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Abstract

Objective: The primary aim of this study was to develop and validate eye tracking-based 

measures for estimating autism spectrum disorder (ASD) risk and quantifying autism symptom 

levels.

Method: Eye tracking data were collected from youth during an initial evaluation visit, with 

administrators blinded to all clinical information. Consensus diagnoses were given by the 

multidisciplinary team. Participants viewed a 5- minute video that included 44 dynamic stimuli 

from 7 distinct paradigms while gaze was recorded. Gaze metrics were computed for temporally-

defined regions-of-interest. Autism risk and symptom indices aggregated gaze measures showing 

significant bivariate relationships with ASD diagnosis and Autism Diagnostic Observation 

Schedule 2 (ADOS-2) symptom severity levels in a training sample (75%, n=150). Receiver 

operating characteristic curve analysis and non-parametric correlations were used to cross-validate 

findings in a test sample (25%; n=51).

Results: Most children (n=201, 92%) completed a valid eye tracking assessment (ages 1.6–17.6; 

80% male; ASD n=91, non-ASD n=110). In the test sub-sample, the autism risk index had high 

accuracy for ASD diagnosis (area under the curve [AUC]=.86, 95%CIs=.75-.95), while the autism 

symptom index was strongly associated with ADOS-2 total severity scores (r=.41, p<.001). 

Validity was not substantively attenuated after adjustment for language, non-verbal cognitive 

ability, or other psychopathology symptoms (r=.40-.67, p>.001).

Conclusion: Eye tracking measures appear to be useful quantitative, objective measures of ASD 

risk and autism symptom levels. If independently replicated and scaled for clinical use, eye 

tracking-based measures could be used to inform clinical judgment regarding ASD identification 

and to track autism symptom levels.

Keywords

autism spectrum disorder; eye tracking; gaze; risk assessment; diagnosis

Introduction

Numerous studies have identified gaze differences between individuals with autism 

spectrum disorder (ASD) and controls across a wide range of ages and stimulus paradigms.
1–4 ASD-affected individuals have decreased attention to social information and increased 

attention to extraneous (non-social) information.5 Our recent meta-analysis of 122 autism 

eye tracking studies found largest differences for non-social and face/eye regions.6 The 

magnitude of findings was consistent across age and present even when comparing ASD to 

developmental disability. Motivated by this pattern, we demonstrated, across two samples, 

that aggregation of looking times to a priori regions of interest (ROIs) from a range of 
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stimuli yielded strong diagnostic validity.7 These findings, and other recent results,8,9 

suggest that eye gaze patterns, particularly those based on dynamic temporal analysis,10 may 

be a promising objective ASD risk marker and a quantitative measure of autism symptoms 

spanning the full continuum of behavior.

At present, subjective assessment tools are the only methods available for ASD 

identification.11,12 Parent- completed questionnaires are used to screen for ASD in primary 

care settings, while parent interviews and clinical observations are the gold-standard 

assessment tools used to inform tertiary care ASD evaluations. Developing quantitative, 

objective measures of ASD is a major ongoing research priority. Several biological measures 

are being explored (e.g., EEG, MEG, MRI, etc.),13,14 but these have significant technical, 

financial, time, and/or ethical limitations (e.g, sedation for MRI in young children). In 

contrast, remote eye gaze tracking is unobtrusive, can be rapidly collected (≤5 minutes) 

across a wide range of ages and cognitive levels, is inexpensive (trackers <$200 are 

available), and directly assesses the core social attention deficits contributing to ASD. 

Therefore, the present study’s primary purpose was to empirically-identify and cross-

validate an autism risk index (ARI) using eye tracking metrics collected from a large sample 

of clinically-referred patients at-risk for ASD. We expected to identify an ARI with strong 

diagnostic validity (AUC≥.80). A secondary purpose was to develop and cross-validate eye 

tracking measures of autism symptom levels. We expected to find and cross-validate eye 

tracking measures showing strong relationships (r≥.30) with clinical observations of autism 

symptom severity.

Method

Research Participants

Participants were youth referred to a tertiary-care, multi-disciplinary ASD evaluation clinic. 

