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ABSTRACT 

 

The Use of Eye-Tracking as an Assessment Measure for  

Social Attention in Autism Spectrum Disorder 

 

by 

 

Anahita D. Navab 

 

 Research has demonstrated that early assessment of autism spectrum disorder (ASD) 

in toddlers enables earlier intervention, which enhances developmental gains for this 

population (Rogers et al., 2012; Vernon, Koegel, Dauterman, & Stolen, 2012). Eye-tracking 

technology has proven to be a particularly promising avenue for assessment of atypical 

social looking behaviors in young children with ASD, due to its non-intrusive yet rigorous 

method of data collection (Oakes, 2012). A growing body of eye-tracking literature 

demonstrates that when compared to typically developing controls, toddlers on the spectrum 

exhibit decreased attention towards socially and emotionally salient stimuli and increased 

fixation on non-social stimuli (Pierce et al., 2011; Shic, Bradshaw, Klin, Scassellati, & 

Chawarska, 2011). This ability of eye-tracking methodology to detect deviation away from a 

typical gaze pattern when presenting social and non-social stimuli, and even in doing so 

predict an autism diagnosis, justifies its increasing use as a method of autism assessment. 

However, there is currently little known regarding how looking preferences in specific eye-

tracking paradigms relate to severity of autism social affect symptoms, or how they may 
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relate to preferential gaze during naturalistic interactions with caregivers. The current study 

seeks to firstly assess replication of ASD preferential non-social looking behaviors with the 

use of an eye-tracking paradigm. This project also seeks to enhance the understanding of 

social attention in toddlers on the spectrum by investigating relationships between non-

social eye-tracking looking behaviors and severity of autism symptoms, as well as with 

social gaze during naturalistic dyadic interactions. 
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Introduction 

Research in the area of social attention for young children with Autism Spectrum 

Disorder (ASD) is essential, given that our understanding of early social impairments in 

individuals on the spectrum forms the foundation for comprehending later difficulties in 

social interactions, such as struggles with communication and motivation during social 

encounters (Droucker, Curtin, & Vouloumanos, 2013; Hughes & Ensor, 2010). In this way, 

it is often thought that autism symptoms can form a cascading or “snowball” effect, such 

that individuals on the spectrum face increasing disadvantage as they progress through life 

(Jones & Klin, 2009).  

However, relevant strengths in early attentional behaviors such as joint attention may 

conversely predict positive outcomes related to social communication and intellectual 

functioning in those with ASD, as recent research has indicated (Poon, Watson, Baranek, & 

Poe, 2012). Thus, it is imperative that we continue to uncover the relative areas of strength 

and vulnerability in the domain of social attention, in that initial consistent attentiveness to 

social experiences tends to shift the developmental trajectory of young children on the 

spectrum towards normative cognitive and social growth (Wan et al., 2013). 

 Efforts towards identifying such diagnostic and prognostic profiles of children with 

autism have previously primarily focused on standardized assessments evaluating social, 

cognitive, behavioral, and adaptive functioning domains, elucidating within-group findings 

as well as differences between autism, developmentally delayed, and typically developing 

populations (Bryson, Landry, & Wainwright, 1997; Chawarska, Klin, & Volkmar, 2008; 

Condouris, Meyer, & Tager-Flusberg, 2005; Joseph, McGrath, & Tager-Flusberg, 2005; 
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Mundy, Sigman, Ungerer, & Sherman, 1986; Smith, 1997; Stone, Ousley, Hepburn, Hogan, 

& Brown,  

1999). Research in recent years has focused efforts on implementing more rigorous 

technology such as neurophysiological brain imaging and eye-tracking measures to identify 

the means by which young children on the spectrum process environmental stimuli (Blasi et 

al., 2015; Bradshaw, Shic, & Chawarska, 2011; Chawarska & Shic, 2009; Corbett, 

Mendoza, Abdullah, Wegelin, & Levine, 2006; Dapretto et al., 2005; Greene et al., 2011; 

Sasson, Turner-Brown, Holtzclaw, Lam, & Bodfish, 2008; Speer, Cook, McMahon, & 

Clark, 2007; Redcay & Courchesne, 2008; Zielinski et al., 2012). Such methodologies have 

even been used to predict social competence and autism symptomology based on neural and 

gaze responses, again alluding to the importance of examining early attentional patterns 

(Chawarska, Macari, & Shic, 2013; Cheung et al., 2011; Elsabbagh et al., 2012; Klin, Jones, 

Schultz, Volkmar, & Cohen, 2002). 

Eye-Tracking in the Assessment of ASD 

 The use of eye-tracking technology in particular has been increasingly implemented 

as one of the least invasive, yet one of the most unbiased and fine-grained measures of 

looking behaviors such as face processing, attention during social scenes, and joint attention 

(Hanley et al., 2014; Oakes, 2012; Aslin, 2007; Feng, 2011). While initial research on gaze 

behavior employed less precise and more bias-prone methods such as behavioral coding 

from videos, eye-tracking has since provided increased accuracy in studying these looking 

behaviors as both spontaneous and task-directed gaze. With this tool, we are now able to 

more effectively record the types of information that individuals do and do not make 

visually available to themselves when viewing social stimuli. A vast and ever-growing body 
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of research has employed this methodology in studying social looking behaviors in typically 

developing (TD) infants and toddlers (Richmond & Nelson, 2009; Senju & Csibra, 2008; 

Johnson, McQueen, & Huettig, 2011; Hunnius, Bekkering, & Cillessen, 2009). 

This more recent ability becomes especially meaningful when considering young 

children with autism spectrum disorders (ASD), seeing as both the conditions of ASD and 

early age limit the language capabilities of participants being assessed. In place of reliance 

on language measures that may not provide sufficient information based on these 

limitations, eye-tracking methodology captures spontaneous and nonverbal attention 

allocation in experiments depicting social information (faces, people, social interaction). 

Eye-tracking technology therefore has the potential to provide rich insight into the 

fundamental attentional and processing systems that guide behavior in young children with 

autism. Such a paradigm allows for a deeper, more nuanced understanding of the social 

processing mechanisms that accompany observable behavior. In this way, eye-tracking 

studies may provide insight into the everyday social interaction difficulties faced by 

individuals with ASD in a fashion that was not previously possible (Boraston & Blakemore, 

2007).  

A growing body of literature focused on these attentional processes has shown that 

children with autism tend to prioritize their visual engagement on non-social aspects over 

socially relevant details in visual stimuli representing their surrounding environment (Klin, 

Lin, Gorrindo, Ramsey, Jones, 2009; Shic, Bradshaw, Klin, Scassellati, & Chawarska, 2011; 

Shultz, Klin, & Jones, 2011; Sasson, Turner-Brown, Holtzclaw, Lam, & Bodfish, 2008). 

Recent research has demonstrated that in this way, children with autism have eye gaze 

patterns and loci of focus that deviate greatly from those of typically developing children, 
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and thus are able to be distinguished diagnostically (Chawarska & Shic, 2009; Chawarska, 

Macari, & Shic, 2012; Pierce, Conant, Hazin, Stoner, & Desmond, 2011; Pierce et al., 2015; 

Klin, Lin, Gorrindo, Ramsey, Jones, 2009; Sasson, Turner-Brown, Holtzclaw, Lam, & 

Bodfish, 2008; Shultz, Klin, & Jones, 2011).  

Social Stimuli Processing in Early ASD Research. 

