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Abstract The understanding, expression, and regulation of
emotion have been identified as core to everyday communi-
cation and psychosocial adjustment in children. The aim of
this paper is to review and to compare current clinical and
empirical knowledge on emotion recognition, reciprocity,
and expression deficits in children diagnosed with autism
spectrum disorders (ASD). The paper reviews current neuro-
biological, neuroendocrine, and neurocognitive explanations
for the emotion-processing deficits seen in ASD, while con-
sidering the potential influence of attachment on the presenta-
tion of emotion-processing deficits seen in this disorder,
which is characterised by organic emotion-processing deficits.
This review adopts a multi-disciplinary approach, proposing
that in order to further compound the established organic ex-
planations for emotion-processing deficits in ASD, more in-
vestigations are warranted to delineate the specific impact that
attachment orientations have on the inability to appropriately
recognise and regulate emotion in this disorder. Further re-
search is required to improve our understanding of the neural
processes which underlie emotion-processing abilities in the
context of parent–child developmental factors.

Keywords Emotion processing . Attachment . Autism
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The ability to understand, express, and regulate emotion
appropriately has been long identified as core to everyday
communication and social interaction in children regard-
less of intellectual, developmental, or cultural background
(Elfenbein and Ambady 2002; Herba et al. 2006). Emotion
processing is currently conceptualised as the encompassing
ability to not only perceive and infer others’ and one’s own
emotional states (Lipton and Nowicki 2009; Bauminger
2002; Ochsner and Gross 2005), but in regulating one’s
own emotional states and behaviour to express emotion
or respond appropriately to interpersonal interactions (Lip-
ton and Nowicki 2009; Beauchamp and Anderson 2010;
Konstantareas and Stewart 2006; Lee and Hoaken 2007).
While attachment has been found to be an important factor
in facilitating the developing child’s ability to understand,
express, and regulate emotion appropriately in typically-
developing (TD) children (Zeanah et al. 2002; Schore
2009; Rieffe et al. 2011), there is a lack of research inves-
tigating the role of attachment in emotion-processing out-
comes in children with autism spectrum disorders (ASD),
an increasingly prevalent disorder which has a significant
impact on communication and social interaction. Far more
research has been undertaken to understand the neurolog-
ical or neurobiological phenotype of ASD (Corbett et al.
2008; Corbett et al. 2006; Dawson et al. 2002, 2004;
Dawson 2008). Sparked by early explorations into facial
emotion processing in ASD, such as those of Hobson and
colleagues (1986, 1987, 1989, 1998), neurobiological re-
search has contributed to the further definition of the phe-
notype and the neurological underpinnings of emotion pro-
cessing in ASD using methods such as transcranial
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magnetic stimulation (Enticott et al. 2010), functional
magnetic resonance imaging (Harris et al. 2006), and
EEG (Murias et al. 2007). While this research is leading
to important discoveries about the possible neurological
underpinnings of emotion processing in ASD, understand-
ing the influence of environmental factors such as attach-
ment on the organic emotion-processing deficits seen early
on in ASD will be important in developing an integrative
model of emotion-processing deficits in children with ASD
that goes beyond the diagnostic label.

There are several historical and scientific factors which are
likely to contribute to the current state of ASD research, where
little is known about integration of environmental and biolog-
ical factors influencing emotion-processing deficits. Firstly,
the last few decades have seen a backlash to the notorious
claim of ‘refrigerator’ parenting (Bishop et al. 2004; Cantwell
et al. 1976), specifically that the parent’s inability to emotion-
ally engage with the child could account for the child’s autistic
behaviour, placing unwarranted stigma, and blame on the par-
ents of children with ASD (Bettelheim 1967). One major con-
tribution to the breakdown of the stigma on environmental
contributions to emotion-processing deficits in ASD is recog-
nition of a genetic basis for this disorder (Piggot et al. 2009),
which consequently negated theories such as ‘refrigerator’
parenting as contributing to ASD.

In addition to theories such as the ‘refrigerator’ parent the-
ory, there have been several other environmentally-based the-
ories which have since scientifically investigated and strongly
refuted, for example, the controversial findings linking vac-
cines and autism (Megson 2000; Wakefield 1998), which sug-
gested that ASD is caused by environmental preservatives,
toxins and antigens from vaccines, as well as encephalopathy
following vaccinations in young children (see Ratajczak
(2011) for a review). These theories have been strongly refut-
ed by scientific and empirical findings as factors contributing
to ASD (Kennedy and Lawrence 2011). Similarly, there has
been strong empirical negation for the suspected role of envi-
ronmental neurotoxins such as mercury (Kempuraj et al.
2010) in contributing to ASD (Ip et al. 2004) in the develop-
ment of ASD.

While neurobiological and behavioural research is be-
ginning to shed light on the phenotype and neurological
underpinnings of emotion-processing deficits in ASD, the
gap in the understanding of the role of environmental fac-
tors in the development of emotion-processing abilities of
children with ASD has prevented a holistic conceptualisa-
tion of the aetiology of these deficits. Whereas studies of
TD children have linked attachment security to lower
levels of emotion-processing impairments, it is likely that
the relationship between attachment and emotion-
processing abilities in ASD groups may involve a more
complex interplay of factors, in light of the organic
emotion-processing deficits seen early on in ASD, within

the first year of life (Garon et al. 2009; Yirmiya et al. 1989;
Adamson et al. 2001). Particularly, while empirical studies
have cons i s ten t ly shown tha t ASD is a neuro-
developmental disorder with organic impairments in emo-
tion recognition, understanding, and regulation, little is
known about the interaction between these organic impair-
ments and attachment relationships in the presentation of
emotion-processing impairments in ASD. In TD groups,
early attachment disruptions, particularly, in the formation
of disorganised and/or insecure attachments (Chugani et al.
2001), have been found to alter particular brain regions (De
Bellis and Kuchibhatla 2006; Strathearn 2007) implicated
in emotional knowledge (Maughan and Cicchetti 2002)
and regulation (Bolger and Patterson 2003). Current theo-
retical and empirical notions conceptualise the attachment
relationship as bidirectional, that is, influenced by the in-
dividual characteristics and interactions of both the care-
giver and the child (Jones and Schwartz 2009; Doussard-
Roosevelt et al. 2003). This notion, together with the find-
ings that the deficits in reciprocal social interaction and
engagement that infants and children demonstrate in ASD
(Adamson et al. 2001) influence the responses of care-
givers (Doussard-Roosevelt et al. 2003), indicates that
there is a need for research to explore the nature and cor-
relates of attachment relationships in ASD, a disorder in
which pre-existing socio-emotional deficits have been
found to influence the characteristics of the developing
attachment relationship. Moreover, given the influence of
a t t a c hme n t s e c u r i t y o n s u b s e q u e n t p o s i t i v e
biopsychosocial outcomes in childhood and adulthood,
the influence of early attachment is an area warranting
exploration in relation to its contributions to overall
socio-emotional functioning and mental health outcomes
for individuals with ASD.

Thus, the aim of this review is to bring together current
knowledge on emotion processing in children with ASD,
particularly, how neurogenetic factors shape emotion-
processing deficits in ASD and what we know about the
role of attachment factors. This will be achieved by (a) a
review of the current empirical emotion-processing studies
of children with ASD, specifically in emotion recognition
and regulation, and (b) a review of current findings on the
neuroendocrine, neurobiological, and neurocognitive ab-
normalities implicated in emotion-processing deficits in
neurotypical development and ASD, and the possible epi-
genetic pathway involving the interaction of genetic dispo-
sition and attachment. While existing research has linked
both attachment disorganisation (Green and Goldwyn
2002; van Ijzendoorn et al. 1999), as well as organised
insecure attachment styles with poorer emotional outcomes
than secure attachment styles (Brumariu and Kerns 2010),
the focus of this review will be primarily on the organised
forms of attachment.
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Autism Spectrum Disorders: The Contribution
of Nature

ASD are lifelong, neurodevelopmental disorders characterised
by varying levels of social and communicative deficits, as well
as the presence of restricted and repetitive patterns of behav-
iour and interests (APA 2013). Table 1 outlines diagnostic
criteria for ASD as defined by the DSM-5 (APA 2013).

