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Abstract Behavioral studies of facial emotion recognition
(FER) in autism spectrum disorders (ASD) have yielded
mixed results. Here we address demographic and
experiment-related factors that may account for these
inconsistent findings. We also discuss the possibility that
compensatory mechanisms might enable some individuals
with ASD to perform well on certain types of FER tasks in
spite of atypical processing of the stimuli, and difficulties
with real-life emotion recognition. Evidence for such
mechanisms comes in part from eye-tracking, electrophysi-
ological, and brain imaging studies, which often show
abnormal eye gaze patterns, delayed event-related-potential
components in response to face stimuli, and anomalous
activity in emotion-processing circuitry in ASD, in spite of
intact behavioral performance during FER tasks. We suggest
that future studies of FER in ASD: 1) incorporate longitu-
dinal (or cross-sectional) designs to examine the develop-
mental trajectory of (or age-related changes in) FER in ASD
and 2) employ behavioral and brain imaging paradigms that
can identify and characterize compensatory mechanisms or
atypical processing styles in these individuals.

Keywords Autism - Face perception - Emotion -
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The ability to discern emotion from facial expressions is
essential for successful social interaction, and the reverse
may be true as well: social interaction, by increasing one’s
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experience with expressive faces, may be necessary for the
typical development of facial emotion recognition (FER)
(Leppanen and Nelson 2006). It is therefore unsurprising
that many individuals with an autism spectrum disorder
(ASD), a grouping of disorders characterized by profound
difficulties with social interaction, have demonstrated
impairments in FER. Indeed, Kanner (1943) originally
described autism as a ‘disorder of affective contact,” and the
current DSM-IV-TR diagnostic criteria for ASD include
items related to deficits in identifying and processing
emotion: “marked impairments in the use of multiple
nonverbal behaviors, such as...facial expression...” and
“lack of social or emotional reciprocity” (APA 2000).
However, findings on FER in ASD are inconsistent: some
studies have found intact FER in ASD, while others find
profound deficits. In this review, we attempt to account for
contradictory findings in previous research and offer
suggestions for how future research might address these
discrepancies.

We searched for studies published through April 2010
that focused primarily on FER in ASD. To do so, we input
the search terms “Autism,” “Autism Spectrum Disorder,” or
“ASD,” “face” or “facial,” and “emotion” using the data-
bases PubMed and Web of Science. Furthermore, we
examined the references lists of the articles found through
the above literature search in order to identify additional
relevant studies. We did not include studies that examined
only facial identity recognition or other non-affective facial
processing.

Based on a synthesis of these studies, we propose that
three factors account for a great deal of the discrepant
findings regarding FER in ASD: demographic character-
istics of the participant group, task demands, and which
dependent variables were measured. We also address the
possibility that individuals with ASD identify facial
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expressions through different mechanisms than typically
developing (TD) controls, even when their behavioral
performance is intact. Ultimately, we suggest that future
experimental studies utilize tasks, stimuli, and dependent
variable measurements that are sensitive to these compen-
satory mechanisms. At the same time, additional cross-
sectional studies of varying age groups and longitudinal
investigations are needed in order to document whether the
development of FER in ASD follows a normal, delayed, or
deviant trajectory.

Demographic Factors

ASD, as a clustering of clinical diagnoses, is heteroge-
neous. Even the more specific classifications of autism,
Asperger’s syndrome, and pervasive developmental
disorder-not otherwise specified (PDD-NOS) do not fully
capture this heterogeneity at a neurobiological level (e.g.,
Amaral et al. 2008). This issue is made evident by DSM-
V’s proposal to collapse these three diagnoses under the
rubric ‘Autism Spectrum Disorder’ (Proposed Revision:
APA DSM-5, 2010). Accordingly, FER in ASD may vary
considerably, though not corresponding to the current
DSM-IV diagnostic distinctions when IQ differences are
taken into account (Mazefsky & Oswald, 2007). It is
possible that some individuals, especially on the mild end
of the autism spectrum, have no difficulty recognizing
facial expressions, even outside of an experimental setting.
However, since each of the three DSM-IV diagnoses shares
the core social deficit that defines ASD, we consider it
unlikely that differences in the diagnostic composition of
ASD samples in the reviewed studies plays a large role in
the variable findings.

One demographic factor that is likely to influence
behavioral findings on FER in ASD is age of the sample.
In TD children, emotion decoding improves throughout
much of childhood (Vicari et al. 2000) and into adolescence
(Thomas et al. 2007). The typical developmental trajectory
of FER is emotion-dependent: among the six basic
emotions (i.e., happiness, sadness, anger, fear, surprise,
and disgust), happiness tends to be recognized earliest, and
surprise and fear tend to be recognized last (Herba and
Phillips 2004). Although, to our knowledge, no longitudinal
studies of FER in ASD have been conducted, several cross-
sectional studies provide some evidence that FER improves
less over time in children with ASD than in TD children. In
one study of young children, FER performance was
correlated with age in the TD, but not the ASD group
(Gepner et al. 2001). Another study found no differences in
performance between high-functioning school age children
with ASD and high-functioning adults with ASD, with only
adults showing diminished performance compared to

controls (O’Connor et al. 2005). A third study found FER
deficits in young children and adults with high-functioning
autism, but no deficits in older children and adolescents
with the disorder, and no improvement with age in the
autism group (Rump et al. 2009). Although one study
(Kuusikko et al. 2009) did find superior FER in adolescents
and young adults with ASD as compared to children with
ASD, the pattern of age-related FER improvement in ASD
may be altered.

The ages of participants could affect findings regarding
group differences in FER for three reasons. First, one might
expect studies involving adults to be more likely to find
deficits in ASD, especially if tasks are more complex than
those used in studies with children. Second, difficulty with
FER in the control group due to a very young age, but not
to social deficits, might mute FER deficits in a young and/
or low-functioning ASD group because of floor effects.
Third, age and level of functioning are conflated in the
literature: studies with children are more likely to include
low-functioning ASD populations (IQ<70), while studies
with adolescents and adults more often include high-
functioning (IQ>70) individuals with ASD—in fact, stud-
ies with low-functioning adults are virtually non-existent
(although diagnostic bias may contribute to this situation as
high-functioning individuals are often identified later). Yet
efforts should be made to disentangle the roles of these two
factors, as higher cognitive ability, apart from age, might
contribute to FER (Loveland et al. 1997; Buitelaar et al.
1999).

