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Chapter 6
Early Departures from Normative Processes 
of Social Engagement in Infants with Autism 
Spectrum Disorder

Sarah Shultz, Ami Klin and Warren Jones

The ability to successfully navigate social interactions is deeply embedded in one’s 
history of social actions—in the accumulation of a vast number of experiences 
seeking and acting upon socially relevant information. The experiences themselves, 
as well as the abilities that result from those experiences, progress in a cyclical, it-
erative manner, both constrained by and then further constraining the way in which 
the environment is perceived (Jones & Klin, 2009; von Uexkull 1934). In human 
infants, these processes begin within the first hours after birth (at least): irrespec-
tive of the sensory “domain,” social stimuli in the environment are perceived by 
typically developing infants as relatively more salient than other competing stimuli 
(e.g., Batki, Baron-Cohen, Wheelwright, Connellan, & Ahluwalia, 2000; Bushneil, 
Sai, & Mullin, 1989; DeCasper & Fifer, 1980; Macfarlane, 1975; Simion, Regolin, 
& Bulf, 2008; Vouloumanos & Werker, 2007). Thereafter, through ongoing cycles 
of seeking and acting upon such stimuli, infants transform their understanding of 
the social world through active engagement (Smith & Gasser, 2005). This spontane-
ous seeking of and acting upon social information is an adaptive reaction displayed 
by typically developing children from infancy onward, if not before.

In contrast, the diminished interest in, and attention to, a wide variety of adap-
tive social stimuli has been identified as a pervasive, early emerging, and endur-
ing feature of autism spectrum disorder (ASD). The diminished salience of social 
stimuli to individuals with ASD is a marker of social disability (e.g., Jones, Carr 
& Klin, 2008), but it also exerts a compounding influence on subsequent develop-
ment as a child with ASD fails to accrue an increasingly longer list of social ex-
periences that would otherwise lay the foundation for typical social development. 
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Instead, individuals with ASD often engage with a range of nonsocial, physical 
stimuli (Kanner, 1943; Klin, Lin, Gorrindo, Ramsay, & Jones, 2009; Langdell, 
1978; Shultz, Klin, & Jones, 2011), leading to an accumulation of experiences with 
“things” rather than people. This process, in turn, leads to atypical developmental 
profiles of functional brain specialization (Grelotti et al., 2005; Schultz, 2000), as 
that functional specialization is necessarily shaped through activity-dependent pro-
cesses (LeDoux, 2003).

While reduced visual attention to social stimuli has been widely reported in chil-
dren and adults with ASD, less is known about the early divergence of such behav-
iors in infancy, and even less is known about the impact thereof on subsequent de-
velopment. In this chapter, we focus primarily on visual attention to the eyes of oth-
ers as a paradigmatic example of an early emerging foundational social ability, that, 
when disrupted, is both a marker of emerging social disability and a compounding 
influence on subsequent development. While attention to eyes is only one of many 
critical mechanisms of social adaptive action, its phylogenetically conserved nature 
(Emery, 2000), early onset (Farroni, Csibra, Simion & Johnson, 2002), and founda-
tional role in socialization (Brooks & Meltzoff, 2002; Emery, 2000; Kampe, Frith, 
Dolan, & Frith, 2001) are particularly well suited to investigations of when reduced 
social engagement is first observed in ASD and how such disruptions subsequently 
impact developmental outcomes.

Section 6.1 reviews the canalizing role of preferential attention to stimuli with 
social adaptive value, including the eyes of others, in typically developing infants’ 
first months of life. Section 6.2 discusses the relationship between changes in typi-
cal infants’ preferential attention to the eyes of others, changes in their interactions 
with conspecifics, and changes in related structural and functional brain maturation. 
Section 6.3 then reviews what is known about the early development of infants who 
are later diagnosed with ASD, with a focus on their early departures from norma-
tive developmental trajectories of social visual engagement with the eyes of others. 
Finally, Section 6.4 examines the accumulative consequences of such departures, as 
children with ASD develop increasingly greater specialization in things other than 
the social world.

Taken as a whole, this review of typical and atypical processes of social en-
gagement highlights the canalizing role of early experience in child development: 
success in early social adaptive tasks leads to new social experiences and increas-
ingly refined social abilities, but these iterative processes appear to work in much 
the same way for atypical social experiences (Jones & Klin, 2009). In the case of 
infants with ASD, early departures from normative processes of social engagement 
are likely to have profound and long-term effects on the social and cognitive devel-
opment of these children (see Fig. 6.1). Whereas typically developing infants show 
an increase in preferential attention to the eyes of others from 2 until 6 months, in-
fants later diagnosed with ASD show mean decline in eye fixation during this early 
period (with continuing declines thereafter) (Jones & Klin, 2013). While reduced 
attention to the eyes of others is not in itself a cause of autism, it does represent a 
marker of emergent social disability as well as a compounding influence on subse-
quent social and brain development. By mapping the unfolding of social disability 
in ASD, we hope to constrain future hypotheses about causal mechanisms underly-
ing the disorder.
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6.1 � Adaptive Action in Response to Environmental 
Demands Constrains Typical Development

