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On the crisis of limited access to early diagnostic services 

an ongoing journey …
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• This presentation includes research related to device 
development. 

• Drs. Klin and Jones are inventors and patent holders of medical 
device technologies licensed in 2020 to EarliTec Diagnostics. 

• EarliTec is a company that develops technologies for early 
identification and treatment monitoring in autism, and gives 
revenue to support treatment of children with autism.  Dr. Klin 
and Jones are scientific consultants to and equity holders in 
EarliTec Diagnostics. Majority ownership is by Children’s 
Healthcare of Atlanta, a non-profit, with the commitment of 
returning investment into treatment of autism.  

• Drs. Klin and Jones’ external activity with EarliTec Diagnostics 
has been reviewed and approved by Emory University’s Conflict 
of Interest Review Office and by Emory University School of 
Medicine’s Dean’s Office. 

• Drs. Jones and Klin’s research has been supported by grants 
from NIMH, NICHD, NIBIB, SFARI, the Marcus Foundation, the      
JB Whitehead Foundation, and the Autism Science Foundation. 

Warren Jones, PhD

Marcus Autism Center
3

• 1990-2010 Yale Child Study Center, Yale School of Medicine

• 2011-2024 Marcus Autism Center, Emory School of Medicine 
and Children’s Healthcare of Atlanta

My personal story … and the gold standards
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The need: 
Challenges we 
collectively face

Marcus Autism Center
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The gold standard is not accessible 
~ 100,000 children are born every year …. Early intervention ….

Families are the victims

Marcus Autism Center
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An Illustration from Georgia

Marcus Autism Center
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In regard to African American  
children with autism

John Constantino MD

• AA children (and Latino children) with ASD, on average, are diagnosed later, 
are more likely to have carried non-ASD diagnoses, have poorer access to 
healthcare services, and are less likely to have a medical home.

Black children with autism have double the risk of 

intellectual disability t
han White children with autism
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The purpose of diagnostics in medicine

Marcus Autism Center
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And the gold standard is at times “silverish”

Clinician confidence in  
diagnosis of toddlers

Suboptimal confidence 
in ~30% of cases

Klaiman et al. (2024) JADD.  

Marcus Autism Center

Diagnostic and treatment biomarkers are 
sorely needed in autism

INFANT  
SIBLING STUDY 

A National Institutes of Health  
Autism Center of Excellence 

Need measures that are 
• objective 
• quantitative 
• dimensional & fine-grained 
• performance-based 
• standardized, efficient & 

community-viable 
• able to capture core features of 

social disability (i.e., have clinical 
validity) 

• mechanistically relevant

Marcus Autism Center
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The current state
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The bible of diagnostic clinical trials: from 1999

Marcus Autism Center
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Word of warning: reading diagnostic studies 
using MACHINE LEARNING OR DEEP LEARNING

Marcus Autism Center
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Our biomarker

Marcus Autism Center

Eye-tracking measures of SOCIAL VISUAL ENGAGEMENT

Jones & Klin (2013) Nature.  

how children look at  
and learn from their  
surrounding social  
environment

• At a rate of 120 times/second



Individual eye-tracking data, playback 1/2 speed, gaze location crosshair color-coded by content at gaze location.

Social Visual Engagement, moment-by-moment 

Marcus Autism Center
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Quantifying social 
visual engagement, 
moment-by-moment





Quantification: Attentional Funnel Moment-by-moment entrainment to 
“hot spots” of socialization



Objective, Quantitative Measures Hundreds and hundreds of Experimental Presses 
within a few minutes of video watching

Marcus Autism Center

TD normative funnels = 

ASD comparison scanpaths = 

✴ In autism: 1,000s of divergences 
in 10-12 minutes of video

Environmental Context

Example: 
Pointing & 

Social 
Monitoring

Performance-Based Measures of  
Strengths and Vulnerabilities



Quantitative Reference Metric: Age-Expected Social Visual 
Engagement

Example: 
Pointing & 

Social 
Monitoring

Performance-Based Measures of  
Strengths and Vulnerabilities

Child with 
ASD

Performance-Based Measures of  
Strengths and Vulnerabilities

Environmental Context

Example:  
Facial Affect

Performance-Based Measures of  
Strengths and Vulnerabilities

Quantitative Reference Metric: Age-Expected Social Visual 
Engagement

Example:  
Facial Affect

Performance-Based Measures of  
Strengths and Vulnerabilities



Child with 
ASD

Performance-Based Measures of  
Strengths and Vulnerabilities

Marcus Autism Center
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The science behind 
the biomarker

>20 years of research

Au#sm symptoms RESULT from devia#ons from 
norma#ve socializa#on

Jones et al. (2008). Arch Gen Psy / Klin et al. (2009). Nature / Jones & Klin (2009). J Am Acad of Child Psy / Jones & Klin (2013). Nature /  
Klin et al. (2014). Neurosci Biobehav Rev / Moriuchi et al. (2017). Am J Psy / Constantino et al. (2017). Nature / Shultz et al. (2018). TICS / 
Klin et al. (2020). Dev & Psychopathol

Genetics Autism

Au#sm symptoms RESULT from devia#ons from 
norma#ve socializa#on

Genetics Autism

Normative Behavior & Brain Development
Jones et al. (2008). Arch Gen Psy / Klin et al. (2009). Nature / Jones & Klin (2009). J Am Acad of Child Psy / Jones & Klin (2013). Nature /  
Klin et al. (2014). Neurosci Biobehav Rev / Moriuchi et al. (2017). Am J Psy / Constantino et al. (2017). Nature / Shultz et al. (2018). TICS / 
Klin et al. (2020). Dev & Psychopathol
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The beginning
mother’s voice stranger’s voice complex

non-speech
pure tone,

structured noise silence

More Preferred Less Preferred

mother, engaging stranger,
eyes open

stranger,
eyes averted

stranger,
eyes closed

More Preferred Less Preferred

Marcus Autism Center

Neonates preferentially orient  
towards stimuli that…

…interact like caregivers.

Bushnell, Sai, & Mullin, 1989. 
Simion, Valenza, Umiltà, & Barba, 1998. 
Farroni, Csibra, Simion, & Johnson, 2002. 
Batki, Baron-Cohen, et al, 2000. 
Sai, 1990.  
Sai, 2005. 
Walton, Bower, & Bower, 1992.

…look like caregivers.
…move like caregivers.
…smell like caregivers.

…sound like caregivers.

Universal Principle:  
the Pla?orm for Development of Social Brain

44
H-J Park PhD

MH Johnson PhD

WHITE MATTER DEVELOPMENT

Born to 
Socially Orient

Reciprocal
Social Interaction

Neuroplasticity
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Social Interaction is the 
Platform for Brain Development

45

, S

Brain size doubles in the 1st year of  a baby’s life,  
synaptic density quadruples.

