
11© Springer International Publishing AG 2017 
J.B. Leaf (ed.), Handbook of Social Skills and Autism Spectrum Disorder, Autism and Child 
Psychopathology Series, DOI 10.1007/978-3-319-62995-7_2

Understanding the Social Nature 
of Autism: From Clinical 
Manifestations to Brain 
Mechanisms

Fred R. Volkmar and Brent van der Wyk

Beginning in the 1800s, reports of “wild” or feral 
children and other children we might now recog-
nize as having autism began to appear (Donvan & 
Zucker, 2016), but it was not until the 1940s in 
reports by Leo Kanner (1943) and Hans Asperger 
(1944) that autism spectrum disorder (ASD) 
began to be clearly recognized. In their papers, 
Asperger and Kanner both used the word 
“autism” to suggest a special difficulty of social 
interaction exhibited in the cases they observed. 
As time has gone on, the unusual social nature of 
autism has been more clearly recognized, and 
much progress has been made in understanding, 
at the basic science level, potential mechanisms 
and best approaches to treatment (McPartland, 
Tillman, Yang, Bernier, & Pelphrey, 2014; 
Reichow & Barton, 2014; Voos et al., 2013).

Early controversy on the nature of autism 
began to shift in the 1970s, as it became clear that 
autism was a brain-based disorder (given the high 
rates of seizure disorders children exhibited in 
adolescence; Volkmar & Nelson, 1990) and had a 
very strong genetic basis given the much higher 
concordance rates in monozygotic twins (Folstein 
& Rutter, 1977). It also became clear that autism 
responded more positively to structured interven-
tions rather than unstructured psychotherapy 

(Bartak & Rutter, 1976). Since the official recog-
nition of autism in 1980 (DSM III APA, 1980), 
research has exploded. With earlier detection and 
intervention, many individuals with autism and 
related conditions are now functioning indepen-
dently in community settings (Howlin, Moss, 
Savage, Bolton, & Rutter, 2015) and indeed 
sometimes, as adults, appearing to no longer 
exhibit the condition (strictly defined; Fein et al., 
2013).

In this chapter, we selectively review some 
aspects of this unique constellation of social dif-
ficulties noted in autism and related ASD both as 
they manifest clinically and as they may be 
related to brain mechanisms. In summarizing 
these results, we argue for a new conceptualiza-
tion of autism that emphasizes these social learn-
ing problems as central. We should note that it is 
a testament to the field that this review cannot 
aim, in the space available, to be anything but 
selective, highlighting those aspects of social dif-
ficulties that appear to us most salient in terms of 
clinical or research relevance.

2.1	 �Autism as a Central Feature 
of the Condition

In his 1943 report, Kanner emphasized that 
autism (lack of interest in others) was one of two 
cardinal features of the condition (resistance to 
change and oversensitivity to the nonsocial 
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environment being the other). His insightful 
description served as the basis for subsequent 
refinements of the concept (Volkmar & Reichow, 
2014). Kanner emphasized that the social disabil-
ity in autism was marked and profound, and 
impacted the child’s ability to understand and 
learn from others. This core disability helps us 
understand the impact of ASD on aspects of 
learning, communication, multitasking, and 
behavior.

Attempts to define autistic social dysfunction 
have evolved over time. In his very influential 
synthesis of Kanner’s original report and subse-
quent work, Rutter (1978) emphasized delayed 
and deviant social development NOT simply the 
functioning of overall developmental delay. 
Other early investigators similarly identified 
social difficulties as a central diagnostic feature 
(Wing & Gould, 1979). This tradition continued 
in the DSM-III (Diagnostic and Statistical 
Manual 3rd Ed.) and its various successors (see 
Volkmar & McPartland, 2014).

Although there is general agreement that 
“autism” – that is the serious social disability – is 
the defining feature of ASD (Grossman, Carter, 
& Volkmar, 1997), attempts at more detailed 
characterization have been complicated. The 
complications arise given changes with age and 
developmental level, as well as major differences 
in approaches (e.g., should social problem be 
assessed relative to normative development or 
should specific abnormal features by identified). 
Quantification of social problems plagued the 
field for many years. On one side, attempts to 
estimate levels of severity are reflected in screen-
ing and diagnostic instruments looking at the 
“severity” of autism (e.g., on instruments like the 
ADOS (Autism Diagnostic Observation Scale) or 
CARS (Childhood Autism Rating Scale); see 
Lord, Corsello, & Grzadzinski, 2014). On the 
other hand, there are some approaches that assess 
social levels based on normative social processes 
such as normed tasks of memory for faces (Klin 
et  al., 1999) or assess socialization skills based 
on instruments like the Vineland Adaptive 
Behavior Scales (Volkmar et  al., 1987). As we 
note subsequently, a series of innovative mea-
sures have now been developed as part of the 