Studies of Children

The results of studies examining FER in children and
younger adolescents with ASD have been mixed (see
Tables 1 or 2 for a list of studies and their findings). Many
reveal broad FER deficits in both low-functioning (Celani
et al. 1999; Hobson 1986) and high-functioning ASD
(Hobson 1986; Lindner and Rosen 2006; Tantam et al.
1989), while others report intact FER (Capps et al. 1992;
Prior et al. 1990; Robel et al. 2004). Some of the studies
that found no group differences in children might be biased
by the procedure used to match ASD and control groups on
intellectual ability (Burack et al. 2004). Some data suggest
that FER is more dependent on intellectual ability in
children with ASD than in typical development (Dyck et
al. 2006; Hobson 1986), so carefully matching groups for
intellectual ability is especially important in studies on this
topic. Furthermore, due to a common profile in classical
autism in which verbal IQ is substantially lower than
nonverbal 1Q, an individual with autism may have a higher
nonverbal IQ than a control participant with the same
verbal 1Q. Thus, matching groups on verbal ability, while
disregarding nonverbal ability, or vice versa, may be

@ Springer



292

Neuropsychol Rev (2010) 20:290-322

problematic. In addition to social-emotional competence, a
minimum level of both nonverbal and verbal mental age
may be required to pass FER tasks, and if one group falls
below this threshold on either index (i.e., if the ASD group
does not meet a verbal ability threshold, or the TD group
does not meet a nonverbal ability threshold), group differ-
ences in the FER task may be artificially inflated or
decreased.

In support of this proposal, three studies involving
young children have found differences in matching facial
expressions in children with ASD compared to nonverbal
ability-matched TD controls but no differences compared
to verbal ability-matched controls (Braverman et al.
1989; Fein et al. 1992; Ozonoff et al. 1990). However,
in Ozonoff et al.’s study, the ASD group also performed
worse than nonverbal IQ-matched controls on a non-
emotional control task. This may have been related to
floor effects due to the very young mean ages of the
subjects (6.4 years in the ASD group, and 4.1 years in the
TD group). Four other studies that matched low-
functioning children with autism to TD and intellectually
disabled (ID) children based on verbal, but not nonverbal
ability, found no FER differences between groups (Castelli
2005; Davies et al. 1994; Loveland et al. 1997; Prior et al.
1990), although one such study did show group FER
differences in delayed matching and valence sorting tasks
(Celani et al. 1999). The behavioral studies that matched
children on nonverbal, but not verbal IQ (Bormann-
Kischkel et al. 1995; Macdonald et al. 1989; Tantam et
al. 1989) did find FER deficits in ASD, although Tantam
and colleagues controlled for verbal IQ in their analysis.
That the matching criteria used seems to influence
findings so consistently is a serious issue that future
studies must address.

Of course, the issue of matching is confounded with
that of uneven IQ profiles in studies involving those with
more classical autism—due to the disparate 1Q profile in
these individuals, it is often impossible to match on both
verbal and nonverbal ability. A separate 1Q-related issue
concerns the often greater variability in IQ scores among
an ASD group than a TD group, even when means are
matched. The only way to circumvent this problem
would be to match participants individually. Some
studies (e.g., Tantam et al. 1989) have statistically
controlled for IQ to address the issue of uneven IQ
profiles, which in addition to limiting statistical power
might not be appropriate when studying pre-existing
(instead of randomly assigned) groups (Miller and
Chapman 2001). In this case, IQ (or at least, an uneven
IQ profile) is phenotypically linked with ASD, so
removing the effect of IQ would essentially remove some
of the effects of group differences attributable to having an
ASD diagnosis. The best solution may be to use two
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control groups, one matched for verbal ability, and the
other for non-verbal ability, as several studies have done.

A few studies that did match participants on full-scale
IQ found no overall FER deficits in ASD children. For
example, Grossman and colleagues (2000) report intact
performance in FER in a high-functioning ASD group
(although the ASD group did show diminished perfor-
mance when an incongruent affect word accompanied
each face), and Rosset et al. (2008) found intact accuracy
in FER among a mix of low- and high-functioning
children with ASD. In addition, Loveland and colleagues
(1997), using dynamic stimuli, report intact FER in high-
functioning children and adolescents with ASD (Loveland
et al. were able to match their high-functioning group, but
not their low-functioning group, on both verbal and
nonverbal mental age). In another study (Gepner et al.
2001), no overall differences emerged between young
children with ASD and young TD children in matching 2-
second video clips (including still, dynamic, or strobe
conditions) to photographs of faces by emotion. Overall,
the evidence is mixed on whether there is a general FER
deficit in children with ASD, and tighter matching of
groups in future studies is warranted. Both discrepancies
in age and discrepancies in verbal, nonverbal, or full-scale
IQ between groups could affect findings above and
beyond differences related to social deficits in ASD, and
future studies should have separate groups matched for as
many of these variables as possible.