(Gilmore et al, 2007;  Pfefferbaum et al, 1994;  Huttenlocher, 1979;  Petanjek et al, 2011; Shultz et al., 2018)
Marcus Autism Center

Social Visual Engagement…

…is strongly influenced by genetic variation. 
(influencing millisecond timing of eye movements, with heritability of eye-looking ~0.90)

Constantino et al. (2017) Nature.  

…reflects early-emerging differences in ASD. 

(differences in ASD identifiable in the first 2-6 months after birth,  
and predictable of diagnosis and levels of disability at 24-36 months)

Jones & Klin. (2013) Nature.

…is highly phylogenetically-conserved. 
(similar patterns of early developmental change in looking observed in human infants and infant 

rhesus macaques, demonstrating evolutionary importance for early social development)

Klin et al. (2009) Nature; Wang et al. (2020) Developmental Cognitive Neuroscience

Marcus Autism Center

Measuring the genetic structure of social visual engagement

250 toddlers: 

•82 monozygotic twins   
(41 MZ pairs) 

•84 dizygotic twins        
(42 DZ pairs) 

•84 non-sibling comparison 
children                        
(42 non-sib control pairs) 

•age 21.3(4.3) months 

•non-sibs matched <1 day

Evidence for biological relevance: Twins. 
How to link these quantifications of behavior to the genetic bases 
of autism?

 Nature, 2017; 547(7663):340-344

Warren Jones PhD

John Constantino MD

Marcus Autism Center

Social Visual Engagement…
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Age and sex Partially shared
genetic variation

Fully shared
genetic variation  Chance              

Constantino et al. (2017) Nature.  

Twin-Twin Concordance 

⬧ MZ ICC: 0.91   (0.85-0.95) 
⬧ DZ ICC: 0.35   (0.07-0.59) 

⬧ Non-sibling pair: 0.16 (0.00-0.44) 

…is strongly influenced by genetic variation, 
with heritability of eye-looking ~0.90.

(influencing millisecond timing of eye movements, with heritability of eye-looking ~0.90)

Typically
 developing toddlers cr

eate their own       

social n
iche by seeking and reactin

g to space-time    

hot spots of social le
arning opportunities
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Genetic influence exerts 
effects on a moment-by-moment basis.

50

The markers of social visual engagement  
that are most highly heritable…

…are also those that most clearly distinguish 
typically-developing children from those with autism.
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Classification of

Constantino et al. (2017) Nature.  

Replication Cohort

…are also those that most clearly distinguish 
typically-developing children from those with autism.
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Toddlers with autism continuously ac
crue       

    

missed opportunities of social le
arning
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Social Visual Engagement…

…is strongly influenced by genetic variation. 
(influencing millisecond timing of eye movements, with heritability of eye-looking ~0.90)

Constantino et al. (2017) Nature.  

…reflects early-emerging differences in ASD. 

(differences in ASD identifiable in the first 2-6 months after birth,  
and predictable of diagnosis and levels of disability at 24-36 months)

Jones & Klin. (2013) Nature.

…is highly phylogenetically-conserved. 
(similar patterns of early developmental change in looking observed in human infants and infant 

rhesus macaques, demonstrating evolutionary importance for early social development)

Klin et al. (2009) Nature; Wang et al. (2020) Developmental Cognitive Neuroscience

Marcus Autism Center

Evidence for biological relevance: Human Infants 
How early does it segregate children with autism?
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Figure 2. Comparison of social visual engagement (eye-looking) in typically-developing infants relative to 3 independent cohorts of infants later diagnosed 
with ASD.  Mean levels of eye-looking from 2 until 24 months in N=63 typically-developing males (blue) compared with (a) cohort 1 of infants later diagnosed with ASD 
(in red, from Jones & Klin, Nature, 2013) and replication with (b) cohort 2 and (c) cohort 3 of infants later diagnosed with ASD (Olson et al, under review). Dark lines 
indicate mean growth curves, light lines indicate 95% CI.  Infants later diagnosed with ASD show decline in levels of eye-looking between 2 and 24 months of life. 

ASD Cohort 1, 11 males, 747 trials
TD, 63 males, 5,375 trials

ASD Cohort 2, 13 males, 818 trials
TD, 63 males, 5,375 trials

a b
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c

…reflects early-emerging differences in ASD. 

(differences in ASD identifiable in the first 2-6 months after birth)

Jones & Klin. (2013) Nature.

Warren Jones PhD

2-6 month social v
isual engagement data   

       
   

predict diagnostic c
lassifi

catio
n and level of      

     

social d
isability a

t age
s 24 and 36 months

Marcus Autism Center

Social Visual Engagement…

…is strongly influenced by genetic variation. 
(influencing millisecond timing of eye movements, with heritability of eye-looking ~0.90)

Constantino et al. (2017) Nature.  

…reflects early-emerging differences in ASD. 

(differences in ASD identifiable in the first 2-6 months after birth,  
and predictable of diagnosis and levels of disability at 24-36 months)

Jones & Klin. (2013) Nature.

…is highly phylogenetically-conserved. 
(similar patterns of early developmental change in looking observed in human infants and infant 

rhesus macaques, demonstrating evolutionary importance for early social development)

Klin et al. (2009) Nature; Wang et al. (2020) Developmental Cognitive Neuroscience

Marcus Autism Center

Evidence for biological relevance: Infant Monkeys

…is highly phylogenetically-conserved. 
(similar patterns of early developmental change in looking observed in human infants and infant 

rhesus macaques, demonstrating evolutionary importance for early social development)
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cross-species comparative lifespan 
~4:1 human : rhesus 
(Workman et al, 2013)

rhesus macaque

human infant

N=63 human infants
N=31 infant rhesus

Wang et al. (2020) Dev Cogn Neurosci.

