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Summary

Autism spectrum disorder (autism) is a highly prevalent and heterogeneous family of 

neurodevelopmental disorders of genetic origins with potentially devastating implications for 

child, family, health and educational systems. Despite advances in paper-and-pencil screening and 

in standardization of diagnostic procedures, diagnosis of autism in the US still hovers around the 

ages of four or five years, later still in disadvantaged communities, and several years after the age 

of two to three years when the condition can be reliably diagnosed by expert clinicians. As early 

detection and treatment are two of the most important factors optimizing outcome, and given that 

diagnosis is typically a necessary condition for families to have access to early treatment, reducing 

age of diagnosis has become one of the greatest priorities of the field. Recent advances in 

developmental social neuroscience promise the advent of cost-effective and community-viable, 

performance-based procedures, and suggest a complementary method for promoting universal 

screening and much greater access to the diagnosis process. Small but critical studies have already 

reported on experiments that differentiate groups of children at risk for autism from controls, and 

at least one study so far could predict diagnostic classification and level of disability on the basis 

of a brief experiment. Although the road to translating such procedures into effective devices for 

screening diagnosis is still a long one, and premature claims should be avoided, this effort could 

be critical in addressing this worldwide public health challenge.
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Autism as a public health challenge: the need to reduce age of diagnosis

Autism is a biologically-based but highly complex neurodevelopmental disorder [1]. It is 

one of the most heritable of psychiatric conditions [2] but no single molecular marker 

defines its diagnosis. Instead, research estimates suggest that greater than three to five 

hundred distinct genes—the majority of which are still unknown—may each play a role in 

etiology [3–5]. No single gene has yet been associated with more than a fraction of patient 

cases (<1% [6]), and the extent to which any pattern or patterns of gene variants or 
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expression can reliably indicate risk of the condition remains unclear. There are numerous 

hoped-for future insights into the developmental neurobiology of autism [7], but the 

condition is still diagnosed behaviorally by the presence of early-emerging, persistent 

deficits in social interaction and communication skills, and by the presence of restricted and 

repetitive behavior [8]. The most robust markers for early diagnosis of autism include 

reduced interaction with and attention to others [9,10]; reduced attention to others’ eyes; 

failure to respond to the calling of one’s own name; and inability to join in imitative games 

and reciprocal vocalizations [11–13].

Autism affects approximately 1 in every 68 individuals [14]. More children struggle with 

autism than with all childhood cancers, juvenile diabetes, cystic fibrosis, and muscular 

dystrophy combined [15]. Autism is also a lifelong disability, impairing a person’s social 

and communicative function throughout the entire lifespan [16]. Individual manifestations of 

autism vary in severity, but all are associated with significant impairments in social and 

communicative functioning and all require some form of specialized support [17,18]. 

Beyond the clinical and daily living challenges faced by individuals with autism and their 

families, the yearly economic cost to society is estimated to be in excess of $136 billion 

dollars in the US alone [19–21], and the cost of lifetime care for one individual and the 

economic burden to his or her family is estimated to be $ 2,400,000 [22].

The early identification and early treatment of children with autism are consensually 

regarded as two of the most important factors for improving lifetime outcomes for 

individuals impacted by the disorder [23–26]. The earlier a diagnosis can be established, the 

better the long-term outcome [23]. Because symptoms of ASD are present already by 18 and 

24 months in the majority of cases [27], the American Academy of Pediatrics recommends 

universal screening for autism at 18 and 24 months [28]. Unfortunately, only 8% of primary 

care providers routinely evaluate the toddlers in their practices for autism in the US [29,30]. 

Screening for other neurodevelopmental delays are also far from universal. As a result, only 

20% of children who require special education services later in life are identified prior to the 

age of 3 years [31]. Time restrictions [32] and the lack of any well-performing, cost-

effective screening or diagnostic device for autism and related developmental delays [33] 

have been highlighted as key factors in primary care providers’ failure to screen. Care 

providers are more likely to take a ‘wait-and-see’ approach that has the effect of delaying 

diagnosis until a point at which symptoms can no longer be missed or denied. In a (US) 

Center for Disease Control and Prevention study of surveillance records [34], even children 

who received an initial evaluation for ASD at the mean age of 4 years were not finally 

diagnosed until a mean age of later than 5 years. That delay in diagnosis is directly 

contradicted by the presentation of behavioral symptoms: 30% of parents of children with 

ASD suspected developmental problems before their child’s first birthday; 50% suspected 

problems by 18 months; and 80% of parents suspected problems by 2 years [35–37]. 