Although more research is warranted to clarify the role of
epigenetic programming in ASD (Bale et al. 2010), it has been
suggested that epigenetic programming in the pre, post, and
peri-natal stages, for instance maternal psychosocial stress,
can influence the onset and expression of ASD and its symp-
toms (Kinney et al. 2008; O’Connor et al. 2003). For instance,
O’Connor et al. found that higher levels of maternal anxiety
during pregnancy predicted more behavioural and emotional
problems in 6,000 English children followed longitudinally
from gestation to 7 years of age. This association held even
after controlling for post-natal maternal anxiety, obstetric
complications, and family psychosocial disadvantage. Fur-
thermore, evidence exists for the possible development of id-
iopathic autism in utero (Bailey et al. 1998; Kemper and
Bauman 1993) where abnormal cell numbers or congenital
syndromes can alter neuroanatomy (Parisi et al. 2004). Sub-
sequent aberrant apoptosis and synaptic pruning in the first
few years of life have been found to relate to early neural
overgrowth in children specifically between 2 and 4 years of
age (Courchesne et al. 2007) in regions of the brain implicated
in emotion processing; particularly, the frontal lobe, temporal
lobe, and the limbic system (Carper et al. 2002; Hazlett et al.
2005). Decreased cerebellar volumes have consistently been
found in young children with ASD (Webb et al. 2009; Sparks
et al. 2002). Peri-natal factors have also emerged as potential
environmental risk factors for ASD, in particular, fetal distress
from obstetric complications such as emergency caesarean
sections (Glasson et al. 2004), low birth weight (Hultman
et al. 2002), and intrapartum hypoxia (Kolevzon et al. 2007).
Conversely, other studies such as those of Bolton et al. (1997)
suggest that obstetric complications do not constitute an envi-
ronmentally mediated risk for ASD. Given that genetic het-
erogeneity is suspected in ASD (Piggot et al. 2009), together
with a broad range of possible epigenetic contributions and
behavioural manifestations across this disorder (Grossman
et al. 2000), there is a need for a multi-dimensional approach
to understanding the diverse factors underlying the onset and
expression of ASD symptomatology.

In light of the emotion-processing deficits seen in ASD
groups from as young as 1 year of age (Cassel et al. 2007;
Toth et al. 2007), there is a gap in the literature relating to how
attachment, an environmental factor, may interact with organ-
ic emotion-processing deficits to predict subsequent emotion-
al difficulties in this group. The next section will review
existing knowledge on attachment patterns in children with

ASD, in order to explore how the attachment relationship
may interplay with the early neural events underlying the pri-
mary emotion-processing deficits seen in ASD.

ASD and Attachment: What is Known?

Attachment is commonly conceptualised as the bio-
behavioural relational system that infants develop with their

Table 1 DSM-5 diagnostic criteria for 299.00 autism spectrum
disorder

A. Persistent deficits in social communication and social interaction
across multiple contexts, as manifested by the following, currently or
by history (examples are illustrative and not exhaustive; see text):

1. Deficits in social–emotional reciprocity, ranging, for example, from
abnormal social approach and failure of normal back-and-forth
conversation, to reduced sharing of interests, emotions, or affect, and
to failure to initiate or respond to social interactions

2. Deficits in nonverbal communicative behaviours used for social
interaction, ranging, for example, from poorly integrated verbal and
nonverbal communication, to abnormalities in eye contact and body
language or deficits in understanding and use of gestures, and to a
total lack of facial expressions and nonverbal communication

3. Deficits in developing, maintaining, and understanding relationships
appropriate to developmental level, ranging, for example, from
difficulties adjusting behaviour to suit various social contexts, to
difficulties in sharing imaginative play or in making friends, and to
absence of interest in peers

B. Restricted, repetitive patterns of behaviour, interests, or activities, as
manifested by at least two of the following: currently or by history
(examples are illustrative and not exhaustive; see text):

1. Stereotyped or repetitivemotormovements, use of objects, or speech
(e.g. simple motor stereotypes, lining up toys or flipping objects,
echolalia, and idiosyncratic phrases)

2. Insistence on sameness, inflexible adherence to routines, or ritualised
patterns of verbal or nonverbal behaviour (e.g. extreme distress at
small changes, difficulties with transitions, rigid thinking patterns,
greeting rituals, need to take same route, or eat same food everyday)

3. Highly restricted, fixated interests that are abnormal in intensity or
focus (e.g. strong attachment to or preoccupation with unusual
objects, excessively circumscribed or perseverative interests).

4. Hyper- or hyporeactivity to sensory input or unusual interest in
sensory aspects of the environment (e.g. apparent indifference to
pain/temperature, adverse response to specific sounds or textures,
excessive smelling or touching of objects, and visual fascination
with lights or movement)

C. Symptoms must be present in the early developmental period (but may
not become fully manifest until social demands exceed limited
capacities or may be masked by learned strategies in later life)

D. Symptoms cause clinically significant impairment in social,
occupational, or other important areas of current functioning

E. These disturbances are not better explained by intellectual disability
(intellectual developmental disorder) or global developmental delay.
Intellectual disability and autism spectrum disorder frequently co-
occur; to make comorbid diagnoses of autism spectrum disorder and
intellectual disability, social communication should be below than
what is expected for general developmental level.
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primary caregiver, in most cases the mother, and is the result
of the child’s experiences in interaction with the caregiver
across the first year of life (Ainsworth et al. 1978; Bowlby
1982). This relationship has been found to manifest in the
form of attachment behaviours in situations where the child
is distressed or tired, or when threats in the environment exist
(Ainsworth et al. 1978; Bowlby 1982). Longitudinal studies
such as that of Grossmann et al. (2005) suggest that children’s
developmental working models, pervasive mental representa-
tions, and schemas about the self, the other, and the relation-
ship between the two, based on early attachment relationships
with their primary caregiver, which influence behavioural,
emotional, and psychological functioning throughout the
lifespan (Shorey and Snyder 2006).

Attachment should be distinguished from emotional
responsivity in that attachment is first developed as a relation-
al system with the infant’s primary caregiver, which then goes
on to influence relationships with others through to adulthood.
Emotional responsivity, on the other hand, does not stem sole-
ly from the relational system with the primary caregiver and
involves the overall regulation of emotional responses to re-
spond appropriately to socio-emotional displays of others
(Konstantareas and Stewart 2006; Begeer et al. 2008), as well
as the regulation of spontaneous emotional displays aimed at
facilitating desired communicative goals (Bachevalier and
Loveland 2006). Emotional responsivity is not necessarily
first developed as a relational system or dyad.

Attachment classifications in infants and children be-
tween 12 and 21 months have been predominantly assessed
using the strange situation procedure (SSP; Ainsworth
et al. 1978), where the child is confronted with a stranger
and two short separations from the caregiver in laboratory
setting. Table 2 outlines the attachment styles which have
been identified.

Studies have consistently found that attachment security
can be adequately measured by modified versions of the
SSP in young children with ASD (see Rutgers et al. (2004)
for a review). It should be noted that the majority of studies on
ASD and attachment have mainly been conducted in pre-
schoolers as the diagnosis for ASD becomes increasingly val-
id with age (Charman and Baird 2002).

