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Background and scope: The social motivation hypothesis (SMH) suggests that individuals with autism spectrum
disorders (ASD) are less intrinsically rewarded by social stimuli than their neurotypical peers. This difference in
social motivation has been posited as a factor contributing to social deficits in ASD. Social motivation is thought to
involve the neuropeptide oxytocin. Here, we review the evidence for oxytocin effects in ASD, and discuss its potential
role in one important social cognitive behavior. Methods: Systematic searches were conducted using the PsychINFO
and MEDLINE databases and the search terms ‘oxytocin’ and ‘autism’; the same databases were used for separate
searches for ‘joint attention’, ‘intervention’, and ‘autism’, using the same inclusion criteria as an earlier 2011 review
but updating it for the period 2010 to October 2012. Findings: Several studies suggest that giving oxytocin to both
individuals with ASD and neurotypical individuals can enhance performance on social cognitive tasks. Studies that
have attempted to intervene in joint attention in ASD suggest that social motivation may be a particular obstacle to
lasting effects. Conclusions: The review of the evidence for the SMH suggests a potential role for oxytocin in social
motivation deficits in ASD. Because of its importance for later communicative and social development, the focus here
is on implications of oxytocin and social motivation in the development of and interventions in joint attention. Joint
attention is a central impairment in ASD, and as a result is the focus of several behavioral interventions. In describing
this previous research on joint attention interventions in ASD, we pay particular attention to problems encountered
in such studies, and propose ways that oxytocin may facilitate behavioral intervention in this area. For future
research, integrating behavioral and pharmacological interventions (oxytocin administration) would be a worthwhile
experimental direction to improve understanding of the role of oxytocin in ASD and help optimize outcomes for
children with ASD. Keywords: Autism spectrum disorders, behavioral interventions, social motivation hypothesis.

Introduction
Atypicalities in social behavior and social cognition
are a central characteristic of autism spectrum
disorders (ASD). Although it is clear that individuals
with autism are impaired in multiple aspects of
social behavior, the basis for these concerns has
been the subject of debate. Effective strategies for
intervening in social deficits in ASD can be improved
by an understanding of the mechanisms behind the
deficits, as well as effective behavioral treatments.
Ideally, treatments would integrate knowledge that
has proven effective in the lab, and our growing
understanding of the neural basis of ASD.

The social motivation hypothesis (SMH) (Dawson,
2008; Dawson & Bernier, 2007; Dawson et al., 2002,
2005; Grelotti, Gauthier & Schultz, 2002) has been
proposed as an explanation for social deficits in ASD.
According to the SMH, children with ASD lack
motivation to engage in social activities (joint atten-
tion, eye gaze) because they find these activities less
rewarding than neurotypical individuals do. Brain
reward circuits in neurotypical individuals are acti-
vated by social rewards such as faces (Kampe, Frith,
Dolan & Frith, 2001; Vrti�cka, Andersson, Grand-

jean, Sander & Vuilleumier, 2008). In contrast, in
ASD, reward centers are less activated for social
stimuli than in controls (Kohls et al., 2012; Scott-
Van Zeeland, Dapretto, Ghahremani, Poldrack &
Bookheimer, 2010). It is not yet clear whether reward
deficits in ASD are specific to social rewards, or
reflect a general reward processing deficit (Dichter,
Richey, Rittenberg, Sabatino & Bodfish, 2012; Dich-
ter, Felder, et al., 2012). The SMH is the first theory
to suggest that the lack of social motivation itself
leads to later autism symptomology including abnor-
mal brain responses to faces (McPartland, Dawson,
Webb, Panagiotides & Carver, 2004), language and
communication problems (Charman, 2003), and
impaired joint attention ability (Charman, 2003;
Mundy, 1995; Mundy, Sigman, Ungerer & Sherman,
1986), rather than that abnormal social brain func-
tion precedes and causes the symptoms of autism.

If there is a deficit in social motivation in ASD, a
likely candidate mechanism is abnormality in the
function of the neuropeptide oxytocin. Oxytocin has
been implicated in several aspects of social behavior
in animals (e.g. Liu & Wang, 2003) and humans (e.g.
Guastella, Mitchell & Dadds, 2008), and likely plays
a role in social reward systems (e.g. Baskerville &
Douglas, 2010). Here, we examine the literature on
the SMH in ASD, and the possible role of oxytocin inConflicts of interest statement: No conflicts declared.
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it. As a ‘test case’, we examine the putative role of
oxytocin and social motivation in a specific social
cognitive behavior, joint attention. Impairments in
joint attention are one of the earliest and clearest
signs of ASD. It is important to note that while this
review will focus specifically on joint attention, there
are many other problems in ASD that are relevant to
social motivation. In a recent review, Dawson, Ber-
nier and Ring (2012) discussed the role of oxytocin in
a different facet of social behavior: social orienting.

First, we will describe the role of oxytocin in social
motivation. Next, we will review the recent research
on oxytocin levels and genetics in individuals with
ASD. We next describe the effect of oxytocin admin-
istration in people with ASD and typical develop-
ment. We will discuss how social motivation may
contribute to the development of joint attention in
both neurotypical individuals and those with ASD.
Next, we describe behavioral interventions that have
attempted to improve joint attention in individuals
with ASD. This review will discuss behavioral inter-
ventions insofar as they relate to the SMH and the
potential role of oxytocin. It is not written to evaluate
clinical practice, but rather to review interventions
that have attempted to improve joint attention, relate
them to the SMH and oxytocin, and discuss impli-
cations of oxytocin findings for interventions.

Method
Systematic searches were conducted using the Psy-
chINFO and MEDLINE databases and the search
terms ‘oxytocin’ and ‘autism’. The search was limited
to empirical peer reviewed articles on human popu-
lations that were written in English. Forty studies fit
these criteria. We examined the reference sections of
the remaining studies to check for papers missed by
the original search. Of these, we included ten papers
that administered oxytocin to humans and mea-
sured social behaviors as a direct outcome. Papers
that administered oxytocin but did not measure
social behaviors (e.g. Kirsch et al., 2005) were not
included.

For our discussion of joint attention and interven-
tions targeting joint attention, searches were con-
ducted using PsychINFO and MEDLINE with the
search terms ‘joint attention’, ‘intervention’, and
‘autism’. The search was limited to empirical peer-
reviewed articles written in English. 76 peer reviewed
articles remained for consideration. White et al.
(2011) published an excellent and comprehensive
review summarizing behavioral interventions that
focused on joint attention in ASD up through 2010.
The authors searched in multiple online databases,
and used the following criteria for inclusion: papers
must utilize an intervention for joint attention, use
joint attention as a dependent variable, utilize
experimental control, and have at least one child
with ASD in the study. The authors found 27 articles
that met the above criteria for review. The current

review utilized the same inclusion criteria as White
et al. (2011). To avoid redundancy with White et al.
(2011), we included studies from 2010 to October
2012 (the time of manuscript submission), as well as
studies from White et al. (2011) that were particu-
larly relevant to the SMH and joint attention.

Oxytocin’s role in social motivation
Although this reviewwill focus on oxytocin and its role
in social motivation, it is important to note that
oxytocin does not work alone to modulate social
behaviors. Gordon, Martin, Feldman and Leckman
(2011) reviewed oxytocin’s relation with the neuro-
peptide arginine vasopressin, and how both interact
with sex hormones and the hypothalamic-pituitary-
gonadal axis to affect sexual, maternal, and adult
bonds.For thepurposesof this review,wewill focuson
the neurochemical oxytocin and its interactions with
dopamine in the putative social motivation system.

Dopamine is the primary neurotransmitter
involved in the reward system (Schultz, 1998).
Functional magnetic resonance imaging (fMRI)
research has shown that areas involved in the
dopamine reward pathway (e.g., the ventral stria-
tum) are activated in neurotypical adults when
pictures of faces are shown (Cacioppo, Norris, Dec-
ety, Montelone & Nusbaum, 2009). This suggests
that the dopamine reward circuit responds to social
stimuli. This study also measured brain activity of
lonely participants compared to non-lonely partici-
pants, and found that lonely individuals show less
activity of the ventral striatum reward pathway in
response to faces compared to non-lonely individu-
als. Thus, social stimuli might be more rewarding for
some people than for others. For example, if people
who find social stimuli less rewarding may be more
likely to become lonely (Cacioppo et al., 2009).
Alternatively, of course, it may be that spending a
great deal of time alone leads to a reduction in
oxytocin levels. However, if low oxytocin levels lead to
social isolation, this may explain one aspect of social
function in ASD. Perhaps individuals with ASD find
social stimuli less rewarding (because of differences
in the reward pathways in the brain), and therefore
are not motivated to seek out those interactions. This
failure to find social stimuli rewarding could in turn
contribute to symptoms of autism.

Bell, Nicholson, Mulder, Luty and Joyce (2006),
measured plasma oxytocin levels of individuals with
different personality traits. People with low levels of
reward dependence, as assessed using the Temper-
ament and Character Inventory, also had low levels
of oxytocin. Another study found similar results for
reward dependence, and found that women who
were more likely to express and share emotions with
friends showed higher oxytocin levels (Tops, Van
Peer, Korf, Wijers & Tucker, 2007). These studies
support the hypothesis that oxytocin plays an
important role in social behaviors, and that oxytocin

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

604 Katherine K. M. Stavropoulos and Leslie J. Carver J Child Psychol Psychiatry 2013; 54(6): 603–18



is related to variations in personal characteristics
related to social rewards.