Nevertheless, the median age of diagnosis in the US remains 5.5 years of age [38]. This late 

age of diagnosis is even later for those who lack resources and have limited access to expert 

clinicians: in the US, diagnoses for lower income, minority, and rural families lag on 

average by another year and a half [39–41]. In all children, delay in diagnosis leads directly 

to delayed intervention and treatment. Thus the point at which a child can be accurately 

diagnosed with autism moves from within a window of tremendous neuroplasticity [42]—
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the period from birth until age three—to a point several years hence, when many years of 

development have already played a large role in shaping the course of a child’s condition 

[43]. This marks the loss of a potentially critical opportunity for improving treatment 

efficacy and associated outcome [26].

Advances in developmental social neuroscience of autism: social 

engagement in typically developing infants and toddlers and derailment 

thereof in children with autism

Within the first hours of life, typically-developing babies attend preferentially to people. 

They distinguish and prefer their own mother’s voice to that of an unknown woman, but 

prefer the sound of even an unknown woman’s voice to that of silence [44]. Human 

newborns preferentially fixate on faces gazing at them rather than faces looking away [45], 

and by 3 months they are drawn to the eye region when viewing speaking faces [46]. Infants 

are also capable of imitating the facial gestures of a person [47] while not mimicking similar 

movements made by a mechanical device [48]. This evidence suggests that typically-

developing babies have a predisposition to engage with the social aspects of the world 

around them: the social dimension is what is most behaviorally salient and what 

consequently commands the greatest portion of the typically-developing child’s attention.

For infants with autism, the available evidence suggests that this is not the case. The most 

robust markers for early diagnosis of children with autism center on disruptions to typical 

engagement with the social world: reduced interaction with and looking at others [12]; 

failure to respond to the calling of one’s own name; diminished eye contact; and inability to 

join in imitative games and reciprocal vocalizations [11,49]. While, until recently, most 

insights into the first two years of the lives of children with autism were gained via 

retrospective parental reports and analyses of home movies made by parents prior to their 

children’s diagnosis [11,12], in the past 5 years years we have witnessed a surge of 

prospective studies of children at high-risk for autism, at times from birth. Capitalizing on 

the high recurrence rate within sibships – 1 or 2 out of 5 among the younger siblings of 

children with autism are also diagnosed with autism or show transient or subthreshold 

symptoms of autism [50], there have been tens of prospective studies focused on “baby 

siblings” [51] which have shed light on the unfolding of autism in the first 2 years of life. 

While most of the studies so far have focused on the emergence of early symptoms [52–54], 

several experimental studies have focused on abnormalities in normative processes of 

socialization. Using behavioral probes, eye-tracking, electrophysiological, functional and 

diffusion tensor magnetic resonance imaging, investigators have been documenting 

derailment of fundamental social engagement processes from the first year of life [55–60]. 

The vast majority of these studies, however, have only been able to report group differences 

– when comparisons are made between high-risk siblings (with or without ascertained 

autism) and controls. In other words, these studies were unable to predict an individual 

baby’s outcome, or his or her level of disability, on the basis of their experimental measures. 

While prodromal group results generate the promise of performance-based measures 

predictive of the disability – typically ascertained clinically by the age of 24 to 36 months, 

they do not have immediate relevance to the goal of developing a screening or diagnostic 
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test that might help identify children at risk before the emergence of symptoms, or in place 

of a diagnostic process conducted by expert clinicians. There are signs, however, that this 

situation is now changing. These efforts are focused on abnormalities of eye gaze: the way 

babies preferentially orient to, and are sensitive to the social and communicative value of, 

the eyes of others, to which we now turn.

Eye gaze in infants later diagnosed with autism

In autism, deficits in eye gaze are a defining feature of the condition [8] and a key item in 

standardized diagnostic tests [61]. These deficits have been extensively demonstrated in eye-

tracking studies [55,62,63]; in electrophysiological reports [57,64], including intracranial 

recordings [65]; and also in functional MRI studies [66–68]. The conserved nature [69,70], 

early onset [45,46], and critical role of eye fixation in socialization [69,71] prompted our 

group to examine preferential looking to the eyes of approaching adults in infants and 

toddlers with autism. In an early study [63], we presented 2-year-old children with videos 

showing an actress looking directly into the camera, playing the role of caregiver, and 

engaging the viewer in typical infant-directed interaction games such as “pat-a-cake” and 

“peek-a-boo” while the children’s visual fixation patterns were measured by eye tracking. 

