goff, B. (2013). A negativity bias for ambiguous facial-expression valence during childhood: converging evidence from behavior and facial corrugator muscle responses. Emotion 13, 92–103. doi: 10.1037/a0029431

Uvnäs-Moberg, K., Eklund, M., Hillegaart, V., and Ahlenius, S. (2000). Improved conditioned avoidance learning by oxytocin administration in high-emotional male Sprague-Dawley rats. Regul. Peptides 88, 27–32. doi: 10.1016/s0167-0115(99)00112-3

Uvnas-Moberg, K., and Petersson, M. (2005). Oxytocin, a mediator of anti-stress, well1308 being, social interaction, growth and healing. Z. Psychos. Med. Psychother. 51, 57–80. doi: 10.13109/zptm.2005.51.1.57

Wagner, J. B., Hirsch, S. B., Vogel-Farley, V. K., Redcay, E., and Nelson, C. A. (2013). Eye-tracking, autonomic, and electrophysiological correlates of emotional face processing in adolescents with autism spectrum disorder. J. Autism Dev. Disord. 43, 188–199. doi: 10.1007/s10803-012-1565-1

Wan, M. W., Green, J., Elsabbagh, M., Johnson, M., Charman, T., and Plummer, F. (2013). Quality of interaction between at-risk infants and caregiver at 12–15 months is associated with 3-year autism outcome. J. Child Psychol. Psychiatry 54, 763–771. doi: 10.1111/jcpp.12032

Werner, E., and Dawson, G. (2005). Validation of the phenomenon of autistic regression using home videotapes. Arch. Gen. Psychiatry 62, 889–895.

Whyte, E. M., Behrmann, M., Minshew, N. J., Garcia, N. V., and Scherf, K. S. (2016). Animal, but not human, faces engage the distributed face network in adolescents with autism. Appl. Dev. Sci. 19, 306–317. doi: 10.1111/desc.12305

Wijker, C., Leontjevas, R., Spek, A., and Enders-Slegers, M. J. (2019). Effects of dog assisted therapy for adults with autism spectrum disorder: an exploratory randomized controlled trial. J. Autism Dev. Disord. [Epub ahead of print]. doi: 10.1007/s10803-019-03971-9

Wilson, E. O. (1984). Biophilia. Cambridge, MA: Harvard University Press.

Zwaigenbaum, L., Bryson, S., Rogers, T., Roberts, W., Brian, J., and Szatmari, P. (2005). Behavioural manifestations of autism in the first year of life. Int. J. Dev. Neurosci. 23, 143–152. doi: 10.1016/j.ijdevneu.2004.05.001


Conflict of Interest: 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 © 2020 Valiyamattam, Katti, Chaganti, O’Haire and Sachdeva. 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.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Do Animals Engage Greater Social Attention in Autism? An Eye Tracking Analysis



		INTRODUCTION



		METHOD



		Ethics



		Participants



		Recruitment and Eligibility



		Sample Characteristics







		Measures



		Visual Gaze Fixation Measure



		Screening Measures



		The Social Communication questionnaire (SCQ).



		The Social Responsiveness Scale (SRS).







		IQ Assessment



		Raven’s Colored Progressive Matrices (RCPM).











		Visual Stimuli



		Data Capture Procedures



		Data Analysis







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/fpsyg-11-00727-g002.jpg
Top ot roye screen

.
=
:
:
.
:
G
.
N :
2
.
e *
L
tontace =
=5l
.
gty face 5
s

p-0007
Peaont
peoont






OPS/images/fpsyg-11-00727-g001.jpg
5 sec

1/1.5/2sec

——

5 sec

Total Run Time: 260 * 20 seconds





OPS/images/fpsyg-11-00727-g004.jpg





OPS/images/fpsyg-11-00727-g003.jpg
TYPICAL AUTISM





OPS/images/fpsyg-11-00727-g006.jpg





OPS/images/fpsyg-11-00727-g005.jpg





OPS/images/cover.jpg
frontiers
in Psychology

Do Animals Engage Greater
Social Attention in Autism? An
Eye Tracking Analysis









OPS/images/fpsyg-11-00727-t003.jpg
Diagnosis ROI

ASD Eye region

Eye region total
Face

Face total
Left eye

Left eye total
Mouth

Mouth total
Right eye

Right eye total
Screen

Screen total

Stimulus type

Animal

Animal total
Human

Human total

Animal

Animal total
Human

Human total

Animal

Animal total
Human

Human total

Animal

Animal total
Human

Human total

Animal

Animal total
Human

Human total

Animal

Animal total
Human

Human total

Gaze orientation
Avertedface

Frontface

Avertedface
Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface

Frontface

Avertedface
Frontface

Mean (SD)

2296.53 (1819.72)
224486 (1484.61)
2270.75 (1659.39)
2263.83 (1717.42)
2417.99 (1632.88)
2340.91 (1675.63)
2305.87 (1667.00)
3807.43 (1531.11)
3854.70 (1116.14)
3831.02 (1338.98)
3468.86 (1539.48)
3830.02 (1460.41)
3649.44 (1509.69)
3740.13 (1429.10)
1153.04 (1292.08)
956.00 (988.63)
1054.73 (1153.70)
1195.35 (1310.15)
930.27 (1085.48)
1062.82 (1209.06)
1058.78 (1181.10)
291.84 (688.37)
285.16 (578.69)
288.51 (635.33)
241.41 (428.39)
365.37 (631.57)
303.39 (542.60)
295.96 (590.46)
606.44 (1011.74)
791.24 (808.78)
698.64 (919.78)
566.32 (987.46)
908.72 (1049.00)
737.52 (1031.92)
718.10 (977.18)
909.09 (1078.73)
761.98 (1036.67)
835.69 (1059.36)
1114.32 (1388.32)
912.37 (1066.46)
1013.35 (1240.67)
924.62 (1156.47)

TD, Typically developing; ROI, Region of Interest; SD, Standard deviation (Total no. of Observations: 10362).
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ASD, Autism Spectrum Disorder; TD, Typically Developing; n, Sample Size; Scores in the cells represent means and standard deviations unless otherwise noted. *p < 0.05,

**p < 0.01.