Specifically, one line of eye-tracking research has focused on measuring preference 

for social versus non-social stimuli in one’s environment. This has been addressed through 

preferential looking paradigms presenting side-by-side films of social and non-social 

stimuli, as well as those assessing preferential looking within one dynamic social scene. An 

example of the former paradigm type was utilized in a study by Pierce, Conant, Hazin, 

Stoner, and Desmond (2011). This research employed a paradigm in which toddlers two to 

four years in age were presented with side-by-side films of moving geometric patterns and 

children in high action. Diagnostic groups included toddlers on the autism spectrum, those 

with developmental delay (DD), and typically developing (TD) controls. 

Data for this paradigm were analyzed using eye-tracking technology to determine a 

total fixation duration and the number of saccades within each movie type. These analyses 

were compared between diagnostic groups, and results revealed that toddlers with ASD as 

young as 14 months spent significantly more time than the other two diagnostic groups 

fixating on dynamic geometric images than other diagnostic groups. In addition, percentage 

of time fixating on geometric patterns positively predicted classification of ASD. If a toddler 

spent more than 69% of his or her time fixating on geometric patterns, then the positive 

predictive value for accurately classifying that toddler as having an ASD was 100%.  
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These findings imply that toddlers with ASD may be viewing non-social stimuli as 

more relevant or valuable than social stimuli. Furthermore, such results shed light on the 

potential for a preference for geometric patterns to be used as an easily detectable early 

signature of infants and toddlers at risk for ASD. A follow-up study was conducted, 

revealing that toddlers with ASD who strongly preferred geometric images had worse 

cognitive, language, and social skills compared to those who visually prioritized social 

images (Pierce et al., 2015). These results suggest that this enhanced visual preference for 

geometric repetition may serve as an early developmental biomarker of an ASD subtype 

with more severe symptoms. 

Research has also recently been employed with the use of eye-tracking technology 

to assess preferential looking to biological motion in ASD, as this ability may be a 

fundamental precursor to adaptive social interactions with other individuals (Klin & Jones, 

2008; Klin, Lin, Gorrindo, Ramsey, & Jones, 2009). Klin and Jones (2008) conducted initial 

research on this topic in a 15-month-old diagnosed with ASD, while Klin, Lin, and Gorrindo 

(2009) expanded this inquiry to three diagnostic groups of children with ASD, DD, and a 

TD control sample. This research utilized a preferential looking task using side-by-side 

animations of upright and inverted point-light figures to measure visual fixation patterns and 

specifically orienting to biological motion in the upright figure. This figure acted out 

childhood games such as playing peek-a-boo or singing a nursery rhyme, as an 

accompanying audio soundtrack played to match the actions of the upright figure. The 

upright and inverted figures were identical except that the inverted figure was rotated 180 

degrees and played in reverse order.  
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Results of both studies indicated that participants failed to orient to the biological 

motion animation; that is, they displayed random looking patterns across both the upright 

and inverted point-light displays. In contrast, both control groups demonstrated significant 

preferential looking to the upright figures depicting biological motion. Instead of attuning to 

biological motion, the ASD participants were highly sensitive to the presence of non-social, 

physical contingency that occurred within the stimuli by chance, such as audiovisual 

synchrony that occurred when the collision of point-lights was paired with a clapping sound 

that the stimuli played. These findings raised the hypothesis that the preferential engagement 

with socially relevant stimuli of biological motion may be derailed in children with autism 

from a very young age, with cascading consequences for the lifelong social impairments 

characteristic of ASD.  

 Several other studies have focused on ASD preferential looking within one scene, as 

opposed to comparing two side-by-side (Shic, Bradshaw, Klin, Scassellati, & Chawarska, 

2011; Chawarska, Macari, & Shic, 2013; Hosozawa, Tanaka, Shimizu, Nakano, & 

Kitazawa, 2012).  Shic et al. (2011) employed eye-tracking to examine ASD looking 

behaviors in the context of an adult-child play interaction. In comparison to control groups, 

one- to two-year-old toddlers with ASD focused preferentially on background objects such 

as toys, and less attention to the activities of other people in the film clip shown. While 

toddlers with ASD spent the same overall amount of time as control groups looking at 

people in the video, they looked substantially less at people’s heads and more at their bodies. 

The results showed that these looking behaviors served as predictors of cognitive deficits 

and greater autism severity, suggesting that this early disruption in monitoring of social 

activities may limit future paths to observational learning.  
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 Similarly, Hosozawa et al. (2012) employed a paradigm of short video clips (six 

seconds each) excerpted from a film or TV program for children, in order to compare two- 

to four-year old TD and ASD toddlers on looking behaviors with embedded people and 

faces. These clips contained one to several people engaged in social interaction, such as 

conversation or speaking to the audience. Analyses revealed that toddlers with ASD looked 

away from actors prematurely during speech episodes and looked less at faces than the TD 

group. Again, in these findings we see a tendency for these individuals to limit themselves 

from viewing socially relevant stimuli. 

 Especially relevant to prediction of ASD prognosis was an eye-tracking study 

conducted  

by Chawarska et al. (2013). This study found that compared to control groups, six-month-

old infants later diagnosed with ASD looked less at a dynamic social scene, demonstrating 

atypical spontaneous social monitoring. Instead, increased attention was directed toward the 

background of the scene. Further, when these infants did look at the scene, compared to the 

TD control group they spent less time monitoring the actress in general and her face in 

particular. This implies a tendency not to spontaneously look to people and their activities. 

This limited attentional bias toward people again falls in line with a potential lack of 

motivation to attend to social information, that may very well have a detrimental impact on 

the specialization of social brain networks and the emergence of social interaction patterns. 

This study demonstrated that behavioral signs of later diagnosed ASD can be detected as 

early as six months of age, equivalent to the earliest age that brain-based markers have been 

identified (Elsabbagh et al., 2012; Wolff et al., 2012). 
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 The above studies demonstrate that toddlers on the spectrum tend to display 

increased fixation on non-social stimuli either when presented side-by-side or interweaved 

with social stimuli in eye-tracking paradigms. However, there is an issue of ecological 

validity encountered in the interpretation of eye-tracking research findings that has yet to be 

thoroughly discussed or investigated in this field. While those conducting this line of 

research are aware that the eye-tracking assessments are simulated paradigms linked to 

broader claims regarding child development such as social perception processing and even 

ASD diagnosis, the large leap to these claims is rarely questioned. Studies such as those 

conducted by Navab et al. (2012) have begun to elucidate the connections between social 

looking behaviors captured in eye-tracking paradigms and those seen in naturalistic 

behavioral assessments, as well as severity of autism symptomology. However, this line of 

research will benefit from more investigation as to the nature of relations between eye-

tracking findings and those that emerge in the actual social world that individuals with ASD 

must navigate. 

The Current Study 

 This proposed project directly aims to develop and evaluate an experimental eye- 

tracking paradigm in the assessment of social attentional processing difficulties in young 

children with ASD when compared to normative gaze data obtained from typically 

developing children. That is, this study will assess the extent to which a participant child’s 

eye gaze patterns are fundamentally altered from the social visual preferences of typically 

developing (TD) children. The paradigm employed will be one referred to as the Social 

versus Geometric Preferential Paradigm (SGP Paradigm) modified from that used by Pierce 
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et al. (2011). This paradigm will assess a looking preference for moving non-social 

geometric images versus dynamic social videos in ASD participants.  

 Another aim of this research is to determine the relation between looking behaviors 

according to the eye-tracking task and severity of autism social affect symptomology 

according to standardized assessment measures. Lastly, this project aims to assess ecological 

validity of eye-tracking assessment by determining the relations between looking behaviors 

as determined by eye-tracking data analysis and those recorded in naturalistic social 

interactions with participant caregivers. The use of multiple evaluation methods will allow 

for a comprehensive depiction of social looking behaviors in those on the spectrum reflected 

across a number of assessment modalities. 