There were three groups: toddlers with autism (ASD), typically developing (TD) controls, 

and non-autistic but developmentally delayed (DD) controls. Children with ASD exhibited 

significantly less eye fixation relative to the two other groups: median eye fixation was in 

fact less than half that of TD and DD children. Two additional observations added 

importance to this finding. First, eye fixation in the toddlers with ASD was significantly 

correlated with their level of social disability (as measured via standardized clinical 

instruments), thus imbuing this behavioral assay with clinical validity. Second, toddlers with 

ASD also displayed significantly increased mouth-fixation relative to controls. In light of 

our studies of preferential orientation to biological motion [72] (the motion of living beings) 

[73,74] – in which visual behavior of toddlers with autism appeared to be guided primarily 

by audiovisual synchrony rather than the social nature of the stimuli – we raised the 

hypothesis that their mouth-fixation resulted from their engaging with the video stimuli as a 

composite of physical characteristics, without social meaning, given that the mouth is the 

locus of greatest audiovisual synchrony in speaking faces (i.e., speech sounds and lip 

movements covary) [72].

Our results supported the contention made in the very first description of autism by Leo 

Kanner [75], who characterized “autistic disturbances of affective contact” as “congenital”, 

from birth. Our group and others have long advocated the notion that disruptions of typical, 

extremely early-emerging mechanisms of adaptive social action give rise to the social 

disability known as autism [43,76,77]. However, this hypothesis is still only supported by 

indirect evidence since knowledge of the first two years of life of children with autism has, 

until recently been quite limited (though growing), primarily because children with autism 

are diagnosed between two and three years of life at the earliest [49]. The word “congenital” 

is intended to refer to the behavioral instantiation of genetic liabilities in observable and 

measurable ways.
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Although several studies show atypical neural processing of social stimuli in infants at risk 

for autism, or in infants who were subsequently diagnosed with autism [56,57], direct 

observation and quantification of the early developmental progression of autism have not, 

until recently, been available [78], including possible disruptions in early-emerging social 

adaptive behaviors. This gap in clinical and research knowledge has been a critical one. The 

first two years of a baby’s life encompass the most substantial and rapid period of neural and 

behavioral growth in postnatal human development [79]. For a condition as strongly 

heritable as autism [2], and for one in which multifactorial genetic etiologies are likely to 

begin their impact on development from birth if not before [6], a thorough mapping – of 

social behavior, brain changes, and gene processes – in the first two years of life is a critical 

step for understanding the pathogenesis of the condition and constraining gene-brain-

behavior hypotheses [1].

This state of affairs was the impetus for our most recent study of eye fixation in autism [80]. 

Infants who were later diagnosed with autism and typically developing infants were shown 

pre-recorded video scenes of actresses playing the role of caregivers while engaging their 

children in infancy games. Like in our previous study [63], the children’s visual scanning 

was measured by eye tracking. Data were collected monthly, from two to six months of age, 

and then every three months until the age of 18 months, with a final data point at 24 months 

(10 time points overall). Ascertainment of diagnostic status and its stability happened at 24 

and 36 months, respectively. Eye-fixation data for the typical children delineated “growth 

charts” of social visual engagement (Figure 1A) against which we compared the data for the 

infants later diagnosed with autism (Figure 1B). Typically developing children, from two to 

six months, looked more at the eyes than at any other region of the screen (mouth, body, 

objects); eye fixation increased steadily during this period and remained rather stable until 

the age of 24 months.

Given our hypothesis that children with autism have a congenital deficit impairing their 

ability to preferentially orient to others’ eyes, our expectation was that their levels of eye 

fixation would be reduced relative to those of typically developing infants from the earliest 

time of data collection (Figure 1C). Our results falsified this hypothesis (Figure 1DE): eye 

fixation began at a level similar to typically developing controls but then declined steadily 

from the two-month starting point, arriving at a level that was approximately half that of 

controls by the 24-month endpoint. This decline in eye fixation was already underway 

within the first 6 months.

Two additional observations added significance to this finding. First, the decline in eye 

fixation within the first six months alone was strongly and significantly associated with 

diagnostic outcome at the age of 36 months. Thus developmental differences in level of 

preferential attention to the eyes of other people was a strong marker of later diagnosis one 

and a half years before the children could be diagnosed conventionally and two and half 

years before they would be diagnosed stably [80]. Second, in the children with autism, the 

degree of decline in eye looking was a strong predictor of level of social disability at 

outcome (as measured with standardized clinical instruments): children whose levels of eye 

looking declined most rapidly were also most socially disabled in later life [80].
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This was the first time that a performance-based, experimental procedure was shown to have 

clinical utility relative to individual young children, predicting both the child’s diagnosis 

(i.e., autism vs. non-autism), and severity of the condition (i.e., where, in the spectrum of 

autistic disability, the individual child’s presentation falls). Clearly, this study requires 

replication and corroboration that can only come from much larger studies. But it points to 

the possibility that, in the not too distant future, performance-based measures might be 

available that can be deployed as measurements of autism. For this technology to be made 

relevant to clinical practice, however, there is substantial work to be done. It does, 

nevertheless, carry the potential to contribute to eventual solutions for the immense public 

health challenge represented by the current late age of diagnosis and treatment of autism.