Warren Jones PhD

Jocelyne Bachevalier PhD

Mar Sanchez PhD

Nothing shaped primate brain more stro
ngly th

an 

sociality
, or the fact 

that we need to live together to 

survive
, from the earliest car

egiving moments
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Greater Access to 

Early Diagnostic 

Services

Can we leverage this biomarker to promote …

Marcus Autism Center
58

The Tool

The original lab

The Prototype

Marcus Autism Center
59

The FDA: clearance in 2022 and 2023

Lab open to  
inspections and audits

First meeting:  
October of 2014

“Chain of Custody”Hundreds of thousands of code lines 
moved to tech industry standards

Repeatability & Reproducibility studies

Marcus Autism Center
60

The Clinical Trials

vs
Gold Standard

Evaluations

★ 12 minutes ★ 4-8 hours

Methods

Warren Jones PhD

Cheryl Klaiman PhD
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“Extraordinary Claims Require Extraordinary Evidence”

Simultaneous 
publications in  
JAMA & JAMA Network 

STARD: The Standards for Reporting of  Diagnostic Accuracy

Marcus Autism Center

Step 1: Derive Quantitative Indices for 
Early Identification of ASD

TD normative funnels = 

ASD comparison scanpaths = 
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N = 335
AUC = 0.9 (0.87-0.94)

EarliPoint +
-

Expert Clinician
Diagnosis

ASD non-ASD
117 27 144

33 158 191

150 185 335

% 95% CI
Sensitivity 78 (70.7-83.9)
Specificity 85.4 (79.5-89.8)
PPV 81.2 (74-86.8)
NPV 82.7 (76.7-87.5)
Accuracy 82.1 (77.6-85.8)

Mining 1000’s of statistically significant 
moment-by-moment divergences from 

within minutes of naturalistic video viewing

Methods

diagnostic 
classification

Gold Standard 
Evaluation

Marcus Autism Center

Step 2: Derive Quantitative Indices for  
Early Markers of Emerging Symptom Severity

TD normative funnels = 

ASD comparison scanpaths = 
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Eye-Tracking-Based

ADOS-2 
Social Disability

Mullen 
Nonverbal Ability

Mullen 
Verbal Ability

Methods 3 Studies:  
Discovery, Replication, & Pivotal Trials
Goals: to test the accuracy of eye-tracking assays of social visual 
engagement in 16-30-month-old children to 

1. accurately assess presence of ASD (se and sp relative to clinical 
best estimate using gold standard instruments) 

2. accurately assess severity of ASD (measuring agreement with 
standardized measures of social disability - ADOS-2, and cognitive ability 
- verbal and nonverbal ability, Mullen)

Discovery & Replication: N=1,089 toddlers (3 sites) 
N=719 Discovery Study; Marcus Autism Center (GA) 
N=370 Replication Study; Forsyth Co. (GA) and WashU (MO)

Pivotal Trial: N=335 toddlers (6 sites) 
Multi-site, nationwide clinical trial (Seattle Children’s, 
Cincinnati Children’s, UCSF, Rush, SARRC, and Emory) 

Studies



Discovery & Replication: Participants,  
by Reference Standard Outcome Diagnosis

Feasibility
Studies

Table 1.  Participant Characterization & Demographics 

 Discovery Study 
(N = 719) 

Replication Study 
(N = 370) 

Reference Standard Diagnosis non-ASD 
386 

ASD 
333 

non-ASD 
184 

ASD 
186       N 

Age     
      months: mean (SD) 21.7 (3.4) 23.1 (3.7) 22.7 (4.9) 28.1 (5.8) 
            percentiles [1st, 25th, 50th, 75th, 99th] [15, 18, 23, 24, 30] [16, 20, 24, 26, 30] [16, 19, 21, 25, 36] [17, 24, 28, 31, 43] 

ADOS*     
      SA Score, mean (SD) 2.3 (2.3) 13.6 (4.1) 3.1 (2.6) 13.8 (4.4) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 1, 2, 3, 11] [5, 10, 14, 17, 20] [0, 1, 3, 5, 11] [6, 10, 14, 17, 21] 
      RRB Score, mean (SD) 1.0 (0.9) 4.3 (1.8) 2.4 (1.6) 5.6 (1.4) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 0, 1, 2, 4] [1, 3, 4, 6, 8] [0, 1, 2, 4, 6] [2, 5, 6, 7, 8] 
      Total Score, mean (SD) 3.3 (2.6) 17.9 (5.1) 5.5 (3.2) 19.4 (5.0) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 2, 3, 5, 12] [8, 14, 18, 22, 27] [0, 3, 5, 7, 13] [8, 15, 20, 24, 28] 

Mullen**     
      Verbal Age Equiv., mean (SD) 24.2 (5.6) 13.0 (6.2) 23.1 (8.0) 14.8 (7.7) 
            percentiles [1st, 25th, 50th, 75th, 99th] [12, 20, 24, 28, 36] [3, 8, 12, 16, 29] [10, 16, 23, 28, 39] [4, 10, 12, 18, 38] 
      Nonverbal Age Equiv., mean (SD) 24.8 (6.1) 19.0 (5.2) 27.3 (9.8) 20.7 (6.8) 
            percentiles [1st, 25th, 50th, 75th, 99th] [15, 20, 24, 29, 40] [7, 16, 19, 23, 32] [13, 19, 25, 32, 48] [9, 16, 20, 24, 42] 

Sex – no. (%)     
      Female 154 (39.9%)   70 (21.0%)   78 (42.4%)   42 (22.6%) 
      Male 232 (60.1%) 263 (79.0%) 106 (57.6%) 144 (77.4%) 

Race – no. (%)     
      Native American or Alaskan Native  4 (1.0%)    3 (0.9%)  2 (1.1%)   0 (0.0%) 
      Asian  5 (1.3%)  10 (3.0%)  1 (0.5%)   23 (12.4%) 
      Black / African / African-American 21 (5.4%)    67 (20.1%)  22 (12.0%)   38 (20.4%) 
      Caucasian 281 (72.8%)  179 (53.8%) 139 (75.6%) 106 (57.0%) 
      More than one race 28 (7.3%)    41 (12.3%)   19 (10.3%) 16 (8.6%) 
      Prefer not to answer / unknown   47 (12.2%)  33 (9.9%)   1 (0.5%)   3 (1.6%) 

Ethnicity – no. (%)     
      Hispanic 24 (6.2%) 23 (6.9%) 12 (6.5%)   20 (10.8%) 
      Non-Hispanic 309 (80.1%) 268 (80.5%) 166 (90.2%) 154 (82.8%) 
      Prefer not to answer / unknown   53 (13.7%)   41 (12.3%)   6 (3.3%) 12 (6.4%) 

Income – no. (%)     
      ≤ $20,000   5 (1.3%) 13 (3.9%) 14 (7.6%)   2 (1.1%) 
      $20,001–$40,000 17 (4.4%) 29 (8.7%)    21 (11.4%) 16 (8.6%) 
      $40,001–$60,000 32 (8.3%)   48 (14.5%)    35 (19.0%)   42 (22.6%) 
      $60,001–$80,000 37 (9.6%)   51 (15.3%)    31 (16.8%)   57 (30.6%) 
      $80,001–$100,000   51 (13.2%) 33 (9.9%)    29 (15.8%)   29 (15.6%) 
      $100,001–$125,000   56 (14.5%) 26 (7.8%)     21 (11.4%) 17 (9.1%) 
      $125,001–$150,000 26 (6.7%) 13 (3.9%)   10 (5.5%)  11 (5.9%) 
      $150,001–$200,000   40 (10.4%) 12 (3.6%)     8 (4.3%)    5 (2.7%) 
      ≥ $200,000 33 (8.5%)   6 (1.8%)     5 (2.7%)    0 (0.0%) 
      Prefer not to answer / unknown   89 (23.1%) 102 (30.6%)   10 (5.5%)    7 (3.8%) 