The dopamine reward system is activated in
response to eye contact (Kampe et al., 2001) and
smiling supportive faces (Vrti�cka et al., 2008). How-
ever, research involving nonhuman mammals has
shown that dopamine alone might not account for
social motivation. Oxytocin might be involved in
social behavior and rewards via the mesocorticolim-
bic dopamine circuit (Dawson, 2008; Insel & Frenald,
2004; Neuhaus, Beauchaine & Bernier, 2010). Oxy-
tocin is a peptide synthesized in the hypothalamus
and released into the blood stream via the posterior
pituitary (Insel, O’Brien & Leckman, 1999). Neuro-
peptides such as oxytocin might modulate the dopa-
mine reward pathway when social interactions occur
(Baskerville & Douglas, 2010; Young, Liu & Wang,
2008). In female prairie voles, blocking oxytocin
receptors in the nucleus accumbens prevented part-
ner preference induced by dopamine agonists. Con-
versely, blocking dopamine receptors in the nucleus
accumbens prevented partner preference induced by
oxytocin agonists (Liu & Wang, 2003). The animal
literature suggests that an association between
dopamine and oxytocin could also exist in humans.

There is an extensive literature on oxytocin in
animals (Liu & Wang, 2003; Ferguson, Young,
Hearn, Insel & Winslow, 2000; for a review see Modi
& Young, 2012). As these studies examine oxytocin
function in animals, they do not directly inform the
question of how oxytocin dysfunction may be related
to ASD. Thus, we will not discuss them further here.
In addition, although this review will discuss oxyto-
cin as it is relevant to social dysfunction in ASD,
others have written excellent reviews on oxytocin
and other aspects of social behavior, including
parenting and romantic bonds (e.g. Feldman,
2012). This review will focus on oxytocin and its
relationship to the reward system, but it is important
to note that other neuropeptides, including vaso-
pressin, have also gained attention as potentially
important for social behavior in humans. For an in-
depth review of studies that have administered either
oxytocin or vasopressin and measured various
aspects of social behavior, see Zink and Meyer-
Lindenberg (2012).

We will next consider evidence that supports the
hypothesis that oxytocin is deficient or different in
individuals with ASD compared to neurotypical
individuals.

Evidence for deficient/different oxytocin levels
in ASD
Initial papers looking at oxytocin levels in individuals
with ASD measured blood plasma levels of oxytocin.
In a study of plasma oxytocin levels in children with
autism and neurotypical peers, Modahl et al. (1998),
found that children with autism had lower oxytocin
levels than controls. The relationship between oxyto-

cin levels and social functioning was different for
neurotypical children than those with ASD. Neuroty-
pical children who had higher oxytocin levels scored
higheronsocial interactionscales,while childrenwith
ASDwithhigher oxytocin levelsweremore impaired in
social and linguistic development (Modahl et al.,
1998). However, plasma levels of oxytocin were mea-
sured, which are thought to provide a less direct
measure of neuropeptide levels than cerebral spinal
fluid (CSF). Furthermore, the ASD and control groups
were notmatched for verbal or nonverbalmeasures of
IQ, or on measures of daily living, communication, or
socialization. The control group scored significantly
higher on these measures than the ASD group
(Modahl et al., 1998). There was also large variability
in oxytocin levels in the sample (e.g. there were
children with ASD with high levels of oxytocin, and
neurotypical children with low levels of oxytocin).

Individuals with ASD not only may have lower
levels of oxytocin, they also show differences in an
alternative peptide form of oxytocin (the extended
form of oxytocin, oxytocin-X, with a three amino
acid extension, Gainer, Lively & Morris, 1995).
Oxytocin-X becomes oxytocin through enzymatic
activity (Green et al., 2001). Individuals with ASD
showed higher levels of oxytocin-X compared to
neurotypical individuals, but lower levels of oxyto-
cin, resulting in a large oxytocin-X/oxytocin ratio
difference between the two groups (Green et al.,
2001). In neurotypical children, oxytocin, but not
oxytocin-X was positively associated with age. In
contrast, there was a positive association between
oxytocin-X and age in the sample of children with
ASD. Although these studies are suggestive of a
relation between the synthesis of oxytocin from
oxytocin-X and ASD, they are very preliminary.
Participants from Modahl et al. (1998) were used
in this study, and, as described above, ASD partic-
ipants were not matched with the comparison group
on IQ, vocabulary, communication, socialization,
and daily living abilities. Furthermore, as these
studies used the same participants, one must
consider their results as one piece of evidence
rather than a replication of findings.

These results suggest that individuals with ASD
have differences in the enzymatic activity that con-
verts oxytocin-X to oxytocin in typical individuals,
which could be the result of defects in the genes
controlling oxytocin synthesis, the oxytocin gene
itself, or genes that regulate developmental changes
in activity. Although these studies must be inter-
preted with caution, they provided important pre-
liminary evidence for differences in oxytocin between
typical individuals and those with ASD, and have
served to motivate later research on this topic.

Genetic studies

There are multiple studies that shed light on
potential genetic mechanisms that may be responsi-
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ble for the differences in oxytocin in individuals with
ASD. Studies have largely focused on two genes, the
oxytocin receptor gene (OXTR), and a gene hypoth-
esized to be involved in oxytocin release (CD38)
(Ebstein et al., 2009; Lerer et al., 2010; Munesue
et al., 2010; Reibold et al., 2011).

Several studies investigating the relation between
ASD and OXTR have found correlations between
single nucleotide polymorphisms and ASD symp-
toms (Campbell et al., 2011; Ebstein et al., 2009;
Jacob et al., 2007; Lerer et al., 2008; Liu et al.,
2010; Walum et al., 2012; Wu et al., 2005;
Ylisaukko-oja et al., 2006; Yrigollen et al., 2008;
For a review of the relation between single nucleotide
polymorphisms of the OXTR and various psychiatric
disorders including ASD, depression, and anxiety,
see Br€une, 2012). However, several studies that have
found relations between ASD and OXTR alleles have
not corrected for multiple comparisons, and one that
did (e.g. Campbell et al., 2011) found that effects
were not maintained after corrections were applied.
As has been described by Sullivan (2007), there are
risks of false positive significant results in genetic
association studies where correction of the signifi-
cance threshold to account for the number of tests
conducted is not applied. Of the papers mentioned
above, only Ebstein et al. (2009), Liu et al. (2010),
and Yrigollen et al. (2008) adjusted p-values for
multiple comparisons. Lerer et al. (2008, 2010),
used a similar, albeit slightly less conservative
technique of correcting for multiple comparisons
but accounting for correlations between markers. As
Lerer et al. (2010) point out, this technique increases
power, but results should nevertheless be inter-
preted somewhat cautiously. Jacob et al. (2007)
does not discuss correction for multiple compari-
sons, but because the authors only tested two a
priori identified single nucleotide polymorphisms,
this potential confound is likely not applicable to this
study. Similarly, Reibold et al. (2011), examined
CD38 expression, and a priori identified single
nucleotide polymorphism, so the concerns about
multiple comparisons likely do not apply. Campbell
et al. (2011) undertook the largest-scale study of
single nucleotide polymorphisms, observed pheno-
types, and ASD. Although the authors found multi-
ple nominally significant results, they point out that
none of the results would survive corrections for
multiple comparisons. The results of these studies
can be interpreted as preliminary evidence for asso-
ciation between alterations in the OXTR gene and
ASD, and provide useful future directions for
research associating genetic results with observable
phenotypes of ASD. Future studies should be careful
to employ rigorous statistical controls to confirm this
finding.

Not all studies find relations between single nucle-
otide polymorphisms and ASD (e.g. Tansey et al.,
2010; Wermter et al., 2009). In independent samples
from Portugal and the UK, Tansey et al. (2010) did

not find a relation between any significant single
nucleotide polymorphism on the OXTR gene and
ASD that survived statistical correction for multiple
comparisons. The authors suggest heterogeneity of
participants as one reason for lack of replication
from previous studies. The two samples did not
utilize the same inclusion criteria, however, which
might also have affected the outcome (Tansey et al.,
2010).

Other studies have suggested that oxytocin genes
are associated with reward dependence, and fMRI
activation in response to social stimuli (Tost et al.,
2010). Finally, a genetic study of ASD suggested that
over methylation of OXTR could be responsible for
gene silencing in some patients (Gregory et al.,
2009). Although these genetic studies are by no
means conclusive evidence that the OXTR or CD38
genes are causally related to ASD, they do suggest
that it is important to study oxytocin in ASD. Given
the diversity of genetic results, epigenetic
approaches may be a beneficial avenue for future
research in pharmacological treatment for ASD.

This section has briefly reviewed genetic studies
concerning oxytocin and ASD. Other studies have
investigated single nucleotide polymorphisms on
oxytocin-related genes in neurotypical individuals
(e.g. Chen & Johnson, 2011; Sauer, W€orner, Kirsch,
Montag & Reuter, 2012; Walum et al., 2012), as well
as genetic studies of arginine vasopressin and ASD.
Those studies are outside the scope of the current
review, but are discussed in other reviews (e.g.
Ebstein, Knafo, Mankuta, Hong Chew & San Lai,
2012; Skuse & Gallagher, 2011)

Effects of oxytocin administration on social
behavior
Studies of oxytocin levels and genetic studies sug-
gest that deficits in oxytocin function should be
considered as a possible contributor to social dys-
function in ASD. Table 1 summarizes the human
oxytocin administration studies that measured
social behaviors. In neurotypical individuals, several
studies show that social behavior is enhanced under
oxytocin administration. These include recognition
of emotions (Domes, Heinrichs, Michel, Berger &
Herpertz, 2007), gaze to the eye region of the face
(Gamer, Zurowski & B€uchel, 2010; Guastella, Mitch-
ell, et al., 2008), the salience of positive social
memories (Guastella, Mitchell & Mathews, 2008),
and the effects of social reinforcement on learning
(Hurlemann et al., 2010). Neurotypical individuals
given oxytocin show increased trust during a social
computer game (Kosfeld, Heinrichs, Zak, Fischbach-
er & Fehr, 2005). Oxytocin also decreases amygdala
response to fearful scenes and faces (Gamer et al.,
2010; Kirsch et al., 2005). These studies provide
important information about the role of oxytocin in
social behavior in neurotypical individuals. However,
in neurotypical individuals, effects of oxytocin
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administration are seen only on difficult versions of
tasks (Domes et al., 2007). For example, in the
Reading the Mind in the Eyes Test (Baron-Cohen,
Wheelwright, Hill, Raste & Plumb, 2001; Domes
et al., 2007), intranasal doses of oxytocin improved
neurotypical adults’ performance, but only on items
that had been identified in previous research as
‘difficult’ (Domes et al., 2007). There was no
improvement on items identified as ‘easy’. This is
likely because the Reading the Mind through the
Eyes Test was designed to measure severe impair-
ments in mind reading (e.g. with individuals with
ASD), and thus neurotypical adults already score
highly on items rated as ‘easy’ (Domes et al., 2007).

