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THESIS SUMMARY
Individuals with autism are commonly believed to be ‘emotionally detached’ from
others. This thesis by publication explores the evidence for this assumption, with a literature
review and three empirical papers. Upon review of over 240 studies, it was concluded that
emotion-processing impairments in autism are not universal, and are not specific in this
disorder. However, the emotion-processing profile, involving more impairments on implicit
than explicit emotion tasks, appears to be unique to this condition.
On the basis of the published literature review, implicit emotional reactivity was
investigated in 25 children with autism and 21 typically developing children, aged 2 to 5
years, by measuring their pupillary responses, using eye-tracking pupillometry. The first aim
was to determine whether children with autism have an abnormal resting-state (tonic) pupil
size in comparison to typically developing children. A normative tonic pupil size was found
in the participants with autism, which questions the notion that autism is associated with
resting-state physiological dysregulation. This finding suggests that the measurement of
pupillary responses to indicate emotional reactivity was not confounded by hyper-arousal in
the autism group. Implicit emotion processing was assessed in the second study by measuring
pupillary responses to non-consciously and consciously presented fearful expressions. The
children with autism had reduced pupillary responses to non-consciously presented emotion,
with a normative response to consciously presented emotion. As most research in this area
has investigated reactivity to emotion expressed by unfamiliar people, the third study
measured pupillary responses to fearful expressions of familiar people by children with and
without autism. The autism group showed normative pupillary reactions to fear expressed by
familiar, but not unfamiliar people.
Together, these findings indicate that emotional reactivity in children with autism
requires consciousness, familiarity with the person expressing the emotion, and increased
time. These results argue against a pervasive emotional detachment in autism, but rather
provide evidence for a fundamental difference in emotion-processing in individuals with
autism.
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THESIS OUTLINE
A brief outline of the thesis is provided here to assist the reader, as the thesis is comprised of
a series of chapters, based on published and unpublished papers submitted for publication, as
well as explanatory/linking chapters.
CHAPTER 1: General Introduction
The general introduction provides an overview of the ways in which social and emotional
development interact, and considers the conception of autism from some scholars that this
disorder is manifested due to a disruption of emotional development.
CHAPTER 2: Are Emotion Impairments Unique To, Universal, Or Specific In Autism
Spectrum Disorder? A Comprehensive Review
Chapter 2 presents a review of studies that have examined emotion processing in autism,
focussing on four emotion processes which are important during social engagement: explicit
emotion recognition, implicit emotional appraisal, emotional expression and empathy. The
review makes conclusions regarding the universality and specificity of emotion processing
impairments in autism, as well as the uniqueness of emotion-processing profile in autism.
à Published
CHAPTER 3: Capturing Implicit Emotional Appraisal in the Pupil
Chapter 3 is a linking chapter that provides an in-depth explanation of the measure of
emotional reactivity used in the three empirical journal articles (Chapters 4, 7 and 8):
pupillary responses.
à Not submitted (linking chapter only)
CHAPTER 4: Brief Report: Evidence for Normative Resting-State Physiology in
Autism
Chapter 4 presents a study which examined the resting-state pupil size in the children with
and without autism recruited for the two further studies presented in the thesis (Chapters 7
and 8).
à Revisions submitted

xiv
CHAPTER 5: Specificity of Atypical Social Reactivity in Autism: Implicit vs. Explicit
Processing
Chapter 5 is a linking chapter which draws on the findings of the review (Chapter 2) and the
findings presented in Chapter 4 to make intermediary conclusions regarding the nature of
emotion processing difficulties in autism.
à Not submitted (linking chapter only)
CHAPTER 6: A Historical Perspective of Unconscious Emotion
Chapter 6 is a linking chapter which provides a historical account and conceptual analysis of
the study of unconscious emotion, prefacing Chapter 7.
à Not submitted (linking chapter only)
CHAPTER 7: Pupillometry Reveals Reduced Unconscious Emotional Reactivity in
Autism
Chapter 7 presents a study on reactivity to subliminally presented emotion in children with
and without autism.
à Submitted
CHAPTER 8: Reactivity to Fearful Expressions of Familiar and Unfamiliar People in
Children with Autism: An Eye-Tracking Pupillometry Study
Chapter 8 presents a study on reactivity to emotion in children with and without autism, to
people who were familiar and unfamiliar to the children.
à Revisions submitted
CHAPTER 9: General Discussion
The general discussion integrates the findings presented in the review and the three journal
articles in order to make conclusions regarding emotional reactivity in young children with
autism. Clinical implications of the findings, the limitations of the body of work presented,
and suggestions for future research directions are also provided here.
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Social-Communicative Development is Reliant on Emotional Development
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“One of the most powerful influences on development is what happens between
people” (p. 7)… We have a basic human response to expressions of feelings in othersa response that is more basic than thought” (Hobson, 2004, p. 60)

Emotions are contagious. Laughter radiates joy; tears spread sorrow. Humans have a
primitive tendency to converge emotionally with one another (Hatfield, Cacioppo, & Rapson,
1993). From birth, newborns are thought to possess the necessary rudimentary skills to share
emotion with others (Sagi & Hoffman, 1976; Simner, 1971), especially during face to face
communication (Trevarthen, 1993), suggesting an innate capacity for empathic interpersonal
relatedness (Moore, 1990; Zahn-Waxler & Radke-Yarrow, 1990). However, individuals with
an Autism Spectrum Disorder (ASD), a cluster of neurodevelopmental disorders marked by
severe deficits in social communication and behavioural rigidity (American Psychiatric
Association [APA], 2013), are often reported to have difficulty with the processing of
emotion (e.g., Harms, Martin, & Wallace, 2010; Uljarevic & Hamilton, 2012).
Of particular interest in the current thesis was whether individuals with ASD experience
difficulty across those emotion processes which are most important for interpersonal
engagement: the recognition of emotion in others, reactivity to others’ emotions, the
expression of emotion, and empathy. In doing so, the aim was to establish whether all
individuals with ASD experience these difficulties (i.e., the issue of universality), and
whether these difficulties are related to deficits in other domains, such as attention or
motivation (i.e., the issue of specificity). Moreover, a crucial question is whether emotionprocessing difficulties are only present with socially expressed emotion (i.e., that expressed
through the face, voice and body), or whether emotional abnormalities are also present in
response to emotion expressed through non-social means (e.g., through music), or when there
is no overt expression of emotion at all (i.e., emotional arousal at a baseline, or resting-state
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level). If emotional impairments in individuals with ASD are specific to social elicitors,
another important issue is whether the relationship of the individual with ASD to the
emotionally expressive individual (i.e., someone who is familiar vs. unfamiliar to them) is
important for these individuals. Finally, it was also of interest to establish whether individuals
with other disorders have similar difficulties with the processing of emotion (i.e., the issue of
uniqueness), and whether individuals with ASD employ similar strategies to the processing of
emotion, as those used by individuals with typical development.

Social-Communicative Development is Reliant on Emotional Development
Emotion sharing is a primordial aspect of communication (Bruner, 1981; Wallon, 1938).
The capacity for social exchanges, or contingency between one person’s actions and
another’s is also considered to be present from birth (Johnson, Grossmann, & Farroni, 2008;
Wallon, 1938), and relies on processes involved in the reactivity to, and expression of
emotion (Murray & Trevarthen, 1985; Trevarthen, 2005). Research using the still-face
paradigm (involving mother-infant dyadic engagement with responsive and non-responsive
interaction periods, on the part of the mother) has shown that even two-month-olds have
expectancies for reciprocal engagement of affectionate and expressive states, and notice
when there is a ‘break in the connection’ (Murray & Trevarthen, 1985; Nadel, Carchon,
Kervella, Marcelli, & Réserbat-Plantey, 1999; Tronick, Als, Adamson, Wise, & Brazelton,
1979; Tronick, 2005). Thus, Stern (1993, 2010) argues that infants are attuned to the ‘vitality
dynamics’ of their social partners, and that it is through the exchange of emotional or arousal
states that non-conscious, non-verbal, and implicit relational knowledge is formed, as well as
the feeling of ‘being present’ with another. Similarly, Trevarthen and colleagues (Malloch &
Trevarthen, 2009; Trevarthen, 1999) note that infants and their mothers use intuitive,
rhythmic patterns of engagement, or a certain ‘communicative musicality’. These co-
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ordinated rhythms rely on physiological and psychological homeostatic processes (i.e.,
autonomic and psychosocial systems of two or more organisms, in one physical
‘containment’) which are functional before birth and which are thought to be a product of our
evolutionary history (Porges, 2003; Trevarthen, Aitken, Vandekerckhove, Delafield-Butt, &
Nagy, 2006). Applied to a social context, these homeostatic processes play a role in social
engagement and withdrawal (Porges, 2003, 2011), such as in the case of the still-face
interaction. Thus, children’s emotions not only function to draw them into the life of others,
but also create a means by which dyadic interaction can occur, interpersonal meaning can be
created (Tronick, 2005), and companionships can be established and reinforced (Trevarthen,
2005).
By the end of the first year of life, children use emotional expressions such as smiles and
laughs to modulate and maintain social interaction; they notice when they are excluded and
try to join in the ‘conversation’ (Tremblay-Leveau & Nadel, 1996). They also use more
socially-directed facial and bodily expressive movements when a triadic interaction is a
social one (i.e., between two adults and themselves), rather than when it includes an object
(i.e., between one adult, an object and themselves; Nadel & Tremblay-Leveau, 1999).
Although these findings suggest an early capacity for sharing of emotional states in a way
that facilitates social interaction, Hobson (2004) argues this emotional sharing appears before
the understanding of that sharing, i.e., that an implicit emotional connectedness with others is
the developmental precursor for an explicit, declarative understanding of such connectedness.
By three years of age, preschoolers can cognitively appraise emotional social events and
adapt their emotional behaviour to fit within social contexts (e.g., through understanding of
display rules). Thus, emotional processes are increasingly integrated with cognitive processes
(Lemerise & Arsenio, 2000). Social capabilities at this age are therefore quite complex, and
have been found to be related to emotional competence (e.g., Denham, 1986; Gross & Ballif,
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1991; LaFreniere, 2000). Furthermore, throughout life, the social sharing of emotions is also
thought to serve some important social functions, such as social support, social integration,
social comparison and social affirmation or approval (Rimé, Finkenauer, Luminet, Zech, &
Philippot, 1998).

Emotional Development is Reliant on Social-Communicative Development
Whilst social communication is thought to be reliant on emotion processes, emotional
development is also considered to evolve through an accumulation of social encounters
across the lifespan (Tremblay, Brun, & Nadel, 2005). Indeed, some contemporary approaches
view emotions as relational processes, deriving from significant transactions between the
individual and their social environment (Campos, Campos, & Barrett, 1989). For example,
other individuals significantly influence the way in which we interpret emotional events
(Schachter & Singer, 1962), and we are more likely to smile in the presence of another
person (than when alone), especially when that person is our friend (Hess, Banse, & Kappas,
1995). Moreover, the intensity of emotional reactions is related to the frequency with which
one shares emotional events with social partners (Luminet IV, Bouts, Delie, Manstead, &
Rimé, 2000). Furthermore, certain emotions only develop out of interaction with the social
world, such as those which require an understanding of the self in the eyes of other sentient
beings (often referred to as social or complex emotions), such as pride, shame and
embarrassment (Sroufe, 1997), as well as those which are for another or relational emotions,
such as love, admiration, and contempt (Trevarthen, 2001). Relational emotions have their
foundations in dynamic emotional reactions, and thus contribute to the building not only of
friendships, trust, and affectionate attachments, but also of mistrust and disregard (Barnes,
1999; Trevarthen, 2002). Therefore, emotional development and social development are
intimately intertwined, in a way that is intriguingly complex, and due to bi-directional
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influences. Hence, the examination of clinical populations marked by atypical social
development necessitates the consideration of their emotional development.

The Conception of Autism as a Disruption of Emotional Development
Autism Spectrum Disorder, as mentioned above, is a pervasive developmental disorder
characterised by severe impairments in the realm of social communication, as well as by
behavioural rigidity (APA, 2013). This disorder exists on a spectrum, ranging from
individuals who do not develop any functional social-communicative skills and thus require
constant care, to others with cognitive and language ability in the average range (APA, 2013).
However, even higher-functioning individuals with ASD experience difficulty with the
intricacies of social interaction, such as with the timing of social initiations and responses
(i.e., social reciprocity), as well as with achieving a comprehensive understanding of social
relationships (Lord et al., 1989; Lord, Rutter, & Le Couteur, 1994).
Not surprisingly, given the close link between social and emotional development
mentioned above, and lead by the idea that social development is deeply altered by
impairments in expression and understanding of emotions, much empirical attention has
focused on the processing of emotions in ASD. Indeed, for many years, in keeping with
contemporary conceptions that ASD stemmed from a single cause, a key area of research
sought to determine whether emotional atypicalities were ‘central’ or ‘core’ to explaining
autistic symptoms.
The first to suggest the fundamental importance of emotion in ASD was Kanner (1943),
who, in his initial description of autism, suggested this to be a disorder of “affective contact”
(p. 217). Many years later, Hobson (1983, 1989) suggested that many (but not all) of the
deficits apparent in ASD, particularly in the realm of cognition, language and imaginative
ability, may have their roots in a difficulty with ‘personal relatedness’ with others, which is
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typically achieved by the sharing of emotional states between people. Hobson posited that
people without ASD are ‘moved’ psychologically by the bodily-expressed emotions of
others, whereas people with ASD do not posses the necessary non-cognitive, biological
prewiring for the understanding of others’ emotional states, which would ordinarily allow for
this kind of interpersonal emotional engagement (Hobson, 1989, 2012).
In a similar vein, Greenspan (2001) suggested that, for biological reasons, individuals
with ASD miss a critical developmental capacity to connect emotion with motor planning,
sequencing abilities and symbolic formation, and consequently have a difficult time engaging
in long reciprocal chains of affective interaction. In turn, this inability is thought to create
more disruption in the development of creative and abstract thinking, as well as with the
development of high-level social skills (the ‘Affect Diathesis Hypothesis’; Greenspan, 2001).
Likewise, in their writings about ASD, Bowman, Hinkley, Barnes and Linsday (2004)
consider emotional dysfunction as a central feature of the disorder, and Sigman, Dijamco,
Gratier and Rozga (2004) suggest that the capacity to distinguish facial expressions of
emotion is a core deficit in ASD. Similarly, Gaigg (2012) posited that emotional anomalies in
ASD may account for both the social and non-social features of the condition, specifically by
disrupting the interplay between emotional and cognitive processes. In his more recent
writings, Baron-Cohen (2002; 2009) has also highlighted the centrality of emotional
difficulties for individuals with ASD, specifically suggesting that people on the autism
spectrum have characteristically poor empathising skills.
In sum, it is widely accepted that social and emotional development are co-dependent,
and that both are disrupted, to some extent, in ASD. Since the first conceptualisations of
autism, many scholars have suggested that emotional impairments underlie the symptoms,
particularly the social symptoms, associated with ASD. However, as offered by some
authors, and as discussed above, social development also underlies some features of
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emotional development; thus the social impairments that are common in ASD may also give
rise to some emotional impairments. Given the recent acknowledgement that there may be
many ‘autisms’ subsumed under the umbrella term of ASD (as indicated in the heterogeneity
in causes and behavioural presentations of ASD), it is now more important than ever to
investigate whether emotion impairments are unique to, universal, or specific in ASD.
This thesis comprises a series of papers interspersed with explanatory and linking
chapters. Chapter 2 presents a comprehensive review on the issue of whether difficulties with
the emotion processes that are most important for interpersonal engagement (i.e., recognition
of emotion, reactivity to emotion, expression of emotion and empathy) are universal in, and
unique to ASD, and whether these difficulties are specific in ASD (or can be explained by
deficits in other domains). The next chapter (Chapter 3) describes how spontaneous
emotional reactivity may be captured by measuring pupillary responses to emotion, and
explains the importance of gauging whether individuals with ASD have abnormal restingstate pupil size (i.e., an index of physiology at baseline), before using pupillary responses as a
measure of emotion processing. Chapter 4 then reports on resting-state pupil size in a sample
of children with ASD who were recruited to participate in all of the studies included in this
thesis.
The following chapter (Chapter 5) considers the specificity of atypical physiological
reactivity to social stimuli in ASD, including a discussion of whether the emotion
impairments evident in ASD are specific to emotions expressed via bodily means (i.e.,
through the face, voice and body), and suggests that implicit (vs. explicit) emotion processes
may be key to understanding the social-emotional difficulties that individuals with ASD
experience in their everyday lives. The subsequent chapter (Chapter 6) provides a historical
account of the study of unconscious emotions, prefacing Chapter 7, which considers pupillary
responses to non-consciously (subliminally) presented emotion in children with and without

CHAPTER 1: General Introduction
an ASD (which is suggested to be a good method of studying implicit emotion processing).
Finally, Chapter 8 investigates an area of emotion processing in ASD which has not yet
been explored; reactivity to emotion expressed by people with whom the individual with
ASD is familiar. In the general discussion (Chapter 9), the entire body of work presented in
the thesis is summarised and organised as a palatable whole, in order to draw some final
conclusions about emotion processing in ASD, to offer some clinical applications of the
findings, and to provide some useful future directions for this area of research.
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Abstract

There is widespread belief that individuals with Autism Spectrum Disorders (ASDs) are
‘emotionally detached’ from others. This comprehensive review examines the empirical
evidence for this assumption, addressing three critical questions: 1) Are emotion-processing
impairments universal in ASD? 2) Are they specific, or can they be explained by deficits in
other domains? 3) Is the emotion processing profile seen in ASD unique to these conditions?
Upon review of the literature (over 200 studies), we conclude that 1) emotion processing
impairments might not be universal in ASD, as suggested by variability across participants
and across emotion-processing tasks, 2) emotion processing impairments might not be
specific to ASD, as domain-general processes appear to account for some of these
impairments; and 3) the specific pattern of emotion processing strengths and weaknesses
observed in ASD, involving difficulties with processing social vs. non-social, and complex
vs. simple emotional information (with impairments more consistently reported on implicit,
than explicit emotion processing tasks), appears to be unique to ASD. The emotion
processing profile observed in ASD might be best understood as resulting from
heterogeneous vulnerabilities in different components of an ‘emotional communication
system’ that, in typical development, emerges from the interplay between domain-general
cognitive, social and affective processes.	
  

Keywords: autism, emotion, empathy, theory of mind, mirror neuron system
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Are Emotion Impairments Unique to, Universal, or Specific in Autism Spectrum Disorder?
A Comprehensive Review

Humans have a natural talent for understanding and expressing emotions. Newborns are
responsive to others’ emotions (Cheng, Lee, Chen, Wang, & Decety, 2012; Simner, 1971),
and are biologically prepared to recognise and express emotional states (Darwin, 1872; Izard,
1971). In contrast, individuals with Autism Spectrum Disorders (ASDs), a group of
neurodevelopmental disorders characterised by social interaction and communication
impairments, as well as repetitive and restricted patterns of behaviour (American Psychiatric
Association, 2000), are often reported to have difficulties in recognition of, responding to and
expressing emotions (Harms, Martin, & Wallace, 2010; Hobson, 2005; Uljarevic &
Hamilton, 2012). Indeed, some scholars suggest that people with ASD are ‘blind’ to
emotions, and that emotional disturbances are a core impairment in ASD (e.g., Baron-Cohen,
1988; Bowman, Hinkley, Barnes, & Lindsay, 2004; Hobson, 1986). However, other research
challenges this view (Back, Ropar, & Mitchell, 2007; Homer & Rutherford, 2008; Loveland
et al., 1997; Vivanti et al., 2011).
Given the contradictory nature of the findings on emotion processing in ASD, there is
considerable debate over a number of critical questions: Are emotion-processing impairments
universal in ASD? Are these impairments domain-specific, or can they be explained by
deficits in other domains? Is there an emotion processing profile that is unique to ASD? This
comprehensive review of the literature on emotion processing in ASD will address these
questions, with the aim of advancing knowledge in the area and paving the way for future
research.
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1. Are Emotion-Processing Impairments Universal in Autism Spectrum Disorder?
Heterogeneity Across Participants
If emotion-processing deficits are universal in ASD, these deficits must be present in
every individual with ASD, regardless of their cognitive ability or severity of autistic
symptoms. One difficulty in establishing the universality of emotion processing deficits in
ASD is that most studies focus on group differences, without reporting individual variations.
The few studies providing individual data do not support the notion that emotion processing
is universally impaired in the ASD population. For example, in a study on emotion
recognition in ASD, the percentage of participants who failed the task ranged from 5 to 70%,
with most emotional stimuli being correctly identified by more than 50% of the sample
(Golan, Baron-Cohen, & Hill, 2006). Similarly, in a recent study on emotion labelling, whilst
group results suggest an impairment in ASD, the proportion of participants showing atypical
labelling ranged from 10 to 70% (Rutherford, Troubridge, & Walsh, 2012). Likewise, Lerner,
McPartland, and Morris (2012) documented that the children with ASD in their study
showing difficulties in emotion recognition ranged from 0 to 75%. Another study reporting
group differences in the ability to recognise fearful facial expressions report that only 50% of
the ASD sample showed atypical performance (Humphreys, Minshew, Leonard, &
Behrmann, 2007). Moreover, a study by Hobson and Lee (1999), which tested the ability to
reproduce the emotional tone of observed actions, reported individual differences in
performance (37 to 80% across trials), despite overall group differences.
Similar levels of individual variability are observed in studies reporting reduced empathy
(Bird et al., 2010; Hobson, Harris, García-Pérez, & Hobson, 2009), and in studies
documenting atypical display of emotional expressions in this population (Yirmiya, Kasari,
Sigman, & Mundy, 1989). Individual differences in emotion-processing in ASD have been
reported to be associated with a range of factors, including verbal abilities (e.g., Quintin,
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Bhatara, Poissant, Fombonne, & Levitin, 2011; Wallace et al., 2008), non-verbal cognitive
abilities (e.g., Humphreys et al., 2007; Yirmiya, Sigman, Kasari, & Mundy, 1992), overall IQ
(e.g., Dissanayake et al., 2011; Hobson et al., 2009; Loveland et al., 1997), ASD symptom
severity (Humphreys et al., 2007; Philip et al., 2010; Tardif, Lainé, Rodriguez, & Gepner,
2007), and chronological age (Fein et al., 1992; Law Smith et al., 2010). These data, whilst
limited, suggest that atypical processing of emotions might be present in a significant
proportion of individuals with ASD, rather than in the entire ASD population.
Heterogeneity Across Tasks
Behavioural and physiological responses. Further insight on the universality of the
emotion processing deficit in ASD can be gained by examining how performance is affected
by factors such as the emotion process that is measured (e.g., explicit emotion recognition vs.
empathy; see Table 1 for definitions of these tasks) and the emotional stimuli that are
presented in such tasks (see Table 2). In Appendix A, the results of over 200 studies that have
investigated emotion processing in individuals with ASD using these different paradigms are
reported. Results indicate that dimensions such as valence, intensity, and duration of
presentation of the emotional stimuli influence performance in this population.
Explicit recognition of basic emotions using photographs of prototypical whole-face
expressions is reported to be intact in ASD by most studies (e.g., Prior, Dahlstrom, &
Squires, 1990; Weng et al., 2011). However, a number of studies comparing the recognition
of different basic emotions indicate deficits on negative, but not positive emotions in this
population (e.g., Ashwin et al., 2007; Wallace et al., 2011). Moreover, deficits at the group
level are often reported in studies involving recognition of subtle emotions (Greimel et al.,
2010; Law Smith, Montagne, Perrett, Gill, & Gallagher, 2010), emotion blends (Humphreys
et al., 2007; Kuusikko et al., 2009), complex emotions (Baron-Cohen, Sally Wheelwright, et
al., 1997; Heerey, Keltner, & Capps, 2003), emotions presented in only part of the face
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(Baron-‐Cohen, Wheelwright, Hill, Raste, & Plumb, 2001; Gross, 2004; Wallace, Coleman, &
Bailey, 2008), and emotions presented for short durations (Kliemann, Dziobek, Hatri,
Steimke, & Heekeren, 2010; Rump, Giovannelli, Minshew, & Strauss, 2009).
Studies that have focused on the recognition of basic vocal emotions conveyed by prosody
mostly report normative abilities in ASD (e.g., Baker, Montgomery, & Abramson, 2009;
Paul, Augustyn, Klin, & Volkmar, 2005), whilst deficits are more often reported in response

Table 1. Measures Used in Emotion Processing Tasks
Process

Definition

Measurement

Explicit
emotion
recognition

Selection of emotional
state with explicit
attention to the emotion

-

Accuracy of emotion labeling,
identification, (e.g., “Where’s angry?”) or
selection (i.e., in a forced-choice task)

Implicit
emotional
appraisal

Response that is
contingent on incoming
emotional information,
whilst the participant’s
attention is not explicitly
directed towards the
emotion (in order to
capture spontaneous
emotional appraisal)

-

Physiological changes (e.g., skin
conductance responses, heart rate changes,
pupil dilation) that occur during passive
viewing of emotional expressions, or during
a task such as a gender/ age discrimination
Changes in emotional expressions (i.e.,
facial musculature), judgments, or
behaviour that occur after the presentation
of emotional stimuli

Any expression that
carries emotional
meaning (by facial
expressions, prosodic
inflections on speech,
gestures, whole body
movements, etc.)

-

Sharing and
understanding of
emotional states between
two or more people
(affective and cognitive
empathy, respectively)

-

Emotional
expression

Empathy

-

-

-

Quality of ‘posed’ (on demand) emotional
expressions, e.g., “Show me happy” (coded
as a natural vs. abnormal happy expression)
Accuracy of imitation of emotional
expressions
Frequency and quality of spontaneous
emotional expressions during play
Behavioural reactions to the experimenter
in ‘distress’
Everyday empathic behaviours/tendencies,
as measured in questionnaires
Descriptions of the feelings (and reasons
for those feelings) of characters in videotaped vignettes
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to more complex tasks, such as matching emotional prosody to emotional faces (Hall,
Szechtman, & Nahmias, 2003) or to social scenes (Lindner & Rosén, 2006), attributing
emotional prosody to a character’s likes/dislikes (Hesling et al., 2010; Peppé, McCann,
Gibbon, O’Hare, & Rutherford, 2007), and recognizing complex emotional states (Golan,
Baron-Cohen, Hill, & Rutherford, 2007; Rutherford, Baron-Cohen, & Wheelwright, 2002).
Consistent with research on facial emotions, some findings on the recognition of emotional
prosody point to more abnormalities in the identification of negative (vs. positive) emotions
(e.g., Vannetzel et al., 2010). Individuals with ASD also appear to have difficulties in
extracting emotional information from body postures (Hobson, 1986; Hadjikhani et al.,
2009).
Table 2. Stimuli Dimensions in Emotion Processing Tasks
Dimensions

Examples

Basic (happiness, sadness, anger, fear,
Happy vs. embarassed
disgust and surprise) vs. complex (shame,
pride, jealousy, etc.)
Positive vs. negative

Happy vs. angry

Static vs. dynamic

Photographed vs. videotaped expressions

Subtle vs. intense (e.g., prototypical)

Little smile vs. big smile

Whole-face vs. part-face

Face vs. eyes only

Short vs. long presentation

30ms vs. 3s

Some research has tested the ability to recognise emotions from music (i.e., determining
whether a musical piece is happy or sad), thereby eliminating the potential confounding
factor of social processing difficulties. The results from these studies mostly document an
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intact ability to recognise ‘musical emotions’ in this population (e.g., Heaton, Allen,
Williams, Cummins, & Happé, 2008; Quintin, et al., 2011; but see Bhatara et al., 2010).
Regarding implicit emotional appraisal (see Table 1), some studies have investigated
pupillary reactions to faces and voices expressing basic emotions in ASD, two finding
atypical responses (Anderson, Colombo, & Shaddy, 2006; Kuchinke et al., 2011) and two
finding no group differences (Falck-Ytter, 2008; Wagner, Hirsch, Vogel-Farley, Redcay, &
Nelson, 2012). Similarly, one study reports atypical skin conductance responses (SCRs) to
emotions in ASD (Riby, Whittle, & Doherty-Sneddon, 2012), and one reports no
abnormalities (Hubert, Wicker, Monfardini & Deruelle, 2009). Importantly, several studies
have documented normative physiological responses to emotionally-relevant non-social
stimuli, such as music (Allen, Davis, & Hill, 2012), a knife or a snake (Shalom et al., 2006),
pleasant/ unpleasant odours (Legiša, Messinger, Kermol, & Marlier, 2012), and emotionally
arousing words (Gaigg & Bowler, 2008; see also South et al., 2008).
In relation to the production of emotional expressions, a number of studies have
documented that while children with ASD do spontaneously express basic facial emotions in
everyday life (e.g., Hobson, Chidambi, Lee, & Meyer, 2006), they do so less frequently, and
in more ambiguous ways, compared with their typically developing peers (Kasari, Sigman,
Mundy, & Yirmiya, 1990; Snow, Hertzig, & Shapiro, 1987; Yirmiya et al., 1989). Moreover,
one study found that children with ASD express positive affect less frequently (Kasari et al.,
1990), and other studies found that the expression of positive emotion was less likely to be in
response to a person, and more likely to be in response to a self-absorbed activity (Maestro et
al., 2005; Snow et al., 1987). In relation to spontaneous vocal expression of emotion, several
studies have shown that individuals with ASD have difficulty in conveying emotions through
prosody, suggesting that their intonation is more often ‘emotionless’, flat, monotonous, or
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abnormally modulated, compared to typically developing individuals (e.g., Green & Tobin,
2009; Paul et al., 2005).
Several studies have investigated ‘posed’ emotional expressions in ASD with
instructions such as “show me a happy face”, reporting that these expressions are more often
‘odd’ (Macdonald et al., 1989) or ‘mechanical’ (Loveland et al., 1994), than those of
typically developing individuals. Other studies have investigated the ability to imitate
emotional expressions in ASD, consistently finding no abnormalities (e.g., Dapretto et al.,
2006; Loveland et al., 1994; Oberman, Winkielman, & Ramachandran, 2009; Press,
Richardson, & Bird, 2010). Nevertheless, abnormalities were found with automatic mimicry
experimental paradigms (i.e., unintentional matching of observed emotional expressions;
McIntosh, Reichmann-Decker, Winkielman, & Wilbarger, 2006; Oberman et al., 2009).
Regarding empathy, many studies have found that young children with ASD show less
facial concern, and look less at the experimenter in ‘distress’ (pretending to hurt him/herself)
than developmentally delayed and typically developing children (Charman et al., 1997;
Corona, Dissanayake, Arbelle, Wellington, & Sigman, 1998; Sigman, Kasari, Kwon, &
Yirmiya, 1992). However, Corona et al. (1998) found that children with ASD displayed more
concern for a person displaying distress vs. neutral affect (as did children without an ASD). A
few studies have measured physiological reactivity in response to the observation of distress
in others. Two have found normative responses (Blair, 1999; Sigman, Dissanayake, Corona,
& Espinosa, 2003), and one found hypo-responsiveness (Corona et al., 1998) in children with
ASD. Furthermore, impairments in children, adolescents and adults with ASD have been
found in studies employing empathy questionnaires (e.g., Baron-Cohen & Wheelwright,
2004; Hudry & Slaughter, 2009; Oberman et al., 2009).
Brain activation patterns. Further insight on the universality of emotion processing
impairments in ASD can be gained from the data on brain activation patterns during emotion
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tasks. Normative behavioural performance on emotion processing tasks does not exclude the
possibility of atypical neurocognitive processing of emotional information, leaving open the
possibility of an universal abnormality in emotional processing in ASD that might be
‘masked’ in some subjects and in some tasks, through compensatory strategies. The best way
to ascertain whether neurocognitive processing is abnormal in all, or just some, individuals
with ASD is to examine the individual differences in brain activity during emotion-related
tasks. However, most of the brain-imaging and neurophysiological studies only provide data
on a group level. The majority of these studies report abnormalities in ASD samples (e.g.,
Baron-Cohen et al., 1999; Greimel et al., 2010; Pelphrey, Morris, McCarthy, & LaBar, 2007;
Wang, Dapretto, Hariri, Sigman, & Bookheimer, 2004; see also Appendix A).
More specifically, using both explicit and implicit emotion paradigms, several studies
have identified atypicalities in brain activity in areas that are thought to be important in facial
emotion recognition such as the amygdala (e.g., Baron-Cohen et al., 1999; Critchley et al.,
2000; Wang, et al., 2004) and the fusiform gyrus (e.g., Greimel et al., 2010; Hall et al., 2003;
Hubl et al., 2003). Atypical activation in the insula, an area thought to be involved in the
conscious awareness of internal physiological states (Critchley, 2005), has also been found in
individuals with ASD during various emotion processing tasks (e.g., Baron-Cohen et al.,
1999; Silani et al., 2008). Furthermore, some studies documented that ERP abnormalities and
reduced activity in these areas were found to be associated with reduced empathic behaviours
in ASD (Dawson et al., 2004; Greimel et al., 2010; Silani et al., 2008). Moreover, atypical
activation was reported in other brain regions associated to social processing, such as the
inferior frontal gyrus (Eigsti, Schuh, Mencl, Schultz, & Paul, 2011; Grèzes et al., 2009;
Hadjikhani et al., 2009), and the superior temporal sulcus (Ashwin et al., 2007; Pelphrey et
al., 2007; Spencer et al., 2011).
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Importantly, however, two studies have reported no atypicalities in brain activation
patterns during explicit emotion recognition tasks (Bird et al., 2010; Dalton et al., 2005).
Interestingly, some studies have identified greater activity in visual processing areas in ASD
during explicit emotion recognition (Hubl et al., 2003; Kleinhans et al., 2010; Loveland,
Steinberg, Pearson, Mansour, & Reddoch, 2008; Silani et al., 2008), and imitation of
emotional expression (Dapretto et al., 2006).
Summary
Overall, emotion-processing deficits do not appear to be universal in ASD, as indicated by
heterogeneous performance across individuals and across tasks. However, findings to date
show that many individuals with ASD show impairments in some facets of emotional
processing. In particular, they appear to have specific difficulties in processing emotional
information in the context of social vs. non-social stimuli, as suggested by data showing
intact processing of non-social emotionally relevant stimuli, as well as spontaneous display of
emotional expressions to objects vs. people. Moreover, emotional processing abilities appear
to be related to task complexity, as suggested by data showing intact recognition,
spontaneous expression and intentional imitation of basic emotional expressions.
Abnormalities are more consistently reported in tasks that are more demanding in terms of
attentional and cognitive resources, e.g., processing of complex emotions, emotion blends,
emotions presented for short durations, or only on part of the face, and paradigms in which
participants’ attention is not explicitly directed towards the emotional nature of the task.
Moreover, it appears that individuals with ASD have more difficulty in processing negative
(vs. positive) emotions (see also Uljarevic & Hamilton, 2012). Abnormalities are often
reported in brain activity across emotion-related tasks, involving reduced activation in areas
involved in social and emotion processing, as well as greater activation in visual processing
areas.
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2. Are Emotion-Processing Impairments Specific in Autism Spectrum Disorder?
If difficulties in emotion processing are specific in ASD (i.e., domain-specific), these
difficulties must not be caused by domain-general processing abnormalities. According to
current models, emotion processing relies on a number of domain-general processes,
including those related to motivation, attention, perception and social understanding, as well
as those involved in response selection and production (Adolphs, 2003; Decety & Moriguchi,
2007; Lemerise & Arsenio, 2000). In the following sections, we will address the issue of
whether deficits in one or more of these processes underlie emotional abnormalities in ASD.
Attention
Emotion processing depends on the availability and proper allocation of attentional
resources (Wong, Cronin-Golomb, & Neargarder, 2005). As individuals with ASD are often
reported to have atypical attention patterns (Klin, Jones, Schultz, Volkmar, & Cohen, 2002;
Klin, Lin, Gorrindo, Ramsay, & Jones, 2009), some studies have tested the hypothesis that
difficulties in explicit emotion recognition in ASD might reflect reduced attention to
emotional stimuli. Bal et al. (2010), Kirchner et al. (2011), and Kliemann et al. (2010) all
found that diminished attention to the eye region was associated to reduced accuracy in
emotion recognition in ASD. Moreover, Dalton et al. (2005) found a positive association
between the magnitude of amygdala and fusiform gyrus activity during emotion recognition
and attention to the eye region, suggesting that the atypical activity in these areas, as reported
above, may have been explained by reduced attention. However, other studies did not find
this relationship (Rutherford & Towns, 2008; Sawyer, Williamson, & Young, 2011). For
example, in implicit emotion tasks, both Anderson et al. (2006) and Stel and Smeets (2008)
have found emotion processing abnormalities to be unrelated to attention patterns. In relation
to empathy, both longitudinal (Clifford & Dissanayake, 2009) and concurrent (Charman et
al., 1997; Corona et al., 1998; Sigman et al., 1992) associations between social attention and
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response to others’ distress have been identified in ASD. Moreover, Dawson and colleagues
(2004) documented that reduced social attention was associated with ERP abnormalities in
response to emotional faces in a group of individuals with ASD.
Motivation
Motivational factors play a major role in emotion processing (Joseph, 2011; Skelly &
Decety, 2012). According to the ‘social motivation hypothesis’, emotion processing deficits
in ASD are a consequence of abnormalities in social reward mechanisms (Dawson, Webb, &
McPartland, 2005; Kleinhans et al., 2010). Consistent with this view, as mentioned earlier,
some research shows that children with ASD display more positive emotions when engaged
in a self-absorbed activity than to a social partner (e.g., Maestro et al., 2005) suggesting that
they do not have difficulty with the expression of emotions per se, when they find the
situation emotionally engaging and/or motivating. It is thus possible that non-social activities
are experienced as more emotionally rewarding than social ones. Given the developmental
and experiential nature of emotion processing (Karmiloff-Smith, 1998; Trevarthen, 2005),
attenuated social motivation could also impair the development of emotion recognition
ability. Whilst investigation of motivational factors appears to be a promising research
avenue, the paucity of data does not allow for definite conclusions.
Perception
Perceptual abnormalities are frequently reported in ASD (Happé & Frith, 2006; Mottron,
Dawson, Soulières, Hubert, & Burack, 2006), and some studies have investigated whether
such abnormalities may account for the emotion processing differences documented in this
population. Several studies have employed the face inversion paradigm, finding that typically
developing individuals find it harder to recognise emotions when faces are presented up-sidedown, while this is not the case for individuals with ASD (e.g., Gross, 2008; Hobson, Ouston,
& Lee, 1988). Ozonoff, Pennington and Rogers (1991) reported difficulties in distinguishing
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emotions that share perceptual features (e.g., the open mouth in fear and surprise) in
participants with ASD. Moreover, Rutherford and McIntosh (2007) found that individuals
with ASD had difficulties in selecting facial expressions to represent how a person would
actually look like if they felt happy, sad, etc., and Deruelle, Rondan, Salle-Collemiche,
Bastard-Rosset, and Da Fonséca, (2008) found that individuals with ASD rely on finegrained details (vs. gestalt) to recognise emotions.
Physiological Activity
Emotional processing involves a number of physiological responses, which rely on the
integrity of the autonomic nervous system (Bradley, Miccoli, Escrig, & Lang, 2008). Some
research suggests that individuals with ASD have abnormal baseline physiological activity
(e.g., differences in heart rate variability) that is not in response to a specific stimulus (e.g.,
Anderson & Colombo, 2009; Bal et al., 2010; Martineau et al., 2011). Both in typical
development (Quintana, Guastella, Outhred, Hickie, & Kemp, 2012), and in ASD (Bal et al.,
2010), abnormalities at this level have been related to explicit emotion recognition
performance.
Another critical question is whether individuals with ASD show atypical physiological
reactivity to all stimuli carrying emotional content, or only in response to specific classes of
stimuli. As mentioned above, several studies have documented normative physiological
responses to emotionally-relevant non-social stimuli (e.g., Shalom et al., 2006). Thus, the
‘hard-ware’ for emotional reactivity seems to be functional in individuals with ASD, and it
may be that the documented abnormalities in physiological reactivity are specific to social
stimuli. Indeed, one study by Kuchinke and colleagues (2011) reported an association
between pupillary reactivity and emotion recognition in adults with ASD.
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Face Processing
Face recognition abilities are consistently reported to be impaired in ASD (Dawson &
Bernier, 2007), hence a general difficulty with the processing of faces may underlie their
emotion recognition differences. Partial support for this possibility comes from Gepner, de
Gelder and Schonen’s (1996) study documenting comparable difficulties in facial emotion
recognition, as in a series of control non-emotional face-processing tasks (e.g., facial identity
memory) in individuals with ASD. Counter evidence, however, comes from studies
documenting inter-relationships between emotion recognition difficulties from faces, voices
and bodily expression in ASD (Philip et al., 2010), as well as difficulties in recognising
emotions from ‘emotional’ abstract animations depicting biological movement and social
interaction (Boraston, Blakemore, Chilvers, & Skuse, 2007).
Theory of Mind
Emotion processing and the understanding of others’ mental states, such as desires, beliefs
and intentions, i.e., ‘theory of mind’ (ToM) ability, are closely related throughout
development (Hughes & Dunn, 1998). Some research has suggested that emotion-processing
differences in ASD might be explained by a general difficulty in inferring mental states.
Heerey, Keltner and Capps (2003) found that once ToM abilities were controlled for, ASD
participants performed normatively on the recognition of complex emotional states.
Moreover, some studies have identified an association between performance on complex
emotion understanding tasks and ToM ability in ASD (Hillier & Allinson, 2002; ShamayTsoory, 2007). Furthermore, Schulte-Rüther and colleagues (2011) found activation in brain
regions associated with ToM during an attribution of emotion task to be correlated with
scores on an empathy questionnaire in individuals with ASD. However, other studies have
found a dissociation between performance on a ToM task and scores on an empathy task in
ASD (Jones et al., 2010; Ponnet et al., 2004).
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Conclusions on the nature of such associations are difficult due to the inconsistency of
concept definitions across studies, with some authors considering ToM to encompass
emotion recognition ability (Baron-Cohen, Wheelwright, & Jolliffe, 1997; Baron-Cohen,
Wheelwright, Hill, Raste, & Plumb, 2001; Rutherford, Baron-Cohen, & Wheelwright, 2002),
or to reflect the ‘cognitive component’ of empathy (Wheelwright & Baron-Cohen, 2011), and
other authors considering emotion processing and ToM as two separate constructs (Bird et
al., 2010; Heerey et al., 2003).
Embodied Simulation
The ‘embodied simulation’ theory (Gallese, 2006; Oberman & Ramachandran, 2007)
posits that emotion processing is mediated by an ‘internal simulation’ process, based on a
‘direct mapping’ between observed and experienced emotions. Supposedly, this allows the
observer to understand others’ emotions “as if” s/he would be experiencing a similar
emotion, thus providing the basis for emotion recognition and empathy (Gallese, 2006). In
ASD, several studies have found reduced facial mimicry whilst viewing facial emotions (e.g.,
Beall, Moody, McIntosh, Hepburn, & Reed, 2008; McIntosh et al., 2006; Oberman et al.,
2009), which have been interpreted as evidence of a disruption in simulating others’
emotions. Furthermore, supporting evidence has been postulated to derive from atypical
activity in the brain regions thought to mediate such a process, i.e., the ‘mirror neuron
system’ (MNS) (Gallese, 2003; Iacoboni & Mazziotta, 2007). In ASD, a number of brainimaging studies have found evidence for atypical activation of the frontal component of the
MNS (inferior frontal gyrus) during various emotion processing tasks (e.g., Baron-Cohen et
al., 1999; Dapretto et al., 2006; Schulte-Rüther et al., 2011). However, these studies have not
reported a specific association between atypical facial mimicry/ MNS activity and emotion
processing accuracy in ASD, thus they may or may not be related; more research is needed to
clarify this issue.
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Motor Function	
  
Some individuals with ASD present with oral-motor or speech dyspraxia (Rogers, Cook,
& Meryl, 2005), or a general impairment in neuromotor function (Freitag, Kleser, Schneider,
& von Gontard, 2007), which may make speech, as well as facial and bodily movement
‘clumsy’, or hard to choreograph. However, as reported above, individuals with ASD do not
appear to be impaired on emotional facial and vocal imitation, thus motor impairments
cannot explain all emotion related difficulties in this population. 	
  
Dynamic Control of Expression
It is possible that a general difficulty in dynamically modulating pitch in speech, as
opposed to a specific problem in conveying emotions in speech, may underlie difficulties in
this area, as suggested by recent research (e.g., Russo, Larson, & Kraus, 2008). Whether this
also applies to the general control of facial and bodily expression is yet to be empirically
verified. 	
  
Summary	
  
As shown in Figure 1, there are a number of domain-general abnormalities that appear to
contribute to different aspects of emotion processing difficulties in ASD. Whilst the paucity
of studies beckons caution, some preliminary conclusions can be drawn. First, emotion
processing does not appear to be domain-specific in ASD. This is suggested by research
documenting deficits in a number of domain-general processes, including both lower level
perceptual and attentional mechanisms, as well as processes involved in social motivation
and understanding, which all appear to contribute to difficulties in emotion processing. Thus,
it appears that abnormalities in multiple processes, rather than impairment in a single process,
contribute to emotion processing impairments in this population. This conclusion contrasts
with views that a primary deficit in emotion processing is the core feature of autism (i.e.,
underlying the different features of this disorder; e.g., Bowman et al., 2004; Gaigg & Bowler,
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2009; Hobson, 1989). However, as suggested by these authors, emotional processes have an
important interplay with social and non-social cognition throughout development.
	
  

	
  
Figure 1. Documented associations between domain-general processes and emotion
processing in Autism Spectrum Disorder (as described herein). Solid black lines represent
evidence for an association between the mechanism and the specific emotion process. Dashed
lines represents contradictory evidence. Grey lines represent evidence only in typical
development, or in other disorders. White lines represent a theorised association only. Note: 1
Dynamic control of expression (specifically of vocal expression).

CHAPTER 2: Emotion in Autism Review

35

Consistent with this view, we suggest that domain-specific emotion processes, together
with domain-general processes, form a hierarchically arranged ‘emotional communication
system’ (see Figure 2). A corollary of this model is that empathy, in its hypothesised
superordinate position, would be more vulnerable to dysfunction if underlying domaingeneral processes were impaired, such as attention and ToM, as well as domain-specific
processes, such as explicit emotion recognition, implicit emotional appraisal and emotional
expression systems. This model may be applied to real life situations in which emotional
information is dynamically embedded in ever-changing social exchanges, predicting that as
the social and cognitive processing demands of the situation increase, more deficits are likely
to emerge. For example, in order to show empathy, one must first attend to the emotional
cues displayed by the other, understand that these cues reflect an underlying emotional state
(i.e., recognise the emotion), experience an emotional reaction that is contingent on these
cues, and act accordingly by expressing an appropriate emotion to the other (e.g., show
concern in response to someone crying). Therefore, empathy may be seen as a sophisticated
multi-process skill, which requires the sub-skills that support it to be in ‘working order’. This
idea is consistent with the findings reported in Section 1, that individuals with ASD have
more difficulty with social (vs. non-social) and complex (vs. simple) emotion information
processing.
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Figure 2. Hypothesised ‘‘emotion communication system’’ with empathy in a superordinate
position, relative to explicit emotion recognition and implicit emotional appraisal, and
emotional expression.

3. Are Emotion-Processing Impairments Unique to Autism Spectrum Disorder?
In order to determine whether there is an emotion processing impairment that is unique
in the ASD population we need to look at the specific profile of emotion processing
abnormalities observed in ASD vs. other disorders.
In relation to explicit emotion recognition, Gross (2004) found that children with ASD
were not different than children with a language disorder in recognising ‘happy’, although
they were more impaired on a more complex emotion recognition task. Buitelaar and
colleagues (1999), on the other hand, found that stimulus complexity equally affected groups
with ASD, ADHD, conduct disorder and dysthymia; all groups found the recognition of
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complex emotions more difficult than of basic emotions. Conversely, Demurie, de Corel and
Roeyers (2011) found that ADHD participants were faster than ASD participants in
recognising complex emotions. One study, however, found that individuals with ADHD
performed worse than individuals with ASD on both a complex and simple explicit emotion
recognition task (Sinzig, Morsch, & Lehmkuhl, 2008).
Another study reported worse performance in ASD vs. schizophrenia in a task combining
recognition of basic positive, negative and blended emotions (Bölte & Poustka, 2003). Two
studies compared children with ASD to children with Williams syndrome on emotion
recognition, one reporting better performance in the ASD group and one reporting the
opposite pattern (Lacroix, Guidetti, Rogé, & Reilly, 2009; Riby, Doherty-Sneddon, & Bruce,
2008). Furthermore, Heaton and colleagues (2008) documented that individuals with ASD
and those with Down’s syndrome were unimpaired on the recognition of ‘musical emotions’.
Regarding emotional expression, Reddy, Williams and Vaughan (2002) found that
preschoolers with ASD, compared to preschoolers with Down’s syndrome, expressed similar
overall frequency of positive emotion, but increased frequency of unshared positive emotion.
Likewise, Bishop, Gahagan and Lord (2007) found that problems in sharing affect were only
present in children with ASD, and not in children with fetal alcohol spectrum disorder.
Studying the spontaneous use of emotionally expressive gestures, Attwood, Frith and
Hermalin (1988) documented that adolescents with ASD demonstrated a lack of expressivity,
which was not found in adolescents with Down’s syndrome.
In relation to empathic processing, Jones and colleagues (2010) found that children and
adolescents with psychopathic tendencies were impaired on affective empathy, whereas
children and adolescents with ASD were found to be impaired on cognitive perspective
taking, and those with conduct problems demonstrated normative affective and cognitive
perspective taking. Likewise, Schwenck and colleagues (2011) found that boys with ASD
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were impaired in cognitive empathy, while participants with conduct disorder were impaired
in affective empathy. However, compared to adolescents with ADHD, Demurie, De Corel
and Roeyers (2011) found that adolescents with ASD scored lower in both affective and
cognitive empathy components.
Overall, although some similarities between ASD and other disorders have been
documented, the specific emotion-processing profile in ASD, involving difficulties with
social and complex stimuli, may be unique to this disorder. However, given the scarcity of
available research, more empirical work is needed to address this issue.

Conclusions and Future Directions
On the basis of the literature reviewed herein, it is possible to first conclude that
emotion-processing deficits might not be universally present in ASD. Not all individuals with
ASD have difficulties with emotion processing, and not all emotion tasks appear to be
difficult for this population. However, more studies reporting individual differences in brain
activation patterns of individuals with ASD during emotion processing tasks are needed to
ascertain whether impairments on this level are universal in this population. Second, emotion
processing impairments do not appear to be specific in ASD, as domain-general impairments
might account for at least some of these difficulties. Third, the limited research that has
directly compared emotion processing in ASD to other disorders suggests that the specific
pattern of strengths and weaknesses in ASD might be unique to this disorder.
The overall pattern of findings on emotion processing in ASD demonstrates that
individuals on the autism spectrum are not ‘emotionally detached’, but rather they send and
receive emotional signals in different ways to that of typically developing individuals.
Moreover, the difficulties they experience in recognising and expressing emotions seems to
be more pronounced as the processing complexity and social demand increases, and the
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explicit structure of the emotion task decreases. Indeed, while feeling emotions is a
phylogenetically and ontogenetically basic phenomenon, and individuals with ASD do feel
emotions, the way emotions are processed in the everyday life is embedded in a complex
framework involving dynamic social, communicative and cognitive factors. Therefore, rather
than considering emotional impairments in ASD as an ‘all or nothing’ phenomenon, it may
be useful to frame such difficulties within the context of an ‘emotion communication
system’, as described above. Vulnerabilities in subordinate parts of this system are likely to
impact on hierarchically superordinate facets of emotion processing. This may help to explain
why individuals with ASD often appear to present with emotional difficulties despite having
a basic ability to recognise and express emotions during explicit tasks. When emotions need
to be recognised or expressed in complex, rapidly changing social environments (the way it is
in everyday life), the emotional communication system of individuals with ASD is more
likely to be vulnerable to weaknesses within the component processes.	
  	