Pediatricians made referrals following autism screening, if there was clinical concern of 

ASD, or if parents or teachers had concerns. Patients were consecutively recruited at the 

diagnostic evaluation visit (08/25/2015 to 11/30/2016). Gaze data were collected prior to the 

consensus diagnosis team meeting, the diagnostic team was masked to the eye tracking 

evaluation; all three research coordinators who administered the eye tracking evaluation 

were masked to participant diagnosis. The Cleveland Clinic IRB reviewed and approved the 

protocol.

Diagnosis

Consensus diagnosis was based on a parent interview conducted by a psychologist, 

psychosocial history confirmed by the psychologist, medical evaluation and developmental 

history confirmed by a physician, cognitive testing administered by a speech language 

pathologist or psychometrist, and the Autism Diagnostic Observation Schedule- Second 

Edition (ADOS-2) administered by a reliable administrator. Within two weeks of the initial 

visit, a multidisciplinary team met to confirm the presence/absence of ASD using DSM-5 

criteria and document any other psychiatric diagnoses.
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Clinical Assessments

The ADOS-2 measured autism symptom levels.15,16 The ADOS-2 modules 1–4 and the 

toddler module are considered the gold-standard clinical observation measures for assessing 

autism symptom severity. This study used ADOS-2 total, social affect sub-scale, and 

restricted/repetitive behavior calibrated severity scores.17–20 The Social Responsiveness 

Scale Second Edition (SRS-2) measured parent-reported autism trait levels.21 The SRS-2 is 

a 65- item, ordinally-scaled (1= “not true” to 4= “almost always true”) quantitative 

assessment of autism traits. The SRS sex-adjusted total T-score has been extensively 

validated and distinguishes youth with autism from other psychiatric conditions,22,23 but has 

low specificity in at-risk or referred populations.24 Receptive and expressive language was 

collected as part of the clinical evaluation using the Mullen Scales of Early Learning,25 the 

Clinical Evaluation of Language Fundamentals - Fourth Edition26 or Preschool Version - 

Second Edition,27 or the Preschool Language Scales - Fifth Edition.28 Non-verbal ability 

was collected using the Mullen visual reception subtest. For Mullen scales, T-scores were 

converted to standard scores (M=100, SD=15). Other psychopathological symptoms were 

collected using the Child Behavior Checklist (CBCL) - ages 1.5 to 5 and 6–18 parent-report 

versions.29 Internalizing, externalizing, and total problems T-scores were used to describe 

the sample and examine the impact of behavior problems on eye gaze measures.

Eye Tracking Acquisition and Processing

Eye tracking data were collected in a quiet room adjacent to the diagnostic clinic. Data were 

recorded using an SMI Red250 remote eye tracker (sampling at 60Hz) attached to the frame 

of a 1280 horizontal X 1024 vertical 19-inch LCD stimulus presentation monitor. Maximum 

spatial resolution was 0.1° with gaze position accuracy of 0.5°. The system allows for head 

movement (32 X 21 X 30 for Red250) at a maximum distance of 75cm. Two 5-point 

calibrations were obtained at fixed times throughout the experiment, once at the beginning 

and once approximately 2 minutes into the stimulus presentation. Additional calibrations 

could be inserted if the examiner judged that gaze capture accuracy had been lost when 

observing the participant’s gaze as depicted on the experimental control monitor. Gaze 

metrics to each ROI were derived using SMI BeGaze software and included 5 measures that 

initial analyses indicated provided unique information within temporal ROI: glances, 

fixation count, fixation duration percent, first fixation duration, and average fixation 

duration. A glance was defined as any entry to an ROI that includes at least one fixation. 

Glance count reflects the number of entries to an ROI with at least one fixation. A fixation 

was defined as at least 80ms of samples within a 100 pixel dispersion area.