While some literature suggests that young children with
ASD tend to react similarly to TD children to a separation
from the parent with increased proximity-seeking behaviour
(Bernabei et al. 1998; Sigman and Mundy 1989), others sug-
gest that children with ASD display fewer responses and low-
er sensitivity to maternal approaches in general than matched
TD children (Rutgers et al. 2007; van Ijzendoorn et al. 2007).
Evidence has emerged suggesting that while children with
ASD are able to form secure attachment relationships, secure
attachments may be underrepresented in this group, and par-
ent–child relationships may be characterised by less sensitiv-
ity, flexibility, and synchronous interaction than TD children,
directly related to social impairments characteristic of ASD
(Beurkens et al. 2013; Rutgers et al. 2004; Naber et al.
2007). Ameta-analysis of 10 studies on attachment in children
with ASD (N=287; Rutgers et al. 2004) showed that children
with ASD were significantly less securely attached to their
parents than children with intellectual disability, language de-
lays, and TD children (combined effect size across studies;
Cohen’s d=0.50, r=0.24). Nevertheless, given that other stud-
ies have purported that school-aged children with ASD are as
securely attached to their caregivers, particularly mothers, as
are matched TD children (Bauminger et al. 2010; Chandler
and Dissanayake 2013), knowledge on the prevalence of at-
tachment security and the nature of attachment relationships in
children with ASD is an area that warrants further
consolidation.

Table 2 Attachment
classifications and their
descriptions (Ainsworth et al.
1978)

Attachment classification Description

Secure attachment (type B) Child strikes a balance between attachment and exploratory behaviour; uses
the caregiver as a base from which to explore. During separation, child
may show signs of distress. Upon reunion, child actively seeks contact
with caregiver, is easily settled, and returns to play.

Insecure avoidant attachment
(type A)

Continuous exploration is a strategy aimed at minimizing attachment
behaviour. Child shows little or no distress to the attachment figure leaving.
Upon reunion, child does not seek proximity or contact with caregiver, but
instead avoids them, looks away, or plays with toys.

Insecure resistant attachment
(type C)

Child continuously seeks contact with caregiver at the expense of exploration.
During separation, child shows high levels of distress. Upon reunion, a mix
of contact resistance and seeking behaviours are combined, and the child is
difficult to settle.

Insecure disorganised
attachment (type D)

Inability to develop a specific organised attachment pattern with their primary
caregiver. Child demonstrates contradictory behaviours upon separation and
reunion, including expressions of fear or apprehension regarding the parent,
stereotypes, undirected movements and expressions, and freezing or stilling
of all movement with a disoriented expression (Main and Solomon 1986).
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One possible factor that has been suggested to account for
the variability in findings across studies pertaining to the prev-
alence of secure attachments in ASD populations is that of
cognitive ability (Willemsen-Swinkels et al. 2000; Capps
et al. 1994). Children with ASD and comorbid intellectual
disability have been found to be less securely attached than
comparisons without intellectual disability (Yirmiya and
Sigman 2001). Lower cognitive ability has also consistently
been related to greater levels of attachment disorganization
and lower levels of attachment security in young children with
ASD (Naber et al. 2007; Willemsen-Swinkels et al. 2000).
Further compounding this notion, the meta-analysis by
Rutgers et al. (2004), as well as studies such as those of
Bauminger et al. (2010) and Chandler and Dissanayake
(2013), also indicated that in samples of children with high-
functioning ASD, levels of attachment security were compa-
rable to comparison children who were similar in cognitive
ability. Secondly, it has been suggested that the another factor
influencing the inconsistency in findings of secure attachment
behaviour in children with ASD that the majority of studies to
date have measured attachment using the formal categoriza-
tions of the quality of attachment (Grzadzinski et al. 2014),
which may consequently prevent the elucidation of distinct
patterns of parent–child interactions unique to ASD beyond
the formal categorizations (Rogers et al. 1993). Given that
children with ASD have unique and distinctive characteristics,
interests, family dynamics, and social interaction deficits from
TD children (Phelps et al. 2009), there is a need for qualitative
explorations of attachment behaviour in children with ASD
(such as that of Grzadzinski et al. 2014) in order to further
clarify patterns of attachment security in this population.

Furthermore, increased severity of ASD symptomatology
and more strictly defined ASD diagnoses have been linked to
lower levels of attachment security (Beurkens et al. 2013;
Rutgers et al. 2004, 2007). Given the empirical notion that
lower cognitive ability predicts increased severity of ASD
symptoms such as social impairment (Joseph et al. 2002;
Wing and Gould 1979) and also negatively correlates with
the security of attachment in this group (Capps et al. 1994;
see also van Ijzendoorn et al. 2007), the moderating influence
of cognitive functioning on the relationship between attach-
ment and ASD symptom-severity warrants future
investigation.

Another reason purported for the finding that children with
more strictly-defined ASD diagnoses demonstrate both lower
levels of attachment security as well as less responsiveness to
caregivers is that parents of children with more severe ASD
symptomatology may be less able to establish a secure attach-
ment relationship with their child because of the severity of
the impairment in reciprocal social interaction of their child
(Rutgers et al. 2007) and the resulting parenting stress and
psychological problems related to having a child with ASD
(Davis and Carter 2008). Compounding the notion that the

formation of the attachment relationship is bi-directional and
contingent on the characteristics and interactions of both the
caregiver and the child (Jones and Schwartz 2009; Doussard-
Roosevelt et al. 2003), it has been found that the deficits in
reciprocal social interaction and engagement that infants and
children demonstrate in ASD (Adamson et al. 2001) influence
the responses of caregivers, in that caregivers may adjust the
nature of their interaction with the child in response to the
child’s behaviour (Doussard-Roosevelt et al. 2003). For in-
stance, caregiver responsiveness and synchrony is not fre-
quently reinforced due to the child’s rejection of maternal
social bids for interaction (Adamson et al. 2001).

Recent empirical literature has explored social and emo-
tional development in infant siblings of children with ASD,
commonly referred to as ‘high-risk’ infants (see reviews by
Rogers 2009; Tager-Flusberg 2010). The literature has con-
sistently showed that there is little differentiation in socio-
emotional engagement during the early months of life be-
tween genetically ‘high-risk’ infants who later develop
ASD compared to those who do not develop ASD, as well
as with controls who do not have a sibling with ASD (‘low-
risk’ infants), who also do not develop ASD (Tager-
Flusberg 2010; Ozonoff et al. 2010; Young et al. 2009).
Nevertheless, by around 12 months, reduced smiling
(Cassel et al. 2007; Toth et al. 2007), poorer social commu-
nication skills (Toth et al. 2007), reduced responding to
bids for joint attention (Presmanes et al. 2007), as well as
reduced responding to their own name (Nadig et al. 2007),
aspects closely related to parent–child interactions, have
been observed in genetically ‘high-risk’ infants compared
to ‘low-risk’ infants. Moreover, by around 12 months,
‘high-risk’ infants later diagnosed with ASD have been
observed to have poorer effortful emotion -regulation as
well as lower responsiveness to reward cues when com-
pared to high-risk infants who do not receive a subsequent
diagnosis of ASD and low-risk controls (Garon et al. 2009).
Moreover, individual differences in caregiver stress and
coping styles have also been found to mediate the relation-
ship between the early social disengagement demonstrated
by a child with ASD and the responsiveness and synchrony
demonstrated by the caregiver (Lyons et al. 2010). Al-
though more research is needed to clarify and delineate
the trajectory of social and emotion-processing deficits in
infancy, it is apparent that interactions within the parent–
child dyad by around the first year of life are clearly influ-
enced by emerging socio-emotional deficits core to ASD.
The following section reviews current empirical knowledge
on the emotion-processing deficits seen in childhood in
ASD, following which the neurobiological, neuroendo-
crine, and neurocognitive factors underpinning these defi-
cits are discussed. The interactions of these factors with
attachment factors are considered based on current empiri-
cal and theoretical notions.
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Emotion Processing in ASD

In light of the strong links that emotion-processing difficulties
have with social, emotional, and behavioural maladjustment
(Bauminger 2002) as well as with the increased risk of later
psychopathology (Allen et al. 1996), current research has fo-
cused on delineating unique patterns of deficits and their un-
derlying mechanisms in groups of children who have been
found to possess difficulties in emotion processing (Rieffe
et al. 2007; Smith and Walden 1999). Various integrative de-
velopmental models have provided useful ways in which to
conceptualise the development of social–emotional-process-
ing deficits in childhood in the context of their neural and
biological underpinnings, for instance the Social Emotional
Learning Framework (Lipton and Nowicki 2009) and the SO-
CIAL model (Beauchamp and Anderson 2010). Such models
provide support for the notion that higher order social–emo-
tional processes such as social judgement and social problem-
solving, for which neural processes mature progressively
through childhood and adolescence, are linked to the basic
and distinct processes of emotional awareness, understanding,
and regulation, which are seen earlier in development
(Beauchamp and Anderson 2010). Existing research in chil-
dren with ASD implicates overarching deficits in emotion-
regulation encompassing emotional reciprocity and expres-
sion (Konstantareas and Stewart 2006; Heerey et al. 2003),
while there is less consensus on the nature of emotion-
recognition deficits (Rump et al. 2009; also see review by
Harms et al. 2010).