Maternal Education – no. (%)     
      Some High School   0 (0.0%)   4 (1.2%)  1 (0.5%)   4 (2.1%) 
      High School or GED   8 (2.1%) 20 (6.0%)  19 (10.3%)   29 (15.6%) 
      Some College, No Degree 15 (3.9%)        55 (16.5%)   31 (16.8%)   21 (11.3%) 
      Vocational School   1 (0.3%) 12 (3.6%)   6 (3.3%)   2 (1.1%) 
      Associate’s Degree   4 (1.0%) 14 (4.2%) 14 (7.6%) 13 (7.0%) 
      Bachelor‘s Degree 114 (29.5%)    98 (29.5%)   74 (40.2%)   76 (40.9%) 
      Master’s Degree 135 (35.0%)    55 (16.5%)   31 (16.8%)   29 (15.6%) 
      Professional or Doctoral Degree   51 (13.2%)  14 (4.2%)   5 (2.7%)   8 (4.3%) 
      Prefer not to answer / unknown   58 (15.0%)    61 (18.3%)   3 (1.6%)   4 (2.1%) 
   
 
* - Autism Diagnostic Observation Schedule, SA = Social Affect domain score; RRB = Restricted and Repetitive Behavior domain score; 

Discovery NADOS = 564 (333 ASD, 231 non-ASD), Replication NADOS = 255 (186 ASD, 69 non-ASD), see Supplementary Materials: 
Reference Standard Diagnostic Assessment Procedures. 

** - Mullen Scales of Early Learning, Verbal Age Equiv = verbal ability age equivalent score, in months, calculated as average of expressive 
and receptive language age equivalent scores; Nonverbal Age Equiv = nonverbal ability age equivalent score, in months, calculated as 
visual reception age equivalent score; Discovery N = 620Mullen (333 ASD, 287 non-ASD, 10 missing nonverbal), Replication NMullen = 251 
(183 ASD, 68 non-ASD), see Supplementary Materials: Reference Standard Diagnostic Assessment Procedures. 

Jones et al. (JAMA Network Open 2023).
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Pivotal Trial: Participants,  
by Reference Standard Outcome Diagnosis

Of the 185 toddlers with 
Non-ASD diagnosis, 162 
(87.6%) had other, non-
ASD developmental 
delays (DDs); only 23 
(12.4%) had no diagnosis 
(i.e., were unaffected). Of 
the 150 toddlers with 
ASD, 86 (42.7%) had no 
developmental delays.

Pivotal Trial

 

 

Table 1.  Participant Characterization & Demographics 

 N = 475 
Completed Protocol 

N = 335 
Diagnosis Certain 

Reference Standard Diagnosis non-ASD ASD non-ASD ASD 
      N 254 221 185 150 

Age     
      months: mean (SD)    23.4 (4.5)    24.9 (4.2) 23.4 (4.6) 24.9 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [16, 19, 24, 27, 30] [16, 21, 26, 29, 30] [16, 19, 24, 28, 30]  [16, 22, 26, 29, 30] 
ADOS*     
      SA Score, mean (SD) 2.9 (3.0) 14.7 (4.3) 2.1 (2.1) 16.1 (3.5) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 1, 2, 4, 13] [5, 11, 16, 18, 20] [0, 0, 1, 3, 9] [6, 14, 17, 19, 21] 
      RRB Score, mean (SD) 1.2 (1.3) 4.9 (2.0) 0.9 (1.0) 5.4 (1.9) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 0, 1, 2, 5] [0, 4, 5, 6, 8] [0, 0, 1, 1, 3] [1, 4, 6, 7, 8] 
      Total Score, mean (SD) 4.1 (3.5) 19.6 (5.1) 2.9 (2.4) 21.4 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 2, 3, 6, 16] [9, 16, 20, 24, 28] [0, 1, 3, 4, 10] [10, 18, 22, 24, 28] 

Mullen**     
      Verbal Age Equiv., mean (SD) 24.5 (8.3) 12.5 (7.1) 26.0 (8.2) 10.5 (5.3) 
            percentiles [1st, 25th, 50th, 75th, 99th] [9, 19, 24, 31, 44] [4, 8, 11, 16, 33] [9, 20, 25, 32, 44] [4, 7, 9, 13, 27] 
      Nonverbal Age Equiv., mean (SD) 26.5 (8.7) 18.5 (5.9) 27.4 (9.0) 17.3 (5.0) 
            percentiles [1st, 25th, 50th, 75th, 99th] [11, 20, 25, 30, 50] [7, 15, 18, 21, 40] [14, 21, 26, 31, 50] [8, 14, 17, 21, 29] 

Other Diagnoses***     
      Presence of ≥1 (non-ASD) DD 210 (82.7%) 124 (56.1%) 162 (87.6%)   86 (57.3%) 
      Absence of ASD or DD diagnosis   44 (17.3%)   0 (0.0%)   23 (12.4%)   0 (0.0%) 

Sex – no. (%)     
      Female 127 (50.0%)   57 (25.8%) 102 (55.1%)   38 (25.3%) 
      Male 127 (50.0%) 164 (74.2%)   83 (44.9%) 112 (74.7%) 

Race – no. (%)     
      Native Hawaiian or Pacific Islander   0 (0.0%)    2 (0.9%)   0 (0.0%)    1 (0.7%) 
      Asian 17 (6.7%)  21 (9.5%) 10 (5.4%)  14 (9.3%) 
      Black / African / African-American 15 (5.9%)  22 (9.9%) 11 (5.9%)    16 (10.7%) 
      Caucasian 203 (79.9%)  149 (67.4%) 147 (79.5%)    95 (63.3%) 
      Other 18 (7.1%)    26 (11.8%) 17 (9.2%)    23 (15.3%) 
      Prefer not to answer / unknown   1 (0.4%)    1 (0.5%)   0 (0.0%)    1 (0.7%) 

Ethnicity – no. (%)     
      Hispanic 24 (9.4%)   44 (19.9%) 16 (8.7%)   26 (17.3%) 
      Non-Hispanic 225 (88.6%) 177 (80.1%) 166 (89.7%) 124 (82.7%) 
      Prefer not to answer / unknown   5 (2.0%)   0 (0.0%)   3 (1.6%)   0 (0.0%) 