Research Questions 

 This study aims to extend research related to early preferential looking by addressing 

the  

following questions for children with ASD between the ages of 18-54 months: 

Research Question 1: Will young children diagnosed with ASD display a preference for 

non-social stimuli when compared to control children as measured by differential looking 

scores (DLS) and percentage of first gazes to social stimuli in an eye-tracking assessment 

referred to as the SGP Paradigm? 

Research Question 2: Will young children diagnosed with ASD display a preference for 

non-social stimuli when compared to the control sample as measured by gaze to 

participants’ caregivers in naturalistic parent-child interactions during a structured 

laboratory observation (SLO)? 
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Research Question 3: For all participants, will correlations be found between social looking 

behaviors as measured by the eye-tracking DLS and first gaze data and those recorded as 

gaze to participants’ caregivers in naturalistic parent-child interactions during a structured 

laboratory observation (SLO)? 

Research Question 4: For participants diagnosed with ASD, will correlations be found 

between ASD looking behaviors as measured by the eye-tracking DLS and first gaze data 

and standardized assessment of social affect autism symptomology according to the Autism 

Diagnostic Observation Schedule (ADOS-2)? 

Research Question 5: For participants diagnosed with ASD, will correlations be found 

between naturalistic looking behaviors to caregiver as measured by the SLO and 

standardized assessment of social affect autism symptomology according to the Autism 

Diagnostic Observation Schedule (ADOS-2)? 

Method 

Participants 

Participants included 46 young children aged 18-54 months, and each child’s primary 

caregiver. 23 young children who met criteria for diagnosis of autism and 23 typically 

developing children matched on chronological age were enrolled in the project. For the 

participants with autism, inclusionary criteria included the following: (a) an age between 18-

54 months, (b) a diagnosis of autism obtained by meeting DSM-V diagnostic criteria (APA, 

2013), (c) either falling in the mild-to-moderate or moderate-to-severe concern range on the 

Autism Diagnostic Observation Schedule – Toddler Module (ADOS-2-T; Lord, Luyster, 

Gotham, & Guthrie, 2012) or qualifying for an autism classification on Modules 1 or 2 of 

the Autism Diagnostic Observation Schedule, Second Edition (ADOS-2; Lord et al., 2012). 
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Children with co-occurring seizure disorders, significant hearing/vision loss, genetic 

conditions, or other comorbid medical conditions were excluded from participation. Prior to 

the onset of the study, 61% of ASD participants were receiving behavioral intervention, 61% 

were receiving speech therapy, and 48% were in the process of receiving occupational 

therapy. 

 Both ASD and TD participants were recruited through local family and child social 

and support groups, in addition to local advertisements. Parents of typically developing 

children participated in a telephone screening in which they were asked whether their child 

had any signs of delays, symptoms of trauma, or concerns of autism as indicated by 

physicians during well-baby checkups. If parents confirmed that none of these concerns 

were present, they were included for participation in the study. Families of typically 

developing participants were financially compensated with gift cards amounting to $25. 

Families of ASD participants were not financially compensated but received developmental 

assessment as well as intervention services as part of a larger ongoing study at no cost for 

participation. Full demographic information is included in Table 1. 

 

 

 

Table 1 

Participant Demographic Information 

Characteristic Number of Participants (Percent of Sample) 

 ASD (N=23) TD (N=23) 

Age   
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     18-30 Months 7 (30%) 15 (65%) 

     30-42 Months 11 (48%) 5 (22%) 

     42-54 Months 5 (22%) 3 (13%) 

Sex   

     Male 21 (91%) 11 (48%) 

     Female 2 (9%) 12 (52%) 

Ethnicity   

     Euro American                   13 (57%) 19 (82%) 

     Asian 3 (13%) 0 (0%) 

     Latino 6 (26%) 2 (9%) 

     Mixed 1 (4%) 2 (9%) 

 

 

 

 

 

 

 

Setting 

Research procedures took place in the clinic assessment rooms of the University 

Autism Center. Rooms were equipped with adult- and child-sized tables and chairs and each 

contained a digital camera for filming experimental procedures. The clinical assessments 

and parent-child interaction assessments took place in separate rooms. Clinical assessments 
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took place in a room with an adult-sized and child-sized table and a portable digital camera 

to capture the examiner, child, and parent. The parent-child interaction assessments took 

place in a separate room with minimal distractions and no toys besides those required in the 

assessment were available to the child or parent.  

 Eye-tracking assessments took place in an assessment room equipped with a 

SensoMotoric Instruments (SMI) eye-tracking system, including a large display monitor on 

which images, animated, and video events were shown. The room was equipped with a car-

seat secured on a chair to ensure stable viewing of the stimuli. Research procedures such as 

data management, analysis, and coding took place in three designated computer rooms with 

data storage server capacities. 

Assessment Procedures 

 As part of a larger ongoing intervention study, ASD participants were screened and  

determined to meet inclusion criteria. After this initial screening process, three broad 

measures were administered over the course of a two-day intake process (a) several eye-

tracking paradigms, (b) behaviorally-coded videos of structured parent-child interactions, (c) 

the remaining standardized assessment battery of developmental, language, adaptive, and 

diagnostic tools. Characteristics about the child’s background were also collected for later 

analysis. This information included chronological age, family socio-economic status, parent 

education and marital status, racial/ethnic background, adjunct support services, prior 

intervention services, and medical history. This assessment procedure typically took 

approximately five hours to complete. 

 The typically developing sample participated in a one-day assessment using several 

eye-tracking paradigms, as well as behaviorally-coded videos of structured parent-child 
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interactions. This assessment procedure typically lasted one hour. These normative eye-

tracking and naturalistic behavioral measures from typically developing children served as 

comparative data. 

Dependent Measures for Research Question 1: Will young children diagnosed with 

ASD display a preference for non-social stimuli when compared to typically developing 

controls as measured by differential looking scores (DLS) and percentage of first gazes 

to social stimuli in an eye-tracking assessment referred to as the SGP Paradigm? 

Eye-Tracking Assessment. The primarily goal of this analysis was to determine the 

extent to which the social visual preferences of ASD participants were fundamentally altered 

from those of typically developing (TD) children as measured by eye-tracking. An SMI eye-

tracker was used to collect data on the x-y coordinates of fixation points viewed on the 

stimulus presentation monitor. For the paradigm described below, dependent measures 

included looking time to specified regions of interest (ROIs) in the scene. Looking time to 

each ROI was calculated and analyzed over various time samples throughout the duration of 

presentation (described in greater detail under Statistical Analyses). Additional fine-grained 

analyses, such as the calculation of the differential looking score (DLS) and the percentage 

of first gazes to social stimuli were conducted to investigate the distribution of attention to 

various social and non-social aspects of scenes and the change of the attention distribution 

over time. Each child  

participated in the eye-tracking paradigm in order to measure social-perceptual changes.  

Social versus Geometric Preference Paradigm (SGP Paradigm). As a robust measure of 

assessing social versus non-social motivation at the very basic level of visual attention, this 

visual preference paradigm involves two stimuli competing for the child’s attention. This 
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paradigm is modeled after the social preference task created by Pierce et al. (2011). These 

six five-second video stimuli were presented side-by-side and were approximately matched 

on visual salience properties. The images differed only in regard to semantics: one being 

social in nature, the other non-social. The social stimuli included children in high action 

doing activities such as jumping and yoga, while the non-social stimuli consisted of dynamic 

geometric patterns. Previous studies have identified this type of paradigm as differentiating 

young children with ASD and those without (e.g. Pierce et al., 2011; Pierce et al., 2015). 

ROIs included the total social and non-social stimulus to understand global preference. 