Emotion Recognition

Emotion recognition commonly encompasses the ability to
identify, label, and be aware of the emotions of oneself and
others (Heerey et al. 2003; Lipton and Nowicki 2009). In ASD
populations, there has been a primary focus on facial emotion
recognition (FER) of basic and complex emotions in the mea-
surement of emotion recognition (Evers et al. 2014; Riby and
Hancock 2008; Pelphrey et al. 2002; Behrmann et al. 2006).
The majority of current findings postulate that both high and
low-functioning children, adolescents, and adults with ASD
are less accurate than TD groups in the recognition of complex
emotions, such as embarrassment and trustworthiness, from
non-verbal expressions (Adolphs 2001; Heerey et al. 2003;
Dziobek et al. 2006). However, conflicting findings have aris-
en from such tasks when exploring basic emotion recognition,
with some studies finding that normally-intelligent children
and adults with ASD are impaired in the recognition of basic
emotions (such as happiness and sadness; Kuusikko et al.
2009; Downs and Smith 2004), and others suggesting that
ASD groups of varying levels of functioning are able to accu-
rately recognise basic emotions at comparable levels to age

and IQ-matched TD children and adults (Prior et al. 1990;
Grossman et al. 2000).

A salient observation made by a review of FER in children
and adults with ASD (Harms et al. 2010) was that despite
inconsistencies in FER findings in behavioural studies, eye-
tracking, neuroimaging, and ERP studies more consistently
suggest underlying deficits in the neural mechanisms under-
lying basic FER, indicating possible limits in the sensitivity of
various behavioural measures to detect core FER deficits in
ASD. Recent empirical studies employing both behavioural
and neurological or electrophysiological measures to explore
FER in children, adolescents, and adults with ASD have re-
vealed systematic deficits in neural processes (Apicella et al.
2013;Wong et al. 2008), such as mental state decoding (Wong
et al. 2008) and slower social information-processing speed
(Lerner et al. 2013), underlying FER in young people with
ASD, in the absence of deficits on behavioural FER measures
(Lerner et al. 2013; Wong et al. 2008). Such studies suggest
that firstly, there may indeed be heterogeneity within groups
of individuals with ASD to recognise emotion. Secondly, the-
se studies indicate that although individuals with ASD may
have apparently intact emotion-recognition abilities as mea-
sured by controlled behavioural paradigms, there may be def-
icits in the ability to tap into the neural mechanisms underly-
ing emotion processing which are seen as automatic processes
in TD individuals. Accordingly, paradigms closely resembling
naturalistic settings (Heerey et al. 2003; Rump et al. 2009)
have often indicated deficits in emotion recognition in chil-
dren with ASD.

Further, the measurement of emotion recognition often
tends to be confounded by the differing demands of FER
tasks, such as time limits or the nature of facial stimuli
(Behrmann et al. 2006). Children, adolescents, and adults with
ASD have been found to rely on more effortful and deliberate
cognitive processing when engaging in emotion-recognition
tasks than matched TD groups (Neumann et al. 2006; Lerner
et al. 2011), and thus, emotion-recognition performance in this
group is more vulnerable to task demands (Harms et al. 2010;
Hill and Frith 2003). The review of FER studies in children
and adults with ASD by Harms et al. (2010) suggests that
individuals with ASD may employ compensatory mecha-
nisms such as verbal mediation or feature-based learning to
pass FER tasks.

A study by Evers et al. (2014), which incorporated hybrid
faces comprising an emotional face-half (where the upper or
lower face region demonstrated happiness, anger, sadness, or
fear), with the other face-half showing a neutral expression,
did not find an emotion-recognition deficit in children with
high-functioning ASD. Nevertheless, findings from this study
suggested that while both children with ASD and TD children
similarly attended to mainly the eye and mouth areas when
correctly recognising emotions, across ASD and TD groups,
whether the child attended to the eye or mouth region was
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strongly emotion-dependent. This latter finding has implica-
tions for the comparison of emotion-processing performance
in ASD groups across different paradigms, particularly that
differences in the nature of facial stimuli and emotions pre-
sented across tasks may account for the variation in findings of
emotion-recognition performance across ASD groups.

Recent studies have also suggested that the varying rates of
emotion-recognition impairments seen across ASD may be
accounted for by varying levels of co-occuring alexithymia
in ASD populations, a sub-clinical condition in which an in-
dividual has impairments in identifying and describing their
own emotional states (Cook et al. 2013; Bird and Cook 2013).
Impairments in empathy, commonly described as the experi-
ence of another’s emotional state stemming from an individ-
ual’s perception of this emotional state, have also been linked
to the occurrence of alexithymia in ASD populations (Bird
et al. 2010). Given findings from behavioural studies of lower
levels of affect-sharing, as well as fewer comforting behav-
iours and expressions of concern in children with ASD than
TD groups in response to others’ emotional expressions (Co-
rona et al. 1998), as well as findings of impaired empathic
accuracy (Demurie et al. 2011), future investigations are war-
ranted to further investigate the alexithymia hypothesis in re-
lation to the emotion-processing deficits seen in ASD. Fur-
thermore, a current body of research exists indicating a nega-
tive relationship between security of attachment and
alexithymia in TD groups (Fasihi et al. 2013; Wearden et al.
2003). Given that the majority of studies in this area have
investigated TD populations, future studies are needed to de-
lineate the interrelationships between alexithymia, emotion
recognition, empathy, and attachment in ASD, a population
with existing organic impairments in emotion recognition and
empathy.

In TD children, preliminary evidence has emerged posi-
tively linking attachment security with facial emotion-
recognition ability (Steele et al. 2008). However, future re-
search exploring the link between attachment security and
emotion recognition are needed in order to clarify this rela-
tionship in both ASD and TD groups, as well as to explore
how attachment security interacts with others factors such as
cognitive processes in predicting emotion-recognition ability.

Emotion Regulation

There is an increasing breadth of literature across the devel-
opmental trajectory on the neural underpinnings of emotion-
regulation, which is commonly conceptualised and measured
as the ability to automatically or intentionally modify one’s
emotional state to facilitate goal-directed or adaptive behav-
iour (Samson et al. 2012; Waters et al. 2010). Emotion regu-
lation is seen to be influenced by both intrinsic and extrinsic
factors, where intrinsic factors refer to those which are seen to
be internal or self-driven, for instance, temperament (Rothbart

and Sheese 2007), physiological and neural systems involved
in control processes (Fox 1994; Porges et al. 1996), and cog-
nitive development (Fox et al. 1994). Extrinsic factors refer to
external influences, and often refer to the role of bi-directional
caregiver–child interactions, particularly the child’s signalling
of emotions, the interpretation and response to the child’s
signals of emotions, and consequently, scaffolding strategies
for modulating emotional arousal (Sroufe 1996). With repeat-
ed early dyadic interactions where the caregiver attends to and
employs a range of strategies to modulate the child’s emotions
(Feldman et al. 2004), together with the maturation of cogni-
tive and attentional processes (Posner and Rothbart 2000), by
early childhood, the child gradually moves to a relativelymore
independent regulation of emotion than in infancy or toddler-
hood (Bowlby 1982; Bronson 2000). While more research is
needed to consolidate the profile of emotion regulation across
ASD, current studies suggest that children and adolescents
with ASD are impaired in the use of emotion-regulation strat-
egies, as measured by behavioural and biologically-based par-
adigms (see Mazefsky et al. 2013). Children with ASD have
been found to respond impulsively to emotional stimuli with
tantrums, aggression, or self-injury (Mazefsky et al. 2013;
Sofronoff et al. 2007), as well as with lower anger and frus-
tration tolerance (Jahromi et al. 2012; Ho et al. 2012).