Forty-four stimuli were presented using SMI Experiment Center, selected to represent 7 

distinct stimulus paradigms previously used in the eye gaze literature,6 including single 

person facial affect, two-person facial affect discrimination, gaze following and joint 

attention, dyadic bids toward the participant involving humor, side-by-side abstract shape 

movement and human activity, high autism interest images mixed with social stimuli, and 

naturalistic social interaction scenes (See Figure S1, available online). Stimuli were 

presented in a single order, intermixed with attention grabbing center fixation stimuli and 

stimuli designed to evaluate receptive language (not examined). Temporal ROIs were 

identified by the first author (who was not involved in the clinical assessment and did not 
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participate in the eye tracking evaluation) using data from six healthy control participants 

(ages 3–15, 3 males) not included in the present study. Healthy control participants were 

recruited from families of children with autism with the intention of identifying “typical” 

gaze patterns. Parents had no concerns regarding development for these children, there was 

no evidence of elevated autism traits (SRS-2 T-score<60), and all available clinical 

information indicated no neuropsychiatric disorders. The first author chose time periods for 

temporal ROIs based on the observed gaze patterns of these 6 individuals. For example, if at 

least half of the healthy controls began looking at the eye region at ~800 ms into the 

stimulus and then gaze moved to other regions at ~1500ms, a temporal ROI was set for 

800ms-1500ms. Spatial aspects of ROIs were chosen by the first author to capture all major 

elements within each stimulus, including theoretically important social (facial expressions, 

body movements, target objects) and non-social stimulus elements (abstract shapes, non-

target distractor objects). Eye gaze metrics were computed for temporal ROIs and the total 

stimulus period. Across the 44 stimuli, 1,592 temporal ROIs were defined and gaze metrics 

were collected (See Table S1, available online).

Eye tracking data collection followed recommendations from Sasson and Elison.30 Children 

were seated alone or in their parent’s lap approximately 65cm from the LCD display and 

viewed stimuli subtending a visual angle of ~18.8°. Standard room lighting was used and the 

room was sparse, with visual barriers used to reduce distraction. After calibration, children 

(who were of sufficient age and cognitive level) were told, “You will see some pictures and 

videos; pay attention, but look however you want.” Eye tracking evaluations were 

considered invalid and data were excluded if gaze to the screen during the entire experiment 

was tracked <40% of the time, if more than two unplanned re-calibrations had to be inserted 

during the evaluation, or participants had <15 stimuli with adequate looking time (defined as 

>60% fixation duration percent to the stimulus).

Statistical Analyses

The study design and analyses followed recommendations for evaluating test validity 

(STARD; See Table S2, available online)31 and reporting the results of a multivariate 

prediction model (TRIPOD; See Table S3, available online).32 Univariate and bivariate 

distributions identified outliers and high leverage cases. Analyses were computed separately 

with and without high leverage cases, but no substantive differences in results were 

observed. For this reason, analyses on all available data are reported. Descriptive statistics 

were presented separately for patients with ASD and patients without ASD to characterize 

the sample. Comparisons between ASD and non-ASD groups were made across 

demographic and clinical measures using independent samples t-tests, Chi- square statistics, 

or non-parametric alternatives, where appropriate.

To create the autism risk index, the sample was randomly split into train (75%, n=150) and 

test (n=51, 25%) sub-samples using the random variable compute function in SPSS v24 

where 150 rows were randomly selected as the training sub-sample and the remainder served 

as the test sub-sample. All indicator selection occurred in the training sample, consistent 

with recommended prediction cross-validation procedures.33 In the training sample, 

bivariate bootstrap correlations (k=100) were computed between ASD diagnosis and each 
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eye gaze metric for all temporal ROIs. Positive correlations indicated greater gaze to the 

temporal ROI in youth with ASD and negative correlations indicated less gaze in youth with 

ASD. Gaze metrics showing significant correlations (non-zero bootstrap 95%CI) were 

selected, standardized by computing z-scores for each temporal ROI using the full sample 

mean and SD, and averaged. Indicators with significantly less gaze in ASD-affected children 

were multiplied by −1 and averaged with indicators showing significantly more gaze in 

ASD-affected individuals. Linear averaging was chosen because significant indicators 

tended to have similar relationships with ASD (.17≤r≤.30) in the training sample; patterns of 

missing data were highly variable across cases and stimuli; and this unit weighting 

procedure has been shown to produce robust prediction under a range of circumstances,34 

permitting straightforward computation of Cronbach’s alpha. Linear averaging also would 

be a reasonably efficient and practical approach for future software implementation. Similar 

procedures created indicators for the autism symptom index (ASI) and ASI sub-domain 

measures for social communication/interaction (SCI) (ASI:SCI) and restricted/repetitive 

behavior (RRB) (ASI:RRB) using ADOS-2 total and sub-scale severity scores as the criteria. 