Given the fragility of human neonates at birth, engagement with a caregiver is the 
initial task upon which survival depends. Neonates’ remarkable attunement to their 
caregivers, even in the absence of extensive experience with others, presents a ready 

Fig. 6.1   Summary of some early developmental milestones that serve to canalize and constrain 
typical social development in brain and behavior. In typical development (top panel), early pre-
dispositions and subcortical brain systems guide infants toward what is socially relevant. Seeking 
social interaction creates further opportunities for social learning and modulates normative brain 
development. In autism spectrum disorder (ASD) (bottom panel), disruption of active seeking of 
social information alters opportunities for learning; developing brain systems become co-opted in 
service of alternative goals
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solution. From the first moments of life, human infants are drawn to the sight, sound, 
and smell of their caregivers (Bushneil et al., 1989; DeCasper & Fifer, 1980; Mac-
farlane, 1975). From rooting and sucking reflexes that help breastfed infants find 
their mother’s nipple to preferential attention to conspecifics, neonates display a 
host of adaptive skills that help them to successfully engage their caregivers (Nagy, 
2011). When just 10-min old, infants already show tremendous sensitivity to faces, 
evinced by their proclivity to track a moving face-like pattern but not a scrambled 
or inverted face pattern (Goren, Sarty, & Wu, 1975; Johnson, Dziurawiec, Ellis, & 
Morton, 1991; Simion, Valenza, Umilta, & Barba, 1998; Valenza, Simion, Cassia, 
& Umiltà, 1996). By just 5 days, infants demonstrate special sensitivity not just to 
faces, but specifically to the eyes of another person, preferring to look at faces with 
eyes open rather than closed (Batki, 2000). Strikingly, and despite rather limited 
visual acuity (Kellman & Banks, 1998), they are also able, at approximately the 
same age, to distinguish faces whose gaze is directed toward them rather than away 
from them (Farroni et al., 2002). These preferences are widespread in other domains 
as well. Newborns distinguish and prefer their own mother’s voice to that of an un-
known woman, but prefer the sound of an unknown woman’s voice to that of silence 
(DeCasper & Fifer, 1980). 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 most behaviorally salient and what consequently commands 
the greatest portion of the typically developing infant’s attention.

While preferential attention to caregivers has immediate survival value for new-
born infants, an equally important effect is that it establishes new opportunities 
for social interaction and social learning. By directing attention toward the social 
world, the newborn embarks upon what will be its period of greatest postnatal 
change in brain and behavior, as success in early social adaptive tasks canalizes 
typical development toward increasingly refined forms of social and communica-
tive competence. As infants gain increasing experience with their surroundings, 
their initially broad attentional preferences become increasingly attuned to specific 
signals that are most developmentally relevant. For instance, while newborns show 
a preference for both human speech and rhesus macaque vocalizations, 3-month 
olds prefer human speech over rhesus calls (Shultz & Vouloumanos, 2010; Voulou-
manos, Hauser, Werker, & Martin, 2010). Similarly, infants’ discrimination skills 
become attuned to conspecific and own-race faces within the first 9 months (Kelly 
et al., 2007; Pascalis, de Haan & Nelson, 2002) and become similarly attuned to 
native language phonemic contrasts in the first 10 months (Werker & Tees, 1984). 
In addition to the refinement of preferential attention, infants display increasingly 
sophisticated social abilities as preferential orientation toward caregivers transitions 
into face-to-face communication: by 2 months, typical infants show improved abil-
ity to maintain eye contact (Blass & Camp, 2001), improved ability to maintain 
attention (Aslin, 1987), active exploration of internal facial features (Haith, Berg-
man, & Moore, 1977), and the ability to engage in coordinated affective and vocal 
exchanges with a communicative partner (Lavelli & Fogel, 2005).

While these feats of early infancy represent remarkable abilities in such oth-
erwise fragile beings, neither the achievements themselves nor the patterns of 
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developmental change are entirely unique to human infant development. In par-
ticular, the concept of canalization and the importance of experience in guiding de-
velopment are well established in many other species. In bird species, for instance, 
early species-typical experiences, such as exposure to own-species vocalizations, 
are critical in guiding preferential attention toward socially relevant signals, such 
as the mother’s call (Gottlieb, 1981). When mallard ducklings are devocalized and 
thereby deprived of embryonic auditory self-stimulation, a preference for the mal-
lard maternal call compared to the call of other species fails to emerge (Gottlieb, 
1971, 1975). This demonstrates how the hatchling’s early experiences can canalize 
development, constraining the range of stimuli that elicits preferential attention and 
guiding the hatchling toward forms of stimulation that are most relevant for surviv-
al. In the absence of these early experiences, the auditory preferences of hatchlings 
remain broadly tuned, responsive to the maternal signals of many species (Gottlieb, 
1991). Such a disruption could conceivably have widespread and cascading effects 
on subsequent development, as reduced preferential attention to conspecifics may 
diminish opportunities for species-typical learning and contact with conspecifics.