Social preference ratios as determined by differential looking scores and percentage of first 

gazes to social stimuli were calculated for each participant and compared across diagnostic 

groups.  

Dependent Measures for Research Question 2: Will young children diagnosed with 

ASD display a preference for non-social stimuli when compared to typically developing 

controls as measured by gaze to participants’ caregivers in naturalistic parent-child 

interactions during a structured laboratory observation (SLO)? 

Structured Laboratory Observation (SLO). This research question aimed to 

determine the extent to which the social looking behaviors of ASD participants differed 

from those of typically developing (TD) children during naturalistic interactions with 

participant caregivers. Three videos of parent-child interactions were recorded during the 

assessment process. All videos were five minutes in length and took place in a clinic room 

within the Koegel Autism Center. The room was equipped with a standard set of toys 

appropriate for toddlers. In the first video, the child was allowed to explore the toys and the 

parent was instructed to observe their child approximately three feet away from them 
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without initiating any interaction. The parent was instructed to respond appropriately to any 

interaction initiated by the child, but to quickly redirect the child to play on their own. In the 

second video, parents were told to play with their child in an attempt to elicit as much 

social-communication as possible from them. Parents asking for more specific guidance 

were told to use whatever activity or toy they feel will best engage their child. In the final 

video, the parent and child were placed in a room without play materials. The parents were 

again instructed to play and elicit social-communication, this time without the use of 

external stimulus materials. For the purposes of this dissertation, only the data from the 

second SLO video were analyzed, given that this video best represented the presence of 

social (caregiver) and non-social stimuli (toys) in the natural environment competing for the 

participants’ attention, most similar to the vying of attention between social and non-social 

stimuli in the SGP eye-tracking paradigm. In analyzing gaze behaviors from the SLO, 

participants’ social looking behaviors when interacting with the caregiver in a naturalistic 

context were able to be determined and consequently compared to looking preferences as 

measured by more fine-grained eye-tracking analyses. 

 Behavioral Coding of Child Looking Behaviors. 

 Behavioral coding of child looking behaviors, specifically gaze to caregiver during 

the SLO, was completed by the lead investigator of this study and trained undergraduate 

research assistants in psychology who had foundational knowledge of child development. 

Child gaze to caregiver was defined as the percentage of five-second intervals a child 

displayed a look to the face or body of the caregiver during the dyadic parent-child 

interaction. This variable was coded in five-second intervals using interval recording (see 

Table 2). For each five-second interval in the conversation, a plus (+) was recorded if the 
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child gazed to the caregiver’s face or body during the interval, and a minus (-) was recorded 

if the participant did not make any gazes to the caregiver during the interval. Research 

assistants were blind to the hypothesis of the study and trained to 80% reliability on this 

coding scheme. Reliability was subsequently calculated for 25% of the videos, selected at 

random using a computer-generated program. A reliability of 80% and Kappa above .7 was 

considered satisfactory (Kazdin, 2011).  
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Table 2 

Child Gaze to Caregiver Interval Coding Template 

Min. 1 Interval 0:00-1:00     
:00-:04   :30-34   
:05-:09   :35-39   
:10-:14   :40-:44   
:15-:19   :45-49   
:20-:24   :50-54   
:25-:29   :55-:59   

Min. 2 Interval 1:00-2:00     
:00-:04   :30-34   
:05-:09   :35-39   
:10-:14   :40-:44   
:15-:19   :45-49   
:20-:24   :50-54   
:25-:29   :55-:59   

Min. 3 Interval 2:00-3:00     
:00-:04   :30-34   
:05-:09   :35-39   
:10-:14   :40-:44   
:15-:19   :45-49   
:20-:24   :50-54   
:25-:29   :55-:59   

Min. 4 Interval 3:00-4:00     
:00-:04   :30-34   
:05-:09   :35-39   
:10-:14   :40-:44   
:15-:19   :45-49   
:20-:24   :50-54   
:25-:29   :55-:59   

Min. 5 Interval 4:00-5:00     
:00-:04   :30-34   
:05-:09   :35-39   
:10-:14   :40-:44   
:15-:19   :45-49   
:20-:24   :50-54   
:25-:29   :55-:59   
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Dependent Measures for Research Question 3: For all participants, will correlations be 

found between social looking behaviors as measured by the eye-tracking DLS and first 

gaze data and those recorded as gaze to participants’ caregivers in naturalistic parent-

child interactions during a structured laboratory observation (SLO)? 

 The aim of this research question was to assess the ecological validity of this eye-

tracking paradigm by determining the relations between eye-tracking looking behaviors and 

those recorded in naturalistic social interactions with participant caregivers. The eye-

tracking DLS and first gaze data, as well as the naturalistic looking data from the SLO, as 

described above, were analyzed for this question. 

Dependent Measures for Research Question 4: For participants diagnosed with ASD, 

will correlations be found between ASD looking behaviors as measured by the eye-

tracking DLS and first gaze data and standardized assessment of social affect autism 

symptomology according to the Autism Diagnostic Observation Schedule (ADOS-2)? 

Autism Diagnostic Observation Schedule – Section Edition. (ADOS-2; Lord, 

Luyster,  

Gotham, & Guthrie, 2012; Lord et al., 2012). This research question aimed to determine the 

relation between looking behaviors according to the eye-tracking task and severity of autism 

social affect symptomology according to standardized assessment measures. The ADOS-2 is 

a semi-structured, standardized observational assessment of autistic diagnosis and 

symptomology in individuals aged 12 months to adulthood that incorporates updated 

diagnostic algorithms. One of three modules (Modules Toddler through 2) was administered 

as appropriate by a doctoral level developmental psychologist certified to be reliable in 

administration. The Toddler Module tests infants and toddlers aged 12 to 30 months, while 
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Modules 1 and 2 test individuals 31 months and older. Administration of the ADOS-2 

allows the examiner to record numerous behaviors associated with ASD, resulting in three 

aggregate scores: a total Social Affect (SA) score, a total Restricted and Repetitive Behavior 

(RRB) score, and a Total score (the severity of autism symptoms).  

Specifically, the SA subscale score was investigated in this study as a means of 

understanding participants’ social abilities in naturalistic interactions, in isolation as well as 

in relation to looking preferences as determined by eye-tracking measures and the SLO. The 

SA subscale is comprised of two smaller subsections, Communication and Reciprocal Social 

Interaction. The Communication subsection includes the individual item of frequency of 

spontaneous vocalization directed to others, as well as an item related to gestures. The 

Reciprocal Social Interaction includes the following individual items: unusual eye contact, 

facial expressions directed to others, integration of gaze and other behaviors during social 

overtures, shared enjoyment in interaction, showing, spontaneous initiation of joint 

attention, response to joint attention, and quality of social overtures.  

The internal consistency for the SA domain is high for both the ADOS-2 Modules 1-

3 (0.87-0.92) and for the Toddler Module (0.88-0.90; McCrimmon & Rostad, 2014). Test-

retest reliability is strong for both Modules 1-3 (0.68-0.92) and the Toddler Module (0.64-

0.88). Interrater reliability across all modules of the ADOS-2 is strong (0.79-0.98). 

Predictive validity is strong (sensitivity ranging from 60%-95% and specificity ranging from 

75%-100% for Modules 1 and 2, and both are at 86% or above for the Toddler Module). In 

order to ensure a common metric for assessing autism social affect symptomology, all 

ADOS-2 scores were converted to the Module 1 algorithm by removing scores that were 
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only specific to Module 2 and the Toddler Module, and completing scores that were specific 

to Module 1. 