Emotional Reciprocity Children with high and low-
functioning ASD have been found to demonstrate socially
inappropriate or unusual affect compared to TD children
when responding to the emotions of others (Konstantareas
and Stewart 2006; Joseph and Tager-Flusberg 1997;
Bieberich and Morgan 1998). Nevertheless, behavioural
and physiological studies exploring responsiveness to
others’ emotions have found that this is a complex ability
that relies on social and cognitive skills that are highly con-
founded with age and cognitive ability (Begeer et al. 2008;
Reddy et al. 2002).Whereas a concrete ability to manipulate
and reciprocate the emotions of others is evident by toddler-
hood and preschool in TD populations (Jackson and Tisak
2001), for instance, by showing comforting behaviours
(Roth-Hanania et al. 2000), preschool children with ASD
demonstrate an impaired ability to modify their emotions
appropriately in response to others (Konstantareas andStew-
art 2006; Corona et al. 1998). School-aged children with
ASD respond to emotional expressions with less concern
and comforting behaviour and tend to share affect less often
with others (Corona et al. 1998). It has been suggested that
there is a rather heterogeneous behavioural manifestation of
deficits in the ability to regulate emotion in response to emo-
tional stimuli, ranging from flattened affect in response to
others’ emotions (Loveland 2005) to demonstrating height-
ened expressions of emotions, albeit in inappropriate ways
(Sofronoff et al. 2007; Mazefsky et al. 2013; Bauminger
2002; Reddy et al. 2002).
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Emotional Expression The expression of emotions has been
found to be a vital aspect of emotion regulation as it signals the
individual’s internal states, consequently, facilitating socio-
communicative interaction (Bachevalier and Loveland 2006;
Spinrad et al. 2004). The existence of a mental state lexicon
has been found to drive emotional expressions in typically-
developing populations (Taumoepeau and Ruffman 2008) and
ASD populations (Tager-Flusberg 1992; Happe 1993). By age
three, TD children are able to regulate their own emotional
states by expressing or suppressing their feelings according to
the situation (Malatesta and Haviland 1982; Zeman et al.
2006), as well as to express complex emotions such as shame
and pride (Saarni 1999). Children with ASD have been found
to lack appropriate and spontaneous expressions of emotion,
as mediated by a lack of mental state language (Tager-
Flusberg 1992; Happe 1993).

Current knowledge on the verbal and non-verbal emotion-
expression ability of young children with ASD suggests that
prior to preschool age, some children with ASD show similar
abilities in affective expressiveness as TD children (Baranek
1999; Palomo et al. 2006). However, there is a critical need for
more studies of emotional expression in this age group in
order to conclusively identify specific and subtle impairments
which may exist. Nevertheless, some behavioural measures of
emotional expression in ASD groups beyond preschool, into
adolescence and adulthood, propose a pattern of flat, neutral,
or idiosyncratic expressions (Czapinski and Bryson 2003;
Hobson and Lee 1998) compared to controls matched for
mental age. Some of the literature suggests that particularly
children and adolescents with high-functioning ASD are able
to verbally express emotions (Jaedicke et al. 1994) and give
examples of feeling states from their own experience (Yirmiya
et al. 1992) at comparable levels to those of TD groups. Con-
versely, other studies have found that these groups lack self-
awareness of their emotions (Tager-Flusberg 1992; Happe
1993; Yirmiya et al. 1989) and are less able than TD controls
to generate emotionally charged situations from their own
experience (Rieffe et al. 2007).

A possible factor accounting for the inconsistency in find-
ings relates to the lack of uniformity of behavioural paradigms
used to measure this aspect of emotion-regulation. Specifical-
ly, it has been suggested that data obtained under laboratory
conditions as opposed to naturalistic settings may present an
overly positive perspective on emotion-expression skills of
children with high-functioning ASD (Begeer et al. 2008).
Consequently, it is vital for future paradigms to replicate par-
ticipants’ socio-emotional environment as much as possible to
ensure the accurate measurement of emotional expression.
Although knowledge of the relationship between insecure at-
tachment and the ability to verbally discuss and express emo-
tion in ASD is still in its infancy, there is a strong evidence in
TD populations that secure attachment relationships predict
the child’s subsequent internal state language (Meins et al.

2001; Fonagy et al. 1991). In order to conclusively attribute
unique patterns of affective expression to ASD populations,
future research should examine the role of internal state lan-
guage and early mother–child relationships across ASD
groups within the same paradigms and methodology.

Theory of Mind

In TD children, maternal responsiveness to the emotional dis-
plays of infants have been found to positively predict the
child’s subsequent ability to understand and respond appropri-
ately to emotional displays by others (Steelman et al. 2002;
Zeanah et al. 2002). While it has also been suggested that the
quality and frequency of caregiver–infant interactions in the
early years of life influence the development of reflective
functioning (Fonagy and Target 1997; Slaughter et al. 2007)
and a theory of mind (ToM), or mentalization (Meins et al.
2001; Ruffman et al. 2002), in ASD groups, the relative con-
tributions of levels of organic ASD symptomatology and at-
tachment to ToM ability have not been compared and clarified
in this group.

Impairments in ToM have been found in children with
ASD (Heerey et al. 2003; Dziobek et al. 2006), which affect
not only the understanding of and responses to others’ mental
and emotional states (Dodge et al. 1995), but have also been
found to extend to deficits in their awareness of the child’s
own mental states, as evidenced by existing findings of a lack
of mental state language (Raikes and Thompson 2006; Tager-
Flusberg 1992; Happe 1993) and inappropriate expression of
emotion in both groups of children (Shields et al. 1994;
Sigman et al. 1992).

While findings of ToM impairments in high-functioning
ASD groups are relatively inconsistent in structured test set-
tings (Happe 1995; Bauminger 2002), clear impairments are
revealed in naturalistic test settings (Rump et al. 2009;
Dziobek et al. 2006) and in everyday functioning (Rieffe
et al. 2000), suggesting that paradigms which measure ToM
in environments that are not representative of real-world so-
cial settings may not provide an accurate pattern of ToM
functioning in ASD groups (Adolphs 2001; Baron-Cohen
et al. 1985; Klin 2000; Leslie and Frith 1990; Weeks and
Hobson 1987). Nevertheless, impairments in the under-
standing of others’ beliefs, intentions, and emotions have
been found to positively influence accurate emotion recog-
nition, reciprocity, and expressiveness in ASD populations
(Heerey et al. 2003; Sigman et al. 1992; Loveland 2005;
Bauminger 2002). Positive relationships have been found
betweenToMability and empathy in children and adultswith
ASD (Rogers et al. 2007; Yirmiya et al. 1989). There is also
emerging evidence for a hostile attributional bias in ASD,
stemming from the inability to accurately perceive the men-
tal and emotional states of others (Whitehouse et al. 2009;
Meyer et al. 2006; Loveland et al. 2001).
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Internalizing and Externalizing Difficulties in ASD

In addition to exploring emotion-regulation capacity in chil-
dren with ASD, recent research has increasingly focused on
delineating the profile of emotional and behavioural difficul-
ties in children with ASD which have been purported to be
related to emotion-regulation capacity (Matson and Nebel-
Schwalm 2007; Roskam et al. 2011; Simonoff et al. 2008).
The distinction between internalizing and externalizing symp-
tomatology is commonly used as a framework for
conceptualising emotional and behavioural difficulties in both
clinical and non-clinical populations (Achenbach and
Edelbrock 1979). Internalizing difficulties refer to inner-
directed symptoms of disordered mood or emotion (Brumariu
and Kerns 2010; Kovacs and Devlin 1998); including somatic
complaints, anxiety, depression, and social withdrawal. Exter-
nalizing difficulties consist of negative behaviours directed at
others or the environment; commonly seen as aggression and
disruptive, rule-breaking behaviours (Achenbach and
Edelbrock 1979; Laghi et al. 2013).