6.2 � Adaptive Action and Developing Brain Systems 
Constrain and Shape One Another

In human infants, examination of neural systems that guide infants’ attention to 
caregivers reveals the ways in which developing brain systems and behavioral ca-
pacities both constrain and shape one another. Behavior exerts powerful influences 
on the development of neural systems by selecting inputs that dynamically modu-
late neural activity, thereby shaping brain structure and function (Byrge, Sporns, & 
Smith, 2014). Brain activity, in turn, modulates behavior, creating a circular process 
whereby “the brain’s outputs influence its inputs and these inputs in turn shape sub-
sequent outputs—binding brain networks to the organism’s environment over short 
timescales and cumulatively over developmental time” (Byrge et al., 2014, p. 3).

This intrinsic dependency between brain and behavior is also found in the neural 
systems that subserve attention to the eyes of others. At birth, the relative maturity 
of subcortical visual structures, as compared to the relative immaturity of cortical 
visual structures, may actually function to facilitate the patterns of preferential vi-
sual attention described in the previous section. Newborns’ direct their rather lim-
ited visual attention, using the available subcortical neural resources, toward those 
stimuli that have the greatest survival value—the faces and eyes of others (Turke-
witz & Kenny, 1982). The subcortical visual system (unlike the later-maturing cor-
tical structures) is differentially responsive to visual properties of faces and eyes, 
such as low-spatial frequency components of the configuration of a face (Morton & 
Johnson, 1991), top-heavy vertically asymmetrical patterns (Simion, Cassia, Turati, 
& Valenza, 2001), and high contrast polarity (Farroni et al., 2005); this develop-
mental affordance between available neural resources and physical regularities in 
the conspecific caregiving environment helps to ensure that newborns are more 
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likely to fixate on faces, and especially the eyes, more than other competing stimuli 
in the natural environment (Johnson & de Haan, 2001; Johnson, 2005; Morton & 
Johnson, 1991).

Indirect evidence further supports this notion that neonates’ visual biases for 
face-like stimuli are primarily mediated by subcortical rather than cortical visual 
circuitry. By about 2 months prenatally, myelination of the subcortical visual path-
way begins (Yakovlev & Lecours, 1967), and at birth, the subcortical visual path-
way is fully functional. In contrast, the primary visual cortex is relatively immature 
at birth (Atkinson, 2000; Johnson, 1990; Martin et al., 1999; Morita et al., 2000) 
and has little influence over visually guided behavior (Csibra, Tucker, Volein, & 
Johnson, 2000). Myelination of cortical visual pathways begins at the time of birth 
and does not finish until approximately 4 months, a full month later than subcortical 
pathways (Yakovlev & Lecours, 1967). Similarly, while subcortical structures such 
as the lateral geniculate nucleus have completed the majority of their developmental 
change before birth (Garey & De Courten, 1983; Hitchcock & Hickey, 1980; Khan, 
Wadhwa, & Bijlani, 1994), primary visual cortical areas undergo a large increase in 
synaptogenesis in the first months of life (Huttenlocher, de Courten, Garey, & Van 
der Loos, 1982).

This evidence underscores the developmental affordance between the subcorti-
cal visual orienting system of newborns and a social adaptive action that is critical 
to their survival: attending to the faces and eyes of others. Together, these mecha-
nisms facilitate survival, but they also conspire to encourage social interactions 
and social learning from the first months of life. As subcortical structures guide 
newborns’ visual attention toward socially relevant stimuli, the act of seeking and 
attending to such information in turn shapes the developing brain. The amygdala, 
a subcortical structure that plays a role in both directing and maintaining biases for 
attending to faces (Adolphs, Tranel, & Damasio, 1998; Bachevalier, 1994; Baron-
Cohen et al., 2000; Brothers, 2002) and in reacting quickly to highly salient social 
stimuli (LeDoux, 1996; Schultz, 2000), has reciprocal connections with ventral vi-
sual areas (Amaral & Price, 1984) and projects information about salient stimuli 
to cortical areas involved in face processing in adults, such as the lateral occipital 
cortex, fusiform, and orbitofrontal cortex (Pasley, Mayes, & Schultz, 2004). During 
the first 2 months of life, connections between the amygdala and regions, such as 
the fusiform, lateral occipital cortex, and orbitofrontal cortex, may serve to increase 
the activity of cortical areas that would otherwise receive only weak input from 
functionally immature cortical visual areas (Johnson, 2005), leading to the subse-
quent specialization of these regions for processing faces and other social stimuli. 
As early experiences accrue, so too does the synaptogenesis to and from, and the 
myelination of, these cortical visual pathways.