Also potentially important is the cognitive profile of
the control group, particularly in studies of low-
functioning ASD. In these studies, an ASD group is
often matched to an intellectually disabled (ID) control
group on chronological age in addition to IQ. Impor-
tantly, some etiologies of intellectual disability are
associated with diminished FER—for example, there is
some evidence for impaired processing of fearful
expressions in Down syndrome relative to mental age
(Wishart et al. 2007)—while other etiologies (i.e.,
Williams syndrome) are sometimes associated with supe-
rior FER relative to mental age (Riby et al. 2008). Most
studies that use an ID control group include individuals
with Down syndrome and/or unknown etiology. Both
intact (Loveland et al. 1997) and diminished (Celani et al.
1999) FER in low-functioning ASD groups has been
found in comparison to controls with Down syndrome.
Whereas Loveland and colleagues’ stimuli were videos of
people speaking, Celani et al. presented single static
expressions for a shorter period of time, which may
account for different findings in these two studies. Further
examination is needed to determine whether, and to what
extent, the etiology of intellectual disability in control
subjects affects findings regarding FER in low-functioning
ASD.
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Studies of Adults
In studies of children, FER has typically been assessed
- using static, prototypical facial expressions as stimuli and
2 recognition accuracy as a dependent variable. In studies of
g older adolescents and adults with ASD, a wider variety of
; stimuli (e.g., subtly expressed, blended, or “morphing”
g expressions) and dependent variables (e.g., reaction time)
4 o are found, but mixed results are still reported. In addition,
> “ as Table 1 indicates, almost all of these studies of adults
involve high-functioning individuals, and are therefore
= better able to match participants on both age and 1Q. Many
.5 2 studies still find reduced accuracy in identifying emotions
gg § in adults with ASD, especially for negative emotions
5 % i (Ashwin et al. 2006; Bal et al. 2010; Corden et al. 2008;
8= % Howard et al. 2000; Wallace et al. 2008). Yet in other
EZE; o studies of older and higher-functioning ASD groups,
EE é diminished FER is absent (Adolphs et al. 2001; Loveland
%"“@ % E et al. 2008; Neumann et al. 2006; Ogai et al. 2003;
:§ = % Rutherford and Towns 2008) or much more subtle (Baron-
47" a Cohen et al. 1997; Teunisse and de Gelder 2001).
Discrepant findings in studies of older adolescents and
" adults could be attributed to different task demands and
g é dependent variables.
g —§ In sum, the demographic issues that may affect the
d§ £ results of behavioral studies of FER in ASD include age
2 2 El and IQ, the effects of which are difficult to examine
g},% g separately due to the nature of the literature (i.e., few
s i ; studies involving low-functioning older age groups with
ﬁ 5 I ASD). Specifically, potentially more static development of
g _% :g FER in ASD and the difficulties of appropriately matching
%‘g E low-functioning individuals with ASD should be consid-
5= | ered when evaluating existing research. Three directions for
future research could help to address these issues: 1)
matching groups or individuals on both verbal and
nonverbal IQ when possible, or including both a verbal
IQ- and a nonverbal 1Q-matched control group, and 2)
S . carefully documenting any known ID etiology in control
T 2 groups matched to low-functioning individuals with ASD,
_ 2 % _ and 3) investigating the developmental trajectory of and
2 :; s E pr~ age-related changes in FER in ASD through additional
g/ z = ; g’ ) longitudinal and cross-sectional studies (since findings vary
Z § = é; 28 between the few cross-sectional studies that have been
Ewn = v iy £ e v conducted). In addition, studies that include larger sample
sizes will be better powered to detect group differences,
especially considering the heterogeneity of ASD.
: 3
Q S Task Demands
s =
% B Aside from the demographic characteristics of participants,
% }E a myriad of variations in experimental tasks might also
5 e explain conflicting findings regarding FER in ASD. Yet

@ Springer
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demographics and task demands cannot be completely
separated, as studies with low-functioning and younger
individuals understandably use simpler tasks. In most
studies involving low-functioning individuals and/or chil-
dren, tasks involve matching static, prototypical pictures of
facial expressions to other emotion-laden stimuli. The types
of stimuli used do not appear to have a systematic influence
on study results in low-functioning ASD: ASD-related
deficits have been found across a wide range of experi-
mental tasks, including matching photographs of facial
expressions across identity (Celani et al. 1999), matching
videotaped facial expressions to photographs and schematic
drawings (Hobson 1986), matching dynamically presented
expressions to photographs (Tardif et al. 2007), and even
identifying both human and animal faces depicting various
emotions (Gross 2004). Conversely, low-functioning indi-
viduals have performed equally to controls matched for
developmental level or verbal mental age in tasks involving
dynamic stimuli (Gepner et al. 2001) and labeling both
static emotion blends and prototypical expressions (Castelli
2005). In low-functioning ASD, demographic factors,
especially the relative age and ability of the control group,
might explain more of the variance in findings than the task
used.

The choice of tasks seems to be a more important factor
in high-functioning ASD, likely because more complex
tasks can be used with this population. When task demands
are taken into account, the evidence does not support a
general FER accuracy deficit in high-functioning adoles-
cents and adults with ASD. Although some studies do show
such a deficit (Dalton et al. 2005; Macdonald et al. 1989;
Tantam et al. 1989) others do not (Baron-Cohen et al. 1997,
Capps et al. 1992; Homer and Rutherford 2008), at least
when analysis is limited to the six basic emotions. High-
functioning individuals do appear to have more difficulty
recognizing complex emotions, such as guilt, shame, and
envy (e.g., Baron-Cohen et al. 1997). In contrast to some of
the research involving individuals with low-functioning
ASD, non-significant group differences cannot often be
explained by a lower age or lower nonverbal ability in the
control group, although some might be accounted for by
ceiling effects in both groups. Most often, studies of high-
functioning ASD have found abnormal behavioral perfor-
mance only under specific conditions: when faces were
presented with incongruent emotion labels (Grossman et al.
2000); when faces were shown for very brief durations
(e.g., 30 ms; Clark et al. 2008); when expressions were
artificially exaggerated—in one study, young adults with
ASD were more likely to judge computer-generated
exaggerated facial expressions as representative of a given
emotion than controls (Rutherford and McIntosh 2007); or
when an approach-oriented facial expression (anger) was
paired with direct gaze and an avoidance-oriented expres-

@ Springer

sion (fear) was paired with averted gaze (Akechi et al.
2009). In another study, adolescents with high-functioning
autism had difficulty recreating visual sequences of
emotional expressions (Grossman and Tager-Flusberg
2008). Other studies of high-functioning individuals with
ASD find deficits with only specific negative emotions,
such as sadness (Boraston et al. 2007) or fear (Howard et al.
2000). In sum, when facial-emotion processing is made
more difficult (i.e., presenting conflicting information or
shortening presentation time) or otherwise manipulated to
reveal alternative processing strategies, FER deficits
emerge in high-functioning individuals with ASD. Yet,
under standard viewing conditions with prototypical facial
expressions, at least some of these individuals can identify
emotions as well as controls.