  
The main gaps in the literature involve a rigorous manipulation of factors that affect
performance on emotion processing in ASD, such as social vs. non-social nature of stimuli,
and complexity of task demands, as well as stimulus complexity, in full-factorial designs.
Furthermore, as emotional processing is affected by context, more naturalistic paradigms are
needed to capture real-life emotional responses.
Much heterogeneity is apparent in emotion processing in ASD, which needs to be
explored empirically. Importantly, despite the fact that the majority of individuals with ASD
have below average IQ (Dykens & Lense, 2011), the vast majority of the research on emotion
processing in ASD is on high-functioning individuals, as they are easier to test, due to their
language comprehension skills which allows for following instructions, etc. Nevertheless,
this has provided biased and limited information, which does not reflect the emotional life of
individuals across the spectrum. Further, more empirical work is needed to ascertain the
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relative contribution of different abnormalities in domain-general processes, as well as the
inter-relationships between domain-specific processes. Research that directly compares ASD
to other disorders across multiple emotion processing tasks is also needed to gain further
clarification on the uniqueness of the pattern of emotion processing strengths and weaknesses
in ASD.	
  The knowledge emerging from such a research program would help to inform
intervention strategies to target emotion-related difficulties in order to help individuals with
ASD to lead emotionally rich lives.
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Of the emotion processes involved in interpersonal engagement and social-emotional
reciprocity described in Chapter 2, implicit emotional appraisal is particularly crucial. This
emotion process reflects any spontaneous response that is contingent on incoming emotional
information, while the participant’s attention is not explicitly directed towards the emotion.
Thus, this process represents the ‘first contact’ with another’s emotions; it occurs prior to the
higher-order processing and representation of emotions. One way to capture spontaneous or
implicit emotional appraisals is by measuring physiological responses to expressions or
depictions of emotion.
Emotional stimuli set off a chain of physiological reactions via the autonomic nervous
system (ANS). For example, within seconds of seeing a fearful facial expression, heart rate
increases, hands become clammy, and facial muscles contract (Magnée, Stekelenburg,
Kemner, & de Gelder, 2007; Palomba, Angrilli, & Mini, 1997; Stern, Ray, & Quigley, 2001).
Moreover, pupil size changes have long been considered an index of emotion processing
(Hess, 1965; Wilks, 1885).
The Anatomy, Physiology and Neurophysiology of the Pupil
The pupil is an opening in the iris which functions to allow light to enter the eye and
project onto the retina. The size of the pupil at any point in time is primarily determined by
the excitatory and inhibitory activity of the two branches of the ANS, the parasympathetic
branch and the sympathetic branch which act respectively on two smooth muscles, the
sphincter and dilator pupillae. During parasympathetic excitation (mediated by acetylcholine)
with the efferent pathway originating in the pretectal olivary and Edinger–Westphal nuclei in
the midbrain (Gamlin & Clarke, 1995; Hou, Langley, Szabadi, & Bradshaw, 2007;
Kourouyan & Horton, 1997), and via the oculomotor nerve, the sphincter pupillae contracts,
causing the pupils to constrict (Beatty & Lucero-Wagoner, 2000; Loewenfeld & Lowenstein,
1993; Smith, 2009).
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Sympathetic control of pupil size is less well-defined and more complex than
parasympathetic control of the pupil. During sympathetic excitation (mediated by
norepinephrine), with the efferent pathway originating in cortical and sub-cortical areas such
as the prefrontal cortex (Satterthwaite et al., 2007; Siegle, Steinhauer, Stenger, Konecky, &
Carter, 2003; Smith, 2009), the anterior cingulate cortex (Critchley, Tang, Glaser,
Butterworth, & Dolan, 2005), and the amygdala (Applegate, Kapp, Underwood, & McNall,
1983; Graur & Siegle, 2013; Urry et al., 2006; Ursin & Kaada, 1960), and projecting via the
hypothalamus and the spinal cord, the dilator pupillae contracts, causing the pupils to dilate
(Beatty & Lucero-Wagoner, 2000; Loewenfeld & Lowenstein, 1993; Smith, 2009). Thus, the
pupil not only receives inputs from the ANS, but also from the central nervous system,
including areas involved with emotion arousal. Furthermore, each branch of the ANS has
inhibitory activity, making the relationship between autonomic activity and pupil size a more
complex one; dilation of the pupils can also occur with parasympathetic inhibitory activity,
and constriction of the pupils can also occur with sympathetic inhibitory activity (Smith,
2009; Steinhauer, Siegle, Condray, & Pless, 2004). Figure 1 presents a complete depiction of
the parasympathetic and sympathetic pathways that serve to control pupil size.
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Figure 1. Excitatory Efferent Sympathetic and Parasympathetic Pathways to the Pupil.
The parasympathetic nervous system receives excitatory inputs from the visual cortex (during visual
accommodation) and from the pretectal olivary nucleus (during light exposure to the retina), which both pass
through the Edinger-Westphal nucleus, travel along the oculomotor nerve and the ciliary ganglion, and synapse
with the sphincter muscle, causing the pupils to contract. The sympathetic nervous system receives excitatory
inputs from sub-cortical and cortical areas such as the prefrontal cortex, the anterior cingulate cortex, and the
amygdala, via the hypothalamus, the locus coeruleus/ medulla oblongata and pons, which pass through the
spinal cord, travel along the superior cervical ganglion, and synapse with the superior tarsal muscle, causing the
upper eyelids to raise, and with the dilator muscle, causing the pupils to dilate. Figure based on Anderson
(2010), Beatty and Lucero-Wagoner (2000), Critchley et al. (2005), Loewenfeld and Lowenstein (1993), Smith
(2009), Stern et al. (2001), and Urry et al. (2006).
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Tonic vs. Phasic Pupillary Activity
Short-term pupillary responses, called phasic pupillary responses, are modulated by the
individual’s more stable or long-term arousal level, or tonic pupil size (Beatty & LuceroWagoner, 2000). Tonic pupil diameter has been used as an indicator of a person’s
characteristic or enduring resting-state arousal level, or physiological activity whilst ‘at rest’
(Lowenstein & Loewenfeld, 1952). Tonic pupil size varies across the lifespan, with gradual
increase in size from birth until approximately 20 years of age (Kohnen, Zubcov, & Kohnen,
2004; Loewenfeld & Lowenstein, 1993; MacLachlan & Howland, 2002), and then gradual
decrease in size across the rest of the lifespan, marking the development and degeneration of
the anatomy, physiology and neurophysiology of the pupil and the eye (Bitsios, Prettyman, &
Szabadi, 1996; Boev et al., 2005; Karatekin, Marcus, & Couperus, 2007; Kumnick, 1954;
Schmid, Ceurremans, Luedtke, Wilhelm, & Wilhelm, 2004).
Phasic pupillary responses, by contrast, are triggered by immediate physical and
psychological stimulation. For example, in relation to physical stimulation, the pupils have a
reflex-like response to light. This pupillary light reflex, mediated by the parasympathetic
branch of the ANS, serves to regulate the amount of light striking the retina; hence the pupil
is constricted in conditions of high luminance and dilated in low luminance (Loewenfeld &
Lowenstein, 1993). Moreover, the pupil size adjusts to control the depth of the visual field to
accommodate a visual stimulus, by changing the curvature of the lens, resulting in a
reduction of the pupil size when an object approaches the eye (Loewenfeld & Lowenstein,
1993).
Pupil Dilation as a Function of Emotional Arousal
A range of psychological stimuli have been shown to elicit pupillary responses (Beatty &
Lucero-Wagoner, 2000; Smith, 2009). For example, stimuli that are social in nature, such as
human faces or direct eye gaze, have been shown to trigger pupillary responses even during
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the first months of life (e.g., Conway, Jones, DeBruine, Little, & Sahraie, 2008; Fitzgerald,
1968; Goldinger, He, & Papesh, 2009; Gredebäck, Eriksson, Schmitow, Laeng, & Stenberg,
2012; Honma, Tanaka, Osada, & Kuriyama, 2012). Another class of stimuli that reliably
elicits phasic pupillary responses are those which depict or express emotion. Although it was
once thought that the pupils dilate to emotionally positive stimuli and constrict to
emotionally negative stimuli (Hess, 1965), pupillary responses to emotion have been found to
covary with skin conductance responses to emotion, which are solely a product of
sympathetic ANS excitation (Bradley, Miccoli, Escrig, & Lang, 2008). Thus, pupillary
responses to emotion are now considered to be a product of increased sympathetic activity,
resulting in pupil dilation.
Hedonic valence and intensity of emotional stimuli appears to have some effect on
pupillary responses. Some data have shown that emotionally negative stimuli trigger stronger,
or marginally stronger pupillary responses than emotionally positive stimuli (e.g., Bradley et
al., 2008; Laukka, Haapala, Lehtihalmes, Väyrynen, & Seppänen, 2013; Libby, Lacey, &
Lacey, 1973; Steenbergen, Band, & Hommel, 2011; but see Partala & Surakka, 2003).
Moreover, evidence suggests that highly arousing emotional stimuli trigger greater pupil
dilation than less arousing emotional stimuli, regardless of valence (Bradley et al., 2008;
Janisse, 1973). Therefore, evidence suggests that pupil dilation may be used as an index of
spontaneous emotional reactivity, and thus, a measure of implicit emotional appraisal.
However, the reliability of pupillary responses as an indicator of this process is dependent on
the specific pupil-recording technique used.
Measuring Implicit Emotional Appraisal with Pupillometry
The precision with which pupillary responses can be measured has increased throughout
the last century alongside technological advancements. The use of photographic techniques
for measuring pupil diameter was once commonplace, followed by television-based systems.
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Over the last decade, these have been replaced by eye-tracking pupillometry systems, which
have the advantage of better temporal resolution, as well as the simultaneous tracking of
visual attention (Alexandridis, 1985; Granholm & Steinhauer, 2004; Laeng, Sirois, &
Gredebäck, 2012). The first eye-tracking pupillometry systems required chin rests or headmounted equipment to minimise the effect of visual accommodation on pupil size (i.e., to
stabilise/measure the distance of the participant’s head to the eye-tracking monitor).
However, more recent sophisticated eye-tracking systems have in-built movement-artefact
screening techniques, which circumvent this confound and allow for more natural viewing of
emotional stimuli, an advantage that is particularly relevant to studying emotional responses
in children and/or clinical populations. Other more widely-used measures of physiological
and neurophysiological activity (e.g., SCRs, fMRI, electrophysiology) are susceptible to
movement-artefacts (e.g., Patriquin, Scarpa, Friedman, & Porges, 2013; Riby, Whittle, &
Doherty-Sneddon, 2012; Tyszka, Kennedy, Paul, & Adolphs, 2013), and can be much more
expensive and less convenient than eye-tracking pupillometry. Given the strengths of this
technique to measure autonomic activity, the paucity of its use is surprising. Beatty and
Lucero-Wagner (2000) suggest that this may be because the pupillary response has lower
face validity as a measure of brain function. Nevertheless, in recent years more research labs
have started to employ eye-tracking pupillometry (Granholm & Steinhauer, 2004).
Summary
To summarise, pupil responses to emotional stimuli vary as a function of emotional
intensity and valence. Thus, implicit emotional appraisal may be studied by the measurement
of pupillary responses to emotion, and eye-tracking pupillometry offers methodological
precision in the recording of this process. As pupil size is also a function of ambient
luminosity, visual accommodation, and age, when studying pupillary responses to emotion, it
is important to control these variables. Moreover, as phasic pupillary responses are
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modulated by tonic arousal level, the first point of call in studying pupil dilation in response
to emotional presentations is to investigate tonic pupil size among the population of interest.
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Abstract

Although the conception of autism as a disorder of abnormal resting-state physiology has
a long history, the evidence remains mixed. Using state-of-the-art eye-tracking pupillometry,
resting-state (tonic) pupil size was measured in children with and without autism. No group
differences in tonic pupil size were found, and tonic pupil size was not related to age or
cognitive ability in either group, and nor was it related to autistic symptoms. We suggest that
previous findings of hyper-arousal in autism at baseline may be a product of different
recording methods, in particular different movement-artifact removal techniques. These
results question the notion that autism is associated with a fundamental dysregulation in
resting-state physiology. Further research, employing such techniques is needed to confirm
these findings.

Keywords: resting-state physiology, autism, pupillometry, baseline, eye-tracking, autonomic
nervous system
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Brief Report: Evidence for Normative Resting-State Physiology in Autism

According to some scholars, individuals with Autism Spectrum Disorders (ASDs), a
group of neurodevelopmental disorders defined by social-communicative difficulties and
behavioural rigidity (American Psychiatric Association [APA], 2013), are characterised by
dysregulated resting-state physiology. Resting-state physiological activity refers to autonomic
nervous system (ANS) activity whilst in a relaxed state or ‘at rest’ (as opposed to
physiological reactivity to certain classes of stimuli, e.g., faces), and can be measured
through a number of indicators. Some indicators measure only the sympathetic or
parasympathetic branch of the ANS, such as skin conductance level (SCL) and respiratory
sinus arrhythmia (RSA), respectively, and some measures are indicators of both branches,
such as heart rate and pupil size (Stern, Ray & Quigley, 2001). Whereas SCL, RSA and heart
rate are all measured via electrodes placed on the skin, nowadays pupil size is typically
measured with eye tracking equipment.
The conception of autism as a disorder of abnormal resting-state physiology dates back
to the mid 1960s, with Hutt, Hutt, Lee and Ounsted (1964) suggesting that these individuals
have a “chronically high state of arousal” (p.g., 908). Since then, much research on restingstate physiology in autism has been conducted. Resting-state hyper-arousal is shown by
higher SCL, higher heart rate, and/or larger pupil size, compared to a control group. As high
RSA is an indicator of parasympathetic activity (which represents a lowering of arousal),
lower RSA also reflects hyper-arousal. In Table 1, the studies that have examined restingstate physiology in ASD are summarised.
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Table 1. Summary of Studies on Resting-State Physiology in Autism
Study

Age
(range, or
if not
provided,
M)

Functioning
level

Autonomic nervous
system
indicator/Finding

IQ/autistic
symptoms
correlations with
resting-state
physiology?

Hyperarousal,
hypoarousal or
ND?

Anderson et al. (2012)

Study 1:
30-69 mths
Study 2:
39-73 mths
12-72 mths

LF and HF

Larger tonic pupil

Correlated with
higher ADOS scores
(both studies)

Hyper

LF and HF

Larger tonic pupil

Hyper

7-17 yrs
M= 11 yrs
M= 28 yrs
5-19 yrs

HF
LF
HF
LF and HF

Fan et al. (2009)

7-20 yrs

LF and HF

Higher HR
Same SCL
Same HR
Same SCL,
Higher HR,
Same tonic pupil
Same tonic pupil

Not correlated with
ADOS scores
NR
NR
NR
NR

Goodwin et al. (2006)
Hirstein et al. (2001)

8-18 yrs
3-13 yrs,
M= 7 yrs
4-16 yrs
8-12 yrs

NR
LF and HF

Higher HR
Higher SCL

Mostly LF
HF

NR
NR

Mathewson et al.
(2011)
Ming et al. (2005)
Martineau et al.
(2011)
Palkovitz &
Wiesenfeld (1980)
Patriquin et al. (2013)

18-51 yrs

HF

M= 9 yrs
3-15 yrs

NR
LF and HF

Higher HR
Same SCL,
Same RSA
Lower RSA,
Higher HR
Higher HR
Smaller tonic pupil*

5-10 yrs

LF

NR

4-7 yrs

LF and HF

Higher SCL,
Same HR
Lower RSA

Porges et al. (2012)

6-21 yrs

LF and HF

Lower RSA

Riby et al. (2012)
South et al. (2011)
South et al. (2012)
Van Engeland et al.
(1991)
Van Hecke et al.
(2009)
Zahn et al. (1987)

12-17 yrs
8-18 yrs
11-16 yrs
M= 9 yrs

NR
HF
HF
HF

8-12 yrs

HF

Same SCL
Same SCL
Same SCL
Same SCL,
Same tonic pupil
Lower RSA

18-39 yrs

HF

Higher SCL

Anderson & Colombo
(2009)
Bal et al. (2010)
Blair (1999)
Bölte et al. (2007)
Daluwatte et al.
(2012)

James & Barry (1984)
Levine et al. (2012)

Not correlated with
IQ
NR
NR

NR
NR
NR

Correlated with
poorer social
behaviour, as well as
with receptive
language abilities
Trend with IQ
(positive)
NR
NR
NR
NR
Correlated with
poorer social skills
NR

Hyper
ND
ND
ND,
Hyper,
ND
ND
Hyper
Hyper
Hyper
ND,
ND
Hyper,
Hyper
Hyper
Hypo
Hyper,
ND
Hyper

Hyper
ND
ND
ND
ND,
ND
Hyper
Hyper

LF Low functioning, HF High functioning, NR Not reported, ND No group difference. * See Anderson et al.
(2012) for a discussion of these findings.
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Van Hecke and colleagues (2009) reported lower levels of RSA (indicating over-arousal)
in children with autism than typically developing children, which was associated with poorer
social skills. Patriquin, Scarpa, Friedman and Porges (2013) also found that lower baseline
RSA was associated with poorer social behaviour, as well as with receptive language abilities
in children with autism. Moreover, other studies have also documented lower resting-state
RSA in autism (Mathewson et al., 2011; Porges et al., 2012). However, some studies have
found no differences between autism and comparison groups (Daluwatte et al., 2012; Levine
et al., 2012).
Similarly, some studies on resting-state or ‘baseline’ SCL, have found no group
differences in SCL at baseline (Blair, 1999; Levine et al., 2012; Riby, Whittle, & DohertySneddon, 2012; South, Larson, White, Dana, & Crowley, 2011; South, Newton, &
Chamberlain, 2012; Van Engeland, Roelofs, Verbaten, & Slangen, 1991), whilst other studies
have found hyper resting-state arousal (higher SCL) in this population (Hirstein, Iversen, &
Ramachandran, 2001; Palkovitz & Wiesenfeld, 1980; Zahn, Rumsey, & Van Kammen,
1987). Moreover, some studies in which resting-state heart rate was measured have found
higher arousal at baseline in ASD (Bal et al., 2010; Daluwatte et al., 2012; Goodwin et al.,
2006; James & Barry, 1984; Mathewson et al., 2011; Ming, Julu, Brimacombe, Connor, &
Daniels, 2005); however, again, other studies have found normative resting-state physiology
in this population (Bölte, Feineis-Matthews, & Poustka, 2007; Palkovitz & Wiesenfeld,
1980).
Findings on resting-state pupil size are also mixed. Whilst some studies have identified
larger tonic (resting-state) pupil size in individuals with autism, indicating hyper-arousal
relative to matched typically developing individuals (Anderson, Colombo, & Unruh, 2012;
Anderson & Colombo, 2009), others have found comparable tonic pupil sizes between
groups (Daluwatte et al., 2012; Fan, Miles, Takahashi, & Yao, 2009; Van Engeland et al.,
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1991). However, both Daluwatte et al. (2012) and Fan et al. (2009) did find abnormalities in
pupillary responses to light, including a longer pupillary light reflex and reduced constriction
amplitude (i.e., in phasic responses, rather than in tonic pupil size). Whilst Martineau et al.
(2011) documented small resting-state pupil size; it has been argued that this is consistent
with a general dysregulation of physiology in autism (for a discussion, see Anderson et al.,
2012). Thus, across indicators of physiological activity, the contradictory nature of results in
this body of work begets the question of whether there is a fundamental resting-state hyperarousal in autism.
As shown in Table 1, the findings do not appear to be linked to functioning levels or the
ages of the individuals with autism studied. It is possible that the inconsistency in findings
reflects the methodological approaches used. Indeed, research in resting-state physiology in
autism presents with a number of challenges. Firstly, the application of electrodes needed for
measuring SCL or heart rate, or of head-mounted pupillometry equipment on individuals with
autism may in itself cause elevated physiological arousal in these individuals due to tactile
sensitivities, which are common in this disorder (Marco, Hinkley, Hill, & Nagarajan, 2011).
Secondly, measurement of physiological activity is sensitive to motion. Given the difficulty
that young children and individuals with autism often have in following instructions and
staying still for prolonged periods of time, movement-related artifacts are common in
physiological data from these populations (e.g., Patriquin et al., 2013). This introduces the
risk of relevant biases, such as the removal of participants due to excessive motion artifacts.
In the current study we aimed to ascertain whether a representative group of young
children with autism present with resting-state physiological activity differences in
comparison to an age-matched typically developing sample. In order to address the
abovementioned methodological issues, we used state-of-the-art eye-tracking pupillometry,
as this technology is non-invasive, requiring no equipment to be fastened onto participants,
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and is less prone to movement artifacts (explained further in the Apparatus section). Our first
working hypothesis was that resting-state tonic pupil size would be larger in this group
(reflecting hyper-arousal) compared to the typically developing children, based on the two
studies that have tested similarly aged young children (Anderson & Colombo, 2009;
Anderson et al., 2012). Our second working hypothesis was that pupil size at baseline would
be positively related to symptom severity in the children with autism (based on Anderson et
al., 2012). However, as explained above, findings in this area are not consistent, and this is
why we felt it important to explore these issues.
Method
Participants
Two groups of children participated in the study, 26 children with autism and 21
typically developing children. See Table 1 for participant characteristics. The children with
autism were recruited through the Victorian Autism Specific Early Learning and Care Centre
(ASELCC) and the typically developing children were recruited through the Community
Children’s Centre, co-located at La Trobe University. All children with autism had a formal
diagnosis based on DSM-IV-TR criteria (APA, 2000), which was confirmed using the
Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi, 1999) by
expert clinicians, with 17 children meeting criteria for Autism and 8 meeting criteria for
Autism Spectrum Disorder on the ADOS. All participants were free from any other medical
conditions, had no visual, hearing or motor impairments, and were not taking any medication
at the time of testing. The research was approved by the [university name to be provided after
peer review] University Human Ethics Committee.
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Table 2. Participant Characteristics
ASD Groupa

TD Groupb

(N= 25)

(N= 21)

4.02 (0.99)

t-value

p-value

Cohen’s d

4.27 (0.60)

0.98

.33

.30

21, 4

18, 3

-

-

-

MSEL, ELCc: M (SD)

68.52 (20.73)

100.29 (16.41)

5.68

<.00

1.71

ADOS, SCd

13.24 (5.04)

-

-

-

-

ADOS, RRBe

3.28 (1.93)

-

-

-

-

Age (years): M (SD)
Gender: M, F

a

Children with Autism Spectrum Disorder. One child was removed from the analysis due to low attention (<

500ms) to all stimuli (final N= 25). b Typically developing children. c Mullen Scales of Early Learning, Early
Learning Composite (Standard Score), d Autism Diagnostic Observation Schedule, Social-Communication
Algorithm Total, e Autism Diagnostic Observation Schedule, Restricted and Repetitive Behaviours Algorithm
Total

The Mullen Scales of Early Learning (Mullen, 1995) was administered to all
participants. Following the recommendations of Dykens and Lense (2011), our group was
representative of the autism population on cognitive ability, with 64% low-functioning and
36% high-functioning (at a cut-off of 70 standard score; Minshew, Goldstein, & Siegel,
1995). Thus, as expected, the Mullen scores of the autism group were significantly lower than
those of the typically developing group. The groups were matched on chronological age,
which is important, as resting-state pupil size is a function of age (Loewenfeld & Lowenstein,
1993).
Apparatus
The Tobii 120 eye-tracker and Tobii Studio 3.0.3 (Tobii, Stockholm, Sweden) was used
to present stimuli (on a computer-like monitor) and record pupil diameter. This system does
not require any equipment to be fastened onto the participant. Using multiple sensors, with
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bright and dark pupil tracking, a 3D model of the pupil (taking into account optical
distortions from the cornea and lens) is built, allowing for both pupil diameter and distance to
be measured at a sampling rate of 60 Hz (one sample every 16.67ms). With this tracking
technique, movement-related artifacts are dealt with in two ways. First, as pupil size is a
function of distance (of participant’s eye to the monitor), the effect of head movements
(perpendicular to the monitor) was eliminated from pupil diameter on a sample-to-sample
basis by the Tobii system, using basic principles from trigonometry. Thus, these movements
do not cause artifacts that need to be deleted or interpolated, but rather the data are
automatically adjusted for distance by the Tobii system, which allows for more accuracy and
retention of the pupil data. Second, as other head movements (i.e., parallel to the monitor)
can be accurately tracked (up to 25cm per second), these movements do not affect the
measurement of pupil size. Brightness of the eye-tracking monitor was set to 100%.
Materials
Six 50% grey slides (luminosity: 128; mean screen illuminance: 8.42 lx) were created
with Adobe Photoshop 8.0 (Adobe Systems, San Jose, USA), and were shown on the eyetracking monitor (W: 34cm x H: 27cm). Three durations were used twice, 0.5s, 1s and 2s
(Farzin, Rivera, & Hessl, 2009), each shown after a scrambled image (1s) that was matched
on luminosity to the grey slides. As the pupillary light reflex has been found to occur within
500ms in individuals with and without ASD (e.g., Fan et al., 2009), the duration of the
scrambled image was sufficient to serve as a buffer for this reflex, ensuring that no changes
in pupil size captured during the presentation of the grey slides were due to pre-stimulus to
stimulus luminosity changes.
Procedure
Testing took place in a moderately lit room at the children’s centre that had no external
light. Ambient luminosity was checked before the start of each testing session using a
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handheld photometer (PLMX, Quantam Instruments). The ASD group did not differ from the
TD group on ambient luminosity during testing, t(44)=.37, p= .71. Following written consent
from the parents of the children, and after approximately 5 minutes of warm-up play
activities with each child, the children were seated in a comfortable chair 60cm (36.46° visual
angle) from the monitor. The children passively viewed the stimuli. Parents were seated
approximately two meters behind their child and were instructed not to talk during the testing
session. The grey slide duration was counterbalanced within each participant group.
Pupil Data Reduction
Pupil data, pre-processed by the Tobii system to be free of movement-artifact (see
Apparatus section), was further processed with a custom-built series of algorithms (Beaton,
2012, unpublished) created in LabVIEW 2010 (National Instruments, Austin, USA) First,
samples for which only one eye was tracked were eliminated (to minimize pupil size
miscalculation due to head angle or ambient light exposure). Where both eyes were tracked, a
mean pupil diameter across eyes was computed. Second, to cut out extreme sample-to-sample
changes in pupil diameter due to partial lid closures (common in samples either side of
missing data due to blinks), samples outside 2 x standard deviation of the mean rate of
change (calculated for each participant) were removed. Third, gaps in data, due to blinks,
were only linearly interpolated between stable data points (traces), to a maximum of 350ms
(Chau & Betke, 2005). A trace was deemed stable if there were a minimum of 50% of the
samples in 2 x total length of the gap, pre- and post-gap. This method allowed for a
differential threshold for interpolation, based on gap length and the reliability of the pre/post
gap data. In the fourth step, mean pupil diameter for each of the six grey slides was
computed, for both groups.
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Results
Data were first analysed for skewness and kurtosis using the method outlined by
Tabachnick and Fidell, (1996), whereby skewness and kurtosis z scores were assessed at α=
.001 (critical value ± 3.29). Boxplots were inspected for outliers. As data were normally
distributed, parametric tests were used in all analyses. Firstly, no difference in number of
fixation counts (100ms visual attention) to the grey slides was found between the groups,
t(44)=1.21, p=.23. To determine whether the groups differed on resting-state physiological
activity, an independent samples t-test was performed on the M group pupil diameter across
the six grey slides (a composite score). The autism group (M=3.57, SD=0.35) did not differ
from the typically developing group (M=3.60, SD=0.41) on baseline pupil diameter,
t(44)=.17, p=.86.1 The groups were also comparable in pupil size across each of the six
individual grey slides (see Figure 1). The association of baseline pupil diameter with
cognitive ability and with age, for both groups, and between baseline pupil diameter and
autistic symptoms, for the ASD group, was each computed using Pearson correlations.
Resting-state pupil diameter composite score was not related to the Mullen standard score,
Mullen sub-scale scores, or age, in either group, nor was it related to autistic symptoms
scores (r range= ± .02 - .35, p range= .17 - .92).
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Figure 1. Mean baseline pupil diameter (in mm), for each group and each grey slide. *The
presentation order of the different durations was counterbalanced within each participant
group. As shown here, the groups are indistinguishable on baseline pupil diameter for each
slide. Error bars represent standard error of the mean.

Discussion
The aim in the current study was to establish whether abnormalities in resting-state
physiological activity are evident in a representative sample of individuals with autism.
Contrary to expectations, no atypicalities in tonic pupil size were identified. This finding is
consistent with some earlier reports (e.g., Van Engeland et al., 1991), but not with others
(e.g., Anderson & Colombo, 2009), as reviewed above. First, given the large phenotypic
heterogeneity in autism (Waterhouse, 2012), the source of discrepant findings in resting-state
physiology may come from the potentially ‘real’ variability in resting-state physiology in
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autism. However, the variance in resting-state pupil size for each group was comparable in
our study, which suggests that this is not the case.
Second, the discrepancy between our findings and previous reports of group differences
in resting-state physiological activity might reflect the different levels of methodological
accuracy, in particular with regards to management of movement-related artifacts. Most
studies do make efforts to address this issue, such as by using especially designed chairs, with
seat-belts, head rests or which can be reclined to minimize movement (e.g., Anderson et al.,
2012), or by deleting trials or participants, or interpolating data where movement artifacts are
excessive (e.g., Anderson et al., 2012; Daluwatte et al., 2012). Arguably, studies in which
physiological recording systems, like ours, adjust the measurement of physiology on sampleto-sample basis have an advantage over other movement-artifact management.
Our data suggest that we should search elsewhere for physiologically-based causal
mechanisms in autism. For example, some studies have identified atypical physiological
reactivity or reactivity latency to various stimuli, such as social stimuli (eye gaze or
emotional expressions; Kylliäinen & Hietanen, 2006; Sepeta et al., 2012), or to non-social
such as light (Fan, Miles, Takahashi, & Yao, 2009). Thus, we do not rule out the possibility
that autism may be associated with abnormalities in physiological responses to certain
stimuli. Rather, our data suggests that there may not be physiological abnormalities at the
resting-state level in autism. Further research, with careful movement-artifact management
on a sample-to-sample basis, is needed to confirm these findings.
Limitations
Whilst the inclusion of an age-matched typically developing group was useful to gain an
understanding of normative tonic pupil size for young children, the groups were not matched
on cognitive ability. The inclusion of a chronological and mental age matched group would
be ideal, and further research should incorporate such a control group. However, it should be
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noted that tonic pupil size was not related to cognitive ability and even when cognitive ability
was controlled, the pattern of results remained unchanged (see Footnotes).

Conclusions
Our study addressed some of the relevant methodological shortcomings of previous
studies (i.e., movement-artifacts, invasive recording of physiology) and found
indistinguishable levels of resting-state physiology in children with autism and typical
development. These results cast some doubt on the conception of autism as being a disorder
of fundamental differences in resting-state physiology.
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Footnotes
1

If cognitive ability is controlled for in this analysis, the results are unchanged; a

univariate ANCOVA on baseline pupil diameter, controlling for cognitive ability (Mullen
standard score), shows the groups are still indistinguishable on resting-state physiological
activity F(1,43)= .02, p= .90, η2< .001. The effect of the cognitive ability covariate was not
significant F(1,43)< 0.001, p= .993, η2< .001.
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As the children with ASD were found to be indistinguishable from the typically
developing children on their resting-state physiology, as shown by their near identical tonic
pupil sizes, greater confidence can be placed in the subsequent analyses of pupillary
responses to emotional stimuli. That is, a normative tonic pupil size in the children with ASD
means that their phasic pupillary responses will be unaffected (Beatty & Lucero-Wagoner,
2000).
As already mentioned in Chapter 2, many studies have documented normative
physiological reactivity in individuals with ASD to non-social emotional stimuli, such as
music (Allen, Davis, & Hill, 2013), emotionally-arousing pictures, such as knifes or snakes
(Shalom et al., 2006), emotional words (Gaigg & Bowler, 2008), as well as pleasant and
unpleasant odours (Legiša, Messinger, Kermol, & Marlier, 2012). These stimuli are nonsocial in the sense that they are not directly expressed by the body, as are facial, vocal or
bodily/postural expressions of emotion. Thus, it seems that individuals with ASD do not have
a fundamental difference in resting-state or non-bodily elicited emotional arousal. However,
when emotions are embedded in social contexts (i.e., bodily-expressed by people),
individuals with ASD show atypical reactions, which fits with our current knowledge of ASD
as a disorder of social information processing (Adolphs, Sears, & Piven, 2001; Pelphrey,
Adolphs, & Morris, 2004; Schultz, 2005; Senju & Johnson, 2009b; Senju, 2012).
Furthermore, some studies have found abnormal physiological reactivity to other social
stimuli in ASD, such as to faces (with neutral expressions) (Falck-Ytter, 2008; Hirstein,
Iversen, & Ramachandran, 2001; Martineau et al., 2011), direct eye gaze (Joseph, Ehrman,
McNally, & Keehn, 2008; Kaartinen et al., 2012; Kylliäinen & Hietanen, 2006; Kylliäinen et
al., 2012; Riby, Whittle, & Doherty-Sneddon, 2012; Stagg, Davis, & Heaton, 2013), as well
as the interaction between emotion and direct eye gaze (Sepeta et al., 2012). Thus, one may
speculate that the difficulties that individuals with ASD have in the processing of emotions
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can be simply explained by a general difficulty in interpreting social cues or non-verbal
bodily expressions.
However, as discussed in Chapter 2, not all bodily expressions of emotion pose difficulty
for individuals with ASD, and not all emotion processes involved in social interaction are
disrupted to the same extent in ASD. Individuals on the spectrum can recognise basic
emotions from photographs of facial expressions, when they present prototypical (vs. subtle)
emotional expressions and when they are shown for longer durations of time (e.g., > 1
second) (e.g., Baron-Cohen, Wheelwright, & Jolliffe, 1997; Neumann, Spezio, Piven, &
Adolphs, 2006; Piggot et al., 2004; Prior, Dahlstrom, & Squires, 1990). Likewise, they can
recognise basic emotions expressed through prosodic inflections on the human voice (e.g.,
Baker, Montgomery, & Abramson, 2009; Grossman, Bemis, Plesa Skwerer, & TagerFlusberg, 2010; Paul, Augustyn, Klin, & Volkmar, 2005). Moreover, individuals with ASD
can imitate facial expressions of emotions when they are given a model to copy (i.e., a
photographed emotional facial expression; e.g., Dapretto et al., 2006; Loveland et al., 1994;
Oberman, Winkielman, & Ramachandran, 2009; Press, Richardson, & Bird, 2010). In his
review on social cognition in ASD, Senju (2012) argues that when individuals with autism
are given explicit instructions, they can also process eye gaze cues, attribute false beliefs to
others and imitate others’ actions, but they fail to do so spontaneously in their everyday lives.
Thus, consistent with arguments laid down previously regarding emotion processing in ASD,
Senju suggests that deficits in these aspects of social cognition lie at the implicit level. When
the explicitness of the task increases, the emotion deficit, as well as eye gaze, theory of mind
and imitation deficits in ASD, decrease.
Nevertheless, outside of the laboratory setting, individuals with ASD do show abnormal
social responses and reactions to others’ emotions in their everyday lives (Constantino &
Gruber, 2002; Loveland, 2005; Volkmar, Paul, Klin, & Cohen, 2005; Volkmar, 2013). To
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understand the basis of this, we need to measure the emotion process that is most important to
real life emotion processing. In everyday life, outside of the context of intervention, people
with ASD do not always receive explicit instructions to attend to emotional expressions, and
even when they do, difficulties with receptive language (Hudry et al., 2010; Rapin & Dunn,
2003; Tager-Flusberg & Caronna, 2007) are likely to impair their ability to follow these
instructions. Thus, it is important to measure implicit emotion processing in ASD, and one of
the best ways to do so is to measure unconscious emotion processing.
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Historically, the notion of unconscious emotion has had a rough ride. Even the father of
the unconscious, Sigmund Freud, wrote that although emotions may originate in the
unconscious, “it belongs to the essential nature of emotions to be conscious” (Freud, 1922, p.
293). Despite early attempts to deem unconscious emotion as a valid area of study, beginning
in the mid 1940s by Bruner and Postman (1947), harsh methodological criticisms (e.g.,
Eriksen, 1960) and advocacy for the cognitive revolution kept much work in this area at bay.
It was not until Zajonc’s theoretical and empirical advances in the 1980’s that the gates for
the study of unconscious emotion were reopened (Zajonc, 1980; see also Erdelyi, 1974) .
Early work by Zajonc (1980) demonstrated that by subliminally (i.e., non-consciously)
exposing participants to novel visual patterns (Chinese ideograms), their preferences could be
reliably influenced, such that they preferred the pre-exposed patterns over new patterns.
Thus, he argued that “preferences…, which are based on affective reactions, …need no
inferences” (Zajonc, 1980, p. 160). Zajonc advocated for the independence and primacy of
emotion over cognition (i.e., that it can occur without and before cognition), and against the
prevailing post-cognitive view of emotion (i.e., as only occurring after considerable cognitive
operations). Today, many scholars not only argue for the presence of unconscious emotion,
but also have contributed to a solid empirical base spanning areas such as neurophysiology,
physiology and psychology, especially in areas such as decision-making and learning (e.g.,
Berridge & Winkielman, 2003; Critchley et al., 2000; Damasio, 1999; De Gelder, 2010;
Johnson, 2005; Le Doux, 1996; Morris, Öhman, & Dolan, 1998; Niedenthal, 1990; Tamietto
& de Gelder, 2010; Winkielman & Berridge, 2004).
Notions of consciousness have now been incorporated into many theoretical frameworks,
as well as evolutionary perspectives of emotions (e.g., for an insightful review on the topic,
see Winkielman & Berridge, 2004). For example, Damasio (1999) conceptually differentiates
‘emotions’ (i.e., bodily and brain responses to an emotionally-inducing stimulus) from
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‘feeling states’ (subjective interpretations of those responses), which might or might not be
accompanied by conscious awareness of those states. Thus, he argues that consciousness of
feeling states (which are triggered by emotions) represents the highest tier of the emotion
pyramid, and is unique to human emotional experience (Damasio, 1999).
Furthermore, basic emotional brain systems are thought to be phylogenetically older and
to be able to operate independently from the neural circuits that give rise to conscious
awareness (Le Doux, 1996; Öhman, Flykt, & Lundqvist, 2000). According to Le Doux
(1996), low-level emotional reactions can be initiated below the threshold for consciousness
as, evolutionarily, the primitive brain allowed for the processing of emotional stimuli without
the involvement of the primary visual cortex, through the rapid, sub-cortical colliculothalamo-amygdala neural pathway, rather than via the newer (and slower) cortical route
(thalamus-sensory cortex-amygdala). On the basis of behavioural, neuroanatomical and
neurophysiological data, Johnson (2005) suggests that this ‘quick and dirty’ sub-cortical
pathway has three main properties: it processes rapidly occurring information, it tolerates
degraded or imprecise visual information (e.g., of low resolution or spatial frequency), and it
modulates processing occurring in later cortical areas (e.g., the fusiform gyrus). Thus, one
might argue that our evolutionary history has provided for us a means to react to and be
behaviourally influenced by unconsciously triggered and experienced emotions.
Unconscious emotion processing is naturally implicit, as it occurs before explicit
attention comes online. Applied to the social context, Tronick (2005) argues that ‘dyadic
states of consciousness’ involve “assemblages of implicit, non-conscious, and dynamically
unconscious meanings” (p. 308). Thus, both the expression of emotion and reaction to others’
expressions of emotion can occur without awareness (Tsuchiya & Adolphs, 2007). As we
have no voluntary control over our pupils, measuring pupillary responses to non-consciously
presented emotion is an ideally-suited measure of automatic emotional responses (Adolphs,
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2006), or implicit emotional appraisal. To investigate implicit emotional appraisal, the
following paper investigates unconscious pupillary reactivity to emotion in children with and
without an ASD.

CHAPTER 6: Historical Perspective of Unconscious Emotion

	
  

113

References

Adolphs, R. (2006). A landmark study finds that when we look at sad faces, the size of the
pupil we look at influences the size of our own pupil. Social Cognitive and Affective
Neuroscience, 1(1), 3–4. doi:10.1093/scan/nsl011
Berridge, K., & Winkielman, P. (2003). What is an unconscious emotion?(The case for
unconscious‘ liking’). Cognition & Emotion, 17(2), 181–211.
Bruner, J., & Postman, L. (1947). Emotional selectivity in perception and reaction. Journal of
Personality, 16(1), 69–77.
Critchley, H., Daly, E., Phillips, M., Brammer, M., Bullmore, E., Williams, S., … Murphy,
D. (2000). Explicit and implicit neural mechanisms for processing of social
information from facial expressions: a functional magnetic resonance imaging study.
Human brain mapping, 9(2), 93–105.
Damasio, A. R. (1999). The feeling of what happens: Body and emotion in the making of
consciousness. London, UK: William Heinemann.
De Gelder, B. (2010). Uncanny sight in the blind. Scientific American, 302(5), 60–65.
Erdelyi, M. H. (1974). A new look at the new look: perceptual defense and vigilance.
Psychological review, 81(1), 1.
Eriksen, C. W. (1960). Discrimination and learning without awareness: a methodological
survey and evaluation. Psychological review, 67(5), 279.
Freud, S. (1922). The unconscious. The Journal of Nervous and Mental Disease, 56(3), 291–
294.
Johnson, M. H. (2005). Subcortical face processing. Nature Reviews Neuroscience, 6(10),
766–774.
Le Doux, J. E. (1996). The Emotional Brain. New York: Simon and Schuster.

CHAPTER 6: Historical Perspective of Unconscious Emotion

	
  

114

Morris, J. S., Öhman, A., & Dolan, R. J. (1998). Conscious and unconscious emotional
learning in the human amygdala. Nature, 393(6684), 467–470.
Niedenthal, P. M. (1990). Implicit perception of affective information. Journal of
Experimental Social Psychology, 26(6), 505–527.
Öhman, A., Flykt, A., & Lundqvist, D. (2000). Unconscious emotion: Evolutionary
perspectives, psychophysiological data and neuropsychological mechanisms.
Cognitive neuroscience of emotion, 296. Retrieved from
http://books.google.com.au/books?hl=en&lr=&id=A2s963AzymYC&oi=fnd&pg=PA
296&dq=unconscious+emotion&ots=m8O1f84Bv6&sig=gGe7BjtYc5fCwoMpCNgi
EOV9C1Y
Tamietto, M., & de Gelder, B. (2010). Neural bases of the non-conscious perception of
emotional signals. Nature Reviews Neuroscience, 11(10), 697–709.
doi:10.1038/nrn2889
Tronick, E. (2005). Why is connection with others so critical? The formation of dyadic states
of consciousness and the expansion of individuals’ states of consciousness: coherence
governed selection and the co-creation of meaning out of messy meaning making.
Retrieved from http://psycnet.apa.org/psycinfo/2005-07347-011
Tsuchiya, N., & Adolphs, R. (2007). Emotion and consciousness. Trends in Cognitive
Sciences, 11(4), 158–167. doi:10.1016/j.tics.2007.01.005
Winkielman, P., & Berridge, K. C. (2004). Unconscious emotion. Current Directions in
Psychological Science, 13(3), 120–123.
Zajonc, R. B. (1980). Feeling and thinking: Preferences need no inferences. American
psychologist, 35(2), 151.

115
	
  

CHAPTER 7
PUPILLOMETRY REVEALS REDUCED UNCONSCIOUS EMOTIONAL
REACTIVITY IN AUTISM

CHAPTER 7: Unconscious Emotional Reactivity in Autism

116
116	
  
	
  

Chapter format: Journal article

Paper title: Pupillometry Reveals Reduced Unconscious Emotional Reactivity in Autism
Submitted to: Biological Psychology
Submission date: 24th September 2013

CHAPTER 7: Unconscious Emotional Reactivity in Autism

117
117	
  
	
  

Abstract

Recent theoretical conceptualisations have suggested that emotion processing
impairments in autism stem from disruption to the sub-cortical, rapid emotion-processing
system. We argue that a clear way to ascertain whether this system is affected in autism is by
measuring unconscious emotional reactivity. Using backwards masking, we presented fearful
expressions non-consciously (subliminally) as well as consciously (supraliminally), and
measured pupillary responses as an index of emotional reactivity in 19 children with autism
and 19 typically developing children, aged 2 to 5 years. The pupillary responses of the
children with autism indicated reduced unconscious, but normative conscious emotional
reactivity. In the autism group, greater parent-reported emotional contagion was related to
reduced unconscious emotional reactivity, however in the typically developing group, it was
related to reduced conscious emotional reactivity. Together, these results indicate a
hyporesponsiveness to rapidly-presented emotion and a fundamental difference in emotion
processing in autism, which requires consciousness and more time.

Keywords: autism; emotion; pupil dilation; unconscious; subliminal; implicit; backwards
masking; eye-tracking; autonomic nervous system; physiological responding; pupillometry
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Pupillometry Reveals Reduced Unconscious Emotional Reactivity in Autism

1. Introduction
One of the most powerful ways to establish genuine interpersonal connections is through
emotional communication (Rawlins, 1992). It is through the transfer of emotions and
emotional arousal between people that relationships are built (Malloch & Trevarthen, 2009;
Nummenmaa et al., 2012; Stern, 2010; Tomasello, Carpenter, Call, Behne, & Moll, 2005).
For example, sharing a laugh, smile or even a cry with someone can bring about a sense of
social closeness. Although much of our social-emotional lives is conscious, feeling states can
lie below the threshold for conscious awareness (Damasio, 1999), and unconscious emotion
(both non-consciously triggered and non-consciously experienced) influences and shapes our
everyday perceptions, behaviour, and social judgements (e.g., Berridge & Winkielman, 2003;
Hall, West, & Szatmari, 2007; Murphy & Zajonc, 1993; Niedenthal, 1990).
Emotional communication is a significant area of difficulty for individuals with Autism
Spectrum Disorders (ASD), neurodevelopmental disorders defined by social-communicative
difficulties and behavioural rigidity (American Psychiatric Association [APA], 2013).
Research on individuals with ASDs has indicated impairments in emotional reciprocity
(Hobson, 1989; Rogers & Pennington, 1991), which are likely to stem from difficulties
recognising subtle and briefly presented emotional expressions, from atypical physiological
responses to emotion, and from the unambiguous spontaneous expressions of own feeling
states towards others (for review, see Nuske, Vivanti, & Dissanayake, 2013a). Despite these
deficits, individuals with ASD can recognise basic emotions from still images of prototypical
facial expressions, and can imitate these when told to do so, at least in the laboratory setting
(Nuske et al., 2013a). Moreover, although individuals with ASD are often reported to have
atypical neurophysiological and physiological responses during emotion processing tasks
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(e.g., reduced amygdala activation), evidence suggests they have fewer abnormalities in
neural and autonomic responding during explicit emotion tasks (e.g., emotion labelling),
compared to implicit emotion tasks (e.g., gender labelling of emotional facial expressions;
Critchley et al., 2000; Hubl et al., 2003; Kuchinke, Schneider, Kotz, & Jacobs, 2011).
Together, this pattern of results suggests more difficulty with implicit emotional appraisals
than when attention is explicitly directed toward the emotional nature of the stimuli (Nuske et
al., 2013a). This interpretation is consistent with suggestions that the emotion processing
deficit in ASD stems from a fundamental problem with rapid, automatic or sub-cortically
mediated emotion processing (e.g., Adolphs, Sears, & Piven, 2001; Dawson, Webb, Carver,
Panagiotides, & McPartland, 2004; Johnson, 2005; McIntosh, Reichmann-Decker,
Winkielman, & Wilbarger, 2006; Oberman, Winkielman, & Ramachandran, 2009).
Furthermore, a greater reliance on explicit processing of emotion in ASD is consistent
with documented perceptual differences in this population, compared to the typical
population. For example, studies using the face-inversion paradigm have found that whilst
the emotion recognition performance of typically developing individuals is shown to be
diminished by turning the face up-side-down, this is not the case for individuals with ASD
(Gross, 2008; Hobson, Ouston, & Lee, 1988). Other studies have found that people with ASD
rely on featural or fine-grained details to process emotion (vs. using configural information or
the gestalt, respectively; Deruelle, Rondan, Salle-Collemiche, Bastard-Rosset, & Da Fonséca,
2008; Ozonoff, Pennington, & Rogers, 1991). The results from these studies suggest an
atypical approach to the processing of emotion from faces in ASD. Moreover, findings of
greater activity in visual processing areas in ASD during explicit emotion recognition (Daly
et al., 2012; Hadjikhani et al., 2009; Hubl et al., 2003; Kleinhans et al., 2010; Loveland,
Steinberg, Pearson, Mansour, & Reddoch, 2008; Silani et al., 2008), indicate that these
individuals may rely on rule-based, ‘disembodied’ explicit emotion processing strategies,

CHAPTER 7: Unconscious Emotional Reactivity in Autism

120
120	
  
	
  

possibly of visuo-perceptual origin (for a comprehensive review on the topic, see
Winkielman, McIntosh, & Oberman, 2009). Such strategies may include noticing the
widened eyes in fearful expressions, leading to recognition of the emotion and consequently
triggering an emotional reaction, rather than a direct and more immediate internal simulation
of the emotion. This notion of a relatively greater difficulty with implicit processing of
emotion and the use of explicit, disembodied strategies for emotion tasks, is consistent with
evidence of a temporal delay in emotion processing in ASD, as these explicit strategies are
likely to take longer than implicit ones (e.g., Akechi et al., 2009; Bal et al., 2010; Korpilahti
et al., 2007; Nuske, Vivanti, & Dissanayake, 2013b; Oberman et al., 2009; Wong, Fung,
Chua, & McAlonan, 2008). Furthermore, difficulty with implicit processing and reliance on
explicit cues for social information processing in ASD has been recently proposed outside of
the realm of emotion (for eye gaze, theory of mind and imitation) (Senju, 2012), which
perhaps suggests that all social cognition deficits in this disorder lie on the implicit level.
Given that explicit attention and conscious awareness are “intimately bound together”
(Crick & Koch, 1990, p.269), if atypical emotional reactivity in ASD is due to the greater
recruitment of disembodied, explicit strategies and a lesser reliance on embodied, implicit
processes, one would expect a greater difficulty with unconscious, compared to conscious
emotion processing in ASD, as the latter allows for explicit attention.
1.1 Unconscious Emotion Processing
Some of the most convincing empirical work on unconscious emotion processing has
been conducted with individuals who are cortically blind. Here, when emotionally inducing
stimuli are presented to the individuals’ blind visual field, despite the absence of conscious
registration of the stimuli, robust emotional reactions (facial, pupillary and neural) are
triggered in these individuals (Morris, DeGelder, Weiskrantz, & Dolan, 2001; Pegna, Khateb,
Lazeyras, & Seghier, 2005; Tamietto et al., 2009). Likewise, studies on individuals with
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right-parietal lobe damage, who show spatial extinction (a pathological form of inattentional
blindness for contralesionally presented stimuli presented simultaneously with stimuli to the
ipsilesional visual field; Mack & Rock, 1998), have shown amygdala activation to nonconsciously presented fearful faces (Vuilleumier et al., 2002; Williams & Mattingley, 2004).
In typical development, unconscious emotion has been mainly studied through
experimental manipulations that suppress conscious awareness of the emotional stimuli
through backward masking (Esteves & Öhman, 1993; Raab, 1961). Emotional faces are
presented briefly (≈30ms), and immediately followed by a ‘mask’, which is usually either a
scrambled image of a face or an emotionally neutral face. Many studies have confirmed that
emotional faces presented in such a way cannot be consciously recalled (e.g., Dannlowski et
al., 2007; Dimberg, Thunberg, & Elmehed, 2000; Morris, Öhman, & Dolan, 1998; Murphy &
Zajonc, 1993; Whalen et al., 1998; Winkielman, Zajonc, & Schwarz, 1997). Nevertheless,
brief emotion exposure with such backward masking has been found to trigger neural (Morris
et al., 1998; Morris, Öhman, & Dolan, 1999; Pegna, Landis, & Khateb, 2008; Smith, 2012;
Whalen et al., 1998), facial reactivity (Bornemann, Winkielman, & der Meer, 2012; Dimberg
et al., 2000; Rotteveel, de Groot, Geutskens, & Phaf, 2001; Tamietto et al., 2009) and skin
conductance responses (Esteves, Dimberg, & Öhman, 1994; Öhman & Soares, 1994).
According to Le Doux (1996), these low-level emotional reactions can be triggered without
consciousness due to the phylogenetically early design of the brain, which allows for the
processing of emotional stimuli to bypass the primary visual cortex, through the rapid, subcortical, colliculo-thalamo-amygdala neural pathway, rather than being processed via the
newer (and slower) cortical route (i.e., thalamus-sensory cortex-amygdala).
1.1.1 Unconscious Emotion Processing in Autism
Few studies have measured unconscious emotion processing in individuals with ASD,
despite this arguably being one of the clearest ways to ascertain whether basic, low-level,
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sub-cortical emotional processes are deficient in this group. To examine how unconscious
emotion effects later judgements of individuals with ASD, Kamio, Wolf and Fein (2006)
used a modified version of the subliminal priming task by Murphy and Zajonc (1993). They
found that the liking ratings of participants with ASD about (previously unseen) Japanese
ideographs were unaffected by preceding, subliminally-presented emotional faces, but that
they were in typically developing participants. Likewise, Hall et al. (2007) found that the face
friendliness ratings of children with ASD were less likely be influenced by subliminally
presented emotional information, compared to those of matched controls.
Only two studies have measured neurophysiological responses to subliminally presented
emotions in individuals with ASD. In measuring brain activation to backwardly masked
fearful faces, Kleinhans et al. (2011) found reduced activation in the superior colliculi,
pulvinar (an area of the thalamus), and amygdala (as well as in the fusiform gyrus) in
individuals with ASD, relative to controls. On the basis of the numerous reports, mentioned
above, there may be less sub-cortical engagement in ASD during emotion processing,
especially in the absence of explicit attention to, or conscious awareness of the emotion (e.g.,
Critchley et al., 2000). However, also using a backward masking task, Hall et al. (2010)
found that adults with ASD had a similar magnitude of amygdala response (although reduced
fusiform response), compared to matched controls. Given the limited research to date on
response to unconscious emotions in ASD, and the contradictory current findings, more
research is needed to establish whether there are indeed abnormalities in automatic and
implicit, unconscious emotional reactivity in individuals with ASD.
1.2 The Current Study
Our aim was to determine whether abnormalities in unconscious emotional reactivity are
present in young children with ASD, by measuring pupillary reactions (using eye-tracking
technology) to emotional expressions presented subliminally and supraliminally (below and
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above the threshold for consciousness, respectively). To our knowledge, this is the first study
to measure physiological (autonomic) reactions to non-consciously presented emotion in
individuals with ASD.
Eye-tracking pupillometry has a number of advantages. First, pupillary responses have
been shown to be a reliable marker of emotional arousal (Bradley, Miccoli, Escrig, & Lang,
2008; Partala & Surakka, 2003), and have been long known to be functionally linked to the
amygdala (Applegate, Kapp, Underwood, & McNall, 1983; Graur & Siegle, 2013; Urry et al.,
2006; Ursin & Kaada, 1960; Zbrozyna, 1963), allowing for comparisons with neuroimaging
studies. Second, pupillary responses provide a measure of emotional reactions regardless of
whether the participant is aware of such changes (Laeng, Sirois, & Gredebäck, 2012). Third,
whilst movement-related artefacts are common in neurophysiological and physiological data
due to the sensitivity of the techniques to motion (Patriquin, Scarpa, Friedman, & Porges,
2013; Tyszka, Kennedy, Paul, & Adolphs, 2013), advanced eye-tracking systems are less
prone to this type of artefact (explained further in the Apparatus section 2.2). This issue is
particularly relevant to the study of children with (and without) ASD, as they often have
difficulty with staying still and following instructions. Fourth, eye-tracking pupillometry is
non-invasive, and thus circumvents issues surrounding the application of electrodes (for
measuring ERPs, skin conductance responses or heart-rate) which may in itself cause
elevated arousal in individuals with ASDs who commonly present with tactile sensitivities
(Marco, Hinkley, Hill, & Nagarajan, 2011). Fifth, the above-mentioned decrease in
movement-related artefacts and the non-invasiveness of this technology together make it
well-suited for use with lower functioning children with ASD, who are too often excluded
from such research (for a recent discussion on this issue, see Vivanti, Barbaro, Hudry,
Dissanayake, & Prior, 2013).
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We chose to examine responses to fear, as this emotion has been found to produce large,
detectable neurophysiological and physiological responses (Adolphs, Tranel, Damasio, &
Damasio, 1994; Ekman, Levenson, & Friesen, 1983). Based on the findings discussed above,
we predicted that children with ASD would show reduced pupillary responses to fearful
facial expressions, relative to matched controls, particularly when the emotions were nonconsciously presented, with more typical (but still reduced) pupillary responses on conditions
where the emotion presentation was above the threshold for consciousness. The most typical
(or approximating typical) response from children with ASD was expected to be on the
longer (vs. shorter) conscious processing condition, where there would be more opportunity
to employ disembodied, explicit processing strategies. We also aimed to examine whether
everyday empathic behaviour was related to unconscious and conscious emotional reactivity
in children with and without ASD, as well as to investigate the relationship between
unconscious and conscious emotional reactivity with autism severity.