Existing studies of brain function in infancy provide evidence of this type of 
neural specialization, specifically for stimuli that hold the greatest adaptive value 
to typically developing infants, even by the second month of life. Two-month olds 
show activation in cortical areas within the adult face-processing network, including 
the right fusiform gyrus and bilateral inferior occipital cortex, when viewing human 
faces (Tzourio-Mazoyer et al., 2002). Three-month olds show selective activation 
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in left superior temporal and angular gyri in response to forward compared with 
reversed speech (Dehaene-Lambertz, Dehaene, & Hertz-Pannier, 2002) and a larger 
event-related potential (ERP) N290 component amplitude and shorter latency in re-
sponse to human compared with monkey faces (Halit, De Haan, & Johnson, 2003). 
Finally, 3- to 7-month olds show activation of the right middle temporal gyrus in 
response to human vocalizations compared with nonspeech vocalizations and envi-
ronmental sounds (Blasi et al., 2011).

Although studies examining the relationship between developmental change in 
brain function and behavior are scant, there is some evidence that cortical networks 
undergo a process of specialization that coincides with the refinement of social 
adaptive action in early infancy. A functional magnetic resonance imaging (fMRI) 
study of 1- to 4-month-old infants revealed increased neural selectivity for speech 
over biological nonspeech sounds during a developmental period that coincides 
with the attunement of infants’ listening preferences for human speech over rhesus 
monkey calls (Shultz, Vouloumanos, Bennett, & Pelphrey, 2014). Specifically, a 
negative correlation was observed between gestational age and response to bio-
logical nonspeech sounds within a speech-sensitive region of left temporal cortex. 
An increased selectivity for speech during this period in development represents a 
process that may be both a cause and consequence of the tuning of infants’ listening 
preference for speech: as infants’ active seeking of speech likely modulates neural 
activity, these neural changes, in turn, modulate behavior.

6.3 � Early Departures from Normative Trajectories  
in ASD

While, as reviewed earlier, typically developing infants show a remarkable attun-
ement to the social world, with evidence of maturational brain change that con-
strains and guides attunement, the available evidence suggests that this is not the 
case for individuals with autism. A striking feature of the disorder is that individu-
als with ASD, even intellectually capable adults, exhibit deficits in the very social 
adaptive actions that have immediate survival value and provide the platform for 
future social development (Kanner, 1943). For example, while typical newborns as 
young as 2-days old orient preferentially to socially relevant signals such as biologi-
cal motion and the eyes of others (Farroni et al., 2002; Simion, Regolin, & Bulf, 
2008), 2-year-old children with ASD fail to do so (Jones et al., 2008; Klin et al., 
2009). By demonstrating that skills present from birth in typical newborns are dis-
rupted in ASD, these findings point to early departures from normative processes of 
development. Following from a model of child development where success in social 
adaptive tasks guides typical development toward increasingly refined skills in an 
iterative process, early departures from such processes will likely lead to atypical 
outcomes as development becomes increasingly atypical (Jones & Klin, 2009).

The potentially devastating and accumulative consequences of early disruptions 
in basic mechanisms of social adaptive action highlight the period of early infancy 
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as a target for research aimed at understanding the emergence of the syndrome. 
While reduced attention to social stimuli has been widely reported in children and 
adults with ASD, less is known about the course of such deviations from norma-
tive developmental trajectories in early infancy and their impact on subsequent out-
comes. Because ASD is rarely diagnosed before 18 months (Klin et al., 2004), the 
method of choice for research of infancy in autism necessarily involves prospective 
study and longitudinal following of the “baby siblings” of children already diag-
nosed with an ASD. Within siblings followed prospectively, the recurrence rate of 
ASD is high, estimated at 18.7 % (Ozonoff et al., 2011).

To date, the main focus of longitudinal studies of baby siblings has been on the 
timing and diagnostic manifestation of autistic symptomatology. Within the first 18 
months of life, infants with ASD already show signs characteristic of the disorder:

•	 At 6 months: reduced attention to social scenes and faces (Chawarska, Macari, 
& Shic, 2013).

•	 At 12 months: unusual patterns of object exploration and stereotyped, repetitive 
behaviors (Loh et al., 2007; Ozonoff et al., 2008), reduced social interest and 
atypicalities in eye contact, affect, orienting to one’s name, imitation, and social 
smiling (Hutman et al., 2010; Ozonoff et al., 2010; Wan et al., 2013; Zwaigen-
baum et al., 2005), deficits in vocal production, language comprehension, and 
gesture production (Mitchell et al., 2006; Paul, Fuerst, Ramsay, Chawarska, & 
Klin, 2011), and lower rates of requesting behaviors (Rozga et al., 2011).