Domes et al.’s (2007) results may be explained in
part by changes in looking behavior to the face under
oxytocin administration. Guastella, Mitchell, et al.
(2008) administered intranasal oxytocin to neuro-
typical adults and measured both looking time and
fixations to various regions of the face. Participants
who received oxytocin had significantly longer gaze
and more fixations to the eye region of the face
compared to those who received placebo. Increased
gaze to the eyes may have helped participants better
identify ambiguous emotions in the Reading the
Mind through the Eyes Test. Following the direction
of eye gaze is an important preliminary component of
joint attention (Scaife & Bruner, 1975). Because
there is significant evidence that people with ASD
tend to look less at eyes than neurotypical controls
(Jones, Carr & Klin, 2008; Klin, Jones, Schultz,
Volkmar & Cohen, 2002), results from the Guastella,
Mitchell, et al. (2008) study have provocative impli-
cations for ASD, and particularly the joint attention
deficits reported in children with ASD.

Administering oxytocin to individuals with
ASD
Studies that have administered oxytocin to individu-
als with ASDs are relatively limited. Of those that
exist, there is a range of procedures that have been
utilized. In general, results of these studies suggest
that oxytocin improves performance on social tasks
relative to placebo. These tasks include: recognition
of affective speech (Hollander, Bartz, Chaplin &
Phillips, 2007), the Reading the Mind through the
Eyes Test (Guastella et al., 2010), and social cooper-
ation in an online computer game (Andari et al.,
2010). Andari et al. (2010) had adult participants
play a cooperative ball tossing game with fictitious
partners who were programmed to have ‘neutral’,
‘bad’, or ‘good’ traits depending on the amount they
cooperated (i.e. passing the ball back). In a baseline
measure, participants with ASD or Asperger’s syn-
drome did not distinguish between the characteris-
tics of the partners, throwing the ball equally often to
each of the players regardless of their programmed
behavior. In contrast, control participants tended to
throw the ball exclusively to cooperative partners by

the end of the game. When participants with ASD or
Asperger’s syndrome were given intranasal doses of
oxytocin, their performance became more compara-
ble to neurotypical participants in that they preferred
to interact with the good compared to bad partner
(Andari et al., 2010). Participants with ASD or Asper-
ger’s syndrome also showed increased gaze fixation
on socially relevant areas of the face (e.g. the eyes)
after oxytocin administration. The results of this
study suggest that, like controls, individuals with
ASD or Asperger’s syndrome improve on social tasks
after oxytocin administration. However, even after
oxytocin administration, individuals with ASD or
Asperger’s syndrome spent less time gazing at the
face and eye region compared to neurotypical partic-
ipants. Although oxytocin increased the time spent
gazing at the face and eyes in individuals with ASD or
Asperger’s, performance was still different from con-
trols. Furthermore, because the neurotypical partic-
ipants were not tested with oxytocin, it is difficult to
contextualize the improvements seen in individuals
with ASD or Asperger’s syndrome. For example, the
results of the study cannot tell us how neurotypical
individuals might perform on these tasks with oxyto-
cin, and whether the groups would differ on eye gaze
measures before and after oxytocin administration.

Guastella et al. (2010) had adolescents with ASD
or Asperger’s syndrome complete the Reading the
Mind through the Eyes Test after taking either
placebo or oxytocin. Participants showed significant
improvement after oxytocin. Notably, this study was
the first to administer oxytocin to young adolescents,
and when analyses were restricted to individuals
under 16 years of age, performance on the Reading
the Mind through the Eyes Test still improved after
oxytocin. However, when the items were separated
into ‘easy’ and ‘hard’, improvements were significant
only for ‘easy’ items. These results contrast with
those of Domes et al. (2007), who found that while
neurotypical adults showed significant improvement
on the Reading the Mind through the Eyes Task after
oxytocin, that improvement was significant only for
items rated as ‘hard’. As Domes et al. (2007) spec-
ulate, their result could be due to the fact that
neurotypical adults are unlikely to improve further
on items that they already perform extremely well on.
Guastella et al. (2010), suggested that oxytocin
might improve performance on tasks that are of
medium difficulty (e.g. neither too hard nor too easy).
One could speculate that because individuals with
ASD or Asperger’s syndrome find items rated as
‘easy’ to be somewhat difficult, and items rated as
‘hard’ to be extremely difficult, selective improve-
ment could occur. Unfortunately, because Domes
et al. (2007) only studied neurotypical adults, and
Guastella et al. (2010) studied only adolescents with
ASD or Asperger’s syndrome, a direct comparison
between the two studies is not possible.

In one within-subjects study, order effects were
seen in an affective speech recognition task when
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adults were given oxytocin during one session (either
session one or two), and placebo during the other
session (Hollander et al., 2007). Individuals who
received oxytocin first maintained high levels of
performance even during the later placebo session.
In contrast, participants who were administered
placebo in the first session showed decreased per-
formance during their second, oxytocin session. This
finding suggests two noteworthy things: administra-
tion of placebo or oxytocin during the first session
improved performance relative to baseline; and per-
formance was improved as a result of the expectation

of receiving treatment in the placebo condition.
However, when the first session injection was pla-
cebo, the improvements did not last until the second
session, whereas those seen from oxytocin main-
tained even after the delay. Thus, there appear to be
effects of oxytocin on the ability to recognize and
remember affective speech even above the placebo
effect. These order effects suggest that oxytocin
administration has the potential to facilitate
improvements in the ability to recognize affective
speech that last beyond a single testing session.

These results have important implications for ASD
interventions. If oxytocin is given before a behavioral
intervention, improvement might continue through-
out the intervention – and thus oxytocin should be
administered prior to behavioral interventions. The
Hollander et al. (2007) results also suggest that
oxytocin affects the ability of individuals with ASD
to correctly identify affective speech – which is an
important aspect of social cognitive functioning.

However, because the Hollander et al. (2007)
study was done with adults, it is difficult to make
assumptions about whether oxytocin administration
would have equally long-lasting results in adoles-
cents or children with ASD. In addition, therapeutic
use of oxytocin would require repeated administra-
tion over time and early in development. Currently,
little is known about the effects of repeated doses of
oxytocin in development.

One recent animal study looked at the effects of
repeated oxytocin administration. Bales et al. (in
press), repeatedly administered intranasal oxytocin
to prairie voles from weaning to sexual maturity. As
expected, initial oxytocin administrations led to
increases in social behaviors. However, long-term
administration led to deficits in partner preference
behavior (Bales et al., 2012). These results suggest
that oxytocin administration might have unexpected
negative results over time. Relatedly Bales and
Perkeybile (2012) reviewed the animal literature,
and suggested that oxytocin and vasopressin
administration may change how social experiences
affect development. Although these papers are rele-
vant to the animal literature, they point out the need
for further research into repeated exposures of
oxytocin, as well as research that will shed light on
effects of early or repeated oxytocin exposure in
humans.

The aforementioned studies suggest that oxytocin
might mediate some social cognitive deficits seen in
ASD. However, it should be noted that there have
only been three completed studies that investigate
the effects of oxytocin on social deficits in individuals
with ASDs, and of those three, two of them were with
adults. It is likely that many other studies will be
completed soon. The website clinicaltrials.gov lists
eight active and one completed study investigating
the effects of oxytocin on individuals with ASD. Of
these, four involve recruiting adolescents or chil-
dren, and the other four are recruiting adults. From
the information on the website, it appears as though
none of the listed studies are administering oxytocin
concurrently with a behavioral intervention with
ASD, but are either measuring brain or behavior
after a single administration of oxytocin, or giving
oxytocin over time and measuring behavior after-
wards (Clinicaltrials.gov, 2012).

We have reviewed results of oxytocin administra-
tion on social behaviors in both neurotypical indi-
viduals and those with ASD. We have limited the
discussed studies to those that explicitly measured
social behaviors rather than including those that
discuss how social information is processed. For a
review of all studies concerning oxytocin adminis-
tration and social information processing, see Grau-
stella and MacLeod (2012). For a review of studies
administering oxytocin or vasopressin and using
imaging methods, please see Zink and Meyer-Lin-
denberg (2012).

We have not discussed studies that have admin-
istered oxytocin to individuals with disorders other
than ASD. Oxytocin administration has been pre-
liminarily helpful in treating symptoms of schizo-
phrenia (e.g. Feifel et al., 2010; Pedersen et al.,
2011). For a review of the literature on oxytocin
administration and schizophrenia, see MacDonald
and Feifel (2012). Of particular note, Pedersen et al.
(2011) found that intranasal oxytocin improved
measures of social cognition in patients with schizo-
phrenia, including theory of mind and recognition of
suspicious faces. These results suggest that intra-
nasal oxytocin might be helpful for social deficits
seen in a variety of disorders, not only ASD.