2. Method
2.1 Participants
Twenty-five children with ASD and 21 typically developing (TD) children, aged two to
five years, participated in the study. However, six children in the ASD group and two
children in the TD group were excluded as they did not look at the face stimulus in one or
more exposure conditions (30ms, 300ms or 2s), resulting in a total of 19 children in each
group. Participant characteristics are presented in Table 1. Both groups were recruited
through the same community childcare centre offering services for children with ASD and
TD children. The Mullen Scales of Early Learning (MSEL; Mullen, 1995) were administered
to all participants to measure cognitive ability. As expected, the ASD group were lower in
cognitive ability than the TD group (thus cognitive ability was used as a covariate, where
appropriate).
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Table 1. Participant Characteristics
ASD Group
(N= 19)

TD Group
(N= 19)

Comparison
Coefficients

Effect Sizes

3.97 (1.06)

4.20 (0.80)

t(36) = .74, p = .47

.25d

17, 2

16, 3

χ2 = .23, p = .63

0.08e

MSEL, SSa: M (SD)

73.21 (24.17)

102.21 (17.21)

t(36) = 4.26, p < .001

1.42d

ADOS-G, SCb: M (SD)

13.26 (5.28)

-

-

-

ADOS-G, RRBc: M (SD)

3.26 (1.94)

-

-

-

Age (years): M (SD)
Gender: M, F

a

Mullen Scales of Early Learning standard score (Early Learning Composite), Autism Diagnostic

Observation Schedule- Generic: bSocial-Communication Algorithm Total and cRestricted and
Repetitive Behaviours Algorithm Total, d Cohen’s d, e Phi (φ)

Clinic based diagnoses of the children with ASD were confirmed using the Autism
Diagnostic Observation Schedule– Generic (Lord, Rutter, DiLavore, & Risi, 1999), by expert
clinicians, with 12 children meeting criteria for Autistic Disorder and 7 meeting criteria for
ASD. One participant was taking methylphenidate at the time of testing. However, as this
participant was not an outlier on any dependent variable, and given that results remained
unchanged with the exclusion of his data, he was retained in the sample. All participants,
including TD controls, were free from any other medical conditions, and had no visual,
hearing or motor impairments. The research was approved by the La Trobe University
Human Ethics Committee (approval number 11-052).
2.2 Apparatus
A Tobii 120 binocular eye tracker and Tobii Studio software (version 3.0.3 Tobii,
Stockholm, Sweden) were used to present stimuli and record pupil diameter. This system
presents stimuli on a computer-like monitor and does not require any equipment to be
fastened onto the participant. Using multiple sensors, with bright and dark pupil tracking, a
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3D model of the pupil (taking into account optical distortions from the cornea and lens) is
built, allowing for both pupil diameter and distance from the screen to be measured at a
sampling rate of 60 Hz (one sample every 16.67ms). With this tracking technique,
movement-related artefacts are handled in two ways. Firstly, as pupil size is a function of
distance from the screen (of participant’s head to the monitor), the effect of head movements
perpendicular to the monitor was eliminated from the measure of pupil diameter on a sampleto-sample basis, using basic principles of trigonometry. Secondly, other head movements
(i.e., those parallel to the monitor) were accurately tracked (up to 25cm per second). The eyetracking monitor (TFT-LCD; W: 34cm x H: 27cm) has a refresh rate of 60Hz. Brightness was
set to 100%.1
2.3 Materials
2.3.1 Experimental task. A forward and backward masking paradigm (Esteves & Öhman,
1993; Raab, 1961) was chosen for the experimental task, through which fearful facial
expressions were presented for three different exposure conditions: 30ms, 300ms, and 2s. The
exposure duration of 30ms was chosen because stimuli presented for such a short duration
with backwards masking have been found to be processed without conscious awareness,
(e.g., Dimberg & Öhman, 1996; Morris et al., 1998). The 300ms and 2s durations were
selected to allow for comparison of shorter and longer conscious emotion processing, with
these durations just above and well above the threshold for conscious discrimination of the
stimuli, respectively (Williams et al., 2004). A scrambled face image (rather than a neutral
face) was chosen as the mask stimulus, to ensure measured pupillary responses were specific
to the fearful face, rather than to a neutral face (Kleinhans et al., 2011). To control for a
general response to faces, a baseline condition was included, following the same procedure
with neutral faces (see Figure 1).

CHAPTER 7: Unconscious Emotional Reactivity in Autism

Figure 1. Stimuli sequence. The duration of the Post-scrambled image presentation
corresponds to the duration of the neutral and fear expression duration, for an overall trial
duration of 5s (including the Pre-scrambled image).

2.3.2 Stimuli. Black and white photographs of neutral and fearful expressions were
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selected from the Pictures of Facial Affect series (Ekman & Friesen, 1975). Three
photographs each of people expressing fear and neutral expressions were chosen for each of
the three exposure conditions (i.e., 18 photographs in total). The photographs were adjusted
to 50% (128) luminosity, and luminosity matching per exposure condition was checked by
image analysis using Adobe Photoshop 8.0 (Adobe Systems, San Jose, CA). There were no
significant between-condition differences in the luminosity of stimuli (p range .32 - .77). A
scrambled image, created from one of the photographs and matched on luminosity to each
photograph, was shown before (the Pre-scramble image) and after (the Post-scramble image)
each fearful expression photograph. The Pre-scramble image, which was shown for 1s,
served as the forward mask, as well as a buffer for the pupillary light reflex, to ensure that
changes in pupil size captured during the presentation of the fearful expression were not due
to pre-trial to trial luminosity changes. The Post-scramble image served as the backwards
mask, to inhibit conscious processing of the emotion in the 30ms condition. For all exposure
conditions, this added to the time frame during which peak pupillary responses were
measured (i.e., 4s; explained further in section 2.5). Thus, the Post-scramble image was
shown for 3.970s in the 30ms condition, 3.700s in the 300ms condition and 2s in the 2s
condition, and with the Pre-scrambled image, each trial was a total of 5s (see Figure 1).
2.3.3 Everyday empathic behaviour questionnaire (EmQue). The EmQue (Rieffe,
Ketelaar, & Wiefferink, 2010) was used to measure everyday empathic behaviour in the
children. This parent-report questionnaire measures three traits of empathy observable in
young children: 1) emotion contagion, 2) attention to others’ feelings, and 3) prosocial
actions. Parents rate each of 19 items on a three-point likert scale (0= never, 1=sometimes,
and 2= often), according to how applicable the behaviour has been to their child over the past
two months.
2.4 Procedure
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Testing took place in a well-lit room of the community childcare centre which had no
external light. Ambient luminosity was checked prior to each testing session, using a
handheld photometer (model PLMX, Quantam Instruments). Ambient luminosity did not
differ during testing between the ASD and TD groups, t(36)=-.09, p= .93. Following the
provision of written consent, parents completed the EmQue. The child was seated in a
comfortable chair, approximately 60cm (36.46° visual angle) from the eye-tracking monitor.
The experimenter first calibrated the child’s eye movements with the built-in five point Tobii
Studio calibration procedure. Following this, each child passively viewed the images (with
the image exposure duration order counterbalanced within each participant group), which
were interspersed between the presentation of ‘filler’ stimuli to maintain attention (Janisse,
1977).
2.5 Data Reduction
Pupil data, preprocessed to be free of movement-artefacts (see Apparatus section 2.2),
were further processed with a custom-built LabVIEW 2010 (National Instruments, Austin,
Texas, USA) algorithm (Beaton, unpublished). First, samples for which only one eye was
tracked were eliminated (to minimise pupil size miscalculation due to head angle or ambient
light exposure). Where both eyes were tracked, a mean pupil diameter across eyes was
computed. Second, to remove extreme sample-to-sample changes in pupil diameter due to
partial eyelid closures (common in samples either side of missing data due to blinks), samples
outside 2 x standard deviations of the mean rate of change (calculated for each participant)
were removed. Third, gaps in data, due to blinks, were only linearly interpolated between
stable data points (traces), to a maximum of 350ms (Chau & Betke, 2005; Martineau et al.,
2011). A trace was deemed stable if there were a minimum of 50% of the samples in 2 x total
length of the gap, pre- and post-gap. This method allowed for a differential threshold for
interpolation, based on gap length and the reliability of the pre/post gap data. Finally, to
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compute a standardised peak pupillary response per exposure condition for each participant,
the following formula was used:
a = (b – c) / c × 100
where a = peak percentage change from neutral to fear (peak amplitude), b = peak pupil
diameter during fear condition (from fear expression until end of Post-scramble image) and c
= peak pupil diameter during neutral expression (from neutral expression until end of Postscramble image).
3. Results
Data were first analysed for skewness, kurtosis and outliers. As data were normally
distributed, parametric tests were used in all analyses. For brevity, peak percentage change
from neutral to fear stimuli will be referred to as ‘peak amplitude’.
3.1 Preliminary Analyses
3.1.1 Visual attention. Firstly, to ensure that the pupillary reactivity recorded was in
response to the neutral and fearful facial expressions, it was important to check the visual
attention of the children to these images. Also, to determine whether to control for visual
attention in the main analyses (section 3.2), we checked to see if the groups differed in visual
attention and to see whether visual attention was related to peak amplitude. As shown in
Figure 2, no group differences presented in fixation duration to the fearful face (eyes + mouth
area of interest, or AOI) on the 300ms exposure condition, nor to the mouth region across all
duration condition. However, the ASD group looked less (i.e., had a shorter fixation duration)
to the face on the 30ms and 2s exposure conditions, and had a shorter fixation duration to the
eye region across duration conditions, compared to the TD group. As depicted in Figure 3,
although there are similarities between the fearful face-scanning patterns of children with and
without ASD at the group level, the ASD group appeared to have slightly more scattered
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attention, with more time spent scanning outside the core emotional features of the face (i.e.,
eyes and mouth).

Figure 2. Fixation duration (in secs) to fearful expressions for different exposure durations
and face areas. The typically developing (TD) group looked longer than the autism spectrum disorder (ASD)
group on the 30ms and 2s condition (A and C), but not on the 300ms condition (B). The TD group looked more
to the eye area of interest (AOI), than the ASD group, but the groups did not differ on the mouth AOI (D and E).
Values for each AOI represent a sum of the mean fixation duration for each exposure condition (2s + 300ms +
30ms= max. 2.303s). Error bars represent standard error of the mean. *p <.10, **p <.05, ***p <.01.
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Figure 3. Average visual scan pattern for the fearful expression 2s condition, depicted by
heat maps, for each group. A) Children with autism spectrum disorder, B) Typically developing children.
Colour signifies the duration of visual attention (red > yellow > green). Two layers of fixations for each group
were superimposed on top of each other (one for each testing order).

To the neutral face, the groups were not different in fixation durations during the 30ms,
t(36) = .50, p = .62, and 300ms, t(36) = .87, p= .39, conditions. However, the ASD group
looked less to the face in the 2s condition, t(36) = 3.97, p< .001, as well as to the eye, t(36) =
2.36, p= .02, and mouth, t(36) = 1.80, p= .04, regions (across duration conditions). 2
For the ASD group, fixation duration to the neutral face in the 30ms condition was
marginally related to peak amplitude in this condition, r= .40, p= .09. No other correlations
between fixation duration and peak amplitude were significant for either group (r range= ±
.003- .34, p range= .15- .99). Thus, taking a conservative approach to control for the
potential confound of diminished attention to the stimuli, we controlled for fixation duration
in our main analyses of peak amplitude data (section 3.2), using a composite score of fixation
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duration across all conditions (neutral 30ms + neutral 300ms + neutral 2s + fearful 30ms +
fearful 300ms + fearful 2s).
3.1.2 Cognitive ability. Although the groups differed on cognitive ability (see Table 1),
the MSEL standard score (Early Learning Composite) was neither related to peak amplitude
nor to the EmQue scores in either group (r range= ± .001- .23, p range= .17- .997). As
covariation of variables that do not correlate to the dependent variables and that differ
between groups is not recommended (Dennis et al., 2009; Miller and Chapman, 2001), group
analyses of these variables were conducted without covarying the MSEL standard score. (For
comparison, the results covarying the MSEL standard score are also given in the Endnotes).
3.2 Main Analyses
3.2.1 Peak amplitude. To determine whether the groups differed on response to
subliminally and supraliminally presented fearful expressions, a two-way ANCOVA (2
groups x 3 exposure durations) was conducted on peak amplitude, controlling for visual
attention (fixation duration) to the stimuli.3 The main effect of Exposure was non-significant,
F(2,34)= .37, p= .70, η2= .02, but there was a significant main effect of Group, F(1,35)=
10.21, p= .003, η2= .23. However, as shown in Figure 4, this appeared to be driven by the
(marginally significant) Group x Exposure interaction (linear contrast), F(1,35)= 3.67, p=
.06, η2= .10. The effect of the (visual attention) covariate was non-significant, F(2,34)= .23,
p= .80, η2= .01. Between-group pairwise comparisons showed a group difference on the
30ms condition, F(1,35)= 9.42, p= .004, η2= .21, and the 300ms condition, F(1,35)= 4.68,
p= .04, η2= .12, with smaller peak amplitudes in the ASD than the TD group. However, the
groups did not differ on the 2s condition, F(1,35)= .02, p= .88, η2= .001. Within-group
pairwise comparisons showed that, for the TD group, peak amplitude was not different across
the exposure conditions (ps> .32). By contrast, for the ASD group, peak amplitude in the
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30ms condition was significantly smaller than in the 2s condition, F(2,34)= 2.20, p= .048,
with peak amplitude in the 300ms falling intermediate (ps > .20).4

Figure 4. Peak amplitude (peak percentage change from neutral to fear) shown for 30ms
(unconscious exposure), 300ms and 2s (short and longer conscious exposures) for each
group, adjusted for the effect of visual attention. Error bars represent standard error of the mean.

3.2.2 Everyday empathic behaviour. As can be seen in Table 2, parents rated children in
the ASD group significantly lower on the EmQue total score, as well as on the Attention to
Others’ Feeling and Prosocial Actions EmQue sub-scales. The groups were not differentiated
on the EmQue Emotional Contagion sub-scale.
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Table 2. Group Differences on Everyday Empathic Behaviour, as measured by the EmQue

EmQue TOTAL

ASD Group

TD Group

M (SD)

M (SD)

t-value p-value Cohen’s d

13.83 (6.72) 21.16 (3.83)

4.10

<.00

1.39

Emotional Contagion

3.22 (2.26)

3.68 (1.98)

.66

.51

.22

Attention to Others’ Feelings

7.50 (2.94)

10.42 (2.06)

3.52

<.00

1.19

Prosocial Actions

3.11 (2.74)

7.05 (1.22)

5.70

<.00

1.93

3.3 Correlation Analyses
3.3.1 Associations of everyday empathic behaviour with emotional reactivity and visual
attention. To test the hypothesis that everyday empathic behaviour is related to emotional
reactivity and attention, Pearson’s correlations between EmQue scores and peak amplitude,
as well as with fixation duration were computed (shown in Table 3). With regards to
emotional reactivity, in the ASD group, the Emotional Contagion EmQue sub-scale was
strongly and negatively associated with peak amplitude on the 30ms condition, and the
Attention to Others’ Feelings sub-scale was moderately, negatively related to peak amplitude
on the 300ms condition. By contrast, in the TD group, peak amplitude in the 2s condition was
related to the overall EmQue score, which seem to be driven by the strong, negative
correlation between this and the Emotional Contagion EmQue sub-scale. Furthermore,
although the relationship in the ASD group between the Emotional Contagion sub-scale and
peak amplitude in the 2s condition was diluted once the effect of fixation duration was
controlled, the direction of the association remained positive (not negative, as for the TD
group). With regards to emotional attention, in both groups, the Emotional Contagion subscale was moderately, negatively related to visual attention to the face (eye AOI + mouth
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AOI), which in both groups appeared to be driven by attention to the eye region. The overall
pattern of associations remained when controlling for cognitive ability (and visual attention
for peak amplitude variables).
Table 3. Correlations of Empathy with Peak Amplitude (PA) and Visual Attention (VA)

EmQue

Emotional

Attention to

Prosocial

TOTAL

Contagion

Others’ Feelings

Actions

30ms

-.35 (-.34) (-.35)

-.55** (-.57**) (-.57**)

-.18 (-.16) (-.16)

-.22 (-.21) (-.22)

300ms

-.36 (-.31) (-.26)

-.33 (-.28) (-.28)

-.45* (-.42*) (-.37)

-.12 (-.09) (-.02)

.24 (.16) (.23)

.40* (.31) (.33)

.37 (.31) (.41)

-.13 (-.18) (-.13)

Eyes

-.25 (-.33)

-.40* (-.34)

-.20 (-.32)

-.07 (-.20)

Mouth

-.24 (-.25)

-.28 (-.25)

-.20 (-.23)

-.14 (-.18)

Face

-.33 (-.41*)

-.47** (-.42*)

-.27 (-.39)

-.13 (-.27)

30ms

<.01 (.05) (.05)

-.09 (<-.01) (<-.01)

.19 (.21) (.21)

-.18 (-.18) (-.20)

300ms

-.13 (-.13) (-.13)

<-.01 (<.01) (<.01)

-.29 (-.29) (-.29)

.09 (.09) (.09)

-.46** (-.42*) (-.42)*

-.62*** (-.57*) (-.58**)

-.13 (-.12) (-.12)

-.24 (-.24) (-.22)

Eyes

-.03 (-.03)

-.29 (-.29)

.31 (.31)

-.15 (-.15)

Mouth

-.14 (-.15)

<-.01 (<-.01)

-.31 (-.31)

.07 (.06)

Face

-.23 (-.23)

-.40* (-.40*)

-.02 (-.02)

-.04 (-.05)

ASD Group
PAa

2s
VAbc

TD Group
PAa

2s
VAbc

a

For Peak Amplitude (PA), the r-values for partial correlations, controlling for the effect of visual attention

(fixation durations) are in bold and in parentheses (significant/ marginally significant correlations shaded in
grey), controlling for the effect of visual attention and cognitive ability (MSEL standard score) are in italics and
parentheses (not bold), and r-values outside parentheses are without controlling for either of these effects.
b

For Visual Attention (VA), the r-values for partial correlations, controlling for the effect of cognitive ability

(MSEL standard score) are in italics and parentheses, and r-values outside parentheses are without controlling
for either of these effects (significant/ marginally significant correlations shaded in grey). cNeutral + fearful
condition composite score, measured by fixation duration. *p< .10, **p< .05, ***p< .01
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3.3.2 Associations of autistic symptoms with emotional reactivity and visual attention. To
determine whether autistic symptoms are related to emotional reactivity and attention,
Pearson’s correlations between ADOS scores and peak amplitude, as well as with fixation
duration were computed. In the ASD group, the Play Algorithm of the ADOS was negatively
related to peak amplitude in the 2s exposure condition (r= -.49, p= .03), indicating that
children who responded more in the longer conscious emotion exposure condition had fewer
deficits in the area of functional and symbolic play. No other ADOS sub-scales (the Social
Communication Algorithm nor the Restrictive and Repetitive Behaviours Algorithm) were
related to peak amplitude (r range= ± .04 - .29, p range= .24 - .89). The ADOS sub-scales
were not related to visual attention (fixation duration) to the eye AOI, mouth AOI, nor the
face (eye AOI + mouth AOI) on the emotional expressions (r range= ± .06 - .39, p range= .11
- .87).
3.3.3 Associations between unconscious and conscious emotion processing. For the ASD
group only, within-group differences in peak amplitude were found between the 30ms and 2s
exposure conditions (with an intermediate peak amplitude in the 300ms condition),
suggesting that different processing strategies may be employed for unconscious (30ms) and
longer conscious (2s) emotion exposures in this group. To test this hypothesis, we computed
Pearson’s correlations between the exposure conditions. As evident in Table 4, whilst the
30ms and 300ms conditions were positively associated, associations with the 2s condition
were negative, with a significant, moderate and negative correlation between the 300ms
condition and the 2s conditions. These associations remained when controlling for visual
attention and cognitive ability.
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Table 4. Inter-condition Peak Amplitude (PA) Associations for the ASD Group
PA 30ms & 300ms PA 30ms & 2s PA 300ms & 2s

Simple correlations

.50 **

-.20

-.47 **

.50 **

-.19

-.45 *

.52 **

-.18

-.53 **

Partial correlations
Controlling for visual attention
Controlling for visual attention
and cognitive ability
*p< .10, **p< .05

4. Discussion
The aim of this study was to determine whether children with ASD have reduced
reactivity to unconscious emotion, and whether their emotion processing abilities benefit
from longer exposure durations. In keeping with our hypothesis, we found children with ASD
to have reduced pupillary reactivity to emotion presented non-consciously, which is also
consistent with the neuroimaging findings of Kleinhans et al. (2011; but not those of Hall et
al., 2010). However, this result was not limited to the condition of unconscious emotion
processing, as expected; the group of children with ASD also had less pupillary reactivity to
consciously presented emotion shown for a relatively short time (300ms), which fits with
numerous previous reports (e.g., Batty, Meaux, Wittemeyer, Rogé, & Taylor, 2011; Corbett
et al., 2009; Hubl et al., 2003; Loveland et al., 2008; Wong et al., 2008). As expected, more
normative reactivity was apparent in the children with ASD in response to the consciously
presented emotion shown for a longer duration (2s), where their pupillary reactions were
comparable to that of matched TD children. The children with ASD responded more to
consciously presented emotion shown for a longer duration, than to non-consciously
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presented emotion. This pattern of findings was independent of cognitive factors or the
duration of visual attention, indicating a difference between the groups in pupillary reactivity
to briefly presented emotion.
Nevertheless, consistent with our hypothesis, the children with ASD had the greatest
emotional responses to consciously presented emotion shown for the longest duration,
compared to non-consciously presented emotion. Together, the results suggest that children
with ASD are hypo-responsive to non-consciously presented emotion, as well as to
consciously presented emotion shown for a short duration. However, they benefit, in terms of
their emotional reactivity, from a longer emotion exposure. As individuals with ASD have
been found to have less difficulty explicitly recognising (i.e., labelling/identifying) emotional
expressions which are shown for longer durations (e.g., ≥1s; Neumann, Spezio, Piven, &
Adolphs, 2006; Ogai et al., 2003; Piggot et al., 2004; Rutherford & Towns, 2008; Spezio,
Adolphs, Hurley, & Piven, 2007b, 2007a; Tracy, Robins, Schriber, & Solomon, 2011; Wang,
Dapretto, Hariri, Sigman, & Bookheimer, 2004; Wright et al., 2012), a 2s exposure to the
emotional expression may have aided the appraisal of the emotion in this condition, and as a
consequence, ‘normalised’ pupillary reactivity to the emotion. Although the exact nature of
the ‘assistance’ gained from a longer exposure cannot be determined from the current study,
one may speculate that a longer duration allows for different explicit and disembodied
processing strategies to come online. Our finding of an abnormal perceptual pattern in the
children with ASD (i.e., less attention to the eye region) is suggestive of this conclusion,
although it is not definitive. Certainly, qualitative face-scanning differences have been
consistently documented in ASD (Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, &
Cohen, 2002; Neumann et al., 2006; Pelphrey et al., 2002; Rutherford & Towns, 2008;
Spezio et al., 2007a, 2007b).
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Although examining group differences in a general response to faces was not the focus
of the current study, our results showed an atypically larger response to non-consciously
presented neutral faces in the children with ASD compared to the TD children, which was
larger than their response to non-consciously presented fearful faces. These results are
consistent with a large body of literature that has identified atypical processing of faces in
people of ASD (e.g., Dawson, Webb, & McPartland, 2005; Johnson, 2005; Kleinhans et al.,
2008; Schultz, 2005). Alternatively, the ambiguity associated with neutral faces may have
triggered emotional arousal for the children with ASD, as according to some scholars,
ambiguous stimuli may be a source of arousal for individuals with ASD (Neta, Norris, &
Whalen, 2009; Neta, 2010).
Furthermore, we found that although the responses of the children with ASD were
positively associated across the two shorter duration conditions (i.e., 30ms and 300ms),
responses on the shorter and longer conscious processing conditions (i.e., 300ms and 2s)
were negatively associated. Given a typical magnitude of pupillary response in the ASD
group was only found on the 2s condition, this pattern of associations suggest that the
processes that lead to normative emotional reactivity in ASD do not stem from sub-cortical
mechanisms involved in rapid emotion processes. These functions may even operate in
opposition to each other.
By contrast, the TD children responded equally to non-consciously and consciously
presented emotion, suggesting that a 30ms emotional exposure experienced unconsciously is
sufficient to induce an emotional reaction of the same magnitude as for a 2s emotion
exposure. Thus, for TD individuals, the processes that underlie emotional reactions may stem
from unconscious mechanisms. This pattern of results provides additional support for a
fundamental difference in emotion processing in ASD that does not appear to be based on a
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rapid and automatic embodiment of the emotion, as occurs in typical development, but rather,
seems to be based on slower and necessarily explicit, disembodied processing strategies.
As discussed above, the sub-cortical system for emotion processing is thought to
modulate later cortical processing and to be responsible for rapid processing of emotional
expressions (Johnson, 2005). Since we found reduced pupillary responses (indicative of
reduced sub-cortical activity) in the ASD group to briefly presented emotion, the later
cortical processing of this group is likely to have been less modulated by emotional arousal.
Therefore, typical emotional ‘priming’ or ‘colouring’ of cortical systems, such as those
involved in sustained attention, subjective representation and reward mechanisms (for a
detailed review on the topic, see Vuilleumier, 2005), is less likely to occur in individuals with
ASD, due to less activation in the sub-cortical system during emotion processing. This
interpretation is consistent with findings in ASD of decreased functional connectivity
between the amygdala and cortical regions, such as the superior temporal sulcus STS, prefrontal cortex, temporal lobe, premotor cortex, and inferior frontal gyrus, (also known as a
mirror neuron area; Rizzolatti & Craighero, 2004), and between the amygdala and fusiform
via the primary visual cortex, during emotion processing (Grèzes, Wicker, Berthoz, & de
Gelder, 2009; Monk, 2010; Wicker et al., 2008). Psychologically, reduced sub-cortical
engagement during non-conscious emotion processing is likely to lessen the typical effect of
emotion on a host of cognitive phenomena, including attention, perception, actions, attitudes
and behaviour (Tamietto & de Gelder, 2010; Vuilleumier, 2005). Indeed, as mentioned
above, the social and non-social judgements of individuals with ASD have been found to be
less influenced by unconscious emotion, than those of TD individuals (Hall et al., 2007;
Kamio et al., 2006). Together, these findings may help to explain not only the quantitative
and qualitative differences in emotional attention we found in our group of children with
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ASD, but also the qualitative differences in emotion processing per se, and everyday
emotional behaviour in this population.
In line with this interpretation, we identified relationships between parent-reported
everyday empathic behaviour in children with ASD and their pupillary responses to emotion.
Firstly, in the ASD group, emotional contagion (the extent to which others’ emotions are
contagious for the children in their everyday lives) was negatively related to unconscious
emotional reactivity, whereas it was negatively related to conscious emotional reactivity in
the TD group. Thus, it seems that emotional contagion is differentially related to emotional
reactivity in the two groups. Contagious emotion processes are likely to be based on
physiological reactivity to others’ emotions (e.g., Levenson, 1996). Thus, greater
unconscious emotional reactivity may be disruptive to the processes involved in real-life
emotional contagion for individuals with ASD. However, for TD individuals, greater
conscious emotional reactivity may derail contagious emotion processes.
Secondly, in both groups, emotional contagion was negatively related to visual attention
to the face, which was driven by attention to eye region. Thus, in ASD and in typical
development, more attention to the eyes/face is associated with less everyday emotional
contagion. A definitive conclusion on the underlying mechanisms for this association cannot
be extracted from such an analysis. However, one may consider that this relationship stems
from the ease of emotional appraisal in the children, such that children who look more
towards the face or eye region do so because they are searching for more information about
the emotion, and as they may not accurately appraise the emotion or emotional significance,
they display less contagion. We also found a negative association between pupillary response
during the 300ms condition and everyday attention to others’ feeling in the ASD group, for
which the same interpretation could be applied. The children with ASD who look more often
towards others’ emotions in their everyday lives may do so because they have difficulty
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appraising the emotional expression, and have less physiological responsiveness to emotion
in this condition. Alternatively, the opposite explanation is also plausible. Children with ASD
who experience more emotional contagion and have greater physiological reactions to briefly
presented emotion may look less toward the face (especially the eye region) because of an
‘over-response’. However, as the children with ASD had smaller pupillary responses to
briefly presented emotion, this interpretation seems less convincing. Thus, more research is
needed to further explore the causal relationships between physiological responses to briefly
presented emotion, emotional attention patterns and everyday empathic functioning in
children with ASD.
In the current study, the reported levels of emotional contagion were found to be similar
across the groups. Although this may seem unusual given the pervasive emotional deficits
reported in individuals with ASD, similar results on emotional/affective empathy have been
found elsewhere, in the presence of cognitive empathy deficits in this population (Dziobek et
al., 2008; Schwenck et al., 2011). Moreover, this finding demonstrates that individuals with
ASD may successfully employ atypical processing strategies to allow for typical contagious
emotional experiences in everyday life.
Finally, in exploring the relationship between autistic symptoms and emotional
reactivity, we found that deficits in the area of functional and symbolic play were negatively
related to pupillary responses in the longer conscious emotion exposure (2s) condition in the
ASD group. Thus, the children who had a more typical magnitude of physiological response
to conscious emotion exposure had fewer deficits in the area of play. However, as this
measurement of play (the ADOS Play algorithm score) allows for little variation in scores,
future research should investigate this relationship using a more sensitive measure of play
deficits in ASD.
4.1 Limitations
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Discussions regarding unconscious vs. conscious emotion processing would have been
strengthened with the inclusion of data on participants’ actual conscious recollection of the
emotion stimuli in the different conditions, allowing us to verify, for example, that the
subliminally presented emotion was indeed subconsciously experienced. However, as
participants were very young, and given that the majority of those with ASD presented
significant difficulties with receptive language, collection of such data was not possible.
Further research with an older and more able group of children would be needed to test these
ideas.
Secondly, though our selection of fear as the key emotion was important due to previous
research suggesting that this emotion elicits detectable physiological responses (e.g., Ekman
et al., 1983), the current findings may not generalise to other emotions. Future research
should identify whether this pattern of responses is evident in response to non-consciously
presented positive emotions, as well as other ‘approach’ (vs. avoidance) negative emotions
(e.g., anger).
Finally, while the inclusion of an age-matched typically developing group afforded an
understanding of normative reactivity, the two groups were not matched on cognitive ability.
The inclusion of a chronological- and mental-age matched group would have been ideal, and
further research should seek to incorporate such a control group. Nonetheless, it should be
noted that the dependent variables were not related to cognitive ability and even when
cognitive ability was controlled for, the pattern of results for each analysis remained
unchanged (see Endnotes).

5. Conclusions
The current study explored unconscious and conscious emotional reactivity in a sample
of young children with ASD, and found a reduced response to subliminally presented
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emotion. For elicitation of emotional responses in individuals with ASD, the duration of
emotional exposure matters, which is not the case in typical development. Although
emotional reactivity appears to be based on unconscious and embodied processes in typical
development, in ASD, the neural pathway to a normative magnitude of emotional response
may detour via disembodied processes, which seem to work in opposition to those involved
in processing unconscious emotion. Overall, these findings suggest that individuals with ASD
process emotion in a fundamentally different way than do typically developing individuals,
one which requires consciousness, and more time.
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Endnotes
1

As the Tobii eye-tracking monitor refreshes at 60Hz, the 30ms presentation was

actually shown for 33.34ms, the 300ms at 300.06ms and the 2000ms at 2000.40ms.
2

As shown in the figure below, the shorter fixation duration in the ASD group to the eye

region of fearful faces was driven by less visual attention to the eye region in the 2s condition
only (*p <.10, **p <.05, ***p <.01).

Similar to the fearful faces, the shorter fixation duration in the ASD group to the eye and
mouth regions of neutral faces was driven by less visual attention to the eye and mouth
regions in the 2s condition only.
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To aid with interpretation of the pupillary change data from neutral to fearful faces, the

pupillary response on each expression condition (neutral, fear) is also presented below.
Variables were calculated using the last 100ms before the onset of the neutral or fearful facial
expression as a baseline. The following formula was used:
d = (e – f) / f × 100
where d = peak percentage change on neutral or fear (peak amplitude), e = peak pupil
diameter during neutral or fear condition (from neutral or fear expression until end of Postscrambled image, averaged across trials, per participant) and f = mean pupil diameter during
the 100ms before the onset of the neutral or fearful face (i.e., the last 100ms of the Prescrambled image), averaged across trials, per participant.

4

When controlling for cognitive ability (Mullen standard score), the ANCOVA revealed

the same pattern of results. Pairwise comparisons again revealed a group difference on the
30ms condition (p= .01, η2= .18) and the 300ms condition (p= .03, η2= .13), with the ASD
group showing smaller peak amplitudes than the TD group. On the 2s condition, the groups
were not different in peak amplitude (p= .48, η2= .02).
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Abstract

Background
Individuals with autism are often reported to have difficulty with emotion processing.
However, clinical and experimental data show that they are sensitive to familiarity; for
example, they show normative attachment to familiar people, and have normative brain
activity in response to familiar faces. To date, no study has measured their reactivity to the
facial emotions of familiar vs. unfamiliar people. Thus, our aim was to determine whether
individuals with autism would show normative reactivity to emotion in familiar people.
Methods
Participants were 21 children with autism and 21 children with typical development,
aged 2 to 5 years, matched on age and gender. The children observed videos of familiar
people (their child-care teachers) and unfamiliar people expressing fear, whilst their pupillary
reactions were recorded as an index of emotional reactivity, using eye tracking technology.
Results
The children with autism showed normative pupillary reactions (peak magnitude) to fear
expressed by familiar people, but a reduced response to fear expressed by unfamiliar people.
However, across familiarity conditions, the children with autism had longer latency peak
responses than the typically developing children. These abnormalities in emotional reactivity
in the autism group were related to less prosocial behaviour and more severe play and
communication deficits.
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Conclusions
Children with autism were less atypical in their responses to fearful expressions of
people they know, arguing against a pervasive emotional impairment in autism, but rather
one that may be mediated by familiarity.

Keywords: autism; emotion; familiarity; physiological reactivity; pupillometry; eye-tracking;
response latency
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Reactivity to Fearful Expressions of Familiar and Unfamiliar People in Children with
Autism: An Eye-tracking Pupillometry Study

Background
Emotional communication is one of the threads in the fabric of life that weaves together
human relationships (Powers & Trevarthen, 2009; Tomasello, Carpenter, Call, Behne, &
Moll, 2005). Individuals with Autism Spectrum Disorders (ASDs), a group of
neurodevelopmental disorders defined by social-communicative difficulties and behavioural
rigidity (American Psychiatric Association [APA], 2013), are often reported to have
difficulty with the processing of emotions (for review, see (Nuske, Vivanti, & Dissanayake,
2013a)). For example, these individuals have been reported to have difficulty recognising
subtle and complex emotional expressions (e.g., Baron-Cohen, Wheelwright, & Jolliffe,
1997; Greimel et al., 2010), and to have reduced physiological responses to emotion in others
(Blair, 1999; Kuchinke, Schneider, Kotz, & Jacobs, 2011; Riby, Whittle, & DohertySneddon, 2012). Despite the immense body of work on emotions in ASD to date (over 200
studies), nearly all studies have investigated the processing of emotion expressed by people
who are unfamiliar to the participants [4]. Thus, an important question remains regarding
whether individuals with ASD also have difficulty with the processing of emotion expressed
by people who are familiar to them.
The differentiation in reactions to people based on familiarity is foundational for the
organisation of social-emotional life (Herrmann, Keupp, Hare, Vaish, & Tomasello, 2012;
Schmidt, Rakoczy, & Tomasello, 2012). Familiarity and prior affective contact with a person
determines the personal relevance of their emotions; for example, a big smile from an old
friend is not processed in the same way as a big smile from an unfamiliar person. In typical
development, evidence from social and developmental psychology indicates that the
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processing of emotions of familiar people is easier, faster and achieved earlier in
development, than the processing of emotions of unfamiliar people (Beaupré & Hess, 2006;
Elfenbein & Ambady, 2003; Huynh, Vicente, & Peissig, 2010; Kahana-Kalman & WalkerAndrews, 2001; MacDonald & Silverman, 1978; Montague & Walker–Andrews, 2002;
Stinson & Ickes, 1992; Walker-Andrews, Krogh-Jespersen, Mayhew, & Coffield, 2011).
Moreover, recent evidence suggests that even by 12 months of age, infants have similar brain
activation patterns to adults during the processing of emotion in familiar people (MinagawaKawai et al., 2009). Furthermore, typically developing individuals show more empathy
towards familiar than unfamiliar people (for review, see Preston & De Waal, 2002).
The only published study to date that has specifically contrasted emotion processing of
familiar vs. unfamiliar people has shown that children with ASD, like typically developing
children, are more empathic towards caregivers than to unfamiliar people (Hudry &
Slaughter, 2009). However, a recent study by Fox and colleagues (2013) on infants with a
high and low risk for ASD (i.e., children who did, and did not have an older sibling with
ASD, respectively), found that high risk infants did not show differentiated brain responses to
happy expressions of familiar vs. unfamiliar people, as did the low risk infants. Thus, more
research is needed to determine whether individuals with ASD react to the emotions of
familiar people in a normative way, and whether this is related to their everyday empathic
functioning. This information is crucial for advancing our understanding of emotion
processing in ASD; if normative processing of emotions in familiar people is found, then the
neural architecture for emotion processing may be functional in ASD, but may require
‘bootstrapping’ from other neural circuits such as those involved in the processing of familiar
persons (for review, see Gobbini & Haxby, 2007; Natu & O’Toole, 2011).
Differential responses to emotions expressed by familiar vs. unfamiliar people rely on
early emerging capacities to distinguish between known vs. unknown people. Indeed,
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newborn infants show different responses to familiar vs. unfamiliar people (Bushnell, Sai, &
Mullin, 1989; Field, Cohen, Garcia, & Greenberg, 1984; Walton, Bower, & Bower, 1992). A
developmental transition in responses to familiar vs. unfamiliar people is apparent in typical
development, whereby very young infants (6-9 months old) respond more to familiar faces
than unfamiliar faces (de Haan & Nelson, 1997, 1999; Nakato et al., 2011), in 18-24 montholds this differentiation is marginal, it disappears in 24-45 month-olds and re-emerges in the
opposite direction in 3-6 year olds (Carver et al., 2003; Dawson et al., 2002; Moulson,
Westerlund, Fox, Zeanah, & Nelson, 2009; Todd, Lewis, Meusel, & Zelazo, 2008). Thus,
during the first years of life there seems to be a shift from a greater response to familiar faces
to a greater response to unfamiliar ones.
Research on the processing of familiar vs. unfamiliar faces in ASD suggests that
children, adolescents and adults process familiar faces using typical neural networks, despite
atypical brain activation during the processing of unfamiliar faces (Aylward, Bernier, Field,
Grimme, & Dawson, 2004; Pierce, Haist, Sedaghat, & Courchesne, 2004; Pierce & Redcay,
2008). Similarly, children with ASD showed normative brain responses to their own and
familiar people’s hands performing an action, but not to a stranger’s hand performing the
same action (Oberman, Ramachandran, & Pineda, 2008). Furthermore, whilst typically
developing preschoolers respond more to unfamiliar faces, relative to familiar faces, preschoolers with ASD do not show this pattern of responses (Dawson et al., 2002)(but see
(Kylliäinen et al., 2012)). Together, these findings suggest abnormalities in the processing of
unfamiliar, but not familiar, persons in those with ASD. This evidence is consistent with data
suggesting that children with ASD are able to form attachments with their caregivers (Capps,
Sigman, & Mundy, 1994; Dissanayake & Crossley, 1996; Sigman & Ungerer, 1984), along
with findings of abnormalities in approach behaviour towards unfamiliar people (Gallo,
2010; Kasari, Sigman, & Yirmiya, 1993; Nadel et al., 2000).

CHAPTER 8: Reactivity to Emotion in Familiar People in Autism

170

	
  
Atypical emotional reactivity in ASD has been documented in studies focused on
latency/timing of response to faces and other stimuli. Research on the processing of
unfamiliar faces in individuals with ASD has identified slower ERPs to faces (Webb,
Dawson, Bernier, & Panagiotides, 2006) and to emotional facial expressions (Korpilahti et
al., 2007), as well as slower emotion recognition (e.g., Akechi et al., 2009; Bal et al., 2010),
and delayed facial reactivity to emotions (Oberman, Winkielman, & Ramachandran, 2009).
Importantly, shorter response latency to emotion in unfamiliar people has been associated
with more empathic behaviour in young children with ASD (Dawson, Webb, Carver,
Panagiotides, & McPartland, 2004), and more accurate emotion recognition in children and
adolescents with ASD (Lerner, McPartland, & Morris, 2012).
Few studies have reported on latency of response to familiar people in individuals with
ASD. Dawson et al. (Dawson et al., 2002) found no group differences in ERP latency to
neutral facial expressions of familiar people in pre-schoolers; however, there were also no
group differences in ERP latency to unfamiliar people in this study. Key and Stone (Key &
Stone, 2012) studied ERP latency of response to expressively neutral familiar faces in infants
with a high and low risk for ASD, and found that whilst low risk children showed a longer
latency response to unfamiliar faces (compared to familiar faces), high risk children did not
differentiate on the basis of familiarity. As no study has yet examined how individuals with
ASD react to emotion in familiar people, it is also unknown if the timing of response to
emotion in familiar people is normative in this population.
The Current Study
The aim in the current study was to determine whether children with ASD react to
emotion in familiar vs. unfamiliar people in a normative way. To do so, we measured the
physiological reactions of participants to fearful expressions of familiar vs. unfamiliar people.
Certain physiological or autonomic nervous system (ANS) indicators signify only the
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sympathetic or parasympathetic branch of the ANS, such as skin conductance responses and
respiratory sinus arrhythmia, respectively, and certain measures are indicators of both
branches, such as heart rate and pupil size (Stern, Ray, & Quigley, 2001). Across ANS
indicators, on a resting-state level (ANS activity whilst ‘at rest’), some findings have
indicated hyper-arousal in ASD (i.e., lower parasympathetic or higher sympathetic ANS
activity) (C. J. Anderson & Colombo, 2009; Bal et al., 2010; Ming, Julu, Brimacombe,
Connor, & Daniels, 2005; Patriquin, Scarpa, Friedman, & Porges, 2013; Zahn, Rumsey, &
Van Kammen, 1987), and some findings have suggested that ASD do not differ at baseline on
physiological activity from matched controls (Blair, 1999; Daluwatte et al., 2012; Levine et
al., 2012; South, Larson, White, Dana, & Crowley, 2011; van Engeland, Roelofs, Verbaten,
& Slangen, 1991). In a study involving the same sample of children with ASD recruited for
the current study, we documented resting-state (tonic) pupil size that was indistinguishable
from matched typically developing children (same sample, matched on age and gender
(Nuske, Vivanti, & Dissanayake, 2013b). Other studies have examined ANS response to
social stimuli, such as to direct eye gaze in ASD. One study found hyper-arousal in ASD,
relative to matched controls (Joseph, Ehrman, McNally, & Keehn, 2008), and another found
that autonomic response increased as a function of eye openness in the ASD group, with a
larger response to wide-opened eyes (Kylliäinen et al., 2012). However, other studies have
found a normative response to direct eye gaze, or hypo-arousal to direct eye gaze in ASD
(Kylliäinen & Hietanen, 2006; Louwerse et al., 2013; Stagg, Davis, & Heaton, 2013).
In the current study, we chose to measure ANS response to emotion, by recording
pupillary reactions to fearful facial expressions, using eye-tracking pupillometry. This
technique has a number of advantages. First, pupillary reactivity has been shown to be a
reliable indicator of emotional arousal (Bradley, Miccoli, Escrig, & Lang, 2008; Partala &
Surakka, 2003). Second, eye-tracking pupillometry is non-invasive, and thus circumvents the
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issues surrounding the application of electrodes (for measuring ERPs, skin conductance
responses or heart-rate), as this may in itself cause elevated arousal in these individuals due
to tactile sensitivities, which are common in those with an ASD (Marco, Hinkley, Hill, &
Nagarajan, 2011). Thirdly, as the measurement of neurophysiological and physiological
activity is sensitive to motion, and children with ASD often have difficulty in following
instructions and staying still for prolonged periods of time, movement-related artefacts are
common in such data (Patriquin et al., 2013; Tyszka, Kennedy, Paul, & Adolphs, 2013). In
contrast, advanced eye-tracking systems are not susceptible to these artefacts (explained
further in the Apparatus section).
So far, the studies that have used eye-tracking pupillometry in ASD have identified that
individuals on the spectrum, unlike typically developing individuals, have a greater pupillary
response to inverted, relative to upright neutral faces (2008) and do not have greater pupillary
responses to smiling faces with direct eye gaze, compared to smiling faces with averted gaze
(Sepeta et al., 2012). Two recent studies have identified abnormal pupillary reactions to
emotional facial and vocal expressions in individuals with ASD (C. Anderson, Colombo, &
Shaddy, 2006; 2011); however one study found no group differences, though in the ASD
group only visual attention to the mouth region related to the pupillary response (2012).
Whilst scanning emotionally neutral faces, many studies have identified that individuals with
ASD have atypical face-scanning patterns, most notably, with less attention to the eye region
(Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, & Cohen, 2002; Pelphrey et al., 2002;
Trepagnier, Sebrechts, & Peterson, 2002). In a study by Sterling and colleagues (Sterling et
al., 2008) examining familiar and unfamiliar (neutral) face-scanning in individuals with ASD,
less visual attention to the eye region was found in the ASD, compared to typically
developing, participants, regardless of whether the face was familiar or unfamiliar to the
participants. Moreover, the TD group had more frequent fixations while watching unfamiliar,
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compared to familiar, faces, but this difference was not observed in the ASD group. Thus, the
face-scanning pattern for emotionally neutral familiar faces also seems to be atypical in ASD;
however, it is not yet known if this applies to familiar faces expressing emotion.
In the current study, we chose to use fearful facial expressions as this emotion has been
found to produce large, detectable neurophysiological and physiological responses (Adolphs,
Tranel, Damasio, & Damasio, 1994; Ekman, Levenson, & Friesen, 1983). Moreover, the
expression of fear in infants has been found to predict later empathic behaviour (Spinrad &
Stifter, 2006), suggesting the importance of this emotion for social development. Based on
the findings presented above, we predicted that children with ASD would show abnormal
reactions to fearful expressions in unfamiliar people, but normative reactions to fearful
expressions in familiar people, compared to age matched typically developing children. We
also aimed to examine whether everyday empathic behaviour was related to reactivity or
reactivity latency in either group, as well as investigating the relationship between emotional
reactivity and autism severity.

Methods
Participants
Twenty-five children with ASD and 21 typically developing (TD) children, aged two to
five years, participated in the study. However, four children in the ASD group were excluded
due to low visual attention (< 20%) to the stimuli (N= 21). See Table 1 for a summary of
participant characteristics. Both groups were recruited through a community childcare centre.
The Mullen Scales of Early Learning was administered to all participants to measure
cognitive ability (MSEL; (Mullen, 1995)). Following the recommendations of Dykens and
Lense (Dykens & Lense, 2011), our group was representative of the greater ASD population
in terms of cognitive ability (Robert M. Joseph, 2011), with 66.7% low-functioning and
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33.3% high-functioning (at a cut-off of 70 standard score for high-functioning; (Minshew,
Goldstein, & Siegel, 1995). Thus, as expected, the ASD group were lower in cognitive ability
than the TD group (who all had a MSEL standard score in the normal range). Cognitive
ability was therefore used as a covariate in the analyses, where appropriate.
Diagnoses of the children with ASD were confirmed using the Autism Diagnostic
Observation Schedule (ADOS; (Lord, Rutter, DiLavore, & Risi, 1999)) by expert clinicians
with 15 children meeting criteria for Autistic Disorder and 6 meeting criteria for ASD. One
participant was taking methylphenidate at the time of testing; however, as this participant was
not an outlier on any dependent variable, and results were not altered with the exclusion of
the participant’s data, he was retained in the sample. Exclusion criteria for the TD children
were a history of autistic symptoms, as reported by their parents and the child-care staff. All
participants, including the typically developing participants, were free from any other
medical conditions, and had no visual, hearing or motor impairments. The research was
approved by the La Trobe University Human Ethics Committee (Approval Number 11-052).
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Table 1. Participant Characteristics

Age (years): M (SD)
Gender: M, F

ASD Group

TD Group

(N= 21)§

(N= 21)

3.98 (1.05)

4.27 (0.60)

1.095

.28

.35

18, 3

18, 3

-

-

-

5.18

<.00

1.64

t-value p-value Cohen’s d

MSEL, SS*: M (SD)

67.86 (23.53) 100.29 (16.41)

ADOS, SC†: M (SD)

13.81 (5.16)

-

-

-

-

ADOS, RRB††: M (SD)

3.48 (1.81)

-

-

-

-

*Mullen Scales of Early Learning standard score (Early Learning Composite), †Autism Diagnostic
Observation Schedule, Social-Communication Algorithm Total, ††Autism Diagnostic Observation Schedule,
Restricted and Repetitive Behaviours Algorithm Total, § 21 children after exclusion of four children for low
visual attention (< 20%) to the stimuli.

Apparatus
A Tobii 120 binocular eye tracker and Tobii Studio software (version 3.0.3 Tobii,
Stockholm, Sweden) was used to present stimuli and record pupil diameter. This system
presents stimuli on a computer-like monitor (see Figure 1) and does not require any
equipment to be fastened onto the participant. Using multiple sensors, with bright and dark
pupil tracking, a 3D model of the pupil (taking into account optical distortions from the
cornea and lens) is built, allowing for both pupil diameter and distance to be measured at a
sampling rate of 60 Hz (one sample every 16.67ms). With this tracking technique movementrelated artefacts are dealt with in two ways. Firstly, as pupil size is a function of distance (of
participant’s head to the monitor), the effect of head movements (perpendicular to the
monitor) was eliminated from pupil diameter on a sample-to-sample basis by the Tobii
system, using basic principles of trigonometry. Secondly, other head movements (i.e., parallel
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to the monitor) were accurately tracked by the Tobii system (up to 25cm per second).
Brightness of the eye-tracking monitor (W: 34cm x H: 27cm) was set to 100%.

Figure 1. Experimental set-up.

Materials
Video filming. Stimuli were videos of people initially showing a neutral expression,
which gradually changed into a prototypic fear expression (eyes widened, eyebrows lifted,
mouth ajar; see Figure 2 for still frames taken from one of the videos). Ten of the videos
featured people familiar to the children and ten featured unfamiliar people. For the children
with ASD, the familiar people were their intervention therapists and centre staff within their
childcare playroom, and for the TD children the familiar people also comprised the staff
within their childcare playroom. The criterion that was set to ensure the childcare staff were
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familiar to the child participants was that the children had to be enrolled for a minimum of 3
months in the childcare.

Figure 2. Still frames taken from video stimuli.