Intact FER in some high-functioning samples does not
rule out the use of compensatory mechanisms to decode
facial emotions in ASD. The specific nature of these
compensatory mechanisms might vary between individuals,
but one possibility is that individuals with ASD use explicit
cognitive or verbally mediated processes to recognize
emotions, in contrast to more automatic emotion processing
in TD individuals. Thus, higher-functioning individuals
with ASD might be able to capitalize on their cognitive
and/or linguistic resources to correctly identify facial
expressions. In support of this possibility, affect-matching
paradigms (e.g., Davies et al. 1994; Piggot et al. 2004;
Rump et al. 2009) are more likely than labeling paradigms
(e.g., Katsyri et al. 2008; Piggot et al. 2004; Rutherford and
Towns 2008) to reveal group differences in FER behavioral
performance (although labeling tasks can only be used with
higher-functioning individuals, which might also influence
these findings). For some high-functioning individuals with
ASD, seeing the emotion labels on the screen might
facilitate their recognition of facial emotions, especially if
they have been formally trained to identify emotions using
these labels (a component of many intervention programs
for individuals with ASD). Also supporting the idea that
individuals with ASD use explicit cognitive mechanisms to
recognize emotions, at least in an experimental setting,
some evidence suggests that FER task performance is more
related to general cognitive ability in ASD than in typical
development: for example, studies have found that mental
age (Hobson 1986) and receptive and expressive language
(Dyck et al. 2006) predict emotion recognition ability in
children with ASD, but not TD children.

Explicit cognitive or language-mediated mechanisms
might compensate for a less efficient processing style when
interpreting emotional faces. Specifically, individuals with
ASD might use local, feature-based processing, in contrast
to the global, configural-based strategy used by TD
individuals (e.g., Behrmann et al. 2006). A local processing
bias could also be a compensatory mechanism itself if
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individuals with ASD are able to memorize the specific
features associated with each emotion (although this could
impair generalization). Evidence for a general local pro-
cessing bias in ASD comes from studies documenting
superior performance and/or faster reaction times on block
design and embedded figures tasks in ASD (Shah and Frith
1993; Keehn et al. 2009). FER tasks have also revealed
differences in ASD consistent with more feature-based than
configural processing. Some studies have failed to find an
inversion effect for faces in ASD (Tantam et al. 1989;
Gross 2008), in that those with ASD, in contrast to a
control group, identified emotions from inverted faces as
well as they did from upright faces. In addition, impaired
FER in ASD at low, but not high, spatial frequencies
(Katsyri et al. 2008) has been documented. Both findings
suggest impaired configural processing of faces in ASD,
since configural processing should impair performance
when decoding inverted faces, but facilitate accurate
emotion recognition even when decoding faces presented
in a low spatial frequency. However, at least one study has
documented the typical inversion effect in the context of
FER within an ASD group (Wallace et al. 2008).
Furthermore, a recent study suggests that individuals with
ASD are capable of configural face processing, experienc-
ing interference from facial features they are instructed to
ignore, at least when processing facial identity (Gauthier et
al. 2009). Thus, it is unclear whether a local processing bias
for faces exists in all individuals with ASD.

Perhaps related to feature-based processing are findings
that individuals with ASD have more difficulty recognizing
negative emotions than happiness, which could be recog-
nized by the upturned mouth alone. However, which
emotion(s) is most impaired varies between studies, from
surprised, scared, and angry (Bormann-Kischkel et al.
1995) to sadness (Boraston et al. 2007) to fear (Humphreys
et al. 2007). The specific faces used as models might play a
role in these discrepancies. Many studies use face stimuli
from Ekman and Friesen’s Pictures of Facial Affect Series
(Ekman and Friesen 1971), as this measure is well validated
and extensively researched. However, even these faces
differ somewhat in their encoding of emotion: for example,
expressions such as happiness or anger can be expressed
with the mouth open or closed. Furthermore, variations in
the structural features of individual faces may influence the
ease of identifying emotions. These factors could also
account for greater difficulty with face-to-face matching
than with labeling emotions in ASD. If individuals with
ASD overlearn features associated with specific facial
emotions, limiting their ability to generalize across faces,
then individual encoding differences may be more likely to
impair their performance on tasks involving face-to-face
emotion matching. For example, if specific features of one
face look different from that of another face, individuals

with ASD might not be able to generalize the emotion
from one face to the other. Intriguingly, young TD
children also show improved FER performance in a
labeling condition over matching (Russell and Widen
2002), and studies suggest that FER becomes more
configural and less feature-based over time in typical
development (Herba and Phillips 2004). Taken together,
these findings suggest that the mechanisms that allow for
efficient face-to-face matching of emotions are later
maturing in typical development and perhaps absent in
ASD. To address this issue, future studies of FER in ASD
could utilize matching tasks that systematically vary
similarities in encoding between faces.

Another task manipulation that could reveal different
processing styles in ASD involves using dynamic stimuli.
Assessing FER through the use of static facial expressions
alone may present a problem because these expressions
could be learned explicitly in the context of ASD-related
therapeutic interventions. A few studies have used dynam-
ic, fully expressed facial emotions, and interestingly,
several of these have found no differences between ASD
and control groups (Loveland et al. 1997; Gepner et al.
2001), although Gepner et al. also included static stimuli.
Indeed, children with ASD have been shown to perform
better on a task utilizing slow dynamic presentation of full
facial expressions than a task that used static photographs
of these expressions (Tardif et al. 2007), which suggests
that motion, at least when it is slow, improves performance
for these individuals. Yet, although dynamic presentations
of full facial expressions are more ecologically valid than
static presentations, such prototypical expressions are
encountered in the real world less frequently than more
subtle expressions.