study of brain processing social information and 
may offer alternative approaches. For example, 
work from the initial eye tracking studies con-
ducted at Yale (Klin, Jones, Schultz, Volkmar, & 
Cohen, 2002) revealed major differences in the 
way more cognitively able individuals with 
autism viewed the social “panorama,” as mea-
sured by infrared cameras, during observation of 
short clips from the movie classic Who’s Afraid 
of Virginia Wolff. In that initial study, there was 
essentially no overlap between the groups in 
terms of focusing on eyes in the scenes (with a 
Cohen’s d of 3.6) (Fig. 2.1).

Progress has also been made in the area of 
genetics. It has become clear that many genes are 
potentially involved with a broader autism phe-
notype likely exhibiting some, but not all, of the 
features of those individuals with more classic 
autism (Ingersoll et al., 2014; Rutter & Thapar, 
2014). Although the relationship between social 
vulnerabilities to genetic vulnerabilities remains 
to be specified, work using more precise and 
sophisticated animal models is now underway 
(Thirtamara Rajamani, 2015).

2.2	 �A Selective Review 
of Specific Areas of Social 
Disturbance

2.2.1	 �Attachment

The process of attachment serves to give the devel-
oping infant opportunities for bonding and to 
develop complex social relationships with primary 
caregivers. In typically developing children, this 
process is quite robust, and while life long, becomes 
particularly noteworthy around 9–10  months as 
infants become quite comfortable with parents and 
quite wary of strangers. Attachment is manifested 
through a number of behaviors that include mainte-
nance of proximity to caregivers as well as strong 
affective connections (Rutter, 2008). Early impres-
sions of an absence of parental attachment in 
autism proved to be incorrect as a series of studies 
indicated some attachment to parents  – albeit 
sometimes in atypical ways (Rogers, Ozonoff, & 
Maslin-Cole, 1991, 1993).
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For example, young children with autism are 
apparently more likely to exhibit disorganized 
patterns of attachment than typically developing 
children (Claussen, Mundy, Mallik, & 
Willoughby, 2002). In addition, they may exhibit 
unusual attachments to inanimate objects (i.e., in 
contrast to the usual “transitional objects” of 
children, typically soft and intensely specific) 
and to hard objects (bundles of twigs, cereal 
boxes, and toy trains); it is the category of objects 
rather than the special objects that is of para-
mount importance (Volkmar et al., 1994).

2.2.2	 �Perception of Faces

Faces have special salience for a newborn child. 
The ability to look at faces and derive meaning 
and information from facial expression is an 
important prerequisite for many other social 
skills. Clearly, there are alternate pathways, for 
example, blind infants usually develop social 
skills in typical ways albeit with understandable 
delays in some areas such as joint attention 

(Bigelow, 2003). The interest in faces appears to 
be innate in a typically developing child with a 
very early preference for looking at faces or face-
like stimuli, relatively rapid recognition of par-
ent’s faces, use of the top half of the face as a 
source of greater information (Farah, Wilson, 
Drain, & Tanaka, 1998), and activation of a spe-
cific areas of the brain (the fusiform gyrus) for 
aspects of facial recognition (Kanwisher, 
McDermott, & Chun, 1997). Sophistication in 
facial recognition and face processing continues 
to develop at a rapid pace during the first year of 
life. By the first birthday, the typically developing 
child is exquisitely sensitive to familiar and unfa-
miliar faces and has difficulties processing faces 
if the latter are presented upside down (the facial 
inversion effect). Face processing is smooth and 
rapid by this time and continues to develop over 
the next years of life (Fabio Falck-Ytter, 2008).