Video ratings. In order to ensure that the fear expressions were of the intended valence
and intensity, ten typically developing adults (4 male, mean age: 25.1) rated the neutral and
fear still frames from the videos on valence and intensity using the nine-point likert rating
scales from the International Affective Picture System, Self-assessment Manikin (SAM;
(Lang, 1980)).
Video selection. Three videos of familiar people (for each group) and three of unfamiliar
people were selected on the basis on the mean SAM scores of valence (neutral range: 4.5 5.5, fear range: 1.4 - 2.7) and arousal/intensity (fear range: 5.5 - 7.6). There was a significant
difference between valence ratings for neutral vs. fear, (ps< .001) indicating that fear
expressions were significantly more negative than neutral expressions. Inter-class
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correlations for scores were high (Cronbach’s alpha >. 71) for each stimuli type (neutral,
fear).
Video preparation. As different colours emit different levels of luminosity, the selected
videos were first converted to grey scale so that pupil size would not be affected. Also, as the
videos were not the same across all participants, the videos were matched on luminosity by
analysis of the first still frame of the videos (per familiarity condition and group) using
Adobe Photoshop 8.0 (Adobe Systems, San Jose, CA). There were no significant differences
in luminosity of familiar and unfamiliar stimuli, and between the stimuli for each group (all p
> .55). A scrambled image was created from the neutral still frame for each video (and was
also matched on luminosity to this still frame), which served as a buffer for the pupillary light
reflex, to ensure that changes in pupil size captured during the presentation of the neutral
expression were not due to pre-stimulus to stimulus luminosity changes (see Figure 2). Using
iMovie HD 6.0.3 (Apple Computer Inc., Cupertino, CA), the videos were adjusted so that the
neutral and fearful expressions were each shown for 4s in each video (i.e., to standardise the
presentation duration of expressions across the videos), and also so that the changes in pupil
size could be captured to an unchanging stimulus, as subtle expression changes over time
(e.g., in duration of the genuine fearful expression) could account for the fluctuations in pupil
size over time.
Everyday empathic behaviour questionnaire. The EmQue (Rieffe, Ketelaar, &
Wiefferink, 2010) was used to measure everyday empathic behaviour in the children. This
parent-report questionnaire measures three traits of empathy observable in young children: 1)
emotion contagion, 2) attention to others’ feelings, and 3) prosocial actions. Parents rate each
item on a three-point likert scale (0= never, 1=sometimes, and 2= often), according to how
applicable the behaviour has been to their child over the past two months.
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Procedure
Testing took place in a well-lit room of the childcare centre (where the children were
recruited from), which had no external light. Ambient luminosity was checked before the
start of each testing session using a handheld photometer (model PLMX, Quantam
Instruments), and was the same for all participants. After written consent was obtained from
the parent, s/he completed the EmQue. The participant was seated in a comfortable chair (see
Figure 2), approximately 60cm (36.46° visual angle) from the eye-tracking monitor. The
experimenter first calibrated the child’s eye movements with the built-in five point Tobii
Studio calibration procedure, in which the children had to track a moving dot across the
screen with their eyes. Following this, each child passively viewed the videos (with the
familiarity of the person in the videos counterbalanced within each participant group), which
were interspersed between the presentation of ‘filler’ stimuli (child-friendly pictures and
videos) to maintain attention (Janisse, 1977).
Data Reduction
Pupil data, preprocessed by the Tobii system to be free of movement-artefacts (see
Apparatus section), was further processed with a custom-built LabVIEW 2010 (National
Instruments, Austin, Texas, USA) algorithm (Beaton, 2012, unpublished). First, samples for
which only one eye was tracked were eliminated (to minimize pupil size miscalculation due
to head angle or ambient light exposure). Where both eyes were tracked, a mean pupil
diameter across eyes was computed. Second, to cut out extreme sample-to-sample changes in
pupil diameter due to partial lid closures (common in samples either side of missing data due
to blinks), samples outside 2 x standard deviation of the mean rate of change (calculated for
each participant) were removed. Third, gaps in data, due to blinks, were only linearly
interpolated between stable data points (traces), to a maximum of 350ms (Chau & Betke,
2005; Martineau et al., 2011). A trace was deemed stable if there were a minimum of 50% of
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the samples in 2 x total length of the gap, pre- and post-gap. This method allowed for a
differential threshold for interpolation, based on gap length and the reliability of the pre/post
gap data. In the fourth step, pupil data that was recorded whilst the participant was looking
outside of the AOI of the face area was excluded to ensure only pupillary response to the face
was captured. Finally, to compute a standardised peak pupillary response per 100ms (since
eye-tracking data are arguably not stable when recorded for less than 100ms (Komogortsev,
Gobert, Jayarathna, & Gowda, 2010)), the following formula was used:
a = (b – c) / c × 100
where a = peak amplitude of pupillary response (greatest percentage change in pupil diameter
from neutral to fear), b = mean pupil diameter during each consecutive 100ms of the fear
expressions (40 x 100ms = 4s total) and c = mean pupil diameter during the neutral
expressions. Latency of peak amplitude was therefore measured per 100ms. Thus, the
percentage change from neutral to fear was calculated for every 100ms, and the peak was
recorded as a. For example, if a for one participant was 7% on one of the conditions, and this
happened in the 15th block of 100ms (i.e., at 1500ms), then this was the latency that was
recorded.
Visual attention data (fixation counts) was also extracted from Tobii Studio using a
fixation filter (I-VT), using the default pre-sets (maximum gap length: 75ms, window length:
20ms, velocity threshold: 30 degrees per second, maximum time between fixations: 75ms,
maximum angle between fixations: 0.5 degrees), with the exception that the minimum
fixation duration was set to 100ms. This minimum fixation duration was chosen as eyetracking data of 100ms or more is not only more reliable than data tracked for shorter
durations (Komogortsev et al., 2010), but is also considered to be a reliable index of what
elements in a scene are actually captured and processed (Poole & Ball, 2006).
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Results
Data were first analysed for skewness, kurtosis and outliers. Data were normally
distributed; therefore parametric tests were used in all analyses. For brevity, peak amplitude
of pupillary response to fear expressed by familiar, and unfamiliar people, will be referred to
as ‘peak amplitude to familiar fear’ and ‘peak amplitude to unfamiliar fear’, respectively, and
latency of peak amplitude will be referred to as ‘peak latency’.
Preliminary Analyses
Visual attention. To ensure that the pupillary reactivity recorded was in response to the
fearful facial expressions, it was important to check the visual attention of the children to the
videos. Also, to determine whether to control for visual attention in the main analyses we
checked whether the groups differed in visual attention and whether visual attention was
related to peak amplitude/latency (correlations are reported in the Correlation Analyses
section). As apparent in Figure 3, independent samples t-tests revealed that the groups
differed in fixation counts (100ms visual attention) to the face area (eye AOI + mouth AOI)
for the familiar neutral, t(40)= 3.19, p= .003, unfamiliar neutral, t(40)= 4.67, p< .001, and
unfamiliar fear conditions, t(40)= 2.04, p= .05, but not on the familiar fear condition, t(40)=
.87, p= .39.
To further explore these differences in visual attention, we computed independent
samples t-tests on the eye AOI and the mouth AOI, for each of the four conditions.a As
depicted in Figure 4, the TD group looked longer than the ASD group to neutral faces across
familiarity conditions and AOIs (familiar neutral eyes, t(40)= 2.47, p= .02; familiar neutral
mouth, t(40)= 2.09, p= .04; unfamiliar neutral eyes, t(40)= 3.82, p< .001; unfamiliar neutral
mouth, t(40)= 2.85, p= .01), but they did not significantly differ in their attention to fearful
faces across familiarity conditions and AOIs (familiar fear eyes, t(40)= .33, p= .74; familiar
fear mouth, t(40)= .90, p= .37; unfamiliar fear eyes, t(40)= 1.31, p= .20; though on the
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unfamiliar fear mouth condition, the TD group looked marginally longer than the ASD group,
t(40)= 1.94, p= .06). Thus, taking a conservative approach, we controlled for fixation counts
in the peak amplitude and peak latency analyses, using a composite score of fixation counts
to the face area across all conditions (familiar neutral + unfamiliar neutral + familiar fear +
unfamiliar fear).
Cognitive ability. The relationship between cognitive ability and peak amplitude/ latency
was examined to determine whether it was necessary to control for the difference in cognitive
ability between the two groups (see Table 1). The MSEL standard score (Early Learning
Composite) was not related to the dependent variables in either group: peak amplitude, peak
latency or the EmQue scores, (p range= .16 - .97). As covariation of variables that do not
correlate to the dependent variables and that differ between groups is not recommended
(Dennis et al., 2009; Miller and Chapman, 2001), all analyses were conducted without
covarying the MSEL standard score (n.b., the results from covarying the MSEL standard
score are given in the Endnotes for comparison).

Fixa%on	
  Counts	
  	
  
(100ms	
  Visual	
  A4en%on)	
  
20	
  
15	
  

*	
  

*	
  

10	
  

ASD	
  

5	
  

TD	
  

0	
  
Familiar	
  
Neutral	
  

Unfamiliar	
  
Neutral	
  

Familiar	
  
Fear	
  

Unfamiliar	
  
Fear	
  

Figure 3. Fixation counts during neutral and fear expressions for each familiarity condition
and group. One fixation count represents 100ms of visual attention. Error bars represent
standard error. * p< .05
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Figure 4. Fixation counts (100ms visual attention) for neutral and fearful expressions, in each
condition and face area. A)/B) To the eye region of familiar and unfamiliar people with a neutral
expression, the typically developing (TD) group looked longer than the autism spectrum disorder (ASD) group.
C)/G) However, to the eye region of familiar and unfamiliar people with a fearful expression, the groups were
no different in visual attention. D)/E) Likewise, to the mouth region of familiar and unfamiliar people with a
neutral expression, the TD group looked longer than the ASD group. F)/H) Similarly, to the mouth region of
familiar people with a fearful expression, the groups were no different in visual attention, though the groups
were marginally different on visual attention to the mouth region of unfamiliar people with a fearful expression,
with the TD group looking longer than the ASD group. I)/J) Mouth and eye region areas of interest (AOIs). *p
<.10, **p <.05, ***p <.01.
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Main Analyses
Peak amplitude. To determine whether the groups differed on reactivity to fear in
familiar and unfamiliar people, a two-way ANCOVA (2 Groups x 2 Familiarity levels) was
conducted on the peak amplitude (change from neutral to fear expression), controlling for
visual attention (fixation counts) to the stimuli.b Percentage change, from the neutral to
fearful expression, over time is pictured in Figure 5. The main effect of Familiarity was not
significant, F(1,39)= 1.80, p= .19, η2= .04, but there was a main effect of Group, F(1,39)=
6.64, p= .01, η2= .15, which was driven by the significant Group x Familiarity interaction,
F(1,39)= 6.25, p= .02, η2= .14. The effect of the visual attention covariate was not
significant, F(1,39)= 0.26, p= .61, η2= .007, therefore, the unadjusted mean scores are shown
in 5. Pairwise comparisons showed that there was no difference between the groups on peak
amplitude to familiar fear (p= .67, η2= .005), but the ASD group had reduced peak amplitude
to unfamiliar fear (p= .005, η2= .18) compared to the TD group, who had a greater peak
amplitude to unfamiliar fear than to familiar fear (p= .002, η2= .22); the ASD group did not
differentiate between familiarity conditions (p= .78, η2= .002).c
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Figure 5. Change in pupil diameter from neutral expression to fear expression over time
(shown as a percentage). Unadjusted means, in increments of 100ms and smoothed with a 7-point moving
average filter, for each familiarity condition and group.
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Figure 6. Peak change in pupil diameter from neutral expression to fear expression (shown as
a percentage). Unadjusted means for each familiarity condition is pictured here, for each group. Error bars
represent standard error.
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Peak latency. To determine whether the groups differed in peak latency, a two-way
ANCOVA (2 Groups x 2 Familiarity levels), again controlling for visual attention, was
performed on peak latency (latency to peak amplitude change from neutral to fear
expression). As is evident in Figure 7, there was a significant main effect of Group, F(1,39)=
14.53, p< .001, η2= .27, but no main effect of Familiarity, F(1,39)= .34, p= .57, η2= .009,
nor a Group x Familiarity interaction, F(1,39)< .001, p= .998, η2< .001, indicating that the
children with ASD showed a longer response latency, compared to the TD group, across the
familiarity conditions. The effect of the visual attention covariate was not significant
F(1,39)= 0.88, p= .36, η2< .02.d
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Figure 7. Peak pupillary change latency, in seconds, during the fear expression. Unadjusted
means for each group and familiarity condition is shown. Error bars represent standard error.

Everyday empathic behaviour. To determine whether the groups differed in everyday
empathic behaviour, t-tests were computed on the difference between the scores for each
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group on the EmQue sub-scales, and the EmQue total score. As can be seen in Table 2,
children in the ASD group scored significantly lower on the EmQue total score and on the
Attention to Others’ Feeling and Prosocial Behaviour EmQue sub-scales. Although the t-test
did not differentiate the groups on the EmQue Emotional Contagion sub-scale, the ASD
group had lower scores, and there was a medium effect size of the difference between the
groups (Cohen, 1988).

Table 2. Group Differences on Everyday Empathic Behaviour, as measured by the EmQue

EmQue TOTAL

ASD Group

TD Group

M (SD)

M (SD)

t-value p-value Cohen’s d

11.95 (7.16) 21.33 (4.71)
4.99

<.00

1.60

†Emotional Contagion

2.65 (2.46)

3.81 (2.21)

1.59

.12

.51

†#Attention

6.60 (3.49)

10.76 (1.92)

4.77

<.00

1.53

†Prosocial Behaviour

2.70 (2.98)

6.76 (1.81)

5.31

<.00

1.70

† EmQue sub-scales, # Attention to Others’ Feelings

Correlation Analyses
Associations with visual attention. To determine whether emotional reactivity was
associated with visual attention, Pearson correlations were computed between fixation counts
and peak amplitude/ peak latency for eye, mouth and face areas (eye + mouth AOI) in the
different conditions. As apparent in Table 3, in the ASD group, peak amplitude to familiar
fear was positively related to fixation counts to the fearful face (r= .51; p= .02), which was
driven by fixation counts to the eye region (r= .64; p= .002). In the TD group, however, peak
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amplitude to familiar fear was positively related to fixation counts to the mouth region (r=
.44; p= .045). Moreover, in the TD group, a marginal association between peak latency to
familiar fear and fixation counts to the fearful face was also found (r= .43; p= .051), which
appeared to be driven by fixation counts to the mouth region (r= .38; p= .09). No other
correlations between fixations counts and peak amplitude/ peak latency for either group were
significant (all p’s = .14- .998).
Table 3. Correlations between Visual Attention and Emotional Reactivity
Familiar

Unfamiliar

Peak Amplitude

Peak Latency

Peak Amplitude

Peak Latency

†Neutral FACE*

.28 (.18)

-.08 (-.07)

.20 (.07)

.05 (.24)

†Neutral Eyes

.24 (.19)

-.09 (-.08)

-.08 (-.17)

.04 (.12)

†Neutral Mouth

.13 (-.007)

.002 (.02)

.32 (.29)

.17 (.21)

†Fearful FACE*

.51** (.44**)

-.17 (-.17)

.18 (.13)

-.07 (-.02)

.64*** (.60***)

-.34 (-.34)

.07 (-.01)

-.21 (-.16)

.07 (-.001)

.10 (.11)

.27 (.28)

.20 (.21)

.12 (.10)

.17 (.11)

-.002 (-.005)

.25 (.26)

-.23 (-.23)

.09 (.08)

-.18 (-.18)

.33 (.32)

†Neutral Mouth

.32 (.32)

.14 (.06)

.11 (.10)

.05 (.07)

†Fearful FACE*

.23 (.22)

.43* (.37)

.04 (.03)

-.17 (-.16)

-.16 (-.19)

.23 (.17)

-.14 (-.15)

-.31 (-.30)

.44** (.44**)

.38* (.33)

.24 (.23)

.09 (.10)

ASD Group

†Fearful Eyes
†Fearful Mouth
TD Group
†Neutral FACE*
†Neutral Eyes

†Fearful Eyes
†Fearful Mouth

† Fixation counts (100ms visual attention) for the four conditions. * Eye area of interest (AOI) + mouth AOI.
Table shows Pearson correlations (two-tailed) between visual attention (fixation counts) and emotional
reactivity, as indexed by peak amplitude and peak latency. The r-values for partial correlations, controlling for
the effect of cognitive ability (MSEL standard score), are in parentheses, and r-values outside parentheses are
without controlling for this effect. Significant correlations (α= .05) are bolded. ***p <.01, **p <.05, *p <.10.
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Associations with empathic behaviour. To explore the relationships between emotional
reactivity and everyday empathic behaviour, we computed Pearson correlations between the
emotion variables (peak amplitude, peak latency) for each condition and EmQue scores. As a
main effect of familiarity condition was not found for latency (described above), a composite
score of peak latency (peak latency composite), across familiarity conditions, was also used
in the correlational analysis ([peak latency to familiar fear + peak latency to unfamiliar fear] /
2). These correlations, both with and without partialling out the effect of cognitive ability
(MSEL standard score) are shown in Table 4. The overall pattern of correlations is not
affected by partialling out the effect of cognitive ability.
In the ASD group, the Prosocial Behaviour sub-scale of the EmQue was negatively
related to the peak latency composite (r= -.50, p= .02), driven by the association with peak
latency to unfamiliar fear (r= -.55, p= .01), suggesting that the children with ASD who react
more quickly to fearful expressions, particularly those of unfamiliar people, are more prosocial. In the TD group, the Attention to Others’ Feelings sub-scale was negatively related to
peak amplitude to unfamiliar fear (r= -.44, p= .045), indicating that the TD children who
responded less to the fearful expressions of unfamiliar people are reported as being more
attentive to others’ feelings.
Associations with autistic symptoms. To determine whether autistic symptoms were
related to pupillary reactivity, Pearson correlations between ADOS algorithm scores and peak
amplitude/ latency were computed for the ASD group. The Communication Algorithm and
the Play Algorithm of the ADOS were both moderately negatively associated with peak
amplitude of response to familiar fear (r= -.42, p= .06, and r= -.39, p= .08, respectively), but
not with peak amplitude to unfamiliar fear, nor with the peak latency composite score (all p>
.35). The Social Algorithm and the Restrictive and Repetitive Behaviours Algorithm were not
related to any of these dependent variables (all p> .18).
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Table 4. Correlations between Empathic Behaviour and Emotional Reactivity

Peak Amplitude

Peak Latency

Familiar

Unfamiliar

Familiar

Unfamiliar

Across Conditions

.06 (.03)

-.09 (-.11)

-.20 (-.19)

-.20 (-.19)

-.31 (-.30)

-.33 (-.29)

-.20 (-.17)

-.11 (-.12)

.43 (.41)

.17 (.14)

†#Attention

.18 (.12)

-.07 (-.11)

-.17 (-.17)

-.25 (-.22)

-.34 (-.30)

†Prosocial Behaviour

.21 (.17)

-.03 (.004)

-.18 (-.18)

-.55* (-.53*)

-.50** (-.49**)

-.14 (-.15)

-.34 (-.35)

.16 (.16)

-.29 (-.29)

-.09 (-.09)

.12 (.12)

-.28 (-.29)

.28 (.26)

-.33 (-.32)

-.03 (-.04)

†#Attention

-.19 (-.19)

-.44* (-.44*)

-.004 (.000)

-.06 (-.06)

-.04 (-.04)

†Prosocial Behaviour

-.32 (-.33)

-.08 (-.08)

.09 (.09)

-.30 (-.30)

-.14 (-.14)

ASD Group
EmQue TOTAL
†Emotional Contagion

TD Group
EmQue TOTAL
†Emotional Contagion

Pearson correlations (two-tailed) between everyday empathic behaviour (EmQue scores) and emotional
reactivity as indexed by peak amplitude (familiar, unfamiliar) and peak latency (familiar, unfamiliar, across
familiarity conditions). The r-values for partial correlations, controlling for the effect of cognitive ability
(MSEL standard score), are in parentheses, and r-values outside parentheses are without controlling for this
effect. † EmQue sub-scales, # Attention to Others’ Feelings, *p ≤.05. Significant correlations are bolded.

Discussion
This study aimed to establish whether children with ASD react differentially to emotion
in familiar vs. unfamiliar people, and whether they differ from typically developing children
in their reactivity. In terms of amplitude of emotional response, as expected, the children with
ASD reacted normatively to the fearful expressions of familiar people, which is consistent
with previous findings on brain activity to familiar neutral faces in ASD (Oberman et al.,
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2008; Pierce & Redcay, 2008). However, the children with ASD were found to have reduced
pupillary responses to the fearful expressions of unfamiliar people, relative to the typically
developing children, which is also consistent with numerous previous reports mentioned
above (Nuske et al., 2013a). This pattern of findings was independent of visual attention or
cognitive factors, indicating a difference in emotional reactivity to unfamiliar people per se.
Thus, the data indicate that the often-reported abnormalities in emotional responses in this
population may be particular to the emotions of unfamiliar people. It may be that for the
children with ASD, familiarity with a person is necessary for an emotional response, which is
not the pattern seen in typical development. These findings suggest that the neural
architecture for emotion processing may be functional in ASD, but may require bootstrapping
from circuits involved with the processing of familiar persons. For instance, it may be that the
extraction of emotional information from faces, or the motivational drive to do so, is
generally disrupted in ASD, but that this disruption may not apply to familiar people, i.e.,
individuals with ASD might be more motivated and aware of the value of extracting this
information from people they know. This may be based not only on their affiliative bonds
with familiar others, but also, perhaps as a consequence, of the more frequent emotional
learning opportunities that come with familiar others. Thus, it may be that the emotional
learning that derives from familiar people may not generalize to the emotions of unfamiliar
people. Indeed, this interpretation is consistent with the often-reported difficulty in ASD with
the generalization of skills across contexts (e.g., Hume, Plavnick, & Odom, 2012). Whereas
in typical development this explicit-level reasoning does not seem related to emotional
reactivity (as it seems to be based on implicit circuits), in ASD, emotional reactivity may rely
on explicit emotion processing strategies (Critchley et al., 2000; Nuske et al., 2013a;
Winkielman, McIntosh, & Oberman, 2009). Thus it may be that explicit processing of the
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personal relevance of others’ emotions may help to bootstrap underpowered emotional
circuits in individuals with ASD.
Interestingly, the visual attention of the children with ASD to the eye region of fearful
familiar faces was related to their pupillary response amplitude to these expressions. As this
relationship was not found in both familiarity conditions, nor with both emotions (i.e.,
neutral, fear), there does not appear to be an overall hyper-arousal to the eye region as
suggested by some scholars (Joseph et al., 2008; Kylliäinen et al., 2012). Moreover, for the
fearful expressions of familiar people, the peak amplitude and number of fixations to the eye
region were normative in the ASD group, suggesting that this relationship is mediated by
more ‘normative’ scanning patterns, i.e., the children with ASD did look at the eye region
and, as a consequence, had normative reactivity to fearful expressions of familiar people.
However, attention was not associated with the reduced response to emotion in unfamiliar
people in the ASD group, and domain-general factors other than attention, such as motivation
or perception, as mentioned above, are likely to play a role (Nuske et al., 2013a).
Although the amplitude of the pupillary response to fearful expressions of familiar
people was similar across groups, the children with ASD showed longer latency responses in
both familiarity conditions. Thus, children with ASD seem to have a general slowing in
emotional responses, which is consistent with research showing longer latency emotion
recognition, facial reactions and ERPs to emotions (Bal et al., 2010; Korpilahti et al., 2007;
Oberman et al., 2009), but not with initial findings of response latency to familiar person
stimuli (Key & Stone, 2012). Thus, regardless of whether the fearful expression was by
familiar or unfamiliar people, the data suggest that children with ASD have longer latency
emotional responses. This finding is consistent with self-reports of individuals with ASD, one
of whom describes that “…there are the times when it all feels like an intricate dance, and I'm
a step out of synch with everyone else around me” (Matyjasik, 2009). Some scholars have
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even suggested that emotional communication difficulties in ASD, along with other
symptoms of this disorder, stem from a general problem with temporo-spatial processing (for
review, see (Gepner & Féron, 2009)). Others have suggested that temporal processing delays
in ASD are related to less strengthened long-range connections between sub-cortical and
cortical areas (Rippon, Brock, Brown, & Boucher, 2007). Indeed, some functional
connectivity studies in ASD have documented less coupling between the amygdala and the
superior temporal sulcus, pre-frontal cortex, temporal lobe, premotor cortex, and inferior
frontal gyrus, and between the amygdala and fusiform via the primary visual cortex, during
emotion processing (Grèzes, Wicker, Berthoz, & de Gelder, 2009; Monk, 2010; Wicker et al.,
2008). Moreover, some evidence suggests that abnormalities in synaptic homeostasis is a
risk factor for ASD (Bourgeron, 2009). Thus, it is possible that our finding of a general delay
in emotional responsivity in the ASD group may be reflective of delays or abnormalities in
neural connectivity in this population. In the context of a fast-paced social interaction, slow
emotional responses are likely to impact upon communication and social-reciprocity for
children with ASD, as their construction of meaning of the inter-personal communicative
exchanges would consequently be delayed.
Latency of emotional response amongst the children with ASD, particularly to unfamiliar
people, appears to play an important role in their everyday emotional behaviour, as it was
found that those children whose parents rated them as more prosocial have faster emotional
responses. Thus, acting prosocially is related to the speed of reacting emotionally, which is
consistent with previous reports of a relationship of ERP latency to emotional expressions
with empathic behaviour (Dawson et al., 2004), and emotion recognition (Lerner et al.,
2012).
Emotional reactivity also seems to have an association with ASD symptoms, with larger
amplitude responses to fearful expressions of familiar people being related to fewer
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communication and play deficits. An important area for future research would be to examine
the inter-relationship between emotional responses to familiar others and
communication/play in children with ASD over the first years of life. One may posit that a
greater response to the emotions of familiar others is a protective factor for the
communication and play deficits associated with ASD. Given the interplay of emotion and
social factors, that are both affected in ASD, a longitudinal study is necessary to establish the
causal directions between such factors. By examining children in the first and second year of
life, it could be established whether there are any critical periods for social communicative
development which are related to their response to emotion in familiar people.
Limitations
Some limitations in the current study should be noted. Firstly, while the inclusion of an
age matched typically developing group was very useful to understand normative reactivity,
the two groups were not matched on cognitive ability. The inclusion of a chronological and
mental age matched group would be ideal, and further research should incorporate such a
control group. However, it should be noted that the dependent variables were not related to
cognitive ability and even when cognitive ability was controlled, the pattern of results for
each analysis remained unchanged (see Endnotes).
Secondly, following the recommendations of Nakagawa and Perneger (Nakagawa, 2004;
Perneger, 1998), due to our small sample sizes, we did not correct for multiple comparisons
as traditional methods tend to be overly conservative, and we wanted to avoid inflating the
probability of Type-II errors. Nevertheless, this must be taken into account when considering
the results from the current study.
Thirdly, although research has indicated that pupil size is related to emotional arousal
(e.g., Bradley et al., 2008) (i.e., more sympathetic ANS activity) in typically developing
adults, more research is needed to establish whether the same physiological processes
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mediate emotional responses in children (with and without autism), as pupil dilation may also
be related to less parasympathetic ANS activity in response to emotions in these populations.

Conclusions
Overall, the findings suggest that emotional reactivity in children with ASD to fearful
expressions of familiar people is similar in magnitude, but slower than typically developing
children, and this delayed response appears to be related to their prosocial behaviour. On the
contrary, reactivity to fear expressed by unfamiliar people was abnormal in the ASD group in
terms of both magnitude and latency. This pattern of results suggests that emotion processing
difficulties in ASD appears not be an absolute impairment, but rather one that may be
mediated by familiarity.
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Endnotes
a

To determine whether the groups differed on their visual attention to the faces, a four-

way ANOVA (2 Groups x 2 Familiarity levels x 2 Emotions x 2 Face areas) was conducted
on fixation counts (100ms visual attention). The main effect of Familiarity was significant,
F(1,40)= 8.86, p= .005, η2= .18, as was the main effect of AOI, F(1,40)= 9.67, p= .003, η2=
.20. The main effects of Group and Emotion were also significant, F(1,40)= 9.31, p= .004,
η2= .19, and F(1,40)= 4.59, p= .04, η2= .10, respectively, which were driven by the
significant Group x Emotion interaction, F(1,40)= 6.23, p= .01, η2= .14. Pairwise
comparisons showed that there was no difference between the groups on fixation counts to
the faces expressing fear (p= .12, η2= .06), but the TD group looked more to the neutral
expressions than the ASD group (p< .001, η2= .31). Further, although the TD group did not
differentiate their visual attention between neutral and fear, the ASD looked longer at the
fearful expressions compared to the neutral expressions (p= .002, η2= .22). No other
interaction effects were significant. Means are displayed in the figure below (for comparison,
significant independent samples t-tests are also marked here; ^p <.10, *p <.05, **p <.01.).
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b

To aid with interpretation of the pupillary change score data, the mean absolute pupil

sizes on each of the two familiarity conditions for neutral and fear are also reported below

Mean	
  Pupil	
  Size	
  (mm)	
  

(Fam= familiar condition, Unfam= unfamiliar condition).

Absolute	
  Pupil	
  Size	
  

5	
  
4.9	
  
4.8	
  
4.7	
  
4.6	
  
4.5	
  
4.4	
  
4.3	
  
4.2	
  
4.1	
  
4	
  

Neutral	
  
Fear	
  

ASD	
  Fam	
  
c

TD	
  Fam	
   ASD	
  Unfam	
   TD	
  Unfam	
  

When also controlling for cognitive ability the same overall pattern of results emerges.

Pairwise comparisons show that the Group x Familiarity interaction, F(1,38)= 4.10, p= .05,
η2= .10, is again driven by no group difference on peak amplitude to familiar fear (p= .48,
η2= .01) but a reduced peak amplitude to unfamiliar fear in the ASD group compared to the
TD group (p= .04, η2= .11); in addition there is a greater peak amplitude response to
unfamiliar compared to familiar fear, which again can be seen in the TD group (p= .005, η2=
.19), but not in the ASD group (p= .78, η2= .002). The effect of the cognitive ability
covariate was not significant F(1,38)= 0.004, p= .95, η2< .001.
d

When also controlling for cognitive ability, again, the same pattern of results emerges;

the only significant effect was that of Group, F(1,38)= 6.56, p= .02, η2< .15. The cognitive
ability covariate was not significant F(1,38)= 0.19, p= .66, η2< .005.
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The aim of this thesis was to explore the emotion processes that are intimately involved
with social interaction in individuals with ASD. This final chapter will draw on the findings
from the published review and the three papers presenting empirical studies to make
conclusions regarding the emotional responses of young children with ASD, considering the
clinical implications of the findings, and addressing limitations of the body of work presented
here. Suggestions for future research directions will also be proffered, prior to drawing
conclusions regarding the way in which children with ASD process emotions in social
contexts.
Individuals with autism have difficulty processing bodily forms of emotional expression
As discussed in Chapter 2 (the review) and Chapter 5 on the specificity of atypical social
reactivity in ASD, individuals on the autism spectrum appear to have a specific difficulty in
processing emotions expressed by the human face, voice and body. However, they can
recognise and respond normatively to non-bodily presentations of emotions (e.g., through
music, written words, etc.) and, as shown in Chapter 4 on resting-state physiological arousal,
they do not appear to have abnormal levels of arousal at baseline. Their difficulty, therefore,
appears to be specifically with the processing of the bodily forms of emotional expression.
Understanding of social contexts not only necessitates the ability to process social and
bodily cues, but also to be able to handle the dynamic and fast paced nature of ever-changing
social interactions. Thus, the processing of emotions in social situations is also taxing on
cognitive resources for the reason that it requires complex social information processing. This
is particularly so if implicit emotion processes cannot be relied upon (a crucial point to which
discussion will return later). Moreover, as discussed in the Chapter 2, some evidence suggests
that impairments in cognitive processes which are not specific to emotion processing (i.e.,
domain-general processes), such as attention, motivation, perception and face processing, are
related to emotion processing difficulties in ASD. Hence, the social as well as the complex

CHAPTER 9: General Discussion

	
  

215

nature of inter-personal interactions together appears to underlie the difficulties that
individuals with ASD have in the processing of emotions. Furthermore, as discussed in the
review, the emotion-processing profile in ASD appears to be unique to this disorder, which is
further consistent with the interpretation of a social-cue-based emotion deficit, and the view
that ASD is a disorder of social information processing (Adolphs, Sears, & Piven, 2001;
Pelphrey, Adolphs, & Morris, 2004; Schultz, 2005; Senju & Johnson, 2009b; Senju, 2012).
Individuals with autism can recognise, react to and express emotion in contexts which allow
explicit attention
Not all emotion processes involved in social exchanges are equally disrupted in ASD, as
explicit recognition and explicit expression of (some of the) bodily forms of emotion seem to
intact. As presented in Chapter 2, when the attention of individuals with ASD is directed to
the emotional expression of another person, they can recognise basic emotions expressed in
the face and the voice, and can also copy emotional facial expressions as depicted in a
photograph. However, the recognition of emotional states expressed through bodily gestures
and postures seems to be particularly difficult for individuals with ASD, even in explicit
contexts. Nevertheless, as documented in Chapter 7 on unconscious emotional reactivity,
individuals with ASD appear to react typically to photographed emotional facial expressions
shown for longer durations of time, allowing for explicit attention and for the use of explicit
processing strategies. Therefore, the everyday difficulty that individuals with ASD face in the
processing of emotion in social contexts is unlikely to stem from the explicit processing of
emotion expressed by others, but rather from difficulties in implicit emotion processing.
The main emotion deficit in autism lies in the implicit processing of bodily forms of emotional
expression
Individuals with ASD have more difficulty with implicit, compared to explicit, emotion
processes. This conclusion comes from many pieces of evidence. Firstly, as discussed in the
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review chapter and as shown in the supplementary material from the review (see Appendix
A), when the task(s) employed in studies on emotion processing in ASD are characterised as
‘implicit’ or ‘explicit’, more consistent deficits are found on implicit emotion tasks. Most
notably, studies which have included both implicit and explicit emotion processing
conditions have identified more abnormalities or deficits on implicit, compared to explicit
emotion tasks (e.g., Critchley et al., 2000; Hubl et al., 2003; Kuchinke, Schneider, Kotz, &
Jacobs, 2011; Weng et al., 2011). Moreover, more atypicalities on the implicit or spontaneous
expression of emotion can also be found in ASD, as opposed to emotional expression in
explicit contexts (e.g., emotion imitation tasks). Although individuals with ASD do
spontaneously express a range of emotions, these are often not directed towards another
person, are expressed in unusual, flattened or ambiguous ways, occur in response to
idiosyncratic environmental triggers (i.e., which are not social in nature), and tend to be
either basic emotions or emotional extremes, rather than subtle, nuanced and complex
emotions. Thus, findings on both the recognition and expression of emotion in ASD are
suggestive of a specific difficulty with implicit emotional processing of bodily forms of
emotional expression.
Secondly, in Chapter 7, the hypothesis that implicit or automatic emotional responses are
particularly disrupted in ASD was tested, by measuring pupillary responses to briefly
exposed facial emotions where explicit attention was impossible (i.e., in the
unconscious/subliminal condition). More abnormalities were found during this condition
compared to when explicit attention was facilitated by a longer duration of stimulus
presentation. In contrast, in the typically developing group, the pupillary response was the
same across unconscious and conscious conditions, suggesting that typical emotional
responses are based on unconscious emotional reactivity. That is, the TD group did not
increase their responses with the longer exposure times.
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Thirdly, as explicit emotion processes take more time, the latency of pupillary responses
was also examined when participants were exposed to facial emotions in familiar vs.
unfamiliar people (Chapter 8). In contrast to the TD group, the children with ASD were
found to have a delayed response, across familiarity conditions, which is consistent with
findings on delayed emotion recognition, as well as delayed facial reactivity and brain
responses to emotion in ASD (e.g., Akechi et al., 2009; Bal et al., 2010; Korpilahti et al.,
2007; Oberman, Winkielman, & Ramachandran, 2009; Wong, Fung, Chua, & McAlonan,
2008). Therefore, on the basis of the previous literature as well as on the original results
presented here, it appears that the main emotion deficit in ASD originates from a disruption
of the implicit processing of social, bodily or human forms of emotional expression. It is this
deficit that is likely to underlie the everyday emotional difficulties experienced by individuals
with ASD in social contexts.
Reduced empathy in autism is related to disrupted domain-general and domain-specific
processes, particularly implicit emotional appraisal
In order to show empathy to a social partner, one must first attend to their emotional
signals, perceive that these signals reflect an underlying emotional state (i.e., implicitly
and/or explicitly appraisal the emotion), experience an emotional reaction that is contingent
on these signals, and act accordingly by expressing an appropriate emotional response to the
partner (e.g., showing concern in response to their cries, or laughter in response to their
laughter). Thus, empathy is a sophisticated multi-process skill which relies on domainspecific emotion processes (e.g., implicit emotional appraisal, explicit emotion recognition
and emotional expression), as well as domain-general processes (e.g., motivation, attention,
perception). When one or several of these domain-specific or domain-general processes are
disrupted, empathy is also likely to be impaired.
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As discussed in Chapter 2, individuals with ASD are frequently reported to show
reduced empathic behaviour. In this chapter, an account of evidence that suggested a
relationship between impairments in three domain-general processes (attention, theory of
mind and embodied simulation) and empathy was also provided. Furthermore, in Chapters 7
and 8, the relationship between pupillary reactivity (a measure of implicit emotional
appraisal) and scores on a parent-reported empathy questionnaire was investigated.
Emotional contagion and attention to others’ feelings, two aspects of empathy in young
children, were found to be negatively associated with pupil dilation to briefly presented
emotion in the children with ASD. Moreover, another aspect of empathy in young children,
prosocial behaviour, was found to be negatively associated with the latency of pupillary
response to emotion in unfamiliar people in the ASD group. Thus, for the children with ASD,
smaller but faster physiological responses appeared to be related to greater empathic
behaviour, associations which were not found for the typically developing group.
Furthermore, attention to the facial expressions of emotion (a domain-general process),
particularly to the eye region of the face, was found to be negatively associated with
emotional contagion in the children with ASD. Thus the difficulties that individuals with
ASD have in responding empathically to other people seem to be related to deficits in both
domain-general and domain-specific emotion processes, particularly implicit emotional
appraisal.
The issue of empathy in ASD is thus a complex one, requiring an appreciation of the
numerous processes involved in empathic responding. As suggested in Chapter 2, domaingeneral and domain-specific emotion processes together form an emotional communication
system for the reception and expression of emotion in interpersonal contexts. In this chapter,
it was argued that empathy is hierarchically superordinate to other emotion-specific and more
general processes. As individuals with ASD have varying degrees of difficulty with these
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subordinate processes, it is not surprising that they have difficulty with showing empathy in
social contexts.
Implicit processing of the emotions of familiar people may be preserved in autism
One social-emotional context where individuals with ASD appear to have less difficulty
is in their emotional reactions to familiar people, as demonstrated in Chapter 8. This finding
is likely to reflect an affiliative bond with familiar others, with children with ASD being
more motivated to attend to and extract emotional information from familiar people. These
results are consistent with evidence that children with ASD, like typically developing
children, are more empathic towards their caregivers than to unfamiliar people (Hudry &
Slaughter, 2009).
The emotional displays of familiar others may be less ‘taxing’ on the emotional
communication system of individuals with ASD, due to less difficulty with domain-general
processes. Consistent with this view, the children with ASD showed typical levels of visual
attention to the eye region of familiar fearful faces, and this was related to their normative
pupillary response amplitude to the expressions of these people. In contrast, they had reduced
responses to fearful expressions of unfamiliar people, and this was not related to visual
attention (although, as mentioned earlier, this may be related to abnormalities in other
domain-general processes, such as motivation or perception).
Although the children with ASD had a normative pupillary-response amplitude to the
fearful expressions of familiar people, this response was delayed as was the case to the
fearful expressions of unfamiliar people. This result indicates that individuals with ASD
appear to be emotionally ‘out of sync’ with their social partners, whether familiar or
unfamiliar, and this is likely to impact upon their everyday social interactions.
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Eye-tracking pupillometry allows the study of emotional reactivity across the entire autism
spectrum
The vast majority of studies to date on emotion processing in ASD have focused on
higher functioning individuals, which is probably due to the fact that they are easier to test;
their language comprehension and expression skills enable them to follow task instructions
and give verbal responses. Thus our knowledge on emotion processing in ASD is biased, and
provides us with limited insight into the emotional lives of lower functioning individuals,
who account for up to 50% of the population of individuals with ASD (Dykens & Lense,
2011). For the reasons discussed above regarding domain-general deficits, lower functioning
individuals with ASD arguably have the most difficulty, and require the most support with
emotional information processing in social contexts. Indeed, as already discussed in Chapter
2, emotion processing in ASD has been found to be related to verbal abilities (e.g., Quintin,
Bhatara, Poissant, Fombonne, & Levitin, 2011; Wallace, Coleman, & Bailey, 2008), nonverbal cognitive abilities (e.g., Humphreys, Minshew, Leonard, & Behrmann, 2007; Yirmiya,
Sigman, Kasari, & Mundy, 1992), and overall IQ (e.g., Dissanayake, Newbigin, & Chandler,
2011; Hobson, Harris, García-Pérez, & Hobson, 2009; Loveland et al., 1997). Thus, adapting
research paradigms for the inclusion of lower functioning individuals with ASD is of
fundamental importance if we are to aim to help individuals with ASD across the entire
autism spectrum (for a detailed discussion on the issue, see Vivanti, Barbaro, Hudry,
Dissanayake, & Prior, 2013). Recent developments in eye-tracking pupillometry have
allowed this shortcoming to be addressed in the current thesis. Most notably, no equipment or
electrodes need to be fastened onto participants when undertaking eye-tracking pupillometry,
and sophisticated movement-artefact screening circumvents the issue of participant
movement during the testing session. Thus, the use of this technology should be encouraged
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for the further study of emotional and cognitive processes in individuals with ASD across the
entire spectrum.
The chicken or the egg (both needed for chicken fried rice!)?
Returning to the issue of bi-directional influences of social and emotional development
(discussed in Chapter 1), throughout the thesis evidence of the impact of social information
processing deficits in ASD on the emotion responses of people with this disorder has been
described. First, domain-general impairments related to general social information processing
(e.g., face processing, theory of mind) have been discussed as being associated with domainspecific emotion processes. Second, the emotion-processing profile of individuals with ASD,
involving more deficits when emotions are embedded in social and complex contexts, was
shown to be specific to this disorder (although, as discussed in Chapter 2, more research is
needed to address this issue). Third, in Chapter 7, deficits in the area of functional and
symbolic play were found to be negatively associated with pupillary responses during
conscious emotion processing. Fourth, communicative and play deficits were found to be
negatively associated with pupillary responses to fear expressed by familiar people in
Chapter 8. Moreover, other studies have identified a relationship between emotion processing
and ASD symptom severity (e.g., Humphreys et al., 2007; Philip et al., 2010; Tardif, Lainé,
Rodriguez, & Gepner, 2007).
The focus of this thesis was not to determine whether atypical emotional development
causes social difficulties in children with ASD (the chicken), or whether atypical social
development causes their emotion processing difficulties (the egg; see Figure 1). Rather, it is
acknowledged that social and emotional factors are intertwined and interact in a complex way
throughout the lifespan (both needed for chicken fried rice!). However, it is important to
consider how the findings reported in Chapter 2, and from the studies presented in this thesis,
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can inform our understanding of the ways in which social and emotional factors might
interact in the early years of development in children with ASD.

Figure 1. A representation of the bi-directional influences of social and emotional
development in Autism Spectrum Disorder.
The chicken. Atypical emotion processing in children with ASD, such as the reliance on
explicit processes that are mediated by neural circuits which are not thought to be available
from birth (Johnson, 2005), is likely to not only impede early social interactions, but also the
fluidity (or communicative musicality) of individuals’ emotional expressions and
responsiveness (Malloch & Trevarthen, 2009). Deficits in their reactivity to others’ emotions
and in the expression of their own emotional states are likely to disrupt the social functions
which come from the sharing of emotions with others (i.e., social support, social integration,
social comparison and social affirmation or approval; Rimé, Finkenauer, Luminet, Zech, &
Philippot, 1998) in individuals with ASD.
The egg. Conversely, the social communication deficits that are associated with ASD are
themselves likely to impact upon the interpretation of emotional events in these children, as
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the didactic feedback that others’ normally have on our own emotional experiences
(Schachter & Singer, 1962) would not be as readily available for individuals with ASD.
Moreover, the emotion regulation strategies that parents of typically developing children
utilize with their children are less likely to help shape (i.e., tone up/down) the emotional
experience (Stern, 2010) of children with ASD, particularly if they have severe difficulties
with the comprehension of verbal and non-verbal communication.
Thus, the issue of whether ASD is caused by a disruption of emotion development is
multifaceted and complex. Deficits in implicit and unconscious emotional reactivity may
impact upon early social engagement with others, and further, deficits in social
communication are likely to impact upon emotional responses and the person-mediated
interpretation of emotional events in individuals with ASD. As discussed in Chapter 2,
although feeling emotions is a phylogenetically and ontogenetically basic phenomenon, and
individuals with ASD do feel emotions, the way emotions are processed and expressed in
social contexts is embedded in a complex framework involving dynamic and ever-changing
communicative, cognitive and temporal factors. As much of this processing occurs at an
implicit level in typical development, this complexity is rarely felt or perceived. However, for
individuals with ASD, it may be necessary for this complexity to be perceived and
incorporated into everyday processing of social exchanges in order to explicitly ‘construct’
others’ emotions. Thus, individuals with ASD do not have the luxury of seamless, automatic
and rapid emotional information processing, as do typically developing individuals. Rather,
the processing of emotions is naturally more difficult for them. In sum, the findings from the
literature and the current research suggest that emotion processing is not an absolute
impairment in ASD; rather, individuals who have ASD send and receive emotional signals in
a markedly different way.
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Clinical Implications
Three main clinical implications can be drawn from the research presented in this thesis.
First, as individuals with ASD seem to rely on explicit emotion strategies for the processing
of emotion in social contexts, they may require more cognitive resources to do so
successfully. Thus, when working or simply interacting with individuals with an ASD,
especially at times when their cognitive resources are depleted (e.g., when they are tired or
sick), an appreciation of this point/difference is important. Likewise, when teaching
individuals with ASD, it is important to register and moderate the domain-general processes
involved in emotional responses, by making active efforts to support the individual’s
attention towards emotional displays (e.g., by exaggerating emotional expressions in learning
contexts), and by making active efforts to increase the individual’s motivation and interest
(e.g., by embedding emotional learning in contexts which are reinforcing for the individual).
Second, as individuals with ASD were found to have less difficulty in processing
emotion expressed by familiar people, establishing rapport with a client on the spectrum is
likely to be fundamentally important for creating emotional learning opportunities. Moreover,
other familiar people, such as family members, should be involved in intervention programs
to increase their learning and emotional competence.
Finally, individuals with an ASD appear to require more time to process emotional cues,
both in terms of requiring a greater duration of emotion presentation in order to respond to
the emotion, and in terms of their own latency of response. Thus it is necessary to allow time
to process emotional cues and to respond. Moreover, when working with a client with ASD,
it is important to keep in mind that their delayed social-emotional responses which might
appear unrelated to others’ or one’s own social overtures, might in fact be related to these,
but in fact might be. The impact of their delayed emotional responses on social-emotional
reciprocity is likely to be frustrating for them, and this needs to be accommodated.
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Limitations and Future Directions
Some limitations of the methods used in the current studies deserve acknowledgment,
and these form the basis of some of the suggested directions for further research on emotion
processing in ASD. Fear was selected as the emotion to study here based on previous data
showing that this emotion elicits detectable physiological responses in individuals with ASD
(e.g., Ekman, Levenson, & Friesen, 1983). Thus, the findings presented in this thesis may not
be generalisable to other emotions, such as happiness and sadness. Future research is
therefore needed to establish whether the amplitude of physiological responses to other
emotions displayed by familiar people is also normative in individuals with ASD, and
likewise, whether unconscious reactivity to other emotions is impaired in this population.
While an understanding of normative emotional reactivity was afforded by the inclusion
of a group of typically developing children in the studies presented in this thesis, this group
of children was not matched to the ASD group on cognitive ability. Due to the methods
involved in the study on emotional processing of familiar vs. unfamiliar people (i.e., creation
of videos of familiar people to the children), and in keeping the study design as efficient as
possible, the selection of a control group was limited by access to children who were familiar
with those individuals who featured in the videos. Future research on response to emotion
expressed by familiar people could circumvent this issue by videotaping or photographing
family members of individuals matched on mental-age to the groups of individuals with
ASD. Nevertheless, in each study, it is important to note that cognitive ability was not related
to the dependent variables, and even when cognitive ability was statistically controlled for,
the pattern of results remained unchanged. The groups were matched on gender ratio, which
is important in studies on emotional arousal due to well-documented gender differences in
emotion processing (Shields, 1991). Moreover, the groups were matched on chronological
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age, which, as mentioned in Chapter 3 on pupil anatomy and physiology, is important, as
pupil size varies as a function of age.
A further limitation of the current research is that there was no verification that the
subliminally presented fearful facial expressions were indeed subconsciously experienced.
Thus, future research should investigate whether this was so, by studying more able
individuals with ASD who can report on their experience.
The focus of this thesis was on four aspects of emotion processing; explicit emotion
recognition, implicit emotional appraisal, emotional expression and empathy. It was not
intended to provide a complete account of all emotion processes involved during social
encounters in children with ASD. Although implicit emotional appraisal is an important
component of emotional responsivity in social contexts, a further limitation of the studies
presented in this thesis was that other aspects of the emotional experience of children with
ASD were not studied. Many other emotion processes, including the subjective interpretation
of others’ emotions, the awareness of and ability to express one’s own emotional state, the
ability to differentiate emotional mental states from emotional expressions (i.e., the use and
understanding of display rules), and emotion regulation, are all important emotion processes
for preschool-aged children (Saarni, 1999). However, investigation of these aspects fell
beyond the scope of this thesis. Previous work has examined these emotion processes in
individuals with ASD (Barbaro & Dissanayake, 2007; Begeer et al., 2011; Bird & Cook,
2013; Gaigg, 2012; Hobson et al., 2009; Loveland, 2005; Mazefsky et al., 2013). Given the
relationships identified in this thesis between implicit emotional appraisal and empathy,
future work in the area should examine how these other domain-specific emotion processes
are related to difficulties with implicit emotional appraisal in ASD.
Furthermore, beyond the context of dyadic social interaction, across development, one
learns through the emotions of other people expressed in response to objects and events
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(Campos & Stenberg, 1981; Feinman, 1982). Some research has suggested that individuals
with ASD do not learn from others’ emotions in the same way (Baron-Cohen et al., 1996;
Clifford & Dissanayake, 2009; DiLavore, Lord, & Rutter, 1995; Mundy, Sigman, & Kasari,
1994). Thus, it is important to understand whether disruption to this emotional learning
process is related to deficits in implicit emotional appraisal in individuals with ASD.
Following on from the findings presented in this thesis, it is crucial to understand if children
with ASD have difficulty learning about their environment from briefly presented emotions,
and whether this learning is modulated by person familiarity. Moreover, it would be
important to understand whether children with ASD respond normatively to non-consciously
presented emotions of familiar people, and whether, unconscious emotional reactivity to the
emotions of a specific person predicts the synchronicity experienced between that person and
the individual with ASD.
Finally, to examine the early causal relationships between emotional and social
development, longitudinal studies of infants at high risk for ASD (i.e., the infant siblings of
individuals with ASD) are needed, involving a fine-grained analyses of behavioural, as well
as physiological, and neurophysiological parameters. Such a research program would help to
inform intervention strategies to target emotion-related difficulties in order to help
individuals with ASD to lead emotionally rich lives.
Final Conclusions
The findings from the review of the emotion literature in ASD and the empirical findings
presented in this thesis, together, demonstrate that emotion processing is not pervasively
impaired in people with ASD, but rather that these individuals process emotion in social
contexts in a different way from people without ASD. This difference appears to be rooted in
difficulties with the implicit processing of others’ emotional displays, particularly when they
are only shown briefly, and when they are shown by people who are unfamiliar to them.
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People with ASD have less difficulty with processing emotion in familiar people, which
offers a gateway to increasing emotional learning opportunities in this population.
Nevertheless, perhaps due to the reliance on explicit processing of emotion, people with ASD
have slower responses to others’ emotions, which is likely to impact upon their everyday
social encounters. These findings help us to understand why people with ASD show less
empathy than their peers, as they face everyday challenges with implicit emotional appraisal
and with the communication of their own emotional states during social engagement.
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APPENDIX A
Summary of All Studies on Explicit Emotion Recognition, Implicit Emotional Appraisal, Emotional Expression and Empathy in Autism, with
Complete Reference List (Supplementary Material from the Review, Chapter 2)
Study*

Participant Groups
(ASD functioning
level, ASD diagnostic
measures, mean age)
and Matching
Procedure
(Groupwise:or
pairwise, with group
differences noted, if
any)

Stimuli (source,
emotion, intensity and
duration)

Experimental Task/ Conditions
(implicit**/ explicit***
instruction) and Outcome
Measurement (behavioural
performance, reaction time,
magnitude/ latency of
physiological reaction,
questionnaire score, etc.)

Key Significant Findings****

Emotion Processing
Difference in ASD?
(behavioural task,
brain activity,
physiological
reactivity, facial
reactivity,
questionnaires on
emotion processing†,
etc.)