To create the final ARI and ASI measures used in all future analyses, Age, age2, and sex 

were included as covariates in linear regression models predicting raw ARI/ASI measures. 

Residuals from these models were saved and normed using the non-ASD sample mean and 

SD so that scores could be interpreted with reference to this distribution; where higher ARI 

scores are associated with greater likelihood of ASD. Internal consistency reliability of the 

ARI and ASI measures was estimated by computing Cronbach’s α using z-transformed 

temporal ROI values that composed each measure.

To cross-validate the ARI in the test sub-sample, receiver operating characteristic curve 

analysis was computed with consensus ASD diagnosis as the state variable. Bivariate non-

parametric Spearman’s rank-order correlations between ASI measures and ADOS-2 severity 

scores quantified cross-validation. Bivariate Pearson correlations assessed the relationships 

between eye tracking risk and symptom indices, eye tracking validity measures, and clinical 

measures. Parametric and non-parametric partial correlations were computed between eye 

gaze measures and ASD diagnosis or ADOS-2 severity scores adjusting for cognitive or 

other psychopathology measures to evaluate whether autism-eye gaze relationships were 

specific or conflated with other factors.

Data preparation and descriptives used SPSS v24. ROC analyses were computed using 

pROC35 and bivariate Spearman’s rank-order partial correlations were computed using the 

ppcor program36 in R. Statistical significance was set at α=.05, one-tailed, given the explicit 

directionality of predictions. Power to detect a significant AUC≥.80 was excellent (>.99) 

with a test sub-sample of 51 cases. Power was at least adequate (>.71) for detecting 

significant positive bivariate correlations of r≥.30.

Results

Participant Characteristics

Most participants (n=201 of 219; 92%) completed a valid eye tracking assessment (See 

Figure S2, available online). Cases with invalid eye tracking evaluations had high 

externalizing behavior problems and low cognitive ability (See Table S4, available online). 
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The clinically-realistic and diagnostically-challenging nature of the valid case sample is best 

demonstrated by two observations: 1) SRS-2 scores did not differentiate ASD and non-ASD 

cases and 2) non- ASD cases had significantly higher levels of behavior problems than ASD 

cases (Table 1). Not surprisingly, ASD cases had lower language and non-verbal ability 

scores. There were no significant differences between ASD and non-ASD cases on eye 

tracking validity measures after case exclusion. As expected, the randomly divided train and 

test sub-samples were highly similar across demographic and clinical characteristics (See 

Table S5, available online).

ASD Diagnosis

ARI classification accuracy for ASD diagnosis was excellent in the train sub-sample (AUC=.

92, 95%CI=.88-.96) and very good in the test sub-sample (AUC=.86, 95%CI=.75-.95; 

Figure 1), with only modest validity attenuation despite slightly lower symptom severity and 

higher cognitive ability in the test sample (See Table S5, available online). In the full 

sample, classification accuracy was comparable in children <4 years old (AUC=.925) and 

children 4+ (AUC=.931). Although only 17 children age 2.5 or younger were available, 

classification accuracy was also strong in this age group (AUC=.921). Intriguingly, the ARI 

had incremental validity for predicting ASD diagnosis after accounting for ADOS-2 severity 

scores ΔR2=.22, p<.001), even though ADOS-2 scores were available to the clinicians.

The ARI had high internal consistency reliability (α=.92) and wide quantitative range, with 

95% of non-ASD cases falling from z=−2.3 to 1.6 and 95% of ASD cases falling from z=

−0.1 to 5.0 (Figure 2). Most missed cases (68%) fell within +/−0.75 SD of the optimal cut 

point z=0.74.