Maternal Education – no. (%)     
      Less than 8th Grade   1 (0.4%)   0 (0.0%)   1 (0.5%)   0 (0.0%) 
      Some High School   3 (1.2%)   4 (1.8%)   3 (1.6%)   3 (2.0%) 
      High School or GED 12 (4.7%)   33 (14.9%)   6 (3.2%)   23 (15.3%) 
      Some College, No Degree 22 (8.6%)   39 (17.7%) 12 (6.5%)        31 (20.7%) 
      Vocational School   2 (0.8%) 12 (5.4%)   0 (0.0%)   7 (4.7%) 
      Associate’s Degree 13 (5.1%) 13 (5.9%) 12 (6.5%)   8 (5.4%) 
      Bachelor‘s Degree   79 (31.1%)    71 (32.1%)   59 (31.9%)    50 (33.3%) 
      Master’s Degree   82 (32.3%)    41 (18.6%)   59 (31.9%)    23 (15.3%) 
      Professional or Doctoral Degree   35 (13.8%)    2 (0.9%)   29 (15.7%)    0 (0.0%) 
      Prefer not to answer / unknown   5 (2.0%)    6 (2.7%)   4 (2.2%)    5 (3.3%) 
   
 
*   - Autism Diagnostic Observation Schedule, SA = Social Affect domain score; RRB = Restricted and Repetitive Behavior domain score; Non-ASD 

NADOS = 252 (2 children missing data because they were not yet walking, no ADOS-2 conducted as administration would be considered invalid). 
**  - Mullen Scales of Early Learning, Verbal Age Equiv = verbal ability age equivalent score, in months, calculated as average of Mullen expressive 

and receptive language age equivalent scores; Nonverbal Age Equiv = nonverbal ability age equivalent score, in months, calculated as Mullen 
visual reception age equivalent score. 

*** - Expert clinician diagnosis of 1 or more non-ASD Developmental Disabilities (DD), including language, cognitive, or motor delays, co-occurring 
or not with ASD, versus no clinical diagnosis of any kind. 

 

 

Table 1.  Participant Characterization & Demographics 

 N = 475 
Completed Protocol 

N = 335 
Diagnosis Certain 

Reference Standard Diagnosis non-ASD ASD non-ASD ASD 
      N 254 221 185 150 

Age     
      months: mean (SD)    23.4 (4.5)    24.9 (4.2) 23.4 (4.6) 24.9 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [16, 19, 24, 27, 30] [16, 21, 26, 29, 30] [16, 19, 24, 28, 30]  [16, 22, 26, 29, 30] 
ADOS*     
      SA Score, mean (SD) 2.9 (3.0) 14.7 (4.3) 2.1 (2.1) 16.1 (3.5) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 1, 2, 4, 13] [5, 11, 16, 18, 20] [0, 0, 1, 3, 9] [6, 14, 17, 19, 21] 
      RRB Score, mean (SD) 1.2 (1.3) 4.9 (2.0) 0.9 (1.0) 5.4 (1.9) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 0, 1, 2, 5] [0, 4, 5, 6, 8] [0, 0, 1, 1, 3] [1, 4, 6, 7, 8] 
      Total Score, mean (SD) 4.1 (3.5) 19.6 (5.1) 2.9 (2.4) 21.4 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 2, 3, 6, 16] [9, 16, 20, 24, 28] [0, 1, 3, 4, 10] [10, 18, 22, 24, 28] 

Mullen**     
      Verbal Age Equiv., mean (SD) 24.5 (8.3) 12.5 (7.1) 26.0 (8.2) 10.5 (5.3) 
            percentiles [1st, 25th, 50th, 75th, 99th] [9, 19, 24, 31, 44] [4, 8, 11, 16, 33] [9, 20, 25, 32, 44] [4, 7, 9, 13, 27] 
      Nonverbal Age Equiv., mean (SD) 26.5 (8.7) 18.5 (5.9) 27.4 (9.0) 17.3 (5.0) 
            percentiles [1st, 25th, 50th, 75th, 99th] [11, 20, 25, 30, 50] [7, 15, 18, 21, 40] [14, 21, 26, 31, 50] [8, 14, 17, 21, 29] 

Other Diagnoses***     
      Presence of ≥1 (non-ASD) DD 210 (82.7%) 124 (56.1%) 162 (87.6%)   86 (57.3%) 
      Absence of ASD or DD diagnosis   44 (17.3%)   0 (0.0%)   23 (12.4%)   0 (0.0%) 

Sex – no. (%)     
      Female 127 (50.0%)   57 (25.8%) 102 (55.1%)   38 (25.3%) 
      Male 127 (50.0%) 164 (74.2%)   83 (44.9%) 112 (74.7%) 

Race – no. (%)     
      Native Hawaiian or Pacific Islander   0 (0.0%)    2 (0.9%)   0 (0.0%)    1 (0.7%) 
      Asian 17 (6.7%)  21 (9.5%) 10 (5.4%)  14 (9.3%) 
      Black / African / African-American 15 (5.9%)  22 (9.9%) 11 (5.9%)    16 (10.7%) 
      Caucasian 203 (79.9%)  149 (67.4%) 147 (79.5%)    95 (63.3%) 
      Other 18 (7.1%)    26 (11.8%) 17 (9.2%)    23 (15.3%) 
      Prefer not to answer / unknown   1 (0.4%)    1 (0.5%)   0 (0.0%)    1 (0.7%) 

Ethnicity – no. (%)     
      Hispanic 24 (9.4%)   44 (19.9%) 16 (8.7%)   26 (17.3%) 
      Non-Hispanic 225 (88.6%) 177 (80.1%) 166 (89.7%) 124 (82.7%) 
      Prefer not to answer / unknown   5 (2.0%)   0 (0.0%)   3 (1.6%)   0 (0.0%) 

Maternal Education – no. (%)     
      Less than 8th Grade   1 (0.4%)   0 (0.0%)   1 (0.5%)   0 (0.0%) 
      Some High School   3 (1.2%)   4 (1.8%)   3 (1.6%)   3 (2.0%) 
      High School or GED 12 (4.7%)   33 (14.9%)   6 (3.2%)   23 (15.3%) 
      Some College, No Degree 22 (8.6%)   39 (17.7%) 12 (6.5%)        31 (20.7%) 
      Vocational School   2 (0.8%) 12 (5.4%)   0 (0.0%)   7 (4.7%) 
      Associate’s Degree 13 (5.1%) 13 (5.9%) 12 (6.5%)   8 (5.4%) 
      Bachelor‘s Degree   79 (31.1%)    71 (32.1%)   59 (31.9%)    50 (33.3%) 
      Master’s Degree   82 (32.3%)    41 (18.6%)   59 (31.9%)    23 (15.3%) 
      Professional or Doctoral Degree   35 (13.8%)    2 (0.9%)   29 (15.7%)    0 (0.0%) 
      Prefer not to answer / unknown   5 (2.0%)    6 (2.7%)   4 (2.2%)    5 (3.3%) 
   
 
*   - Autism Diagnostic Observation Schedule, SA = Social Affect domain score; RRB = Restricted and Repetitive Behavior domain score; Non-ASD 

NADOS = 252 (2 children missing data because they were not yet walking, no ADOS-2 conducted as administration would be considered invalid). 
**  - Mullen Scales of Early Learning, Verbal Age Equiv = verbal ability age equivalent score, in months, calculated as average of Mullen expressive 

and receptive language age equivalent scores; Nonverbal Age Equiv = nonverbal ability age equivalent score, in months, calculated as Mullen 
visual reception age equivalent score. 