Explicit emotion recognition††
Hobson (1986)

LF
Rutter’s criteria (1974)
23 ASD (14.6)
Group 1: 23 TD (7.25)
Group 2: 11 ID (14.0)
Group 3: 15 TD (7.1)
Pairwise: NVMA
(Groups 1 and 2 to
ASD), Group 3 age to
ASD VMA

Source: Drawings/
videotaped whole-body
postures, photographed/
drawn facial emotions,
emotional vocalisations
Emotions: H, Sa, A, F,
N
Intensity: Prototypical
(faces), exaggerated
(bodily expressions)
Duration: NS

Implicit: N/A
Explicit: Matching emotional
faces to bodily expressions and
vocalisations
Outcome: Matching accuracy

Explicit: ASD < DD and TD on
matching faces to bodily
expressions.

Behaviour
Explicit: Yes

Gioia & Brosgole
(1988)

LF
DSM-III
8 ASD (17:5)
8 DD (19:1)
Groupwise: IQ

Source: Drawings of
emotional faces,
emotional postures in
animals, vocal emotions
Emotions: H, Sa, A

Implicit: N/A
Explicit: Pointing to/ labeling
basic emotions
Outcome: Identification/ labeling
accuracy

Explicit: ASD = DD, across
conditions.

Behaviour
Explicit: No
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Intensity: NS
Duration: NS
Hobson et al.
(1988a)

LF
Rutter’s criteria
21 ASD (18:9)
17 DD (18:5)
Groupwise: BPVS

Source: Pictures of
Facial Affect (POFA;
Ekman et al., 1975),
emotional vocalisations
Emotions: H, Sa, A, F,
Su, D
Intensity: NS
Duration: Vocal.- 10s

Implicit: N/A
Explicit: Matching faces to
vocalisations
Outcome: Matching accuracy

Explicit: ASD < DD on matching
accuracy.

Behaviour
Explicit: Yes

Hobson et al.
(1988b)

LF
Rutter’s criteria
17 ASD (19:0)
17 DD (18:11)
Groupwise: BPVS

Source: POFA, wholeface and part-face,
inverted and upright
Emotions: H, Sa, A, F
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Matching emotional
pictures
Outcome: Matching accuracy

Explicit: ASD = DD in matching
emotional faces; ASD < DD in
matching parts of emotional faces;
ASD > DD in matching emotional
faces presented upside-down.

Behaviour
Explicit: Yes

Braverman et al.
(1989)

LF
DSM-III
15 ASD (10:9)
30 TD (5:4)
Groupwise: VMA

Source: Pictures of
emotional faces
Emotions: H, Sa, A, F
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Emotion matching,
emotion labeling, emotion
identification (from verbal label)
Outcome: Matching/ labeling/
identification accuracy

Explicit: ASD = TD across tasks.

Behaviour
Explicit: No

Tantam et al.
(1989)

LF
Rutter’s criteria
10 ASD (12.14)
10 DD (12.19)
Groupwise: Age, NVIQ

Source: POFA, upright
and inverted
Emotions: H, Sa, A, F,
D
Intensity: Prototypical
Duration: Not limited

Implicit: N/A
Explicit: Identification of ‘odd
expression’ out of normal
emotional faces,
matching photos to appropriate
labels presented right way up and
upside down
Outcome: Identification/ matching
accuracy

Explicit: ASD < DD in all tasks
except labeling pictures presented
upside-down (ASD = DD)

Behaviour
Explicit: Yes

Prior et al. (1990)

LF

Source: Hand-drawn

Implicit: N/A

Explicit: ASD = DD across tasks.

Behaviour
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DSM-III
20 ASD (9:11)
20 DD (10:0)
Pairwise: age, VMA

facial emotions, audio
recordings of emotional
sounds, gestures,
situation cards with
short story description
Emotion: H, Sa, F, A, N
Intensity: Prototypical
Duration: NS

Explicit: Cross-modal matching of
emotions (facial emotions with
sounds, gestures and situation
cards) + emotion identification
control task (facial emotions).
Outcome: Matching accuracy

ASD performance correlated with
ToM score.

Explicit: No

Ozonoff et al.
(1991)

HF
DSM III-R, CARS
23 ASD (12.05)
20 DD (12.39)
Pairwise: Age, VIQ

Source: Photos of facial
emotions (Izard, 1971),
with perceptual
distractors (different
emotions but similar
perceptual features)
Emotions: H, Sa, A, F,
Su, shame, disgust,
interest, contempt
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Emotion matching
Outcome: Matching accuracy

Explicit: ASD < DD.

Behaviour
Explicit: Yes

Capps et al.
(1992)

HF
DSM III
18 ASD (12.5)
14 TD (12.0)
Groupwise: Age, IQ

Source: Photos of facial
emotions
Emotions: H, Sa,
embarassment, pride
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Reporting own emotional
experiences, describing emotions
in pictures
Outcome: Emotions reported,
description accuracy

Explicit: ASD < TD in
embarrassment and pride, across
tasks. On H and Sa, ASD = TD.

Behaviour
Explicit: Yes,
complex emotions
only

Fein et al. (1992)

LF
DSM-III
15 ASD (10.7)
VMA-matched TD
(5.0)
NVMA-matched TD
(5.4)

Source: Photographs of
facial emotions and
affect-laden context
Emotions: H, F, A, Sa
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Matching context to
emotion
Outcome: Matching accuracy

Explicit: ASD < TD on matching
accuracy.

Behaviour
Explicit: Yes

Feldman et al.

LF

Source: Videotapes of

Implicit: N/A

Explicit: ASD < TD

Behaviour
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(1993)

DSM-III-R
12 ASD (5.3)
12 TD (5.25)
Pairwise Age
Diff: IQ

children interacting,
static emotions
Emotions: Sa, H, A
Intensity: NS
Duration: NS

Explicit: Matching emotions in
video to static emotions
Outcome: Matching accuracy

Explicit: Yes

Davies et al.
(1994), Exp.1

LF, HF
10 HFA/AS (14.9)
10 LFA (13.9)
10 TD (14.7)
10 DD (13.7)
Pairwise: Age, verbal
ability (HFA/ AS to
TD, LFA to DD)

Source: Photographs of
facial emotions
Emotions: A, Sa, Su
Intensity: Exaggerated
Duration: NS

Implicit: N/A
Explicit: Matching of photographs
by emotions (also features and
identity)
Outcome: Matching accuracy

Explicit: HFA/AS < TD, and LFA =
DD across tasks

Behaviour
Explicit: Yes (HF
only)

Davies et al.
(1994), Exp.2

LF, HF
9 HFA/AS (14.4)
11 TD (13.9)
10 LFA (13.7)
20 DD (13.6)
Groupwise: Age (HFA/
AS to TD, LFA to DD)

Source: Photographs of
facial emotions
Emotions: H, Sa, Su, A
Intensity: Exaggerated
Duration: NS

Implicit: N/A
Explicit: Emotion matching
(across identity)
Outcome: Matching accuracy

Explicit: HFA/AS < TD, and LFA =
DD across tasks

Behaviour
Explicit: Yes (HF
only)

BormannKischkel et al.
(1995)

HF
DSM-III
41 ASD (14.4)
41 DD (13.4)
Pairwise: Age, PIQ

Source: Photographs of
facial emotions
Emotions: H, Sa, Su, A,
D, F, calm, excited,
sleepy
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Categorization of
emotion (verbal instruction)
Outcome: Categorisation accuracy

Explicit: ASD < DD

Behaviour
Explicit: Yes (HF
only)

Gepner et al.
(1996)

LF
DSM-III
7 ASD (11.3)
7 Down’s syndrome
(15.11)
7 VIQ-matched TD

Source: Photographs of
facial emotions
Emotions: H, Su, N,
dislike
Intensity: Naturalistic
Duration: Not limited

Implicit: N/A
Explicit: Emotion classification
Outcome: Classification accuracy
Other: A range of facial
processing tasks, including facial
memory, gaze direction and facial

Explicit: ASD = Down’s syndrome
< both TD groups.
Other: ASD < control groups across
tasks, except for facial identity
(especially familiar faces).

Behaviour
Explicit: Yes
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Baron-Cohen et
al. (1997), Exp. 3

(5.7)
7 NVIQ-matched TD
(5.11)
HF
DSM-IV, ICD-10
16 HFA/AS (28.6)
16 TD (30.0)
Groupwise: Age, IQ

identity (including familiar and
unfamiliar people) tasks.
Source: Reading the
Mind in the Eyes Task
(RMET)- whole-face
and eyes only emotion
photographs
Emotion: basic- H, Sa,
A, F, Su, D, distress, and
complex- scheming,
guilt, thoughtful,
admiring, quizzical,
flirting, bored,
interested, arrogant
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
(two-option forced choice)
Outcome: Identification accuracy

Explicit: ASD = TD on whole-face
basic emotions. ASD < TD on
whole-face complex emotions and
eyes only (basic and complex
emotions)

Behaviour
Explicit: No- basic
emotions, Yescomplex emotions
and eyes only

Loveland et al.
(1997)

LF, HF
DSM-III, DSM-IV
17 LFA (15.2)
18 LFC (15.0)
18 HFA (12.2)
23 HFC (8.7)
Groupwise: LFA/LFCage, VMA, HFA/HFAVMA, NVMA
Diff: LFA/LFCNVMA, HFA/HFAage, both pairs- PIQ

Source: Videos of
spoken sentences,
varying explicitness of
emotional content
(emotion label said in
sentence, implied,
neutral) and presentation
of non-verbal cues
(present/ absent)
Emotion: H, A, Sa Su, N
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy

Explicit: LFA = LFC, HFA = HFC
across all Cs. Main effect
functioning level only (HF > LF).

Behaviour
Explicit: No

Baron-Cohen et
al. (1999)

HF
DSM-IV, ICD-10
6 ASD (26.3)
12 TD (25.5)
Groupwise: FSIQ
Diff: gender ratio

Source: RMET (BaronCohen et al., 1997)
Emotion: basic- H, Sa,
A, F, Su, D, distress, and
complex- scheming,
guilt, thoughtful,

Implicit: Gender discrimination
(in scanner)
Explicit: Emotion discrimination
(in scanner)
Outcome: Discrimination
accuracy and brain activity (as

Implicit: ASD < TD on gender task.
Brain activity not reported. Explicit:
ASD < TD on emotions task. ASD
< TD in amygdala, insula and left
inferior frontal gyrus (Broca’s area)
activity. ASD > TD in left and right

Behaviour
Explicit: Yes
Brain Activity
Explicit: Yes
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admiring, quizzical,
flirting, bored,
interested, arrogant
Intensity: Naturalistic
Duration: 5s

indicated by fMRI BOLD signal)

superior temporal gyrus
(Wernicke’s area)

Buitelaar et al.
(1999)

HF
CARS
20 AD (12.5)
20 PDD-NOS (12.4)
20 non-ASD
psychiatric disorder
(ADHD, conduct
disorder, and
dysthymia) (12.3)
20 TD (10.5)
Pairwise: Age and VIQ
(except TD)

Source:
Emotions: Basic- H, Sa,
A, F, Complex- Su,
shame, disgust,
contempt
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Matching facial emotion
and social context
Outcome: Matching accuracy

Explicit: ASD = non-ASD
psychatriatric disorder.
For all groups, complex emotions <
basic emotions.

Behaviour
Explicit: No

Celani et al.
(1999)

LF
DSM III
14 ASD (12:7)
10 Down’s syndrome
(11:8)
10 TD (6:3)
Groupwise: VMA

Source: Pictures of
facial emotions
Emotions: H, Sa
Intensity: NS
Duration: 750 ms

Implicit: N/A
Explicit: Matching emotional
expressions, categorizing facial
emotions and emotions situations
based on valence
Outcome: Matching/
categorisation accuracy

Explicit: ASD < Down’s syndrome
and TD in matching and
categorizing facial emotions. ASD
= Down’s syndrome and TD in in
categorising emotional situations.

Behaviour
Explicit: Yes

Heaton et al.
(1999)

LF, HF
29 ASD (11.91)
14 DD (16.16)
Groups not matched

Source: Musical stimuli
conveying same
emotions, drawings of
facial emotions
Emotions: H, F, A, love,
contemplation
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Matching drawings to
music by valence
Outcome: Matching accuracy

Explicit: ASD = DD

Behaviour
Explicit: No

Boucher et al.

HF

Source: Audio stimuli

Implicit: N/A

Explicit: On labeling, ASD > SLI,

Behaviour
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(2000), Exp. 4

DSM IV
19 ASD (9:7)
19 SLI (9:0)
19 TD (6:4)

(spoken days of week)
and vocalisations with
emotional prosody,
facial emotions
Emotions: H, Sa, D, F,
A, Su
Intensity: NS
Duration: NS

Explicit: Emotion labeling,
matching facial emotions to vocal
emotions
Outcome: Matching/ labeling
accuracy

ASD = TD, across stimuli types. On
matching, ASD > SLI, ASD < TD.

Explicit: Yes (crossmodal matching
only)

Critchley et al.
(2000)

HF
ICD-10, ADI
9 AS/AD (37)
9 TD (27)
Groupwise: Age, FSIQ

Source: POFA
Emotion: H, A, N
Intensity: Prototypical
Duration: 3s

Implicit: Gender discrimination
(in scanner)
Explicit: Emotion discrimination
(emotion or neutral) (in scanner)
Outcome: Discrimination
accuracy and fMRI signal

Implicit: ASD = TD on gender
discrimination. ASD < TD on
amygdala and cerebellum activation
Explicit: ASD < TD on emotion
discrimination. Number of errors
correlated with poorer performance
on a face recognition memory task.
ASD < TD on fusiform activation.

Behaviour
Explicit: Yes

Grossman (2000)

HF
ICD-10
13 AS (11.8)
13 TD (11.5)
Groupwise: Age, VIQ
Diff: PIQ (TD > AS)

Source: POFA, paired
with matching,
mismatching or
irrelevant words
Emotions: H, Sa, A, F,
Su
Intensity: Prototypical
Duration: 10s max

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy

Explicit: On mismatching condition
only, AS < TD.

Behaviour
Explicit: Yes

Adolphs et al.
(2001),
Exp. 1 and 2

HF
DSM-IV, ICD-10, ADI
7 (21-23)
18-28 TD, per task (1956)
3-8 Amygdala damage
from previous studies,
per task (47-53)
Groups not matched

Source: POFA
Emotions: H, Sa, Su, A,
D, F
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Discriminating facial
emotion intensity, labeling
emotions
Outcome: Discrimination/
labeling accuracy
Other: Social judgement of faces
(trustworthiness)

Explicit: ASD = TD on
discrimination and labeling. Other:
ASD and Amygdala damage > TD
on face trustworthiness.

Behaviour
Explicit: No

Brain Activity
Implicit: Yes
Explicit: Yes
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Baron‐Cohen et al.
(2001)

HF
DSM IV
15 ASD (29.7)
14 TD (28.0)
Groupwise: IQ

Source: RMET– Revised
Emotions: 36 complex
emotions (eyes only)
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: ASD < TD

Behaviour
Explicit: Yes (eyes
only)

Gepner et al.
(2001)

LF, HF
DSM-IV, CARS
13 ASD (5.8)
13 TD (3.4)
Groupwise: DA
Diff: age? (Not stated)

Source: Videos of
emotional and nonemotional facial
expressions,
photographs of facial
emotions
Emotion: H, Su, Sa, D
Intensity: Prototypical
Duration: Video- 2s

Implicit: N/A
Explicit: Matching videos to
photos by emotion
Outcome: Matching accuracy

Explicit: ASD = TD. TD
performance (but not ASD
performance) was positively
associated with age.

Behaviour
Explicit: No

Teunisse & de
Gelder (2001)

HF
DSM III-R
17 ASD (21:3)
24 TD (20:9)
Groupwise: Age

Source: POFA,
representing a
continuum between
emotions
Emotion: A-Sa, H-Sa,
A-F
Intensity: Prototypical
Duration: Continuum1s, Identification- 800ms

Implicit: N/A
Explicit: Labeling emotion blends
in succession, emotion
identification of blends shown one
at a time
Outcome: Labeling accuracy

Explicit: ASD < TD in RT at
category boundary. On
identification, ASD = TD

Behaviour
Explicit: Yes, RT
only

Hillier & Allinson
(2002)

LF
10 ASD (12:3)
10 DD (13:1)
20 TD (14:0)
Groupwise: VMA
(ASD and DD), age
(ASD and TD)

Source: Situations with
the protagonist saying/
doing something
embarassing (read by
experimenter)
Emotions:
embarrassment
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: Rating level of
embarrassment
Outcome: Rating accuracy
Other: ToM task

Explicit: ASD = TD. In ASD, ToM
ability and rating accuracy.

Behaviour
Explicit: No

Rutherford et al.

HF

Source: Reading the

Implicit: N/A

Explicit: ASD < TD

Behaviour
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(2002)

DSM IV ADI-R ADOS
19 ASD (29)
20 TD (36)
Groupwise: VMA

Mind in the Voice Test
(RMVT)- short spoken
sentences
Emotions: 40 complex
(e.g., apologetic,
pleading, perplexed,
disappointed,
melancholy)
Intensity: NS
Duration: 2s

Explicit: Emotion label selection
Outcome: Labeling accuracy

Bölte & Poustka
(2003)

HF
DSM IV ADI-R
35 ASD (14)
21 Schizophrenia (18)
22 TD (29,7)
Groupwise: ?

Source: POFA
Emotions: H, Sa, Su, D,
F, A, blended emotions
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: ASD < TD and
Schizophrenia, across emotions.

Behaviour
Explicit: Yes

Hall et al. (2003)

HF
DSM-IV
8 AS/AD (20-33)
8 TD (similar ages)
Groupwise: NVIQ

Source: POFA
Emotion: H, Sa, Su, A
Intensity: Prototypical
Duration: 3.4s

Implicit: Gender discrimination
(in scanner)
Explicit: Emotion discrimination
(cross-modal match) (in scanner)
Outcome: Discrimination
accuracy and fMRI signal

Implicit: ASD = TD on gender task.
Brain activity not reported (gender
C used as baseline).
Explicit: ASD < TD on emotion
task. ASD > TD in right anterior
temporal pole, the left anterior
cingulate, and the right thalamus.
TD > ASD in right fusiform gyrus,
the left lingual gyrus, and the left
inferior frontal cortex.

Behaviour
Explicit: Yes

HF
ADI R DSM IV
25 ASD (10:7)
21 TD (10:5)
Groupwise: Age, IQ

Source: Photographs of
facial emotions
Emotions: Non selfconscious- H, Sa, Su, F,
A, D, contempt, Selfconsciousembarrassment, shame
Intensity: NS

Implicit: N/A
Explicit: Labeling emotions in
photos
Outcome: Labeling accuracy

Explicit: On non self-conscious,
ASD = TD. On self-conscious,
ASD < TD.

Behaviour
Explicit: Yes (selfconscious emotions
only)

Heerey et al.
(2003)

Explicit: Yes

Brain Activity
Explicit: Yes
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Duration: NS
Howard et al.
(2000)

HF
ADI
10 HFA (15.8- 40.3)
10 TD
Groupwise: Age, VIQ

Source: POFA
Emotions: H, Su, F, Sa,
D, A
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy,
structural MRI

Explicit: On F only, HFA < TD. On
amygdala volume, HFA > TD.

Behaviour
Explicit: Yes (F
only)

Hubl et al. (2003)

HF
ICD-10, ADI-R, ADOS
7 ASD (27.7)
7 TD (25.3)
Groupwise: age, NVIQ

Source: POFA
Emotion: H, Sa, A, N
Intensity: Prototypical
Duration: 800ms

Implicit: Gender discrimination
(inside and outside scanner)
Explicit: Emotion discrimination
(press if e.g., happy) (inside and
outside scanner)
Outcome: Discrimination
accuracy and fMRI signal.

Implicit: ASD = TD on gender task
(but longer latencies in ASD), ASD
< TD in fusiform, ASD > TD in
precentral gyrus
Explicit: ASD = TD on emotion
task (but longer latencies in ASD),
ASD > TD in medial occipital
gyrus.

Behaviour
Explicit: No (but
longer RTs on both)

HF
DSM-IV
5 ASD (21.8)
9 TD (23.0)
Groupwise: Age, IQ,
SES, education level

Source: POFA
Emotion: N, H, D, F
Intensity: Prototypical
Duration: 3.5s

Implicit: N/A
Explicit: Emotion picture
identification (outside scanner),
think about which emotion
presented (inside scanner)
Outcome: Identification accuracy,
fMRI signal

Explicit: ASD = TD on
identification accuracy, and activity
to H. TD > ASD on insula, left
inferior frontal gyrus, and left
putamen activity to D, and left
middle frontal gyrus to F.

Behaviour
Explicit: No

LF, HF
CARS
Exp. 1
27 ASD (7.7)
28 LD (7.3)
26 DD (9.1)
27 non-LD, non-DD
clinical
controls (7.9)
Exp. 2
18 autism
9 LD/ASD

Source: Pictures of
emotional facial
expressions (human,
orangutan, and dog),
whole-face (Exp. 1),
part-face (Exp. 2)
Emotions: H, Sa, A, N
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion identification
(pointing)
Outcome: Identification accuracy

Explicit: ASD < all controls except
for human positive emotions. In
ASD, no advantage of whole-face
vs. part-face.

Behaviour
Explicit: Yes

Ogai et al. (2003)

Gross (2004)

Brain Activity
Implicit: Yes
Explicit: Yes

Brain Activity
Explicit: Yes
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12 DD
9 non-LD/DD
Groupwise: Age
Piggot et al.
(2004)

HF
DSM-IV, ADI-R,
ADOS
14 AS/AD (13.1)
10 TD (14.4)
Groupwise: FSIQ? (not
stated), SES

Source: POFA
Emotion: F, A, Su
Intensity: Prototypical
Duration: 5s

Robel et al. (2004)

HF
DSM-IV
20 ASD (8.4)
20 TD (7.9)
Groupwise: age
Diff: IQ? (not assessed
in TD)

Source: Sub-tests of the
Minnesota Test of
Affective Processing
(Shapiro et al., 1993)
Emotion: NS
Intensity: NS
Duration: NS

Wang et al. (2004)

HF
ADOS, ADI-R
12 ASD (12.2)
12 TD (11.8)
Groupwise: Age,
language age

Source: POFA
Emotion: F, A
Intensity: Prototypical
Duration: 5s

Implicit: N/A
Explicit: Emotion matching and
labeling (both in scanner)
Outcome: Matching/ labeling
accuracy, fMRI signal

Explicit: On emotion matching,
ASD = TD for accuracy (but longer
latencies) and ASD < TD on
fusiform activity. On emotion
labeling, ASD = TD on emotion
labeling and brain activation.

Behaviour
Explicit: No (but
longer RTs on
emotion matching)

Implicit: N/A
Explicit: Affect Naming and
Affect Match
Outcome: Naming/ matching
accuracy

Explicit: ASD = TD on Affect
Match and Affect Naming

Behaviour
Explicit: No

Implicit: N/A
Explicit: Emotion matching and
labeling (both in scanner)
Outcome: Matching/ labeling
accuracy, fMRI signal

Explicit: On emotion matching,
ASD < TD for accuracy and ASD <
TD in fusiform and ASD > TD in
precuneous. Latencies and accuracy
not related to brain activity. In ASD
group, language age negatively
correlated with precuneous activity
during emotion matching. On
emotion labeling, ASD = TD on
accuracy and brain activation.
Amygdala activity, more in
matching than labeling in TD
group, matching = labeling in ASD
group.

Behaviour
Explicit: YesMatching, NoLabeling

Brain Activity
Explicit: YesMatching, NoLabeling

Brain Activity
Explicit: YesMatching, NoLabeling (and
matching > labeling
amygdala activity in
TD group, not in
ASD group)
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Castelli (2005)

HF
Diagnostic information
not reported
20 ASD (12.3)
20 TD (9.2)
Groupwise: age, VMA

Source: POFA
(originals, and digitally
created emotion blends
and lower intensity
emotions)
Emotion: A, D, F, H, Sa,
Su
Intensity: 50%, 70%,
90%, prototypical
(100%)
Duration: NS

Implicit: N/A
Explicit: Matching blends to
prototypical, labeling prototypical
emotions, labeling 70% and 90%
(unblended) emotions
Outcome: Matching/ labeling
accuracy

Explicit: ASD = TD across all
tasks.

Behaviour
Explicit: No

Dalton et al.
(2005), Exp. 1

HF
DSM-IV, ADI-R
11 ASD (15.9)
12 TD (17.1)
Groupwise: Age

Source: Karolinska
Directed Emotional
Faces (Lundqvist et al.,
1998)
Emotion: H, F, A, N
Intensity: Prototypical
Duration: 3s

Implicit: N/A
Explicit: Emotion discrimination
(in scanner)
Outcome: Discrimination
accuracy, fMRI signal

Explicit: ASD < TD on emotion
discrimination (and longer RTs).
ASD = TD on brain activity. ASD <
TD in time fixating to eye region.
In ASD (not TD group), time
fixating to eyes related to fusiform
and amygdala activity, but accuracy
not related to fusiform or amygdala
activity.

Behaviour
Explicit: Yes

HF
DSM-IV, ICD-10
8 AS (33)
8 TD (32)
Pairwise: Age

Source: emotions
expressed with prosody
of spoken woman’s
name (Saara)
Emotion: Sa, N,
Scornful, Commanding
Intensity: Naturalistic
Duration: 530- 830ms

Implicit: N/A
Explicit: emotion discrimination
(emotional vs. neutral) (during
ERP recording), and emotion
identification (not during ERP
recording).
Outcome: discrimination
accuracy, ERP signal.

Explicit: ASD = TD on
discrimination accuracy. For ERPs,
AS < TD for Sa. AS = TD for
Commanding and Scornful.
However, AS group longer
latencies for Commanding and
reduced amplitude for Scornful.

Behaviour
Explicit: No

HF
DSM-IV
15 AS (24.6)
15 TD (24.8)
15 AS (11.6)
15 TD (11.2)

Source: photographs
chosen from videos files
from the Mind Reading
Emotions Library
(Baron-Cohen et al.,
2003)

Implicit: N/A
Explicit: emotion labeling (after
viewing face, not during)
Outcome: labeling accuracy and
ERPs during viewing

Explicit: Adults with AS < TD on
labeling accuracy (neutral, sad and
angry only). Children with AS =
TD on labeling. On ERPs, adults
with AS < TD in magnitude of
N170, and > TD on latencies of

Behaviour
Explicit: Yes (adults
only, especially
negative emotions)

Kujala et al.
(2005)

O’Connor et al.
(2005)

Brain Activity
Explicit: No

Brain Activity
Explicit: Yes

Brain Activity
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Groupwise: Academic
achievement, age

Emotion: H, Sa, A, F, N
Intensity: Naturalistic
Duration: 1s

N170 and P1. Children with AS =
TD on ERPs.

Explicit: Yes (adults
only)

Paul et al. (2005)

HF
ADOS, DSM-IV
27 ASD (16.8)
13 TD (16.7)
Groupwise: Age

Source: Audio stimuli
conveying different
affective tones (from
child-directed speech to
adult-directed speech)
Emotions: NS
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Emotion identification,
production of vocally expressed
emotions
Outcome: Identification accuracy
and production appropriateness
(intonation and stress)

Explicit: ASD = TD in affective
production/ perception of
intonation. ASD < TD in
perception/ production of stress
(used to focus listeners’ attention on
one specific element).

Behaviour
Explicit: Yes

Ashwin et al.
(2006)

HF
DSM IV
Exp. 1
13 ASD (31.23)
13 TD (25.6)
Exp. 2
26 ASD (31.6)
26 TD (30.7)
Groupwise: Age, IQ

Source: Karolinska
Directed Emotional
Faces
Emotions: Exp. 1- F, Sa,
Su, A, D, Exp. 2-same +
H, N
Intensity: NS
Duration: Not limited

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy

Explicit: On Exp. 1, ASD < TD.
Exp. 2, ASD < TD in negative
emotions only.

Behaviour
Explicit: Yes
(negative emotions
only)

Dziobek et al.
(2006)

HF
ADI-R
17 AS (41.4)
17 TD (40.2)
Groupwise: Age, IQ

Source: Photographs of
facial emotions, Movie
for the Assessment of
Social Cognition
(MASC; Dziobek et al.,
2006)
Emotions: H, Sa, A, F,
Su, D, N
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy,
MASC-description of characters’
thoughts and feelings, structural
MRI

Explicit: ASD < TD, across tasks.
No correlation between
performance and amygdala volume.

Behaviour
Explicit: Yes

Dyck et al. (2006)

LF, HF
DSM-IV, ADI-R
30 ASD (8.5)

Source: Japanese and
Caucasion facial
expression of emotion

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: ASD = DD < TD.
Emotion recognition composite
more strongly correlated with

Behaviour
Explicit: Yes
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24 DD (11.56)
449 TD (8.7)
Groups not matched

(JACFEE; Matsumoto &
Ekman, 1988), morphing
in identity and emotion
(simultaneously)
Emotions: H, Sa, A, F
Su, D, contempt
Intensity: Prototypical
Duration: NS

verbal comprehension and
expressive language in ASD than in
TD group.

Golan et al. (2006)

HF
DSM IV
21 ASD (30.2)
17 TD (27.1)
Groupwise: Age, IQ

Source: Cambridge
Mindreading
(CAM) Face-Voice
Battery, including silent
video-clips (facial task)
and audio-clips (vocal
task).
Emotions: 20 basic and
complex
Durations: Video- 3-5s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: ASD < TD, across tasks.

Behaviour
Explicit: Yes

Lindner & Rosén
(2006)

HF, LF
20 ASD (12.3)
20 TD (9.2)
Groupwise:Age,
Language

Source: Perception of
Emotion Testvideotaped scenes (static
facial expression,
dynamic facial
expression, prosody,
verbal content, and
combined)
Emotions: H, Sa, A
Intensity: NS
Duration: 6s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: ASD < TD in static facial
expression, dynamic facial
expression, and tone of voice
conditions

Behaviour
Explicit: Yes

Losh & Capps
(2006)

HF
DSM-IV, ADI-R
28 HFA (11.1)
22 TD (10.6)
Groupwise: Age, VIQ

Source: List of emotion
words (and words of unemotional states, i.e.,
sick and tired)
Emotions: H, Sa, A, F,

Implicit: N/A
Explicit: Definition of each
emotion, with time have
experienced each
Outcome: Analysis of accounts

Explicit: In ASD, contextual
appropriateness of accounts for
basic emotions > social emotions.
Strategies of interpreting all
emotional experiences differed

Behaviour
Explicit: Yes
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Diff: PIQ

D, Su, curious,
disappointed, proud,
embarrassed, guilty,
ashamed
Intensity: N/A
Duration: N/A

based on the appropriateness of
the context given.

from TD group.

Neumann et al.
(2006)

HF
DSM-IV, ICD-10,
ADOS, ADI
10 ASD (23)
10 TD (28)
Groupwise: Age, VIQ,
PIQ, FSIQ

Source: POFA, original
whole-face (upright and
up-side-down) and
modified ‘bubbles’ faces
(spatial frequency
manipulated)
Emotion: H, F, Su, D,
Sa, A, N
Intensity: Prototypical
Duration: Whole-face1s, bubbles- max 10s

Implicit: N/A
Explicit: Emotion label selection
(button press)
Outcome: Selection accuracy

Explicit: Whole face and bubblesASD = TD. ASD > TD in fixations
to mouth for inverted whole-faces
and bubbles faces. TD > ASD in
fixations to eye region.

Behaviour
Explicit: No (but less
fixations to eyes, and
more to mouths)

Shalom et al.
(2006)

HF
DSM-IV, ADOS, ADI
10 ASD (13.0)
10 TD (11.8)
Groupwise: Age
Diff: IQ

Source: International
Affective Picture System
(not with human faces)
Emotions: pleasant,
unpleasant, N
Intensity: M= 5.7 (scale
of 1-9)
Duration: 6s

Implicit: Passive viewing
Explicit: Self-report ratings of
picture pleasantness
Outcome: SCRs

Explicit: On ASD group (not TD),
ratings were the same across
emotions.
Implicit: ASD = TD on SCRs.

Behaviour
Explicit: Yes

HF
DSM-IV
13 ASD (31.2)
13 TD (25.6)
Groupwise: IQ? (not
reported)

Source: Karolinska
Directed Emotional
Faces
Emotion: F, N, H, Sa,
Su, A
Intensity: Low and high
intensity (F only)
Duration: 3s

Implicit: Passive viewing of low/
high intensity F, pressing button
when new picture presented (in
scanner)
Explicit: Choosing label for
emotions (outside scanner)
Outcome: Labeling accuracy and
fMRI signal

Implicit: For high intensity F (neutral), ASD < TD in amygdala,
fusiform, and STS.
Explicit: ASD < TD in labeling
accuracy, especially A, D and F. No
correlations with behavioural task
reported.

Behaviour
Explicit: Yes
(especially negative
emotions)

Ashwin et al.
(2007)

Physiological
Reactivity
Implicit: No

Brain Activity
Implicit: Yes
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Back et al. (2007)

LF, HF
DSM-IV
Exp. 1
18 ASD (12.4)
18 TD (12.3)
Exp. 2
18 HFA (12.8)
18 TD (12.7)
Pairwise: Age, FSIQ

Source: Exp. 1- Stills
and videos (normal, eyes
static and mouth static
Cs) of emotional
expressions (N to
emotion to N), Exp. 2Eyes-only (and wholeface) emotions (stills
and videos)
Emotions: Su, N,
deciding, don’t trust,
disapproving, not
interested, not sure,
relieved, surprised,
worried
Intensity: Naturalistic
Duration: Videos- 8-10s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Selection accuracy

Explicit: On Exp. 1, ASD < TD,
across Cs. Across groups,
performance on Stills = Videos. For
ASD group, performance on normal
(eyes moving) > performance on
eyes-static videos. On Exp. 2, ASD
= TD on label eyes-only (stills and
videos). In TD group, performance
on videos > stills (not ASD).

Behaviour
Explicit: Yes

Boraston et al.
(2007)

HF
DSM-IV ADOS
14 ASD (10.2)
16 TD (10.2)
Groupwise: Age, IQ

Source: Abstract
animations (triangle and
circle moving), designed
to evoke the attribution
of a particular emotion,
POFA (facial)
Emotions: H, Sa, A, F,
Su, D
Intensity: Facialprototypical,
Animations- N/A
Duration: Facial- not
limited, Animationsapprox. 5s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Selection accuracy

Explicit: ASD < TD for Sa only,
across experiments. For all other
emotions, ASD = TD.

Behaviour
Explicit: Yes (Sa
only)

Golan et al. (2007)

HF
DSM IV
50 ASD (27.5)
22 TD (24.3)

Source: RMET-Revised
(Baron-Cohen et al.,
2001), RMVT- Revised
Emotions: RMVT–

Implicit: N/A
Explicit: Emotion label selection
Outcome: Selection accuracy

Explicit: ASD < TD, across
emotion types.

Behaviour
Explicit: Yes
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Groupwise: Age, IQ

25 basic and complex
vocal emotions, RMET36 complex emotions
(eyes only)
Intensity: Naturalistic
Duration: NS

Humphreys et al.
(2007)

HF
ADOS, ADI-R
20 HFA (24.0)
18 NT (28.0)
Groupwise: Age, IQ

Source: Facial
expression megamix (all
possible blends of
emotions with varying
proportions of each)
Emotions: A, H, F, Sa,
Su, D
Intensity: 90:10, 70:30,
50:50, 30:70, 10:90
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Selection accuracy

Explicit: ASD < TD, negative
worse, the more blended the worse
for ASD.

Behaviour
Explicit: Yes
(blended and
negative emotions
worse)

Mazefsky &
Oswald (2007)

HF
DSM-IV, ADOS
15 AS (11:4)
14 HFA (11:0)
Diff: IQ (AS > HFA)

Source: Diagnostic
Analysis System of
Nonverbal Accuracy
Scale-2 (DANVA;
Nowicki, 2004)- facial
emotions (adult and
child), vocal emotions
(adult and child)
Emotions: H, Sa, A, F
Intensity: High and Low
Duration: Facial- 2s,
Vocal- 4s

Implicit: N/A
Explicit: Emotion labeling/
identifying
Outcome: Labeling/ identification
accuracy

Explicit: HFA < AS = TD
(normative data). For HFA, low
intensity worse (especially voices).

Behaviour
Explicit: Yes (HFA
only)

Rosset et al.
(2007)

LF, HF
DSM-IV, ADI-R
20 ASD (9.5)
20 MA-matched (8.0)
20 TD (9.6)
Pairwise: MA/ age

Source: Emotions
expressed by human
faces (AR Face
Database; Martinez,
1998), human cartoon
faces and non-human

Implicit: N/A
Explicit: Emotion categorisation
(e.g., happy vs. not happy)
Outcome: Categorisation accuracy

Explicit: ASD = TD on
categorisation accuracy. Age and
IQ did not correlate with
performance. ASD < TD on
inversion effect for human faces
(not for either type of cartoon face).

Behaviour
Explicit: No (but no
inversion effect on
human faces)
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Groupwise: Exposure
to virtual faces

cartoon faces, shown
upright and inverted
Emotion: Sa, H, A
Intensity: Prototypical
Duration: NS

Rutherford and
McIntosh (2007)

HF
DSM IV ADOS
10 ASD (22.2)
10 TD (20.1)
Groupwise: IQ

Source: Stylised cartoon
faces displaying N to
exaggerated displays of
emotions
Emotions: H, Sa, Su, F,
A, D, N
Intensity: Average,
exaggerated, double
exaggerated
Duration: NS

Implicit: N/A
Explicit: Identification of image
that represents real expression of
each emotion
Outcome: Intensity identified

Explicit: ASD > TD on intensity
level chosen.

Behaviour
Explicit: Yes

Shamay-Tsoory
(2007)

HF
ICD-10, ADI-R
18 ASD (21.9)
21 TD (23.4)
Groupwise: Age

Source: Iconic drawings
of facial emotions,
POFA (for filler items)
Emotions: Envy,
gloating
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: The ‘fortune of others’
emotion task (Shamay-Tsoory et
al., 2007)- identification of the
emotion that is causing another
emotion, using emotion and eye
gaze cues
Outcome: Emotion identification
accuracy
Q: the Interpersonal
Reactivity Index questionnaire
(IRI; Davis, 1980), Perspective
Taking sub-scale only
Other: ToM tasks

Explicit: ASD < TD identification
accuracy.
Other: ASD = TD on ToM.
Q: ASD < TD on perspective-taking
scale.
Identification accuracy related to
perspective-taking scale of IRI and
ToM performance.

Behaviour
Explicit: Yes
(complex emotions)
Q: Yes

Silani et al. (2008)

HF
DSM-IV/, ADOS
15 ASD (36.6)
15 TD (33.7)
Groupwise: Age and IQ

Source: Non-social (?not reported) pictures
from the International
Affective Picture System
(Lang et al., 1999).

Implicit: colour balance rating (in
scanner)
Explicit: valence ratings (pleasant/
unpleasant) (inside and outside
scanner)

Implicit: ASD = TD on colour
ratings.
Explicit: ASD = TD on valence
ratings. For brain activity, (Explicit
C - Implicit C), ASD < TD in

Behaviour
Explicit: Yes
Q: Yes
Brain Activity
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Emotion: positive,
negative, N
Intensity: Moderate
Duration: 2s

Outcome: ratings, fMRI signal
Q: Toronto Alexithymia Scale
(TAS; Bagby et al., 1994),
Bermond Vorst Alexithymia
Questionnaire (BVAQ; Vorst &
Bermond, 2001), IRI

MPFC, ACC, precuneus, left
temporal pole, anterior insula and
cerebellum activity. ASD > TD in
parietal and occipital cortex.
Valence ratings correlated with
anterior insula activity, and anterior
insula/ amygdala activity correlated
with TAS/ BVAQ/ IRI score, in
both groups.
Q: ASD < TD on all Qs. Scores on
TAS were associated with scores on
IRI, in both groups.

Explicit: Yes

Spezio et al.
(2007a, 2007b)

HF
DSM-IV/ICD-10, ADI,
ADOS
9 HFA (23.0)
10 NT (28.0)
Groupwise: VIQ, PIQ,
FSIQ

Source: POFA
Emotions: F, H, Sa, Su,
A, D (Bubbles- F and H
only)
Intensity: Prototypical
Duration: 10s max

Implicit: N/A
Explicit: Emotion labeling,
emotion discrimination (bubbles)
Outcome: Labeling/
discrimination accuracy, gaze
patterns

Explicit: ASD = TD on accuracy.
ASD > TD in fixations to mouth
region and < TD in fixations to
eyes.

Behaviour
Explicit: No

Tardif et al.
(2007)

LF
DSM-IV, CARS
12 ASD (10:5)
12 VMA-matched TD
(5:1)
12 NVMA-matched
TD (6:1)
Pairwise: VMA/
NVMA
Diff: Age

Source: Videos and still
images, with and
without vocal emotions
Emotion: H, Sa, Su, D
Intensity: Video- low to
high, Still- high (still
image of video)
Duration: Video- 1s
(normal), 2s (slow), 4s
(very slow), Still- 2s

Implicit: N/A
Explicit: Match video sequence to
still image by emotion
Outcome: Matching accuracy
(correct/ incorrect) and presence/
absence of facial and vocal
mimicry (coder rating)

Explicit: ASD = VMA-matched =
NVMA-matched on matching
accuracy. ASD group better in slow
than still, normal or very slow Cs.
In ASD, overall accuracy related to
CARS score. On mimicry (facial
and vocal), ASD > VMA-matched
= NVMA-matched. ASD, slow >
very slow.

Behaviour
Explicit: Matching
accuracy- No,
Mimicry- Yes (more
mimicry)

Clark et al. (2008)

HF
ADI-R, ADOS
15 HFA (26.0)
10 dyslexic (21.6)
10 TD (19.7)

Source: POFA
Emotions: H, A
Intensity: Prototypical
Duration: 15ms, 30ms

Implicit: N/A
Explicit: Labeling emotions
Outcome: Labeling accuracy

Explicit: On 30ms, ASD < TD
(15ms ASD = TD). In ASD,
accuracy on 15ms = 30ms (TD
15ms < 30ms).

Behaviour
Explicit: Yes
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Groupwise: Verbal
ability
Corden et al.
(2008)

HF
ADOS
21 AS (33)
21 TD (32)
Pairwise: Age, VIQ,
PIQ, visual perception

Source: POFA
Emotions: H, A, Sa, F,
Su, D
Intensity: Prototypical
Duration: Unlimited,
2.5s for eye tracking

Implicit: N/A
Explicit: Emotion labeling
Q: Social phobia and anxiety
inventory (SPAI; Turner et al.,
1989), Autism Spectrum Quotient
(AQ; Baron-Cohen et al., 2001)
Outcome: Labeling accuracy, gaze
patterns (eye tracking)

Explicit: ASD < TD on F and S
only. Recognition not related to
ADOS or AQ scores. ASD < TD on
fixations to eye region. In ASD
only, time fixating to eyes (on all
emotions except H) and SPAI score
both correlated with F accuracy.

Behaviour
Explicit: Yes (F and
S only)

Dalton et al.
(2008)

LF, HF
DSM-IV, SCQ, ADI-R
14 idiopathic ASD
(15.9)
9 Fragile-X (none with
ASD diagnosis) (20.7)
15 TD (16.8)
Groupwise: age (ASD
and TD only), to
Fragile-X- not
specified

Source: Karolinska
Directed Emotional
Faces
Emotion: H, F, A, N
Intensity: Prototypical
Duration: 3s

Implicit: N/A
Explicit: Emotion discrimination
(emotional or neutral) (in scanner)
Outcome: Discrimination
accuracy, fMRI signal, pupil
diameter, gaze patterns (eye
tracking)

Explicit: On accuracy, ASD =
Fragile-X. ASD = Fragile-X on
fixation time to eyes, mouth and
face. Fragile-X > TD and ASD on
left hippocampus, left superior
temporal gyrus, right insula, and
left postcentral gyrus activation to
faces.

Behaviour
Explicit: No
(compared to
Fragile-X)

Deruelle et al.
(2008)

HF
DSM-IV, ADI-R
17 ASD (10:5)
17 TD (10:5)
Groupwise: age

Source: Photographs of
facial emotions, low-/
high- pass filtered
hybrids (spatial
frequency
modifications)
Emotions: smiling,
grimacing
Intensity: Naturalistic
Duration: 400ms

Implicit: N/A
Explicit: Emotion identification
Outcome: Frequency of
identification from low- vs. highpass information.

Explicit: For ASD, identification of
emotion on high-pass information
of hybrid faces > low-pass
information.

Behaviour
Explicit: Yes (more
reliance on high-pass
spatial frequencies)

Gaigg & Bowler

HF

Source: Emotionally

Implicit: Passive word viewing

Implicit: ASD = TD on SCRs to

Behaviour

N.B. Same ASD
and TD sample as
Dalton et al.
(2005), so
comparison
between these
groups not
reported in this
study

Brain Activity
Explicit: Yes
(compared to
Fragile-X)
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(2008)

DSM-IV, ADOS
18 ASD
18 TD
Groupwise: Age, VIQ,
PIQ, FSIQ

arousing words (read,
not spoken)
Emotions: Emotional,
N-semantically related
(e.g., all fruit names), Nsemantically unrelated
words
Intensity: N/A
Duration: 5s

Explicit: Immediate, and 1 hour
post testing, and 1 day post-testing
free recall test (no time limit),
word arousal ratings
Outcome: SCRs (during implicit
C), arousal ratings, number/ type
words remembered

emotionally arousing words.
Explicit: ASD = TD on arousal
ratings.
In ASD only, 1 day post-testing
recall of emotional words < both
groups of N words. In TD, 1 day
post-testing recall of both N words
< emotional words.

Explicit: No

Gross (2008)

LF
DSM-IV, CARS
18 ASD (9.5)
18 DD (12.0)
18 LD (9.0)
18 TD (6.8)
Groupwise: PIQ,
receptive and
expressive language

Source: Photographs of
facial emotions, inverted
and upright
Emotions: H, Sa, A +
emotion blends,
Intensity: Prototypical
Duration: 5s

Implicit: N/A
Explicit: Emotion matching
Outcome: Matching accuracy

Explicit: ASD < DD, LD and TD.
On inverted faces, performance of
ASD > LD and TD.

Behaviour
Explicit: Yes

Grossman &
Tager-Flusberg
(2008)

HF
DSM-IV, ADOS, ADIR
Exp. 1
25 HFA (13.6)
25 TD (14.1)
Exp. 2
22 HFA (13.9)
22 TD (14.2)
Groupwise: Age, VIQ,
PIQ, receptive
vocabulary

Source: Photographs of
dynamic emotional
expression sequence
Emotions: H, Sa, D, F,
Intensity: NS
Duration: N/A

Implicit: N/A
Explicit: Exp. 1- Ordering facial
emotion pictures to create
dynamic sequence of emotional
expression, Exp. 2- same task with
eye region obscured
Outcome: Sequence accuracy

Explicit: On Exp. 1, HFA < TD. On
Exp. 2, HFA = TD.

Behaviour
Explicit: Yes

Heaton et al.
(2008)

LF, HF
Diagnostic information
not provided
ASD (11.9)

Source: Classical music
pieces and drawings
conveying emotional
states

Implicit: N/A
Explicit: Matching musical piece
to drawings
Outcome: Matching accuracy

Explicit: ASD = Down’s syndrome.

Behaviour
Explicit: No

Physiological
Reactivity
Implicit: No
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Down’s syndrome
(16.1)
Diff: VMA? Age?

Emotions: A, F, love,
triumph, contemplation
Intensity: Exaggerated
Duration: NS

Homer &
Rutherford (2008)

HF
8 HFA (19.5)
12 TD (19.8)
Groupwise: Age, FSIQ,
VIQ, PIQ

Source: POFA
Emotions: A-F, H-Sa,
H-Su
Intensity: 11 intensities
(along continuum from
one emotion to the
other)
Duration: Matching750ms, Labeling- no
limit

Implicit: N/A
Explicit: Emotion matching after
1s delay, emotion labeling
Outcome: Labeling RTs, matching
accuracy

Explicit: ASD = TD on delayed
matching accuracy. ASD > TD on
labelling RTs. For both groups,
performance on labelling predicted
delayed matching accuracy.

Behaviour
Explicit: Yes, RT
only

Kätsyri et al.
(2008)

HF
DSM-IV
ADI-R, ADOS
20 ASD (32.8)
20 TD (31.6)
Groupwise: Age, PIQ

Source: TKK Video
Sequence Collection
(Kätsyri et al., 2006)static and dynamic
expressions, with slight,
strong or no filtering
(spatial frequency
modifications)
Emotions: H, Sa, Su, A,
D, F
Intensity: Prototypical
Duration: Dynamic- 0.81.7s, Static- 2s

Implicit: N/A
Explicit: Likert-scale
discrimination of emotions
Outcome: Discrimination
accuracy

Explicit: ASD < TD in strong
filtering condition only.

Behaviour
Explicit: Yes (strong
filtering C only)

Loveland et al.
(2008)

HF
DSM-IV/ ADOS
9 AD (18:3)
4 TD (17:8)
Groupwise: Age, IQ

Source: POFA,
emotional vocalisations
Emotion: H, A, F, Su, D
Intensity: Prototypical/
naturalistic
Duration: 700ms

Implicit: Cross-modal gender
congruence rating (facial and
vocal) (in scanner)
Explicit: Cross-modal emotion
congruence rating (facial and
vocal) (in scanner)
Outcome: Rating accuracy, fMRI

Implicit: ASD = TD on gender
congruence rating.
Explicit: ASD = TD on emotion
congruence rating. For brain
activity, in ASD only, no areas
more active in Explicit – Implicit C.
For Explicit C - Implicit C, ASD <

Behaviour
Explicit: No
Brain Activity
Explicit: Yes
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signal

TD in orbitofrontal cortex, superior
temporal, parahippocampal,
posterior cingulate gyri and
occipital region activity. In ASD,
during Implicit (- Explicit) >
activity in bilateral medial and
superior frontal gyrus, bilateral
lingual gyrus (extending into the
right middle occipital gyrus), and
left cuneus.

Parron et al.
(2008)

HF
DSM-IV
23 ASD (11:7)
23 TD (12:0)
Groupwise: Age

Source: Point-light
displays (lights placed
on joints of the human
body to show bodily
movement), conveying
emotional body
movements
Emotions: Su, S, H, A, F
Intensity: NS
Duration: Approx. 5s

Implicit: N/A
Explicit: Naming of bodily
emotions
Outcome: Naming accuracy
Other: Naming of point-light
displays of actions and subjective
states (e.g., bored)

Explicit: ASD < TD on naming
emotions.
Other: ASD = TD on naming
actions and subjective states.

Behaviour
Explicit: Yes

Riby et al. (2008)

LF
CARS
20 ASD (12.0)
20 VMA-matched TD
(7.5)
20 NVMA-matched
TD (8.8)
12 Williams syndrome
(matched to sub-set of
12 ASD on age and
NVMA)

Source: Facial and
vocally expression
emotions (Bruce et al.,
2000).
Emotions: H, Sa, A, Su
Intensity: Naturalistic
Duration: Not limited

Implicit: N/A
Explicit: Emotion matching (facial
unimodal and cross-modal)
Outcome: Matching/ labeling
accuracy

Explicit: On unimodal matching,
ASD < VMA-matched and NVMAmatched. On cross-modal matching,
ASD < NVMA-matched. ASD <
William’s syndrome on matching
composite.

Behaviour
Explicit: Yes

Rutherford &
Towns (2008)

HF
ADOS
11 ASD (25:8)

Source: whole-face
emotion photographs
(Baron-Cohen et al.,

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy, gaze

Explicit: ASD = TD on accuracy
(across emotion types) and RT.
ASD < TD in attention to eye

Behaviour
Explicit: No
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11 TD (25:7)
Groupwise: Age, IQ,
education

1997)
Emotion: Basic- H, Su,
A, F, D, Sa, distress,
Complex- scheming,
thoughtful, flirting,
admiring, quizzical,
bored, interesting,
guilty, arrogant
Intensity: Naturalistic
Duration: 2.5s

patterns (using eye-tracking)

region during complex emotion
viewing.

Sinzig et al.
(2008)

HF
DSM-IV
21 ASD (with ADHD)
(11.6)
19 ASD (without
ADHD) (13.6)
30 ADHD (12.7)
29 TD (12.8)
Groupwise: Age, IQ

Source: POFA, wholeface and eyes only
Emotions: H, Sa, F, A,
Su, D, N
Intensity: Prototypical
Duration: Max. 5s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy

Explicit: On eyes only TD > all
other groups. On whole-face
emotions and eyes only, ASD
without ADHD > ADHD and ASD
with ADHD.

Behaviour
Explicit: Yes

Wallace et al.
(2008), Exp. 1

HF
ICD-10/ ADI-R
26 ASD (32)
26 TD (31)
DD (:)
Groupwise: Age,
handedness, BPVS,
RPM

Source: POFA and
JACFEE, inverted and
upright
Emotion: H, Sa, A, D, F,
Su, N
Intensity: Prototypical
Duration: 2s

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy
(2008)

Explicit: ASD < TD on F, Sa and D
(upright). In ASD only,
performance correlated with BPVS
score. Both groups worse at
inverted (vs. upright), trend of TD >
ASD.

Behaviour
Explicit: Yes

Wallace et al.
(2008), Exp. 2

HF
ICD-10/ ADI-R
15 ASD (30)
15 TD (30)
Groupwise: Age, IQ

Source: POFA,
JACFEE, parts of faces
(eyes, eyes + nose,
mouth, mouth + nose,
whole face)
Emotion: D, F, Su, A
Intensity: Prototypical

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy, RT

Explicit: ASD < TD on F from eyes
only, ASD < TD on D from mouth
only.