 

Dependent Measures for Research Question 5: For participants diagnosed with ASD, 

will  

correlations be found between naturalistic looking behaviors to caregiver as measured 

by  

the SLO and standardized assessment of social affect autism symptomology according 

to the Autism Diagnostic Observation Schedule (ADOS-2)? 

 The last research question sought to ascertain the nature of relations between social 

impairment as measured by the ADOS-2 and social gaze to caregiver during naturalistic 

interactions for ASD participants, in order to determine the associations between these 

measures while examining their respective relations to eye-tracking social gaze 

measurement. The naturalistic gaze data from the SLO and social affect data from the 

ADOS-2 were analyzed for this research question. 

Statistical Analyses  

 For eye-tracking analyses, data points with low validity (owing to head movement, 

eye-blinks) and of insufficient length were excluded (spatial threshold: 30 pixels; temporal 

threshold 100msec). The total length of time the participants spent looking at the regions of 

interest for each event was calculated using a differential looking score (DLS). The DLS 

was calculated as follows: the time spent looking at the non-social areas of the videos was 

subtracted from the amount spent looking at the location containing social targets, and 

divided by the total time looking at both ROIs. This gave a range of +1 to -1, with positive 
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scores indicating a preference in looking toward the social video, and negative scores 

indicating a preference in looking at the non-social sections of the video. In addition, the 

eye-tracking software was used to determine the first point of fixation, or the “first gaze” to 

either the social or non-social stimuli across all six trials presented, and from this the 

percentage of first gaze to social stimuli was calculated in order to determine the 

participants’ initial preferential looking behaviors. 

 For Research Question 1, an independent samples t-test was employed to assess for  

differences between social looking behaviors according to the DLS and first gaze data in the 

ASD and TD samples in the SGP Paradigm. Additionally, the use of effect sizes allowed not 

only the assessment of differences in eye-tracking looking behaviors between the two 

groups, but also provided a measure for the magnitude of the between-group difference. An 

independent samples t-test and effect size were also calculated for Research Question 2 to 

determine the differences in looking behaviors between the two groups in the naturalistic 

interaction of the SLO. Pearson correlations between social gaze to caregiver in the 

structured laboratory observation (SLO) during naturalistic parent-child interaction and first 

gaze and looking preference scores in the SGP eye-tracking paradigm were determined. 

Lastly, correlations between ASD non-social looking behaviors as measured by eye-tracking 

DLS in the SGP paradigm, as well as those by the SLO, and autism social symptomology 

(according to the ADOS-2 Social Affect subscale) were assessed using Pearson correlations.  

Results 

Descriptive Statistics 

  The final sample after excluding children with co-occurring medical conditions and 

not meeting autism severity criteria consisted of 46 participants, 23 being diagnosed with 
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ASD and 23 typically developing controls. Descriptive statistics including range, mean, and 

standard deviation for each measure are reported in Table 3. The distribution of each 

variable is also described. Generally, it is acceptable for kurtosis to fall between -2 and +2. 

Table 3 displays the range, mean, standard deviation, and values for skewness and kurtosis 

for all measures. The differential looking scores (DLS) and percentage of first gazes to 

social stimuli in the SGP Paradigm met assumptions of normality and no deletion of outliers 

or transformations for these variables were required.  

  The variable measuring participants’ gaze to their caregivers during the SLO had a 

skewness of 1.75 and a kurtosis of 3.32, therefore not meeting the assumption of normality. 

An outlier, defined as any value that exceeded 3 standard deviations above or below the 

mean, was identified that appeared to be affecting skewness and kurtosis of this variable. 

However, upon examination it was determined that the outlier was not due to error, but 

rather valid variation in the construct of interest. A log transformation was applied to assess 

changes in normality; however, the transformed variable had a skewness of 1.48 and a 

kurtosis of 2.12, thus still not meeting the assumption of normality. The original variable 

with the outlying data point was therefore used and skewness was noted as a limitation of 

the data interpretation. Assumptions of independent samples and homogeneity of variance 

according to Levene’s test were met for all variables examined. 

 

 

 

 

 



	 24	 	
	

 

 

 

 

 

Table 3 

Descriptive Statistics for the Combined Total Sample 

Measure Range Mean (SD) Skewness Kurtosis 

 Minimum Maximum    

DLS -0.68 0.73 0.19 (0.30) -0.66 0.81 

First Gaze 0.33 1.00 0.57 (0.16) 0.53 -0.03 

SLO Gaze 0.00 0.53 0.11 (0.12) 1.75 3.32 

ADOS-2 SA  7 19 13.30 (3.51)  -0.29 -1.01 
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Primary Analyses 

 Comparisons of gaze behaviors. The first research question focused on whether 

young children with ASD would display a preference for non-social stimuli when compared 

to typically developing controls as measured by the DLS and percentage of first gazes to 

social stimuli in the SGP Paradigm. This question was posed to determine the extent of eye-

tracking visual preferential differences between ASD and TD participants. An independent 

samples t-test was conducted to measure the differences in looking behaviors across the 

ASD and TD groups. Findings revealed a statistically significant difference with a large 

effect size between the ASD and TD samples when comparing looking behaviors on the 

paradigm (t = -3.23, p < 0.01, Cohen’s d = 0.97; see Table 4). That is, ASD toddlers 

displayed a statistically significant preference for non-social stimuli compared to TD 

controls when presented with side-by-side social and geometric dynamic stimuli. This 

finding was not extended to calculation of first gaze, as participants did not significantly 

differ on the amount that their first gaze was drawn to the social stimulus upon viewing the 

paradigm (t = 1.60, p > 0.05, Cohen’s d = 0.45). The ASD sample did have a slightly higher 

percentage of first fixations on the social stimuli (M=0.61) than the TD sample (M=0.54) 

despite spending more time fixating on the non-social stimuli. 
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 The second research question pertained to whether young children diagnosed with 

ASD would display a preference for non-social stimuli when compared to typically 

developing controls as measured by gaze to participants’ caregivers in naturalistic parent-

child interactions during the SLO. This question was explored in order to understand visual 

preference differences in an ecologically valid context. An independent samples t-test 

revealed no statistically significant differences between ASD and TD toddlers in the 

proportion of time spent gazing at  

their caregivers during the SLO (t = 0.41, p > 0.05, Cohen’s d = 0.17).   

Table 4 

Independent Samples T-Tests Between DLS, First Gaze Social, and SLO Gaze for ASD and 

TD Samples 

Measure t df p-value 95%  CI 

DLS -3.23 44 0.00 -0.42 - 0.10 

First Gaze Social 1.60 44 0.12 -0.02 - 0.17 

SLO Gaze 0.41 44 0.68 -0.06 - 0.08 
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 The third research question tested whether correlations would be found between 

social looking behaviors as measured by the eye-tracking DLS and first gaze data and those 

recorded as gaze to participants’ caregivers in naturalistic parent-child interactions for all 

participants during the SLO. This purpose of this question was to ascertain the extent of 

ecological validity in eye-tracking assessment, by comparing to gaze behaviors during eye-

tracking tasks to those during naturalistic interactions. Pearson correlations were conducted 

to measure the relations between eye-tracking and SLO gaze behaviors (see Table 5). Data 

revealed that for participants diagnosed with ASD, no statistically significant correlations 

were found between these individuals’ amount of gaze directed at their caregivers during the 

SLO and their DLS scores (r = 0.12, p > 0.05) or the first gaze data (r = 0.09, p > 0.05). 