In daily life, people most often encounter subtle facial
expressions, and even when individuals with ASD demon-
strate intact performance on FER tasks, they are likely to
have problems in everyday social interactions. Thus,
“morphed” stimuli that depict expressions of differing
intensity (morphing from neutral to fully expressive) or
mixed expressions (morphing from one emotion to another)
may be more sensitive to differences between ASD and
control groups than fully expressive faces. Morphed faces
may be especially useful for identifying diminished FER in
older, high-functioning individuals, who are more likely to
have the cognitive resources to accurately identify proto-
typical expressions, though perhaps through atypical
mechanisms.

The few studies that have utilized morphed stimuli report
mixed results, but overall suggest diminished FER in ASD.
Both Homer and Rutherford (2008) and Teunisse and de
Gelder (2001) used mixed facial expressions to examine
categorical perception differences between high-functioning
adults with ASD and controls, and the former study found
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no abnormalities in ASD, while the latter study did.
However, Homer and Rutherford (2008) found increased
reaction times in the ASD group (Teunisse and de Gelder
did not report whether there were group differences in
reaction times). Another study using blended expressions
(Castelli 2005) found no differences between children with
ASD at various levels of functioning (mental age ranged
from 6-14) and TD controls; however, group matching in
this study was not very precise. Later studies using emotion
blends have found that high-functioning individuals with
ASD exhibit diminished recognition of fear (Humphreys et
al. 2007) or difficulty with all emotions (Kuusikko et al.
2009). Recently, three studies have used lower-intensity,
but unblended, facial expressions, and reported ASD-
related FER deficits in both adolescents (Greimel et al.
2010; Law Smith et al. 2010) and adults (Philip et al.
2010). Researchers have also begun to test participants on
sequences of low- to high-intensity emotional face stimuli,
creating faces that morph from neutral to fully expressive.
These stimuli can be used to measure not only accuracy, but
also perceptual sensitivity to emotional expression—the
degree of intensity required for accurate recognition. For
example, Bal and colleagues (2010), using neutral to
expressive morphs (15-33 s) found diminished perceptual
sensitivity across emotions, the extent of which was
correlated with social impairment.

Task demands might explain a great deal of the
variations in findings regarding FER in ASD, especially
among high-functioning individuals. Depending on the
task, some high-functioning individuals may be able to
employ cognitive, language-based, or perceptual compen-
satory mechanisms to succeed in FER tasks, despite
abnormal processing of the stimuli. The trend towards
more dynamic, complex, and ecologically valid stimuli is
encouraging and will be more informative for addressing
the real-life difficulties faced by individuals with ASD than
the static, prototypical faces used in early studies. Further-
more, studies that use morphing sequences of facial
expressions to examine FER in ASD are uncommon, but
will likely be important in investigating more subtle
differences in FER between individuals with ASD and TD
individuals.

Eye-Tracking and Brain-Based Studies

Eye-tracking and brain-based studies of FER in ASD,
including (functional) magnetic resonance imaging (f)
(MRI), positron emission tomography (PET), and event-
related potentials (ERP), are an important complement to
the behavioral studies discussed above because they allow
researchers to explore not only how quickly and accurately
participants can recognize emotions, but also the mecha-

@ Springer

nisms underpinning their emotion decoding. In stark
contrast to the behavioral studies that measure subjects’
ability to match or label facial expressions, nearly all eye-
tracking, neuroimaging, and electrophysiological studies
have reported ASD-related abnormalities in FER (see
Table 3).

Eye-Tracking Studies

An often-debated face-processing anomaly in ASD con-
cerns the salience and processing of information from the
eyes. Many studies show that high-functioning individuals
with ASD look less at the eye region of emotionally
expressive faces than controls (e.g., Pelphrey et al. 2002;
Corden et al. 2008) or do not use information from the
upper aspects of the face as effectively during emotion
identification (Baron-Cohen et al. 1997; Gross 2008;
Spezio et al. 2007a and b). Some studies also find that
individuals with ASD rely more on information from the
lower portions of the face (i.e., mouth) in FER (Neumann et
al. 2006; Spezio et al. 2007a). Yet, other studies indicate
that these individuals look at the eyes in proportion to the
rest of emotionally-expressive faces as much as controls do
(Bal et al. 2010; Hernandez et al. 2009). Another finding in
the eye-tracking literature is that individuals with ASD look
more towards regions outside the core facial features when
decoding emotions (Bal et al. 2010; Hernandez et al. 2009).
Although the nature of the differences varies, most FER
studies that utilize eye-tracking do find abnormalities in
ASD. One of these studies (Neumann et al. 2006) has used
computational modeling to suggest that altered fixation
patterns in ASD reflect top-down modulation of eye gaze,
rather than bottom-up effects of visual saliency (i.e., it is
not that mouths are simply more perceptually interesting
than eyes). Thus, as a whole, eye-tracking studies suggest
that individuals with ASD process emotional faces differ-
ently than controls.

Neuroimaging Studies

As a complement to eye tracking, neuroimaging studies can
provide information about the neural correlates associated
with decoding emotions. In neurotypical individuals, the
core brain regions implicated in all types of face processing
include the inferior occipital gyri, lateral portion of the
fusiform gyrus (especially a region deemed the fusiform
face area, or FFA), and posterior superior temporal sulcus
(pSTS) (Haxby et al. 2000). Haxby and colleagues (2000)
have proposed that processing invariant aspects of the face
(i.e., identity) involves relatively greater activation of
fusiform regions, whereas processing variable aspects of
the faces (e.g., eye gaze, expression) recruits the pSTS to a
larger extent. In the case of facial emotion processing,
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limbic regions such as the amygdala also tend to be
activated. In the literature on both facial identity processing
and FER in ASD, decreased fusiform gyrus (FG) activation
is a common finding (Hubl et al. 2003; Pierce et al. 2001;
Schultz et al. 2000). However, this finding is not a universal
one (see Bookheimer et al. 2008), especially when familiar
faces are used as stimuli (Pierce and Redcay 2008).