Potential issues in intranasal oxytocin
administration
Some questions about the efficacy of intranasal
oxytocin administration exist. It is not clear whether
oxytocin and other neuropeptides cross the blood–
brain barrier when administered intranasally,
although there is recent evidence that intranasal
oxytocin appears in saliva (Weisman, Zagoory-
Sharon & Feldman, 2012) and blood (Andari et al.,
2010) for a short time after intranasal administra-
tion. Weisman et al. (2012) demonstrated that in
neurotypical adults, intranasal oxytocin administra-
tion increases the amount of oxytocin in saliva after
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15 min, reaches a peak 45 min after administration,
and still not does return to baseline after 4 hr. This
has important implications for the appropriate time-
line for conducting experiments concerning intrana-
sal oxytocin and social behaviors. Nine of the 10
studies reported in Table 1 measured social behav-
iors 45–50 min after intranasal oxytocin adminis-
tration. The only exception (Hollander et al., 2007),
administered oxytocin intravenously, and measured
comprehension of affective speech at five separate
time points as the amount of oxytocin administered
was increased. Thus, the majority of studies have
measured social behavior at the time of peak levels of
oxytocin.

Churchland and Winkielman (2012) adeptly point
out the error in assuming oxytocin has passed
through the blood brain barrier based solely on
reports of increased peripheral concentration of the
peptide (e.g. in blood plasma). However, other stud-
ies report that peripheral and CSF levels of neuro-
peptides closely related to oxytocin (e.g. arginine
vasopressin) are correlated (Born et al., 2002; Rie-
kkinen et al., 1987). Studies have suggested that
intranasal administration of neuropeptides, such as
vasopressin, caused CSF levels to increase within
10 min of administration, and continued to rise for
80 min after administration (Born et al., 2002).

A more general issue with measuring plasma or
CSF levels of oxytocin is that the amount of oxytocin
in the blood or brain does not necessarily reflect
whether oxytocin has reached the appropriate bind-
ing sites in the brain. Even if oxytocin reaches the
brain via intranasal administration, there have not
been any studies investigating where it goes, and
whether it reaches the appropriate receptors (see
Churchland & Winkielman, 2012; for a more in-
depth discussion of this issue). Plasma and CSF
measures of oxytocin may not reflect efficient oxy-
tocin binding. If oxytocin receptors are damaged or
the genes that control them are mutated, and
oxytocin is available in the brain but not binding
correctly, plasma and CSF measurements would not
accurately represent the success or failure of oxyto-
cin to bind, but only represent the net amount
available in the brain. Further research on the
location, timing, and binding of oxytocin after intra-
nasal administration is necessary (Churchland &
Winkielman, 2012). Such research would likely be
possible with nonhuman primates, where concen-
trations of oxytocin in the brain could be measured
after intranasal administration. While all of these
limitations concerning intranasal oxytocin adminis-
tration must be considered carefully, evidence in
sum suggests that intranasal oxytocin administra-
tion succeeds in increasing oxytocin levels.

Social motivation and joint attention in ASD
We turn now to a case of social behavior that is
impaired in ASD, and for which oxytocin may have

important treatment implications. Joint attention is
a crucial developmental milestone for typical social-
cognitive development, and is among the most
commonly identified deficits in ASD. Joint attention
occurs when two people share attention to an object,
location, or event in space. Joint attention allows
information to be effectively conveyed from one
person to another about an object without using
language. In typical development, joint attention is
thought to emerge during the second half of the first
year of life, and is important for both successful
language learning and later social cognition (Bald-
win, 1991; Bates, 1979; Brooks & Meltzoff, 2005,
2008; Bruner, 1983; Corkum & Moore, 1998; Mun-
dy & Gomes, 1998; Sigman & Kasari, 1995; Toma-
sello & Farrar, 1986). For reasons we will expand
upon below, joint attention is an especially interest-
ing test case for the SMH. A typical example of joint
attention is the following scenario: An infant looks to
his mother, up at a passing airplane, and back to
her as if to indicate, ‘look at that unusual thing in
the sky!’ This triadic interaction involving self
(infant), other (mother), and their shared object of
attention toward an object (airplane) is the defining
feature of joint attention (Bakeman & Adamson,
1984; Scaife & Bruner, 1975; Tomasello, 1995).
According to the SMH, individuals with ASD have
impairments in joint attention because they find
social activities less rewarding than neurotypical
individuals. Given the evidence reviewed above that
oxytocin may play a significant role in social behav-
ior and social motivation, interventions focusing on
joint attention that are combined with administra-
tion of oxytocin in may increase intrinsic social
motivation and improve outcomes from joint atten-
tion interventions.

Although joint attention is often mentioned as a
unified concept, it can be separated into two distinct
subtypes that likely develop separately (Mundy &
Gomes, 1998; Mundy, Sullivan & Mastergeorge,
2009). This differentiation is important because
being able to respond to joint attention (i.e. following
another person’s gaze) likely develops earlier than
initiating joint attention (i.e. seeking to share atten-
tion with another person through gaze that you
initiate, Dunham & Moore, 1995). Joint attention
can also serve multiple communicative functions
(Gomez, Sarria & Tamarit, 1993; Mundy, Sigman &
Kasari, 1993). Imperative joint attention occurs if a
child points or gazes toward an object with the
intention of requesting that object. Declarative joint
attention occurs if a child points or gazes at an object
with the intention of sharing his interest in that
object with an adult (Gomez et al., 1993; Mundy
et al., 1993). Using these distinctions, one could
respond to a joint attention bid from another person
that is either imperative or declarative, and also
initiate joint attention for either of these two func-
tions. As we will see in a subsequent section, these
distinctions between two types of joint attention and
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the two functions they serve are especially important
when discussing joint attention difficulties in ASD.

Joint attention in children with ASD
Individuals with ASD are profoundly impaired in
joint attention (Mundy, 1995; Mundy et al., 1986).
This inability to share attention with another person
is central to ASD and has been incorporated into the
DSM-IV criteria for the disorder (American Psychi-
atric Association, 1994). Deficits in joint attention
differentiate children with ASD from both neuroty-
pical and other developmentally delayed children
(Bacon, Fein, Morris & Waterhouse, 1998; Charman
et al., 1998; Dawson, Meltzoff, Osterling & Rinaldi,
1998; Mundy et al., 1986; Sigman, Kasari, Kwon &
Yirmiya, 1992).

However, individuals with ASD are not equally
impaired in all aspects of joint attention. Initiating
joint attention is more impaired, and predicts symp-
toms better, in ASD than responding to joint atten-
tion (Leekam, Lopez & Moore, 2000; Mundy et al.,
1986, 1993, 2009; Sigman, Mundy, Sherman &
Ungerer, 1986). Perhaps this is not surprising
because responding to joint attention chiefly involves
following another’s gaze. One could argue that an
object of another’s attention is often rewarding on its
own and that responding to joint attention therefore
does not necessitate motivation that is purely social
(Corkum & Moore, 1998). Initiating joint attention,
on the other hand, requires one to be motivated to
share something interesting with another individual
– meaning that the motivation behind initiating joint
attention is likely purely social in nature (Mundy,
1995; Mundy & Gomes, 1998; Tomasello, 1995).

Based on this reasoning, the SMH (Dawson, 2008;
Dawson & Bernier, 2007; Dawson et al., 2002, 2005;
Grelotti et al., 2002) emphasizes initiating joint
attention more than responding to joint attention
skills. Similarly, individuals with ASD are impaired
in both declarative and imperative joint attention,
but show more profound problems with the declar-
ative type, which can also be characterized as
involving social motivation (Baron-Cohen, 1989,
1993; Mundy et al., 1986, 1993).

Improving joint attention skills in individuals with
ASD

Because of its importance for later social and
linguistic development, joint attention has been a
focus of a great deal of intervention research.
Research suggests that children with ASD who
engage in joint attention gain language skills more
rapidly than their peers who do not engage in joint
attention over equivalent time periods (Bono, Daley
& Sigman, 2004; Siller & Sigman, 2002). Further-
more, several studies suggest that relatively good
joint attention skills early in development in children
with ASD predicts better language and social out-

comes up to several years later (Charman, 2003;
Mundy, Sigman & Kasari, 1990; Sigman & Ruskin,
1999). Interventions for children with ASD that focus
on nonverbal social communication skills lead to
improvements in language and social skills in these
children (see White et al., 2011 for review).

Interventions designed to improve joint attention in
individuals with ASD

Interventions have sought to train individuals with
ASD to engage in joint attention behaviors through
various behavior modification procedures (e.g. dis-
crete trial training, pivotal response training). Such
interventions use principles of positive and negative
reinforcement to increase desired behavior. As men-
tioned above, White et al. (2011) provide a thorough
review of these interventions conducted prior to
2010. Table 2 summarizes studies of interventions
to improve joint attention in individuals with ASD
since 2010, and this section will review papers from
Table 2, as well as those fromWhite et al. (2011) that
are particularly relevant to the scope of the current
review.