A substantial body of work now exists on dif-
ficulties in facial perception in individuals with 
ASD. This work uses various methods, based on 
behavioral responses, neurophysiological corre-
lates (electroencephalogram [EEG]), and 

Fig. 2.1  Visual focus of a typically developing adult (top 
line) and a high functioning man with autism (bottom 
line) while moving a short movie clip from the class film 
Who’s Afraid of Virginia Woolf? The typically developing 
individual focuses on the top portion of the face while 

observing the interaction. The individual with autism 
focuses on the mouth region (losing much of the social–
emotional information; Reprinted, with permission, from 
Klin et al., 2002).
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neuroanatomy (e.g., functional magnetic reso-
nance imaging [fMRI]). These difficulties (some 
of which are discussed in greater detail in subse-
quent portions of the chapter) manifest clinically 
by the early onset of difficulties with gaze, diffi-
culty using the face to regulate and derive mean-
ing in social interaction, and lack of eye contact 
(Chawarska et  al., 2014a; Chawarska, Macari, 
Volkmar, Kim, and Shic, 2014b). Behaviorally, 
these difficulties are also expressed in diminished 
social–emotional responses to others. These 
impairments include reduced eye contact, joint 
attention, social orienting, deficits in the imita-
tion of faces and in the face recognition, attenu-
ated responses to emotional displays of others 
and in gaze behaviors (McPartland, Webb, 
Keehn, & Dawson, 2011), and may have implica-
tions for imitation in general (Rogers, Cook, & 
Meryl, 2014).

Some of the earliest work with young chil-
dren relied on retrospective analysis of video-
tapes (e.g., made at the child’s first 
birthday – often a rather social event albeit one 
in a familiar environmental context). For exam-
ple, Osterling and Dawson (1994) revealed that 
children subsequently diagnosed with ASD paid 
significantly less attention to faces than typi-
cally developing controls. Other work with 
older individuals has used a range of methods. 
For example, behavioral studies have revealed 
difficulties with tasks that involve face process-
ing (Dawson, Webb, & McPartland, 2005), 
some differences in processing inverted faces 
(Fabio Falck-Ytter, 2008), and lack of some of 
the usual early markers of evolved facial per-
ception such as the lack of the facial inversion 
effect in autism as well as facial memory (Klin 
et  al., 1999). These difficulties also involve 
problems with the use of emotional information 
provided by the face to guide accurate percep-
tion and awareness of others (Tanaka et  al., 
2012). Studies have also shown differences in 
the process of face recognition. For example, 
typically developing children employ a piece-
meal processing strategy in looking at objects, 
but not at faces. While in ASD, face processing 
is more like that of a typical child in looking at 
objects (Chawarska & Shic, 2009).

As we discuss subsequently, a growing body of 
work has used EEG and fMRI methods to clarify 
neurophysiological and neuroanatomical corre-
lates of these abilities, and new experimental pro-
cedures (e.g., eye tracking) have been used to 
clarify, in much greater detail, specific differences 
in processes such as face perception. As a practi-
cal matter for the developing child with autism, 
the nonsocial world has much greater salience 
(relative to the typically developing children) – a 
phenomenon strongly emphasized by Kanner 
(1943) in his original report on the condition.

2.2.3	 �Gaze Behavior and Eye 
Contact

Unusual aspects of gaze and limited or poor eye 
contact are frequently noted by parents as some of 
the first signs of autism. These processes are inti-
mately related to other aspects of social develop-
ment including facial processing (Chawarska et al., 
2014a, 2014b). The ability to engage in mutual gaze 
is important for both perception of feelings and 
attentional focus of others, as well as the ability to 
engage in the back and forth of communication in 
social interactions (Mundy, 2016). As with face pro-
cessing, the interest in others is expressed early on 
in the typically developing infants ability to focus 
on the parent, while in infants with ASD, reduced 
levels of mutual gaze are striking (McPartland 
et al., 2011). Data are somewhat conflicting on the 
age at which this can first be demonstrated, with 
some evidence suggesting it can be observed as 
early as 6 months and other work suggesting this is 
less clear until about 18  months (Chawarska, 
Volkmar, & Klin, 2010; Ozonoff & South, 2001; 
Young, Merin, Rogers, & Ozonoff, 2009). In this 
and other studies, differences in methods are likely 
critical. Data from eye tracking have been, perhaps, 
the most convincing demonstration of early differ-
ences (Chawarska, Macari, & Shic, 2013).