Although many studies of FER report decreased FG
activation in ASD (Bolte et al. 2006; Piggot et al. 2004;
Wang et al. 2004) relative to control groups, this finding
might not relate to emotion processing specifically; it is
possible that the FG activation found in controls is
associated with identity-level rather than emotion process-
ing. Intriguingly, studies that have combined eye-tracking
with fMRI (Dalton et al. 2005) or manipulated gaze to faces
during fMRI (Hadjikhani et al. 2004) have shown that
individuals with ASD do activate the FG when they look at
the eyes. In contrast, Bolte and colleagues (2006) failed to
increase FG activity in participants with ASD during an
FER task through the use of a facial emotion training
program. However, the training program did improve the
intervention group’s behavioral performance, and activation
in the right superior parietal lobule, a region thought to be
involved in visuo-spatial skills, increased. These authors
suggest that the intervention group may have more
effectively utilized compensatory mechanisms to recognize
emotions.

If individuals with ASD must use alternative means to
recognize emotions, this might be because brain regions
involved in pre-conscious aspects of FER fail to activate in
ASD. The amygdala is a brain region that responds to even
masked emotional faces (Morris et al. 1998; Whalen et al.
1998) in both adults and children (Killgore and Yurgelun-
Todd 2010), and a recent MRI diffusion tensor-tracking
study (Smith et al. 2009) revealed a pathway connecting the
amygdala and FG. Thus, diminished FG activation in ASD
could also be related to amygdala dysfunction. Reduced
amygdala activity is a common finding in the fMRI
literature on both neutral face processing (Hadjikhani et
al. 2007) and FER (Ashwin et al. 2007; Dapretto et al.
2006; Pelphrey et al. 2007) in ASD, although some studies
have found no group differences in amygdala activity for
neutral, familiar (Pierce et al. 2004) or emotional faces
(Piggot et al. 2004), and two studies found increased
amygdala activity in the ASD group in response to
emotional faces (Dalton et al. 2005; Monk et al. 2010).
Most importantly, nearly all neuroimaging studies that used
an implicit FER task report decreased amygdala activity in
the ASD group, suggesting that the amygdala does not
function normally during face perception in ASD, at least
when participants are not required to attend to the displayed
emotion. Notably, the one study that reported increased
amygdala activation in ASD during an implicit FER task

(Monk et al.) used an attention-cueing paradigm to ensure
that participants attended to the faces. The majority of
evidence therefore suggests decreased automatic amygdala
activation to emotional faces, although this may be due to
diminished attention to the faces.

How might amygdala dysfunction affect FER from a
developmental perspective? Grelotti and colleagues (2002)
have proposed that early amygdala dysfunction in ASD
could prevent infants with the disorder from attaching
emotional significance to faces and facial expressions,
preventing specialization for faces in higher cortical areas
such as the FFA. Abnormal structural development of the
amygdala has been found in ASD (Howard et al. 2000;
Schumann et al. 2004), and two other structural MRI
studies, although not related to FER, found that a larger
amygdala volume at 3 years of age was associated with
more social and communication problems at ages 5-6 years
(Munson et al. 2006; Schumann et al. 2009). Amygdala
volume has not been directly associated with FER in adults
with ASD, though positive correlations have been shown in
neurotypical adults (Dziobek et al. 2006). A possible
explanation for this finding is that the amygdala plays less
of a role in emotion decoding in ASD than in typical
development. Furthermore, a recent study indirectly impli-
cates altered amygdala-fusiform connectivity in an ASD-
related FER deficit: in adults with ASD, a slight negative
correlation between local cortical thickness in the FG and
amygdala volume was found, whereas controls showed a
strong positive correlation. In addition, FG local thickness
was negatively correlated with FER in the ASD group
(Dziobek et al. 2010). Another study found reduced
functional connectivity in ASD between the amygdala and
FFA during face processing (though not FER), which was
associated with social impairment (Kleinhans et al. 2008).
All these findings suggest that dysfunction of the amygdala,
and/or reduced amygdala-fusiform connectivity, plays an
important role in an ASD-related FER deficit.

Yet the amygdala and FG are not the only brain regions
where abnormalities are found in ASD during FER. While
viewing emotional faces, fMRI and PET studies have
shown that individuals with ASD also exhibit decreased
activation in the cerebellum (Critchley et al. 2000),
extrastriate cortices (Deeley et al. 2007), medial-frontal
and orbito-frontal cortices (Loveland et al. 2008; Ogai et al.
2003), and inferior frontal gyrus (IFG) (Dapretto et al.
2006; Greimel et al. 2010; Hall et al. 2003; Ogai et al.
2003) compared to TD controls. In addition to reduced
activation in selective regions, researchers have reported
altered functional connectivity, as well as increased activa-
tion in certain regions in ASD when viewing emotional
faces. Monk et al. (2010) found decreased functional
connectivity between the medial temporal gyrus and right
amygdala in ASD during the perception of emotional faces,
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along with some emotion-specific findings involving the
right amygdala: increased connectivity with ventro-medial
pre-frontal cortex when viewing happy faces, and decreased
connectivity with the IFG when viewing sad faces.
Furthermore, Wicker et al. (2008) reported abnormal
effective connectivity, determined using dynamic causal
modeling, between pre-frontal and posterior temporal
regions in ASD during an FER task. Finally, in addition
to Monk et al.’s (2010) finding of increased amygdala
activity, increased activity in the STS and anterior cingulate
cortex (ACC) (Ashwin et al. 2007; Hall et al. 2003;
Pelphrey et al. 2007), occipital and anterior parietal regions
(Dapretto et al. 2006), superior parietal lobule (Hubl et al.
2003), and precuneus (Wang et al. 2004) when viewing
static facial emotions have been found in ASD. The authors
of these studies suggest that activity in these regions was
due to increased attention to specific features of faces and
conscious monitoring of responses (Ashwin et al. 2007),
increased visual and motor attention (Dapretto et al. 2006),
a more local processing strategy (Hubl et al. 2003), and
increased attentional load (Wang et al. 2004), which may be
indicative of more effortful and less automatic processing
of emotions than in TD controls. Overall, brain regions
with reduced activation, regions with increased activation,
and abnormal connectivity between regions during face
processing in ASD suggest abnormality in the circuitry of
the facial emotion processing system in these disorders;
affective symptoms in ASD are likely the product of altered
communication between brain regions rather than dysfunc-
tion of one region alone.