Kasari, Freeman and Paparella (2006) and Kasari,
Gulsrud, Wong, Kwon and Locke (2010), had chil-
dren engage in 5–8 min of discrete trial training
designed to improve initiating and responding to
joint attention. This structured intervention was
immediately followed by child-directed floor time
designed to improve targeted skills in a less struc-
tured setting. In interventions like this, children are
extrinsically reinforced for responding to and initi-
ating joint attention bids, and generally show
marked improvements in joint attention skills. How-
ever, many intervention studies fail to conduct
follow-up sessions to assess whether skills gained
during intervention are maintained, and those that
did varied in duration (e.g. Ferraioli & Harris, 2011;
Kaale, Smith & Sponheim, 2012). Of studies that did
assess improvement at follow-up, often initiating
joint attention skills did not last over time (e.g.
Whalen & Schreibman, 2003), or were not as
successfully improved as other primary outcome
measures (e.g. Schertz, Odom, Baggett, & Sideris,
2012; Kasari et al., 2010; Landa, Holman, O’Neill &
Stuart, 2011). Dysfunction in social motivation may
explain the finding that joint attention intervention
effects often do not last to follow-up. Because of the
lack of intrinsic social motivation, extrinsic rewards
are used, and when these rewards are no longer
available, joint attention regresses. Studies that have
attempted to use more naturalistic reinforcers, or
that have attempted to generate intrinsic social
motivation have shown better success on follow-up
(e.g. Ingersoll, 2012; Isaksen & Holth, 2009; Naoi
et al., 2008). However, even some studies that follow
this model still report mixed levels of success (e.g.
Taylor & Hoch, 2008). Only a few studies have
attempted to teach responding to or initiation joint
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attention without tangible extrinsic rewards,
although Jones and Carr (2004), suggested it as a
useful direction.

Isaksen and Holth (2009) attempted to deal with
the problem of joint attention regression after inter-
ventions that utilize extrinsic motivation. They rein-
forced the smiling, nodding, and verbalization that
typically occur after initiating joint attention behav-
iors. For example, an adult and a child with ASD
were seated across from each other and various
desirable toys were on the table. The adult’s smiles
and nods were used as a signal that the child could
take a toy. When the adult was not smiling or
nodding, any attempts to take a toy were blocked.
In this way, the experimenters paired natural adult
behavior with a rewarding activity. These types of
social reinforcements motivate neurotypical children
to engage in initiating joint attention behaviors
(Isaksen & Holth, 2009; Jones & Carr, 2004; Whalen
& Schreibman, 2003), are naturalistic, and will
continue to be present after the intervention. Isaksen
& Hoth measured joint attention behaviors after a 1-
month follow-up interval and found that initiating
joint attention skills maintained or improved for all
four participants.

In summary, intervention studies demonstrate
that children with ASD can improve their response
to joint attention skills. However, initiating joint
attention is much more challenging, most likely for
motivational reasons. Studies such as those of
Ingersoll (2012), Isaksen and Holth (2009), Naoi
et al., (2008), and Taylor and Hoch (2008) are useful
in their attempts to improve initiating joint attention
without using extrinsic motivators, but their varied
success underscores the difficulty of reinforcing
social interactions for children with ASD. Finding a
way to intrinsically motivate children with ASD to
engage in initiating joint attention behaviors while
they participate in interventions is important for
long-term success.

Conclusions
This review has examined literature in the context of
the SMH, including: oxytocin and ASD, administra-
tion of oxytocin and social behaviors, joint attention
and ASD, and behavioral interventions to improve
joint attention in ASD.

Although multiple neurotransmitters and neuro-
peptides have been implicated as candidates for
improving intrinsic motivation for social interaction,
oxytocin has consistently been seen as important for
social motivation, interaction, and memory. Most of
the literature linking oxytocin and social behavior
derives from animal research, but there is a growing
literature examining oxytocin administration in
humans. Data from studies in which oxytocin has
been administered to humans have strengthened the
argument that oxytocin is important for social inter-
action. Because of the link between oxytocin and

social behavior that has begun to emerge, oxytocin
has begun to be used in interventions to improve
social recognition in individuals with ASD.

Individuals with ASD have well-documented defi-
cits in joint attention (Bacon et al., 1998; Charman
et al., 1998; Dawson et al.,1998; Mundy et al.,
1986; Sigman et al., 1992). Improving joint attention
deficits is important for improving social and lin-
guistic functioning of individuals with ASD (Bono
et al., 2004; Charman, 2003; Koegel, 2000; Lord,
2000; Rogers & Lewis, 1989; Siller & Sigman, 2002),
and therefore has been a focus of multiple behavioral
interventions (e.g. see White et al., 2011; Table 2).
Although these interventions have been somewhat
successful in improving joint attention, one key
underlying issue has been individuals with ASD’s
lack of intrinsic motivation to initiate joint attention
and other social interactions (Jones & Carr, 2004;
Whalen & Schreibman, 2003). Extrinsic rewards are
often necessary for behavioral interventions to suc-
ceed, and when those are removed, individuals with
ASD are no longer motivated to engage in joint
attention behaviors, resulting in a failure of effects to
maintain over the long term. Some theorists have
proposed that increasing intrinsic motivation for
social interaction might be a key component in
improving symptoms of ASD (Dawson, 2008; Daw-
son & Bernier, 2007; Dawson et al., 2002, 2005;
Grelotti et al., 2002).

However, one piece missing from the literature is
integrating behavioral interventions and oxytocin
administration in individuals with ASD. Behavioral
interventions are important for increasing social
behaviors, especially in young children with ASD.
Oxytocin has been used experimentally to attempt to
change social behaviors in ASD, but to our knowl-
edge has not yet been used in a controlled treat-
ments study, nor has it been used in combination
with other intervention methods. By adding oxytocin
administration to behavioral interventions, one
important problem (lack of intrinsic motivation) that
seems to hinder long-term success might be dimin-
ished. Interventions that combine behavioral inter-
ventions and oxytocin administration are crucial to
long-term and generalized improvement of joint
attention behaviors in young individuals with ASD
(Dawson et al., 2012).

Experimental tests of such interventions would
advance our understanding of how oxytocin medi-
ates social symptoms of ASD in both the short and
long term. Such experiments would need to be well-
controlled, double-blind, and compare interventions
plus oxytocin versus the same interventions with
placebo. One issue would be when to administer
oxytocin during the intervention, as well as what
type of intervention to utilize. Multiple meta-analy-
ses have emphasized the effectiveness of early
intensive behavioral interventions (i.e. young chil-
dren with ASD receiving 30–40 hr per week of
structured behavioral interventions for over 2 years,
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e.g. Reichow, 2012; Eldevik et al., 2009). Although
these interventions require a large time investment,
they are highly successful in improving a variety of
behavioral skills, as well as improving IQ. To utilize
oxytocin for behavioral interventions, however, it
would likely be more practical to administer a more
short-term intervention similar to those reported by
White et al., 2010 and in Table 2.

Based on previous animal studies (Ferguson,
Aldag, Insel & Young, 2001) as well as studies of
the time course of oxytocin in saliva (Weisman et al.,
2012) and order effects (Hollander et al. (2007),
intervention should administer oxytocin about
45 min before each intervention session (rather than
after or during sessions).

Directions for future research
We propose that two highly studied and important
areas (behavioral intervention and studies on oxyto-
cin administration) should be integrated to achieve
optimal outcomes for children with ASD. Combining
behavioral and pharmacological interventions has
been highly successful in the alleviation of symp-
toms in other disorders (Hoffman et al., 2006; Ress-
ler et al., 2004).

In the case of ASD, this novel approach to improving
joint attention skills with both pharmacological and
behavioral intervention is anecessary andworthwhile
experimental direction. Theoretically, oxytocin
administration will heighten patients’ intrinsic moti-

vation to engage in social interactions, and the
behavioral interventions will facilitate and teach
social interactions. By improving intrinsic motivation
to engage in social interactions, behavioral interven-
tions canuse only social rewards, andceaseusingany
extrinsic motivators. Because the rewards will be
entirely social, and intrinsic motivation will be
improved (via oxytocin), interventions should have
long-lasting effects. Using behavioral interventions in
combination with oxytocin administration should
increase the chances of long-term success and an
improved understanding of the role of oxytocin in
ASD.
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Key points

• The social motivation hypothesis posits that individuals with autism spectrum disorders (ASDs) are less
motivated to engage in social behaviors than their neurotypical peers, and this lack of motivation leads to later
atypicalities in social behavior and cognition.

• The neurochemical oxytocin has received attention as a potential mechanism for social atypicalities in ASD.

• Administering oxytocin to individuals with and without ASD has been effective at improving social cognition.

• We propose that future studies should combine oxytocin administration and behavioral interventions
to optimize outcomes for various social cognitive behaviors in autism spectrum disorder.

References
American Psychiatric Association. (1994). Diagnostic and

statistical manual of mental disorders (4th edn).
Washington, DC: Author.

Andari, E., Duhamel, J.R., Zalla, T., Herbrecht, E., Leboyer,
M., & Sirigu, A. (2010). Promoting social behavior with
oxytocin in high-functioning autism spectrum disorders.
Proceedings of the National Academy of Sciences of the
United States of America, 107, 4389–4394.

Bacon, A.L., Fein, D., Morris, R., & Waterhouse, L. (1998). The
responses of autistic children to the distress of others.
Journal of Autism and Developmental Disorders, 28, 129–142.

Bakeman, R., & Adamson, L.B. (1984). Coordinating attention
to people and objects in mother-infant and peer-infant
interaction. Child Development, 55, 1278–1289.

Baldwin, D.A. (1991). Understanding the link between joint
attention and language. In C. Moore & P.J. Dunham (Eds.),

Joint Attention: its origins and role in development (pp. 131–
158). Hillsdale, NJ: Lawrence Erlbaum.

Bales, K.L., & Perkeybile, A.M. (2012). Developmental
experiences and the oxytocin receptor system. Hormones
and Behavior, 61, 313–319.

Bales, K.L., Perkeybile, A.M., Conley, O.G., Lee, M.H.,
Guoynes, C.D., Downing, G.M., … & Mendoza, S.P. (in
press). Chronic intranasal oxytocin causes long-term
impairments in partner preference formation in male
prairie voles. Biological Psychiatry. doi: 10.1016/
j.biopsych.2012.08.025.