*** - Expert clinician diagnosis of 1 or more non-ASD Developmental Disabilities (DD), including language, cognitive, or motor delays, co-occurring 
or not with ASD, versus no clinical diagnosis of any kind. 

 

 

Table 1.  Participant Characterization & Demographics 

 N = 475 
Completed Protocol 

N = 335 
Diagnosis Certain 

Reference Standard Diagnosis non-ASD ASD non-ASD ASD 
      N 254 221 185 150 

Age     
      months: mean (SD)    23.4 (4.5)    24.9 (4.2) 23.4 (4.6) 24.9 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [16, 19, 24, 27, 30] [16, 21, 26, 29, 30] [16, 19, 24, 28, 30]  [16, 22, 26, 29, 30] 
ADOS*     
      SA Score, mean (SD) 2.9 (3.0) 14.7 (4.3) 2.1 (2.1) 16.1 (3.5) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 1, 2, 4, 13] [5, 11, 16, 18, 20] [0, 0, 1, 3, 9] [6, 14, 17, 19, 21] 
      RRB Score, mean (SD) 1.2 (1.3) 4.9 (2.0) 0.9 (1.0) 5.4 (1.9) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 0, 1, 2, 5] [0, 4, 5, 6, 8] [0, 0, 1, 1, 3] [1, 4, 6, 7, 8] 
      Total Score, mean (SD) 4.1 (3.5) 19.6 (5.1) 2.9 (2.4) 21.4 (4.1) 
            percentiles [1st, 25th, 50th, 75th, 99th] [0, 2, 3, 6, 16] [9, 16, 20, 24, 28] [0, 1, 3, 4, 10] [10, 18, 22, 24, 28] 

Mullen**     
      Verbal Age Equiv., mean (SD) 24.5 (8.3) 12.5 (7.1) 26.0 (8.2) 10.5 (5.3) 
            percentiles [1st, 25th, 50th, 75th, 99th] [9, 19, 24, 31, 44] [4, 8, 11, 16, 33] [9, 20, 25, 32, 44] [4, 7, 9, 13, 27] 
      Nonverbal Age Equiv., mean (SD) 26.5 (8.7) 18.5 (5.9) 27.4 (9.0) 17.3 (5.0) 
            percentiles [1st, 25th, 50th, 75th, 99th] [11, 20, 25, 30, 50] [7, 15, 18, 21, 40] [14, 21, 26, 31, 50] [8, 14, 17, 21, 29] 

Other Diagnoses***     
      Presence of ≥1 (non-ASD) DD 210 (82.7%) 124 (56.1%) 162 (87.6%)   86 (57.3%) 
      Absence of ASD or DD diagnosis   44 (17.3%)   0 (0.0%)   23 (12.4%)   0 (0.0%) 

Sex – no. (%)     
      Female 127 (50.0%)   57 (25.8%) 102 (55.1%)   38 (25.3%) 
      Male 127 (50.0%) 164 (74.2%)   83 (44.9%) 112 (74.7%) 

Race – no. (%)     
      Native Hawaiian or Pacific Islander   0 (0.0%)    2 (0.9%)   0 (0.0%)    1 (0.7%) 
      Asian 17 (6.7%)  21 (9.5%) 10 (5.4%)  14 (9.3%) 
      Black / African / African-American 15 (5.9%)  22 (9.9%) 11 (5.9%)    16 (10.7%) 
      Caucasian 203 (79.9%)  149 (67.4%) 147 (79.5%)    95 (63.3%) 
      Other 18 (7.1%)    26 (11.8%) 17 (9.2%)    23 (15.3%) 
      Prefer not to answer / unknown   1 (0.4%)    1 (0.5%)   0 (0.0%)    1 (0.7%) 

Ethnicity – no. (%)     
      Hispanic 24 (9.4%)   44 (19.9%) 16 (8.7%)   26 (17.3%) 
      Non-Hispanic 225 (88.6%) 177 (80.1%) 166 (89.7%) 124 (82.7%) 
      Prefer not to answer / unknown   5 (2.0%)   0 (0.0%)   3 (1.6%)   0 (0.0%) 

Maternal Education – no. (%)     
      Less than 8th Grade   1 (0.4%)   0 (0.0%)   1 (0.5%)   0 (0.0%) 
      Some High School   3 (1.2%)   4 (1.8%)   3 (1.6%)   3 (2.0%) 
      High School or GED 12 (4.7%)   33 (14.9%)   6 (3.2%)   23 (15.3%) 
      Some College, No Degree 22 (8.6%)   39 (17.7%) 12 (6.5%)        31 (20.7%) 
      Vocational School   2 (0.8%) 12 (5.4%)   0 (0.0%)   7 (4.7%) 
      Associate’s Degree 13 (5.1%) 13 (5.9%) 12 (6.5%)   8 (5.4%) 
      Bachelor‘s Degree   79 (31.1%)    71 (32.1%)   59 (31.9%)    50 (33.3%) 
      Master’s Degree   82 (32.3%)    41 (18.6%)   59 (31.9%)    23 (15.3%) 
      Professional or Doctoral Degree   35 (13.8%)    2 (0.9%)   29 (15.7%)    0 (0.0%) 
      Prefer not to answer / unknown   5 (2.0%)    6 (2.7%)   4 (2.2%)    5 (3.3%) 
   
 
*   - Autism Diagnostic Observation Schedule, SA = Social Affect domain score; RRB = Restricted and Repetitive Behavior domain score; Non-ASD 

NADOS = 252 (2 children missing data because they were not yet walking, no ADOS-2 conducted as administration would be considered invalid). 
**  - Mullen Scales of Early Learning, Verbal Age Equiv = verbal ability age equivalent score, in months, calculated as average of Mullen expressive 

and receptive language age equivalent scores; Nonverbal Age Equiv = nonverbal ability age equivalent score, in months, calculated as Mullen 
visual reception age equivalent score. 

*** - Expert clinician diagnosis of 1 or more non-ASD Developmental Disabilities (DD), including language, cognitive, or motor delays, co-occurring 
or not with ASD, versus no clinical diagnosis of any kind. 