In studies of TD children, higher attachment security has
been linked to lower levels of internalizing (Dallaire and
Weinraub 2007; Dubois-Comtois et al. 2013) and externaliz-
ing (Fearon et al. 2010; Fearon and Belsky 2011) symptom-
atology. The child’s internal representations of their care-
giver’s availability and responsiveness are seen to influence
how they signal and modulate distress in the context of their
attachment relationship, and consequently, influence the de-
velopment of subsequent internalizing and externalizing
symptomatology (Dubois-Comtois et al. 2013; Brumariu
and Kerns 2010). Both forms of organised insecure attach-
ment, namely, avoidance (Munson et al. 2001; Fearon and
Belsky 2011) and ambivalence (Dubois-Comtois et al. 2013;
Moss et al. 2006), have been proposed to be risk factors for
higher levels of externalizing behaviour, for instance, aggres-
sive and rule-breaking behaviour, conduct problems, and
impulsive/hyperactive behaviour. Similarly, both attachment
avoidance (Groh et al. 2012) and attachment ambivalence
(Colonnesi et al. 2011; Brumariu and Kerns 2010) have been
purported to be risk factors for higher levels of internalizing
symptomatology. To date, only one study (Bauminger et al.
2010) has explored the relationship between attachment secu-
rity and internalizing and externalizing difficulties in children
with ASD in the middle childhood period. While this study
did not find a relationship between attachment security and
internalizing and externalizing difficulties, given the dearth of
research exploring this link, further studies will be invaluable
in clarifying the influence of attachment security on subse-
quent emotional and behavioural outcomes in ASD.

Some studies suggest that cognitive ability influences
levels of internalizing and externalizing difficulties in children
with ASD (Witwer and Lecavalier 2010; Maskey et al. 2013),
and subsequently, influences group differences on these

outcomes compared to TD groups. Conversely, others claim
that cognitive ability is unrelated to levels of externalizing and
internalizing symptomatology (Simonoff et al. 2008). Never-
theless, in studies of ASD and TD children and adolescents
without intellectual disability where groups are similar on
cognitive ability, there is consistent evidence for higher rates
of internalizing difficulties, particularly anxiety (Strang et al.
2012) and depressive symptoms (Mazzone et al. 2013; Meyer
et al. 2006), as well as externalizing symptomatology, in par-
ticular aggression, conduct problems, and oppositional behav-
iour across childhood and adolescence in ASD than TD
groups (Bauminger et al. 2010; also see review by Mazzone
et al. 2012). Studies of children and adolescents with ASD
across a range of cognitive abilities have also suggested that
ASD symptom severity may be related to the severity of anx-
iety and depressive symptomatology (Kanne et al. 2009;
Mazzone et al. 2012), as well as to externalizing symptom-
atology, particularly problem behaviours (Matson et al. 2008).

The current literature indicates relatively higher levels of
comorbid internalizing and externalizing symptomatology in
ASD groups than in TD populations. Moreover, empirical
studies suggest that attachment insecurity may be a risk factor
for comorbid emotional and behavioural difficulties. As indi-
cated in the past studies, the severity of core socio-emotional
impairments seen in ASD correlate positively with levels of
comorbid internalizing and externalizing difficulties. Given
the link between attachment insecurity and internalizing and
externalizing disorders seen in TD literature, future studies
should investigate whether attachment difficulties may inter-
act with these core socio-emotional impairments to further
compound the levels of comorbidity in ASD groups, account-
ing for higher levels of internalizing and externalizing diffi-
culties in ASD groups compared to TD groups. Future re-
search should also explore the dynamics of the interaction
between core ASD deficits and attachment orientations in
predicting comorbidity of emotional or behavioural disorders
in children with ASD. The next section explores the role of
neurobiological and neurocognitive factors in the develop-
ment of emotion-processing ability.

Neuroendocrine, Neurobiological,
and Neurocognitive Factors in Emotion Processing

There has been much recent support and strong empirical
evidence for the notion that early environmental experiences,
particularly in the first 2 years of life, directly impact brain
development (Schore 2000; Gunnar and Fisher 2006) through
the elimination of un-used synaptic connections and the fur-
ther development of others (Nelson and Bloom 1997). Ac-
cordingly, much preliminary evidence has arisen in recent
years for the neurological basis of emotion-regulation and
emotion recognition, where attachment interactions are seen
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as influencing the maturation of right-hemisphere neural
structures involved in emotion processing (Frey and Petrides
2000; Schore 2009), as well as the autonomic nervous system
which manifests the somatic aspects of emotion, such as cry-
ing (Porges et al. 1994). It has been suggested that in typical
development, bidirectional caregiver–child interactions within
the attachment relationship may influence neurovulnerability
to difficulties in stress and emotional regulation (Schore 2002,
2009; Allen et al. 1996).

Neuroendocrine Systems and Emotion Regulation

Research into the role of the hypothalamus–pituary–adrenal
(HPA) axis and limbic regions in emotion regulation has been
receiving increased interest in ASD (Corbett et al. 2006;
Richdale and Prior 1992) and TD populations (Hatzinger
et al. 2007) given its established role as a major stress response
system (McCrory et al. 2010). Emotion-regulation ability
across childhood and adulthood has been found to be largely
dependent on the experience-dependent regulation of the HPA
axis developed within the first year of life (Schore 2009; Gun-
nar and Quevedo 2007). In a typical development, infants are
able to use their parents to help regulate their emotions, spe-
cifically to respond appropriately to their emotional expres-
sions and return them to a tolerable or positive emotional state
(Bowlby 1982). The literature has implicated both child at-
tachment security and parental sensitivity/responsiveness in
the facilitation of HPA regulation in response to stressors
(Roque et al. 2012; Ahnert et al. 2004). Specifically, the lower
levels of attachment security and parental sensitivity have
been linked to elevated cortisol levels in response to stressors
(Bugental et al. 2003; Gunnar et al. 1992; Ahnert et al. 2004;
Dozier et al. 2008).

TD infants from as young as around 10 months of age
begin to find emotional meaning in their caregivers’ faces
and voices, and engage in social referencing with their care-
giver to guide their behaviour and emotional reactions (Widen
and Russell 2008). Given findings that children with ASD
may demonstrate early core socio-emotional impairments
from infancy (Yirmiya et al. 1989; Adamson et al. 2001), for
instance, difficulties communicating their emotional states
clearly (Yirmiya et al. 1989) and lower responsiveness to ma-
ternal interaction (Adamson et al. 2001), it is likely that these
impairments may disrupt aspects of communication within the
bi-directional attachment relationship from the first year of
life. Early attachment disruptions have been found to act as
a stressor, triggering the release of corticotrophin-releasing
hormone and arginine vasopressin from the paraventricular
nucleus of the hypothalamus, which stimulates secretion of
adreno-cortico-trophic hormone (ACTH) at the anterior
pituary (Federenko et al. 2004). This then acts on the adrenal
cortex to synthesise and releases glucocorticoid hormones
such as cortisol, enabling the mobilisation of stored glucose

and lipid stores and contributing to various physiological
changes aimed at prepare an individual to meet the energy
demands associated with a stressful event, such as heightened
vigilance to threat and readiness to use defensive responses
(McCrory et al. 2010). Cortisol follows a circadian rhythm, a
diurnal pattern which is well established by around 3 months
of age (Price et al. 1983). It has been suggested that after
prolonged and unpredictable attachments with caregivers in
infancy, cortisol levels may be depleted and the feedback
loops controlling hormone levels in the brain become dysreg-
ulated (Burke et al. 2005), resulting in the individual becom-
ing highly sensitive to stress (Kaufman and Charney 2001).
High levels of stress sensitivity, as commonly measured by
elevated cortisol levels, has been consistently linked to higher
risk of consequent internalizing and externalizing difficulties
into adolescence (Shirtcliff and Essex 2008; Hastings et al.
2011). Some evidence has also emerged that low levels of
cortisol may also increase risk for internalizing and external-
izing difficulties (Shirtcliff et al. 2005; Gunnar and Vazquez
2001).