2.2.4	 �Imitation

The desire to imitate emerges very early in typi-
cal development. Imitation is important in laying 
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the foundation for many other skills including 
communication. A considerable amount of 
research on the emergence of imitation in autism 
has revealed substantial impairments in imita-
tion, in all its various forms, and these difficulties 
are interrelated with other core social abilities 
such as joint attention, play, and emerging com-
munication abilities (for a review, see Rogers, 
2014). It has been argued that difficulties in this 
area are a core aspect of autism (Rogers & 
Pennington, 1991). Although this issue remains a 
topic of theoretical debate, there is widespread 
agreement that intervention focused on enhanc-
ing imitation and social attention is essential for 
young children with autism (Rogers et al., 2006).

Intervention for imitation difficulties has 
focused on the various forms of imitative activi-
ties, for example, object imitation (Ingersoll, 
Lewis, & Kroman, 2007), motor imitation 
(Ingersoll & Schreibman, 2006), gestural imita-
tion (Ingersoll et  al., 2007; Ingersoll & 
Schreibman, 2006), and overall imitation 
(Ozonoff & Cathcart, 1998). Although it is gener-
ally assumed that enhanced abilities in imitation 
will be related to gains in other areas, few studies 
have directly addressed the issue, but the work 
available suggests important gains in related 
skills such as communication, play, joint atten-
tion, and overall cognitive abilities (Ozonoff & 
Cathcart, 1998; Rogers & Vismara, 2014). A 
number of the model programs developed for 
young children with autism target imitation as a 
critical developmental skill, for example, the 
Early Start Denver Model of Rogers, Dawson, 
and Vismara (2012), Pivotal Response Training 
(Koegel & Frea, 1993), and applied behavior ana-
lytic models (Ingersoll et  al., 2007). Fostering 
imitation is also naturally involved in interven-
tions targeting other abilities such as joint atten-
tion and play (Kasari, Freeman, & Paparella, 
2001; Kasari, Huynh, & Gulsrud, 2011).

2.2.5	 �Play Skills

Although difficult to define, play is a central activ-
ity of childhood. It involves important cognitive, 
motor, and social aspects and becomes symbolic, 

an important foundation for other skills (Piaget, 
1952). Play begins with simple object manipula-
tion (sensorimotor play) and then progresses to 
functional play (e.g., using materials in conven-
tional ways) and finally becomes much more sym-
bolic and complex play (where the activity of play 
is much less constrained by the actual materials 
present). For example, a small cup might be used 
initially for banging or smelling, but then becomes 
used for functional play such as feeding a doll, to 
then becoming rather unconstrained so that the 
cup might assume any number of symbolic func-
tions. There are important cultural and contextual 
factors in understanding play, and play is a central 
focus of children’s lives during preschool (and 
beyond) and serves as a practice ground both for 
pretense and as a pleasurable shared joint experi-
ence with parents, siblings, and with peers. Piaget 
(1952) emphasized the importance of play for cog-
nitive development.

Difficulties in symbolic play in ASD have been 
well documented since the 1970s (Ricks & Wing, 
1975). Subsequent work confirmed the lack of 
symbolic play in young children with autism 
(Wing, Gould, Yeates, & Brierley, 1977) with 
play tending to be stereotypic and repetitive with 
difficulties extending to both nonsymbolic and 
symbolic play (Ungerer & Sigman, 1981). These 
difficulties extend to the easiest forms of play so 
that both sensorimotor and functional play skills 
are delayed and/or deviant in their development 
even when overall cognitive ability is controlled.

Intervention studies have shown that a range of 
methods can be used to improve play skills. These 
include both direct, as well as, more naturalistic 
teaching and the use of peers (particularly in the 
preschool period) to facilitate play abilities (Kasari, 
Freeman, & Paparella, 2006; Rogers, 2005).