•	 At 14 months: cognitive deficits, as measured by the Mullen Scales of Early 
Learning (Landa & Garrett-Mayer, 2006).

•	 At 15 months: deficits in joint attention and triadic communication (Sullivan et 
al., 2007; Yoder, Stone, Walden, & Malesa, 2009).

•	 At 18 months: atypicalities in play behavior (Christensen et al., 2010).

While these studies provide important insights into the manifestation of ASD at de-
velopmental time points prior to the typical age at diagnosis, most of the symptom-
atology described is likely to have arisen as a consequence of atypical early social 
experiences. Few studies have examined disruptions to basic mechanisms of social 
adaptive action that are the putative building blocks of later social abilities, and no 
prospective longitudinal studies have examined departures from such processes in 
the first 6 months of life. By failing to measure the developmental antecedents of 
ASD symptomology, we run the risk of measuring the culmination, rather than the 
unfolding, of departures from typical social behavior and experience.

This state of affairs was the impetus for our most recent study of attention to the 
eyes of others in infants later diagnosed with ASD (Jones & Klin, 2013). Our mo-
tivation for measuring preferential attention to eyes was twofold. First, preferential 
attention to eyes is a phylogenetically well-conserved mechanism of social adaptive 
action (Emery, 2000) that plays a key role, as summarized earlier, in canalizing typi-
cal social development: eye-looking serves to entrain babies to the social signals 
of their caregivers and also establishes opportunities for learning through social 
interaction. Second, preferential attention to the eyes of others is developmentally 
early emerging, present from the first days of life in typical infants but significantly 
reduced in 2-year olds with ASD (Farroni et al., 2002; Jones et al., 2008).
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We collected data from infants at low-risk and at high-risk for ASD at 10 time 
points: at months 2, 3, 4, 5, 6, 9, 12, 15, 18, and 24. Diagnostic status was ascer-
tained at 36 months. Infants viewed prerecorded video scenes of caregivers looking 
directly at the children, with the caregivers making entreating overtures and enact-
ing typical infant routines (preparing for a meal, engaging in motherese vocal com-
munication, singing a nursery rhyme, etc.). Infants’ visual scanning was measured 
with eye-tracking equipment while watching the videos. The percent of visual fixa-
tion time to eyes, mouth, body, and object regions was measured. Visual fixation 
time to eyes for the typical children created normative growth curves of social vi-
sual engagement against which to compare the data for infants later diagnosed with 
autism. Typically-developing (TD) children, from 2 to 24 months, looked more at 
the eyes than at any other region of the screen (mouth, body, objects); eye fixation 
increased steadily from 2 to 9 months and then remained relatively stable until the 
age of 24 months (Fig. 6.2a).

In infants later diagnosed with ASD, growth curves of social visual engagement 
follow a very different developmental course. Eye fixation began at a level similar 
to TD children, but then declined steadily from the 2-month starting point, arriving 
at a level that was approximately half that of TD children by the 24-month endpoint 
(Fig. 6.2e). This pattern holds two key implications for our understanding of the 
developmental pathogenesis of social disability in ASD. First, these results pinpoint 
the developmental onset of the widely reported reduction in preferential attention 
to eyes in ASD; rather than a congenital absence of attention to eyes in ASD, early 
levels of eye-looking at 2 months of age seem to begin at normative levels, with 
the decline in eye-looking beginning during the period from 2 to 6 months. Second, 
these results reveal the impact of deviations from normative trajectories of social 
visual engagement on subsequent outcomes. The decline in eye fixation from 2 to 6 
months was significantly associated with diagnostic outcome at 36 months, provid-
ing a strong marker of later diagnosis 1½ years before children can be diagnosed 
conventionally and 2½ years before they can be diagnosed stably. In addition, the 
extent of decline in eye-looking among children with ASD was a strong predictor 
of their level of social disability at outcome (as measured with standardized clinical 
instruments): those whose levels of eye-looking declined most rapidly were also 
most socially disabled in later life.