Studies exploring basal and simulated levels of cortisol,
ACTH and circadian rhythms in children with ASD have
not suggested a consistent profile of HPA axis responsivity
across this diagnostic group (Levine et al. 2012; Schupp
et al. 2013; Corbett et al. 2008; Richdale and Prior 1992),
but nevertheless indicate a generalised sensitivity to both emo-
tional and non-emotional stressors, rather than a specific stress
response to social and emotional stimuli (Corbett et al. 2006;
Levine et al. 2012; Richdale and Prior 1992). Some studies
have found comparable basal salivary circadian rhythms and
cortisol levels with TD children (Marinovic-Curin et al. 2008)
while others propose conflicting findings of either higher
(Richdale and Prior 1992) or lower (Curin et al. 2003) basal
cortisol levels in ASD groups. In light of findings that children
with ASD may have higher variability in stress responsivity
and elevations in cortisol following exposure to a novel stim-
uli than TD children (see Corbett et al. 2006, 2008), there is a
need to explore the environmental and biological factors that
are likely to influence the responsivity of the HPA axis across
ASD.

There is existing evidence that the sensitivity of the HPA
axis in children with ASD is likely to be influenced by age
(Corbett et al. 2010; Zinke et al. 2010) and early-emerging
biologically-based or psychological factors such as sensory
sensitivity (Corbett et al. 2009), as well as behavioural inhibi-
tion and temperament, which tend to be stable over time
(Degnan and Fox 2007; Tyrka et al. 2006; Fox et al. 2008;
Gunnar et al. 2003). Moreover, there is a consequent sugges-
tion that children with ASD may be more responsive to envi-
ronmental cues which can influence biological rhythms than
are TD children (Corbett et al. 2006, 2008). Although this
suggestion requires further empirical consolidation, further
supporting this notion is the theory of differential
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susceptibility, which suggests that children, due to variation in
temperament and genetics, differ in their responsivity, and
consequently, susceptibility to both the beneficial effects of
nurturing and desirable environments and the negative effects
of adverse early environments (Belsky 2005; Belsky and
Pluess 2009). Given that infants later diagnosed with ASD
go on to develop varying levels of severity of emotion regu-
lation deficits, there is much to be explored about moderating
effect of biological sensitivity or reactivity of the individual
child on the differential effects of early parent–child interac-
tion experiences.

In summary, although a clear directional pattern of HPA
axis dysregulation has not yet been delineated, it is suspected
that ASD groups may demonstrate HPA axis dysregulation in
response to discrete stressful situations, both social and non-
social (Marinovic-Curin et al. 2008; Corbett et al. 2006).
Moreover, the profile of HPA axis dysregulation across this
diagnostic group appears varied; with biological, environmen-
tal, and psychological factors differentially influencing the
early development of this system. Given the strong empirical
findings that attachment interactions from infancy shape reg-
ulation of the HPA axis and consequently later stress and
emotion-regulation, together with the notion that the nature
of the child–caregiver relationship can differ across ASD
groups (Lyons et al. 2010), the relationship between parent–
child interactions and HPA axis regulation should be further
clarified and consolidated by psycho-biological, observational
and parent-report studies of infants identified as being at risk
of being diagnosed with ASD.

Neurobiological Evidence from Imaging Studies: Neural
Structural and Functional Abnormalities Implicated
in Emotion Processing

PET, fMRI, and EEG investigations have implicated the
hypoactivation of the medial prefrontal cortex/paracingulate
cortex, temporal pole, tempero-parietal junction, amygdala,
and periamygdaloid cortices in impaired emotion recognition
and regulation in ASD populations of children and adults (Di
Martino et al. 2009; Piggot et al. 2004; Dawson 2008). The
meta-analysis by Di Martino et al. (2009) found that emotion-
recognition impairments in ASD have been implicated partic-
ularly in the hypoactivation of the amygdala and fusiform
‘face’ area (FA) in the temporal lobe. Many other studies have
also suggested that irregular and inconsistent patterns of fusi-
form gyrus activation, particularly, the right fusiform gyrus,
has been implicated in impaired face processing in individuals
with ASD (Dalton et al. 2005; Piggot et al. 2004; Pierce et al.
2001). Although abnormalities in emotion processing, in par-
ticular emotion regulation and expression, become evident in
first 1 to 2 years of life (Zwaigenbaum et al. 2005), the ma-
jority of ASD studies have predominantly focused on study-
ing brain structure of individuals more than 10 to 20 years

after the onset of the disorder (Courchesne et al. 2007). Nev-
ertheless, there is an increasing breadth of research shedding
light on early neural abnormalities underlying later emotion
processing in ASD (e.g.Webb et al. 2006; Dawson et al. 2002,
2004; Dawson 2008).

ExistingMRI and retrospective head circumference studies
have implicated early excesses in neuron numbers and brain
overgrowth particularly during 2 to 4 years of age in specific
regions of the brain; particularly, the frontal lobe, temporal
lobe, and the amygdala (Carper et al. 2002; Hazlett et al.
2005). There is currently evidence of abnormal increases
short-distance connectivity within these brain regions, but a
lack of connectivity between regions mediating the integration
and processing of social and emotional information
(Kleinhans et al. 2008; Courchesne et al. 2007). Studies ex-
ploring neural connectivity via event-related potentials (ERP)
to faces and facial expressions (Dawson et al. 2002; Webb
et al. 2006; McPartland et al. 2004) suggest that children
and adults with ASD show atypical and delayed event-
related brain potentials to faces and facial expressions. For
instance, Dawson et al. (2002) found that the differential neu-
ral activation seen in TD and mental-aged matched children
with developmental delay when viewing their mother’s face
versus an unfamiliar face was not seen in 3 and 4-year-olds
with ASD. Furthermore, children with ASD have been found
to demonstrate atypical neural differentiation to a face ex-
pressing fear than a neutral face compared to TD children
(Dawson et al. 2004). An impairment in the connectivity in
the amydala–orbitofrontal circuit (Bachevalier and Loveland
2006), in particular, has been implicated in emotion-regulation
and expression impairments in toddlers and young children
with ASD (Carper et al. 2002). Reduced overall corpus
callosum volumes have also been found in children and adults
with ASD (Boger-Megiddo et al. 2006), further implicating
deficits in long-distance neural connectivity and integration as
contributing factors to emotion-processing deficits in ASD.

In summary, although imaging studies have not yet con-
clusively elucidated the structural and functional correlates
of emotion processing in ASD groups, the current literature
indicates reduced corpus-callosum volumes, decreased cer-
ebellar volumes, and impaired connectivity between the
orbitofrontal–limbic networks, shedding light on the possi-
bility of deficits in long-distance neural connectivity and
integration as contributing factors to emotion-processing
deficits in ASD. The emerging notion that the bi-
directional attachment relationship interacts differentially
with the child’s neurobiological systems to predict the de-
velopment of ASD symptomatology, including emotion-
processing ability (Dawson 2008; Schore 2002, 2009),
needs to be further consolidated through empirical studies
incorporating neurological, biological, and physiological
measures. The next session summarises current knowledge
on Executive Functioning (EF) in ASD populations, a
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neurocognitive faculty which has been purported to under-
lie emotion-processing deficits in this group (Vollm et al.
2006).