2.3	 �Neural Aspects of Social 
Information Processing

2.3.1	 �Early Studies of Social 
Cognition

Social and affective processing has been, until 
recently, a rather neglected branch of cognitive 
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psychology. The prevailing attitude was that 
complex social behaviors could be explained as 
the aggregation of simpler and more founda-
tional cognitive components: attention, memory, 
etc. However, concerted research efforts during 
the 1970s and 1980s led to a set of findings that 
challenged this established view and argued for 
dedicated cognitive mechanisms for social infor-
mation processing. Behavioral studies of face 
processing (Valentine, 1988; Yin, 1969) and bio-
logical motion (Johansson, 1973; Kozlowski & 
Cutting, 1977) suggested specialized mecha-
nisms for this kind of social perception. 
Similarly, Cosmides and Tooby (1992) pursued a 
research program that argued convincingly for 
specialized mechanisms for social reasoning. At 
the time, investigation of the neural bases of 
such function in healthy subjects was beyond the 
ability of science, but studies of patients with 
brain damage, developmental disorders, and 
electrophysiological studies of nonhuman pri-
mates all began to point to dedicated neural 
mechanisms for a number of social processes 
(Bauer, 1984; Brothers, 1990; Signer, 1987). 
This work came together in a seminal article by 
Brothers (2002), in which the term “social brain” 
was coined. Brothers argued that the evidence 
suggested that not only were there good reasons 
to suspect that specializations for social informa-
tion processing is evolutionarily adaptive, but 
that by the evidentiary standards of the day, 
social processing was a cognitive module  – an 
innately specialized and encapsulated neurocog-
nitive mechanism (Fodor, 1986). The elevation 
of social cognition to “modular” status placed it 
on par with language in the pantheon of cogni-
tive psychology and jump started a research pro-
gram that continues to this day into the neural 
bases of social cognition.

At the time, the awareness that ASD was pri-
marily a disorder of social cognition led research-
ers to study the condition. Indeed, the field of 
social cognition has benefited from the growing 
awareness of and attention to ASD and lifted it 
from a niche research area to one with profound 
public health significance. This work also bene-
fited from coincident developments in human 
brain imaging methods, most notably, fMRI.

fMRI uses powerful magnetic fields to image 
regional changes in blood oxygenation. These 
changes are thought to be driven by the meta-
bolic needs of neurons that fluctuate as a func-
tion of their activity. A standard strategy in an 
fMRI experiment is to present stimuli to indi-
viduals and measure the resulting blood 
oxygenation-dependent signal (BOLD). 
Differences in the BOLD signal, as a function of 
stimuli or task, are interpreted as differences in 
the underlying brain activation to those signals. 
As fMRI is noninvasive, it provided the opportu-
nity to study aspects of brain function in healthy 
controls. An advantage that fMRI had over other 
noninvasive methods, such EEG and ERP, was 
an incredibly high degree of spatial accuracy. It 
was this spatial resolution that was particularly 
attractive to researchers interested in finding and 
cataloging the neural correlates of various mod-
ules of cognition, and in this respect, social cog-
nition was no different.

2.3.2	 �Key Nodes of Social Cognition 
in Healthy Individuals

Brothers (1990, 2002) identified several cortical 
and subcortical nodes of the social brain, namely 
the orbitofrontal cortex, the temporal cortex, and 
the amygdala, (Kling & Brothers, 1992; Perrett, 
Hietanen, Oram, Benson, & Rolls, 1992; Raleigh 
& Steklis, 1981). Much of the evidence implicat-
ing these regions came from the study of nonhu-
man primates, using electrophysiology and 
experimentally induced lesions. In humans, early 
fMRI studies supported the initial delineation of 
the social brain with only minor revisions. In a 
set of early studies of face processing, two sub-
sets of the temporal cortex were identified on the 
fusiform gyrus and the super temporal sulcus 
(Haxby, Hoffman, & Gobbini, 2000; Kanwisher 
et  al., 1997; McCarthy, Puce, Gore, & Allison, 
1997). Simple contrasts of static face versus non-
face stimuli activated a region on the fusiform 
gyrus on the ventral surface of the temporal lobe, 
termed the fusiform face area (FFA). More com-
plex facial stimuli, which captured dynamic 
aspects of a face in motion, tended to activate a 
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lateral and posterior surface of the temporal lobe 
in the superior temporal sulcus (STS; Beauchamp, 
Lee, Haxby, & Martin, 2003; Pelphrey, 
Singerman, Allison, & McCarthy, 2003b). 
Emotion in faces, especially negative affect, 
tended to activate the amygdala, consistent with 
social brain theory (Breiter et  al., 1996). The 
orbitofrontal cortex, extending dorsally along the 
medial surface of the prefrontal cortex and the 
dorsal medial prefrontal cortex (dmPFC), was 
associated with mentalization (Happe et  al., 
1996) and affective arousal (Ketter, George, 
Kimbrell, Benson, & Post, 1996).