Baron-Cohen, S. (1989). Perceptual role-taking and
protodeclarative pointing in autism. British Journal of
Developmental Psychology, 7, 113–127.

Baron-Cohen, S. (1993). From attention–goal psychology to
belief–desire psychology: The development of a theory of
mind and its dysfunction. In S. Baron-Cohen, H. Tager-
Flusberg & D. Cohen (Eds.), Understanding other minds:

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

614 Katherine K. M. Stavropoulos and Leslie J. Carver J Child Psychol Psychiatry 2013; 54(6): 603–18



Perspectives from autism (pp. 59–82). New York, NY: Oxford
University Press.

Baron-Cohen, S., Wheelwright, S., Hill, J., Raste, Y., & Plumb,
I. (2001). The “reading the mind in the eyes” test revised
version: A study with normal adults, and adults with
Asperger syndrome and high-functioning autism. Journal
of Child Psychological Psychiatry, 42, 241–251.

Bartz, J.A., Zaki, J., Bolger, N., Hollander, E., Ludwig, N.N.,
Kolevzon, A., & Ochsner, K.N. (2010). Oxytocin selectively
improves empathic accuracy. Psychological Science, 21,
1426–1428.

Baskerville, T.A., & Douglas, A.J. (2010). Dopamine and
oxytocin interactions underlying behaviors: Potential
contributions to behavioral disorders. CNS Neuroscience
and Therapeutics, 16, 92–123.

Bates, E. (1979). The emergence of symbols: Cognition and
communication in infancy. New York, NY: Academic Press.

Bell, C.J., Nicholson, H., Mulder, R.T., Luty, S.E., & Joyce,
P.R. (2006). Plasma oxytocin levels in depression and
their correlation with the temperament dimension of
reward dependence. Journal of Psychopharmacology, 20,
656–660.

Bono, M.A., Daley, Y.T., & Sigman, N.M. (2004). Relations
among joint attention, amount of intervention and language
gain in autism, Journal of Autism and Developmental
Disorders, 34, 495–505.

Born, J., Lange, T., Kern,W.,McGregor,G.P., Bickel,U.,&Fehm,
H.L. (2002). Sniffing neuropeptides: A transnasal approach to
the human brain. Nature Neuroscience, 5, 514–616.

Brooks, R., & Meltzoff, A.N. (2005). The development of gaze
following and its relation to language. Developmental
Science, 8, 535–543.

Brooks, R., & Meltzoff, A.N. (2008). Infant gaze following and
pointing predict accelerated vocabulary growth through two
years of age: A longitudinal, growth curve modeling study.
Journal of Child Language, 35, 207–220.

Br€une, M. (2012). Does the oxytocin receptor (OXTR)
polymorphism (rs2254298) confer ‘vulnerability’ for
psychopathology or ‘differential susceptibility’? Insights
from evolution. BMC Medicine, 10, 38.

Bruner, J. (1983). Child’s talk. New York, NY: Norton.
Cacioppo, J.T., Norris, C.J., Decety, J., Montelone, G., &

Nusbaum, H. (2009). In the eye of the beholder: Individual
differences in perceived social isolation predict regional
brain activation to social stimuli. Journal of Cognitive
Neuroscience, 21, 83–92.

Campbell, D.B., Datta, D., Jones, S.T., Batey Lee, E., Sutcliffe,
J.S., Hammock, E.A., & Levitt, P. (2011). Association of
oxytocin receptor (OXTR) gene variants with multiple
phenotype domains of autism spectrum disorder. Journal
of Neurodevelopmental Disorders, 2, 101–112.

Charman, T. (2003). Why is joint attention a pivotal skill in
autism? Philosophical Transaction of the Royal Society B,
358, 315–324.

Charman, T., Swettenham, J., Baron- Cohen, S., Cox, A.,
Baird, G., & Drew, A. (1998). An experimental investigation
of social-cognitive abilities in infants with autism: Clinical
implications. Infant Mental Health Journal, 19, 260–275.

Chen, F.S., & Johnson, S.C. (2011). An oxytocin receptor gene
variant predicts attachment anxiety in females and autism-
spectrum traits in males. Social Psychological and
Personality Science, 3, 93–99.

Churchland, P.S., & Winkielman, P. (2012). Modulating social
behavior with oxytocin: How does it work? What does it
mean? Hormones and Behavior, 61, 392–399.

Clinicaltrials.gov. (2012). Oxytocin AND autism [Search].
Available from: http://www.clinicaltrials.gov/ct2/results?
term=oxytocin+AND+autism&Search=Search. [last accessed
1 November 2012].

Corkum, V., & Moore, C. (1998). The origins of joint visual
attention in infants. Developmental Psychology, 34, 28–38.

Dawson, G. (2008). Early behavioral intervention, brain
plasticity, and the prevention of autism spectrum disorder.
Development and Psychopathology, 20, 775–803.

Dawson, G., & Bernier, R. (2007). Development of social brain
circuitry in autism. In D. Coch, G. Dawson & K.W. Fischer
(Eds.), In: Human behavior, learning, and the developing brain:
Atypicaldevelopment (pp.28–56).NewYork,NY:GuilfordPress.

Dawson, G., Bernier, R., & Ring, R.H. (2012). Social attention:
A possible early indicator of efficacy in autism clinical trials.
Journal of Neurodevelopmental Disorders, 4, 11.

Dawson, G., Carver, L., Meltzoff, A.N., Panagiotides, H.,
McPartland, J., & Webb, S.J. (2002). Neural correlates of
face and object recognition in young children with autism
spectrum disorder, developmental delay, and typical
development. Child Development, 73, 700–717.

Dawson, G., Meltzoff, A.N., Osterling, J., & Rinaldi, J. (1998).
Neuropsychological correlates of early symptoms of autism.
Child Development, 69, 1276–1285.

Dawson, G., Webb, S.J., Wijsma, E., Schellenberg, G., Estes,
A., Munson, J., & Faja, S. (2005). Neurocognitive and
electrophysiological evidence of altered face processing
in parents of children with autism: Implications for a
model of abnormal development of social brain circuitry
in autism. Development and Psychopathology, 17, 679–697.

Dichter, G.S., Felder, J.N., Green, S.R., Rittenberg, A.M.,
Sasson, N.J., & Bodfish, J.W. (2012). Reward circuitry
function in autism spectrum disorders. Social Cognitive
and Affective Neuroscience, 7, 160–172.

Dichter, G.S., Richey, A.J., Rittenberg, A.M., Sabatino, A., &
Bodfish, J.W. (2012). Reward circuitry function in autism
during face anticipation and outcomes. Journal of Autism
and Developmental Disorders, 42, 147–160.

Domes, G., Heinrichs, M., Michel, A., Berger, C., & Herpertz,
S.C. (2007). Oxytocin improves “mind-reading” in humans.
Biological Psychiatry, 61, 731–733.

Dunham, P.J., & Moore, C. (1995). Current themes in research
on joint attention. In C. Moore & P.J. Dunham (Eds.), Joint
attention: Its origins and role in development (pp. 15–28).
Hillsdale, NJ: Erlbaum.

Ebstein, R.P., Israel, S., Lerer, E., Uzefovsky, F., Shalev, I.,
Gritsenko, I., … & Yirmiya, N. (2009). Arginine vasopressin
and oxytocin modulate human social behavior. Annals of the
New York Academy of Sciences, 1167, 87–102.

Ebstein, R.P., Knafo, A., Mankuta, D., Hong Chew, S., & San
Lai, P. (2012). The contributions of oxytocin and vasopressin
pathway genes to human behavior. Hormones and Behavior,
61, 359–379.

Eldevik, S., Hastings, R.P., Hughes, C.J., Jahr, E., Eikesth, S.,
& Cross, S. (2009). Meta-analysis of early intensive
behavioral intervention for children with autism. Journal of
Clinical Child & Adolescent Psychology, 38, 439–450.

Feifel, D., Macdonald, K., Nguyen, A., Cobb, P., Warlan, H.,
Galangue, B., … & Hadley, A. (2010). Adjunctive intranasal
oxytocin reduces symptoms in schizophrenia patients.
Biological Psychiatry, 68, 678–680.

Feldman, R. (2012). Oxytocin and social affiliation in humans.
Hormones and Behavior, 61, 380–391.

Ferguson, J.N., Aldag, J.M., Insel, T.R., & Young, L.J. (2001).
Oxytocin in the medial amygdala is essential for social
recognition in the mouse. Journal of Neuroscience, 21, 8278–
8285.

Ferguson, J.N., Young, L.J., Hearn, E., Insel, T.R., & Winslow,
J. (2000). Social amnesia in mice lacking the oxytocin gene.
Nature Genetics, 25, 284–288.

Ferraioli, S.J., & Harris, S.L. (2011). Teaching joint attention to
children with autism through a sibling-mediated behavioral
intervention. Behavioral Interventions, 26, 261–281.

Gainer, H., Lively, M.O., & Morris, M. (1995). Immunological
and related techniques for studying neurohypophyseal
peptide-processing pathways. Journal of Neuroscience
Methods, 23, 195–207.

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

doi:10.1111/jcpp.12061 Joint attention, autism, and oxytocin 615



Gamer, M., Zurowski, B., & B€uchel, C. (2010). Different
amygdala subregions mediate valence related and
attentional effects of oxytocin in humans. Proceedings of
the National Academy of Science of the United States of
America, 107, 9400–9405.

Gomez, J.C., Sarria, E., & Tamarit, J. (1993). The comparative
study of early communication and theories of mind:
Ontogeny, phylogeny and pathology. In S. Baron-Cohen, H.
Tager-Flusberg & D. Cohen (Eds.), Understanding other
minds: perspectives from autism (pp. 397–426). New York,
NY: Oxford University Press.