As in behavioral studies, the task format may influence
results in fMRI studies. For example, some paradigms
demand explicit processing of facial expressions (identify-
ing the expression), whereas others require implicit pro-
cessing (identifying another feature such as gender, or
simply viewing expressive faces). In some cases, different
results have been reported for explicit versus implicit FER
tasks: Critchley et al. (2000) and Piggot et al. (2004) found
diminished activation of the FFA in their ASD groups
during explicit FER tasks, with normal amygdala activation
(although, in Critchley et al.’s (2000) study, the ASD group
was less accurate in the task, which might have affected
fMRI findings). In contrast, during a gender discrimination
task using the same faces, Critchley and colleagues (2000)
found reduced amygdala and cerebellar activation com-
pared to controls. These results, along with those of Monk
and colleagues (2010), suggest that diminished amygdala
activity can be overcome when the task format forces
individuals with ASD to attend to the emotion expressed
(Piggot et al. 2004). Even when considering only explicit
tasks, the type of task used can affect results: Piggot et al.
(2004) and Wang et al. (2004) found reduced FG activity in
face-emotion matching tasks, but not in labeling tasks.

@ Springer

Participants with ASD also had slightly poorer performance
on the matching tasks, although Piggot and colleagues
(2004) covaried behavioral performance from activation
differences. In any case, their results suggest that the use of
verbal labels might have an equalizing effect on brain
activation (and behavioral performance) between individu-
als with ASD and TD individuals, again suggesting that
verbal mediation might be a compensatory mechanism in
some individuals with ASD.

In another type of task manipulation, some fMRI studies
have examined responses to differing intensities of emotion
in ASD. In one study, Deeley and colleagues (2007) found
that individuals with Asperger’s syndrome, unlike TD
controls, did not modulate activity in fusiform and
extrastriate cortices in response to differing intensities of
disgust (although activity in these regions did vary by
expression intensity for both groups when viewing happy
and fearful faces). Ashwin and colleagues (2007) examined
responses to neutral faces, scrambled faces, and both high
and low intensity expressions of fear, and found that
individuals with ASD, in contrast to controls, did not
modulate the FFA, medial pre-frontal cortex, amygdala, or
STS in response to the different conditions. Both of these
studies used implicit processing tasks. Given these findings,
combined with a report of diminished perceptual sensitivity
in ASD (Bal et al. 2010), using explicit processing
paradigms that vary the intensity of emotion in neuro-
imaging studies would be a productive direction for future
research. These future studies will help to determine
whether different brain regions are involved in identifying
subtle versus fully expressed emotions in ASD.

Electrophysiological Studies

Another way to examine neural processes is through
measuring electrophysiology, such as event-related poten-
tials (ERP), which provide better temporal resolution of
neural activity than fMRI, but at the expense of spatial
resolution. Importantly, this method can measure only
cortical activity, and not subcortical activity such as that
of the amygdala. Nevertheless, three ERP studies have
found ASD-related abnormalities in the context of FER.
Dawson and colleagues (2004) reported that, in contrast to
TD children, the N300 face-processing component in
young children with ASD was not faster in the presence
of fearful versus neutral faces. O’Connor et al. (2005), in a
study of both children and adults with Asperger’s syn-
drome, found delayed face-processing components during
emotion identification compared to age-matched controls in
adults only, along with poorer performance in adults, but
not children. Wong and colleagues (2008), in contrast to the
other studies, report normal surface ERP in children with
high-functioning autism, but in dipole source analysis,
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found weaker and slower responses originating in frontal,
fusiform, and visual cortices, along with slower and larger
responses in parietal somatosensory cortices. The latter
finding may again relate to more effortful processing of
facial emotions in autism (Wong et al. 2008). Surprisingly,
no studies have used magnetoencephalography (MEG) to
investigate FER in ASD, although one study did examine
the processing of neutral faces through this method (Bailey
et al. 2005). The use of MEG in facial emotion research
could help to clarify ERP findings, since source estimation
in MEG shows better spatial resolution (Babiloni et al.
2009).

Autonomic Correlates of FER

Another type of measurement involves measuring auto-
nomic arousal. Only two FER studies, to our knowledge,
have used physiological measures of arousal. Hubert et al.
(2009), measuring skin conductance responses, found
reduced responses to emotional faces in an adult ASD
group, indicating a lack of autonomic arousal in this
condition. In addition, Bal and colleagues (2010), measur-
ing respiratory sinus arrhythmia and heart rate, found
evidence of higher baseline levels of arousal in ASD
children. Possibly, individuals with ASD have both higher
baseline levels of arousal and more trouble modulating this
arousal than neurotypical individuals, which may play a
role in their social-emotional deficits. For example, a high
level of baseline arousal could reflect social anxiety, which
might cause individuals with ASD to look at faces less in
order to avoid this anxiety. However, further research must
be carried out to investigate this issue.

Eye-tracking and brain-based studies, in addition to being
more sensitive to subtle differences in emotion processing
than purely behavioral studies, appear to be promising ways
to investigate the underlying mechanisms through which
individuals with ASD decode emotional facial expressions,
and how these mechanisms might differ from those used by
neurotypical individuals. The evidence so far suggests that
individuals with ASD rely more on cognitive-perceptual
systems than TD individuals, and less on social brain regions
(see Fig. 1). These cognitive or perceptual mechanisms could
include language, local processing, or other cognitive
strategies, and probably vary between individuals. Indeed,
Pierce et al. (2001), has found great variability in the neural
circuitry used for neutral face processing among individuals
with ASD (but not TD individuals).

However, it is important to note that eye-tracking and
brain-based studies so far have involved relatively high-
functioning individuals, and their findings therefore cannot
be generalized to the entire autism spectrum. Although
measuring eye movements and brain activity in low-

functioning individuals is more difficult than measuring
behavior, studies that do so will greatly improve our
understanding of emotion processing in ASD. Furthermore,
some of the fMRI studies that used explicit emotion-
processing tasks found group differences in behavioral
performance (Critchley et al. 2000; Hall et al. 2003; Piggot
et al. 2004), which makes imaging findings difficult to
interpret. Therefore, efforts should be made to match
participants for behavioral performance in future imaging
studies. Research on FER in ASD will also benefit from the
rapidly expanding study of both functional and structural
connectivity between brain regions, as the social deficits in
these disorders are probably caused by dysfunctional
communication between various regions of the brain.