Developmental social neuroscience meets public health challenge

The translation from experimental procedures conducted in the lab to performance-based, 

objectified and quantitative measurements of autism deployed in the community will require 

many steps but this long road has been accomplished in other areas of medicine and science. 

While our eye-tracking procedure with infants and toddlers is the first to show relevance to 

individual children [80], substantial research using many other procedures based on eye-

tracking, EEG and MRI technology is currently underway, and these procedures too may 

reach a level of significance to individual children in the near future. In all cases, however, 

studies are likely to be relatively small and intended to generate hypotheses and explore 

developmental mechanisms associated with autism pathogenesis. Larger, multi-site studies 

will be required to substantiate a procedure’s diagnostic efficacy (i.e., demonstrating that the 

procedure is beneficial in a clinical trial). And yet, to make these kinds of technologies 

relevant to clinical practice, the true test will come from research on their effectiveness (i.e., 

demonstrating that benefits of the procedure can be shown in clinical practice). This 

translational effort will require gathering information from administrators, clinicians and 

parents about the barriers and facilitators of moving an evidenced-based procedure into real-

world practice. Implementation strategies are required to identify methods that increase the 

probability of success of the proposed solution. This dilemma of implementation is present 

in many fields of medicine. In the field of autism, however, there is a pressing need for 

synergy between clinical investigators who build the evidence base and front-line clinicians 

who are called upon to embrace such solutions. Factors of importance include the realities of 

clinical practice, culture and level of resources, as well as pressures and incentives extant in 

the targeted clinical environment. These are core topics of an emerging and critical area of 

research called implementation science [81], which is at the intersection of science advances 

and large-scale changes of clinical practice. The very best solutions achieved in academic 

laboratories will have little relevance to children and families affected by autism if they are 

not translated into community-viable solutions for public health challenges [82,83].

There are two overlapping ways in which developmental social neuroscience procedures 

developed in the lab may advance the goal of reducing the age of autism diagnosis in the 

community: as universal screeners and as proxies for diagnostic ascertainment. Screening 

efforts have advanced markedly in the past 10 years [84]. Paper-and-pencil screening 

instruments are available and their dissemination in primary care offices is growing [84], 

but, as noted, they are still far from being universally adopted despite the directives of the 
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American Academy of Pediatrics [17,18,84]. Autism is sufficiently highly prevalent and 

potentially devastating to children and families, as well as systems of care, the educational 

system, and lifespan support systems [19–22] to justify the aspiration for universal 

screening. And universal screening is the ultimate solution to reduce the current community 

disparities in access to clinical services still plaguing large sectors of the population in the 

US [28–30]. Although these paper-and-pencil screening methods are cost-effective, they do 

not follow the more typical medical model for procedure coverage provided by the health 

insurance system nor are they accepted as “medical tests”. It would be hard to conceive of a 

paper-and-pencil screening procedure for medical conditions such as childhood cancer or 

diabetes. It is in this sense that validated experimental procedures can complement current 

efforts to disseminate screening for autism as routine care in primary care practices. But this 

can only happen if these experimental procedures and technologies are shown to be cost-

effective and viable within the context of the busy and typically overly taxed primary care 

office.

The possibility that experimental procedures can act as proxies for clinical diagnosis would, 

at face value, go against everything that we know about gold standards for clinical practice, 

which involve the deployment of standardized instrumentation by expert clinicians [2008]. 

‘Gold-standard’ (or ‘reference standard’) diagnostic instruments are standardized, validated 

assessments that measure the presence of autistic social disability through both clinician-

based behavioral observation (e.g., using the Autism Diagnostic Observation Schedule 

(ADOS)[85]), and through parent interview (using the Autism Diagnostic Interview – 

Revised (ADI-R) [86]). Best practice guidelines for comprehensive diagnostic evaluation 

also call for standardized assessments of the child’s cognitive functioning and language 

skills [87]. Unfortunately, the actual community usage of these gold-standard instruments is 

quite limited. In the US, primary care providers provide the majority of autism diagnoses. 