Neurocognitive Processes in Emotion Processing

The literature largely conceptualises EF as a higher order cog-
nitive function encompassing a set of goal-directed processes;
namely inhibitory control, working memory, planning, set
shifting, and cognitive flexibility (Hill 2004; Miyake et al.
2000). In both TD andASD groups, EF ability has been linked
to the ability to self-regulate emotions (Bridgett et al. 2012;
Zelazo and Cunningham 2007). EF ability, for instance, the
ability to attend to and shift from one frame of reference to
another (Lee and Hoaken 2007), has also been seen to facili-
tate the understanding of others’ emotional states (Carlson
et al. 2004a), and has been found to predict social-emotional
competence in TD (McKown et al. 2009) and ASD groups
(Gilotty et al. 2002; Vollm et al. 2006). Generalised deficits in
joint and reflexive attention and attention shifting have been
implicated in the impairments ASD children and adults face
with accurate facial emotion recognition (Mundy et al. 2009),
although others suggest that facial emotion-recognition im-
pairments are not characterised by such attentional deficits in
gaze and face perception (Ames and Jarrold 2007), but rather
by specific impairments in socio-emotional cognitive process-
es (Piggot et al. 2004).

Consistent deficits in planning and attentional flexibility
have been found in children with ASD (Pellicano et al.
2006; Pennington and Ozonoff 1996; Winsler et al. 2007;
Morgan et al. 2003), whereas paradigms assessing inhibition
and working memory do not consistently reveal impairments
(Goldberg et al. 2005; Hill 2004). EF deficits have been at-
tributed to low degrees of integration of information across
cortical areas resulting from reduced intracortical connectivity
(Just et al. 2007), particularly the frontal lobe as well as
cortico-cortical and cortico-striatal loops (D’Esposito 2007).

Studies of preschool and school-aged TD and ASD groups
have drawn positive links between the EF faculty of inhibition
and ToM ability (Joseph and Tager-Flusberg 2004; Carlson
et al. 2004b), independent of age or cognitive ability. In both
TD children and children with ASD, working memory, spe-
cifically the ability to hold information in mind while process-
ing this information, has been found to positively relate to the
ability to attribute mental states to one’s self or others (Gordon
and Olson 1998; Keenan et al. 1998; Joseph and Tager-
Flusberg 2004).

While the relationship between EF ability and facial emo-
tion recognition (FER) requires further exploration, some pre-
liminary evidence currently exists for a positive relationship
between EF and performance on FER tasks in both preschool
age (Rosenqvist et al. 2014) and in middle childhood
(Mathersul et al. 2009) in TD children.

Summary and Future Directions

Current research in children with ASD implicates overarching
deficits in emotion regulation, encompassing emotional reci-
procity and expression, while there is less agreement on the
existence of emotion-recognition deficits across high-
functioning ASD groups. Nevertheless, existing studies sug-
gest that cognitive ability may influence the levels of deficit
experienced, and thus future studies exploring emotion pro-
cessing in ASD should identify and control for group and
individual differences in cognitive ability.

Neurological and electro-physiological studies indicate
deficits in automatic processes underlying emotion recogni-
tion, despite behavioural findings not consistently findings
deficits in emotion recognition. The literature indicates an
emerging link between security of attachment and the ability
to understand the emotional states of the self and others, as
well as with adequate reciprocity towards the expression of
emotional stimuli in ASD populations. In groups of TD chil-
dren, positive links have also been drawn between attachment
security and the child’s ability to regulate emotional states.
The high rates of internalizing and externalizing difficulties
seen in children with ASD compared to matched TD groups,
together findings that attachment insecurity acts as a risk fac-
tor for these difficulties, highlight the need for future studies
investigating the influence of attachment insecurity on emo-
tional and behavioural difficulties in children with ASD
alongside organic explanations for emotion-processing defi-
cits in this group.

Although the role that attachment influences play in
emotion-processing difficulties in ASD groups is a relatively
unexplored area, it is, however, known that the formation of
parent–child attachment is bi-directional, specifically, that it is
dependent on the characteristics of both the parent and the
child or infant. Specifically, the development of attachment
security in ASD appears to be dependent on a wide range of
factors such as parent–child synchrony as mediated by the
severity of the child’s ASD symptomology, the child’s cogni-
tive ability, as well as parental stress and coping styles. Given
that there has been a reliance on formal measures of attachment
categorisations, there is a need to qualitatively explore the fac-
tors which mediate the bi-directional attachment relationship
and how it interacts with the child’s neural pathways to influ-
ence emotion-processing ability. Such explorations of attach-
ment behaviours in children with ASD will help to further
clarify the nature of secure attachment in this population while
taking into account the characteristics, deficits, interests and
family dynamics unique to ASD. Moreover, given the relative
focus of attachment in infancy, toddlerhood, and early child-
hood in the ASD literature to date, future studies exploring the
characteristics of attachment in older children and adolescents
will be invaluable in contributing to knowledge on attachment
relationships across the developmental trajectory in ASD.
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The empirical literature has consistently supported the role
of genetic and epigenetic programming in the pre, post, and
peri-natal stages in contributing to early structural neural ab-
normalities such as brain overgrowth in the first 2 to 4 years of
life, decreased corpus callosum volumes and neuronal ex-
cesses, as well as the hypoactivation and abnormal patterns
of connectivity between cortical and subcortical structures,
namely, the frontal, temporal, and subcortical limbic net-
works, in particular, the orbitofrontal circuit in contributing
to impairments such as emotion-processing difficulties in
ASD. Preliminary evidence has arisen in recent years for the
neurobiological basis of emotion dysregulation, where attach-
ment interactions are seen as influencing the maturation of
right-hemisphere structures involved in emotion processing
and regulation. Nevertheless, there is emerging evidence of
an interplay between parent–child interactions and structural
neural alterations in the early months and years of life, which
may influence the consequent trajectory of neuroendocrine,
neurobiological and neurocognitive processes which have
been found to play a role in emotion recognition and regula-
tion. Consequently, there is a need to elucidate the underlying
neural mechanisms by which early attachment influences
emotion recognition, understanding, and regulation in ASD
populations.

Evidence for the role of the HPA axis in emotion-regulation
in children with ASD suggests that despite findings of abnor-
mal HPA feedback–loop patterns, a clear directional pattern of
HPA axis dysregulation has not yet been delineated, although
it is suspected that ASD groups may demonstrate HPA axis
dysregulation in response to discrete stressful situations, both
social and non-social. Moreover, given the different levels of
severity observed in emotion-processing deficits across pop-
ulations of ASD children, the role of biological sensitivity and
reactivity to environmental stressors in infancy and early
childhood requires further exploration, particularly given that
the socio-emotional deficits core to ASD are likely to influ-
ence the nature of attachment interactions from infancy.

Furthermore, given that deficits in the neurocognitive do-
main of executive functioning have also been postulated as
influencing the emotion-recognition and regulation deficits
seen in ASD and TD populations, future studies exploring
the role of EF faculties alongside the role of attachment secu-
rity on subsequent emotion processing in children with ASD
will help to clarify the relative influences of attachment secu-
rity and EF on the emotion-processing deficits seen in ASD.

Conclusion

The recent increased awareness of ASD and its subsequent
increased prevalence (Liu et al. 2010) drives a greater urgency
for research into all possible underlying contributors to the
deficits seen in this disorder. Furthermore, this trend shows

promise for a greater level of holistic empirical research in
distinguishing the unique trajectory of emotion-processing
deficits of ASD. The current literature suggests that
emotion-processing deficits seen in ASD are likely influenced
by a wide range of factors, including (a) early structural brain
development in-utero, in infancy, and into childhood; (b)
executive-functioning ability; (c) neuroendocrine processes
such as dysregulation of the HPA axis; and (d) attachment
relationships. Future studies exploring the influence of care-
giver–child attachment relationships on established organic
explanations for emotion-processing deficits seen in ASD will
add to the existing substantial knowledge base about the im-
pact of attachment relationships on neurobiological, neuroen-
docrine, and neurocognitive processes underlying the ability
to process emotion.
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