To our surprise, however, these data contradicted prior hypotheses postulating 
a congenital absence of social adaptive orientation in ASD: early levels of eye-
looking were not immediately diminished in infants with ASD; instead, infants with 
ASD exhibited a slight but significant increase in eye-looking at 2 months, which 
then declined (Fig. 6.2c and d). Several points are worth noting regarding this pre-
liminary finding of “normative” eye-looking at 2 months of age in ASD. Although 
these data appear to show that orienting to eyes is present in early infancy in ASD, 
this does not necessarily mean that the behavior itself is “normative” or represen-
tative of eye-looking in typical social development. Put differently, although the 
superficial levels of eye-looking (i.e., high magnitude of eye-looking at 2 months 
of age) are present, the developmental processes underlying such eye-looking may 
be markedly different in infants with ASD. Indeed, the rate-of-change data indicate 
that the underlying rate of change in eye-looking already differs between typical 
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Fig. 6.2   Growth charts of social visual engagement for typically developing children and children 
diagnosed with ASD, originally published in Nature (2013). a, b Fixation time to eyes, mouth, 
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infants and infants with ASD at 2 months of age. In addition, magnitude of eye-
looking is slightly, but significantly, higher at 2 months of age in infants with ASD. 
While this finding should be replicated in a larger sample, the relatively high level 
of eye-looking at 2 months in ASD may already represent a departure from nor-
mative developmental processes. Thus, while eye fixation may look superficially 
similar in the early months, the underlying developmental processes may already 
be markedly different.

Despite the possibility that initial eye-looking in ASD may not reflect normative 
developmental processes, the mere presence of early eye-looking, as opposed to 
an outright absence, constrains hypotheses about what processes may be disrupted 
in ASD. Intriguingly, the finding of superficially normative levels of eye-looking, 
followed by a decline thereafter, maps onto preexisting literatures relating to early 
typical transitions in face expertise and early infant transitions in adaptive behavior.

In typical development, preferential orientation to faces (present at birth) declines 
between 4 and 6 weeks before reemerging at approximately 2 months (Johnson et 
al., 1991), a pattern that mirrors that of other neonatal reflexive actions, such as ori-
enting to auditory sounds and imitating others (Dodwell, 1983; Field, Muir, Pilon, 
Sinclair, & Dodwell, 1980; Field, Goldstein, Vega-Lahr, & Porter, 1986; Maratos, 
1982). A model for this transition has been proposed, moving from “experience-
expectant” mechanisms (more “reflex-like,” and presumably more proximal to gene 
determination) to “experience-dependent” mechanisms (building on the iterative 
experiences and resultant learning that arise as a consequence of the initial, reflex-
like behaviors; Bjorklund, 1987; Emde & Harmon, 1972; Johnson, 1990; Johnson 
et al., 1991).

The neural mechanism that underlies these changes is thought to be a shift from 
subcortical to cortical control, with initial predispositions (subserved by subcortical 
structures) declining as cortical control develops. This suggestion is strengthened 
by evidence of the early development of the visual system: as reviewed above, 
while the subcortical visual pathway is functional at birth, the primary visual cortex 
remains relatively immature and has little influence over visually guided behavior 
(Atkinson, 2000; Johnson, 1990; Martin et al., 1999; Morita et al., 2000). Reti-
nocortical pathways become fully functional approximately 2 months after birth 
(Atkinson, 2000; Braddick, Wattam-Bell, & Atkinson, 1986)—when our data col-
lection begins—and also at approximately the same age at which ERP and positron 
emission tomography (PET) studies show evidence of cortical specialization for 
attention to faces (Halit et al., 2003; Tzourio-Mazoyer et al., 2002).

body, and object from 2 until 24 months in (a) typical development (TD) and (b) autism spectrum 
disorder (ASD). c, d Contrary to a congenital reduction in preferential attention to eyes in ASD, 
(d) children diagnosed with ASD exhibit mean decline in eye fixation. e–h Longitudinal change in 
fixation to (e) eyes; (f) mouth; (g) body; and (h) object regions. Dark lines indicate mean growth 
curves; light lines indicate 95 % confidence intervals (CI). Top panels in e-h plot percent fixation; 
middle panels plot change in fixation (the first derivative, in units of % change per month); and 
bottom panels plot F value functions for between-group pointwise comparisons as a function of 
age in months. Significant differences are shaded in medium gray for comparison of fixation data 
and light gray for comparison of change-in-fixation data
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This maturational timeline is well fitted by the changes in behavior that we ob-
serve in typically developing infants. At 2–3 months of age, typical infants appear to 
be in transition between reflex-like orientation and emerging, cortically controlled 
preferential attention: the 2-month time point would thus be situated between one 
downward developmental trend (the waning of subcortically controlled, reflex-like 
eye fixation) and one upward trend (the increasing, experience-dependent, corti-
cally-mediated eye fixation). This maps onto both the relative low point in eye 
fixation by typical infants at 2 months of age and the increase in eye fixation from 
2 until 9 months. In contrast, the data for infants later diagnosed with ASD suggest 
a reflex-like orientation that appears to persist beyond its developmentally appropri-
ate time window (leading even to a slight increase in ASD relative to typical eye 
fixation at 2 months, Fig. 6.2e). In the absence of the emergence of cortically con-
trolled, experience-dependent eye fixation, the reflex-like (subcortically mediated) 
orientation appears to persist before declining.