Similarly, significant relations did not exist for TD toddlers’ gaze to their caregivers during 

the SLO and their DLS scores (r = 0.01, p > 0.05) or their first gaze data (r = -0.15, p > 

0.05).  
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Table 5 

Correlations Between Gaze to Caregiver during the SLO and Eye-Tracking DLS and First 

Gaze Social Measures 

Eye-Tracking Measure Gaze to Caregiver during SLO 

 ASD TD 

 Correlation 

Coefficient (r) p-value 

Correlation 

Coefficient (r) p-value 

DLS 0.12 0.58 0.01 0.96 

First Gaze Social 0.09 0.68 -0.15 0.49 
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  Relations between gaze behaviors and autism symptomology. 

  A fourth research question was posed regarding participants diagnosed with ASD, as 

to whether correlations would be found between ASD looking behaviors as measured by the 

eye-tracking DLS and first gaze data and standardized assessment of social affect autism 

symptomology according to the ADOS-2. This analysis was conducted to determine whether 

non-social looking preferences captured by eye-tracking would relate to the extent of social 

impairment according to the ADOS-2, as a means of exploring eye-tracking as a potential 

diagnostic tool. Table 6 illustrates Pearson correlations showing that for ASD toddlers, 

social affect symptomology according to the ADOS-2 did not correlate with eye-tracking 

DLS (r = -0.31, p > 0.05) or first gaze (r = 0.12, p > 0.05). That is, visual preference in the 

eye-tracking paradigm did not predict severity of autism social affect impairment. 

  Lastly, a final question was posed as to whether if for participants diagnosed with 

ASD, correlations would be found between naturalistic looking behaviors to their caregivers 

as measured by the SLO and standardized assessment of social affect autism symptomology 

according to the Autism Diagnostic Observation Schedule (ADOS-2). This comparison was 
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explored in order to determine whether social impairment as captured during interactions 

with an experimenter during the ADOS-2 would relate to lack of social gaze to caregiver 

during naturalistic interactions. This would therefore provide information regarding how 

these measurements do or do not relate to each other, as they are also being explored in 

relation to eye-tracking measurement of social looking behaviors. Implementation of the 

Pearson correlation revealed that no statistically significant correlation was found between 

gaze to caregiver as measured by the SLO and social affect autism symptomology according 

to the ADOS-2 (r = - 

0.10, p > 0.05; see Table 6). 

Table 6 

Correlations between Autism Social Affect Symptomology and Gaze Behaviors for 

Participants with ASD 

Measure ADOS-2 Social Affect Symptomology 

 Correlation Coefficient (r) p-value 

DLS -0.31 0.16 

First Gaze Social 0.12 0.60 

SLO Gaze -0.10 0.65 
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Secondary Analyses 

 Age and gender effects. Additional statistical analyses were run in order to 

determine whether demographic variables had a differential effect on any significant 

primary analyses, i.e. DLS, first gaze, SLO gaze to caregiver, and social affect 

symptomology in the ASD sample. Age was significantly correlated with the DLS (r = 0.41, 

p < 0.05) and the ADOS-2 social affect symptomology (r = -0.57, p < 0.01) for the ASD 

group, such that higher age was associated with more social looking and lower social affect 

symptoms. Age was not significantly correlated with the first gaze eye-tracking measure (r = 

-0.35, p > 0.05) or gaze to caregiver during the SLO (r = 0.16, p > 0.05). For the TD sample, 

age was significantly negatively correlated with the DLS measure (r = -0.67, p < 0.01), but 

not with the first gaze (r = -0.10, p > 0.05) or the gaze to caregiver during the SLO (r = 0.20, 

p > 0.05).   

 An ANCOVA was performed in order to ascertain the magnitude of effect that age 

had when taking into account the significant difference found between the ASD and TD 



	 32	 	
	

group on the DLS score. Results indicated that when using age as a covariate, the condition 

of group assignment still had a highly significant effect on the DLS score (F = 7.85, p > 

0.01) and age did not have a significant effect on this score (F = 0.25, p > 0.05).  

 Spearman correlations revealed that gender of the ASD sample (males, N = 21; 

females, N = 2) was not significantly associated with the DLS (p = 0.19, p > 0.05), first gaze 

(p = -0.02, p > 0.05), gaze to caregiver (p = 0.29, p > 0.05), or social affect symptomology 

(p = 0.14, p > 0.05) for the ASD sample. Similarly, gender of the TD sample (males, N = 11; 

females, N = 12) was not significantly associated with the DLS (p = -0.03, p > 0.05), first 

gaze (p = -0.15, p > 0.05), or gaze to caregiver (p = 0.32, p > 0.05) for the TD sample. 

 Interrelations within clinical measures. Pearson bivariate correlations between all  

clinical measures were also conducted to determine how the clinical measures of toddler 

gaze behavior and symptomology are related to each other. This analysis revealed no 

significant relations between the DLS and the First Gaze Social (r = -0.27, p > 0.05), gaze to 

caregiver during the SLO (r = 0.04, p > 0.05), or social affect symptomology (r = -0.31, p > 

0.05). Similarly, no significant relations were found between the First Gaze Social and the 

gaze to caregiver (r = -0.01, p > 0.05) or social affect symptomology variables (r = 0.12, p > 

0.05). Lastly, significant relations were not found between the gaze to caregiver and autism 

symptomology (r = -0.10, p > 0.05) for participants with ASD. 

Discussion 

 The primary goal of this study was to understand social looking behavior as captured 

by eye-tracking measurement for toddlers with ASD, as well as its relation with autism 

symptomology and gaze behavior during naturalistic interactions with caregivers. Results 

generally revealed that non-social looking behaviors during the eye-tracking paradigm under 
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investigation reliably distinguished toddlers on the spectrum from typically developing 

controls who gazed more at social stimuli. However, the preference for social or non-social 

stimuli during the task did not significantly correlate with autism symptomology for the 

ASD sample, or gaze towards caregivers during naturalistic interactions for either sample. 

For the ASD sample, a relation was not found between autism social affect symptomology 

and gaze toward caregiver. The eye-tracking task therefore has utility in determining the 

probability of an autism diagnosis for a given individual, but may not relate to severity of 

social impairment or the nature of social gaze behaviors during naturalistic interactions. The 

severity of social impairment during interactions with an experimenter conducting the 

ADOS-2 also may not relate to social gaze behavior during naturalistic interactions with a 

caregiver. These findings hold implications for the assessment and intervention of ASD and 

warrant further exploration of the significance of social attention in toddlers on the 

spectrum. The implications of the results will now be discussed in relation to each of the 

following research questions. 

Research Question 1: Will young children diagnosed with ASD display a preference for 

non-social stimuli when compared to control children as measured by differential 

looking scores (DLS) and percentage of first gazes to social stimuli in an eye-tracking 

assessment referred to as the SGP Paradigm? 

 Results depicted a clear distinction between ASD and TD children regarding visual 

preferences. Measurement by the DLS scores in the SGP paradigm showed that toddlers on 

the spectrum exhibited a strong preference for non-social stimuli while TD toddlers showed 

a strong social preference. This finding confirms those of previous research studies 

illustrating that preference for non-social stimuli is a clinical characteristic of toddlers with 
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ASD, and has been found to serve as an early risk marker for ASD in infants as young as 6 

months (Chawarska, Macari, & Shic, 2013; Pierce et al., 2015; Shic, Bradshaw, Klin, 

Scassellati, & Chawarska, 2011). The finding of the current study builds upon the literature 

with the implementation of a new paradigm and the differential looking score (DLS), not 

previously utilized in this specific line of inquiry.  