Usage of gold-standard diagnostic instruments is almost entirely absent from their practices: 

for example, the ADI-R and ADOS are used in fewer than 0.1% and 2.1% (respectively) of 

diagnostic evaluations for autism [88]. Lesser quality (i.e., inferior to the gold-standard) 

instruments, such as parent questionnaires and checklists, are used in only 30% of such 

evaluations [88]; and the remainder of diagnostic evaluations for autism—more than 67% of 

all such evaluations—use no standardized or validated instruments. The usage of gold-

standard instruments is confined to specialty clinics with limited patient capacity. The 

factors accounting for the low adoption of otherwise effective instruments in community 

settings could be predicted by implementation scientists: for example, gold-standard 

instruments require lengthy periods for patient testing (e.g., approximately 1.5 to 2 hours for 

the ADI-R, and 1 hour for the ADOS); they also require extensive training and expertise for 

reliable administration and scoring, as they depend upon an expert clinician’s subjective 

assessment of both the informant report (as in the ADI-R) and the patient behavioral 

observation ( as in the ADOS). These factors place major limitations on the effectiveness of 

these instruments in two ways: they prevent the wide dissemination and adoption of such 

gold standard procedures, and they gravely constrain access to the diagnostic process and 

the attainment of diagnosis for purposes of eligibility for services because the number of 

expert clinicians in the community is very limited. This is the diagnostic landscape in which 
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cost-effective experimental procedures and technologies could facilitate faster and more 

widely available diagnostic process.

Whereas one advances the notion that procedures originating from developmental social 

neuroscience can be translated as “universal screeners” or as “diagnostic proxies”, it will be 

critical to ensure that premature claims of success are avoided – as noted, the road from 

small efficacy studies in the lab to “roll-out ready” practices for the clinic, is a long and 

arduous one. Adequately powered and rigorously conducted clinical trials deployed in 

community practices set the standard for yielding evidence for the effectiveness for any 

medical procedure [89,90]. And yet, the promise of translational research that can move 

science into the community justifies this effort [91].

Conclusion

Autism is a highly prevalent, lifelong and potentially devastating neurodevelopmental 

disorder of genetic origins whose behavioral symptoms are instantiated in the first two years 

of life. Despite the evidence indicating that early diagnosis and early treatment can 

significantly improve outcome, age of diagnosis in the community is still late relative to the 

window of opportunity afforded by neuroplasticity in the first two years of life. Reducing 

age of diagnosis in order to provide children with autism with access to early treatment has 

become one of the key priorities for research in this field. New advances in developmental 

social neuroscience have already yielded experimental procedures shown to identify markers 

for the condition even before the emergence of overt symptoms and much before expert 

clinicians can reliably diagnose the condition. The potential is great for these new 

technologies to be translated into objectified, quantitative, efficacious and cost-effective 

practices, capable of reaching wide dissemination. The key aspect of this process, however, 

will be to ensure that premature claims are not made based on small, lab-based efficacy 

studies until much larger, multi-site clinical trials are conducted, accompanied by 

implementation science efforts aimed at making this new science into community-viable 

solutions. Nevertheless, this bold new prospect was unthinkable even 5 years ago. The 

success of this effort calls for a concerted and seamless effort bringing together social 

neuroscientists, clinical practitioners, and implementation scientists [91].
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Figure 1. 
Growth charts of social visual engagement for typically-developing children (TD) relative to 

children diagnosed with autism spectrum disorder (ASD). (A) Fixation to eyes, mouth, 

body, and object from 2 until 24 months in TD males (in blue) and (B) in males with ASD 

(in red). Contrary to a hypothesis of congenital reduction in preferential attention to the eyes 

in ASD, infants with ASD exhibit mean decline in eye fixation from 2 until 24 months of 

age. Hypothesized (C) and actual (D) mean eye fixation curves are plotted in blue for TD 

children and in red for children with ASD. Longitudinal change in fixation to (E) eyes; (F) 

mouth; (G) body; and (H) object regions. Dark lines of each color represent mean growth 

curves, while light lines indicate pointwise 95% confidence intervals. Top panel in each 

section plots percent fixation over time; middle panel plots change in fixation over time (the 

first derivative, in units of % change per month); and the bottom panel plots F value 

functions for pointwise comparisons of fixation and change in fixation between groups. 

Pointwise comparisons with F values greater than Fcrit (for 1,34 dof = 4.13, P = 0.05, 

marked by arrowhead on F ratio axis) are shaded in medium gray (for comparison of 

fixation data) and light gray (for comparison of change-in-fixation data).
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