However, new regions and functions were also 
being discovered. For example, while fearful 
faces activated the amygdala, in addition to the 
FFA, disgusted faces activated the insula that was 
also activated during the experience of disgust 
(Phillips et al., 1997). The perception of bodies 
and actions also required the extension of initial 
theory. Regions in the posterior temporal cortex 
were activated by the perception of bodies (Chan, 
Peelen, & Downing, 2004; Downing, Jiang, 
Shuman, & Kanwisher, 2001). The STS itself 
was also found to be active to the perceptions of 
bodily movement (Bonda, Petrides, Ostry, & 
Evans, 1996; Carter & Pelphrey, 2006; Pelphrey 
et al., 2003; Puce & Perrett, 2003) and were mod-
ulated by the social and mental significance of 
those actions (Beauchamp et  al., 2003; Vander 
Wyk, Hudac, Carter, Sobel, & Pelphrey, 2009; 
Vander Wyk, Voos, & Pelphrey, 2012). Finally, 
with respect to mentalization and theory of mind, 
regions in the temporoparietal junction (TPJ) 
were activated during such tasks (Castelli, Happé, 
Frith, & Frith, 2000; Gallagher & Frith, 2003; 
Saxe & Kanwisher, 2003; Völlm et al., 2006) and 
have spawned a lively and ongoing debate as to 
how functional roles are partitioned across these 
regions (Buccino et  al., 2007; see also Farah 
et al., 1998).

A surprising addition to the set of social 
regions came from electrophysiological studies 
in nonhuman primates. While studying the 
response properties of motor neurons, research-
ers identified neurons, now dubbed “mirror neu-
rons,” that fired in response to both the 
performance and observation of specific actions 

(Rizzolatti, Fogassi, & Gallese, 2001). The 
response properties of mirror neurons are intrigu-
ing because they might represent a mechanism by 
which the affective or cognitive state, which is 
hidden from direct observation, could be related 
to detailed knowledge about one’s own affect and 
cognition. For example, during action perception, 
merely representing the ongoing details of a 
bodily motion misses a great deal of useful and 
predictive information about why the action was 
being taken. Thus, the additional computational 
challenge for the observer is to decode from those 
actions potential motivating goals, beliefs, and 
affect. As mirror neurons appeared to play a role 
in the self-generation of actions, they were pro-
posed to have a more direct association with the 
goals, beliefs, and actions that the observer them-
selves would have when activating that action 
plan (Rizzolatti, 2005; Uddin, Iacoboni, Lange, 
& Keenan, 2007). Their activation during obser-
vation, thus, would permit the activation of men-
tal states that the observer could infer the actor as 
having (Meltzoff & Brooks, 2001). The evidence 
for a mirror neuron system in human neuroimag-
ing is complex. Many studies reported mirror 
neuron-like patterns of activation (e.g., Gazzola 
& Keysers, 2009; Lacoboni et  al., 1999). But 
other studies note, or have argued, that any cogni-
tive inferences from action to underlying mental 
intention can be performed without reference to 
mirror neurons (Kilner & Frith, 2008; Lingnau, 
Gesierich, & Caramazza, 2009; Turella, Pierno, 
Tubaldi, & Castiello, 2009).

Nevertheless, the notion of social representa-
tions of others rising out of self-representation has 
a long history in developmental and social psy-
chology (Lacoboni, 2009; Meltzoff, 1990). For 
example, physical imitation, which can be 
observed even in very young infants (Meltzoff & 
Moore, 1977), was thought to be a precursor to 
more sophisticated social learning and even 
abstract social cognitive phenomena divorced 
from purely physical embodiment, such as empa-
thy and theory of mind (Bandura, 1962). Mirror 
neurons presented as potential mechanism for at 
least the early stages of this development and their 
discovery energized the investigation into the neu-
ral bases of these relatively high-level social phe-
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nomena (Gallese, 2001; Kaplan & Lacoboni, 
2006; Lacoboni, 2009; Lacoboni et  al., 1999; 
Molnar-Szakacs & Overy, 2006; Williams, 
Whiten, Suddendorf, & Perrett, 2001). As with 
many efforts in social cognitive neuroscience, 
from a relatively circumscribed list, the number of 
potential regions identified as part of the “mirror 
neuron system” has expanded (for a review, see 
Molenberghs, Cunnington, & Mattingley, 2012).