 The results indicate that the SGP paradigm has the ability to distinguish children on 

the spectrum from those who are typically developing, as early as 18 months of age. This 

finding may relate to previous literature focused on social avoidance and gaze aversion in 

ASD. The non-social preference that ASD participants displayed corresponds with prior 

evidence of avoidance of social stimuli both in eye-tracking literature (Chawarska, Macari, 

& Shic, 2013; Hosozawa, Tanaka, Shimizu, Nakano, & Kitazawa, 2012; Pierce et al., 2015; 

Shic, Bradshaw, Klin, Scassellati, & Chawarska, 2011). In addition, some research has 

found that gaze aversion away from social stimuli during face-to-face interactions may be a 

strategy that those on the spectrum use to reduce the cognitive load imposed on them during 

such tasks (Doherty-Sneddon, Riby, & Whittle, 2012). It may be considered that the 

phenomenon seen in the current study could be mirroring such an effect. It is possible that 

participants with ASD were likely to first fixate on the social stimuli to gather information, 

but then quickly became cognitively oversaturated and subsequently redirected gaze to non-

social stimuli in an effort to manage and preserve cognitive resources during the task. 

Further research in this area of gaze aversion from social stimuli during eye-tracking and its 

effect on performance during cognitive tasks is warranted in order to gain a deeper 

understanding of attentional processes in ASD. 

Research Question 2: Will young children diagnosed with ASD display a preference for  
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non-social stimuli when compared to the control sample as measured by gaze to 

participants’ caregivers in naturalistic parent-child interactions during a structured 

laboratory observation (SLO)? 

 Results indicated that ASD and TD children did not differ significantly in terms of 

gaze to caregiver during the SLO, as both groups gazed minimally at their caregivers during 

the interaction. This finding differs from previous research on gaze behaviors during parent-

child interactions utilizing small ASD and TD samples, as significant differences were found 

across the two groups in the behaviors of joint attention, sustained attention, eye contact, and 

eye gaze (Karanth & Archana S, 2013). It could be argued that both groups in the current 

study showed a strong non-social preference when interacting with caregivers in an 

ecological context, if measured by gaze alone. However, it must also be taken into account 

that although the groups were matched by being within the age range of 18-54 months, 

within that age window the TD sample had a slightly lower age range than the ASD sample. 

This difference may have affected the SLO data even if not affecting the aforementioned 

eye-tracking differences between samples. Upon examining the aforementioned outlier in 

the TD sample, it was determined that this older participant (42 months) gazed quite a bit 

more at her caregiver than most of the other younger TD toddlers. It may therefore be 

hypothesized that with a greater sample of older TD participants, a higher percentage of 

gazes to caregiver would have been found, thus depicting differences in preferences between 

the groups in an ecologically valid setting.  

Research Question 3: For all participants, will correlations be found between social 

looking behaviors as measured by the eye-tracking DLS and first gaze data and those 
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recorded as gaze to participants’ caregivers in naturalistic parent-child interactions 

during a structured laboratory observation (SLO)? 

 To the author’s knowledge, no research has explored the significance of non-social 

looking in eye-tracking as it relates to gaze during naturalistic interactions with caregivers. 

The current study aimed to fill this gap in the literature by examining relations between 

looking behaviors during the SGP paradigm and those towards caregivers during the SLO. 

Results showed that for both samples, no significant correlations were found between eye-

tracking measures of social preference and those determined by behavioral coding of gaze 

during the SLO. This finding in conjunction with the above results indicate that while the 

eye-tracking paradigm appears to distinguish the ASD from the TD sample, the gaze 

patterns during the SLO do not distinguish the two samples and accordingly do not relate to 

the eye-tracking measurement of gaze. Therefore, it may make sense to bring into question 

the ecological validity of the eye-tracking measurement. However, if the supposedly 

“ecologically valid” SLO interaction does not reliably distinguish the two samples and does 

not relate in terms of gaze behavior to the eye-tracking measurement, it may also make 

sense to question the validity of measuring gaze to caregiver during the SLO as a visual 

social preference measurement.  

 For example, future research may benefit from examining other types of atypical 

gaze behavior that have distinguished ASD samples during parent-child interactions in 

previous research, such as those focused on joint attentional focus impairments (Adamson, 

Baker, & Deckner, 2004; Mundy, Sigman, & Kasari, 1994). Other potentially fruitful lines 

of inquiry could include studying gaze behavior in other variations of the SLO, such as those 

without toys in the room or those with a stranger instead of the caregiver, to obtain 
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measurement of gaze during different social environmental conditions. Finally, future 

research may consider measuring gaze during more complex naturalistic social and non-

social scenes seen in daily life that would more closely mirror the complexity of the stimuli 

used in the eye-tracking paradigm.  

Research Question 4: For participants diagnosed with ASD, will correlations be found 

between ASD looking behaviors as measured by the eye-tracking DLS and first gaze 

data and standardized assessment of social affect autism symptomology according to 

the Autism Diagnostic Observation Schedule (ADOS-2)? 

 Neither of the eye-tracking measurements of visual preference related to social affect 

impairment in the ASD sample. Again, this finding proves to be interesting given that the 

DLS eye-tracking measurement distinguished the ASD from the TD sample. These results 

stand in contrast to those of Pierce et al. (2015) and Pierce et al. (2011), where such studies 

found that the non-social visual preference displayed by ASD children predicted autism 

diagnosis and even symptom severity. When examining the results of the current study, it 

could be considered that the SGP Paradigm gaze measurement and that of the ADOS-2 

Social Affect subscale may be capturing different components of the ASD diagnosis in this 

particular sample, thus explaining their lack of correlation to each other. For example, the 

SGP Paradigm captures preference for a scene of geometric moving images over the social 

stimuli of children in high action. Meanwhile, even the most gaze-related items on the 

Social Affect subscale measure behaviors such as unusual eye contact, facial expressions 

directed towards others, integration of gaze and other behaviors, showing items to others, 

and initiation of joint attention. Whereas it could be hypothesized that a lack of visual 

preference to social stimuli would relate to a lack of these social gaze-related behaviors, it 
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could be conjectured that they are in fact different components of the autism spectrum. The 

utility of each of these measurement tools may be greatest if they are examined in 

conjunction with each other when forming an ASD diagnosis for a given individual, since 

they may be addressing different aspects of the complex picture of autism. 

Research Question 5: For participants diagnosed with ASD, will correlations be found 

between naturalistic looking behaviors to caregiver as measured by the SLO and 

standardized assessment of social affect autism symptomology according to the Autism 

Diagnostic Observation Schedule (ADOS-2)? 

 Regarding the final research question, a similar result was found such that the gaze 

behavior during the SLO was not significantly related to social affect impairment according 

to the ADOS-2 for the ASD sample. Again, this could be alluding to a difference in 

measurement, since the SLO gaze behavior to caregiver may vary greatly from the social 

impairment captured by the ADOS-2. The other factor to consider would be the nature of the 

two assessments, as the SLO involves the participant interacting with the caregiver, while 

the ADOS-2 requires interaction with an experimenter that the child likely has not met 

before. Gaze behaviors during these interactions may vary depending on comfort levels with 

a caregiver versus a stranger, and may therefore explain the lack of relation between these 

two variables.  

 The gaze aversion literature may be useful to consider here, as the ADOS-2 is 

arguably a more cognitively demanding task with structured prompts provided by an 

unfamiliar experimenter, versus an unstructured play-based interaction potentially with less 

demands, taking place with a familiar caregiver. The literature evidences a tendency of the 

ASD population to increasingly avert gaze from social stimuli as tasks grow more complex 
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and demanding (Doherty-Sneddon, Riby, & Whittle, 2012). A related line of research found 

that in an ASD sample, gaze aversion did not differ across cognitive tasks with a familiar 

experimenter and an unfamiliar experimenter (Doherty-Sneddon, Whittle, & Riby, 2013). 

However, to the author’s knowledge this examination has not been compared between 

unfamiliar experimenters and familiar caregivers. It would therefore be of interest to explore 

differences in cognitive demand levels in the ADOS-2 and SLO, by nature of the assessment 

content itself and by nature of requiring interaction with a stranger versus caregiver.  