Jones et al. (JAMA 2023).
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Figure 2.  Test performance of neurodevelopmental assessment via eye- 
tracking (index test) versus reference standard diagnosis of Autism 
Spectrum Disorder (ASD).  Receiver Operating Characteristic (ROC) curves for 
comparison of index test performance relative to reference standard diagnosis in 
the Discovery Cohort (A) and Replication Cohort (B).  Empirical area under the 
curve (AUC) metrics and their 95% confidence intervals are reported on each 
ROC plot.  In (A), the optimal test positivity threshold for the Discovery Cohort is 
marked with a black cross.  In (C), for that same optimal test positivity threshold, 
cross-tabulation of the eye-tracking index test results versus reference standard 
diagnosis are given.  For the Replication Cohort, the test positivity threshold 
determined by the Discovery Cohort was frozen and applied independently to the 
Replication Cohort.  The black diamond in (B) marks the sensitivity and specificity 
observed in the replication cohort using the test positivity threshold from (A). In 
(D),  cross-tabulation of the eye-tracking index test results versus reference 
standard diagnosis in the Replication Cohort are given.  Corresponding test 
performance estimates and their 95% confidence intervals are given in (E) and 
(F) for Discovery and Replication Cohorts, respectively. Abbreviations: ASD, 
Autism Spectrum Disorder.  AUC, area under the curve.  CI, confidence interval.  
PPV, positive predictive value.  NPV, negative predictive value.  Note that NPV 
and PPV necessarily depend upon study sample prevalence.  
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.

B

D

individual data, Discovery Study
(regression outliers shown as     )

Empirical
Fitted
95% CI

0 20 40 60 80 100
0

20

40

60

80

100

Tr
ue

 P
os

iti
ve

 %
(s

en
si

tiv
ity

)

specificity, %
100 80 60 40 20 0

N = 711
AUC = 0.90 (0.88-0.92)

+

0 20 40 60 80 100
0

20

40

60

80

100

Tr
ue

 P
os

iti
ve

 %
(s

en
si

tiv
ity

)

100 80 60 40 20 0

N = 361
AUC = 0.89 (0.86-0.93)

+*

0 20 40 60 80 100
False Positive %
(100 - specificity)

0

20

40

60

80

100

Tr
ue

 P
os

iti
ve

 %
(s

en
si

tiv
ity

)

100 80 60 40 20 0

N = 335
AUC = 0.90 (0.87-0.94)

+*
F

A

C

E

individual data, Replication Study
individual data, Multi-Site Pivotal Trial

Discovery Study, ref. 32

Replication Study, ref. 32

Multi-Site Pivotal Trial

N = 564

N = 255

N = 620

N = 251

N = 610

N = 251

N = 473 N = 475 N = 475

Multi-site,
Nationwide

Clinical Trial

0 10 20 30 40 50 60 70 80 90
0
5

10
15
20
25
30
35
40
45
50

Ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

0 10 20 30 40 50 60 70 80 90
0
5

10
15
20
25
30
35
40
45
50

Ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

0 10 20 30 40 50 60 70 80 90
0
5

10
15
20
25
30
35
40
45
50

N
on

ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

0 10 20 30 40 50 60 70 80 90
0
5

10
15
20
25
30
35
40
45
50

N
on

ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

R = 0.714, adj.R2 = 0.931  

R = 0.589, adj.R2 = 0.634  

R = 0.659, adj.R2 = 0.772  

R = 0.525, adj.R2 = 0.490 

-20 -10 0 10 20 30

0
4
8

12
16
20
24
28

AD
O

S-
2 

To
ta

l S
co

re

-20 -10 0 10 20 30

0
4
8

12
16
20
24
28

AD
O

S-
2 

To
ta

l S
co

re

R = -0.720, adj.R2 = 0.686  

R = -0.736, adj.R2 = 0.717  

0 10 20 30 40 50 60 70 80 90
Eye-Tracking-Based

Nonverbal Ability Index

0
5

10
15
20
25
30
35
40
45
50

N
on

ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

R = 0.646, adj.R 2 = 0.742  

0 10 20 30 40 50 60 70 80 90
Eye-Tracking-Based
Verbal Ability Index

0
5

10
15
20
25
30
35
40
45
50

Ve
rb

al
 A

ge
 E

qu
iv

al
en

t
(m

on
th

s,
 fr

om
 M

ul
le

n)

R = 0.65, adj.R 2 = 0.751  

-20 -10 0 10 20 30
Eye-Tracking-Based

Social Disability Index

0
4
8

12
16
20
24
28

AD
O

S-
2 

To
ta

l S
co

re

R = -0.747, adj. R 2 = 0.737  

Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 5.  Replication of primary and secondary endpoints across 3 successive study cohorts.  Data collected in the current study, 
together with results from the preceding efficacy study (ref. 32) comprise 3 independent samples replicating findings for diagnostic classification and 
assessment of symptom severity.  (A) and (B) give primary and secondary endpoint results for the discovery study from ref. 32.  (C) and (D) give primary 
and secondary endpoint results for the replication study from ref. 32.  (E) and (F) repeat primary and secondary endpoint results for the current study 
sample (repeated from main text figures 2 and 3, the current multi-site pivotal trial). In all scatter plots, circles mark individual data, crosses mark 
regression outliers. Adjusted R-squared values are adjusted for test-retest reliability of the reference standard (yielding percentage of reference standard 
non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses for additional information.
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Supplementary Figure 6.  Pooled results across 3 successive studies (discovery and replication studies in ref. 32, together with the present 
study results).  (A) Pooled primary endpoint results across 3 study cohorts (discovery and replication studies, reference standard certain sample in the 
current study) comparing index test performance relative to reference standard diagnosis.  (B) Pooled secondary endpoint results comparing 
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eye-tracking-based indices of verbal ability versus children’s verbal age equivalent scores on the Mullen Scales of Early Learning.  (D) Pooled secondary 
endpoint results comparing eye-tracking-based indices of nonverbal cognitive ability versus children’s nonverbal age equivalent scores on the Mullen.  
(E) Pooled test performance estimates and 95% confidence intervals.  (F), (G), and (H) are contour plots of the probability density distributions for (B), 
(C), and (D) respectively, with highest probability marked by the overlaid line.  Plotting conventions are as in main text Figures 2 and 3: in all scatter plots, 
circles mark individual data, crosses mark regression outliers.  Adjusted R-squared values are adjusted for test-retest reliability of the reference standard 
(yielding percentage of reference standard non-error variance explained by the index test). See Supplementary Materials, Secondary Endpoint Analyses 
for additional information.
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The device

Relative to 6-10 hour of expert clinician evaluations
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What is the 
EarliPoint-
aided 
Evaluation of 
Toddlers?
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The first FDA-cleared indication
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Population-based Screening 
badly needed

• Vans at community pediatric practices 
• Data collection integrated with 

pediatrician well-child visits 
• 2 studies 

• screening at 9 months, children 
followed until 24 months 

• screening at 18 and 24 months

Marcus Autism Center

Other national clinical trials underway;  
and other functionalities

78

Imagine a world ….