6.4 � Departures from Normative Trajectories Yield 
Increasingly Atypical Behavior and Atypical Neural 
Specialization

Our recent eye-tracking results indicate that subcortically mediated reflex-like at-
tention to eyes may fail to transition to cortically mediated experience-dependent 
eye fixation at around the second month of life in ASD. However, rather than sug-
gesting an outright failure of cortical control of preferential visual attention in ASD, 
the available data suggest a co-opting of those mechanisms by attention to other 
features in the environment. For instance, instead of maintaining and reinforcing at-
tention to eyes, infants with ASD showed high levels of mouth and object fixation, 
with fixation on others’ mouths increasing from month 2 until approximately month 
18 and object fixation rising by 24 months to twice the level of typical controls (see 
Fig. 6.2f and h). Data from older infants and toddlers further support the notion that 
individuals with ASD use ostensibly intact attentional systems to actively seek out 
alternate experiences. For example, at 12 months of age, infants with ASD show 
reduced social interest, accompanied by a tendency to fixate on particular objects 
in the environment (Hutman, Chela, Gillespie-Lynch, & Sigman, 2012; Zwaigen-
baum et al., 2005). In addition, unlike typical toddlers, toddlers with ASD show a 
preference for nonspeech compared with speech (Klin, 1991; Kuhl, Coffey-Corina, 
Padden, & Dawson, 2005) and for dynamic geometric images compared to dynamic 
social images (Pierce, Conant, Hazin, Stoner, & Desmond, 2011). Finally, studies 
from our laboratory demonstrate that toddlers with ASD are highly sensitive to the 
presence of nonsocial, physical contingencies (audiovisual synchronies between 
point lights) (Klin et al., 2009) and are more engaged by physical, rather than social 
events (Shultz et al., 2011).
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Together these results suggest that a child with autism, from as early as 2 
months of age, is learning from a world dominated by physical rather than social 
events. Given the canalizing role of preferential attention to social stimuli in typi-
cal development, how might attention toward physical, rather than social, stimuli 
impact developmental outcomes? Our longitudinal eye-tracking data provide an ini-
tial answer to this question by demonstrating that reduced attention to others’ eyes 
between 2 and 6 months of age is a strong predictor of a later diagnosis of ASD at 
36 months. In addition, more pronounced atypical experiences may actually worsen 
developmental outcome, as steeper decline in eye fixation was associated with more 
severe social disability (Jones & Klin, 2013). Although not examined in our eye-
tracking study, we further predict that disruptions to early mechanisms of social 
adaptive action may have widespread cascading effects on many areas of develop-
ment, as children with ASD actively seek alternate experiences as they try to make 
sense of their surrounding world (Jones & Klin, 2009).

This hypothesis is nicely illustrated by the case of diverging developmental pro-
cesses underlying attention to the mouth in typical toddlers and toddlers with ASD. 
While attention to the mouth is a social adaptive action in typical development, 
proposed to play a key role in the development of spoken communication in typi-
cal infancy (Lewkowicz & Hansen-Tift, 2012), research from our laboratory has 
revealed that attention to the mouth in toddlers with ASD may instead be driven by 
sensitivity to audiovisual synchrony (Klin et al., 2009). Put differently, the available 
evidence suggests that typical children and children with ASD seek and attend to the 
mouths of others for very different reasons, with typical children viewing mouths as 
a source of spoken social communication and toddler with ASD viewing the mouth 
as a source of audiovisual synchrony. These very different goals likely yield dif-
ferent learning experiences and expertise, and, at a later developmental time point, 
may result in different communication and language outcomes: typical children de-
velop adaptive social communication skills (Locke, 1995), whereas children with 
ASD who do acquire language often do so in a way that is decoupled from social 
meaning, resulting in speech that is rote rather than contextualized (Tager-Flusberg, 
Paul, & Lord, 2005); facts that are memorized rather than episodic and personalized 
(Klin et al., 2007; O’Shea, Fein, Cillessen, Klin, & Schultz, 2005); and in extreme 
cases even results in instances of hyperlexia in ASD, when words are read without 
any concept of their meaning (Grigorenko, Klin, & Volkmar, 2003).