 It is evident that there is a dearth of literature comparing these two exact 

assessments. However, some research has shown inverse relations between autism symptom 

severity according to the ADOS-2 and quality of parent-child interaction as measured by 

behavioral and self-report tools such as the Dyadic Coding Scale and the Parent-Child 

Relationship Inventory (Beurkens, 2011; Beurkens, Hobson, & Hobson, 2013). Further 

research may help to elucidate the nature of relations between these various assessment 

modalities, as each different style of measurement, whether it may be various forms of 

parent-child interaction observations or parent report measurement, may capture different 

aspects of social attention and engagement in this population. 

Secondary Analyses 

 Age and gender effects. In exploring how demographic variables may be related to  

significant findings in the primary analyses, age was found to be correlated with the DLS 

scores for both the ASD and TD group. Interestingly, while the ASD group’s visual 

preference became more social on this measure as age increased, the TD group’s preference 

became less geared towards constant social looking with increased age.  This result may 

have been affected by the overall difference in age between the two samples, as the ASD 
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group was generally older than the TD group, and the two samples may have therefore been 

representing different phenomenons occurring at different age points. Regardless, additional 

analyses revealed that when factoring for age, the reason for the statistically significant 

difference between the two groups still proved to be the condition of the groups rather than 

the variable of age. Age also significantly correlated with lower social affect symptoms of 

the ASD group according to the ADOS-2, which may have been an important consideration 

had the correlations related to social affect symptomology been statistically significant. Age 

and gender were not found to be correlated with any of the other variables under 

investigation, suggesting that the primary findings are applicable to all toddlers between 18-

54 months regardless of age or gender. 

 Intercorrelations within clinical measures. A third exploratory analysis 

investigated intercorrelations among all clinical measures. The associations between these 

measures in toddlers have not yet been thoroughly explored and this analysis serves as a 

foundation for future research. The lack of correlation between any of the measures suggests 

that they may be capturing different aspects of the autism diagnosis, as well as different 

aspects of typical development. Future research may benefit from exploring relations across 

more similar measures such as comparing scores obtained during social interactions with a 

stranger during the ADOS-2 to those with a stranger during the SLO, as opposed to the 

scores that were measured during interactions with participant caregivers.  

Limitations 

 The current study has several limitations that warrant further investigation and 

replication of the conclusions and speculations explored in the discussion. Firstly, this study 

would benefit from increasing statistical power by being replicated with a larger sample of 
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toddlers. In addition, the racial/ethnic diversity of the current sample and particularly the TD 

sample was somewhat limited as it primarily consisted of children of European American 

descent. Investigating cultural differences in a sample of more demographically diverse 

children may prove to be informative. The gender of the typically developing sample was 

nearly evenly distributed, while the gender of the ASD sample was heavily skewed towards 

males. While this matches the diagnostic presentation of the larger population of children on 

the spectrum, the overall differences in gender between the groups may have also been a 

limitation. For the ASD sample, future research may benefit from including analyses of the 

amount of treatment received prior to the beginning of the study, in order to determine 

whether relations exist between amount of treatment received and performance on social 

attention measures. 

 With regard to age, the mean age of the ASD sample was seven months older than 

that of  

the typically developing sample. This difference in age may have affected the results, as the 

younger TD sample may have exhibited less socially developed behavior as a result of being 

of a younger age group. The aforementioned outlier may be an example illustrating how 

having a higher age group of TD children may have shown an increase in social gaze 

behaviors as measured in the SLO. However, the significant difference found in DLS eye-

tracking scores between the two groups did not appear to be affected by age, showing that 

this phenomenon of distinguishing the ASD from TD groups can be exhibited even with a 

younger, potentially less socially developed TD group.  

 Limitations also exist in the measures that were utilized for the current study. 

Although  
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there were two eye-tracking measures, a behaviorally coded measure, and a measure of ASD 

symptomology, the study may have benefited from the use of several additional measures. 

Within the behavioral coding of the SLO, the study may provide a richer picture of the 

toddlers’ social profile by including coding of other social behaviors such as verbal 

communication, gestures, joint engagement, and initiations with participant caregivers. 

Additionally, other subscales of the ADOS-2 may be considered for analysis, such as the 

Restricted and Repetitive Behaviors subscale and the Total ADOS-2 score, in order to 

understand relations with various components of autism diagnosis as well as overall 

symptomology. Lastly, a battery of measures such as those focused on cognitive, language, 

and adaptive skills, would be beneficial to verify that there were no delays or signs of autism 

symptomology present in the typically developing sample. 

Implications for Assessment 

 The primary aim of the current study was to better understand social attention in 

toddlers  

with ASD in order to inform early identification of ASD and intervention efforts. Decreased 

visual focus on social stimuli has long been a clinical concern for researchers, clinicians, and 

parents. This study identified a non-social visual preference as an indicator of autism 

diagnosis when compared to social visual preference in the typically developing sample, but 

did not relate to more ecologically valid assessments with caregivers or standardized 

assessments of autism social affect impairment.  

 However, the SLO and ADOS-2 measures did not correlate with each other either, 

meaning that it is possible that each assessment type may provide their own utility. As 

mentioned earlier, non-social preferences as measured by eye-tracking paradigms have 



	 43	 	
	

proven to be fruitful with regard to predicting autism diagnosis as well as severity 

(Chawarska, Macari, & Shic, 2013; Jones, Carr, & Klin, 2008; Pierce et al., 2015; Shic, 

Bradshaw, Klin, Scassellati, & Chawarska, 2011). With regard to standardized assessment, 

the ADOS-2 has been confirmed as a reliable and valid measure of ASD diagnosis and 

severity (McCrimmon & Rostad, 2014). The gaze behavior coded on the SLO, however, did 

not distinguish the ASD from the TD sample, and it is likely that coding for the other social 

gaze behaviors on the SLO mentioned above, or examining other variations of the SLO 

assessment, could yield results that would assist assessment of autism diagnosis. Additional 

research in this area of multiple methods of assessment with larger sample sizes could help 

to improve understanding of visual preference as a potential symptom of ASD and whether 

this behavioral marker in the toddler years warrants early intervention. 

Implications for Intervention 

 Methods of assessment in early childhood years such as those examined in this study  

should ultimately result in development of early treatment and prevention efforts. As 

mentioned earlier, a preference for non-social stimuli similar to that found in the current 

study relates to social impairment in children on the spectrum (Pierce et al., 2015). It is 

therefore critical that early intervention is focused on increasing the ability of children on 

the spectrum to associate social stimuli with rewarding qualities. It may be proposed that 

when children are motivated enough to visually attune to relevant social information, they 

may then make this knowledge available to themselves and can learn from it in a meaningful 

way that promotes successful navigation in complex social interactions throughout the 

lifetime. 
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 Research in this area has illustrated the social gains resulting from utilizing socially 

embedded reinforcers in PRT-based intervention, including increased child affect, directed 

positive affect, and verbal initiations, as well as increased in synchronous transactional 

parent-child engagement and generalized increase in parent-child behaviors (Vernon, 2014; 

Vernon, Koegel, Dauterman, & Stolen, 2012). Preliminary eye-tracking evidence (Vernon, 

Navab, & Bradshaw, 2015) may hold promise with regard to measuring such gains as seen 

through social visual preference post-treatment. A promising next step would be to continue 

to elucidate the changes seen after intervention through eye-tracking measurement as well as 

ecologically relevant social laboratory observations, in order to ascertain the extent to which 

such innovative assessment methods may inform early intervention and thus benefit this 

treatment population. 
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