To change the narra#ve of 
au#sm from one of disability to 
one of possibility and promise.    

Thank you
Marcus Autism Center

Selected References

• Shultz, S., Klin, A. & Jones, W. Neonatal Transitions in Social Behavior and Their Implications for Autism. Trends Cogn. Sci. 
22, 452-469 (2018). 

• Klin, A. et al. Affording autism an early brain development re-definition. Dev. Psychopathol. 32, 1175-1189 (2020). 

• Constantino, J. N. et al. Timing of the Diagnosis of Autism in African American Children. Pediatrics 146 (2020). 

• Constantino, J. N. et al. Infant viewing of social scenes is under genetic control and is atypical in autism. Nature 547, 
340-344 (2017). 

• Jones, W. & Klin, A. Attention to eyes is present but in decline in 2-6-month-old infants later diagnosed with autism. Nature 
504, 427-431 (2013). 

• Klin, A., Lin, D. J., Gorrindo, P., Ramsay, G. & Jones, W. Two-year-olds with autism orient to non-social contingencies rather 
than biological motion. Nature 459, 257-261 (2009). 

• Jones, W. et al. Eye-Tracking-Based Measurement of Social Visual Engagement Compared With Expert Clinical Diagnosis of 
Autism. JAMA 330, 854-865 (2023). 

• Jones, W. et al. Development and Replication of Objective Measurements of Social Visual Engagement to Aid in Early 
Diagnosis and Assessment of Autism. JAMA Netw Open 6, e2330145 (2023). 

• Jaeschke, R., Guyatt, G. & Sackett, D. L. Users' guides to the medical literature. III. How to use an article about a diagnostic 
test. A. Are the results of the study valid? Evidence-Based Medicine Working Group. JAMA 271, 389-391 (1994). 

• Jaeschke, R., Guyatt, G. H. & Sackett, D. L. Users' guides to the medical literature. III. How to use an article about a 
diagnostic test. B. What are the results and will they help me in caring for my patients? The Evidence-Based Medicine 
Working Group. JAMA 271, 703-707 (1994). 

• Bossuyt, P. M., Cohen, J. F., Gatsonis, C. A., Korevaar, D. A. & group, S. STARD 2015: updated reporting guidelines for all 
diagnostic accuracy studies. Ann Transl Med 4, 85 (2016). 

• Cohen, J. F. et al. STARD 2015 guidelines for reporting diagnostic accuracy studies: explanation and elaboration. BMJ 
Open 6, e012799 (2016).



Marcus Autism Center

Thank You

• The children and families for their participation. 

• The Marcus Foundation 
• The Simons Foundation 
• The National Institute of Mental Health 
• The National Institute of Child Health and Human Development  
• The JB Whitehead Foundation 
• Autism Science Foundation

Marcus Autism Center

Thank You  
(EarliPoint clinical trials)
• Cheryl Klaiman, Shana Richardson, Meena Lambha, Morganne Reid, Taralee 

Hamner, Chloe Beacham, Peter Lewis, Jose Paredes, Laura Edwards, Natasha 
Marrus, John N. Constantino, Sarah Shultz. 

• Christa Aoki, Christopher Smith, Mendy Minjarez, Raphael Bernier, Ernest Pedapati, 
Somer Bishop, Whitney Ence, Allison Wainer, Jennifer Moriuchi, Sew-Wah Tay. 

• Fellows of the Donald J. Cohen Fellowship in Developmental Social Neuroscience, 
Simons Fellowship in Computational Neuroscience, and Simons Fellowship in Design 
Engineering for help in data collection and processing at Marcus Autism Center. 

• John Shen and Weiwei Tao from OcTech Consulting Inc., and Yiming Deng from 
Libra Medical Inc., for assistance in statistical analysis. 

• Jason Davis, Travis Dennison, Robert Frazier, Mike Glatzer, Theodore Nicholson, 
Shyamal Shah, Steven Shifke, Jenny Taylor, and Antonio Terrell for help in 
investigational device development and device deployment to all study sites.

Warren Jones PhD

Marcus Autism Center

Thank You  
(developmental social neuroscience)
• CLINICAL ASSESSMENT & CARE: Cheryl Klaiman, Stormi Pulver, Moira Lewis Pileggi,     

Natalie Brane, Celine Saulnier. 

• SOCIAL NEUROSCIENCE COLLABORATORS: Sarah Shultz, Laura Edwards, Longchuan Li, 
Gordon Ramsay, Hasse Walum, Jocelyne Bachevalier, Mar Sanchez, Sofia Kovacs-Balint, Eric Fezcko, 
John N. Constantino, Natasha Marrus. 

• SOCIAL NEUROSCIENCE TRAINEES: Abin Abraham, Adriana Mendez, Aiden Ford,       
Ainsley Buck, Alaina Wrencher, Alp Koskal, Alyna Khan, Andrea Trubanova Wieckowski,         
Andrew Kreuzman, Anna Krasno, Asha Rudrabhatlan, Brooke Schirmer, Carolyn Ranti,                
Casey Zampella, Chris Nicholson, Cynthia Belfleur, David Lin, Deniz Parmaksiz, Dori Balser,         
Dylan Douglas-Brown, Elizabeth Kushner, Ella Swanson-Hysell,  Emma Chatson, Emma McQueen, 
Eugene Kim, Grace Ann Marrinan, Hannah Davies, Hannah Tokish, Isabella Stallworthy,                
Jack Olmstead, Jamie Kortanek, Jennifer Moriuchi, Jennings Xu, Jeremy Borjon, Jessica Jones,     
Jessie Northrup, Julia Yurkovic,  Katelin Carr, Katherine Rice, Kelley Knoch, Lindsay Olson,   
Mackenzie Hines-Wilson, Manash Sahoo, Maria Ly, Marilyn Ackerman, Megan Micheletti,        
Michael Valente, Millena Yohannes, Mitra Kumareswaran, Phillip Gorrindo, Rachel Sandercock,   
Rachel Young, Robin Sifre, Rola Adebogun, Rose-Milord Fleurissaint, Sanju Koirala, Sarah Glazer, 
Sarah Markert, Serene Habayeb, Shiv Chawla, Stella Yuan, Tawny Tsang, Tristan Ponzo,            
Zeena Ammar. 

• LAB/TECHNOLOGY DEVELOPMENT: Peter Lewis, Jose Paredes, Sreeni Narayanan,           
Ella Swanson-Hysell, Robin Sifre, Isabella Stallworthy, Jenny Taylor, Robert Frazier, Steven Shifke.

Warren Jones PhD

Marcus Autism Center
84