Gordon, I., Martin, C., Feldman, R., & Leckman, J.F. (2011).
Oxytocin and social motivation. Developmental Cognitive
Neuroscience, 1, 471–492.

Graustella, A.J., & MacLeod, C. (2012). A critical review of the
influence of oxytocin nasal spray on social cognition in
humans: Evidence and future directions. Hormones and
Behavior, 61, 410–418.

Green, L.A., Fein, D., Modahl, C., Feinstein, C., Waterhouse,
L., & Morris, M. (2001). Oxytocin and autistic disorder:
Alternations in peptide forms. Biological Psychiatry, 50,
609–613.

Gregory, S.G., Connelly, J.J., Towers, A.J., Johnson, J.,
Biscocho, D., Markunas, C.A., … & Pericak-Vance, M.A.
(2009). Genomic and epigenetic evidence for oxytocin
receptor deficiencies in autism. BMC Medicine, 7, 62.

Grelotti, D., Gauthier, I., & Schultz, R. (2002). Social interest
and the development of cortical face specialization; what
autism teaches us about face processing. Developmental
Psychobiology, 40, 213–225.

Guastella, A.J., Einfeld, S.L., Gray, K.M., Rinehart, N.J., Tonge,
B.J., Lambert, T.J., & Hickie, I.B. (2010). Intranasal oxytocin
improves emotion recognition for youth with autism
spectrum disorders. Biological Psychiatry, 67, 692–694.

Guastella, A.J., Mitchell, P.B., & Dadds, M.R. (2008). Oxytocin
increases gaze to the eye region of human faces. Biological
Psychiatry, 63, 3–5.

Guastella, A.J., Mitchell, P.B., & Mathews, F. (2008). Oxytocin
enhances the encoding of positive social memories in
humans. Biological Psychiatry, 64, 256–258.

Hoffman, S.G., Meuret, A.E., Smits, J.A.J., Simon, N.M.,
Pollack, M.H., … & Otto, M.W. (2006). Augmentation of
exposure therapy with D-Cycloserine for social anxiety
disorder. Archives of General Psychiatry, 63, 298–304.

Hollander, E., Bartz, J.A., Chaplin, W., & Phillips, A. (2007).
Oxytocin increases retention of social cognition in autism.
Biological Psychiatry, 61, 498–503.

Hurlemann, R., Patin, A., Onur, O.A., Cohen, M.X.,
Baumgartner, T., Metzler, S., … & Kendrick, K.M. (2010).
Oxytocin enhances amygdala-dependent, socially reinforced
learning and emotional empathy in humans. The Journal of
Neuroscience, 30, 4999–5007.

Ingersoll, B. (2012). Brief report: Effect of a focused imitation
intervention on social functioning in children with autism.
Journal of Autism and Developmental Disorders, 42, 1768–
1773.

Insel, T.R., & Frenald, R.D. (2004). How the brain processes
social information: Searching for the social brain. Annual
Review of Neuroscience, 27, 697–722.

Insel, T.R., & Hulihan, T.J. (1995). A gender-specific
mechanism for pair bonding: Oxytocin and partner-
preference formation in monogamous voles. Behavioral
Neuroscience, 109, 782–789.

Insel, T.R., O’Brien, D.J., & Leckman, J.F. (1999). Oxytocin,
vasopressin, and autism: Is there a connection? Biological
Psychiatry, 45, 145–157.

Isaksen, J., & Holth, P. (2009). An operant approach to
teaching joint attention skills to children with autism.
Behavioral Interventions, 24, 215–236.

Jacob, S., Brune, C.W., Carter, C.S., Leventhal, B.L., Lord, C.,
& Cook, E.H., Jr (2007). Deletion of the oxytocin receptor

gene (OXTR) in Caucasian children and adolescents with
autism. Neuroscience Letters, 417, 6–9.

Jones, E., & Carr, E. (2004). Joint attention in children with
autism: Theory and intervention. Focus on Autism and Other
Developmental Disabilities, 19, 13–26.

Jones, W., Carr, K., & Klin, A. (2008). Absence of preferen-
tial looking to the eyes of approaching adults predicts
social disability in two-year-old toddlers with autism
spectrum disorder. Archives of General Psychiatry, 65,
946–954.

Kaale, A., Smith, L., & Sponheim, E. (2012). A randomized
controlled trial of preschool-based joint attention
intervention for children with autism. Journal of Child
Psychology and Psychiatry, 53, 97–105.

Kampe, K.K., Frith, C.D., Dolan, R.J., & Frith, U. (2001).
Reward value of attractiveness and gaze. Nature, 413, 589–
602.

Kasari, C., Freeman, S., & Paparella, T. (2006). Joint attention
and symbolic play in young children with autism: A
randomized controlled intervention study. Journal of Child
Psychology and Psychiatry, 47, 611–620.

Kasari, C., Gulsrud, A.C., Wong, C., Kwon, S., & Locke, J.
(2010). Randomized controlled caregiver mediated joint
engagement intervention for toddlers with autism.
Journal of Autism and Developmental Disorders, 40,
1045–1056.

Kirsch, P., Esslinger, C., Chen, Q., Mier, D., Lis, S., Siddhanti,
S., … & Meyer-Lindenberg, A. (2005). Oxytocin modulates
neural circuitry for social cognition and fear in humans, The
Journal of Neuroscience, 25, 11489–11493.

Klin, A., Jones, W., Schultz, R., Volkmar, F., & Cohen, D.
(2002). Visual fixation patterns during viewing of
naturalistic social situations as predictors of social
competence in individuals with autism. Archives of General
Psychiatry, 59, 809–816.

Koegel, L.K. (2000). Interventions to facilitate communication
in autism. Journal of Autism and Developmental Disorders,
30, 383–391.

Kohls, G., Schulte-Ruther, M., Nehrkorn, B., Muller, K., Fink,
G.R., Kampe-Becker, I., … & Konrad, K.. (2012). Reward
system dysfunction in autism spectrum disorders. Social
Cognitive and Affective Neuroscience, 1–8. Advanced access
published 11 April 2012. doi:10.1093/scan/nss033.

Kosfeld, M., Heinrichs, M., Zak, P.J., Fischbacher, U., & Fehr,
E. (2005). Oxytocin increases trust in humans. Nature, 435,
673–676.

Landa, R.J., Holman, K.C., O’Neill, A.H., & Stuart, E.A. (2011).
Intervention targeting development of socially synchronous
engagement in toddlers with autism spectrum disorder: A
randomized control trial. Journal of Child Psychology and
Psychiatry, 52, 13–21.

Lawton, K., & Kasari, C. (2012). Brief report: Longitudinal
improvements in the quality of joint attention in preschool
children with autism. Journal of Autism and Developmental
Disorders, 42, 307–312.

Leekam, S.R., Lopez, B., & Moore, C. (2000). Attention and
joint attention in preschool children with autism.
Developmental Psychology, 36, 261–273.

Lerer, E., Levi, S., Israel, S., Yaari, M., Nemanov, L., Mankuta,
D., … & Ebstein, R.P. (2010). Low CD38 expression in
lymphoblastoid cells and haplotypes are both associated
with autism in a family-based study. Autism Research, 3,
293–302.

Lerer, E., Levi, S., Salomon, S., Darvasi, A., Yirmiya, N., &
Ebstein, R.P. (2008). Association between the oxytocin
receptor (OXTR) gene and autism: relationship to Vineland
Adaptive Behavior Scales and cognition. Molecular
Psychiatry, 13, 980–988.

Liu, X., Kawamura, Y., Shimada, T., Otowa, T., Koishi, S.,
Sugiyama, T., … & Sasaki T. (2010). Association of the
oxytocin receptor (OXTR) gene polymorphisms with autism

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

616 Katherine K. M. Stavropoulos and Leslie J. Carver J Child Psychol Psychiatry 2013; 54(6): 603–18



spectrum disorder (ASD) in the Japanese population.
Journal of Human Genetics, 55, 137–141.

Liu, Y., & Wang, Z.X. (2003). Nucleus accumbens dopamine
and oxytocin interact to regulate pair bond formation in
female prairie voles. Neuroscience, 121, 537–544.

Lord, C. (2000). Commentary: Achievements and future
directions for intervention in communication and autism
spectrum disorders. Journal of Autism and Developmental
Disorders, 30, 393–398.

MacDonald, K., & Feifel, D. (2012). Oxytocin in schizophrenia:
A review of evidence for its therapeutic effects. Acta
Neuropsychiatrica, 24, 130–146.

McPartland, J., Dawson, G., Webb, S.J., Panagiotides, H., &
Carver, L.J. (2004). Event-related brain potentials reveal
anomalies in temporal processing of faces in autism
spectrum disorder. Journal of Child Psychological
Psychiatry, 45, 1235–1245.

Modahl, C., Green, L.A., Fein, D., Morris, M., Waterhouse, L.,
Feinstein, C., & Levin H. (1998). Plasma oxytocin levels in
autistic children. Biological Psychiatry, 43, 270–277.

Modi, M.E., & Young, L.J. (2012). The oxytocin system in drug
discovery for autism: Animal models and novel therapeutic
strategies. Hormones and Behavior, 61, 340–350.

Mundy, P. (1995). Joint attention and social-emotional
approach behavior in children with autism. Developmental
Psychopathology, 7, 63–82.

Mundy, P., & Gomes, A. (1998). Individual differences in joint
attention skill development in the second year. Infant
Behavior and Development, 21, 469–482.

Mundy, P., Sigman, M., & Kasari, C. (1990). A longitudinal
study of joint attention and language development in autistic
children. Journal of Autism and Developmental Disorders,
20, 115–128.