While the ARI had significant negative relationships with measures of language and non-

verbal ability (Table 2), controlling for these did not substantively attenuate correlation with 

ASD diagnosis. Furthermore, the ARI was not significantly associated with eye tracking 

evaluation validity indicators (See Table S6, available online). Missed cases (false positives 

and false negatives based on Youden’s J cut point=.74) were not significantly related to most 

demographic, clinical, or eye tracking validity variables. However, false negative cases had 

lower SRS-2 and CBCL scores (See Supplement 1, available online). False positive cases 

required a larger number of calibrations inserted during the experiment (M=1.00, SD=1.05) 

relative to correctly identified (M=0.46, SD=0.79) and false negative (M=0.58, SD=1.17; p=.

031) cases. Missed cases were not significantly associated with any other eye tracking 

validity indicator.

Autism Symptom Severity

Cross-validated correlations between ASI measures and ADOS-2 total and sub-scale 

severity scores were very strong (r=.71-.74) in the train sub-sample. These correlations 

attenuated but remained significant in the test sub-sample (Figure 3; ASI r=.41, p=.002; 

ASI:SCI r=.26, p=.040; ASI:RRB r=.30, p=.022). In the full sample, the ASI had significant 

negative relationships with internalizing behavior, language, and non-verbal ability measures 

(Table 2), but maintained a strong relationship with ADOS-2 total severity scores (r=.58-.67) 

after adjusting for these associations. Intriguingly, in a post-hoc analysis suggested by a 
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reviewer, the ASI showed significant negative relationships with CBCL anxiety and 

oppositional defiant problem scales (r=−.17 and −.21) but not affective or ADHD problem 

scales (r=−.10 and −.07). ASI measures had high internal consistency reliability (ASI α=.93, 

ASI:SCI α=.93, ASI:RRB α=.90).

Small, but significant, relationships (r=.17 and .20) were present between the ASI and gaze 

deviation in the X and Y-axes (See Table S6, available online). However, adjustment for 

these and other validity indicators did not diminish associations between the ASI and 

ADOS-2 total severity scores (r=.63-.64). ASI:SCI and ASI:RRB measures correlated more 

strongly with their respective ADOS-2 sub-scales than with the opposite ADOS-2 sub-scale 

(smallest z=4.48, p<.001).

Discussion

This is the first study to empirically-derive and cross-validate objective, quantitative 

measures of ASD risk and autism symptom levels in a large, clinically realistic sample. The 

ARI showed very good diagnostic accuracy, particularly given the imperfect reliability of 

clinical ASD diagnoses,37 and the ASI had a large correlation with clinical observations of 

autism symptom severity. ASI sub-domain indices also showed strong and specific 

relationships with clinical observations of social communication/interaction and restricted/

repetitive behavior. ARI and ASI measures were not influenced by demographic factors and 

maintained large relationships with ASD diagnosis and autism symptom severity levels after 

accounting for measures of cognitive ability and other psychopathology. Future work may 

produce even greater validity by using more efficient variable selection methods at earlier 

stages of ARI and ASI creation and by including other gaze measurements (e.g., saccades, 

blink, pattern analysis, etc.). This work may also consider using more sophisticated methods 

for identifying temporal and spatial aspects of gaze patterns to include as inputs to ARI and 

ASI measures. Regardless, the present study suggests that high cross-validation 

classification and prediction accuracy can be achieved after averaging within and across 

stimuli and gaze metrics.

Use of non-ASD cases that were clinically-referred for ASD further strengthens findings. 

The non-ASD group represented a challenging comparison cohort of children referred for 

evaluation of ASD. This group was screened prior to referral (often by a pediatrician using 

the M-CHAT) and as a result had elevated parent-reported autism traits (SRS-2 scores) 

comparable to the ASD group. Children in the non-ASD group also had ADOS-2 scores 

overlapping the ASD group and almost all non-ASD children had some form of 

neuropsychiatric diagnosis, including intellectual disability. Further increasing the 

challenging nature of the comparison, the non-ASD group had elevated levels of other 

behavior problems and highly overlapping cognitive and language abilities relative to the 

ASD group. Thus, diagnostic discrimination was not inflated and should reflect values seen 

in high prevalence tertiary care settings - an important consideration for test evaluation 

studies.38 Future validation studies should examine whether other psychopathological 

conditions, such as anxiety and oppositional behavior, influence ARI/ASI scores via 

engagement in the eye tracking paradigm or independently.