Behaviour
Explicit: Yes (on part
of face)
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Duration: 2s
Wicker et al.
(2008)

Wong et al. (2008)

Wright et al.
(2008), Exp. 2

LF, HF
DSM-IV
12 ASD (27)
14 TD (23.4)
Diff: IQ

Source: Videos of
dynamic eye gaze shiftsaverted gaze (e.g., eyes
towards left to eyes
towards right) or direct
gaze (averted eyes to
direct gaze)
Emotion: A, H (in each
C, 2 x 2 design)
Intensity: Naturalistic
Duration: 2.5s

Implicit: Age discrimination (in
scanner)
Explicit: Emotion discrimination
(in scanner)
Outcome: Discrimination
accuracy, fMRI signal

Implicit: ASD = TD age accuracy.
Explicit: ASD = TD emotion
accuracy. For Explicit C - Implicit
C, ASD < TD in PFC, right inferior
frontal gyrus (lateral PFC), right
temporo-parietal junction (superior
temporal gyrus), medial superior
frontal gyrus (DMPFC). In ASD,
functional connectivity of brain
regions is especially reduced within
regions of the PFC, from amygdala
to DMPFC, from vLPFC to STS
and from V1/V2 to fusiform gyrus.
No correlation between task
performance and IQ, or brain
activity and IQ.

Behaviour
Explicit: No

HF
ICD-10, ADI-R
10 ASD (8.5)
12 TD (8.5)
Groupwise: Age, NVIQ
(RPM)

Source: JACFEE
Emotion: H, A, F, Sa, N
Intensity: Prototypical
Duration: 750ms

Implicit: Gender discrimination
Explicit: Emotion discrimination
Outcome: Discrimination
accuracy, ERPs (with dipole
source analysis).

Implicit: ASD = TD on gender task.
Explicit: ASD = TD on emotion
task accuracy (Sa worse, in both
groups) and RT.
Implicit & Explicit: On ERPs, ASD
= TD on P1, N170 and P2. ASD >
TD latencies visual cortex and
medial prefrontal lobe. ASD < TD
magnitude of response in medial
prefrontal lobe and fusiform
(implicit > explicit).
ASD > TD on latency and
magnitude of parietal
somatosensory cortices activity.

Behaviour
Explicit: No

HF
ICD-10, ADOS
35 ASD (11.3)

Source: Facial
Expressions of
Emotion: Stimuli and

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy.

Explicit: For facial emotions, ASD
< TD for A (and marginally less for
H) only. Performance on facial

Behaviour
Explicit: Yes

Brain Activity
Explicit: Yes

Brain Activity
Implicit: Yes
Explicit: Yes
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35 TD (11.5)
Groupwise: Age, VIQ,
and PIQ

Tests (FEEST; Young et
al., 2002), emotion
context pictures
Emotions: H, A, F, Sa,
Su, D
Intensity: Prototypical
Duration: NS

emotions related to age and IQ. For
context task, ASD = TD.

Akechi et al.
(2009)

HF
ASQ
Exp. 1
14 ASD (12.1)
14 TD (11.9)
Exp. 2
10 ASD (12.4)
10 TD (11.3)
Groupwise: FSIQ,
VIQ, PIQ

Source: POFA, Facial
Information Norm
Database (Watanabe et
al., 2007), with direct or
averted gaze
Emotions: A, F
Intensity: Prototypical
Duration: 5s max

Implicit: N/A
Explicit: Exp. 1-Emotion
discrimination, Exp. 2- Same task
with only upper face visible
Outcome: Discrimination
accuracy and RTs

Explicit: ASD = TD on
discrimination accuracy. ASD > TD
on RTs for A-direct gaze and Faverted gaze (both whole faces and
eyes only).

Behaviour
Explicit: Yes, RTs
only

Atkinson (2009)

HF
DSM-IV
13 ASD (30.9)
16 TD (26.7)
Groupwise: Age, IQ

Source: Videos of bodily
expressed emotions,
point-light displays,
conveying emotional
body movements
Emotions: A, D, F, H,
Sa
Intensity: NS
Duration: 3s

Implicit: N/A
Explicit: Emotion labeling
Others: Action labeling
Outcome: Labeling accuracy

Explicit: ASD < TD on emotion
and action labeling accuracy.

Behaviour
Explicit: Yes

Baker et al. (2009)

HF
ADOS, ADI-R
19 HFA (12.8)
19 TD (12.2)
Groupwise: Age

Source: Non-sense
spoken passages
Emotions: H, Sa, A, N
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Dichotic listening
paradigm (participant hears one
emotional spoken passage in left
ear, and another expressing a
different emotion, in the right, and
has to identify each emotion).
Outcome: Percentage correct in

Explicit: ASD = TD on
identification performance. For
ASD and TD, performance on left
ear > right ear.

Behaviour
Explicit: No
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each ear.
Corbett et al.
(2009)

Hadjikhani et al.
(2009)

Kuusikko et al.
(2009)

HF
DSM-IV, ADOS, ADIR
12 HFA
15 TD
Groupwise: age,
anxiety (including
social anxiety)
Diff: IQ

Source: photographs of
facial expressions
(Tottenham et al., 2002)
Emotion: H, A, F, Sa, N
Intensity: Prototypical
Duration: 750ms

Implicit: N/A
Explicit: Matching emotional
facial expressions and identities,
i.e., same or not the same (identity
task always N expression) (both in
scanner)
Outcome: Matching accuracy,
fMRI signal

Explicit: ASD = TD on emotion
matching (identity matching ASD <
TD). ASD < TD in amygdala and
fusiform activity. Smaller amygdala
volumes were associated with more
anxiety and younger age.

Behaviour
Explicit: No

HF
ADOS/ ADI-R
12 HFA (30)
11 NT (31)
Groupwise: Age?

Source: Photographs of
bodily expressions of
emotions and expressing
actions
Emotions: F, Sa, A, N,
inverted and upright (in
scanner F and N only)
Intensity: Exaggerated
Duration: 300ms

Implicit: Passive viewing (during
scanning)
Explicit: Matching of bodily
expressions (emotions and
actions) (outside scanner)
Outcome: Matching accuracy,
fMRI signal

Implicit: To F, ASD < TD in
colliculus, pulvinar, amygdala,
accumbens, putamen, fusiform,
inferior frontal cortex and the
anterior insula activity. To N, ASD
= TD in activation except inferior
frontal cortex and the anterior
insula activity. In ASD, F > N in
striate and extrastriate visual cortex
activation.
Explicit: ASD > TD on actions, and
< TD on emotions.

Behaviour
Explicit: Yes

HF
ICD-10, ADOS, ADI-R
26 HFA (13.7)
31 AS (13.3)
33 TD (14.3)
Groupwise:
Diff: TD > HFA and
AS on age and females

Source: POFA (eyes
only), blended emotions
(displayed in The
Frankfurt Test and
Training of Facial Affect
Recognition (FEFA;
Bölte et al. 2003)
Emotions: H, Sa, A, F,
D, Su, N
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Selection accuracy

Explicit: TD > ASD on emotional
eyes performance. For ASD,
blended emotions more often
recognised as negative emotion.
The older ASD group (>12 yrs) >
younger ASD group (<12 yrs) on
blended emotions.

Behaviour
Explicit: Yes

Brain Activity
Explicit: Yes

Brain Activity
Implicit: Yes
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Lacroix et al.
(2009)

LF, HF (?)
DSM-IV
12 ASD (8:10)
12 William’s syndrome
(6:1)
12 TD (5:7)
Groupwise: VMA

Source: Five (three
emotional) tasks from
San Diego Affective
Facial Expression
(SANAFE; Reilly &
Stiles, 2006)
Emotions: H, Sa, A, F,
Su, N
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion labeling,
emotion matching, emotion
identification
Outcome: Labeling/ matching/
identification performance

Explicit: On labeling and matching,
ASD = William’s syndrome = TD.
On labeling H, ASD > TD > WS.
ASD > William’s syndrome. On
matching Sa, ASD = William’s
syndrome < TD. On identification
(especially F), William’s syndrome
< ASD and TD.

Behaviour
Explicit: No

Rump et al.
(2009), Exp. 1

HF
ADOS
19 HFA (6.4)
18 TD (6.0)
Groupwise:for age and
VMA

Source: Iconic drawings
of facial emotions, short
videos of facial
emotions
Emotions: H, Sa, A, F,
N
Intensity: Videos- N to
25%, N to 50%, N to
75%, N to 100%,
Drawings- prototypical
Duration: 500ms

Implicit: N/A
Explicit: Emotion matching (video
to drawings)
Outcome: Matching accuracy

Explicit: On A and F, HFA < TD
(across intensities).

Behaviour
Explicit: Yes

Rump et al.
(2009), Exp. 2

HF
ADOS
26 HFA children
(10.5)
24 HFA adolescents
(15.0)
21 HFA
adults (27.0)
23 TD children (10.3)
25 TD
adolescents (14.6)
24 TD
adults (28.3)
Groupwise: Age, FSIQ,

Source: Short videos of
facial emotions
Emotions: H, Sa, A, F,
N, Su, D
Intensity: Videos- N to
25%, N to 50%, N to
75%, N to 100%,
Drawings- prototypical
Duration: 500ms

Implicit: N/A
Explicit: Emotion identification
Outcome: Identification accuracy

Explicit: For children and
adolescents, ASD = TD. In adults,
ASD < TD, only for F, A, D, and
Su. In ASD, improvement with age
< TD.

Behaviour
Explicit: Yes, adults
only
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VIQ, and PIQ
Bal et al. (2010)

HF
DSM-IV, ADOS
17 ASD (10.3)
36 TD (11.2)
Groupwise: Age, FSIQ,
VIQ, PIQ

Source: Videos of facial
emotions from Dynamic
Affect Recognition
Evaluation (DARE;
Porges et al., 2007)
Emotions: A, D, F, H,
Sa, Su, N
Intensity: N to
prototypical (for each
emotion)
Duration: 15-33s

Explicit: Emotion label
identification
Q: Social Responsiveness Scale
(SRS; Constantino, 2002)
Outcome: Identification accuracy,
RT, heart rate, and baseline
respiratory sinus arrhythmia
(RSA).

Explicit: ASD < TD on A. ASD >
TD on RTs (across emotions). At
baseline, ASD < TD on RSA
amplitude, > TD heart rate. For
ASD group, accuracy related to
gaze to eye region/ less ASD
symptoms (SRS score).

Behaviour
Explicit: Yes (RT,
accuracy on A only)

Begeer et al.
(2010)

HF
11 ASD (9:4)
20 PDD-NOS (9:2)
31 TD (9:3)
Groupwise: Short-term
memory, age?

Source: Short stories of
two emotional situations
separated by a transition
of location, drawings of
facial emotions
Emotions: Storiesnegative to positive,
positive to negative,
Drawings- H, Sa, N
Intensity: Drawings- low
and high
Duration: N/A

Implicit: N/A
Explicit: Children asked to
indicate how they would feel
during the second emotional
situation by choosing emotion
drawing
Outcome: Emotion selection

Explicit: ASD < TD on influence of
preceding emotional situation
(PDD-NOS = TD).

Behaviour
Explicit: Yes

Bhatara et al.
(2010)

HF
DSM-IV, SCQ
23 ASD (13:7)
11 William’s syndrome
(22:3)
23 TD (12:7)
Groupwise: Age, PIQ
(ASD and TD only)
Diff: FSIQ and VIQ.
William’s syndrome-

Source: Classical
musical pieces
conveying emotions,
with manipulations on
temporal and amplitude
expressivity
Emotions: Not specific
emotions
Intensity: NS
Duration: 20s

Implicit: N/A
Explicit: Emotionality ratings (on
a continuum of not emotional to
very emotional) of musical pieces
(expressive, 50% expressive and
mechanical)
Outcome: Emotionality ratings

Explicit: ASD < TD and William’s
syndrome (ASD group did not
differentiate between the different
levels of emotional intensity
conveyed by timing and amplitude
manipulations).

Behaviour
Explicit: Yes
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PIQ and Age
Dziobek et al.
(2010)

HF
DSM-IV, ADI-R,
27 ASD (42.0)
29 NT (44.9)
Groupwise:for age,
education, and IQ

Source: POFA
Emotions: H, Sa, A, F,
D, Su
Intensity: Prototypical
Duration: NS

Implicit: N/A
Explicit: Emotion label
identification
Outcome: Labeling accuracy,
structural MRI

Explicit: ASD = TD on accuracy.
ASD > TD in fusiform gyrus local
thickness, which correlated with
labeling accuracy. In TD only,
amygdala volume positively related
to fusiform gyrus local thickness.

Behaviour
Explicit: No

Golan et al. (2010)

HF
ADI-R
20 ASD w/ intervention
(5.6)
18 ASD w/o
intervention
(6.2)
18 TD w/o intervention
(5.4)
Groupwise: Age, verbal
ability

Implicit: N/A
Explicit: At baseline and after four
weeks of intervention (vs. after no
intervention), 1) define emotion
words (and give examples of
situations that evoke them), 2)
situation-facial emotion matching
(3 levels of generalization)
Outcome: Definition and
matching accuracy

Explicit: At baseline, ASD < TD on
definition and matching accuracy.
For ASD w/ intervention,
performance across tasks and
generalization levels after four
weeks > baseline (> TD and ASD
w/out intervention). After four
week of intervention, ASD w/
intervention = TD.

Behaviour
Explicit: Yes (prior
to intervention only)

Greimel et al.
(2010)

HF
DSM-IV, ICD-10,
ADOS, ADI
15 ASD boys (14.9)
11 fathers of ASD
(47.7)
15 TD boys (15.0)
9 fathers of TD (43.9)
Groupwise: age, FSIQ,
VIQ
Diff: PIQ lower in
ASD group

Source: Transporters
(emotion exposure)
intervention or control
intervention
Emotions: H, Sa, A, F,
D, Su, excited, tired,
unfriendly, kind, sorry,
proud, jealous, joking,
ashamed (trained and
tested)
Intensity: NS
Duration: 5min per
emotion
Source: photographs of
facial emotions with
ages and gender of
person in stimuli
matched that of
participant group
(constructed with
FaceGen 3.1)
Emotions: H, Sa, N
Intensity: Low and high
Duration: 2.5s

Implicit: N/A
Explicit: Labeling emotional faces
(other-task), self-judgment of
emotional response to faces (selftask) (both in scanner)
Outcome: other and self-task
scores, fMRI signal
Q: Griffith Empathy Measure
(GEM; Dadds et al., 2008),
Balanced Emotional Empathy
Scale (BEES; Mehrabian, 1996)

Explicit: On other task, ASD < TD
on subtle only (RTs ASD = TD).
On self task, ASD < TD on
congruency of emotions to those
presented. ASD < TD in fusiform
activity during self and other task
(fathers also, during other task).
During self task, ASD < TD in
inferior frontal gyrus activity.
Neural activity in the fusiform
gyrus was inversely related to
autism severity scores.
Q: ASD = TD on BEES, < TD on
GEM. Mean congruent responses
during the self-task correlated

Behaviour
Explicit: Yes (low
intensity emotions
only)
Q: Yes (GEM only)
Brain Activity
Explicit: Yes
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significantly with BEES scores in
fathers.
Grossman et al.
(2010), Exp. 1

HF
DSM-IV, ADOS
16 HFA (12:4)
15 TD (12:7)
Groupwise: Age, IQ

Source: Spoken
sentences, filtered to
eliminate verbal content
Emotions: H, Sa, N
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy.

Explicit: ASD = TD on labeling.

Behaviour
Explicit: No

Heikkinen et al.
(2010)

HF
ICD-10, ADOS, ADI-R
12 AS (14.5)
15 TD (14.3)
Groupwise: Age

Source: Emotional
speech, facial emotion
with emotion label
Emotions: H, Sa, A, N
Intensity: NS
Duration: 10s max for
response

Implicit: N/A
Explicit: Matching emotional
speech to facial emotion
Outcome: Matching accuracy

Explicit: AS = TD, on each
emotion.

Behaviour
Explicit: No

Kleinhans et al.
(2010)

HF
DSM-IV, ADOS, ADIR
29 ASD (23.6)
25 TD (23.3)
Groupwise: Age, IQ

Source: POFA
Emotions: F, A (No N
comparison)
Intensity: Prototypical
Duration: 4.5s

Implicit: N/A
Explicit: Emotional face matching
(during scanning)
Outcome: Matching accuracy,
fMRI signal
Q: Social Avoidance and Distress
Scale (SADS; Watson et al.,
1969).

Explicit: ASD = TD on matching
accuracy. ASD < TD in left
prefrontal activation. ASD > TD in
occipital lobes activation.
In ASD, SADS score was
associated with increased activation
in right amygdala and left middle
temporal gyrus, and decreased
activation in the fusiform face area.

Behaviour
Explicit: No

Kliemann et al.
(2010)

HF
DSM-IV, ADI-R
12 ASD (32.7)
11 TD (30.4)
Groupwise: Age, VIQ

Source: Karolinska
Directed Emotional
Faces
Emotions: H, F, N
Intensity: Prototypical
Duration: 150ms

Implicit: Participants were
initially directed to fixate on the
eye or mouth region.
Explicit: Emotion label selection
Outcome: Labeling accuracy (and
RTs), gaze patterns (eye tracking)

Implicit: ASD > TD gaze away
from eyes.
Explicit: ASD < TD on labeling
accuracy. ASD > TD in RTs.
Combination of avoidance and
reduced orientation predicts ASD
labeling accuracy.

Behaviour
Implicit: Yes
Explicit: Yes

Law Smith et al.

HF

Source: Emotion

Implicit: N/A

Explicit: Overall, ASD < TD on

Behaviour

Brain Activity
Explicit: Yes
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(2010)

DSM-IV, ADOS, ADIR
21 ASD (15.3)
16 TD (14.8)
Groupwise: age? IQ?

Recognition Task
(Montagne et al., 2007),
which includes short
video clips of emotions
(N to emotion)
Emotions: H, Sa, Su, F,
A, D
Intensity: low (20%40%), medium (50%70%) and high (80%100%)
Duration: NS

Explicit: Emotion label selection
Outcome: Labeling accuracy

labeling accuracy, most notably for
the low intensity level (especially
D, Su and A)

Explicit: Yes (more
for low intensity
emotions)

Philip et al. (2010)

HF
DSM-IV, ADOS (not
all met
ADOS criteria)
23 ASD (32.5)
23 TD (32.4)
Groupwise: Age
Diff: IQ (TD > ASD),
but same results for
sub-groups matched for
IQ

Source: POFA,
JACFEE, short scenes
from movie-clips,
vocally expressed
emotions (spoken string
of numbers; Calder et
al., 2004)
Emotions: H, Sa, A, D,
F, Su
Intensity: Prototype
Duration: Facial- 5s,
Bodily and Vocal- 5-10s

Implicit: N/A
Explicit: Emotion matching,
emotion label selection
Outcome: Matching/ labeling
accuracy
Q: Empathy Quotient (EQ; BaronCohen et al., 2004)
Other: Social judgement of faces

Explicit: On facial, bodily and
vocal emotions, ASD < TD. In
particular A, Sa and F for facial, H
and F for bodily, and A and D for
vocally expressed emotions.
Other: ASD < TD on social
judegment.
Q: On EQ, ASD < TD.
In ASD, performance on facial
emotions correlated with
performance on vocal and bodily
emotions.

Behaviour
Explicit: Yes
Q: Yes

Vannetzel et al.
(2010)

HF
DSM-IV, ADI-R,
CARS
10 PDD-NOS (9.6)
35 TD (8.4)
Individually (1:4):
Age?

Source: The Montreal
Affective Voices (e.g.,
laugh, scream, etc.)
(Belin et al., 2008),
POFA
Emotions: H, Sa, A, N
Intensity: FacesPrototypical, Voices- NS
Duration: 3s

Implicit: N/A
Explicit: Same/ different emotion
discrimination (unimodal and
multimodal)
Outcome: Discrimination
accuracy

Explicit: PDD-NOS < TD across
emotions and modalities, especially
A. Performance of PDD-NOS was
strongly heterogeneous.

Behaviour
Explicit: Yes

Brennand et al.

HF

Source: Non-sense

Implicit: N/A

Explicit: ASD = TD, across

Behaviour
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(2011)

NS
15 ASD (14.5)
15 TD (13.3)
Groupwise: Age
Diff: BPVS

spoken sentences with
emotional prosody
(Banse & Scherer, 1996)
Emotions: A, F, H, Sa
Intensity: NS
Duration: NS

Explicit: Emotion labeling
Outcome: Labeling accuracy

emotions.

Explicit: No

Caria et al. (2011)

HF
DSM-IV/ ICD-10/
ADOS
8 AS (23.4)
14 TD (24.3)
Groupwise: age? IQ?

Source: Classical music
excerpts (standard) and
musical pieces selected
by participants
(favourite)
Emotions: H, Sa, N
(control pieces with no
rhythmic structure or
melodic contour)
Intensity: Standardprototypical
Duration: 30s

Implicit: Passive listening (in
scanner)
Explicit: Rating of self emotion in
response to musical pieces
(arousal and valence) (outside
scanner)
Outcome: Rating of valence and
arousal, fMRI signal

Implicit: To H music, ASD < TD in
premotor area, cerebellum and
anterior insula activation. To Sa
Music, ASD < TD in right
supramarginal gyrus, right superior
temporal gyrus, supplementary
motor area, left frontal operculum,
left cerebellum and premotor cortex
activation.
Explicit: ASD = TD on valence and
arousal

Behaviour
Explicit: No

Chevallier et al.
(2011), Exp.1

HF
DSM-IV
17 ASD (13:8)
17 TD (14:2)
Groupwise: Age,
VMA, pitch processing

Source: Emotional
speech (after short story
context), followed by
short description of
emotion causes
Emotions: A, S, D, Su,
H, guilty, proud, sorry
Intensity: Naturalistic
Duration: NS

Implicit: N/A
Explicit: Matching vocal emotions
to causal description
Outcome: Matching accuracy, RT

Explicit: ASD = TD, on basic and
social emotions (accuracy and RT).

Behaviour
Explicit: No

Evers et al.
(2011), Exp. 1

HF
DSM-IV, ADI-R
22 ASD (9.1)
22 TD (9.1)
Pairwise: Age, FSIQ

Source: Static facial
emotions (Pilz et al.,
2006)
Emotions: A, D, H, Su
Intensity: Low, medium,
medium-high and high
Duration: Not limited

Implicit: N/A
Explicit: Emotion discrimination
(same/different, where different =
different intensity level)
Outcome: Discrimination
accuracy

Explicit: ASD = TD, across
emotions.

Behaviour
Explicit: No

Brain Activity
Implicit: Yes
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Evers et al.
(2011), Exp. 2

HF
DSM-IV, ADI-R
17 ASD (9.0)
17 TD (9.1)
Pairwise: Age, FSIQ

Source: Static facial
emotions (Pilz et al.,
2006).
Emotions: A, D, H, Su
Intensity: 5 levels of
intensity
Duration: Not limited

Implicit: N/A
Explicit: Emotion matching (to
one of five intensity levels)
Outcome: Matching accuracy, RT

Explicit: ASD = TD, across
emotions. ASD > TD on reaction
times.
In ASD only, accuracy positively
related to RT.

Behaviour
Explicit: Yes, RT
only

Evers et al.
(2011), Exp. 3

HF
DSM-IV, ADI-R
23 ASD (9.0)
23 TD (9.2)
Pairwise: Age, FSIQ

Source: Static images
from dynamic facial
emotions (Pilz et al.,
2006)
Emotions: A, D, H, Su
Intensity: 25 intensity
levels (N to high)
Duration: Not limited

Implicit: N/A
Explicit: Emotion matching (to
emotion and identity,
same/different)
Outcome: Matching accuracy, RT

Explicit: ASD = TD on accuracy
(but on ‘same’ trials < TD). TD on
RT (marginal).
In both groups, accuracy negatively
related to RT.

Behaviour
Explicit: Yes

Falkmer et al.
(2011)

HF
DSM-IV
24 AS (29.0)
24 TD (28.9)
Groupwise: Age

Source: Photographs of
facial emotions, cut into
puzzle piece shapes
Emotions: H, A, Su
Intensity: Prototypical
Duration: 10s

Implicit: N/A
Explicit: Matching puzzle piece
emotions to whole face emotions
Outcome: Matching accuracy,
gaze patterns (eye tracking)

Explicit: AS < TD on matching
accuracy. In ASD group, reduced
eye gaze related to matching
accuracy.

Behaviour
Explicit: Yes

Jones et al. (2011)

LF, HF
ICD-10, ADOS, ADIR, SCQ
99 ASD (15:6)
57 non-ASD (DD/ LD/
Dyslexia) (15:6)
Groupwise: Age, IQ

Source: POFA and
vocally expressed
emotions (three-digit
numbers and non-verbal
vocalizations, e.g.,
crying, laughing)
(Sauter, 2006)
Emotions: H, Sa, F, A,
Su, D
Intensity: Facialprototypical, Vocal- not
specified
Duration: Facial- not

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy

Explicit: ASD = non-ASD, across
emotions (except Su). In both
groups, higher IQ (>80) > lower IQ
(<80) on labeling accuracy.

Behaviour
Explicit: Yes (Su
only)
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limited, Vocal- 1-2s
Kirchner et al.
(2011)

HF
DSM-IV, ADI-R
20 ASD (31.9)
21 TD (31.8)
Groupwise: Age, IQ,
education

Source: Multifaceted
Empathy Test (MET;
Dziobek et al., 2008)- an
emotion recognition test,
RMET- Revised
Emotions: METnegative only (not
specified), RMET- 36
complex emotions
Intensity: Naturalistic
Duration: 4.5s

Implicit: N/A
Explicit: Emotion label selection
(RMET and MET)
Outcome: Labeling accuracy, gaze
patterns (eye tracking)

Explicit: On RMET, ASD < TD.
On MET, ASD = TD. In ASD
group, time fixating to eyes is
positively related to labeling
accuracy on MET task.

Behaviour
Explicit: Yes

Kuchinke et al.
(2011)

HF
DSM-IV, ICD-10
15 AS (35.6)
19 TD (34.8)
Groupwise: NVIQ
Diff: vocabulary (AS >
TD)

Source: Facial emotions,
spoken sentences
(neutral content)
Emotion: positive,
negative, N
Intensity: Naturalistic
Duration: 4.5s

Implicit: Passive listening
Explicit: Rating of sentences for
valence, emotion label selection
Outcome: Valence ratings,
labeling accuracy, pupillary
response
Q: EQ (AS only)

Implicit: Pupillary responses to
positive > negative sentences in
TD, negative > positive in AS.
Explicit: Overall, pupillary
response in ASD = TD. On valence
ratings, AS group rated positive
sentences more negatively than TD
group.

Behaviour
Explicit: Yes
Q: N/A

Quintin et al.
(2011)

HF
DSM-IV, SCQ
26 ASD (13:7)
26 TD (13:6)
Groupwise: PIQ,
auditory working
memory, musical
training and experience
Diff: VIQ

Source: Classical
musical pieces
conveying emotions,
drawings of facial
expressions
Emotions: H, Sa, F,
peaceful
Intensity: NS
Duration: 30- 50s

Implicit: N/A
Explicit: Matching musical to
facial emotions, rating of
emotional intensity and
confidence of own accuracy
Outcome: Matching accuracy,
ratings

Explicit: When VIQ controlled for,
ASD = TD on performance. ASD =
TD on intensity ratings, > TD in
confidence ratings (when correct).

Schulte-Rüther et
al. (2011)

HF
DSM-IV, ICD-10,
ADOS
18 ASD (27.4)

Source: photographs of
facial emotions
(constructed with
FaceGen 3.1)

Implicit: N/A
Explicit: Labeling emotional faces
(other-task), self-judgment of
emotional response to faces (self-

Explicit: ASD = TD on other task.
ASD < TD in congruency on selftask. For other task, both group
MPFC activation, but TD in ventral,

Physiological
Activity
Implicit: Yes
Explicit: No
Behaviour
Explicit: No

Behaviour
Explicit: Yes (self
task only)
Q: Yes
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18 TD (25.0)
Groupwise: age, IQ

Emotions: Sa, H, N
Intensity: High and low
Duration: 2.5s

task) (both in scanner)
Outcome: other and self-task
scores, fMRI signal, visual
attention patterns (eye-tracking)
Q: EQ

ASD in dorsal. ASD < TD
precuneus activity and right inferior
frontal cortex. For self task, ASD >
TD in right inferior frontal cortex,
right dMPFC, right middle frontal
gyrus and right temporoparietal
junction.
Q: ASD < TD on EQ.
In both tasks and groups, EQ scores
correlated with precuneus activity.
On both tasks, ASD = TD on time
spent on fixating the face, the eye,
or the mouth region.

Tracy et al. (2011)

HF
DSM-IV, ADOS, SCQ
29 ASD (12.3)
31 TD (12.3)
Groupwise: FSIQ

Source: UC Davis Set of
Emotional Expressions
(UCDSEE; Tracy et al.,
2009), showing head to
waist expressions
Emotions: H, Sa, Su, D,
A, F, contempt, pride
Intensity: Naturalistic
Duration: 1.5s max

Implicit: N/A
Explicit: “Is this [target emotion]?
(yes/ no)
Outcome: Accuracy, RT

Explicit: ASD = TD, for each
emotion. ASD = TD on RTs. ASD
= TD in higher accuracy for quick
response. Results same after
controlling for IQ and SCQ scores.

Behaviour
Explicit: No

Uono et al. (2011)

TD
DSM-IV
13 ASD (19.0)
13 TD (19.8)
Groupwise: Age

Source: POFA, dynamic
and static
Emotions: F, H, N
Intensity: N to
prototypical
Duration: 200ms

Implicit: N/A
Explicit: Emotion matching to
static of various intensities
Outcome: Intensity of emotion
match

Explicit: ASD = TD, across for
static and dynamic stimuli intensity.
ASD = TD in dynamic > static in
intensity.

Behaviour
Explicit: No

Wallace et al.
(2011)

HF
DSM-IV, ADOS ADIR
42 ASD
31 TD
Groupwise: Age, IQ

Source: POFA
Emotions: H, A, Sa, D,
F, Su
Intensity: N to
prototypical (in 5%
increments)

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy,
intensity level labeled.
Q: SRS, Adaptive Behaviour
Assessment System-II (ABAS-II;

Explicit: ASD < TD on accuracy,
across emotions, especially A. ASD
> TD intensity labeled, indicating
less perceptual sensitivity (and
these scores for H and Su were
related to FSIQ). To Sa, ASD < TD

Behaviour
Explicit: Yes

Brain Activity
Explicit: Yes
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Duration: 3s per
increment

Harrison & Oakland, 2003)

in perceptual sensitivity, which was
uniquely correlated with ADOS,
SRS and ABAS-II scores.

HF
ADOS/ ADI-R
22 ASD (14.4)
20 TD (15.0)
Groupwise; age,
puberty status, VIQ,
handedness
Diff: NVIQ

Source: NimStim Face
Stimulus Set (Tottenham
et al., 2009)
Emotions: H, F, Sa, N
Intensity: Prototypical
Duration: 250ms

Implicit: Gender discrimination
task (during scanning)
Explicit: Emotion labeling task
(after scanning)
Outcome: Task accuracy

Implicit: ASD = TD on gender task
(accuracy and RT). On Sa – N,
ASD > TD in right amygdala, and
striatum activation. On Sa – H,
ASD > TD in right amygdala
activation.
Explicit: ASD = TD on emotion
task (accuracy and RT).
In the ASD group (not TD), there
was a negative correlation between
developmental variables (age and
pubertal status) and mean activation
from the whole bilateral amygdala;
younger adolescents showed greater
activation than older adolescents.

Behaviour
Explicit: No

Zamagni et al.
(2011)

HF
DSM-IV, ADOS
16 ASD
16 TD
Groupwise: Age, IQ

Source: Photographs of
emotional postures and
gestures by the
participants themselves
and by others participant
Emotions: H, F, N
Intensity: Selfidiosyncratic, Otherexaggerated
Duration: NS

Implicit: N/A
Explicit: Emotion matching
Outcome: Matching accuracy, RT

Explicit: ASD > TD on RTs, across
Cs. ASD = TD in faster recognition
of own bodily emotions, than of
others’, for H and N, but not F.
Across groups, for others’ bodily
emotions, RT on F < H and N.

Behaviour
Explicit: Yes (RTs)

Allen et al. (2012)

HF
DSM-IV
23 HFA (36.9)
24 TD (32.5)
Groupwise: Age, BPVS

Source: Classical
musical pieces
conveying emotions
(Quintin et al., 2011)
Emotions: H, Sa, F
Intensity: NS

Implicit: Passive listening
Explicit: Emotion label (or
emotion ‘bundle’ label) selection
Q: BVAQ
Outcome: Selection accuracy,
SCRs during implicit C.

Implicit: ASD = TD on SCRs.
Explicit: ASD < TD on labeling
accuracy, but ASD = TD after
controlling for BVAQ score.

Behaviour
Explicit: No

Weng et al. (2011)

Brain Activity
Implicit: Yes, more
activation

Physiological
Reactivity
Implicit: No
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Duration: 30s
Gross et al. (2012)

HF
DSM-IV, ADI-R
10 ASD (14.1)
9 ADHD (14.2)
11 TD (14.8)
Groupwise: Age, FSIQ,
SES

Source: POFA, JACFEE
Emotions: A, D, F, Sa,
N
Intensity: Prototypical
Duration: 300ms

Implicit: Gender discrimination
(of N vs. emotional faces)
Explicit: Emotion discrimination
(A vs. D, F vs. Sa)
Outcome: EEG recording (during
both Cs). Behavioural results not
reported.

Implicit: ASD = ADHD > TD on
parietal (P3/ P4) gamma activity
during gender tasks.
Explicit: ADHD > ASD > TD on
parietal (P3/ P4) gamma activity
during emotion tasks.

Brain Activity
Explicit: Yes

Heaton et al.
(2012)

HF
DSM-IV
20 ASD (33.7)
20 TD (33.6)
Groupwise: Age, IQ

Source: Vocally
expressed emotions
(three-digit numbers and
non-verbal
vocalizations, e.g.,
crying, laughing)
(Sauter, 2006)
Emotions: H, Sa, F, A,
Su, D
Intensity: NS
Duration: 1-2s

Implicit: N/A
Explicit: Emotion label selection
Outcome: labeling accuracy
Q: TAS

Explicit: ASD < TD on labeling,
especially on number task.
Q: ASD > TD on TAS scores. In
both groups, TAS scores correlated
to labeling accuracy.

Behaviour
Explicit: Yes
Q: Yes

Legiša et al.
(2012)

HF
DSM-IV, CARS
8 ASD (8-14)
8 TD (8-14)
Groupwise: Age

Source: Odourous
stimuli
Emotions: Pleasant
(vanilla, rose, green
grass and mint),
unpleasant (feces,
cheese, chlorine, sweat),
N (distilled water)
Intensity: N/A
Duration: 5s

Implicit: Participants were
instructed to take several deep
nasal inhalations of odours
Explicit: Intensity and
pleasantness ratings
Outcome: Ratings, heart rate,
SCRs, facial reactions (from video
recordings)

Implicit: ASD = TD on heart rate
changes and SCRs. Overall, ASD =
TD on facial reactions to odours,
although subtle differences on
magnitude and duration were
apparent.
Explicit: ASD < TD in
unpleasantness ratings of
unpleasant odours (= TD on
pleasant odour ratings)

Behaviour
Explicit: Yes

Source: Child/ adult
facial and vocal
emotions from DANVA
Emotions: H, Sa, A, F

Implicit: N/A
Explicit: Emotion label and
intensity level (high vs. low)
selection

Explicit: ASD < age-norms on
accuracy, across emotions and
intensities (a sub-group of ASD =
age-norms).

Behaviour
Explicit: Yes

Lerner et al.
(2012)

HF
ADOS
34 ASD (13.1)
No comparison group

Facial Reactivity
Explicit: Yes
Physiological
Reactivity
Implicit: No

Brain Activity
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(age-normed data on
measure)

Intensity: High and low
Duration: Facial- 3s,
Vocal- not specified

Outcome: Labeling and intensity
level accuracy, ERP recording

Early N170 latency was related to
facial emotion labelling accuracy,
as was N100 latency with vocal
emotional labelling accuracy.

Explicit: N/A (no
comparison group
tested)

Nackaerts et al.
(2012)

HF
DSM-IV
12 ASD (34.9)
12 TD (31.5)
Groupwsie: Age, VIQ,
PIQ, FSIQ

Source: Point-light
displays (PLD) of
emotional movements
(Alaerts et al., 2011)
Emotions: H, Sa, A, N
Intensity: NS
Duration: NS

Implicit: N/A
Explicit: Decision if ‘target’ PLD
video (different emotions) was
e.g., happier than ‘prime’ PLD
video (always N)
Outcome: Accuracy, RT, gaze
patterns (eye tracking)
Other: Biological motion
recognition task
Q: SRS

Explicit: ASD < TD on task
accuracy, and ASD > TD on RTs.
In ASD group, accuracy on
biological motion task related to
emotions task, but did not explain
emotion task deficit.
Shorter fixation-durations and more
saccades in ASD group was related
to reduced performance on emotion
task. SRS related to accuracy on
emotion and motion task.

Behaviour
Explicit: Yes

Rutherford,
Troubridge and
Walsh (2012)

HF
ADOS
19 ASD (29.7)
19 TD (31.8)
Groupwise: Age, FSIQ

Source: POFA
Emotions: H, Sa, D, F,
A, Su, N
Intensity: Prototypical
Duration: Emotion- 45s,
N- 800ms

Implicit: N/A
Explicit: After watching emotion
face, N face presented- emotion
labeling of N face (afterimage)
Outcome: Emotion label selected.

Explicit: In TD, initial fixation to
negative emotion face, produced
positive emotion face afterimage. In
ASD, initial fixation to negative
emotion face produced a negative
emotion face afterimage.

Behaviour
Explicit: Yes

Simonoff et al.
(2012)

LF, HF
ICD-10, ADOS, ADIR, SCQ
91 ASD (16) (Data at
age 12 for 79 ASD)
No comparison group

Source: POFA
Emotions: H, Sa, F, A,
Su, D
Intensity: Prototypical
Duration: Not limited

Implicit: N/A
Explicit: Emotion labeling
Outcome: Labeling accuracy
Q: Scale generated for Severe
Mood Problems (SMP) from
Profile of Neuropsychiatric
Symptoms (PONS; Gringras et al.,
2006)

Explicit: SMP were associated with
difficulty Su face labeling (not
other emotions).

Behaviour
Explicit: N/A
Q: N/A

Song et al. (2012)

HF
DSM-IV
15 ASD (9.2)

Source: Photographs of
facial emotions
Emotions: H, N

Implicit: N/A
Explicit: Emotion identification,
where same part of paired faces

Explicit: ASD = TD in use of
information from eye region during
emotion identification.

Behaviour
Explicit: Group
comparison on
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18 TD (9.0)
Pairwise: Age, NVIQ

Intensity: NS
Duration: Not limited

exposed (‘bubbles’ task)
Outcome: Identification accuracy

emotion
identification not
reported

Tanaka et al.
(2012)

LF, HF
DSM-IV, ADOS, ADIR
85 ASD (11.6)
130 TD (12.0)
Groupwise: Age, IQ

Source: Let’s Face It!
Emotion Skills Battery
(LFI! Battery), which
uses the NimStim Face
Stimulus Set
Emotions: H, Sa, D, Su,
F, A
Intensity: Prototypical
Duration: ‘Name
Game’- not limited,
‘Matchmaker
Expression’- 1s, ‘PartsWholes Expression’- 2s

Implicit: N/A
Explicit: Name Game- emotion
labeling, Matchmaker Expressionmatching emotions across
different facial identities, PartsWholes Expression- matching of
consistent (top and bottom parts of
facial same emotion) or
inconsistent (parts show different
emotion) ‘study’ face (H and A
only) to inconsistent/ consistent
‘test’ face or top/bottom part of
face
Outcome: Name Game,
Matchmaker Expression, and
Parts-Whole Expression task
accuracy

Explicit: On Name Game, ASD =
TD on each emotion, but ASD <
TD on A. On Matchmaker
Expression, ASD < TD on all
emotions except Su. On PartsWholes Expression, ASD < TD in
use of emotional information from
the eye region of whole faces.
For TD group, all three measures
correlated with age. For ASD, only
Match Maker Expression correlated
with age. For TD group, IQ only
correlated with Parts-Wholes
Expression. For ASD group, IQ
correlated with all three measures.

Behaviour
Explicit: Yes

Williams et al.
(2012)

LF, HF
DSM-IV, ADOS
28 AD w/ intervention
(5.2)
27 AD w/out
intervention (5.2)
Groupwise: FSIQ,
VIQ, PIQ, ADOS
severity scores

Source: Transporters
(emotion exposure)
intervention or no
intervention (Thomas
the Tank engine DVD),
POFA
Emotions: Trained- H,
Sa, A, F, D, Su, excited,
tired, unfriendly, kind,
sorry, proud, jealous,
joking, ashamed, TestedH, Sa, A, F
Intensity: NS
Duration: 5min per
emotion

Implicit: N/A
Explicit: At baseline, after four
weeks of intervention, and at 3
month follow-up (vs. after no
intervention), 1) Emotion
identification 2) Emotion
matching, 3) NEPSY-II (Korkman
et al., 2007)- affect recognition, 4)
Situational and desire-based
mindreading tasks (Howlin et al.,
1999)
Outcome: Identification and
matching accuracy, NEPSY-IIaffects scores, mindreading scores
Other: NEPSY-II- ToM

Explicit: After four weeks, ASD w/
intervention > ASD w/out
intervention on A identification,
and matching all emotions
(especially A). At 3 month followup, ASD w/ intervention > ASD
w/out intervention on H and A
identification only. ASD w/
intervention = ASD w/out
intervention on ToM.

Behaviour
Explicit: N/A
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Wong et al. (2012)

HF
ADI-R
19 HFA (9-13)
17 Social phobia (7-12)
21 TD (7-13)
Groupwise: Age?

Source: Facial emotions
from Penn Emotion
Recognition Set (Gur et
al., 2002)
Emotions: A, D, F, H,
Sa, N
Intensity: Mild and
extreme
Duration: Not limited

Implicit: N/A
Explicit: Emotion label selection
Outcome: Accuracy and RT
(correct trials only)
Q: SPAI- Child version (Beidel et
al. 1995) (social phobia/ anxiety)

Explicit: Across groups, RT on H <
A/ Sa/ D < F, and accuracy on H >
D. On low intensity emotions, ASD
< TD. SPAI not correlated with
accuracy.

Behaviour
Explicit: Yes (low
intensity emotions)

Wright et al.
(2012)

HF
ICD-10, ADI-R, ADOS
13 ASD (15.1)
13 TD (15.7)
Groupwise: age, IQ

Source: POFA
Emotion: H, A, Sa, Su,
F, D
Intensity: Prototypical
Duration: 1s

Implicit: N/A
Explicit: Emotion label selection
(outside scanner), thinking about
emotion presented (in scanner)
Outcome: labeling accuracy,
MEG/ EEG recording
Q: AQ

Explicit: ASD = TD on labeling
accuracy (but ASD < TD on RTs).
For lower-band responses (3–30
Hz), ASD = TD. However, for
gamma responses (>30 Hz), ASD <
TD in occipital areas.
AQ scores were negatively
correlated with right lateral
occipital cortex, left occipital pole
and right fusiform gyrus gamma
activity. Age and IQ were not
related to gamma activity.

Behaviour
Explicit: No (but
longer RTs)
Brain Activity
Explicit: Yes

Implicit emotional appraisal†††
Moore et al.
(1997), Exp. 2

LF
DSM-III
13 ASD (14:9)
13 DD (14:2)
13 TD (7:11)
Pairwise: Age (ASD
and DD only), BPVS

Source: Point-light
displays of people
engaged in emotionally
expressive activity
Emotions: Su, Sa, F, A,
H
Intensity: Naturalistic
Duration: 5s

Implicit: Spontaneous descriptions
of point-light displays
Explicit: N/A
Outcome: Content of descriptions

Implicit: ASD < DD and TD in
reference to emotions in
descriptions.

Behaviour
Implicit: Yes

Blair (1999)

LF, HF
DSM-III

Source: Selected
pictures (social and non-

Implicit: Passive viewing
Explicit: N/A

Implicit: To distress, ASD = DD
and TD (each group had equal

Physiological
Reactivity
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20 ASD (11.9)
20 DD (mild) (10.9)
20 TD (6.3)
Groupwise: age and
VIQ (ASD and DD
only)

social) of the
International Affective
Picture System (most, +
2 more ‘distress’
photographs)
Emotions: distress,
threatening, N
Intensity: NS
Duration: 8s

Outcome: SCRs during each
picture emotion category

proportions of high and low
responders). To threatening, ASD <
TD and DD.

Implicit: NoDistress, YesThreatening

Anderson et al.
(2006)

LF
ADOS
9 ASD (4.1)
9 TD (4.2)
6 DD (3.9)
Groupwise: age, MA
(ASD and DD)

Source: Photographs of
childrens’ faces, animals
faces, toys, and
landscapes
Emotion: H
Intensity: Prototypical
Duration: 15s

Implicit: Passive viewing
Explicit: N/A
Outcome: Pupillary response

Implicit: To H, ASD < TD and DD.
Pupillary reactivity did not correlate
with ADOS scores.

Physiological
Reactivity
Implicit: Yes

Begeer et al.
(2006)

HF
DSM-IV
28 AD (9:9)
17 PDD-NOS (9:1)
31 TD (9:6)
Groupwise: IQ (AD
and PDD-NOS only)

Source: Photographs of
facial emotions taken
from Yale Faces
database (Belhumeur et
al., 1997)
Emotions: H, A
Intensity: NS
Duration: Not limited

Implicit: Spontaneous sorting of
faces (no prime C), spontaneous
sorting of faces after social
judgment (prime C)
Explicit: N/A
Outcome: Score based on sorting
faces by emotion

Implicit: On no prime C, ASD <
TD on sorting by emotions. On
prime C, ASD = TD on sorting by
emotions.

Behaviour
Implicit: Yes

Bölte et al. (2007)

HF
ICD-10, ADOS, ADI-R
10 ASD (28.1)
10 TD (26.3)
Groupwise: Age, IQ

Source: International
Affective Picture System
(social and non-social
pictures)
Emotions: F, A, D, H,
Sa, N
Intensity: M= 5.7 (scale
of 1-9)
Duration: 6s

Implicit: Passive viewing
Explicit: N/A
Outcome: Heart rate, blood
pressure
Other: Self-report ratings of selfexperienced pleasantness, arousal
and dominance

Implicit: ASD < TD on
physiological reactivity (heart rate
and blood pressure combined) to
Sa, but ASD > TD to N. Heart rate
of ASD negatively correlated with
heart rate of TD, but valence,
arousal and dominance between
ASD and TD were positively
correlated. ASD < TD in
differentiation on scores between

Physiological
Reactivity
Implicit: Yes
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types of ratings.
Deeley et al.
(2007)

HF
DSM-IV, ICD-10 ADI,
ADOS
9 AS
9 TD
Groupwise: FSIQ, VIQ
Diff: PIQ
HF
DSM IV ADI-R
19 ASD (21:6)
19 TD (24:4)
Groupwise: Age, IQ

Source: FEEST
Emotions: F, D, H, Sa,
N
Intensity: Low and high
Duration: 2s

Implicit: Gender discrimination
Explicit: N/A
Outcome: Discrmination
accuracy, fMRI signal

Implicit: ASD = TD on gender
discrimination. ASD < TD in
fusiform activity.

Brain Activity
Implicit: Yes

Source: Videos of pointlight displays (actor
performing emotional
action) (Moore et al.,
1994)
Emotions: H, Sa, Su, A,
F
Intensity: NS
Duration: 5s

Implicit: Spontaneous verbal
description of what was
happening in videos
Explicit: N/A
Outcome: Number of appropriate
emotional labels

Implicit: ASD < TD on number of
emotion label provided.

Behaviour
Implicit: Yes

Korpilahti et al.
(2007)

HF
ADOS, ADI-R
14 AS (11.2)
12 fathers of AS (42.8)
13 TD (10.8)
12 fathers of TD (44.3)
Groupwise: Age

Source: Spoken nameAnna! (Give [it to me]!
Emotions: Commanding,
tender
Intensity: Naturalistic
Duration: 740ms

Implicit: While watching a silent
cartoon, were instructed to ignore
the auditory stimuli
Explicit: N/A
Outcome: ERP recording

Implicit: For N1, children with
ASD < TD children in magnitude
(especially over right parietal area)
and ASD > TD latency of response.
N1 for fathers of children with AS
= fathers of TD children, and
latency < fathers of TD children.

Brain Activity
Implicit: Yes

Magnée et al.
(2007)

HF
DSM-IV, ADOS, ADIR
13 ASD (21.5)
13 TD (23)
Groupwise: age, IQ

Source: POFA, spoke
sentence fragments with
neutral content (in
Dutch: “met het
vliegtuig” meaning ‘by
plane’)
Emotion: H, F
Intensity: Prototypical
Duration: > 900ms (not
specified)

Implicit: Gender discrimination
task (of each face and voice pair)
Explicit: N/A
Outcome: EMG recording (during
face C, and face + voice C)

Implicit: To F face, ASD = TD in
CM > ZM activity. ASD > TD in
CM activity. To H face, ASD = TD
in ZM > CM activity. ASD = TD in
ZM activity. In face + voice
condition, ASD = TD.

Facial Reactivity
Implicit: Yes- more
CM activity to F
face, No- face +
voice C

Hubert et al.
(2007)
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Pelphrey et al.
(2007)

HF
ADOS, ADI-R
8 HFA (24.5)
8 TD (24.1)
Groupwise: age, IQ

Source: POFA, static
and dynamic (morphs
from N to A/ F)
Emotions: F, A, N
Intensity: Prototypical
Duration: Static- 1.7s,
Dynamic- 1.5s

Implicit: Passive viewing, with
pressing button when new picture
presented (in scanner)
Explicit: N/A
Outcome: accuracy/ RT of new
picture identification, fMRI signal

Implicit: ASD = TD accuracy/ RT.
ASD < TD in fusiform and
amygdala activity. In ASD,
dynamic = static in STS, fusiform
and amygdala activity (more to
dynamic in TD group).

Brain Activity
Implicit: Yes

Beall et al. (2008)

HF
ADOS, ADI-R, SCQ
ASD (10:6)
No comparison group

Source: POFA, NimStim
Face Stimulus Set,
JACFEE
Emotions: H, A, F
Intensity: Prototypical
Duration: 3s

Implicit: Passive viewing
Explicit: N/A
Outcome: EMG recording

Implicit: To H and A faces, ASD no
response. To F faces, blended
atypical pattern of response.
Response to happy faces positively
correlated with age.

Behaviour
Implicit: N/A

Falck-Ytter (2008)

? (IQs not reported)
DSM-IV, ADOS, ADIR
15 ASD (5:2)
15 TD (4:11)
Group: age? (Not
reported)
Diff: IQ

Source: Upright and
inverted faces, static and
dynamic (video)
Emotion: H, A, F, D,
unlabelled grimace
Intensity: StaticPrototypical, Dynamicsubtle -> prototypical
Duration: ~3800ms

Implicit: Passive viewing
Explicit: N/A
Outcome: Pupillary reactions

Implicit: ASD = TD to upright
faces. ASD > TD to inverted faces.
No correlation between pupillary
changes and age.

Physiological
Reactivity
Implicit: UprightNo, Inverted- Yes

Stel et al. (2008),
Exp. 1

LF, HF
DSM-IV
8 AD (14:7)
15 PDD-NOS (14:8)
21 TD (15:8)
Pairwise: age

Source: Video of a man
talking
Emotion: H
Intensity: NS
(naturalistic)
Duration: Whole video5mins (facial
expressions displayed
throughout)

Implicit: Passive viewing
Explicit: Ratings of selfexperienced emotion
Outcome: Automatic facial and
behavioural mimicry during
viewing (measured by behavioural
observation), rating of selfexperienced emotion (positive vs.
negative states)

Implicit: AD = PDD-NOS < TD on
mimicry. In TD (not ASD),
mimicry correlated with
experienced positive emotion.
Explicit: No group analysis
conducted of self-experienced
emotion.

Facial Reactivity
Implicit: Yes

Grèzes et al.

HF

Source: Bodily gestures

Implicit: Passive viewing, control

Implicit: During F perception

Brain Activity
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(2009)

DSM-IV
12 ASD (26.6)
12 TD (21)
Groupwise: Age, FSIQ

(full body, faces blacked
out), static and dynamic
(Grèzes et al., 2007)
Emotions: F, N
Intensity: Naturalistic
Duration: 3s

task (inverted stimuli) to measure
attention
Explicit: N/A
Outcome: fMRI signal

(across Cs), ASD < TD in
amygdala, inferior frontal gyrus and
premotor cortex activity. More
specifically, functional connectivity
analysis shows ASD < TD
connectivity during F perception, in
premotor to STS, amygdala to STS,
amygdala to premotor, amygdala to
inferior frontal gyrus, and inferior
frontal gyrus to premotor regions.

Implicit: Yes

Hubert et al.
(2009)

HF
DSM-IV
16 ASD (25:6)
16 NT (27:2)
Pairwise: age,
handedness

Source: Old and young
facial emotions
(dynamic)
Emotion: H, A, N
Intensity: N to subtle
emotion
Duration: 3s

Implicit: Age discrimination
Explicit: Emotion discrimination
Outcome: Discrimination
accuracy, SCRs (during both Cs)

Implicit: On SCRs, ASD = TD.
Explicit: On accuracy, ASD = TD.
On SCRs, ASD < TD. SCRs and
behavioural responses not related to
IQ (in ASD group).