Given that infants contribute very actively to their own brain specialization by 
attending differentially to the surrounding environment (Byrge et al., 2014; Joseph 
E LeDoux, 2003), the accumulation of atypical social experiences in ASD is likely 
to have a profound impact on shaping brain structure and function. The brain, in 
turn, modulates behavior, creating an iterative process whereby atypical experienc-
es and altered brain specialization become compounded over developmental time 
(Byrge et al., 2014). Although few studies have examined brain–behavior relation-
ships prospectively and longitudinally in the first months of life, existing evidence 
supports the notion of early emerging alterations in brain structure and function 
in ASDs that are consistent with reduced social attention. Unlike typical controls, 
6- to 10-month-olds later diagnosed with ASD fail to modulate the amplitude of a 
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face-sensitive ERP component, the P400, in response to viewing eye-gaze shifts 
toward versus away from them (Elsabbagh et al., 2012). Similarly, 10-month-olds 
later diagnosed with ASD show a prolonged P400 latency along with late and less 
persistent gamma activity in response to direct eye gaze (Elsabbagh et al., 2009). 
Finally, in contrast to control infants, 9-month-olds at high risk for ASD do not 
show modulation of P400 latency when viewing their mother’s face compared with 
a stranger’s face (Key and Stone, 2012) and 10-month-olds at high risk for ASD 
show a faster N290 ERP component in response to objects compared with faces 
(McCleery, Akshoomoff, Dobkins, & Carver, 2009).

Consistent with altered brain specialization for social processing, older children 
and adults with ASD show reduced functional connectivity and hypoactivation in a 
network of brain regions implicated in social processing in typical adults (Gotts et 
al., 2012). For instance, hypoactivation has been reported in the superior temporal 
sulcus in response to biological motion (Freitag et al., 2008; Herrington et al., 2007; 
Kaiser et al., 2010); in the medial prefrontal cortex, superior temporal sulcus, and 
temporal poles during tasks that involve thinking about the mental states of others 
(Castelli, Frith, Happé, & Frith, 2002); in the mirror neuron system (including the 
inferior frontal gyrus and inferior parietal lobule) during imitation (Dapretto et al., 
2006); and in the amygdala and fusiform gyrus in response to faces (Schultz, 2000). 
Although the relationship between reduced social attention and disruptions to so-
cial brain regions has not been systematically explored, some evidence suggests 
that brain structures typically subserving social processing become “co-opted” for 
processing alternate stimuli of greater interest to individuals with ASD. In one in-
triguing case (Grelotti et al., 2005), an adolescent with ASD honed his interests in 
Digimon cartoons over many years; he displayed activation of his amygdala and 
fusiform gyrus for perceptual discriminations involving Digimon, but not for those 
involving familiar or unfamiliar faces. This case suggests that abnormal functioning 
of the fusiform in ASD may arise as a consequence of years of reduced social inter-
est and atypical experiences.

6.5 � Conclusions

Adaptive action in response to environmental demands constrains development in 
an iterative process that builds on older structures to generate new ones. In this 
view, a child’s developmental outcome is shaped not only by genetic and neural 
predispositions, but also by the experiences that arise as a consequence of those 
predispositions (Jones & Klin, 2009). For typical infants, predispositions to attend 
to the social world from the first moments of life canalize development, resulting in 
successively more complex social cognitive abilities and neural specialization. For 
infants with autism, failure to attend to social stimuli, and looking at other parts of 
the world instead, suggests an altered path for learning, with cascading effects on 
further brain and behavioral development.
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This framework highlights the pressing need to study deviations from the build-
ing blocks of typical development in order to understand developmental outcomes, 
echoing Karmiloff-Smith’s proposal that, “development itself is the key to under-
standing developmental disorders” (Karmiloff-Smith, 1998). By measuring depar-
tures from normative trajectories of brain and behavioral development, we can be-
gin to identify disruptions in socialization (such as lack of attention to eyes) and 
map their timing and consequences for subsequent social cognitive growth, brain 
development, and syndrome expression.

This approach holds promise for informing understanding of brain-behavior 
pathogenesis in ASD. Given the late age of actual diagnosis of ASD (Centers for 
Disease Control and Prevention, 2014), the majority of current research findings are 
based on work with relatively older children. This leaves the possibility that much 
of our existing knowledge of autism reveals more about the consequences of hav-
ing had autism (often for many years) than it does about the causes and underlying 
mechanisms from which a disability arose (Jones & Klin, 2009). Quantifying the 
earliest developmental antecedents of the condition—such as a decline in looking 
at the eyes of others—offers the opportunity to study the unfolding, rather than the 
culmination, of many years of often increasingly aberrant behavior and atypical ex-
perience (Grelotti, Gauthier, & Schultz, 2002). However, it is important to note that 
reduced orienting toward caregivers does not cause autism in and of itself. Clearly 
more work is needed to understand how these altered predispositions initially arise 
in infants with ASD. Nonetheless, early departures from normative processes of 
development represent both a sign of social disability and a compounding influ-
ence on subsequent social disability. Mapping these early departures in ASD holds 
promise for identifying important areas of future research and may constrain future 
hypotheses about the causal mechanisms underlying ASD. Indeed, our longitudi-
nal eye-tracking findings refute hypotheses of a congenital absence of preferen-
tial social attention in ASD and instead highlight a narrow period of early infancy, 
spanning the transition from experience-expectant to experience-dependent mecha-
nisms, as a critical focus for future investigation.
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