Mundy, P., Sigman, M., & Kasari, C. (1993). The theory of mind
and joint attention in autism. In S. Baron-Cohen, H. Tager-
Flusberg & D. Cohen (Eds.), Understanding other minds:
perspectives from autism (pp. 181–203). New York, NY:
Oxford University Press.

Mundy, P., Sigman, M., Ungerer, J., & Sherman, T. (1986).
Defining the social deficits of autism: the contribution of
non-verbal communication measures. Journal of Child
Psychology and Psychiatry, 27, 657–669.

Mundy, P., Sullivan, L., & Mastergeorge, A.M. (2009). A parallel
and distributed-processing model of joint attention, social
cognition and autism. Autism Research, 2, 2–21.

Munesue, T., Yokoyama, S., Nakamura, K., Anitha, A.,
Yamada, K., Hayashi, K., … & Higashida, H. (2010). Two
genetic variants of CD38 in subjects with autism
spectrum disorder and controls. Neuroscience Research,
67, 181–191.

Naoi, N., Tsuchiya, R., Yamaoto, J.I., & Nakamura, K. (2008).
Functiona training for initiating joint attention in children
with autism. Research in Developmental Disabilities, 29,
595–609.

Neuhaus, E., Beauchaine, T.P., & Bernier, R. (2010).
Neurobiological correlates of social functioning in autism.
Clinical Psychology Review, 30, 733–748.

Pedersen, C.A., Gibson, C.M., Rau, S.W., Salimi, K., Smedley,
K.L., Casey, R.L., … & Penn, D.L. (2011). Intranasal oxytocin
reduces psychotic symptoms and improves theory of mind
and social perception in schizophrenia. Schizophrenia
Research, 132, 50–53.

Reibold, M., Mankuta, D., Lerer, E., Israel, S., Zhong, S.,
Nemanov, L., … & Ebstein, R.P. (2011). All-trans retinoic
acid upregulates reduced CD38 transcription in
lymphoblastoid cell lines from autism spectrum disorder.
Molecular Medicine, , 7-8, 799–806.

Reichow, B. (2012). Overview of meta-analyses on early
intensive behavioral intervention for young children with
autism spectrum disorders. Journal of Autism and
Developmental Disorders, 42, 512–520.

Ressler, K.J., Rothbaum, B.O., Tannenbaum, L., Anderson, P.,
Graap, K., Zimand, E., … & Davis, M. (2004). Use of D-
Cycloserine in phobic individuals to facilitate extinction of
fear. Archive of General Psychiatry, 61, 1136–1144.

Riekkinen, P., Legros, J.J., Sennef, C., Jolkkonen, J., Smitz,
S., & Soininen, H. (1987). Penetration of DGAVP (Org 5667)
across the blood-brain barrier in human subjects. Peptides,
8, 261–265.

Rogers, S., & Lewis, H. (1989). An effective day treatment
model for young children with pervasive developmental
disorders. Journal of the American Academy of Child and
Adolescent Psychiatry, 28, 207–214.

Sauer, C., W€orner, C., Kirsch, P., Montag, C., & Reuter, M.
(2012). Effects of a common variant in the CD38 gene on
social processing in an oxytocin challenge study: possible
links to autism. Neuropsychopharmacology, 37, 1474–
1482.

Scaife, M., & Bruner, J. (1975). The capacity for joint visual
attention in the infant. Nature, 253, 255–256.

Schertz, H.H., Odom, S.L., Baggett, K.M., & Sideris, J.H.
(2013). Effects of joint attention mediated learning for
toddlers with autism spectrum disorders: an initial
randomized control study. Early Childhood Research
Quarterly, 28, 249–258.

Schultz, W. (1998). Predictive reward signal of dopamine
neurons. Journal of Neurophysiology, 80, 1–27.

Scott-Van Zeeland, A.A., Dapretto, M., Ghahremani, D.G.,
Poldrack, R.A., & Bookheimer, S.Y. (2010). Reward
processing in autism. Autism Research, 3, 53–67.

Sigman, M., & Kasari, C. (1995). Joint attention across
contexts in normal and autistic children. In C. Moore &
P.J. Dunham (Eds.), Joint attention: Its origins and role in
development (pp. 189–203). Hillsdale, NJ: Lawrence
Erlbaum.

Sigman, M., Kasari, C., Kwon, J., & Yirmiya, N. (1992).
Responses to the negative emotions of others by autistic,
mentally retarded and normal children. Child Development,
63, 796–807.

Sigman, M., Mundy, P., Sherman, T., & Ungerer, J. (1986).
Social interactions of autistic, mentally retarded and normal
children and their caregivers. Journal of Child Psychology
and Psychiatry, 27, 647–656.

Sigman, M., & Ruskin, E. (1999). Continuity and change in the
social competence of children with autism, Down syndrome
and developmental delays. Monograph of the Society for
Research on Child Development, 64, 1–114.

Siller, M., & Sigman, M. (2002). The behaviors of parents of
children with autism predict the subsequent development of
their children’s communication. Journal of Autism and
Developmental Disorders, 32, 77–89.

Skuse, D.H., & Gallagher, L. (2011). Genetic influences on
social cognition. Pediatric Research, 69, 85R–91R.

Sullivan, P.F. (2007). Spurious genetic associations. Biological
Psychiatry, 61, 1121–1126.

Tansey, K.E., Brookes, K.J., Hill, M.J., Cochrane, L.E., Gill, M.,
Skuse, D., … & Anney, R.J.L. (2010). Oxytocin receptor
(OXTR) does not play a major role in the aetiology of autism:
Genetic and molecular studies. Neuroscience Letters, 474,
163–167.

Taylor, B.A., & Hoch, H. (2008). Teaching children with autism
to respond to and initiate bids for joint attention. Journal of
Applied Behavior Analysis, 41, 377–391.

Tomasello, M. (1995). Joint attention as social cognition. In C.
Moore & P.J. Dunham (Eds.), Joint attention: Its origins and
role in development (pp. 103–130). Hillsdale, NJ: Lawrence
Erlbaum Associates.

Tomasello, M., & Farrar, M.J. (1986). Joint attention and early
language. Child Development., 57, 1454–1463.

Tops, M., Van Peer, J.M., Korf, J., Wijers, A.A., & Tucker, D.M.
(2007). Anxiety, attachment, and cortisol predict plasma
oxytocin. Psychophysiology, 44, 444–449.

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

doi:10.1111/jcpp.12061 Joint attention, autism, and oxytocin 617



Tost, H., Kolachana, B., Hakimi, S., Lemaitre, H., Verchinski,
B.A., … & Meyer-Lindenberg, A. (2010). A common allele in
the oxytocin receptor gene (OXTR) impacts prosocial
temperament and human hypothalamic-limbic structure
and function. Proceedings of the National Academy of
Sciences, 107, 13936–13941.

Vrti�cka, P., Andersson, F., Grandjean, D., Sander, D., &
Vuilleumier, P. (2008). Individual attachment style
modulates human amygdala and striatum activation
during social appraisal. PLoS One, 3, e2868.

Walum, H., Lichtenstein, P., Neiderhiser, J.M., Reiss, D.,
Ganiban, J.M., Spotts, E.L., … & Westberg, L. (2012).
Variation in the oxytocin receptor gene is associated with
pair-bonding and social behavior. Biological Psychiatry, 71,
419–426.

Weisman, O., Zagoory-Sharon, O., & Feldman, R. (2012).
Intranasal oxytocin administration is reflected in human
saliva. Psychoneuroendocrinology, 37, 1582–1586.

Wermter, A.K., Kamp-Becker, I., Hesse, P., Schulte-K€orne, G.,
Strauch, K., & Remschmidt, H. (2009). Evidence for the
involvement of genetic variation in the oxytocin receptor
gene (OXTR) in the etiology of autistic disorders on high-
functioning level. American Journal of Medical Genetics Part
B, 153, 629–639.

Whalen, C., & Schreibman, L. (2003). Joint attention training
for children with autism using behavior modification
procedures. Journal of Child Psychology and Psychiatry,
44, 456–468.

White, P.J., O’Reilly, M., Streusand,W., Levine, A., Sigafoos, J.,
& Lancioni Agular, J. (2011). Best practices for teaching joint
attention: A systematic review of the intervention literature.
Research in Autism Spectrum Disorders, 5, 1283–1295.

Wu, S., Jia, M., Ruan, Y., Liu, J., Guo, Y., Shuang, M., … &
Zhang, D. (2005). Positive association of the oxytocin
receptor gene (OXTR) with autism in the Chinese Han
population. Biological Psychiatry, 58, 74–77.

Ylisaukko-oja, T., Alarcon, M., Cantor, R.M., Auranen, M.,
Vanhala, R., Kempas, E., … & Peltonen, L. (2006). Search for
autism loci by combined analysis of autism genetic resource
exchange and Finnish families. Annals of Neurology, 59,
145–155.

Young, K.A., Liu, Y.Y., & Wang, Z. (2008). The neurobiology of
social attachment: A comparative approach to behavioral,
neuroanatomic, and neurochemical studies. Comparative
Biochemistry, and Physiology, Part C, 148, 401–410.

Yrigollen, C.M., Han, S.S., Kochetkova, A., Babitz, T., Chang,
J.T., Volkmar, F.R., … & Grigorenko, E.L. (2008). Genes
controlling affiliative behavior as candidate genes for
autism. Biological Psychiatry, 63, 911–916.

Zink, C.F., & Meyer-Lindenberg, A. (2012). Human
neuroimaging of oxytocin and vasopressin in social
cognition. Hormones and Behavior, 61, 400–409.

Accepted for publication: 5 December 2012
Published online: 2 March 2013

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

618 Katherine K. M. Stavropoulos and Leslie J. Carver J Child Psychol Psychiatry 2013; 54(6): 603–18