Frazier et al. Page 8

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Objective, quantitatively-scaled eye tracking measures of ASD risk and autism symptom 

levels could be a major advance for clinical practice. Beyond risk assessment, eye tracking 

measures may enhance patient management by providing an unbiased method for tracking 

treatment response. Intriguingly, our experience with healthy controls indicates that they 

score considerably lower on the ARI, suggesting that the ARI might have excellent 

screening utility. If demonstrated in a population sample, the ARI might be a cost-effective 

tool for primary care settings, with limited time and training requirements, similar to new 

vision screening methods that have seen growing adoption.

Eye tracking measures of ASD risk and symptoms may also greatly accelerate autism 

research. Etiologic studies would benefit from diagnoses and symptom severity estimates 

based on reliable, objective measurements. Clinical trials have been limited by the lack of 

easily-acquired objective measures that link closely to the autism phenotype. Increasing 

identification of molecular pathway abnormalities leading to ASD within genetic syndromes 

has led to the initiation of clinical trials of targeted therapeutics. Additionally, trials of novel 

behavioral intervention packages for idiopathic ASD are working towards cost-effective 

population care models. Reliable, quantitative, objective measures of autism symptom levels 

have the potential to increase sensitivity to treatment effects, thereby increasing statistical 

power, decreasing the sample size needed to detect treatment effects, and improving the 

ability to identify efficacious treatments. Integrating eye tracking measures into longitudinal 

studies may improve understanding of ASD trajectories and clarify underlying etiology and 

outcomes. Test-retest reliability and sensitivity to change need to be evaluated prior to 

inclusion in these investigations, but existing data suggest good stability of eye gaze 

measures.39

Although this was one of the largest autism eye-tracking samples collected to date, a very 

large (N≥500) multisite validation study is needed to replicate diagnostic classification 

accuracy and symptom severity prediction, determine generalizability across sampling 

variation,40,41 and ensure resistance to minor procedural variation in gaze collection. Future 

research may also benefit from matching the ASD and non-ASD groups on key demographic 

and clinical factors that may influence accuracy and predictive value, such as age and sex. 

This work should also consider recruiting a larger number of children less than 2 years old to 

examine whether accuracy is maintained near the time of initial primary care autism 

screening. The stimulus battery was longer than desired for very young children (~5min). 

Results suggested that battery length might be decreased without loss of validity by 

including only those stimuli containing ROIs with large (r≥.25) gaze metrics bivariate 

correlations with ASD diagnosis or ADOS-2 symptom severity. Future investigations should 

validate an abbreviated battery for young children, explore methods for increasing gaze 

capture in the youngest and most challenging children, and evaluate whether repeated testing 

might improve accuracy. Additional work needs to create a streamlined package that 

automates scoring and reporting for clinical adoption and to examine how clinicians might 

integrate these measures into decision-making.

Eye tracking measures, such as the ARI and ASI, may be useful quantitative, objective 

measures of ASD risk and autism symptom levels. If replicated in a large multi-site study, 

and scaled for routine clinical and research use, the present eye tracking-based indices could 
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inform clinical judgment regarding ASD diagnosis in tertiary care settings and track autism 

symptom levels during standard treatments, longitudinal studies, and clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Receiver Operating Characteristic Curves in the Training and Test Sub-Samples.
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Figure 2. Autism Risk Index (ARI) Distribution Across Youth With and Without an Autism 
Spectrum Disorder (ASD) Diagnosis in the Training and Test Sub-Samples.
Note: ARI values are re-scaled so that non-ASD participants have a mean score of 0 with a 

standard deviation of 1.
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Figure 3. 
Relationship Between the Autism Symptom Index (ASI) and Autism Diagnostic 

Observation Schedule 2 (ADOS-2) Total Severity Scores in the Test Sub-Sample.
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Table 1.

Participant Characteristics.