2.3.3	 �Social Neuroscience of ASDs

ASDs have been at the heart of many discussions 
in social neuroscience from the very beginning. 
In Brothers’ (1990) article, autism was presented 
as evidence for the modularity of the social pro-
cessing system. Since then, virtually every aspect 
of social cognition has been examined in ASD 
samples in some way or another (for a recent 
review, see Philip et  al., 2012). With respect to 
social perception and face/body motion percep-
tion, differences in brain activation between indi-
viduals on the spectrum and healthy controls 
observed are generally consistent with behavioral 
difficulties seen in these individuals. For exam-
ple, early studies report less selective activation 
of the fusiform in ASD relative to healthy con-
trols during face processing (Schultz et al., 2000; 
Wang, Dapretto, Hariri, Sigman, & Bookheimer, 
2004; although for other perspectives, see 
Hadjikhani et  al., 2004; Hadjikhani, Joseph, 
Snyder, & Tager-Flusberg, 2007) as well as in the 
STS during action perception (Ahmed & Vander 
Wyk, 2013; Blake, Turner, Smoski, Pozdol, & 
Stone, 2003; Freitag et al., 2008). Similarly, both 
the dmPFC and the TPJ showed a similar lack of 
selective activation during mentalization tasks in 
individuals with ASD (Happe et  al., 1996; 
Lombardo, Chakrabarti, Bullmore, Baron-
Cohen, & Consortium, 2011; Silani et al., 2008). 
Similar findings can be found in other domains of 
social cognition. Thus, one of the most consistent 
results from this work has been a relative lack of 
specialization in the core circuits for social cog-
nition. However, other findings are also worth 
considering, and here we take the ongoing study 
of face processing as an example.

Even in the early fMRI studies of face pro-
cessing, there were hints that there was more than 
simply a lack of specialization in the ASD sam-
ples. Studies found that individuals on the spec-
trum recruited other brain regions outside of the 
fusiform to a greater degree than healthy controls 
(Pierce, Müller, Ambrose, Allen, & Courchesne, 
2001; Schultz et  al., 2000). This suggests two, 
not necessarily distinct, possibilities. First, it may 
be that ASD is associated with an intrinsically 
large-scale reorganization of cortical circuitry, 
which includes both regional increases and 
decreases in activation during social cognition 
tasks. Recent studies of large-scale cortical net-
works are consistent with this account showing a 
relatively broad difference in the pattern of con-
nectivity in ASD (Minshew & Williams, 2007; 
Monk et al., 2009). These data are often collected 
while the individual is at rest, reducing the 
chances that the differences are due to differ-
ences in explicit strategies.

A second possibility is that individuals with 
ASD selectively or strategically engage with 
social tasks differently than typically developing 
controls. For instance, individuals with ASD tend 
not to look directly at eyes when looking at faces 
(Pelphrey et al., 2002). This differential engage-
ment would be expected to have consequences 
for the resulting brain activation. In one study, 
input selectivity was experimentally manipulated 
by having controls and individuals with ASD 
attend to locations on a face that corresponded to 
greater or lesser amounts of eye contact (Perlman, 
Hudac, Pegors, Minshew, & Pelphrey, 2011). In 
high eye contact conditions, individuals with 
ASD showed relatively normal levels of fusiform 
activation. Results such as these suggest pre-
served function in socially selective regions that 
may be accessible through top-down strategic 
manipulation of behaviors. However, it remains 
to be seen whether such findings are robust or 
predict social function in individuals.

2.3.4	 �Key Limitations in Research

The study of the brain function in ASD extends 
well-beyond face processing, but this subset of 
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the literature is illustrative of key strengths and 
limitations of neuroimaging applied to the study 
of ASD. First, few results have been consistently 
replicated. For example, studies have found 
hypo-, hyper-, and normal activation in the fusi-
form gyrus during different face processing tasks 
in individuals with ASD relative to typically 
developing individuals. This variability is due in 
part to the enormous heterogeneity intrinsic to 
the disorder. But it is also due to the small sample 
sizes typical of neuroimaging studies and meth-
odological variation across labs in the choice of 
task and condition contrast.

2.3.5	 �Theoretical Models

A number of different overarching theoretical 
models have been proposed to account for the 
social difficulties in autism. At the more global 
level, these have posited deficits in theory of 
mind (Baron-Cohen, Leslie, & Frith, 1985), dif-
ficulties in executive functioning (Corbett, 
Constantine, Hendren, Rocke, & Ozonoff, 2009), 
central coherence (Happe, Briskman, & Frith, 
2001), the extreme male brain (Baron-Cohen, 
2002), and enactive mind (Klin, Jones, Schultz, 
& Volkmar, 2014). As a practical matter, these 
theories have been helpful in stimulating research, 
even though they have their limitations and often 
significantly overlap to some degree (South, 
Ozonoff, & McMahon, 2007; for a comprehen-
sive review, see Chown, 2016).