Behaviour
Explicit: No

HF
DSM-IV, ADOS, ADIR
12 ASD (26)
12 TD (27)
Groupwise: Age PPVT,
RPM, handedness

Source: NimStim Face
Stimulus Set
Emotions: H, Sa, A, N
Intensity: Prototypical
Duration: 500ms

Implicit: Emotion cueing taskemotions presented in pairs (N
with H, N with Sa, N with A, and
N with N), followed by an asterisk
on left/right of screen (congruent=
asterisk on same side as emotion
face, incongruent= asterisk and
emotion face on opposite sides).
Participants were required to press
button corresponding to location
of asterisk (left/ right)
Explicit: N/A
Outcome: attention bias (reaction
time on congruent- incongruent
trials), fMRI signal

Implicit: On attention bas, TD =
ASD. ASD > TD in right amygdala
activation. Functional connectivity
analysis showed that ASD < TD
right amygdala and temporal lobe
coupling. ASD > TD in right
amygdala and vmPFC coupling.

Behaviour
Implicit: No

HF
DSM-IV, CARS

Source: Photographs of
facial emotions (Batty &

Implicit: Button press for non-face
object (shown in between facial

Implicit: ASD > Age-matched TD
in P1 and N170 latencies. ASD <

Brain Activity
Implicit: Yes

Monk et al. (2010)

Batty et al. (2011)

Physiological
Reactivity
Implicit: No
Explicit: Yes

Brain Activity
Implicit: Yes
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15 ASD (10.6)
15 Age-matched TD
(10.5)
15 VIQ-matched TD
(7.7)
Pairwise: Age, VIQ

Taylor, 2003)
Emotions: A, D, H, Sa,
Su, F, N
Intensity: NS
Duration: 500ms

emotions)
Explicit: N/A
Outcome: ERP recordings

VIQ-matched TD on P1 amplitude.

Eigsti et al. (2011)

HF
DSM-IV, ADOS, ADIR
16 ASD (13.7)
11 TD (13.7)
Groupwise: age, VIQ,
handedness
Diff: PIQ, FSIQ, CELF

Source: Sentences said
with emotional prosody
Emotion: A, N
Intensity: Naturalistic
Duration: 3s

Implicit: Semantic task (“Was the
sentence about a living creature?”)
Explicit: N/A
Outcome: Task accuracy, fMRI
signal

Implicit: ASD = TD on task
accuracy. ASD < TD in inferior
frontal gyrus activation. ASD > TD
in right medial frontal gyrus, right
superior temporal gyrus, bilateral
parahippocampal gyrus, right
precentral gyrus, and left globus
pallidus activation.

Brain Activity
Implicit: Yes

Spencer et al.
(2011)

HF
DSM-IV, ADOS, ADIR
40 ASD (14.6)
40 TD (15)
40 Unaffected siblings
of ASD (14.8)
Groupwise: IQ (TD and
siblings only), age?

Source: POFA
Emotions: H, F, N
Intensity: Prototypical
Duration: 4s

Implicit: Gender discrimination
task (during scanning)
Explicit: N/A
Outcome: fMRI signal

Implicit: For H face (- N face),
ASD < TD in superior frontal
gyrus, temporal pole, middle and
posterior STS, dorsomedial
prefrontal cortex (DMPFC), FFA,
cuneous and tempoparietal junction
activation. Siblings = ASD on all
above. Siblings < TD in superior
frontal, temporal pole, middle and
posterior STS, and DMPFC
activation, but = TD on cuneous
and temproparietal junction
activation. For F face (- N face),
ASD < TD on fusiform activity
only.

Brain Activity
Implicit: Yes

Vivanti et al.
(2011), Exp. 3

HF
DSM-IV, ADOS, SCQ
18 ASD (13.0)
18 TD (12.2)
Groupwise: Age, PIQ,

Source: Videos of
women sorting pens
after, and contingent on
her own emotional
expression (facial and

Implicit: After watching videos
(which stopped after last
emotional expression, but before
woman sorted pen) participants
imitated sorting the last pen (left/

Implicit: ASD = TD on sorting
accuracy. ASD = TD on number of
fixations to woman’s face and
number of fixations to woman’s
actions.

Behaviour
Implicit: No
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VIQ

gestural)
Emotions: H (smile and
head nod), not H (frown
and head shake)
Intensity: Naturalistic
Duration: 10s (total
video duration)

right container)
Explicit: N/A
Outcome: Sorting accuracy, gaze
patterns (eye tracking)

Daly et al. (2012)

HF
ICD-10, ADOS, ADI-R
14 ASD (31)
14 TD (31)
Groupwise: Age, IQ

Source: FEEST
Emotions: D, F, H, Sa,
N
Intensity: Prototypical
Duration: 2s

Implicit: Gender discrimination.
Participants were either 1)
administered an acute tryptophan
depletion (ATD) technique for
reducing serotonin levels in the
brain, or 2) given a placebo
Explicit: N/A
Outcome: fMRI signal

Implicit: For F faces, ASD > TD in
parahippocampal gyrus, cuneus,
middle occipital gyrus, inferior/
middle/ superior temporal gyri,
inferior/ middle occipital gyri,
across serotonin status. Group x
serotonin status interactions found
for all other emotions. For example,
on D faces, low-serotonin (LS)ASD < LS-TD on cingulate gyrus
activity, > LS-TD on medial
frontal/ lingual gyrus and cuneous
activation, and H faces LS-ASD <
LS-TD on left medial frontal gyrus
activation.

Brain Activity
Implicit: Yes

Nakadoi et al.
(2012)

HF
DSM-IV
14 ASD (31.6)
14 TD (31.5)
Groupwise: age
Diff: years education

Source: Facial
expressions, static
(Kamachi et al., 2001)
Emotions: F, N
Intensity: Mild,
moderate, intense
Duration: 2s

Implicit: Gender discrimination
Explicit: N/A
Outcome: Multi-channel nearinfrared spectroscopy (NIRS)
brain activity recording
Q: State-trait Anxiety Inventory
(STAI; Spielberger et al., 1970),
AQ

Implicit: ASD < TD in prefrontal
cortex activation.
ASD > TD in trait anxiety (not
state).
In ASD (not TD), significant
correlations were found between
oxyHb change and FSIQ and VIQ,
but not between oxyHb change and
age, education, PIQ, AQ, STAIstate or STAI-trait.

Brain Activity
Implicit: Yes

Riby et al. (2012)

? (IQs not reported)
DSM-IV, SCQ

Source: Video and live
displays

Implicit: Passive viewing
Explicit: N/A

Implicit: In ASD group, video SCR
= live face SCR. In TD group, live

Physiological
Reactivity
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Wagner et al.
(2012)

12 ASD (14:0)
12 TD (14:1)
Groupwise: age,
IQ?

Emotion: H, S
Intensity: Subtle
Duration: < 8000ms (not
specified)

Outcome: SCRs (both live and
video Cs)

face SCR > video SCR.

Implicit: Yes, live
faces

HF
ADOS, SCQ
17 ASD (17.0)
17 TD (17.9)
Groupwise: age, IQ

Source: NimStim Face
Stimulus Set,
photographs of houses
Emotion: H, F, N
Intensity: Prototypical
Duration: 1st C- 5s (just
faces), 2nd C- 500ms
(houses and faces)

Implicit: 1st C- Passive viewing
(instructed to scan the faces), 2nd
C- Press button when see two
pictures in a row
Explicit: N/A
Outcome: ERP recording,
pupillary response, gaze patterns
(eye tracking)

Implicit: For 1st C, gaze patterns
ASD = TD, and pupil diameter
ASD = TD (both groups to mouth >
to eyes). In ASD group only,
attention to mouths related to
pupillary response. For 2nd C,
amplitude of P1 to emotion faces
ASD = TD, but whereas for N170
amplitude in ASD F = A = N, in TD
F > A = N. To houses, ASD > TD
in P1 amplitude, In TD group only,
attention to eyes in 1st C, related to
faster N170 component to emotion
faces in 2nd C.

Physiological
Reactivity
Implicit: No
Brain Activity
Implicit: Yes

Emotional expression
Snow et al. (1987)

LF
10 ASD preschoolers
10 DD preschoolers
Groupwise: age, IQ

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Each child was
videotaped for 15 minutes of
interaction with the mother, a
child psychiatrist, and the nursery
school teacher.
Explicit: N/A
Outcome: Frequency of affective
expression was recorded using a
behaviour checklist.

Implicit: ASD < DD in frequency
of positive affect (and in ASD
group was less likely to be partnerrelated and more likely to be related
to self-absorbed activity than DD
group). ASD = DD on frequency of
negative affect.

Behaviour
Implicit: Yes
(positive emotion)

Attwood et al.
(1988), Exp. 2

LF, HF
Rutter’s criteria
18 ASD (10-19)
13 Down’s syndrome
Groupwise: Age, IQ

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Each child was observed
at the dinner table and on the
playground (10 x 30s in each
situation)
Explicit: N/A

Implicit: ASD < Down’s syndrome
on frequency of emotionally related
gestures. ASD = Down’s syndrome
on frequency of instrumental
gestures. Frequency of behaviours

Behaviour
Implicit: Yes
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Outcome: Frequency of social
interaction, gestures, speech and
facial glances.

not related to IQ, across groups.

Macdonald et al.
(1989)

HF
ICD-10
10 ASD (27.2)
TD (26.2)
Pairwise: Age, NVIQ

Source: POFA, vocally
expressed emotions
(short sentences),
pictured emotional
contexts
Emotions: H, A, F, Sa,
N
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: Emotion labelling (facial
and vocal), matching of facial
emotion to emotion context,
expression of emotion (vocal and
facial)
Outcome: Labelling accuracy,
matching accuracy, rating of
emotional expression (very odd to
not at all odd)

Explicit: ASD < TD on facial and
vocal emotion labelling, and
matching of facial emotion to
context. ASD > TD on oddity
scores.

Behaviour
Explicit: Yes

Yirmiya et al.
(1989)

LF
DSM-III, CARS
18 ASD
18 DD
TD
Groupwise: age,
maternal education (all
groups) and IQ (ASD
to DD)

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Tasks from the Early
Social Communication
Scales (ESCS; Seibert et al. 1982).
Child sat facing the experimenter
who presented the child with
different toys, initiated social
games and turn-taking activities,
pointed to posters on the walls of
the room and made simple
requests of the child
Explicit: N/A
Outcome: Affect coded using the
Maximally Discriminative Coding
System (MAX; Izard, 1979)

Implicit: ASD > DD on flat/ N
affect. ASD > DD = TD on display
of ‘incongruous blends’ of emotion.

Behaviour
Implicit: Yes

Dawson et al.
(1990)

LF
CARS
16 ASD (4.1)
16 TD
Pairwise: receptive
language (approx. 18
months), SES

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Children and their
mothers were videotaped during
three Cs: 1) a free-play period, 2)
a more structured period during
which communicative demand
was made on the child, and 3) a
face-to-face interaction.

Implicit: ASD = TD on frequency
and duration of gaze to mother’s
face, across Cs. On 3rd C, ASD =
TD on frequency and duration of
smiles, and neither group displayed
frowns. On frequency of smiles
with eye contact, ASD < TD. ASD

Behaviour
Implicit: Yes

283

	
  

APPENDIX A: Review Supplementary Material

284

	
  
Explicit: N/A
Outcome: Affective expressions
coded (3rd C only)

= TD on percentage of smiles to
social vs. non-social events. ASD <
TD smiles in response to mother’s
smile.

Kasari et al.
(1990)

LF
DSM-III
18 ASD (4.4)
18 DD (4.2)
18 TD (1.9)
Groupwise: MA (all
groups), age (ASD and
DD only)

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Tasks from the
ESCS designed to elicit joint
attention and requesting
behaviors.
Outcome: Frequency of
expressions during tasks.

Implicit: ASD < TD and DD in
expression of positive emotions
during joint attention. DD > ASD
and TD on expression of positive
emotions during requesting
behaviour.

Behaviour
Implicit: Yes

Kasari et al.
(1993)

LF
DSM-III, CARS
30 ASD (3.5)
30 DD (3.5)
30 TD (1.7)
Groupwise: age (ASD
and DD only), MA
(same sample as
Sigman et al., 1992)

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Children were given
praise after completing a puzzle.
Explicit: N/A
Outcome: Coding of behaviours
related to the expression of pride.

Implicit: ASD = DD = TD on
smiling after completion of puzzle.
ASD < DD/ TD in looks to adult
after completion of puzzle, and
showing of pleasure in being
praised.

Behaviour
Implicit: Yes

Loveland et al.
(1994)

LF
CARS
18 ASD (13.3)
24 Down’s syndrome
(14.0)
Groupwise: Age, MA,
IQ

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: imitation of emotional
expressions (imitation C),
production of emotional
expressions ‘on demand’ from
verbal request (posed C)
Outcome: coding of expression by
participant.

Explicit: For performance on
imitation C, ASD = Down’s
syndrome. For performance on
posed C, ASD group < Down’s
syndrome group. For ASD group,
performance on posed C = imitation
C. For Down’s syndrome group,
performance on posed C > imitation
C. ASD group gave more bizarre
expressions that looked
‘mechanical’ than Down’s
syndrome group.

Behaviour
Explicit: Yes (posed,
not imitation)
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Hobson and Lee
(1999)

LF
CARS
16 ASD (14:3)
16 DD (14:6)
Groupwise: Age, BPVS

Source: live
experimenter goaldirected actions
Emotions: actions
performed in a ‘harsh’ or
‘gentle’ way
Intensity: N/A
Duration: NS

Implicit: Use of objects after
experimenter demonstration
Explicit: N/A
Outcome: Participant’s action
coded for the extent to which the
emotional ‘tone’ was replicated

Implicit: ASD < DD on reproduced
emotion tone of actions (not the
actions per se).

Behaviour
Implicit: Yes

Sheinkopf et al.
(2000)

LF
CARS
15 ASD (3.7)
11 DD (3.0)
Groupwise: NVMA
and expressive verbal
ability
Diff: Age

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Audiovisual recording
taken of administration of the
ESCS.
Explicit: N/A
Outcome: Coding of syllable
structure, vocal quality, counts of
utterance features associated with
specific emotional states (e.g.,
fussing and laughing) and nonverbal communication behaviours

Implicit: ASD > DD in number of
syllables with atypical phonation,
which was not related to joint
attention skill. ASD = DD on
syllables of laughing and whining.

Behaviour
Implicit: Yes

Shriberg et al.
(2001)

HF
DSM-IV, ADOS, ADIR
15 HFA (21.6)
15 AS (20.7)
53 TD (26.4)
Groupwise: IQ (HFA
and AS only), age

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Analysis of speech and
prosody-voice profiles (ASD
audio samples taken from ADOS,
TD sample from various sources),
using the Prosody-Voice
Screening Profile (PVSP; Shriberg
et al., 1990).
Explicit: N/A
Outcome: Detection of speech and
prosody irregularities.

Implicit: HFA and AS > TD in
residual articulation distortion
errors, inappropriate phrasing,
stress and resonance quality.
Overall, AS = HFA.

Behaviour
Implicit: Yes

Reddy et al.
(2002)

LF
DSM-IV, ICD-10
19 ASD (4.1)
16 Down’s syndrome
(3.4)
Groupwise: NVMA,

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Parental report, videotaped sessions of free play
Explicit: N/A
Outcome: Coding of emotional
expression behaviours

Implicit: In parental reports, ASD =
Down’s syndrome on overall
frequencies of laughter, or laughter
at tickling, peekaboo or slapstick,
but ASD > DD to inexplicable
situations, and ASD < Down’s

Behaviour
Implicit: Yes
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Vineland Daily Living
Skills, DA
Diff: age, VMA

syndrome on laughter to funny
faces, socially inappropriate acts,
and joining in others’ laughter. In
free play, ASD > Down’s syndrome
on unshared laughter.

Bauminger (2004)

HF
DSM-IV, ADI-R
16 ASD (11.1)
17 TD (11.5)
Groupwise: age, IQ,
maternal education

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Two jealousy eliciting
conditions: 1st- child’s parents
praised another child’s picture
(while ignoring own child’s), 2ndparent engaged in affectionate
play exclusively with the other
child
Explicit: N/A
Outcome: Coding of behaviours
related to the expression of
jealousy.

Implicit: ASD = TD in giving clear
indication of jealousy. TD > ASD
in looks to their parents during the
tasks (ASD group instead acted
towards their parents).

Behaviour
Implicit: Yes

Maestro et al.
(2005)

LF, HF
DSM-IV, CARS
15 children (< 12
months), later
diagnosed with ASD
(3.5- 5.2 when
recruited)
13 TD (< 12 months,
4.7 when recruited)

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Home movies of children
in their first year of life were
analysed to explore social and
non-social attention and
behaviour.
Explicit: N/A
Outcome: Ratings of social and
non-social attention (including
looking at orienting towards,
smiling at and vocalizing to
objects ad people) at 0-6 months
(T1) and 7-12 months (T2).

Implicit: At T1, ASD < TD on
smiling at people, but for smiling at
object ASD = TD. However, at T2,
ASD = TD on social and non-social
smiling, but for ASD only social
attention < non-social attention.

Behaviour
Implicit: Yes (0-6
months only).

Dapretto et al.
(2006)

HF
ADOS, ADI-R
9 HFA (12.0)
10 TD (12.4)
Groupwise: age, IQ

Source: NimStim Face
Stimulus Set
Emotions: H, A, F, Sa,
N
Intensity: Prototypical
Duration: 2s

Implicit: Passive viewing (in
scanner)
Explicit: Imitation of expressions
(in scanner)
Outcome: Imitation accuracy,
Event-related fMRI signal, gaze

ASD = TD on time fixating face/
eye region, across tasks.
Implicit: ASD = TD in fusiform and
amygdala activity, ASD < TD in
insula and inferior frontal activity,
ASD > TD in hippocampal activity.

Behaviour
Explicit: No
Brain Activity
Implicit: Yes
Explicit: Yes
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patterns

Explicit: ASD < TD in inferior
frontal gyrus, precentral gyrus,
anterior cingulate, insula,
amygdala, hippocampus, caudate,
putamen and thalamus activity.
ASD > TD in left anterior parietal
and right visual association areas.

Hobson et al.
(2006)

LF
DSM-IV, CARS
10 ASD (9:11)
9 DD (10:12)
Groupwise: age, VMA

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Using parental report, the
expression of basic (H, Sa, A and
F) and ‘social’ emotions (pride,
jealously, shyness,
embarrassment, shame, pity,
concern, and guilt) was
documented.
Explicit: N/A
Outcome: Each emotion rated as
clearly present, possibly present/
atypical, or absent.

Implicit: On basic emotions, ASD =
DD. On pride, shyness,
embarrassment, shame, pity,
concern and guilt
ASD < DD (not as clearly present
or absent). On jealously, ASD =
DD. In both groups, expression of
embarrassment correlated with
VMA. In DD group jealously
correlated with shame/ pride (and
guilt with shame). In ASD, no intercorrelations between expressions
were found.

Behaviour
Implicit: Yes

McIntosh, et al.
(2006)

HF
DSM-IV, ADIR /ADOS
14 ASD (27)
14 TD (24)
Pairwise: age and
PPVT

Source: POFA
Emotion: H, A
Intensity: Prototypical
Duration: 8s

Implicit: Passive viewing
Explicit: Voluntary imitation
Outcome: EMG recording (during
both Cs)

Implicit: ASD < TD EMG
response. ASD = TD response
latency. In ASD, EMG response
unrelated to verbal ability, gender
and age.
Explicit: ASD = TD on voluntary
imitation.

Behaviour
Explicit: No

HF
DSM-IV
21 HFA (8.0)
18 AS (8.3)
20 TD (6.7)
Groupwise: overall MA
(all groups), VMA (AS

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: A ‘deception’ scenario
(child and Experimenter 1 hid a
ball from Experimenter 2) was
used to elicit the use of selfpresentational display rules
(SPDRs).
Explicit: Questions of the use/

Implicit: HFA = AS < TD on the
spontaneous inhibition
(neutralisation) of affect.
Explicit: HFA = AS = TD on the
understanding of SPDRs.

Behaviour
Implicit: Yes
Explicit: No

Barbaro and
Dissanayake
(2007)

Facial Reactivity
Implicit: Yes
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and TD only)
Diff: age

understanding of SPDRs in actedout (puppet) vignettes
Outcome: Coding of different
SPDRs and gaze patterns,
accuracy on SPDR questions

Bishop et al.
(2007)

HF
ADOS, ADI-R
29 ASD (6.8)
33 PDD-NOS (6.9)
29 fetal alcohol
spectrum disorder
(FASD) (7.2)
Groupwise: age, FSIQ

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: ADOS, ADI-R
Explicit: N/A
Outcome: scores on both
measures

Implicit: ASD < FASD on sharing
of affect. ASD = FASD on socially
inappropriate behaviours and
difficulty with peers.

Behaviour
Implicit: Yes

Hubbard &
Trauner (2007)

?
DSM-IV
9 ASD (14.5)
9 AS (14.5)
10 TD (?)
Groupwise: ?

Source: N-content
phrase (it’s almost
finished), said with
emotional prosody
Emotions: H, Sa, A
Intensity: Naturalistic
Duration: NS

Implicit: Utterances elicited by
imitation (of phrase) and
spontaneous story completion.
Explicit: N/A
Outcome: Utterances analysed by
quantifying phonetic features
(pitch, amplitude and length) and
were rated for emotion expressed
(H, Sa or A).

Implicit: On imitated speech, ASD
> AS and TD on pitch range (not <,
as expected). On spontaneous
speech, performance on phonetic
targets and emotionality ratings
ASD < TD (AS group performed
moderately, in between that of ASD
and TD).

Behaviour
Implicit: Yes

McCann et al.
(2007)

HF
ICD-10
31 HFA (9.5)
72 TD (6.5)
Groupwise: VMA, SES
Diff: CELF

Source: Profiling
Elements of Prosodic
Systems in Children
(PEPS-C; Peppé et al.,
2003), spoken words/
phrases (for expressive
task), spoken word (e.g.,
“broccoli”) (for
receptive task)
Emotions: positive,
negative
Intensity: Naturalistic

Implicit: Receptive- attributing
emotional prosody to a character’s
likes/dislikes, Expressiveimitation of word/ phrase
Explicit: N/A
Outcome: Scores on receptive and
expressive tasks

Implicit: HFA > TD deficits on
receptive and expressive emotional
prosody.

Behaviour
Implicit: Yes
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Duration: NS
Peppé et al. (2007)

HF
DSM-IV, ICD-10,
CARS, ADOS
31 HFA (9:10)
72 TD (6:10)
Groupwise: VMA

Source: PEPS-C- spoken
words/ phrases (for
expressive task), spoken
word (e.g., “broccoli”)
(for receptive task)
Emotions: positive,
negative
Intensity: Naturalistic
Duration: NS

Implicit: Receptive- attributing
emotional prosody to a character’s
likes/dislikes, Expressiveimitation of word/ phrase
Explicit: N/A
Outcome: Scores on receptive and
expressive tasks

Implicit: HFA > TD deficits on
receptive and expressive emotional
prosody. In both groups, receptive
and expressive prosody correlated
with VMA.

Behaviour
Implicit: Yes

Russo et al. (2008)

HF
ADOS, ADI-R,
18 ASD (10.8)
19 TD (10.0)
Groupwise: age,
expressive language
ability (CELF)

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Voice frequency was
measured while children produced
an /a/ sound into a microphone.
During vocalisation, the voice
signal was fed back to the subjects
in real time through headphones,
and the pitch was shifted in small
increments.
Explicit: N/A
Outcome: Averaged voice
frequency responses to pitchshifted stimuli were calculated.

Implicit: On response magnitude,
one sub-set of ASD (ASD-High) >
TD, another sub-set of ASD (ASDLow) < TD. ASD-High < TD and
ASD-Low on receptive language of
CELF.
Responses correlated with language
abilities.

Behaviour
Implicit: Yes

Stel et al. (2008),
Exp. 2

LF, HF
DSM-IV
33 ASD (14:2)
28 TD (13:5)
Pairwise: age

Source: Video of a
woman talking
Emotion: H
Intensity: NS
(naturalistic)
Duration: Whole video3mins (facial
expressions displayed
throughout)

Implicit: Passive viewing (no
instruction C)
Explicit: Instructed to imitate
expressions (imitate C), instructed
to not imitate expressions (no
imitation C), ratings of selfexperienced emotion
Outcome: Automatic facial
mimicry/ voluntary imitation
during 3 Cs (measured by
behavioural observation), rating of
self-experienced emotion (positive

Implicit: For no instruction C, ASD
< TD on mimicry. For ASD group,
the no instruction C = no imitation
C on mimicry. For TD group, no
instruction = imitation C on
mimicry.
Explicit: For imitation C, ASD =
TD on mimicry. In ASD only,
mimicry during imitation C was not
related to positive self- experienced
emotion. Positive self-experienced
emotions of TD group in no

Behaviour
Explicit: Novoluntary imitation
(but C did not affect
self-experienced
emotion)
Facial Reactivity
Implicit: Yes
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vs. negative states)

imitation C < imitation C = no
instruction.

Green & Tobin
(2009)

HF
DSM-IV
10 HFA (9-13)
10 TD (9-13)
Groupwsie: age,
academic performance,
MLU

Source: short story (for
reading task)
Emotion: H
Intensity: NS
(naturalistic)
Duration: Whole video3mins (facial
expressions displayed
throughout)

Implicit: reading story aloud
(reading task), responses to
personal questions (semispontaneous task)
Explicit: N/A
Outcome: Analysis of prosody in
speech for both tasks.

Implicit: ASD > TD on pitch range,
but TD > ASD on pitch variations.

Behaviour
Implicit: Yes

Oberman et al.
(2009)

HF
ADOS
13 ASD (10:2)
13 TD (10:2)
Pairwise: age

Source: NimStim Face
Stimulus Set
Emotions: H, Sa, F, A,
D
Intensity: Prototypical
Duration: 25ms (very
fast), 75ms (fast), 1s
(slow)

Implicit: N/A
Explicit: Emotion classification,
automatic mimicry (during
emotion classification task),
voluntary emotion imitation
Outcome: Emotion classification
accuracy, EMG recording during
both Cs
Q: IRI

Explicit: ASD = TD on
classification accuracy, with both
groups more accurate for slow
presentations. On EMG response
magnitude across Cs, ASD = TD.
On EMG response latency, ASD >
TD on automatic mimicry C (not on
voluntary imitation C).
Q: ASD < TD on Empathic
Concern and Perspective Taking
sub-scales of IRI.

Behaviour
Explicit: Novoluntary imitation

HF
DSM-IV, ADI-R
8 HFA (23.4)
8 TD (23.0)
Groupwise: age, VIQ

Source: spoken words/
phrases (for expressive
task), spoken word (e.g.,
“broccoli”) (for
receptive task)
Emotions: positive,
negative
Intensity: Naturalistic
Duration: NS

Implicit: Receptive and expressive
emotional prosody tasks from the
PEPS-C (French adaptation)
Explicit: N/A
Outcome: Scores on receptive and
expressive prosody tasks, fMRI
signal

Implicit: HFA > TD deficits on
receptive and expressive emotional
prosody. For HFA, receptive and
expressive tasks were correlated
(not in TD group). HFA = TD on
middle temporal gyrus and
temporal lobe activation. HFA >
TD in supra marginal gyrus and
thalamus activation. In TD (but not
in ASD), three brain regions
(mPFC, precuneous and anterior
cingulate) correlated to

Behaviour
Implicit: Yes

Hesling et al.
(2010)

Facial Reactivity
Explicit: No, but
slower EMG
response during
automatic mimicry

Brain Activity
Implicit: Yes
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performance on emotional prosody
(receptive and expressive,
combined).
Oller et al. (2010)

LF
35 ASD (3.1)
39 LD (2.5)
39 TD (1.9)
Groupwise: DA,
mother’s education
Diff: age

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: all-day recordings were
taken for all children (cries and
vegetative sounds were discarded)
Explicit: N/A
Outcome: Recordings analysed for
rhythm, pitch and duration.

Implicit: ASD < TD on rhythm,
pitch and duration. ASD < LD on
pitch (high pitch control). ASD
group < TD and LD groups on
relationship between vocalization
characteristics (rhythm, pitch and
duration) and age. Vocalization
characteristics predicted ASD vs.
TD group membership with high
sensitivity (0.75) and specificity
(0.98).

Behaviour
Implicit: Yes

Press et al. (2010)

HF
ADOS
14 ASD (41.1)
14 TD (38.2)
Groupwise: age, IQ

Source: NimStim Face
Stimulus Set
Emotions: Su, A, N
Intensity: Prototypical
Duration: 480ms

Implicit: Execution of a prespecified muscle movement (e.g.,
raising eyebrows), after viewing
expression in eyes or mouth
region
Explicit: N/A
Outcome: RT of facial motion
(measured by motion tracking) on
compatible trials (e.g., raising
eyebrows after viewing surprised
eyes) – incompatible trials (e.g.,
raising eyebrows after angry eyes)

Implicit: ASD = TD in faster
response on compatible –
incompatible trials.

Behaviour
Implicit: No

Sharda et al.
(2010)

?
DSM-IV, CARS
15 ASD (6.3)
10 TD (7.3)
8 Mothers of TD
infants
Groupwise: age

Source: N/A
Emotions: N/A
Intensity: N/A
Duration: N/A

Implicit: Spontaneous speech
elicited by naturalistic
conversation about pictures of
interest (selected from picture set
initially shown to participants)
Explicit: N/A
Outcome: Speech samples
analysed for pitch qualities.

Implicit: ASD > TD on exaggerated
pitch, pitch range, pitch excursion
and pitch contours. These features
were found in mothers’ childdirected speech.

Behaviour
Implicit: Yes
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Begeer et al.
(2011)

HF
DSM-IV
22 HFA (11:1)
22 TD (11:1)
Groupwise: age, NVIQ,
VIQ, FSIQ

Source: short stories of
social-emotional
contexts
Emotions: Ha, A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: Selection of emotion
picture for “how would you feel?”
and “what would you have on
your face?”, semi-structured
interview on self-perceived ability
to control emotional expressions
in real-life.
Outcome: Emotion selection and
interview responses

Explicit: ASD = TD reported
appropriate use of ‘display rules’ in
hypothetical situations. ASD < TD
in self-reported use in own real-life
situations. ASD > TD on providing
prototypical examples of display
rules and reference to prosocial
motives.

Behaviour
Explicit: Yes

Bonneh et al.
(2011)

?
DSM-IV
41 ASD (5.0)
42 TD (5.1)
Groupwise: age?

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: Children named a
sequence of pictures
Explicit: N/A
Outcome: Utterances were
analysed for pitch and variability.

Implicit: ASD < TD in harmonic
structure. TD > ASD on pitch range
and variability across time,
Variability predicted group
membership with high specificity
(0.90) and sensitivity (0.80).

Behaviour
Implicit: Yes

Nadig & Shaw
(2011), Exp. 1 and
2

HF
DSM-IV, ADOS, SCQ
15 HFA (11:0)
13 TD (11:0)
Groupwise: age, CELF,
PIQ

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: Spontaneous speech
about personal topics (e.g.,
siblings, pets).
Explicit: N/A
Outcome: Exp. 1- Speech was
analysed for mean pitch and pitch
range, Exp. 2- Speech was
subjectively rated by speech
pathology students for pitch, pitch
changes and speech rate.

Implicit: On pitch range, HFA >
TD. On ratings, HFA > TD atypical
prosody, but HFA = TD on pitch
range.

Behaviour
Implicit: Yes

Peppé et al. (2011)

HF
ICD-10, CARS, ADOS
31 HFA (9.8)
40 AS (9.4)
31 TD- age matched to
HFA (9.8)
31 TD- BPVS matched

Source: spoken words/
phrases (for expressive
task), spoken word (e.g.,
“broccoli”) (for
receptive task)
Emotions: positive,
negative

Implicit: Receptive and expressive
emotional prosody tasks from the
PEPS-C
Explicit: N/A
Outcome: Scores on receptive and
expressive prosody tasks

Implicit: HFA < TD-BPVS on
expressive prosody, and < TD-age
on receptive and expressive
emotional prosody. AS = TD-BPVS
and TD-age on both tasks. HFA <
AS on both tasks.

Behaviour
Implicit: Yes
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to HFA (6.6)
40 TD- age matched to
AS (9.4)
40 TD- BPVS matched
to AS (8.9)

Intensity: Naturalistic
Duration: NS

Sigman et al.
(1992)

LF
DSM-III, CARS
30 ASD (3.5)
30 DD (3.5)
30 TD (1.7)
Groupwise: age (ASD
and DD only), MA

Source: live display of
emotions (facial and
vocal)
Emotions: distress
Intensity: Naturalistic
Duration: 30s

Implicit: Feigned distress
paradigm (experimenter pretends
to hurt him/herself)
Explicit: N/A
Outcome: attention to, and facial
concern for the experimenter ‘in
distress’, play behaviours

Implicit: ASD < DD and TD in
looks towards adult in distress.
ASD > DD and TD in play
behaviour whilst experimenter
displayed distress.

Behaviour
Implicit: Yes

Dissanayake et al.
(1996)

LF
DSM-III, CARS, ADI
Original- 30 ASD (3.5)
Time 1- 22 ASD (5.0)
Time 2- 24 ASD (9.4)
Groupwise: N/A
(same sample as
Sigman et al., 1992)

Source: live display of
emotions (facial and
vocal)
Emotions: distress, A, N
Intensity: Naturalistic
Duration: 30-35s

Implicit: Feigned distress
paradigm at Time 1 and 2, A vs. N
telephone conversation (Time 2)
Explicit: N/A
Outcome: attention to,
experimenter ‘in distress’/ having
conversation, empathy rating

Implicit: Emotional responsiveness
was stable at Time 1 and 2, and was
related to concurrent cognitive
skills (at each time point).

Behaviour:
Implicit: N/A

Charman et al.
(1997)

LF
ICD-10, CHAT, ADI-R
10 ASD-risk (1.7)
9 DD-risk (1.8)
19 TD (no risk) (1.7)
Groupwise: NVMA,
verbal comprehension
and expressive
language (ASD and DD
only)

Source: live display of
emotions (facial and
vocal)
Emotions: distress
Intensity: Naturalistic
Duration: 30s

Implicit: Feigned distress
paradigm (Sigman et al., 1992)
Other tasks: spontaneous and
structured play tasks, joint
attention tasks
Explicit: N/A
Outcome: attention to, and facial
concern for the experimenter ‘in
distress’, play behaviours

Implicit: ASD < DD and TD on
looking towards and showing facial
concern in empathy task.

Behaviour
Implicit: Yes

Bacon et al.

LF, HF

Source: live display of

Implicit: Feigned distress

Implicit: On response to

Behaviour

Empathy
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(1998)

DSM-III
HFA (4.7)
LFA (5.2)
DD (4.7)
LD (4.5)
TD (4.6)
Groupwise: IQ (HFA to
LD, LFA to DD), age
(clinical to TD)

emotions (facial and
vocal)
Emotions: distress
Intensity: Naturalistic
Duration: NS

paradigm (based on Sigman et al.,
1992)
Other tasks: spontaneous play,
during which orienting stimulus
was presented (loud honking
sound), lost pen paradigm
Explicit: N/A
Outcome: responses and attention
towards experimenter during
distress, orienting and lost pen
paradigms

experimenter distress, LFA < all
other groups. On looks to
experimenter in distress, LFA > all
other groups. On pro-social nonverbal response to experimenter in
distress, LD > TD, HFA and LFA.
HFA and LFA < looks to adult after
orienting stimlus.
For DD and LFA only, cognitive
level was correlated with
responsiveness to stimuli. Girls >
boys in prosocial behavior
(independent of diagnosis).

Implicit: Yes (LFA,
not HFA)

Corona et al.
(1998)

LF
DSM-IV, CARS
23 ASD (4.3)
23 DD (3.9)
Groupwise: age, MA,
language age

Source: live display of
emotions (facial and
vocal)
Emotions: distress, N
Intensity: Naturalistic
Duration: 30s

Implicit: Feigned distress
paradigm
Explicit: N/A
Outcome: attention to, and facial
concern for the experimenter ‘in
distress’/ displaying N
expressions, behavioural
responses, heart rate change
measured by electrocardiogram
(ECG)

Implicit: In both groups, attention
and facial concern distress > N
condition. ASD < DD in attention
and facial concern to experimenter
distress. DD showed heart
deceleration to distress, ASD no
response.

Behaviour
Implicit: Yes

HF
DSM-III, DSM-IV
24 ASD (23.8)
24 TD (23.1)
Pairwise: age (all but 6
pairs), education,
interests, profession

Source: ‘Empathic
Accuracy’ (EA) tasktwo videotaped
interactions between two
people, RMET- Revised
Emotions: EA-positive
and negative, RMET- 36
complex emotions
Intensity:
Naturalistic
Duration: 10-11 mins

Implicit: N/A
Explicit: EA- Participants inferred
unexpressed thoughts and feelings
of the people in videos, RMETEmotion label selection
Outcome: EA- accuracy of
thoughts and feelings described
for empathic accuracy task,
RMET- labelling accuracy

Explicit: On RMET, ASD = TD.
On empathic accuracy task, ASD <
TD (second video only). For TD
group only performance on RMET
correlated with performance on
second video.

Behaviour
Explicit: Yes

Roeyers et al.
(2001)

Physiological
Reactivity
Implicit: Yes
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Baron-Cohen et
al. (2003), Exp. 2

HF
DSM-IV
47 HFA (38.1)
47 TD (36.5)
Groupwise: age, IQ,
SES, handedness

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: N/A
Q: EQ

Q: HFA < TD on EQ.

Behaviour
Q: Yes

Sigman et al.
(2003)

LF
DSM-IV, CARS
22 ASD (4.3)
22 DD (3.9)
Groupwise: age, MA,
language age

Source: Videotapes of a
crying baby and playing
baby
Emotions: Sa (crying), N
(playing)
Intensity: Naturalistic
Duration: 1 min

Implicit: Passive viewing of
videos, 2 min mother-child
interaction/ stranger-child
interaction, mother separation and
reunion
Explicit: N/A
Outcome: attention to videos,
experimenter, mother, and
stranger, heart rate change

Implicit: Attention to videos and
stranger, ASD = DD, to
experimenter during videos and
mother, ASD < DD. ASD group
initiated physical contact and
vocalised to mother > stranger (DD
group mother = stranger). On heart
rate change during each video, both
groups showed heart rate
deceleration. Neither group showed
heart rate change during
interactions. DD group showed
heart rate deceleration during
separation, ASD group did not.

Behaviour
Implicit: Yes

Baron-Cohen &
Wheelwright
(2004)

HF
DSM-IV
90 HFA (34.2)
90 TD (34.2)
Groupwise: age, SES,
IQ

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: N/A
Q: EQ, Friendship Questionnaire
(FQ; Baron-Cohen &
Wheelwright, 2003).

Q: HFA < TD on EQ and FQ. In
HFA group, EQ and FQ were
correlated.

Behaviour
Q: Yes

Dawson et al.
(2004a)

LF, HF
DSM-IV, ADOS, ADIR
29 ASD (3.6)
34 DD (3.7)
39 TD (2.3)
Groupwise: MA

Source: Live display of
emotions (facial and
vocal)
Emotions: Distress
Intensity: Naturalistic
Duration: 30s

Implicit: Feigned distress
paradigm
Explicit: N/A
Outcome: Duration of gaze
towards, and facial concern for,
the experimenter in distress
Other: Joint attention task

Implicit: ASD < DD and TD in
duration of gaze towards, and ASD
< TD in facial concern for the
experimenter in distress. Attention
to distress not directly related to
language ability, but showed an
indirect relationship through joint

Behaviour
Implicit: Yes

Physiological
Reactivity
Implicit: Yesmother separation,
No- distress
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attention ability.
Dawson et al.
(2004b)

LF, HF
DSM-IV, ADOS, ADIR
29 ASD (3.7)
22 TD (3.6)
Groupwise: SES, age

Source: POFA, live
display of emotions
Emotions: F, N, distress
Intensity: Prototypical,
(Naturalistic for live)
Duration: 500ms (30ms
for live)

Implicit: Passive viewing during
feigned distress paradigm
Explicit: N/A
Other tasks: social vs. non-social
orienting task, joint attention task
Outcome: ERP recording,
duration of gaze towards, and
facial concern for, the
experimenter ‘in distress’,
attention to social vs. non-social
stimuli, accuracy (of orienting) in
joint attention task

Implicit: To F (- N), TD > ASD
N300 activity (early component)
and NSW activity (later
component). In ASD, F = N in
N300 and NSW activity.
In ASD, faster early component
(N300 latency to F face) associated
with more attention to the
experimenter ‘in distress’, better
joint attention ability, and less
social orienting.

Behaviour
Implicit: Not
reported here
(Dawson et al.,
2004b).
Brain Activity
Implicit: Yes

Ponnet et al.
(2004)

HF
ICD-10
19 AS (21.0)
19 TD (21.9)
Groupwise: IQ, age

Source: EA task
(Roeyers et al., 2001)two videotaped
interactions between two
people, RMET- Revised
Emotions: EA-positive
and negative, RMET- 36
complex emotions
Intensity:
Naturalistic
Duration: 10-11 mins

Implicit: N/A
Explicit: EA- Participants inferred
unexpressed thoughts and feelings
of the people in videos, RMETEmotion label selection
Outcome: EA- accuracy of
thoughts and feelings described
for empathic accuracy task,
RMET- labelling accuracy
Other: ToM task

Explicit: AS < TD on empathic
accuracy task (second video only).
Other: AS = TD on both ToM
measures.

Behaviour
Explicit: Yes

Lombardo et al.
(2007)

HF
DSM-IV, ICD-10
30 HFA (29.1)
30 TD (29.9)
Pairwise: age
Groupwise: IQ

Source: RMET- Revised
Emotions: 36 complex
emotions
Intensity: Naturalistic
Naturalistic
Duration: NS

Implicit: N/A
Explicit: Emotion label selection
Outcome: Labeling accuracy
Q: EQ, IRI, Emotional Contagion
Scale (ECS; Doherty, 1997), TAS,
AQ.
Other: Self-referential cognition
measure, Self-reference effect
(SRE) paradigm- judging of
adjectives in relation to self,

Explicit: HFA < TD on RMET.
Q: HFA < TD on Empathic
Concern and Perspective Taking
sub-scales of IRI, EQ, ECS, and
TAS.
Other: HFA < TD on SRE memory
bias. HFA < TD on self-referential
cognition.
In both groups, high TAS scores
and less self-memory was

Behaviour
Explicit: Yes
Q: Yes
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friend, other person or for
linguistic content, and recognition
memory of adjectives later tested.

predictive of lower performance on
RMET and AQ scores. In HFA
group, more self-referential
cognition is associated with better
RMET and lower AQ scores, while
in TD group, more self-referential
cognition is associated with lower
performance on RMET and higher
AQ scores.

Rogers et al.
(2007)

HF
DSM-IV, ADI-R
21 AS (42.9)
21 TD (41.9)
Groupwise: Age, IQ,
education level

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: N/A
Q: IRI
Other: ToM task

Q: ASD < TD on Perspective
Taking and Fantasy sub-scales of
IRI, and marginally < TD on
Empathic Concern sub-scale. On
Personal Distress sub-scale, ASD >
TD.
Other: ASD < TD on ToM task.

Behaviour
Q: Yes

Dziobek et al.
(2008)

HF
DSM-IV, ADI-R
17 AS (42.5)
18 TD (48.6)
Groupwise: Age, IQ,
education level

Source: Multifaceted
Empathy Test (MET)
Emotions: Sa, F,
depressed, tortured,
miserable, etc. (all
negative)
Intensity: Various
(naturalistic)
Duration: Not limited

Implicit: Self-experienced arousal
rating
Explicit: Empathic concern rating,
emotion label selection
Outcome: ratings, labeling
accuracy, gaze patterns (eye
tracking)
Q: IRI

Implicit: AS = TD on selfexperienced ratings.
Explicit: AS = TD on empathic
concern ratings. AS < TD on
labelling accuracy.
Q: ASD < TD on Perspective
Taking sub-scale of IRI, and
marginally < TD on Empathic
Concern sub-scale. On Personal
Distress sub-scale, ASD > TD.

Behaviour
Implicit: No
Explicit: Yes
(emotion labeling
only)
Q: Yes

Ponnet et al.
(2008)

HF
DSM-III, DSM-IV
22 ASD (19.3)
22 TD (19.3)
Pairwise: Age, IQ

Source: Empathic
Accuracy task (Roeyers
et al., 2001)
Emotions: positive and
negative
Intensity:
Naturalistic
Duration: 10-11 mins

Implicit: N/A
Explicit: Description of thoughts
and feelings of people in videos
Outcome: Accuracy of thoughts
and feelings described.

Explicit: AS < TD on empathic
accuracy task (on less structured
video only)

Behaviour
Explicit: Yes
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Auyeung et al.
(2009)

?
DSM-IV, ICD-10
256 ASD (7.9)
1,256 TD (7.9)
Groupwise: age?

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Q: Children’s version of EQ were
administered (EQ-C).

Q: ASD < TD on EQ-C.

Behaviour
Q: Yes

Clifford &
Dissanayake
(2009)

LF, HF
DSM-IV, CARS
36 AD (4.5)
No comparison group

Source: Live display of
emotions (facial and
vocal)
Emotions: distress, A, N
Intensity: Naturalistic
Duration: 30-35s

Implicit: Home Videos (0-2yrs)infant spontaneous behaviours
coded. Parent Interviews (0-6, 612, 12-18, 18-24mths).
Experimental (3-5yrs)- Feigned
distress paradigm, experimenter
pretends to cough/choke on a
crisp, A vs. N telephone
conversation, experimenter spills
drinks, knocks over blocks
Explicit: N/A
Outcome: Home Videos & Parent
Interviews- Social beahviours
coded (gaze, affect, etc.)
Experimental- Attention to, and
facial expressions towards
experimenter coded.

Implicit: Dyadic behaviours coded
in home videos, not by parental
report (e.g., eye contact quality,
social smile) and triadic behaviours,
in home videos and parental report
(e.g., joint attention, social
referencing), were associated with
social responsiveness during
experimental tasks.

Behaviour
Implicit: N/A

Hobson et al.
(2009)

LF
DSM-IV, CARS
20 ASD (11:2)
18 DD (10:8)
14 TD (5:9)
Groupwise: VMA

Source: Live enactment
of situation that would
normally cause one
distress
Emotion: N
Intensity: N/A
Duration: 3s (holding N
after drawing ripped)

Implicit: ‘Anticipatory concern’
paradigm- participants witnessed
one person (E1) tearing the
drawing of another (E2), but E2
does not express any distress.
Explicit: N/A
Outcome: Attention to, and facial
concern towards E2.

Implicit: ASD < TD on looks
towards, and facial concern for E2.

Behaviour
Implicit: Yes

Hudry &
Slaughter (2009)

?
DSM-IV
26 ASD (4.8)

Source: N/A
Emotion: Contexts for
Empathic Behaviour- F,

Implicit: N/A
Explicit: N/A
Q: Parental report Day-to-Day

Q: Overall, ASD < Down’s
syndrome < TD-old on interest/
concern ratings. In all groups,

Behaviour
Q: Yes
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15 Down’s syndrome
(5.3)
25 TD-old (4.6)
29 TD-young (2.3)
Groupwise: Age (not
TD-young)

A (in conversation),
illness, pain, frustration
(in spilling something)
Intensity: N/A
Duration: N/A

Child Empathy Questionnaire
(DECQ)- on a daily basis, parents
recorded gaze direction, actions
and vocalisations in emotional
contexts in which is 1) caregiver,
2) unknown adult and 3) another
child was the person in the
scenario. For each context, in
interest/ concern ratings created
from parental report.

interest/ concern ratings for
caregiver > another child >
unknown adult.

Johnson et al.
(2009)

HF
DSM-IV, ADI-R
20 ASD (14.1)
22 TD (13.4)
Groupwise: Age, IQ

Source: N/A
Emotion: N/A
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: N/A
Q: EQ, filled out by parents and
participants themselves.

Q: ASD < TD on EQ. In ASD
group, participant completed EQ >
parent completed EQ. In TD group,
participant completed EQ = parent
completed EQ.

Behaviour
Q: Yes

Minio-Paluello et
al. (2009)

HF
DSM-IV
16 ASD (28.0)
20 TD (25.3)
Groupwsie: Age, IQ

Source: Videos of a
hand (no other body
parts shown)
Emotion: N (static
hand), pain (needle
deeply penetrating hand)
Intensity: N/A
Duration: 1.8s

Implicit: N/A
Explicit: Participants asked to
identify with model and think how
she/he is feeling (during MEP
recording), self-rating of how
much the video upset them, and of
how much they were able to
identify with the model, and
ratings of the intensity and
pleasantness of the videos
Outcome: Motor-evoked
potentials (MEPs) of hand
muscles (during video watching),
self-ratings and intensity/
pleasantness video ratings
Q: EQ, AQ, IRI, TAS, and
imagined pain measured with
McGill Pain Questionnaire (MPQ;
Melzack, 1975)

Explicit: ASD < TD amplitude
reduction of MEPs in hand muscle
during watching others’ pain. In TD
(but not ASD), MEPs correlated
with imagined pain sensory
qualities. ASD = TD on all ratings
on pain C.
Q: ASD = TD on MPQ. ASD < TD
on EQ, and all sub-scales of IRI,
except Personal Distress (ASD =
TD). ASD > TD on TAS.

Behaviour
Explicit: No
Q: Yes
Motor-Evoked
Potentials
Explicit: Yes
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Bird et al. (2010)

HF
DSM-IV, ADOS
18 ASD (57.2)
18 TD (50.3)
Groupwise: age, IQ,
TAS (alexithymia)

Source: electrical current
(pain stimulus)
Emotions: N/A
Intensity: low (nonpainful) and high
(painful)
Duration: 1s

Implicit: N/A
Explicit: painful stimulation given
to participant (self) and partner/
friend of participant (other),
ratings of self-experienced
pleasantness/ unpleasantness after
each trial
Outcome: ratings, fMRI signal
during self and other Cs
Q: IRI

Explicit: On painful stimuli, ASD =
TD on unpleasantness ratings. ASD
= TD on left anterior insula activity;
amount of activity was negatively
associated to TAS score, across
groups.
Q: ASD < TD on Empathic
Concern and Perspective Taking
sub-scales of IRI (no group
difference on total IRI score).
Negative relationship between TAS
and IRI scores, across groups.

Behaviour
Explicit: No

Jones et al. (2010)

HF
Not reported
21 ASD (12:4)
21 Psychopathic
tendencies (PT) (11:9)
23 Conduct problems
(CP) (13:1)
31 TD (11:6)
Groupwise: Age
(except ASD > TD), IQ
(except TD > PT)

Source: Outcome Values
Measure (OVM;
Boldizar et al., 1989)vignettes of aggressive
behaviour of a peer.
Emotion Attribution to
Self (EAS; Burnett et al.,
2009)- emotional
scenarios.
Emotion: EAS
scenarios- F, D, H,
embarrassment, guilt
Intensity: N/A
Duration: N/A

Implicit: N/A
Explicit: OVM- Participants rated
how much they would care about
reducing aversive behaviour of a
peer, them being punished,
making the peer feel bad, the peer
feeling bad about their behaviour,
gaining a sense of dominance
from the peer’s actions. EASParticipants rated e.g., how much
of the corresponding emotion
(e.g., guilty) they would feel
Outcome: OVM and EAS ratings
(affective empathy)
Other: ToM tasks

Explicit: ASD < TD on ToM, but =
ToM on affective empathy. PT =
TD on ToM, but < TD on affective
empathy. CP = TD on affective
empathy and ToM.

Behaviour
Explicit: No

Hutman et al.
(2010)

LF
ADOS
12-Mth Time Point
12 ASD (1.0)
74 High-risk (Sibs)
(1.0)
52 Low-risk (TD) (1.0)

Source: Live display of
emotions (facial and
vocal)
Emotions: Distress
Intensity: Naturalistic
Duration: 30s

Implicit: Feigned distress
paradigm
Explicit: N/A
Outcome: Duration of attention to
the experimenter in distress or
change in affect (concern or
distress) after experimenter

Implicit: ASD at each time point <
Sibs and TD on attention and affect.
At 12-months only, Sibs > TD on
attention and affect (all other time
points Sibs = TD).

Behaviour
Implicit: Yes

Brain Activity
Explicit: No
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18-Mth Time Point
14 ASD (1.5)
86 Sibs (1.5)
47 TD (1.6)
24-Mth Time Point
14 ASD (2.0)
72 Sibs (2.0)
52 TD (2.0)
36-Mth Time Point
14 ASD (3.0)
60 Sibs (3.0)
35 TD (3.0)
Groupwise: Age
Diff: VMA, NVMA
(ASD < Sibs and TD at
each time point)

distress.

Demurie et al.
(2011)

HF
DSM-IV, ADOS, ADIR, CARS
13 ASD (14.3)
13 ADHD (13.7)
18 TD (13.9)
Groupwise: FSIQ,
VIQ, PIQ

Source: Empathic
Accuracy (EA) task,
RMET- Revised
Emotions: EA- Positive
and negative, RMET- 36
complex emotions
Intensity:
Naturalistic
Duration: EA- 10-11
mins

Implicit: N/A
Explicit: EA- Participants inferred
unexpressed thoughts and feelings
of the people, RMET- Emotion
label selection
Outcome: Accuracy of thoughts
and feelings described, labelling
accuracy
Q: IRI- Completed twice, by
participants and their parents

Explicit: On EA and RMET, ASD <
TD.
Q: On Perspective Taking and
Empathic Concern sub-scales, ASD
< ADHD < TD. On Personal
Distress sub-scale ASD < ADHD.
Across groups, parent-report < selfreport on Perspective Taking subscale.