Non-ASD
M (SD)

ASD
M (SD) Cohen’s d (p)

N 110 91

Age (SD, range) 6.8 (3.3, 1.8–17.6) 5.7 (3.6, 1.6–15.8) .31 (.001)

Male (n, %) 86 (78.2%) 75 (82.5%) −.11 (.454)

White Non-Hispanic (n, %) 80 (72.7%) 62 (68.1%) .10 (.476)

ADOS-2 Total Severity (SD, range) 2.4 (2.0, 1–10) 6.3 (2.4, 1–10) −1.78 (<.001)

ADOS-2 Social Affect Severity (SD, range) 3.0 (2.3, 1–10) 6.4 (2.3, 1–10) −1.48 (<.001)

ADOS-2 Repetitive Behavior Severity (SD, range) 2.3 (2.2, 1–9) 6.4 (2.5, 1–10) −1.75 (<.001)

Social Responsiveness Scale-2 (T-Score; SD, range) 66.7 (12.7, 39–86) 68.1 (10.9, 41–89) −.11 (.616)

Child Behavior Checklist - Total Problems (T-Score) 67.0 (11.2) 61.4 (11.4) .50 (<.001)

Child Behavior Checklist - Internalizing (T-Score) 64.6 (10.4) 60.1 (11.5) .41 (.003)

Child Behavior Checklist - Externalizing (T-Score) 64.2 (12.8) 57.4 (12.2) .55 (<.001)

Receptive Language (SS) 85.5 (23.9) 69.9 (20.7) .70 (<.001)

Expressive Language (SS) 88.1 (24.7) 74.2 (23.6) .57 (<.001)

Total Language (SS) 87.9 (23.8) 74.4 (23.5) .57 (<.001)

Non-Verbal Ability (SS) 88.6 (19.2) 65.7 (13.9) 1.33 (<.001)

Tracking Ratio % 81.5 (13.4) 77.7 (16.1) .26 (.127)

Number of Stimuli Tracked (out of 44) 39.6 (5.6) 37.9 (6.9) .26 (.112)

Calibration Accuracy - X Deviation◦ 1.8 (2.1) 2.1 (2.9) −.20 (.531)

Calibration Accuracy - Y Deviation◦ 1.4(1.6) 1.8 (2.5) −.14 (.756)

Note: Cohen’s d is based on conversion of phi coefficient or parametric independent samples t-test. P values are derived from X2 or non-parametric 

Mann-Whitney U. Sample sizes for Autism Diagnostic Observation Schedule 2 (ADOS-2), Social Responsiveness Scale 2nd Edittion (SRS-2), and 
Child Behavior Checklist (CBCL) were 195, 184, and 192. Sample sizes for receptive language, expressive language, total language, and non-
verbal ability estimates were 138, 168, 172, and 54. Non-verbal ability was only collected for children ages 6 and under. A subset of 149 
participants completed gaze calibration at the end of the experiment. ASD = autism spectrum disorder. SS = standard score
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Table 2.

Bivariate and Partial Correlations Between the Autism Risk Index (ARI), Autism Symptom Index (ASI), and 

Clinical Factors in the Full Sample.

ARI ASI

Bivariate Correlations

ASD Diagnosis .70*** .49***

ADOS Total Severity .46*** .66***

SRS Total T-Score .22* .14

CBCL Internalizing −.06 −.14*

CBCL Externalizing −.09 −.16*

CBCL Total −.07 −.14*

Receptive Language −.23* −.34***

Expressive Language −.15 −.22*

Total Language −.16* −.24***

Non-Verbal Ability −.57*** −.52***

Partial Correlations
(adjusting for cognitive variables)

ASD Diagnosis (receptive language) .63*** .40***

ASD Diagnosis (non-verbal ability) .52*** .41***

ADOS Total Severity (receptive language) .40*** .59***

ADOS Total Severity (non-verbal ability) .18 .58***

Partial Correlations
(adjusting for behavior problems)

ASD Diagnosis (CBCL total problems) .67*** .49***

ADOS Total Severity (CBCL total problems) .47*** .67***

Note. All correlations with Autism Diagnostic Observation Schedule (ADOS) Total Severity are non-parametric (Spearman’s) bivariate or partial 
correlations. ASD = autism spectrum disorder; CBCL = Child Behavior Checklist; SRS = Social Responsiveness Scale

*
p<.05

***
p<.001
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