At a more granulate theoretical level, a range 
of models have been proposed. Understanding 
differences in face perception and eye gaze has 
been a central focus of this effort with a number 
of competing models proposed. For example, (1) 
it has been proposed that eye contact and gaze are 
actively avoided because it is experienced as 
aversive (Hutt, Hutt, Lee, & Ounsted, 1964), or 
(2) that due to hypoactivation of structures, like 
the amygdala, eye contact is not associated with a 
positive social experience (Shultz, Klin, & Jones, 
2011), or (3) that eye contact is much less salient 
and thus interferes with social communication 
(Senju, Southgate, White, & Frith, 2009), or (4) 
that it is disturbance related to difficulties in 

subcortical and cortical brain systems pathways 
that process social information (Kliemann, 
Dziobek, Hatri, Baudewig, & Heekeren, 2012).

2.3.6	 �Implications for Treatment

It has long been recognized that the social 
learning problems of autism were rightly a 
major focus of treatment. The highly influential 
report from the National Research Council on 
Educating Young Children with Autism (2001) 
highlighted the importance of enhanced social 
engagement for learning and developmental 
progress. Over time, a number of different 
approaches for enhancing social skills in gen-
eral, and relative to specific social processes in 
particular, have been made (for a comprehen-
sive review of evidence-based approaches, see 
Ferraioli & Harris, 2011).

Overall, methods for teaching social skills 
take several forms. At the more general level, 
approaches for enhancing social skills, vary 
somewhat, with age. For example, peer inclusion 
(with some degree of peer training) is helpful 
particularly in preschool and early school aged 
children. As children become older, social skills 
groups (of various types) are used, and with ado-
lescence and adulthood, individual work becomes 
more common. Various evidence-based methods 
have been developed for processes as diverse as 
joint attention, video modeling, imitation, theory 
of mind skills, etc. and have been utilized with a 
growing body of work. Some comprehensive 
models (e.g., the Early Start Denver Model and 
Pivotal Response Training) emphasize acquisi-
tion of important social skills.

The advances made are important, but unfor-
tunately so are the limitations of the available 
research. Peer inclusion models, adoptions of 
existent treatment approaches (e.g., like cogni-
tive behavioral therapy), and individualized 
approaches to teaching social skills and social 
communication skills continue to be important. 
Unfortunately, the available literature relative to 
adolescents and adults (where social differences 
are often acutely experienced) remains quite 
limited indeed.
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2.4	 �Summary

Researchers have demonstrated that ASD is an 
early onset neurodevelopmental disorder char-
acterized from the beginning by a profound 
social disability; this impacts the developing 
child’s motivation and ability to undemand oth-
ers and develop truly reciprocal relationships. It 
has far reaching impact on styles of learning 
and information processing. Although progress 
has been made in identifying potential neural 
mechanisms, the brain basis of the condition 
remains complex and relatively poorly under-
stood. On the other hand, the work available 
has demonstrated some of the potential “down-
stream” impacts of this social disability. In 
some respects, it may, perhaps, be better to 
regard autism and related conditions as disor-
ders of social learning. From a practical stand-
point, it is clear that the fundamental principles 
of treatment are to minimize negative aspects of 
autism and their impact on learning, and maxi-
mize, to the extent possible, both more norma-
tive developmental processes and alternative 
pathways to social leaning. As with basic 
research on brain mechanisms, a body of inter-
vention research has now developed (Reichow 
& Barton, 2014; Reichow, Doehring, Cicchetti, 
& Volkmar, 2011) and, for many, but sadly not 
all, individual outcome appears to be improving 
(Fein et  al., 2013). In this chapter, we have 
reviewed the clinical manifestations of social 
dysfunction in autism as well as potential neu-
ral mechanisms. We have also summarized 
some aspects of intervention and theory as they 
relate to this issue. Clearly, a major theme of 
this entire body of work has been to more pre-
cisely delineate what is likely to be a highly 
heterogeneous social phenotype. Hopefully, 
with changes in improved methods of charac-
terization and the use of more ecologically 
valid methods for examining specific mecha-
nisms of social dysfunction, progress will con-
tinue and lead to more truly comprehensive 
theories. Future work must be truly interdisci-
plinary and transdisciplinary for this to be 
achieved.
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