Conclusions and Future Directions

The studies reviewed here provide evidence that individuals
with ASD decode facial expressions differently than TD
individuals. In some cases, they experience obvious
difficulty labeling, or most often, matching emotions, and
in other cases they perform as well as controls, perhaps
through the use of compensatory mechanisms such as
verbal mediation or feature-based learning. Demographic
characteristics of participants, task demands, and the
variables measured (e.g., behavior, BOLD response in
fMRI, event-related potentials, or eye movements) all
account for the heterogeneity of findings regarding FER
in ASD. Overall, behavioral studies are only slightly more
likely to find FER deficits in ASD than not; however, the
fact that nearly all the eye-tracking, neuroimaging, and ERP
studies have found group differences suggests that mixed
findings in behavioral studies may be due to limits in the
sensitivity of certain types of behavioral measures (e.g.,
faces depicting prototypical emotional expressions) to detect
group differences. One outstanding question is whether
abnormal FER is primary or secondary to the core social
interaction deficit in ASD: does difficulty gleaning emotional
information from faces lead to the broader social interaction
deficit, or does reduced interest in social interaction
contribute to a lack of specialization for faces and facial
emotion processing? Questions for future research should
include when and how this process becomes abnormal.
Before we understand how FER develops abnormally in
ASD, however, we must understand how it develops in
typical children. Evidence for improvement in FER
throughout childhood, and even adolescence in the case of
anger (Thomas et al. 2007), suggests that social experience
plays a significant role in this process (Leppanen and
Nelson 2006). The importance of social experience also
provides a plausible explanation for abnormal FER in ASD;
because infants with autism have demonstrated a lack of
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Neurotypical

Fig. 1 From Pelphrey et al. (2007). Social Cognitive and Affective
Neuroscience, 2(2), 140-149: Brain regions exhibiting greater activa-
tion to dynamic vs. static emotional faces in neurotypical adults and

social orientation (Dawson et al. 1998), difficulty with
establishing joint attention (Mundy et al. 1994), and a lack
of orientation to faces (Clifford et al. 2007), they might
have less social experience, and specific to this topic, less
exposure to various facial expressions, leading to difficulty
with FER (Grelotti et al. 2002). Abnormalities and deficits
in FER that develop early in ASD could then further hinder
social interaction, even if social orientation increases during
later childhood and adolescence.

Brain imaging studies, when carried out with careful
controls and analyses, can help to clarify whether and how
individuals with ASD use compensatory mechanisms to
recognize facial emotions. These individuals have been
shown to activate the ACC (Ashwin et al. 2007) and
precuneus (Wang et al. 2004) more than controls, while
activating the amygdala and FG less (e.g., Ashwin et al.
2007; Wang et al. 2004). Because the ACC and precuneus
are thought to be involved in self-monitoring and atten-
tional load, these results again suggest that individuals with
ASD decode facial expressions through more effortful,
cognitively-based mechanisms than neurotypical individu-
als. Recently, a parallel finding was reported in the theory
of mind (ToM) literature—while both neurotypical adults
and two-year-old TD controls demonstrated implicit false-
belief understanding as measured by eye movements, adults
with Asperger’s syndrome did not—however, adults with
Asperger’s syndrome were able to pass explicit ToM tasks
with ease (Senju et al. 2009). Perhaps some individuals
with ASD overcome automatic ToM and FER limitations in
similar ways, through explicit cognitive mechanisms
including, though not limited to, verbal mediation.

@ Springer

high-functioning adults with autism spectrum disorders. AMY
amygdala, STS superior temporal sulcus, FFG fusiform gyrus

To examine the development of FER in ASD, both
behavioral and brain-based longitudinal studies are also
needed. Several cross-sectional behavioral studies investi-
gating age-related changes in FER performance have been
completed, and these tend to show a relative lack of
improvement in ASD over time (O’Connor et al. 2005;
Rump et al. 2009). These findings should be replicated
longitudinally. In terms of neuroimaging, researchers are
increasingly finding ways to scan young children and even
infants (e.g., Dehaene-Lambertz et al. 2006), so the
possibility for longitudinal studies beginning early in life
is growing. This is important, because dysfunction in some
brain structures, such as the amygdala, may be more
pronounced earlier in life than later (Schultz 2005;
Schumann et al. 2009). Given the strong involvement of
the amygdala in FER, at least in typical development, it
would be interesting to see if FER is associated with
amygdala volume or activation in children with ASD. Two
fMRI studies have found abnormal neural (including
amygdala) responses to facial expressions in 12-year-old
children (Dapretto et al. 2006; Wang et al. 2004), and ERP
studies have reported aberrant neural activity in children
with ASD as young as 3-4 years (Dawson et al. 2004).
Children of these ages would be young enough to be tested
again in later childhood, adolescence or even adulthood.

When we better understand how children with ASD
decode emotional expressions, we will be able to develop
more effective intervention programs that capitalize on their
skills to facilitate their abilities to interact with others.
Given results that suggest more cognitive and less
automatic processing of faces in ASD, training paradigms
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that make the implicit more explicit in social situations
might improve these individuals’ social skills. In fact, a
widely used intervention approach, Applied Behavioral
Analysis, does this, breaking down appropriate social (and
non-social) behaviors into small steps that are taught explicitly
(Granpeesheh et al. 2009). Other recent approaches utilize
computer-based programs for cognitive instruction of FER
using both static and dynamic stimuli (e.g., Golan and
Baron-Cohen 2006; Golan et al. 2010). Neurophysiological
limitations might make it impossible to fundamentally
change the way individuals with ASD process facial
emotions, but if they can be taught to use alternative
strategies effectively in real social situations, their quality
of life may improve.
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