Behaviour
Explicit: Yes
Q: Yes

Schwenck et al.
(2011)

HF
DSM-IV, ADOS, ADIR, SCQ
55 ASD (12.4)
36 Conduct disorder
(CD) with elevated
callous-unemotional
traits (CU+) (12.7)
34 CD with low

Source: Dynamic facial
emotions (DFE) using
Karolinska Directed
Emotional Faces, Video
Sequences Taskemotionally loaded
social situations
Emotion: H, F, A, Sa, D,
N

Implicit: N/A
Explicit: DFE and VST- Emotion
label selection, VST- explanation
of why protagonist felt as he/ she
did and rating of how emotionally
self-affected
Outcome: DFE- RTs, VSTemotion labelling and explanation
accuracy, self-affect rating

Explicit: On DFE, RTs similar
across emotions and groups, except
ASD > all other groups on Sa. On
VST, ASD = CD-CU+ = CD-CU- =
TD on emotion labelling. On
explanation accuracy of VST, ASD
< CD-CU+ = CD-CU- = TD. On
self-affect ratings of VST, ASD =
TD > CD-CU+. ASD > CD-CU- =

Behaviour
Explicit: Yes
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Gleichgerrcht et
al. (2012)

callous-unemotional
traits (CU-) (11.8)
67 TD (12.0)
Groupwise: Age, IQ

Intensity: N to
prototypical
Duration: DFE- 9s,
VST- 14-48s

HF
DSM-IV
36 ASD (32.6)
36 TD (34.2)
Groupwise: Age, VIQ,
PIQ, education level

Source: The standard
trolley dilemma
(impersonal scenario)
and the footbridge
dilemma (personal
scenario) (Thomson &
Parent, 1986), RMETRevised
Emotion: RMET- 36
complex emotions
Intensity: High and low
Duration: NS

TD. In all groups, performance
across tasks in older children >
younger children.

Implicit: N/A
Explicit: Decision of whether to
harm one person to save five
people (utilitarian response) or do
nothing and harm the five people
(deontological response), selfrating of emotional reaction to this
decision, and rating of the
appropriateness of the utilitarian
response, RMET- emotion label
selection
Outcome: Response type, ratings
Q: EQ, IRI
Other: ToM task

Explicit: On impersonal scenario
decision, ASD = TD on responses
(most in both groups chose
utilitarian response). On personal
scenario decision, ASD > TD on
utilitarian (but most in both groups
chose deontological response).
ASD > TD on emotional reaction to
impersonal scenario decision, but <
TD on personal emotional reaction.
ASD = TD on appropriateness
ratings. Sub-group of ASD who
make utilitarian judgements < subgroup of ASD who make
deontological judgements on ToM
and Perspective Taking sub-scale of
IRI.

Behaviour
Explicit: Yes
Q: Group (ASD vs.
TD) comparison not
reported

Groups matched for gender ratio unless otherwise indicated
*Sorted first by experimental task type (see Chapter 2, Table 1), then by year, then by alphabetical order of first author. **Implicit: no explicit instruction to attend to the
emotional content in the stimuli. ***Explicit: explicit instruction to attend to the emotional content in the stimuli. ****All group/ condition differences and correlations
reported are significant at .05 level, †Only questionnaires on emotion processing (e.g., on empathy) reported in this column ††Studies that include explicit emotion
recognition tasks, but also other experimental task types (implicit emotional appraisal, emotional expression or empathy tasks), are included in those sections instead (not in
the explicit emotion recognition section). †††Studies that include implicit emotional appraisal tasks, but also experimental emotional expression or experimental empathy
tasks, are included in those sections (not in the implicit emotional appraisal section).
A Angry, ACC Anterior Cingulate Cortex, AD, Autistic Disorder (classic autism), ADHD Attention Deficit Hyperactivity Disorder, ADI Autism Diagnostic Interview, ADOS
Autism Diagnostic Observation Schedule, AS Asperger’s Syndrome, ASD Autism Spectrum Disorder, ASDS Asperger’s Syndrome Diagnostic Scale, ASQ Autism Screening
Questionnaire, BOLD blood oxygenation level dependent, BPVS British Picture Vocabulary Scale, BSE Behavioral Summarized Evaluation Scale, C Condition, CA
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Chronological Age, CARS Childhood Autism Rating Scale, CELF Clinical Evaluation of Language Fundamentals, CHAT Checklist for Autism in Toddlers, CM corrugator
supercilii muscle, D Disgust, DA Developmental age, DD Developmentally Disabled, Diff Group differences, DLPFC Dorso-lateral Prefrontal Cortex, DMPFC Dorsomedial Prefrontal Cortex, DS Down Syndrome, DSM Diagnostic and Statistical Manual, DTVP Developmental Test of Visual Perception, EEG electroencephalography,
EMG Electromyography, ERP Event-related Potential, F Fear, FER Facial Emotion Recognition, FFA Fusiform Face Area, FG Fusiform Gyrus, fMRI Functional Magnetic
Resonance Imaging, FSIQ Full-Scale IQ, FXS Fragile X Syndrome, H Happy, HF High- Functioning, HFA High-Functioning Autism, HFC High-functioning controls,
ICD International Classification of Diseases, ID Intellectually Disabled, IFG Inferior Frontal Gyrus, Ind Individual, IQ Intelligence Quotient, LD Language Delay, LF LowFunctioning, LFA Low-functioning Autism, LFC Low-functioning controls, M Mean, MA Mental Age, MCDD Multiple Complex Developmental Disorder, MEG
Magnetoencephalography, MLU Mean Length of Utterance, MFG Medial Frontal Gyrus, MPFC Medial Prefrontal Cortex, MTG Medial Temporal Gyrus, N Number of
participants, NSW Negative Slow Wave, NART National Adult Reasoning Test, NS Not specified, NVMA Non-verbal Mental Age, OFC Orbitofrontal Cortex, NT
Neurotypical, ASD Pervasive Developmental Disorder, PDD-NOS Pervasive Developmental Disorder-Not Otherwise Specified, PFC Prefrontal Cortex, PIQ Performance
IQ, PPVT Peabody Picture Vocabulary Test, Q Questionnaire, RH Right Hemisphere, RPM Raven’s Progressive Matrices, RSA Respiratory Sinus Arrythmia, RT Reaction
Time, S Standarised test, Sa Sad, SCQ Social Communication Questionnaire, Su Surprise, SCR Skin Conductance Response, SPL Superior Parietal Lobule, STS Superior
Temporal Sulcus, TD Typically Developing, ToM Theory of Mind, VIQ Verbal IQ, vLPFC ventro-lateral Prefrontal Cortex, VMA Verbal Mental Age, ZM zygomaticus
major muscle.
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  from	
  the	
  
candidate’s	
  higher	
  degree	
  research.	
  These	
  must	
  be	
  along	
  a	
  central	
  theme	
  and	
  may	
  or	
  
may	
  not	
  be	
  already	
  published.	
  The	
  presentation	
  of	
  the	
  articles	
  should	
  take	
  into	
  account	
  
current	
  regulations	
  for	
  PhD,	
  Professional	
  Doctorates	
  and	
  Masters	
  by	
  Research	
  (see	
  
http://www.latrobe.edu.au/research-‐services/research-‐students/Guidelines.html).	
  
Where	
  the	
  thesis	
  includes	
  work	
  of	
  joint	
  authorship	
  the	
  candidate	
  shall	
  include	
  in	
  the	
  
thesis	
  a	
  signed	
  declaration	
  for	
  each	
  article,	
  stating	
  the	
  extent	
  and	
  nature	
  of	
  his	
  or	
  her	
  
contribution	
  and	
  justifying	
  the	
  inclusion	
  of	
  the	
  material.	
  A	
  signed	
  declaration	
  from	
  at	
  
least	
  one	
  of	
  the	
  co-‐authors	
  should	
  also	
  be	
  included,	
  verifying	
  the	
  extent	
  and	
  nature	
  of	
  
the	
  candidate’s	
  contribution.	
  	
  
	
  
2. It	
  may	
  be	
  that	
  all	
  articles	
  are	
  in	
  press,	
  but	
  it	
  is	
  required	
  that	
  at	
  least	
  one	
  must	
  be	
  in	
  
press.	
  The	
  remaining	
  articles	
  may	
  be	
  submitted	
  for	
  publication	
  or	
  in	
  a	
  form	
  that	
  is	
  ready	
  
to	
  be	
  submitted	
  for	
  publication.	
  	
  
	
  
3. The	
  presentation	
  of	
  a	
  thesis	
  as	
  a	
  collection	
  of	
  articles	
  must	
  include	
  at	
  least	
  one	
  
substantial	
  integrating	
  article	
  or	
  preferably	
  a	
  separate	
  introduction,	
  and	
  general	
  
discussion	
  and	
  conclusion	
  that	
  in	
  combination	
  provide	
  an	
  integration	
  of	
  the	
  material	
  
presented.	
  	
  
	
  
4. The	
  number	
  of	
  articles	
  to	
  be	
  included	
  will	
  depend	
  on	
  the	
  content	
  and	
  length	
  of	
  each	
  
and	
  should	
  take	
  full	
  account	
  of	
  the	
  University’s	
  requirements	
  for	
  the	
  degree	
  as	
  well	
  as	
  
the	
  amount	
  of	
  research	
  expected	
  for	
  the	
  degree	
  in	
  that	
  discipline.	
  However,	
  as	
  a	
  broad	
  
guideline,	
  it	
  can	
  be	
  suggested	
  that	
  a	
  masters	
  by	
  research	
  and	
  doctoral	
  (coursework)	
  
thesis	
  include	
  at	
  least	
  two	
  papers,	
  and	
  a	
  doctoral	
  (research)	
  and	
  PhD	
  research	
  thesis	
  
include	
  at	
  least	
  3	
  papers.	
  The	
  aim	
  should	
  be	
  to	
  achieve	
  papers	
  of	
  potential	
  high	
  impact	
  
rather	
  than	
  multiple	
  papers	
  with	
  potential	
  low	
  impact.	
  The	
  student	
  and	
  supervisor	
  will	
  
collaboratively	
  take	
  responsibility	
  in	
  deciding	
  on	
  the	
  number	
  and	
  form	
  of	
  papers	
  that	
  
will	
  be	
  necessary	
  to	
  achieve	
  a	
  level	
  of	
  research	
  output	
  sufficient	
  for	
  award	
  of	
  the	
  
degree.	
  	
  
	
  
5. With	
  respect	
  to	
  the	
  regulation	
  governing	
  the	
  completion	
  of	
  work	
  undertaken	
  during	
  
candidature,	
  (see	
  point	
  1),	
  it	
  is	
  expected	
  that	
  unless	
  written	
  approval	
  is	
  given	
  to	
  include	
  
work	
  undertaken	
  prior	
  to	
  candidature	
  at	
  La	
  Trobe	
  University,	
  e.g.,	
  a	
  small	
  proportion	
  of	
  
data	
  collected	
  during	
  the	
  Honours	
  degree	
  to	
  be	
  re-‐analysed,	
  all	
  work	
  will	
  have	
  been	
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completed	
  during	
  the	
  period	
  of	
  candidature.	
  Work	
  published	
  prior	
  to	
  commencement	
  
of	
  candidature	
  must	
  not	
  be	
  included	
  in	
  the	
  thesis,	
  although	
  reference	
  to	
  such	
  material	
  
is	
  permitted.	
  	
  
6. With	
  respect	
  to	
  the	
  regulation	
  governing	
  joint	
  authorship	
  (see	
  point	
  1)	
  the	
  candidate	
  
would	
  have	
  been	
  expected	
  to	
  have	
  made	
  a	
  significant	
  and	
  leading	
  contribution	
  to	
  the	
  
work	
  reported,	
  equivalent	
  to	
  that	
  expected	
  for	
  a	
  traditional	
  thesis.	
  	
  
	
  
7. A	
  published	
  book	
  can	
  also	
  be	
  submitted	
  as	
  a	
  thesis	
  for	
  a	
  Masters,	
  PhD	
  or	
  professional	
  
doctorate,	
  provided	
  that	
  it	
  fulfills	
  the	
  requirements	
  set	
  out	
  in	
  the	
  above	
  six	
  clauses	
  of	
  
these	
  guidelines.	
  	
  
8. The	
  thesis	
  will	
  be	
  examined	
  in	
  the	
  normal	
  way	
  and	
  according	
  to	
  the	
  normal	
  
requirements	
  set	
  out	
  for	
  the	
  degree.	
  (See	
  Appendix	
  A	
  and	
  Appendix	
  D	
  of	
  the	
  Handbook	
  
for	
  Candidates	
  and	
  Supervisors	
  for	
  Masters	
  Degrees	
  by	
  Research	
  and	
  Doctoral	
  Degrees	
  
issued	
  by	
  RSO	
  at	
  enrolment.)	
  Examiners	
  of	
  a	
  thesis	
  by	
  published	
  and	
  unpublished	
  
papers	
  will	
  be	
  given	
  a	
  copy	
  of	
  these	
  guidelines.	
  	
  
9. The	
  decision	
  to	
  submit	
  a	
  thesis	
  in	
  the	
  form	
  of	
  a	
  series	
  of	
  published	
  or	
  unpublished	
  
articles	
  should	
  be	
  given	
  careful	
  consideration.	
  In	
  particular	
  candidates	
  should	
  note	
  that	
  
submitting	
  a	
  series	
  of	
  articles	
  is	
  not	
  a	
  universally	
  accepted	
  practice.	
  Moreover,	
  it	
  is	
  
likely,	
  especially	
  with	
  published	
  articles	
  along	
  one	
  theme,	
  that	
  there	
  may	
  be	
  
considerable	
  repetition	
  across	
  the	
  articles	
  which	
  may	
  detract	
  from	
  the	
  presentation	
  of	
  
the	
  thesis.	
  Occasionally,	
  due	
  to	
  the	
  word	
  length	
  constraints	
  of	
  published	
  articles,	
  
students	
  may	
  choose	
  to	
  include	
  an	
  additional	
  section	
  on	
  methodology	
  which	
  provides	
  
more	
  information	
  about	
  the	
  specifics	
  of	
  how	
  the	
  research	
  was	
  conducted.	
  For	
  these	
  
reasons,	
  it	
  may	
  be	
  more	
  appropriate	
  to	
  prepare	
  the	
  thesis	
  in	
  the	
  traditional	
  format,	
  
including	
  reprints	
  of	
  any	
  published	
  articles	
  arising	
  from	
  the	
  thesis	
  in	
  an	
  appendix.	
  A	
  
clear	
  statement	
  must	
  be	
  included	
  in	
  the	
  thesis	
  indicating	
  which	
  chapters	
  are	
  based	
  on	
  
published	
  articles,	
  full	
  publication	
  details	
  of	
  these	
  articles,	
  and	
  details	
  of	
  the	
  relative	
  
contributions	
  of	
  all	
  authors	
  if	
  the	
  publications	
  are	
  multi-‐authored,	
  as	
  follows:	
  	
  
Where	
  the	
  thesis	
  includes	
  work	
  of	
  joint	
  authorship	
  the	
  candidate	
  shall	
  sign	
  a	
  
declaration	
  for	
  each	
  article,	
  stating	
  the	
  extent	
  and	
  nature	
  of	
  his	
  or	
  her	
  
contribution	
  and	
  justifying	
  the	
  inclusion	
  of	
  the	
  material.	
  A	
  signed	
  declaration	
  
from	
  at	
  least	
  one	
  of	
  the	
  co-‐authors	
  should	
  also	
  be	
  included,	
  verifying	
  the	
  
extent	
  and	
  nature	
  of	
  the	
  candidate’s	
  contribution	
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There is widespread belief that individuals with Autism Spectrum Disorders (ASDs) are
‘‘emotionally detached’’ from others. This comprehensive review examines the empirical evidence
for this assumption, addressing three critical questions: (1) Are emotion-processing impairments
universal in ASD? (2) Are they specific, or can they be explained by deficits in other domains? (3) Is
the emotion processing profile seen in ASD unique to these conditions? Upon review of the literature
(over 200 studies), we conclude that: (1) emotion-processing impairments might not be universal in
ASD, as suggested by variability across participants and across emotion-processing tasks; (2)
emotion-processing impairments might not be specific to ASD, as domain-general processes appear
to account for some of these impairments; and (3) the specific pattern of emotion-processing
strengths and weaknesses observed in ASD, involving difficulties with processing social versus nonsocial, and complex versus simple emotional information (with impairments more consistently
reported on implicit than explicit emotion-processing tasks), appears to be unique to ASD. The
emotion-processing profile observed in ASD might be best understood as resulting from
heterogeneous vulnerabilities in different components of an ‘‘emotional communication system’’
that, in typical development, emerges from the interplay between domain-general cognitive, social
and affective processes.
Keywords: Autism; Emotion; Implicit processing; Empathy; Theory of mind; Mirror neuron system.

Humans have a natural talent for understanding
and expressing emotions. Newborns are responsive to others’ emotions (Cheng, Lee, Chen,
Wang, & Decety, 2012; Simner, 1971), and are
biologically prepared to recognise and express
emotional states (Darwin, 1872; Izard, 1971). In
contrast, individuals with Autism Spectrum Disorders (ASDs), a group of neurodevelopmental
disorders characterised by social interaction and

communication impairments, as well as repetitive
and restricted patterns of behaviour (American
Psychiatric Association, 2000), are often reported
to have difficulties in recognition of, responding
to and expressing emotions (Harms, Martin, &
Wallace, 2010; Hobson, 2005; Uljarevic &
Hamilton, 2012). Indeed, some scholars suggest
that people with ASD are ‘‘blind’’ to emotions, and
that emotional disturbances are a core impairment
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in ASD (e.g., Baron-Cohen, 1988; Bowman,
Hinkley, Barnes, & Lindsay, 2004; Hobson,
1986). However, other research challenges this
view (Back, Ropar, & Mitchell, 2007; Homer &
Rutherford, 2008; Loveland et al., 1997; Vivanti
et al., 2011).
Given the contradictory nature of the findings
on emotion processing in ASD, there is considerable debate over a number of critical questions:
Are emotion-processing impairments universal in
ASD? Are these impairments domain-specific, or
can they be explained by deficits in other domains? Is there an emotion processing profile that
is unique to ASD? This comprehensive review of
the literature on emotion processing in ASD will
address these questions, with the aim of advancing
knowledge in the area and paving the way for
future research.

1. ARE EMOTION-PROCESSING
IMPAIRMENTS UNIVERSAL IN
AUTISM SPECTRUM DISORDER?
Heterogeneity across participants
If emotion-processing deficits are universal in
ASD, these deficits must be present in every
individual with ASD, regardless of their cognitive
ability or severity of autistic symptoms. One
difficulty in establishing the universality of emotion-processing deficits in ASD is that most
studies focus on group differences, without reporting individual variations. The few studies
providing individual data do not support the
notion that emotion processing is universally
impaired in the ASD population. For example,
in a study on emotion recognition in ASD, the
percentage of participants who failed the task
ranged from 5 to 70%, with most emotional
stimuli being correctly identified by more than
50% of the sample (Golan, Baron-Cohen, & Hill,
2006). Similarly, in a recent study on emotion
labelling, while group results suggest an impairment in ASD, the proportion of participants
showing atypical labelling ranged from 10 to
70% (Rutherford, Troubridge, & Walsh, 2012).
Likewise, Lerner, McPartland, and Morris (2013)

documented that the children with ASD in their
study showing difficulties in emotion recognition
ranged from 0 to 75%. Another study reporting
group differences in the ability to recognise fearful
facial expressions reported that only 50% of the
ASD sample showed atypical performance (Humphreys, Minshew, Leonard, & Behrmann, 2007).
Moreover, a study by Hobson and Lee (1999),
which tested the ability to reproduce the emotional tone of observed actions, reported large
individual differences in performance (37 to 80%
across trials), despite overall group differences.
Similar levels of individual variability are
observed in studies reporting reduced empathy
(Bird et al., 2010; Hobson, Harris, Garcı́a-Pérez,
& Hobson, 2009), and in studies documenting
atypical display of emotional expressions in this
population (Yirmiya, Kasari, Sigman, & Mundy,
1989). Individual differences in emotion-processing in ASD have been reported to be associated
with a range of factors, including verbal abilities
(e.g., Quintin et al., 2011; Wallace et al., 2008),
non-verbal cognitive abilities (e.g., Humphreys
et al., 2007; Yirmiya, Sigman, Kasari, & Mundy,
1992), overall IQ (e.g., Dissanayake, Newbigin, &
Chandler, 2011; Hobson et al., 2009; Loveland
et al., 1997), ASD symptom severity (Humphreys
et al., 2007; Philip et al., 2010; Tardif, Lainé,
Rodriguez, & Gepner, 2007), and chronological
age (Fein, Lueci, Braverman, & Waterhouse,
1992; Law Smith et al., 2010). These data, while
limited, suggest that atypical processing of emotions might be present in a significant proportion
of individuals with ASD, rather than in the entire
ASD population.

Heterogeneity across tasks
Behavioural and physiological responses. Further
insight on the universality of the emotionprocessing deficit in ASD can be gained by examining how performance is affected by factors
such as the emotion process that is measured
(e.g., explicit emotion recognition vs. empathy;
see Table 1 for definitions of these tasks) and the
emotional stimuli that are presented in such tasks
(see Table 2). In the supplementary material the
COGNITION AND EMOTION, 2013, 27 (6)
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Table 1. Measures used in emotion-processing tasks
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Process

Definition

Measurement

Explicit emotion Selection of emotional state with explicit attention to Accuracy of emotion labelling, identification (e.g.,
recognition
the emotion
‘‘Where’s angry?’’) or selection (i.e., in a forced-choice
task)
Implicit
Response that is contingent on incoming emotional
Physiological changes (e.g., skin conductance
emotional
information, while the participant’s attention is not
responses, heart rate changes, pupil dilation) that occur
appraisal
explicitly directed towards the emotion (in order to
during passive viewing of emotional expressions, or
capture spontaneous emotional appraisal)
during a task such as a gender/age discrimination
Changes in emotional expressions (i.e., facial
musculature), judgements, or behaviour that occur
after the presentation of emotional stimuli
Emotional
Any expression that carries emotional meaning (by
Quality of ‘‘posed’’ (on demand) emotional
expression
facial expressions, prosodic inflections on speech,
expressions, e.g., ‘‘Show me happy’’ (coded as a natural
gestures, whole body movements, etc.)
vs. abnormal happy expression)
Accuracy of imitation of emotional expressions
Frequency and quality of spontaneous emotional
expressions during play
Behavioural reactions to the experimenter in ‘‘distress’’
Empathy
Sharing and understanding of emotional states
between two or more people (affective and cognitive Everyday empathic behaviours/tendencies, as
measured in questionnaires
empathy, respectively)
Descriptions of the feelings (and reasons for those
feelings) of characters in video-taped vignettes

results of over 200 studies that have investigated
emotion processing in individuals with ASD using
these different paradigms are reported. Results
indicate that dimensions such as valence, intensity,
and duration of presentation of the emotional
stimuli influence performance in this population.
Explicit recognition of basic emotions using
photographs of prototypical whole-face expressions is reported by most studies to be intact in
ASD (e.g., Prior, Dahlstrom, & Squires, 1990;
Weng et al., 2011). However, a number of studies
Table 2. Stimuli dimensions in emotion-processing tasks
Dimensions

Examples

Basic (happiness, sadness, anger,
fear, disgust and surprise) vs.
complex (shame, pride,
jealousy, etc.)
Positive vs. negative
Static vs. dynamic
Subtle vs. intense (e.g.,
prototypical)
Whole-face vs. part-face
Short vs. long presentation

1044

Happy vs. embarrassed

Happy vs. angry
Photographed vs. videotaped expressions
Little smile vs. big smile
Face vs. eyes only
30 ms vs. 3 s

COGNITION AND EMOTION, 2013, 27 (6)

comparing the recognition of different basic
emotions indicate deficits on negative, but not
positive, emotions in this population (e.g.,
Ashwin, Baron-Cohen, Wheelwright, O’Riordan,
& Bullmore, 2007; Wallace et al., 2011). Moreover, deficits at the group level are often reported
in studies involving recognition of subtle emotions
(Greimel et al., 2010; Law Smith, Montagne,
Perrett, Gill, & Gallagher, 2010), emotion blends
(Humphreys et al., 2007; Kuusikko et al., 2009),
complex emotions (Baron-Cohen, Wheelwright,
& Jolliffe, 1997; Heerey, Keltner, & Capps,
2003), emotions presented in only part of the
face (Baron-Cohen, Wheelwright, Hill, Raste, &
Plumb, 2001; Gross, 2004; Wallace, Coleman, &
Bailey, 2008), and emotions presented for short
durations (Kliemann, Dziobek, Hatri, Steimke, &
Heekeren, 2010; Rump, Giovannelli, Minshew,
& Strauss, 2009).
Studies that have focused on the recognition of
basic vocal emotions conveyed by prosody mostly
report normative abilities in ASD (e.g., Baker,
Montgomery, & Abramson, 2009; Paul, Augustyn, Klin, & Volkmar, 2005), while deficits are
more often reported in response to more complex
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tasks, such as matching emotional prosody to
emotional faces (Hall, Szechtman, & Nahmias,
2003) or to social scenes (Lindner & Rosén,
2006), attributing emotional prosody to a character’s likes/dislikes (Hesling et al., 2010; Peppé,
McCann, Gibbon, O’Hare, & Rutherford, 2007),
and recognising complex emotional states (Golan,
Baron-Cohen, Hill, & Rutherford, 2007; Rutherford, Baron-Cohen, & Wheelwright, 2002).
Consistent with research on facial emotions,
some findings on the recognition of emotional
prosody point to more abnormalities in the
identification of negative (vs. positive) emotions
(e.g., Vannetzel, Chaby, Cautru, Cohen, & Plaza,
2010). Individuals with ASD also appear to have
difficulties in extracting emotional information
from body postures (e.g., Hobson, 1986; Hadjikhani et al., 2009). Some research has tested
the ability to recognise emotions from music
(i.e., determining whether a musical piece is happy
or sad), thereby eliminating the potential confounding factor of social processing difficulties.
The results from these studies mostly document
an intact ability to recognise ‘‘musical emotions’’ in
this population (e.g., Heaton, Allen, Williams,
Cummins, & Happé, 2008; Quintin, Bhatara,
Poissant, Fombonne, & Levitin, 2011; but see
Bhatara et al., 2010).
Regarding implicit emotional appraisal (see
Table 1), some studies have investigated pupillary
reactions to faces and voices expressing basic
emotions in ASD, two finding atypical responses (Anderson, Colombo, & Shaddy, 2006;
Kuchinke, Schneider, Kotz, & Jacobs, 2011) and
two finding no group differences (Falck-Ytter,
2008; Wagner, Hirsch, Vogel-Farley, Redcay, &
Nelson, 2012). Similarly, one study reports
atypical skin conductance responses (SCRs) to
emotions in ASD (Riby, Whittle, & DohertySneddon, 2012), and one reports no abnormalities
(Hubert, Wicker, Monfardini, & Deruelle, 2009).
Importantly, several studies have documented
normative physiological responses to emotionally
relevant non-social stimuli, such as music (Allen,
Davis, & Hill, 2013), a knife or a snake (Shalom
et al., 2006), pleasant/unpleasant odours (Legiša,
Messinger, Kermol, & Marlier, 2012), and

emotionally arousing words (Gaigg & Bowler,
2008; see also South et al., 2008).
In relation to the production of emotional
expressions, a number of studies have documented
that while children with ASD do spontaneously
express basic facial emotions in everyday life (e.g.,
Hobson, Chidambi, Lee, & Meyer, 2006), they
do so less frequently, and in more ambiguous
ways, compared with their typically developing
peers (Kasari, Sigman, Mundy, & Yirmiya, 1990;
Snow, Hertzig, & Shapiro, 1987; Yirmiya et al.,
1989). Moreover, one study found that children
with ASD express positive affect less frequently
(Kasari et al., 1990), and other studies found that
the expression of positive emotion was less likely
to be in response to a person, and more likely to be
in response to a self-absorbed activity (Maestro
et al., 2005; Snow et al., 1987). In relation to
spontaneous vocal expression of emotion, several
studies have shown that individuals with ASD
have difficulty in conveying emotions through
prosody, suggesting that their intonation is more
often ‘‘emotionless’’, flat, monotonous, or abnormally modulated, compared to typically developing individuals (e.g., Green & Tobin, 2009; Paul
et al., 2005).
Several studies have investigated ‘‘posed’’ emotional expressions in ASD with instructions such
as ‘‘show me a happy face’’, reporting that these
expressions are more often ‘‘odd’’ (Macdonald et al.,
1989) or ‘‘mechanical’’ (Loveland et al., 1994),
than those of typically developing individuals.
Other studies have investigated the ability to
imitate emotional expressions in ASD, consistently finding no abnormalities (e.g., Dapretto
et al., 2006; Loveland et al., 1994; Oberman,
Winkielman, & Ramachandran, 2009; Press,
Richardson, & Bird, 2010). Nevertheless, abnormalities were found with automatic mimicry
experimental paradigms (i.e., unintentional matching of observed emotional expressions; McIntosh,
Reichmann-Decker, Winkielman, & Wilbarger,
2006; Oberman et al., 2009).
Regarding empathy, many studies have found
that young children with ASD show less facial
concern, and look less at the experimenter in
‘‘distress’’ (pretending to hurt him/herself) than
COGNITION AND EMOTION, 2013, 27 (6)
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developmentally delayed and typically developing
children (Charman et al., 1997; Corona, Dissanayake, Arbelle, Wellington, & Sigman, 1998;
Sigman, Kasari, Kwon, & Yirmiya, 1992). However, Corona et al. (1998) found that children
with ASD displayed more concern for a person
displaying distress versus neutral affect (as did
children without an ASD). A few studies have
measured physiological reactivity in response to
the observation of distress in others. Two have
found normative responses (Blair, 1999; Sigman,
Dissanayake, Corona, & Espinosa, 2003), and one
found hypo-responsiveness (Corona et al., 1998)
in children with ASD. Furthermore, impairments
in children, adolescents and adults with ASD have
been found in studies employing empathy questionnaires (e.g., Baron-Cohen & Wheelwright,
2004; Hudry & Slaughter, 2009; Oberman et al.,
2009).
Brain activation patterns. Further insight on the
universality of emotion-processing impairments in
ASD can be gained from the data on brain
activation patterns during emotion tasks. Normative behavioural performance on emotion-processing tasks does not exclude the possibility of
atypical neurocognitive processing of emotional
information, leaving open the possibility of an
universal abnormality in emotional processing in
ASD that might be ‘‘masked’’ in some subjects
and in some tasks, through compensatory strategies. The best way to ascertain whether neurocognitive processing is abnormal in all, or just
some, individuals with ASD is to examine the
individual differences in brain activity during
emotion-related tasks. However, most of the
brain-imaging and neurophysiological studies
only provide data on a group level. The majority
of these studies report abnormalities in ASD
samples (e.g., Baron-Cohen et al., 1999; Greimel
et al., 2010; Pelphrey, Morris, McCarthy, &
LaBar, 2007; Wang, Dapretto, Hariri, Sigman,
& Bookheimer, 2004; see also the supplementary
material).
More specifically, using both explicit and
implicit emotion paradigms, several studies have
identified atypicalities in brain activity in areas
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that are thought to be important in facial emotion
recognition such as the amygdala (e.g., BaronCohen et al., 1999; Critchley et al., 2000; Wang
et al., 2004) and the fusiform gyrus (e.g., Greimel
et al., 2010; Hall et al., 2003; Hubl et al., 2003).
Atypical activation in the insula, an area thought
to be involved in the conscious awareness of
internal physiological states (Critchley, 2005),
has also been found in individuals with ASD
during various emotion-processing tasks (e.g.,
Baron-Cohen et al., 1999; Silani et al., 2008).
Furthermore, some studies documented that ERP
abnormalities and reduced activity in these areas
were found to be associated with reduced empathic behaviours in ASD (Dawson, Webb,
Carver, Panagiotides, & McPartland, 2004; Greimel et al., 2010; Silani et al., 2008). Moreover,
atypical activation was reported in other brain
regions associated with social processing, such as
the inferior frontal gyrus (Eigsti, Schuh, Mencl,
Schultz, & Paul, 2012; Grèzes, Wicker, Berthoz,
& de Gelder, 2009; Hadjikhani et al., 2009), and
the superior temporal sulcus (Ashwin et al., 2007;
Pelphrey et al., 2007; Spencer et al., 2011).
Importantly, however, two studies have reported no atypicalities in brain activation patterns
during explicit emotion recognition tasks (Bird
et al., 2010; Dalton et al., 2005). Interestingly,
some studies have identified greater activity in visual
processing areas in ASD during explicit emotion
recognition (Hubl et al., 2003; Kleinhans et al.,
2010; Loveland, Steinberg, Pearson, Mansour, &
Reddoch, 2008; Silani et al., 2008), and imitation
of emotional expression (Dapretto et al., 2006).

Summary
Overall, emotion-processing deficits do not appear to be universal in ASD, as indicated by
heterogeneous performance across individuals and
across tasks. However, findings to date show that
many individuals with ASD show impairments in
some facets of emotional processing. In particular,
they appear to have specific difficulties in processing emotional information in the context of
social versus non-social stimuli, as suggested by
data showing intact processing of non-social
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emotionally relevant stimuli, as well as spontaneous display of emotional expressions to objects
versus people. Moreover, emotional processing
abilities appear to be related to task complexity, as
suggested by data showing intact recognition,
spontaneous expression and intentional imitation
of basic emotional expressions. Abnormalities are
more consistently reported in tasks that are more
demanding in terms of attentional and cognitive
resources, e.g., processing of complex emotions,
emotion blends, emotions presented for short
durations, or only on part of the face, and
paradigms in which participants’ attention is not
explicitly directed towards the emotional nature of
the task. Moreover, it appears that individuals
with ASD have more difficulty in processing
negative (vs. positive) emotions (see also Uljarevic
& Hamilton, 2012). Abnormalities are often
reported in brain activity across emotion-related
tasks, involving reduced activation in areas involved in social and emotion processing, as well as
greater activation in visual processing areas.

2. ARE EMOTION-PROCESSING
IMPAIRMENTS SPECIFIC IN AUTISM
SPECTRUM DISORDER?
If difficulties in emotion processing are specific in
ASD (i.e., domain-specific), these difficulties
must not be caused by domain-general processing
abnormalities. According to current models, emotion processing relies on a number of domaingeneral processes, including those related to
motivation, attention, perception and social understanding, as well as those involved in response
selection and production (Adolphs, 2003; Decety
& Moriguchi, 2007; Lemerise& Arsenio, 2000).
In the following sections, we will address the issue
of whether deficits in one or more of these
processes underlie emotional abnormalities in
ASD.

Attention
Emotion processing depends on the availability
and proper allocation of attentional resources
(Wong, Cronin-Golomb, & Neargarder, 2005).

As individuals with ASD are often reported to
have atypical attention patterns (Klin, Jones,
Schultz, Volkmar, & Cohen, 2002; Klin, Lin,
Gorrindo, Ramsay, & Jones, 2009), some studies
have tested the hypothesis that difficulties in
explicit emotion recognition in ASD might reflect
reduced attention to emotional stimuli. Bal et al.
(2010), Kirchner, Hatri, Heekeren, and Dziobek
(2011), and Kliemann et al. (2010) all found that
diminished attention to the eye region was
associated to reduced accuracy in emotion recognition in ASD. Moreover, Dalton et al. (2005)
found a positive association between the magnitude of amygdala and fusiform gyrus activity
during emotion recognition and attention to the
eye region, suggesting that the atypical activity in
these areas, as reported above, may have been
explained by reduced attention. However, other
studies did not find this relationship (Rutherford
& Towns, 2008; Sawyer, Williamson, & Young,
2012). For example, in implicit emotion tasks,
both Anderson et al. (2006) and Stel, Heuvel, and
Smeets (2008) have found emotion processing
abnormalities to be unrelated to attention patterns. In relation to empathy, both longitudinal
(Clifford & Dissanayake, 2009) and concurrent
(Charman et al., 1997; Corona et al., 1998;
Sigman et al., 1992) associations between social
attention and response to others’ distress have
been identified in ASD. Moreover, Dawson and
colleagues (2004) documented that reduced social
attention was associated with ERP abnormalities
in response to emotional faces in a group of
individuals with ASD.

Motivation
Motivational factors play a major role in emotion
processing (Joseph, 2011; Skelly & Decety, 2012).
According to the ‘‘social motivation hypothesis’’,
emotion-processing deficits in ASD are a consequence of abnormalities in social reward mechanisms (Dawson, Webb, & McPartland, 2005;
Kleinhans et al., 2010). Consistent with this view,
as mentioned earlier, some research shows that
children with ASD display more positive emotions when engaged in a self-absorbed activity
COGNITION AND EMOTION, 2013, 27 (6)
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than to a social partner (e.g., Maestro et al., 2005),
suggesting that they do not have difficulty with
the expression of emotions per se, when they find
the situation emotionally engaging and/or motivating. It is thus possible that non-social activities
are experienced as more emotionally rewarding
than social ones. Given the developmental and
experiential nature of emotion processing
(Karmiloff-Smith, 1998; Trevarthen, 2005),
attenuated social motivation could also impair
the development of emotion recognition ability.
While investigation of motivational factors
appears to be a promising research avenue, the
paucity of data does not allow for definite
conclusions.

Perception
Perceptual abnormalities are frequently reported
in ASD (Happé & Frith, 2006; Mottron, Dawson, Soulières, Hubert, & Burack, 2006), and
some studies have investigated whether such
abnormalities may account for the emotion processing differences documented in this population.
Several studies have employed the face inversion
paradigm, finding that typically developing individuals find it harder to recognise emotions
when faces are presented upside-down, while this
is not the case for individuals with ASD (e.g.,
Gross, 2008; Hobson, Ouston, & Lee, 1988).
Ozonoff, Pennington, and Rogers (1991) reported
difficulties in distinguishing emotions that share
perceptual features (e.g., the open mouth in fear
and surprise) in participants with ASD. Moreover, Rutherford and McIntosh (2007) found that
individuals with ASD had difficulties in selecting
facial expressions to represent what a person
would actually look like if they felt happy, sad,
etc., and Deruelle, Rondan, Salle-Collemiche,
Bastard-Rosset, and Da Fonséca (2008) found
that individuals with ASD rely on fine-grained
details (vs. gestalt) to recognise emotions.

Physiological activity
Emotional processing involves a number of physiological responses, which rely on the integrity of
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the autonomic nervous system (Bradley, Miccoli,
Escrig, & Lang, 2008). Some research suggests
that individuals with ASD have abnormal baseline
physiological activity (e.g., differences in heart
rate variability) that are not in response to a
specific stimulus (e.g., Anderson & Colombo,
2009; Bal et al., 2010; Martineau et al., 2011).
Both in typical development (Quintana, Guastella, Outhred, Hickie, & Kemp, 2012), and in ASD
(Bal et al., 2010), abnormalities at this level have
been related to explicit emotion recognition
performance.
Another critical question is whether individuals
with ASD show atypical physiological reactivity to
all stimuli carrying emotional content, or only in
response to specific classes of stimuli. As mentioned above, several studies have documented
normative physiological responses to emotionally
relevant non-social stimuli (e.g., Shalom et al.,
2006). Thus, the ‘‘hardware’’ for emotional reactivity seems to be functional in individuals with
ASD, and it may be that the documented
abnormalities in physiological reactivity are specific to social stimuli. Indeed, one study by
Kuchinke and colleagues (2011) reported an
association between pupillary reactivity and emotion recognition in adults with ASD.

Face processing
Face recognition abilities are consistently reported
to be impaired in ASD (Dawson & Bernier,
2007), hence a general difficulty with the processing of faces may underlie their emotion recognition differences. Partial support for this possibility
comes from Gepner, de Gelder, and de Schonen’s
(1996) study documenting comparable difficulties
in facial emotion recognition, as in a series of
control non-emotional face-processing tasks (e.g.,
facial identity memory) in individuals with ASD.
Counter evidence, however, comes from studies
documenting interrelationships between emotion
recognition difficulties from faces, voices and
bodily expression in ASD (Philip et al., 2010),
as well as difficulties in recognising emotions
from ‘‘emotional’’ abstract animations depicting

EMOTION IN AUTISM

biological movement and social interaction
(Boraston, Blakemore, Chilvers, & Skuse, 2007).
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Theory of mind
Emotion processing and the understanding of
others’ mental states, such as desires, beliefs and
intentions, i.e., ‘‘theory of mind’’ (ToM) ability,
are closely related throughout development
(Hughes & Dunn, 1998). Some research has
suggested that emotion-processing differences in
ASD might be explained by a general difficulty in
inferring mental states. Heerey et al. (2003) found
that once ToM abilities were controlled for, ASD
participants performed normatively on the recognition of complex emotional states. Moreover,
some studies have identified an association between performance on complex emotion understanding tasks and ToM ability in ASD (Hillier &
Allinson, 2002; Shamay-Tsoory, 2007). Furthermore, Schulte-Rüther and colleagues (2011)
found activation in brain regions associated with
ToM during an attribution of emotion task to be
correlated with scores on an empathy questionnaire in individuals with ASD. However, other
studies have found a dissociation between performance on a ToM task and scores on an empathy
task in ASD (Jones, Happé, Gilbert, Burnett, &
Viding, 2010; Ponnet, Roeyers, Buysse, De
Clercq, & Van Der Heyden, 2004).
Conclusions on the nature of such associations
are difficult due to the inconsistency of concept
definitions across studies, with some authors
considering ToM to encompass emotion recognition ability (Baron-Cohen et al., 1997, 2001;
Rutherford et al., 2002), or to reflect the ‘‘cognitive component’’ of empathy (Wheelwright &
Baron-Cohen, 2011), and other authors considering emotion processing and ToM as two separate
constructs (Bird et al., 2010; Heerey et al., 2003).

between observed and experienced emotions.
Supposedly, this allows the observer to understand
others’ emotions ‘‘as if’’ s/he were experiencing a
similar emotion, thus providing the basis for
emotion recognition and empathy (Gallese,
2006). In ASD, several studies have found
reduced facial mimicry while viewing facial emotions (e.g., Beall, Moody, McIntosh, Hepburn, &
Reed, 2008; McIntosh et al., 2006; Oberman et al.,
2009), which has been interpreted as evidence
of a disruption in simulating others’ emotions.
Furthermore, supporting evidence has been postulated to derive from atypical activity in the brain
regions thought to mediate such a process, i.e., the
‘‘mirror neuron system’’ (MNS; Gallese, 2003;
Iacoboni & Mazziotta, 2007). In ASD, a number
of brain-imaging studies have found evidence for
atypical activation of the frontal component of the
MNS (inferior frontal gyrus) during various
emotion-processing tasks (e.g., Baron-Cohen
et al., 1999; Dapretto et al., 2006; Schulte-Rüther
et al., 2011). However, these studies have not
reported a specific association between atypical
facial mimicry/MNS activity and emotion processing accuracy in ASD, thus they may or may not
be related; more research is needed to clarify this
issue.

Motor function
Some individuals with ASD present with oralmotor or speech dyspraxia (Rogers, Cook, &
Meryl, 2005), or a general impairment in neuromotor function (Freitag, Kleser, Schneider, & von
Gontard, 2007), which may make speech, as well
as facial and bodily movement ‘‘clumsy’’, or hard
to choreograph. However, as reported above,
individuals with ASD do not appear to be
impaired on emotional facial and vocal imitation,
thus motor impairments cannot explain all emotion-related difficulties in this population.

Embodied simulation
The ‘‘embodied simulation’’ theory (Gallese, 2006;
Oberman & Ramachandran, 2007) posits that
emotion processing is mediated by an ‘‘internal
simulation’’ process, based on a ‘‘direct mapping’’

Dynamic control of expression
It is possible that a general difficulty in dynamically modulating pitch in speech, as opposed to a
specific problem in conveying emotions in speech,
COGNITION AND EMOTION, 2013, 27 (6)
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may underlie difficulties in this area, as suggested
by recent research (e.g., Russo, Larson, & Kraus,
2008). Whether this also applies to the general
control of facial and bodily expression is yet to be
empirically verified.
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Summary
As shown in Figure 1, there are a number of
domain-general abnormalities that appear to contribute to different aspects of emotion-processing
difficulties in ASD. While the paucity of studies
beckons caution, some preliminary conclusions
can be drawn. First, emotion processing does not
appear to be domain-specific in ASD. This is
suggested by research documenting deficits in a
number of domain-general processes, including
both lower level perceptual and attentional mechanisms, as well as processes involved in social
motivation and understanding, which all appear to
contribute to difficulties in emotion processing.
Thus, it appears that abnormalities in multiple
processes, rather than impairment in a single
process, contribute to emotion-processing impairments in this population. This conclusion contrasts with views that a primary deficit in emotion
processing is the core feature of autism (i.e.,
underlying the different features of this disorder;
e.g., Bowman et al., 2004; Gaigg & Bowler, 2009;
Hobson, 1989). However, as suggested by these
authors, emotional processes have an important
interplay with social and non-social cognition
throughout development.
Consistent with this view, we suggest that
domain-specific emotion processes, together with
domain-general processes, form a hierarchically
arranged ‘‘emotional communication system’’ (see
Figure 2). A corollary of this model is that
empathy, in its hypothesised superordinate position, would be more vulnerable to dysfunction if
underlying domain-general processes were impaired, such as attention and ToM, as well as
domain-specific processes, such as explicit emotion recognition, implicit emotional appraisal and
emotional expression systems. This model may be
applied to real-life situations in which emotional
information is dynamically embedded in ever-
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Figure 1. Documented associations between domain-general
processes and emotion processing in Autism Spectrum Disorder
(as described herein). Solid black lines represent evidence for an
association between the mechanism and the specific emotion process.
Dashed lines represents contradictory evidence. Grey lines represent
evidence only in typical development, or in other disorders. White
lines represent a theorised association only. Note: 1 Dynamic control
of expression (specifically of vocal expression).

changing social exchanges, predicting that as the
social and cognitive processing demands of the
situation increase, more deficits are likely to
emerge. For example, in order to show empathy,
one must first attend to the emotional cues
displayed by the other, understand that these
cues reflect an underlying emotional state (i.e.,
recognise the emotion), experience an emotional
reaction that is contingent on these cues, and act
accordingly by expressing an appropriate emotion
to the other (e.g., show concern in response to
someone crying). Therefore, empathy may be seen
as a sophisticated multi-process skill, which
requires the sub-skills that support it to be in
‘‘working order’’. This idea is consistent with the
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Figure 2. Hypothesised ‘‘emotion communication system’’ with
empathy in a superordinate position, relative to explicit emotion
recognition and implicit emotional appraisal, and emotional
expression.

findings reported in Section 1, that individuals
with ASD have more difficulty with social (vs.
non-social) and complex (vs. simple) emotion
information processing.

3. ARE EMOTION-PROCESSING
IMPAIRMENTS UNIQUE TO AUTISM
SPECTRUM DISORDER?
In order to determine whether there is an
emotion-processing impairment that is unique in
the ASD population we need to look at the
specific profile of emotion-processing abnormalities observed in ASD versus other disorders.
In relation to explicit emotion recognition,
Gross (2004) found that children with ASD
were not different than children with a language
disorder in recognising ‘‘happy’’, although they
were more impaired on a more complex emotion
recognition task. Buitelaar, van der Wees, SwaabBarneveld, and van der Gaag (1999), on the other
hand, found that stimulus complexity equally
affected groups with ASD, ADHD, conduct
disorder and dysthymia; all groups found the
recognition of complex emotions more difficult
than of basic emotions. Conversely, Demurie, De
Corel, and Roeyers (2011) found that ADHD
participants were faster than ASD participants in
recognising complex emotions. One study,

however, found that individuals with ADHD
performed worse than individuals with ASD on
both a complex and simple explicit emotionrecognition task (Sinzig, Morsch, & Lehmkuhl,
2008).
Another study reported worse performance in
ASD versus schizophrenia in a task combining
recognition of basic positive, negative and blended
emotions (Bölte & Poustka, 2003). Two studies
compared children with ASD to children with
Williams syndrome on emotion recognition, one
reporting better performance in the ASD group
and one reporting the opposite pattern (Lacroix,
Guidetti, Rogé, & Reilly, 2009; Riby, DohertySneddon, & Bruce, 2008). Furthermore, Heaton
and colleagues (2008) documented that individuals with ASD and those with Down’s syndrome
were unimpaired on the recognition of ‘‘musical
emotions’’.
Regarding emotional expression, Reddy, Williams, and Vaughan (2002) found that preschoolers with ASD, compared to preschoolers with
Down’s syndrome, expressed similar overall frequency of positive emotion, but increased frequency of unshared positive emotion. Likewise,
Bishop, Gahagan, and Lord (2007) found that
problems in sharing affect were only present in
children with ASD, and not in children with fetal
alcohol spectrum disorder. Studying the spontaneous use of emotionally expressive gestures,
Attwood, Frith, and Hermelin (1988) documented that adolescents with ASD demonstrated a
lack of expressivity, which was not found in
adolescents with Down’s syndrome.
In relation to empathic processing, Jones and
colleagues (2010) found that children and adolescents with psychopathic tendencies were impaired
on affective empathy, whereas children and adolescents with ASD were found to be impaired on
cognitive perspective taking, and those with
conduct problems demonstrated normative affective and cognitive perspective taking. Likewise,
Schwenck and colleagues (2012) found that boys
with ASD were impaired in cognitive empathy,
while participants with conduct disorder were
impaired in affective empathy. However, compared to adolescents with ADHD, Demurie et al.
COGNITION AND EMOTION, 2013, 27 (6)
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(2011) found that adolescents with ASD scored
lower in both affective and cognitive empathy
components.
Overall, although some similarities between
ASD and other disorders have been documented,
the specific emotion-processing profile in ASD,
involving difficulties with social and complex
stimuli, may be unique to this disorder. However,
given the scarcity of available research, more
empirical work is needed to address this issue.

CONCLUSIONS AND FUTURE
DIRECTIONS
On the basis of the literature reviewed herein, it is
possible to first conclude that emotion-processing
deficits might not be universally present in ASD.
Not all individuals with ASD have difficulties
with emotion processing, and not all emotion
tasks appear to be difficult for this population.
However, more studies reporting individual differences in brain activation patterns of individuals
with ASD during emotion-processing tasks are
needed to ascertain whether impairments on this
level are universal in this population. Second,
emotion-processing impairments do not appear to
be specific in ASD, as domain-general impairments might account for at least some of these
difficulties. Third, the limited research that has
directly compared emotion processing in ASD to
other disorders suggests that the specific pattern
of strengths and weaknesses in ASD might be
unique to this disorder.
The overall pattern of findings on emotion
processing in ASD demonstrates that individuals
on the autism spectrum are not ‘‘emotionally
detached’’, but rather they send and receive
emotional signals in different ways to that of
typically developing individuals. Moreover, the
difficulties they experience in recognising and
expressing emotions seems to be more pronounced as the processing complexity and social
demand increases, and the explicit structure of the
emotion task decreases. Indeed, while feeling
emotions is a phylogenetically and ontogenetically
basic phenomenon, and individuals with ASD do
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feel emotions, the way emotions are processed in
the everyday life is embedded in a complex
framework involving dynamic social, communicative and cognitive factors. Therefore, rather than
considering emotional impairments in ASD as an
‘‘all or nothing’’ phenomenon, it may be useful to
frame such difficulties within the context of an
‘‘emotion communication system’’, as described
above. Vulnerabilities in subordinate parts of this
system, are likely to impact on hierarchically
superordinate facets of emotion processing. This
may help to explain why individuals with ASD
often appear to present with emotional difficulties
despite having a basic ability to recognise and
express emotions during explicit tasks. When
emotions need to be recognised or expressed in
complex, rapidly changing social environments
(the way it is in everyday life), the emotional
communication system of individuals with ASD is
more likely to be vulnerable to weaknesses within
the component processes.
The main gaps in the literature involve a
rigorous manipulation of factors that affect performance on emotion processing in ASD, such as
social versus non-social nature of stimuli, and
complexity of task demands, as well as stimulus
complexity, in full-factorial designs. Furthermore,
as emotional processing is affected by context,
more naturalistic paradigms are needed to capture
real-life emotional responses.
Much heterogeneity is apparent in emotion
processing in ASD, which needs to be explored
empirically. Importantly, despite the fact that the
majority of individuals with ASD have below
average IQ (Dykens & Lense, 2011), the vast
majority of the research on emotion processing
in ASD is on high-functioning individuals, as
they are easier to test due to their language
comprehension skills, which allows for following
instructions, etc. Nevertheless, this has provided
biased and limited information, which does not
reflect the emotional life of individuals across the
spectrum. Further, more empirical work is needed
to ascertain the relative contribution of different
abnormalities in domain-general processes, as well
as the interrelationships between domain-specific
processes. Research that directly compares ASD

EMOTION IN AUTISM

to other disorders across multiple emotionprocessing tasks is also needed to gain further
clarification on the uniqueness of the pattern of
emotion processing strengths and weaknesses in
ASD. The knowledge emerging from such a
research programme would help to inform intervention strategies to target emotion-related difficulties in order to help individuals with ASD to
lead emotionally rich lives.
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